‘R 0 OO 0O O

Al

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 February 2001 (08.02.2001)

PCT

A0 A0

(10) International Publication Number

WO 01/08561 Al

A61B 8/12

(51) International Patent Classification’:

(21) International Application Number:  PCT/IB00/01012

(22) International Filing Date: 21 July 2000 (21.07.2000)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/146,609 30 July 1999 (30.07.1999)  US

(71) Applicant: BOSTON SCIENTIFIC LIMITED [IE/BB];
The Financial Services Centre, Bishop’s Court Hill, P.O.
Box 111, St. Michael (BB).

(72) Inventor: BELEF, W., Martin; 1177 Britton Avenue, San
Jose, CA 95125 (US).

(74) Agents: EVENS, Paul, Jonathan et al.; Maguire Boss, 5
Crown Street, St. Ives, Cambridgeshire PE27 SEB (GB).

(81) Designated States (national): CA, JP.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE).

Published:
—  With international search report.

For two-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 Gazette.

(54) Title: ROTATIONAL AND TRANSLATIONAL DRIVE COUPLING FOR CATHETER ASSEMBLY

60

54

<—|3

T

..............

J\{ 28
20

5
\I
wh

v={ (57) Abstract: A catheter assembly (10) is provided with a rotational and translational drive coupling (26) and an insertion section
\o (14), which includes a sheath (16) and a core (18) slidably housed within the sheath. The drive coupling (26) includes an elongate
rotary drive element (36), defining a first longitudinal drive path, mounted for rotation about a longitudinal axis (42). A termination
element (44) is mounted to the proximal end of the core (18) and slides along the first longitudinal drive path but rotates with the
~~ rotary drive element (36). A bearing (46) has an inner race (48) secured to the termination member and an outer race (50) coupled
to the longitudinal drive element (54, 62) of a longitudinal driver (56). Rotation of the rotary drive element (36) rotates the termi-
nation element (44) and the proximal end of the core (18) therewith about the longitudinal axis (42). Longitudinal movement of
the longitudinal drive element (54, 62) translates the bearing (46) parallel to the longitudinal drive path; this causes the termination
element (44) and the proximal end of the core (18) therewith to be translated along the first longitudinal drive path, the translational

=

and rotational movements being independent of one another.
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ROTATIONAL AND TRANSLATIONAL DRIVE COUPLING FOR
CATHETER ASSEMBLY

BACKGROUND OF THE INVENTION

The present invention relates generally to catheters systems. In particular,
the present invention is directed to a drive coupling for a catheter assembly that provides
for the controlled longitudinal movement of an elongate element--such as a rotatable
catheter core with an operative element, for example an ultrasonic transducer or an optical
fiber imaging device, at its distal end, or a drive cable with an arthrectomy cutter at its
dista] end--housed within a sheath positioned within a patient.

Arteriosclerosis, also known as atherosclerosis, is a common human
ailment arising from the deposition of fatty-like substances, referred to as atheromas or
plaque, on the walls of blood vessels. Such deposits occur in both peripheral blood
vessels which feed the limbs of the body and the coronary vessels which feed the heart,
When the deposits accumulate in localized regions of a blood vessel, stenosis, or
narrowing of the vascular channel, occurs. Blood flow is restricted and the person's
health is at serious risk.

Numerous approaches for reducing and removing such vascular deposits
have been proposed, including balloon angioplasty where a balloon-tipped catheter is
used to dilate a region of atheroma, and other devices that are pushed or pulled along or
through a deposit, such as arthrectomy where a blade or cutting bit is used to sever and
remnove the atheroma, spark gap reduction in which an electrical spark burns through the
plaque, laser angioplasty where laser energy is used to ablate at least a portion of the
atheroma, and opening of vessels through the use of stents,

Two major difficulties in using such devices are maintaining a constant
translational rate for the device and obtaining images of and information on the region of
the blood vessel to be treated. Several imaging techniques have been proposed.
Catheters incorporating mechanical rotation of ultrasonic transducers for imaging are

disclosed in U.S. Patent Nos. 4,794,931; 5,000,185; 5,049,130; and 5,024,234. These
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catheters scan in a plane normal to the catheter axis. Catheters employing phased array
imaging systems are disclosed in U.S. Patent Nos. 4,841,977 and 4,917,097, Catheters
employing fiber optic imaging components are also knownmn,

Generally deposits extend some longitudinal distance along the length of a
vessel. To view different portions of the deposit a physician typically moves a handie
attached to a proximal end of the imaging catheter along the vessel, for example, by
pushing or pulling the catheter.

Imaging using computer-assisted reconstruction algorithms enables
Physicians to view a representation of the patient's interior intravascular structures in two
or three dimensions (i.e., so-called three-dimensional or longitudinal view
reconstruction). In this connection, mage reconstruction algorithms typically employ
data-averaging techniques which assume that the intravascular structure between an
adjacent pair of data samples will simply be an average of each such data sample. Thus,
the algorithms use graphical "fill in" techniques to depict a selected section of a patient's
vascular system under investigation. Of course, 1f data samples are not sufficiently
closely spaced, then lesions and/or other vessel abnormalities may in fact remain
undetected (i.e., since they might lie between a pair of data samples and thereby be
"masked" by the image reconstruction algorithms mentioned previously).

Even with the most skilled physician, it is practically impossible to
manually exercise sufficiently slow constant rate longitudinal translation of the ultrasound
imaging device (which thereby provides for a precisely known separation distance
between adjacent data samples). In addition, with manual translation, the physician must
manipulate the translation device while observing the conventional two-dimensional
sectional images. This division of the physician’s attention and difficulty i providing a
sufficiently slow constant translation rate can result in some diagnostic information being
missed. To minimize the risk that diagnostic information is missed, it is necessary to
lengthen the imaging scan time which may be stressful to the patient, Similarly, it is
difficult for physicians to manually control the translational rate of arthrectomy catheters
and other interventional devices that are longitudinally advanced and retracted through
blood vessel and other body lumens.

U.S. Patent No. 5,485,486 discloses an ultrasound imaging transducer
which is capable of being translated longitudinally within a section of a patient's vascular

Systemn at a precise constant rate through the use of a longitudinal translation assembly.,
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The longitudinal translation assembly moves the entire rotary drive assembly to provide
the desired longitudinal movement of the transaucer, Such an ability enables a series of
precisely separated data samples to be obtained thereby minimizing (if not eliminating)
distorted and/or inaccurate reconstructions of the ultrasonically scanned vesse] section
(i.e., since a greater number of more closely spaced data samples can reliably be
obtained). Also, such an assembly can be operated in a "hands-off" manner which allows
the physician to devote his or her attentiop entirely to the real-time images with the
assurance that all sections of the vesse] are displayed. While such a longitudinal
translation assembly can work well, it is relatively large, bulky and heavy; it is expensive;
and it is cumbersome to set up, in part because the rotary drive and longitudinal
translation assemblies are wrapped in separate sterile drapes or barriers (plastic bags) for
sterility.

One of the disadvantages with some conventional pullback systems is
separate modules are used to provide the rotational and trapslational movement. These
modules require the use of sterile barriers about each. Also, some prior art pullback
systems lack the capability to permit the user to manually translate the catheter core to

preposition the operative element along the distal end of the catheter core,

SUMMARY OF THE INVENTION

The present invention is directed to a driven catheter system including
rotational and translational drive coupling as part of a catheter assembly. The invention
eliminates the need for a sled as is used with many conventional catheter pullback units.
User set up is greatly simplified with the invention., The catheter assembly is typically a
disposable unit and is thus supplied to the user in a sterjle condition so only a single
stenile drape about a motor drive unit is needed.

The driven catheter system includes broadly a driven catheter assembly
coupled to a control unit. The driven catheter assembly includes the motor dnve unit and
the catheter assembly mounted thereto. The catheter assembly includes a catheter
extending from the rotational and translational drive coupling. The catheter includes a
sheath and a core slidably housed within the sheath, the proximal end of the sheath being
mounted to the housing of the drive coupling. The drive coupling includes an elongate
rotary drive element, defining a first longitudinal drive path, mounted to the housing for

rotation about a longimdinal axis. A termination element couples the proximal end of the
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core to the rotary drive element for longitudinal movement along the first longitudinal
drive path. The termination element is also mounted to the rotary drive element for of the
termination element and the core therewith by the rotary drive element. A bearing has a
first part coupled to the termination member, The bearing also has a second part, the first
and second parts being freely rotatable relative to one another. A longitudinal driver is
mounted to the housing and has a longitudinal drive element coupled to the second part of
the bearing. The longitudinal drive element is movable along a second longitudinal drive
path. Accordingly, rotation of the rotary drive element rotates the termination element
and the proximal end of the core therewith about the longitudinal axis. Longitudinal
movement of the longitudinal drive element translates the beaning parallel to the
longitudinal drive path; this causes the termination element and the proximal end of the
core therewith to be translated along the first longitudinal drive path.

The rotary drive element preferably has a hollow interior which defines the
first longitudinal drive path. A slot, opening into the hollow interjor, can be provided to
be oriented parallel to the longitudinal drive path. The first part of the bearing, typically
the inner race of the bearing, is preferably connected to the termination member through
the slot. The longitudinal drive element could be provided by a number of different drive
structures, such as a continuous belt, a lead screw or worm drive. In a preferred
embodiment a continuous loop drive belt is used. The drive belt is driven through a drive
pulley. The drive pulley is preferably driven through a pair of bevel gears. A flexible
data/signal line, in the preferred embodiment, extends between the termination element at
the proximal end of the core and a data/signal terminal carried by the housing of the drive
coupling. The data/signal terminal may be a separate terminal but is preferably part of a
dua] data/signal-rotary drive connector, The dual conmector provides the necessary
data/signal connection and also the rotary drive connection for the rotary drive element.

The motor drive unit includes first and second rotary drive outputs which
are coupled to the elongate rotary drive element and the longitudinal driver, respectively.
The motor drive unit preferably includes first and second drive trains each having driving
and driven ends. The driving ends terminate at the first and second rotary drive outputs.
The second drive train couples the second rotary drive outputs with a drive source,
typically an electric motor. A clutch-type element and a movement indicator, such as an
optical encoder, may be used along the second drive train. The optical encoder is

preferably positioned between the clutch type element and the second rotary drive output.
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Provision of the clutch-type element permits 2 user to physically disengage the
longitudinal driver from the drive source so that the termination element and the core
therewith can be manually translated within the sheath without the drag which would
otherwise be created by the drive source. The preferred position of the movement
indicator ensures that the longitudinal position of the core is continuously updated even
when the core is being manually translated.

Other features and advantages of the present invention will appear from
the following description in which the preferred embodiment has been set forth in deta]

in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified schematic view of a driven catheter system made
according to the invention;

Fig. 2 is an enlarged, simplified top view of the operative components of
the catheter assembly of Fig. 1;

Figs. 2A-2C illustrate the catheter components of Fig. 2 during a pullback
sequence during which the core is rotated and pulled back;

Fig. 3 is a simplified cross-sectional view taken along line 3-3 of Fig. 2;
and,;

Fig. 4is a schematic diagram of the motor drive unit of Fig. 1.
DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Fig. 1 illustrates a driven catheter system 2 made according to the
invention. System 2 includes broadly a conventional control unit 4 coupled to a dniven
catheter assembly 6. Assembly 6 includes a motor drive unit 8 to which js coupled a
catheter assembly 10. Motor drive unit & is a reusable unit and is enclosed within a sterile
drape or bag 12; catheter assembly 10 is preferably supplied in a sterile condition and is
mounted to motor drive unit 8 as will be discussed in more detail below.

Catheter assembly 10 includes an elongate, flexible catheter 14 having an
outer sheath 16 and a flexible inner core 18. Core 18 is typically made of a suitable
material, such as Nitinol, and carries an appropriate operative element, such as an ultra-

sonic transducer 20, at the distal end of core 18. Catheter 14 terminates at ahub 22, the
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hub mounted to the housing 24 of a rotational and translational drive coupling 26. Hub
22 1ncludes a flush port 28 to permit the interior of sheath 16 to be purged of gases,
typically air, by the introduction of saline or other fluid through to the flush port. An O-
ring seal 30, see Fig. 2, is provided upstream of flush port 28. Core 18 passes though seal
30 with seal 30 preventing the passage of the saline or other flushing fluid into the interior
of housing 24,

Drive coupling 26 will be discussed with reference to Figs. 1-3. Drive
coupling 26 includes first and second drive inputs 32 and 34. First drive mmput 32 is a
dual input providing for both rotary mechanical drive and data/signal inputs. Both inputs
32, 34 are coupleable to Totary drive outputs from motor drive unit 8 as will be discussed
below. Drive input 32 is directly connected to and rotates an elongate rotary drive
clement 36. Element 36 has a generally rectangular cross sectional shape with a hollow
interior 38, see Fig. 3, and a pair of slots 40 extending along the length of element 36
parallel to the rotational axis 42 of element 36. Drive element 36 is supported within
housing 24 by appropriate bearings, not shown, so that rotation of first drive input 32
rotates drive element 36 about axis 42

The proximal end of core 18 extends into interior 38 and is secured to a
core termination element 44. Core termination element 44 is sized to slide freely along
interior 38 parallel to axis 42. Termination element 44 is sized so that it may not rotate
freely within hollow interior 38 abour axis 42.

Drive element 36 is surrounded by a bearing 46 having inner and out races
48, 50 which freely rotate relative to one another, Inner race 48 has a pair of inwardly
extending longitudinal drive pins 52 which pass through siots 40 and engage core
termunation element 44, This permits drive element 36 and Core termination element 44
therein to freely rotate about axis 42 while the longitudinal position of core termination
clement 44 is determined by the longitudinal position of bearing 46.

Outer race 50 of bearing 46 is coupled to a belt 54 of a longitudinal driver
6. Longitudinal driver 56 includes a drive pulley 58 adjacent to second drive nput 34
and an idler pulley 60 adjacent to hub 22. Drive pulley 58 and idler pulley 60 are both
mounted within housing 24 such that the mmer reach 62 of belt 54 extends paralle] to slot
40 and axis 42 and defines a second longitudinal drive path coextensive with inner reach
62. Drive pulley 58 is connected to second drive input 34 by a bevel gear pair 64. In the

preferred embodiment a portion of the outer surface of outer race 50 of bearing 46 and the
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outer surface of belt 54 have complementarily-shaped teeth-like projections which
provide the necessary engagement of bearing 46 and drive belt 54. Other connection
clements, such as adhesives, clips, or threaded fasteners, could also be used.

First drive input 32 includes both a mechanical drive surface 66 and a
data/signal connection 68. Connection 68 is coupled to a data/signal line 70 which
extends to a proximal end of core 18 at core termination element 44. As suggested in
Figs. 2, 2A, 2B and 2C, line 70 is in the form of a service loop to accommodate the axial
movement of core termination element within drive element 36.

Referring now primarily to F 1gs. 2 and 4, rotator drive unit 8 is seen to
include a body 72 from which first and second rotary drive outputs 74, 76 extend. First
rotary drive output 74 includes both a rotary drive surface 78, which drivenly engages
surface 66, and a data/signal connector 80, which engages a complementarily constructed
connector 68. First and second drive inputs 32, 34 and first and second drive output 44,
46 are configured so that upon engagement of the connectors, sterility drape 12 is pterced
by the connectors. Therefore separate holes typically need not be made in sterility drape
12 prior to the engagement of inputs 32, 34 with outputs 74, 76.

Motor drive unit & includes a rotary drive motor 82 and a translation drive
motor 84 coupled to their respective first and second drive output 74, 76 by first and
second drive trains 86, 88. First drive train 86 includes an optical encoder 90 used to
provide the rotary position of first drive train 86 and a rotary transformer 92 used to
couple control unit 4 to transducer 20 and to permit the passage of the data/signals
between transducer 20 and control unit 4 through lines 93. Drive train 86 is similar to
that disclosed in U.S. Patent Application No. 09/317,778 filed May 24, 1999, entitled
Dnveable Catheter System.

Drive train 88 includes a clutch 94 which 1s engaged when translation
drive motor 84 is activated to cause longitudinal movement of core 18, Engagement of
clutch 94 is achieved through the use of a solenoid 96 which acts to drive translation dove
motor 84 to and from clutch 94 according to the actuation of the drive motor 84. An
optical encoder 98, which provides data on the relative position of ultrasonic transducer
2015 located between clutch 94 and second rotary drive output 76. Accordingly, when
translation drive motor 84 is off, which causes solenoid 96 to disengage clutch 94, manual
movement of bearing 96, and thus of transducer 20, can occur and translational position

information will continue to be monitored by optical encoder 98. This manual movement
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ts achieved using a manual transjation knob 100 extending outwardly from outer race 50
of bearing 46 through a slot 102 formed in housing 24 as shown in Fig. 1. A transiation
shut-off button 104 is shown in Fig, 3 extending from knob 100 so that whenever the user
desires to manually translate transducer 20, depressing button 104 will cause translation
drive motor 84 to stop and solenoid 96 to separate the clutch elements of clutch 94.

Fig. 1 indicates that body 72 of motor drive unit 8 includes a number of
controls 106, such as a translation on off button and a rotary drive on off button, and a
display 108 used to provide the relative translational position of transducer 20. Preferably
display 108 can be set to zero at any time so that relative motion of transducer 20 from
that zero position can be indicated in the display. Of course any inputs, controls and
displays provide with motor drive unit § can be, and typically are, provided at contro] unit
4.

In use, catheter assembly 10 is typically provided as a sterile disposable
unit. Catheter 14 is flushed through flush port 28 and catheter 10 is mounted to motor
drive unit 8 through the engagement of first and second drive inputs 32, 34 with first and
second outputs 74, 76, In a non-automated mode, that is with translation drive motor 84
not actuated, rotation of core 18 is initiated by pressing a suitable button at controls 106
or control unit 4 which actuates rotary drive motor 82. Once tmaging core 20 is at a
proper start position, display 108 can be zeroed and then manual translation knob 100 is
grasped by the user and moved along slot 102 to cause transducer 20 to be laterally
translated within sheath 16, typically in a pull back mode. See Figs. 2A-2C. Automatic
translation of transducer 20 takes place by the actuation of translation drive motor 84
Which causes solenoid 96 to move drive motor 84 towards clutch 94 causing the
engagement of the clutch and the automatic, controlied translation of bearing 46 and thus
of core 18 and transducer 20 therewith, again typically in a pullback mode. Although
imaging transducers are typically operated in a pullback mode, in appropriate cases they
could be operated in a push mode. Also, when the operative element of core 18 is other
than an imaging transducer, operation in a push instead of or in addition to a pull back
mode may be usefu] or required. The pull back transducer scan ends when bearing 46 has
reached its end of travel along slot 40 upon actuation of an appropriate button or after
movement of a chosen distance. Whenever translation movement is interrupted solenoid

96 moves translation drive motor 84 thus disengaging clutch 94 to permit core 18 to be
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freely manually positioned by the operator while continuing to provide relative
longitudinal position data though optical encoder 98.

Modification in variation can be made to the disclosed embodiment
without departing from the subject invention as defined in the following claims. For

5  example, it may be desirable to configure catheter assembly in a manner such that when

mounted to motor drive unit 8, control unit 4 knows the identity of the type of catheter
assemnbly being used. Bearing 46 may be constructed to permit free rotation of inner and
outer races 48, 50 in only one rotary direction rather than in both rotary directions.

Any and all patents, applications and printed publications referred to are
10 incorporated by reference.
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WHAT IS CLAIMED IS:
1 1. A rotational and translational drive coupling for moving an inner
2 member of a catheter comprsing:
3 a housing:
4 an elongate rotary drive element, comprising a first longitudinal drive path,
5 mounted to the housing for rotation about longimdinal axis;
6 an inner catheter member termination element mounted to the rotary drive
7 element for:
8 longitudinal movement, relative to the rotary drive element, along
9 the first longitudinal drive path; and
10 rotary motion with the rotary drive element;
11 a bearing having a first part coupled to the termination member and a
12 second part, said first and second parts freely rotatable relative to one another in at least
13 one rotary direction; and
14 a longitudinal driver, mounted to the housing, having a longitudinal drive
15 element coupled to the second part of the bearing and movable along a second
16 longitudinal drive path;
17 whereby rotation of the rotary drive element rotates the termination
18  element about the longitudinal axis, and longitudinal movement of the longitudinal drive
19 element translates the bearing parallel to the second longitudinal drive path, which in tum
20 translates the termination element along the first longitudinal drive path.
1 2. The drive coupling according to claim 1 wherein the housing at
2 least substantially totally encloses the rotary drive element.
1 3. The drive coupling according to claim 1 wherein the rotary drive
2 element has a hollow interior defining the first longitudinal drive path.
1 4. The drive coupling according to claim 3 wherein the rotary drive
2 element has first and second ends and a dual data/signal-rotary drive connector at the first
3 end

PCT/IB00/01012
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S. The drive coupling according to claim 4 further comprising a
flexible data/signal line extending between the termination element and the dual
connector.

6. The drive coupling according to claim 5 wherein the data/signal
line extends from the termination element, towards the second end of the rotary drive
element and then back towards the dual connector at the first end of the rotary drive

element.

7. The drive coupling according to claim 3 wherein the rotary drive
element has a slot opening into said hollow interior parallel to the first longitudinal drive

path.

8. The drive coupling according to claim 7 wherein said first part of
the bearing is coupled to the termination member by a connector extending through the

slot.

5. The drive coupling according to claim 1 wherein the longitudinal

drive element comprises a continuous belt.

10. The drive coupling according to claim 9 wherein the longitudinal
driver comprises an idler pulley, a drive pulley and a bevel gear drive, the continuous belt

engaging the idler and drve pulleys, the bevel gear drive including a first bevel gear
directly driving the drive pulley.

11. The drive coupling according to claim | wherein the rotary drive
element comprises a first rotary drive input and the longitudinal driver comprises a
second rotary drive input, said longitudinal driver comprising a drive train coupling the
second rotary drive input to the longitudinal drive element.

12. The drive coupling according to claim 1] wherein said drive train
comprises first and second beve] gears.

13, The drive coupling according to clajm 12 wherein the drive train
comprises a drive pulley driven by the second beve] gear and the longitudinal drive
element comprises an endless belt engaging the drive pulley.
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1 14, Arotational and translational drive coupling for moving an inner
2 member of a catheter comprising:
3 a housing:
4 an elongate rotary drive element, having a hollow interior defining a first
5 longitudinal drive path, mounted within the housing for rotation about a longitudinal axis;
6 an inner catheter member termination element mounted to the rotary drive
7 element for:
8 longitudinal movement, relative to the rotary drive element, along
9 the first longitudinal drive path; and
10 rotary motion with the rotary drive element;
11 the rotary drive element having first and second ends and a dual
12 data/signal-rotary drive connector at the first end;
13 a flexible data/signal line extending between the termination element and
14 the dual connector, the data/signal line extending from the termination element, towards
15 the second end of the rotary drive element and then back towards the dual connector at
16 the first end of the rotary drive element;
17 a bearing having a first part coupled to the termination member and a
18 second part, said first and second parts freely rotatable relative to one another;
19 a longitudinal driver, mounted to the housing, having a longitudinal drive
20 element coupled to the second part of the bearing and movable along a second
21 longitudinal drive path; and
22 the rotary drive element having a slot opening into said hollow interior
23 parallel to the first longitudinal drive path, said first part of the bearing being coupled to
24 the termination member by a connector extending through the slot;
25 whereby rotation of the rotary drive element rotates the termination
26  eclement about the longitudinal axis, and longitudinal movement of the longitudinal drive
27 element translates the bearing parallel to the second longitudinal drive path, which in tum
28

translates the termination element along the first longitudinal drive path.
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1 15. The drive coupling according to claim 14 wherein:
2 the longitudinal drive element comprises a continuous belt; and
3 the longitudinal driver comprises an idler pulley, a drive pulley and
4 bevel gear drive, the continuous belt engaging the idler and drive pulleys, the bevel gear
5  drive including a first bevel gear directly driving the drive pulley.
1 16. A driven catheter assembly comprising:
2 a motor drive unit comprising first and second rotary drive outputs;
3 a catheter assembly comprising:
4 arotational and translational drive coupling comprising:
5 a housing:
6 first and second rotary drive inputs supported by the
7 housing and drivenly coupled to the first and second rotary drive outputs;
8 a catheter comprising an outer sheath on an inner member
9 movably housed within the sheath, the outer member extending from the housing
10 means for drivingly coupling the inner member to the first
11 and second rotary drive mputs so that rotation of the first and second rotary drive outputs
12 rotates and translate the inner member, respectively.
1 17. The catheter system according to claim 16 wherein the motor drive
2 umit comprises first and second drive tramns each having driving and driven ends, said
3 driving ends terminating at the first and second rotary drive outputs, respectively.
1 18 The catheter system according to claim 17 further comprising a
2 drive source at the driven end of the second drive train, a clutch-type element along the
3 second drive train between the drive source and the second rotary drive output, and a
4 movement indicator along the second drive train between the clutch-type element and the
5 second rotary drive output.
1 19. The catheter system according to claim 16 further comprising a
2 flexible, drapeable sterile wrap enclosing the motor drive unit, said first and second rotary
3

e

drive outputs and inputs comprising bag-piercing drive slements which effectively pierce

said sterile wrap when said first and second rotary drive outputs and Inputs engage,
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1 20. A method for using a driven catheter System comprising;
2 selecting 2 catheter assembly, the catheter assembly comprising a
3 rotatable and translatable drive coupling from which a catheter cextends, the catheter
4 comprising a sheath housing a rotatable ang translatable core, the core having a proximaj
5 end and a distal end;
6 mounting first and second drive inputs and a first data/signal
7 connector of the drive coupling to first and second drjve outputs and a second data/signal
8  comnector of a motor drive unit, the motor drive unit comprising first and second drive
9 motors which rotate the first and second drive outputs causing the first and second drive
10 inputs to rotate:
11 operating the first drive motor which rotates a rotary drive element
12 ofthe drive coupling about an axis, the proximal end of the core coupled to the rotary
13 drive element to rotate with the rotary drive element thereby causing the proximal end of
14 the core to rotate about the axts and the core to rotate within the sheath; and
15 operating the second drive motor which drives a longitudinal driver
16 of the drive coupling, the longitudinal driver operably coupling the second drive input to
17 the proximal end of the core so to move the proximal end of the core along the axis
18 relative to the rotary dnive element and to translate the core within the sheath, the second
19 drive motor operating step being carried out at least partially simultaneously with the first
20 drive motor operating step.
1 21, The method according to claim 20 further comprising flushing the
2 catheter of the assembly with a flushing fluid,
1 22, The method according to claim 20 wherein the first drive input and
2 the first data/signal connector are coaxially mounted to the first drve output and the
3 second data/signal connector during the mounting step,
1 23. The method according to claim 20 further comprising monitoting
2

the longitudinal position of the distal end of the core relative to the sheath.
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1 24, The method according to claim 23 further comprising the step of

2 decoupling the second drive motor from the longitudinal driver and manually
3 longitudinaily moving the proximal end of the core while continuing to monitor the
4

longitudinal position of the distal end of the core relative to the sheath.
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