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APPARATUS HAVING STABILIZATION MEMBERS FOR PERCUTANEOUSLY PERFORMING SURGERY AND METHODS OF USE



the heart. Typically, between 15 and 30 channels about 1 mm in diameter and up to 3.0 cm deep are formed with a laser in



the wall of the left ventricle to perfuse the heart muscle with



blood coming directly from the inside of the left ventricle, rather than traveling through the coronary arteries. Apparatus and methods have been proposed to create those channels



Matter enclosed in heavy brackets [ ] appears in the original patent but forms no part of this reissue speci?ca



both percutaneously and intraoperatively (i.e., with the chest



opened).



tion; matter printed in italics indicates the additions made by reissue.



US. Pat. No. 5,389,096 to Aita et al. describes a catheter



based laser apparatus for percutaneously forming channels extending from the endocardium into the myocardium. US.



REFERENCE TO RELATED APPLICATIONS



Pat. No. 5,380,316 to Aita et al. describes an intraoperative



laser-based system for performing TMR. US. Pat. No. 5,591,



The present application is a continuation-in-part applica tion of commonly assigned US. patent application Ser. No. 08/863,877, ?led May 27, 1997, now US. Pat. No. 5,910,150 which claims the benefit oflhe?ling dale ofU.S. provisional patent application Ser. No. 60/032,196, ?led Dec. 2, 1996. FIELD OF THE INVENTION



20



ously known devices may not provide the ability to reliably determine the depth of the channels, nor the relative positions



The present invention relates to apparatus and methods for performing surgery on an interior wall of a hollow-body organ such as the heart, or within the brain cavities and the



like. More particularly, the present invention provides a



between channels if multiple channels are formed. 25



device that enables a clinician to perform surgery on an inte



rior wall of an organ or vessel using apparatus for stabilizing an end effector during the surgery. BACKGROUND OF THE INVENTION



30



the device within the organ, for example, to counteract reac 35



A number of devices are known in the medical arts that



provide certain aspects of the desired functionality. For example, US. Pat. Nos. 5,389,073 and 5,330,466 to Imran



Coronary artery bypass grafting (CABG), in which the 40



the conventional treatment for coronary artery disease for the last thirty years. Such surgery creates signi?cant trauma to the 45



further surgery.



More recently, catheter-based therapies such as percutane ous transluminal coronary angioplasty (PTCA) and atherec tomy have been developed. In PTCA, a mechanical dilatation device is disposed across an obstruction in the patient’s artery and then dilated to compress the plaque lining the artery to restore patency to the vessel. Atherectomy involves using an end effector, such as a mechanical cutting device (or laser) to cut (or ablate) a passage through the blockage. Such methods



tion forces created by the actuation of the end effector during treatment.



in the United States.



patient, requires long recuperation times, and causes a great deal of morbidity and mortality. In addition, experience has shown that the graft becomes obstructed with time, requiring



the end effector. It also would be desirable to control the location of the end region of the device within the ventricle both with respect to features of the ventricular walls and in relation to other chan



nels formed by the device, and to stabilize the end region of



In 1996, approximately 7 millionpeople suffered from angina patient’s chest is surgically opened and an obstructed artery replaced with a native artery harvested elsewhere, has been



In view of the shortcomings of previously known TMR devices, it would be desirable to provide apparatus and meth ods for performing percutaneous surgery, such as TMR, that



permit precise control of the end region of the device carrying



A leading cause of death in the United States today is coronary artery disease, in which atherosclerotic plaque causes blockages in the coronary arteries, resulting in ischemia of the heart (i.e., inadequate blood ?ow to the myo cardium). The disease manifests itself as chest pain or angina.



159 to Taheri describes a mechanical apparatus for perform ing TMR involving a catheter having an end effector formed from a plurality of spring-loaded needles. Neither the Aita nor Taheri devices describe apparatus wherein the laser-tip or spring-loaded needles are stabilized during the channel-forming process. Because the end effector of such devices may shift position while in use, such previ



describe steerable catheters; US. Pat. No. 5,415,166 to Imran describes a device for endocardial mapping; US. Pat. No. 4,813,930 to Elliott describes a radially extendable member for stabilizing an angioplasty catheter within a vessel; US. Pat. No. 5,354,310 describes an expandable wire mesh and graft for stabilizing an aneurysm; and US. Pat. Nos. 5,358, 472 and 5,358,485 to Vance et al. describe atherectomy cut



ters that provide for aspiration of severed material. None of the foregoing references overcomes problems 50



associated with locating an end region of a catheter against a position on the inside wall of a heart chamber. Moreover, the prior art is devoid of a comprehensive solution to the above



noted shortcomings of previously-known apparatus for per



cutaneously performing surgery, and especially for perform ing TMR. 55



have drawbacks, however, ranging from re-blockage of



SUMMARY OF THE INVENTION



dilated vessels with angioplasty to catastrophic rupture or



dissection of the vessel during atherectomy. Moreover, these methods may only be used for that fraction of the patient population where the blockages are few and are easily acces sible. Neither technique is suitable for the treatment of diffuse atherosclerosis.



In view of the foregoing, it is an object of this invention to



provide apparatus and methods for performing surgery, such 60



A more recent technique, which holds promise of treating



a larger percentage of the patient population, including those patients suffering from diffuse atherosclerosis, is referred to as transmyocardial revascularization (TMR). In this method, a series of channels are formed in the left ventricular wall of



65



as TMR, that permit precise control of an end effector dis posed in an end region of the apparatus. It is another object of this invention to provide apparatus and methods, suitable for use in performing TMR and surgery of other hollow-body organs, that include the capability to stabilize within the organ an end region of the device carrying an end effector, for example, to counteract reaction forces



created by the end effector during treatment.
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FIGS. 12A-12C are end vieWs, taken along vieW line 12-12



These and other objects of the present invention are accom



plished by providing apparatus having a directable end region



of FIG. 11, depicting various deployment positions of the



carrying an end effector for performing surgery. Apparatus



stabiliZation members of FIG. 11;



constructed in accordance With the present invention com prises a catheter having a longitudinal axis and an end region



FIG. 13 is a vieW of an alternative embodiment of appara 5



ing a substantially orthogonal position. The catheter includes



tus constructed in accordance With the present invention; FIGS. 14A and 14B are, respectively, perspective top and bottom vieWs of a distal region of the apparatus of FIG. 13; FIG. 15 is a partial side vieW, partly in section, of the catheter shaft of FIGS. 13 and 14 deployed in contact With



means for stabiliZing a distal region of the apparatus Within a



tissue;



holloW-body organ, and for counter-acting reaction forces developed during actuation of an end effector.



FIG. 16 is a side vieW of the handle portion of the apparatus of FIG. 13; FIGS. 17A and 17B are, respectively, top and side sectional



movable to a series of positions along the longitudinal axis. The end region may be selectively moved to a position at an angle relative to the longitudinal axis of the catheter, includ



In a preferred embodiment of the apparatus of the inven tion, the catheter includes a catheter shaft and a guide member



vieWs of the distal region of an alternative embodiment of the



disposed for longitudinal sliding movement Within a groove of the catheter shaft. The guide member includes an end



apparatus of the present invention; FIG. 18 is a perspective top vieW of the distal region of a further alternative embodiment of the apparatus of the present



region including an end effector maneuverable betWeen a transit position Wherein the end region lies parallel to a lon



gitudinal axis of the catheter to a Working position Wherein



invention; 20



relative to the longitudinal axis, including a substantially orthogonal position. The catheter shaft preferably may include adjustable outWardly projecting stabiliZation mem bers to provide a stable platform to counteract reaction forces generated When the end effector contacts the Wall of the



side vieWs of a distal region of the apparatus of FIG. 19. 25



Methods of using the apparatus of the present invention to perform surgery, such as transmyocardial revasculariZation,



organ or vessel. The apparatus of the present invention com 30



prises a catheter including a stabiliZing catheter shaft Which percutaneously may be disposed Within an organ. A guide member engaged With the catheter shaft includes an end region that may be selectively articulated to a position at an angle to a longitudinal axis of the catheter, including a posi



35



tion substantially orthogonal to the longitudinal axis. The end



BRIEF DESCRIPTION OF THE DRAWINGS



Further features of the invention, its nature and various advantages Will be more apparent from the accompanying draWings and the folloWing detailed description of the pre ferred embodiments, in Which:



region carries an end effector (e.g., an ablative or mechanical



cutting device) for treating tissue. Severed or ablated tissue may be aspirated through the catheter to its proximal end for disposal. The catheter shaft, either alone or in conjunction



FIG. 1 is a vieW of a ?rst illustrative embodiment of appa



ratus constructed in accordance With the present invention; FIG. 2 is a perspective vieW of the distal region and end effector of the apparatus of FIG. 1; FIGS. 3A and 3B are, respectively, a perspective vieW and side vieW of stabiliZation members disposed on the distal



region of the apparatus of FIG. 1;



DETAILED DESCRIPTION OF THE INVENTION



The present invention relates generally to apparatus and methods for percutaneously performing surgery Within an



holloW-body organ. are also provided.



FIG. 19 is a vieW of a further alternative embodiment of



apparatus of the present invention; and FIGS. 20A and 20B are, respectively, perspective top and



the end region and end effector are oriented at an angle



40



With stabiliZing members, and the guide member, provides precise control over the location of the end region, and thus, the end effector. The present invention therefore offers a device having a



45



directable end region and end effector for performing surgery that provides a degree of control heretofore unattainable.



FIG. 4 is sectional vieW of an illustrative end effector



While the invention is described hereinafter as particularly



constructed in accordance With the present invention; FIGS. 5A and 5B are, respectively, side and perspective vieWs of an illustrative handle assembly for controlling and



useful in the emerging ?eld of transmyocardial revasculariZa tion, apparatus constructed in accordance With the present invention may be advantageously used in performing surgery



actuating the apparatus of the present invention;



50



FIGS. 6A-6C are vieWs shoWing deployment of the appa ratus of FIG. 1 in a patient’s left ventricle to perform TMR; FIG. 7 is a perspective vieW of the distal region of an alternative embodiment of apparatus constructed in accor



dance With the present invention;



sels or the brain cavities. In addition, While the present inven tion is described herein in the context of a mechanical cutting



55



stabiliZation members of FIG. 8; FIG. 10 is a perspective vieW of the distal region of the apparatus of the present invention shoWing an alternative embodiment of the stabiliZation members; FIG. 11 is a perspective vieW of the distal region of the apparatus of the present invention shoWing another alterna tive embodiment of the stabiliZation members;



system, the control and stabiliZation apparatus of the present invention may be advantageously used With other types of cutting elements, such as lasers, cryogenic cutters or radio



frequency ablation devices.



FIG. 8 is a perspective vieW of the distal region of the apparatus of the present invention shoWing an alternative embodiment of the stabiliZation members; FIGS. 9A, 9B and 9C are end vieWs, taken along vieW line



9-9 of FIG. 8, depicting various deployment positions of the



on other organs or vessels, such as the intestines, blood ves



Referring to FIG. 1, illustrative apparatus 20 constructed in accordance With the present invention is described. Apparatus 20 includes a tWo-part catheter formed of catheter shaft 21 60



and guide member 22. Apparatus 20 includes distal region 23 Within Which guide member 22 has end region 25 that is selectively movable betWeen a transit position parallel to longitudinal axis 24 of catheter shaft 21 and a Working posi



tion (as shoWn) substantially orthogonal to longitudinal axis 65



24. Distal region 23 preferably includes an end effector, described in greater detail hereinbeloW, for ablatively or mechanically cutting tissue to attain a treatment goal.
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End region 25 of guide member 22 may be positioned longitudinally With respect to catheter shaft 21 by imparting



In the above-described embodiments, end region 25 of guide member 22 is movable from a transit position lying



relative movement betWeen guide member 22 and catheter



parallel to the longitudinal axis of catheter shaft 21 to a Working position Wherein end region 25 is articulated to a



shaft 21 using handle assembly 26. Catheter shaft 21 prefer ably includes a plurality of stabiliZing members 27 to support and stabiliZe distal region 23 of the apparatus Within the holloW-body organ.



position substantially orthogonal to the longitudinal axis of the catheter shaft. In addition, end region 25 may be con structed to enable it to be locked in position at any angle a that may be desired for a given application. With respect to FIGS. 3A and 3B, stabiliZation members 27 project outWardly from apertures 37 on either side of catheter shaft 21 in distal region 23. Illustratively, stabiliZation mem



Apparatus 20 is coupled via cable 28 to controller 29. In a preferred embodiment Wherein the end effector comprises a rotating cutting head, controller 29 includes a motor and control logic for rotating the cutting head responsive to com mands input at handle assembly 26 or a footpedal (not shoWn)



bers 27 comprise four circumferentially-oriented hoops formed of ?exible Wires 27a-27d. In one preferred embodi



and a vacuum source for aspirating severed tissue from the



ment, depicted in FIGS. 3, Wires 27a-27d comprise a continu



treatment site. Controller 29 optionally may further include



ous coil having its distal end a?ixed to catheter shaft 21 and its



RF circuitry (shoWn in dotted line) for energiZing the cutting



proximal end connected to handle assembly 26 via push Wire



head to cauteriZe tissue as it is cut. Alternatively, controller 29 may include a laser source or radio frequency circuitry for



38. The turns of the coil are slidably disposed in lumens Within catheter shaft 21 that interconnect apertures 37 on



causing laser or RF ablation, respectively, using a suitable end effector. Referring noW to FIGS. 2 and 3, distal region 23 of appa ratus 20 is described in greater detail. In FIG. 2, distal region



20



trative distances hl-h4 to contact and conform to the topology of the interior Wall of the holloW-body organ or vessel. Wires 27a-27d also may be retracted against catheter shaft 21 by



23 includes end region 25 of guide member 22 disposed in sliding engagement in groove 3 0 of catheter shaft 21. Catheter shaft 21 may be constructed of a ?exible material commonly used in catheter products, such as nylon, polyethylene or polyurethane, and contains lateral grooves 31 and 32 that



pulling push Wire 38 in the proximal direction. 25



Which they engage a Wall of the organ and urge end region 25 into engagement With an opposing Wall of the organ, thereby 30



able elastic material, including stainless steel, spring steel, nickel-titanium alloys, and a variety of plastics. A nickel titanium alloy is preferred Where Wires 27a-27d comprise a 35



continuous coil, as in FIG. 3B. In the contracted mode, cath eter shaft 21 and guide member 22 have a relatively small pro?le, for example, 2-3 mm. Upon actuation of the control means in handle assembly 26, Wires 27a-27d expand out as shoWn in FIG. 3B to form a basket shape that spans and



40



conforms to the lumen of the organ or vessel.



alloy steering mechanism, such as described in the aforemen tioned patents to Imran. Guide member 22 may be con



structed of a spring material (commonly called a BoWden) With spaces in-betWeen the coils to alloW it to bend When it is



45



pulled by a control Wire asymmetrically, as previously knoWn in the art. Alternatively, guide member 22 may be constructed of a stiffer material such as polyimide coated over a braided



steel tubular structure, such as employed in previously knoWn neuro-navigational endoscope devices. In this case, slits are provided on the inside of the bend in region 36 so that the guide member bends in the direction of the slits. The slits alloW a tight bend radius Which may not otherWise be achiev able. Guide member 22 preferably includes a lumen, as described hereinafter, through Which tissue may be evacuated from a treatment site by suction. Accordingly, guide member 22 may also be formed from a loosely Wound spring rein forced With a soft elastomeric coating. The elastomeric coat



ing advantageously serves the folloWing functions: it pro



50



tubing suitable for use as guide member 22 is available from



Adam Spence Corporation, Wall, N].



Where stabiliZation members 27 comprise a single coil, as in FIG. 3B, they may be actuated by a single control means. Alternatively, as described hereinafter With respect to FIG. 8, each of stabiliZation members 27 may be individually adjusted to conform to the shape of the cavity of the holloW body organ. Stabilization members 27 may alternatively be oriented parallel to the longitudinal axis of apparatus 20, as described hereinafter With respect to FIG. 8.



The longitudinal position of end region 25 With respect to catheter shaft 21 may be adjusted by sliding guide member 22 in groove 30 of the catheter shaft. Handle assembly 26 pref



erably includes means, described hereinafter, for moving 55



60



vides sealing along the length of the guide member required to maintain adequate suction through the lumen; it prevents collapse of the lumen in the presence of applied suction; it resists kinking of the coils of the spring; and it also enables the guide member to be bent to relatively tight radii. Reinforced



stabiliZing catheter shaft 21 against rotation. Stabilization members 27 may be constructed of any suit



apart Wire stiffeners that terminate in barbs 33. Barbs 33 are designed to engage an interior surface of an organ, for



example, the apex of the left ventricle, to reduce rotation of the catheter shaft When the end effector is actuated. Alterna tively, catheter shaft 21 may be formed of a material having suf?cient stiffness that the Wire stiffeners may be omitted over most of the length of the catheter shaft. Guide member 22 includes end region 25 carrying an end effector and ?anges 34 and 35 that slidingly engage grooves 31 and 32. End region 25 may be articulated in region 36 using control Wires or a temperature actuated shape-memory



Accordingly, Wires 27a-27d may be moved from a



retracted position in Which they are retracted against distal region 23 of catheter shaft 21 to an expanded position in



accept a mating portion of guide member 22 in sliding engagement. Catheter shaft 21 may have an ellipsoidal shape to stabiliZe the catheter shaft and may include tWo spaced



either side of the catheter shaft. When push Wire 38 is urged in the distal direction, Wires 27a-27d expands outWards by illus



guide member With respect to catheter shaft 21 so that end region 25 may be positioned at a series of vertical locations. In addition, stabiliZation members 27 may be adjusted to pro vide some control over the lateral positioning of the catheter shaft and guide member With respect to the interior Wall of the organ or vessel. Thus, apparatus 20 enables a matrix of treat ment sites to be accessed Without removing and repositioning



the apparatus. Referring noW to FIG. 4, end effector 40 (also referred to hereinafter as a “micromorcellator”) is described as illustra



65



tively comprising a rotary cutting member and drive arrange ment. Micromorcellator 40 includes cutting head 41 compris ing tubular element 42. Distal edge 42a of tubular element 42 includes a sharpened bevel 43. Cutting head 41 is a?ixed to drive rod 45, Which preferably includes soft plastic or elasto
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meric coating 45a, as described hereinabove, to maintain



tion, or alternatively, a user-adjustable limit bar (not shoWn)



suction through lumen 44. The vacuum source in controller



may be provided in slot 61 to select the maximum extension



29 aspirates the severed tissue through lumen 44, if provided.



of cutting head 41 desired for a particular application.



Orientation of end region 25 of guide member 22 is accom



RF button 62 also may be provided to control activation of



plished by control Wire 46, Which is slidingly disposed in



the optional RF circuitry of controller 29 to coagulate tissue surrounding the channel formed by micromorcellator 40. RF



lumen 47 of guide member 22. As described hereinabove, guide member 22 preferably comprises a spring material With



button also could take the form of a microsWitch located Within slot 61 of handle assembly 50, so as to provide auto matic activation of the RF coagulation feature for a short



spaces in-betWeen the coils to alloW it to bend When control



Wire 46 is retracted in a proximal direction. Alternatively, guide member 22 may be constructed of polyimide coated



period of time When depth control lever 60 is advanced to contact the user-adjustable limit bar. It Will therefore be seen that handle assembly 50 provides for longitudinal movement of end region 25 With respect to



over a braided steel tube and includes slits on the inside of



bend region 36 so that end region 25 bends in the direction of the slits When control Wire 46 is retracted in a proximal direction. Cutting head 41 is connected to the motor of controller 29 via drive rod 45. Drive rod 45 may be formed of a ?exible tube



catheter shaft 21 via relative movement betWeen upper por



tion 52 and loWer portion 51 (using knob 53); provides selec tive deployment of stabiliZation members 27 via button 55;



such as a boWden or a covered coil or may be formed of a



plastic having both high torquability and ?exibility. Drive rod 45 is disposed in lumen 44 for a limited range of reciproca tion, e. g., up to 3 .0 cm, to permit extension of cutting head 41



20



beyond the end of guide member 22. When end region 25 is in



its transit position, cutting head 41 is disposed just beloW distal endface 48 of guide member 22. Drive rod 45 is holloW and preferably includes a covering of a soft plastic or elasto meric material to alloW the application of a negative pressure to aspirate the severed tissue.



25



Applicant expects that high speed rotation of cutting head 41 Will generate frictional heating of the tissue surrounding



the cutting head, thereby causing coagulation of the tissue With minimal thermal damage to the surrounding tissue. Alternatively, tubular member 42 of cutting head 41 may comprise an electrically conductive material and be electri



30



cally coupled to the optional radio-frequency generator cir cuitry in controller 29 to provide coagulation of the edges of a channel formed in the tissue by cutting head 41. In this



35



embodiment, tubular element 42 serves as the electrode in a



As barbs 33 of catheter shaft 21 engage apex 205 of the left 40



RF coagulation, if provided, Will simulate the lesions pro duced by a laser. With respect to FIGS. 5A and 5B, illustrative handle



a?ixed to guide member 22. Upper portion 52 is slidingly engaged in loWer portion 51, so that guide member 22 may be selectively translated longitudinally With respect to catheter shaft 21 by rotating knob 53. LoWer portion 51 of handle assembly 50 includes hand grip 54, and button 55 for control



45



that they engage the septal Wall of the left ventricle and urge the end effector against left ventricular Wall 206. The dog-leg bends in regions 65 and 66 alloW the catheter to be pushed 50



cutting head 41 from guide member 22, a proximal portion of tubular member 42 remains Within guide member 22. In addi



onto the left ventricular Wall While the stabiliZation members



push against the septum. End region 25 of guide member 22 is then rotated to its Working position by retracting button 58 along slot 59 of handle assembly 50, thus causing end region 25 to be positioned substantially orthogonally to the longitu



slides in slot 56 of loWer portion 51 to extend or retract



has a length so that When button 60 is moved to fully extend



tially bends in regions 65 and 66 to form a “dog-leg”, in Which distal region 23 becomes urged against a lateral Wall of the ventricle. Regions 65 and 66 Where the bends take place may be made ?exurally Weaker than the remainder of the catheter shaft to aid in the bending of the catheter at these locations. Referring to FIG. 6B, button 55 is advanced in slot 56 of handle assembly 50 to extend stabiliZation members 27 so



ling the extension of stabiliZation members 27. Button 55



stabiliZation members 27 via push Wire 38. Upper portion 52 includes indicator 57a that may be selec tively aligned With indicators 57b, so that the channels formed by end effector 40 are positioned at a series of spaced-apart locations. Cable 28 extends from upper portion 52 and con nects the Working end of apparatus 20 to controller 29. Upper portion 52 also includes button 58 Which may be moved in slot 59 to control the articulation of end region 25 of guide member 22, and depth control lever 60 disposed in slot 61. Depth control lever 60 is moved Within slot 61 to control reciprocation of cutting head 41 from end region 25. Slot 61



niques, such as ultrasound, MRI scan, CT scan, or ?uoros copy, may be used to verify the location of the distal region 23 Within the heart. Insertion of apparatus 20 into the left ventricle is With guide member 22 in its distal-mo st position With stabiliZation mem



ventricle, catheter shaft 21 (and guide member 22) preferen



ment. Applicant expects that the sealing action produced by



assembly 50 is described. Handle assembly 50 includes loWer portion 51 a?ixed to catheter shaft 21 and upper portion 52



maneuvered under ?uoroscopic guidance in a retrograde manner up through the descending aorta, through aortic arch 201, and doWn through ascending aorta 202 and aortic valve 203 into left ventricle 204. Previously known imaging tech



bers 27 fully retracted and end region 25 in its transit position.



monopolar coagulation arrangement. In addition, a second electrode (not shoWn) may be formed on the Working end spaced apart from the cutting head 41, so that tubular member 42 serves as one electrode of a bipolar coagulation arrange



selective orientation of end region 25 via button 58; control over the depth of the channels formed by end effector 40 via depth control lever 60; and, optionally, activation of an RF coagulation feature via button 62. Referring noW to FIGS. 6A-6C, operation of apparatus 20 in the context of performing transmyocardial revasculariZa tion is described. In FIG. 6A, distal region 23 of apparatus 20 is shoWn positioned in a patient’ s left ventricular cavity, using techniques Which are per se knoWn. Speci?cally, distal region 23 of apparatus 20 is inserted via a femoral artery, and is



55



dinal axis of catheter shaft 21. The motor and vacuum source of controller 29 are then



actuated to cause cutting head 41 to rotate and to induce



negative pressure in lumen 44 of micromorcellator 40. The 60



clinician then pushes depth control lever 60 distally in slot 61, causing cutting head 41 to be advanced beyond distal endface 48 of guide member 22 and engage the endocardium. When micromorcellator 40 engages the endocardium, a reaction



force is generated in catheter shaft 21 that tends both to push 65



end region 25 aWay from the tissue and to cause the catheter shaft to Want to rotate. The relatively ?at con?guration of



catheter shaft 21, in conjunction With barbs 33, is expected to adequately counteract the torque induced by operation of the
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micromorcellator. In addition, stabilization members 27 function to counteract both these outward reaction and torque effects.



the dual-rail includes cushion 77 having barbs 78 for anchor ing the catheter shaft in the apex of the left ventricle to prevent inadvertent rotation of catheter shaft 73. Guide member 79



As micromorcellator 40 is advanced to form channel 207 in



has an inner diameter suitable for carrying one of a variety of end effectors 81, such as a laser ?ber, a radio frequency



the left ventricular Wall, tissue severed by cutting head 41 is suctioned into lumen 44 and aspirated to the proximal end of



applying device, micromorcellator as described hereinabove,



apparatus 20 via the vacuum source of controller 29. The



or slit needles, as in the above-mentioned patent to Taheri. Dual-rail embodiment 70 may be used Without stabiliza



depth of channel 207, Which is proportional to the movement of depth control lever 60 in slot 61, may be predetermined using conventional ultrasound techniques, MRI scanning, or other suitable methods. As channel 207 is formed, tissue severed from the ventricular Wall is aspirated through lumen 44 of guide member 22, thereby reducing the risk of embo lization of the severed material. In addition, applicant expects



tion members, or alternatively catheter shaft 73 may include the stabilization members of FIGS. 3 or as described herein beloW. Wires 71 and 72 also may be formed from a resilient material, e. g., stainless steel or a nickel-titanium alloy, so that



When they exit catheter shaft 73 they diverge from one another and give the catheter a larger and more stable base. In this case, cushion 77 preferably comprises an elastomeric mate rial that alloWs the distance betWeen the tips of Wires 71 and 72 to increase beyond the diameter of the catheter. Wires 71 and 72 may have other than circular cross-sections and may



that the use of suction through lumen 44 Will assist in stabi lizing the micromorcellator, and tend to draW tissue into the



cutting head. Once micromorcellator 40 has achieved its maximum pre



determined depth, cutting head 41 is WithdraWn from channel 207 by retracting depth control lever 60 to its proximal-most



20



position, thereby returning cutting head 41 to a position just beloW distal endface 48 of end region 25 of guide member 22. It is expected that rotation of cutting head 41 Will generate suf?cient frictional heat in the tissue contacting the exterior of cutting head 41 to coagulate the tissue de?ning the channel. Optionally, RF button 62 may be depressed on handle assembly 50 to apply a burst of RF energy to the edges of



serve to anchor the catheter against a lateral Wall of the left



ventricle, While catheter shaft 74 and guide member 79 are 25



channel 207 as micromorcellator 40 achieves its maximum



predetermined depth, and While cutting head 41 is stationary, rotating or being WithdraWn from the channel. If provided, this burst of RF energy is expected to further coagulate the tissue de?ning the Walls of channel 207 and modify the sur face properties of the tissue. As shoWn in FIG. 6C, a series of vertically aligned spaced



30



apart channels 207 may be formed in left ventricular Wall 207



35



advanced along the dual-rail. Like apparatus 20, apparatus 70 may include ?exurally Weaker locations along its length to aid in positioning distal region 74 Within the left ventricle. The dual-rail design of apparatus 70 also may be advanta geously employed to determine the location of end region 75 and end effector 81 With respect to the interior of the holloW body organ or vessel. In this embodiment, Wires 71 and 72 are electrically connected Within cushion 77 and have a uniform



resistance per unit length. Electrodes 80 are positioned in



by sliding upper portion 52 proximally Within loWer portion 51 of handle assembly 50 (by rotating knob 53). Cutting head



distal end 82 of catheter shaft 73 to measure the resistance of Wires 71 and 72 betWeen the electrodes. The resistance betWeen electrodes 80 may be measured, for



example, by ohmmeter circuitry, to determine the distance betWeen the distal end 82 of the catheter shaft and the apex of



41 is then advanced to form a further channel 207 in the tissue, and the tissue may also be coagulated With a burst of RF



energy. When upper portion 52 has been retracted to its proxi mal-most position, button 55 is adjusted as described above



take the form of, for example, ribbons. Wires 71 and 72, in cooperation With a distally-directed axial force exerted on the handle assembly by the clinician,



40



the left ventricle. In conjunction With the displacement betWeen the upper and loWer portions of the handle assembly (see FIGS. 5), the position of end region 75 and end effector 81 may be determined relative to the apex of the heart. This



With respect to FIGS. 3A and 3B to cause the catheter shaft to



position information may be sampled using suitable analog to



rotate several degrees about its axis. Stabilization members 27 are again extended to contact the septal Wall, causing micromorcellator 40 to be urged against left ventricular Wall 206 in a region laterally spaced apart from the initial line of channels 207. The foregoing methods enable a matrix of channels to be formed illustratively in the left ventricular Wall. It Will of course be understood that the same steps may be performed in mirror image to stabilize the apparatus against the left ven tricular Wall While actuating the end effector to produce a series of channels in the septal region. In accordance With



digital circuitry, and displayed on a display unit to aid the physician in determining Where to place the channels in the



presently accepted theory, the formation of such channels in the endocardium or septal region enables oxygenated blood in the left ventricle to How directly into the myocardium and



45



50



guide member 22 including end region 25. Stabilization members 91a-91d project from proximal apertures 92 and distal apertures 93, and comprise individual longitudinally 55



assembly 26 for selectively controlling the extension of the 60



bility. Referring noW to FIG. 7, the distal region of an alternative embodiment of the apparatus of the present invention is described. Apparatus 70 is similar to apparatus 20 described hereinabove, but includes Wires 71 and 72 forming a dual-rail on Which catheter shaft 73 glides, thereby reducing unWanted rotation of distal region 74 and end region 75. Distal end 76 of



oriented ?exible Wires. Wires 91a-91d enter lumens in cath



eter shaft 21 through apertures 92 and extend proximally to handle assembly 26. Each of Wires 91a-91d preferably has a respective button (similar to button 55 in FIGS. 5) on handle



thus nourish and oxygenate the muscle. It is believed that these channels may be drilled anyWhere on the Walls of the



heart chamber, including the septum, apex and left ventricular Wall, and the above-described apparatus provides this capa



heart Wall. Referring noW to FIGS. 8 and 9A-9C, a ?rst alternative embodiment of the stabilization members of the present invention are described. In FIG. 8, the distal region of appa ratus 90 similar to that of FIG. 1 is shoWn, in Which like components are indicated by like reference numerals. Appa ratus 90 includes catheter shaft 21 including barbs 33 and
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Wires. Accordingly, Wires 91a-91d of the embodiment of FIG. 8 may be moved from a retracted position in Which they are retracted against distal region 23 of catheter shaft 21 to an expanded position in Which they engage a Wall of the organ and urge end region 25 into engagement With an opposing



Wall of the organ, thus stabilizing catheter shaft 21 against rotation.
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As illustrated in FIGS. 9A-9B, each of stabilization mem bers 91 preferably may be selectively extended a different



stantially orthogonal to longitudinal axis 124. Distal region 123 preferably includes an end effector, as described in detail hereinabove.



amount, therefore causing distal region 23 to rotate about its longitudinal axis. For example, in FIG. 9A, Wire 91a is extended from distal region 23 a greater distance, causing a larger boW in Wire 91a, While Wire 91d is extended a smaller distance, causing a smaller boW therein. Consequently, if



End region 125 of guide member 122 may be positioned longitudinally With respect to catheter shaft 121 by imparting relative movement betWeen guide member 122 and catheter shaft 121 using handle assembly 126. Catheter shaft 121



each of Wires 91a-91d contacts a Wall of the organ, catheter shaft 23 Will have a tendency to rotate in a counterclockwise



includes stabilizing assembly 127 to support and stabilize distal region 123 of the apparatus Within an organ or vessel.



direction (vieWed from the distal end). Conversely, reversing



Apparatus 120 is coupled via cable 128 to controller 129.



the extensions of Wires 91a and 91d, as in FIG. 9C, Will cause rotation in the opposite direction. It is therefore seen that by



In a preferred embodiment, Wherein the end effector com



prises a ?exible Wire having a sharpened tip, controller 129 includes a hydraulic or pneumatic piston, valve assembly and



individually controlling the extension of the stabilization members 91, the position of the catheter With respect to an



control logic for extending and retracting the end effector beyond the distal endface of end region 125 responsive to commands input at handle assembly 126 or a footpedal (not shoWn). Controller 129 optionally may further contain RF generator circuitry for energizing electrodes disposed on the



interior lateral Wall of the holloW-body organ can be con trolled. Referring noW to FIG. 10 an alternative embodiment of a



stabilization arrangement is described. Apparatus 100 includes catheter shaft 101 and guide member 102. Except for stabilization members 103, Which in FIG. 10 comprise hori zontal in?atable ribs, apparatus 100 is similar to apparatus 20



20



of FIG. 1. As described hereinabove, guide member 102 moves rela tive to catheter shaft 101 to enable the clinician to form a



series of vertically aligned channels in the myocardium. Once
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region 125 carrying end effector 134 and ?anges 135 that slidingly engage grooves 131 and 132. End region 125 may be



expedient for doing so, for example, applicable to the appa



tates lateral movement by de?ating ribs 103, rotating catheter shaft 21, and then re-in?ating ribs 103. Speci?cally, When in?ated, stabilization members 103 pro
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described hereinabove. End region 125 of guide member 122 is movable from a



transit position lying parallel to longitudinal axis 124 of cath 35



gitudinal axis of the catheter shaft. In addition, end region 125
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lateral position. The stabilization members are fully re-in



127a-127c ofband 137. Band 137 has its distal end a?ixed to 45



the distal end of catheter shaft 121, and its proximal end connected to handle assembly 126. Band 137 passes through an interior lumen of catheter shaft 121 (see FIG. 15) and exits to the exterior surface of catheter shaft 121 in distal region 123. Crossbars 138 permit band 137 to be pulled ?at against
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the exterior surface of catheter shaft 121, as shoWn in FIG. 14B, or urged in a distal direction to form loops 127a-127c.



oriented balloons. Apparatus 110 is otherWise similar to the



Referring to FIG. 15, in Which guide member 122 is omit ted for clarity, When the proximal end of band 137 is urged in



for selectively individually in?ating balloons 114a-114c. As



the distal direction, loops 127a-127c expand outWardly by



shoWn in FIGS. 12A-12C, balloons 114a-114c may be selec



tively in?ated via in?ation lumens (not shoWn) in catheter
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shaft 111 to stabilize apparatus 110 Within a holloW-body



organ, and to rotate catheter shaft 111 (and end region 113) in a manner similar to that described above With respect to FIGS. 9A-9C. Referring noW to FIG. 13, a further alternative embodiment



of apparatus constructed in accordance With the present invention is described. Apparatus 120 comprises a tWo-part catheter formed of catheter shaft 121 and guide member 122. Apparatus 120 includes distal region 123 Within Which guide member 122 has end region 125 that is selectively movable betWeen a transit position parallel to longitudinal axis 124 of catheter shaft 121 and a Working position (as shoWn), sub



Stabilization assembly 127 comprises ?at band 137 of resilient material, such as stainless steel, that projects out Wardly from catheter shaft 121 in distal region 123. Illustra



tively, stabilization assembly 127 comprises multiple loops



Which the stabilization members comprise longitudinally apparatus of FIG. 8, and includes catheter shaft 111, guide member 112, and end region 113. Stabilization elements 114a-114c comprise balloons, preferably formed of a com pliant material, such as polyurethane, silicone or latex. The handle assembly for apparatus 110 includes valving means



eter shaft 121 to a Working position Wherein end region 125 is articulated to a position substantially orthogonal to the lon may be constructed to enable it to be locked in position at any angle a that may be desired for a given application.



body organ or vessel at all times. Once a vertical roW of



?ated and another vertical roW of channels is formed, as discussed hereinabove. With respect to FIGS. 11 and 12A-12C, another embodi ment of the apparatus of the present invention is described in



articulated in region 136 using control Wires or a temperature



actuated shape-memory alloy steering mechanism, as



vide a degree of hoop strength that ensures proper contact of the distal face of end region 106 With the Wall of the holloW channels has been formed, stabilization members 103 are de?ated by the clinician and end region 106 is moved to a neW



Referring noW to FIGS. 14A and 14B, distal region 123 of apparatus 120 is described in greater detail. In FIG. 14A, distal region 123 includes end region 125 of guide member 122 disposed in sliding engagement in track 130 of catheter shaft 121, as described hereinabove With respect to the embodiment of FIG. 1. Guide member 122 includes end



a line of channels has been formed, the catheter must be moved laterally to a neW location and the procedure repeated until the desired number of channels has been achieved. One



ratus of FIG. 7, is to WithdraW the catheter slightly, rotate it and reposition it at a different location on the left ventricular Wall. The stabilization arrangement of FIG. 10 instead facili



end effector to cause a controlled degree of necrosis at the treatment site.
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illustrative distances hl-h3 to contact and conform to the topology of interior Wall T of an organ or vessel.Accordingly, loops 127a-127c may be moved from a retracted position in Which they are retracted against an exterior surface of distal



region 123 of catheter shaft 121 (FIG. 14B) to an expanded position (FIG. 14A) in Which they engage a Wall of an organ or vessel.
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In the position shoWn in FIG. 14A, stabilization assembly 127 urges end region 125 into engagement With an opposing Wall of the organ, thereby stabilizing catheter shaft 121 against rotation. Band 137 may be constructed of any suitable



elastic material, including stainless steel, spring steel, nickel titanium alloys, and a variety of plastics. In the contracted
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