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STEERABLE DEVICE FOR INTRODUCING 
DIAGNOSTIC AND THERAPEUTIC 
APPARATUS INTO THE BODY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of 
co-pending US. application Ser. No. 09/1 65,652, ?led Oct. 2, 
1998, Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTIONS 

[0002] 1. Field of Inventions 
[0003] The present inventions relate generally to devices 
that are used to introduce diagnostic and therapeutic appara 
tus into the body. 
[0004] 2. Description of the Related Art 
[0005] There are many instances Where physicians must 
introduce diagnostic and therapeutic apparatus, such as diag 
nostic and therapeutic electrodes, ultrasound transducers, 
biopsy devices and other surgical tools, into the body. The 
diagnostic and therapeutic apparatus are often carried by 
catheters, Which alloW physicians to gain access to the body in 
a minimally invasive manner by Way of bodily lumens. In 
cardiac treatment, for example, a catheter is advanced 
through a main vein or artery into the region of the heart that 
is to be treated. 

[0006] One method of introducing diagnostic and thera 
peutic apparatus into the body is to introduce a tubular mem 
ber (typically a “sheath”) into the vicinity of the targeted 
region. A diagnostic or therapeutic apparatus is then passed 
through the tubular member to the targeted region. If neces 
sary, the diagnostic or therapeutic apparatus may be removed 
after its function is performed, but the tubular member left in 
place, so that other apparatus may be advanced to the targeted 
region to complete the diagnostic and/ or therapeutic proce 
dure. 

[0007] Precise placement of the diagnostic or therapeutic 
apparatus is very important, especially in those procedures 
concerning the heart. To that end, some conventional sheaths 
are guided to the targeted region With a steerable catheter that 
is located Within the sheath lumen. Once the sheath reaches 
the targeted region, the steerable catheter is removed from the 
sheath and a catheter carrying the diagnostic or therapeutic 
apparatus is advanced through the lumen. This type of sheath 
lacks any onboard steering mechanism. As a result, redeploy 
ment of the distal portion of sheath, even to a region in close 
proximity to the initially targeted region, requires the With 
draWal of the diagnostic or therapeutic apparatus and the 
reintroduction of the steering catheter. 
[0008] Other conventional sheaths include a steering 
mechanism that alloWs the physician to de?ect the distal 
portion of the sheath. The steering mechanism consists pri 
marily of one or more steering Wires. One end of each steering 
Wire is secured to the distal end of the sheath, While the other 
end is secured to a steering control device, such as the rotating 
cam and steering control knob arrangement commonly found 
in steerable catheters. Rotation of the control knob causes one 
of the Wires to impart a pulling force on the distal portion of 
the sheath, thereby causing the distal portion to de?ect. To 
promote steerability, the distal portion of the sheath (Which is 
relatively short) is typically formed from relatively soft, ?ex 
ible material. Conversely, the proximal portion (Which is 
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relatively long) is formed from relatively hard, less ?exible 
material that provides better torque transmission properties. 
[0009] The inventors herein have determined that there are 
a number of shortcomings associated With conventional steer 
able apparatus, such as steerable sheaths, that are used to 
introduce diagnostic and therapeutic apparatus into the body. 
For example, it is desirable to provide a sheath or other tubular 
member having a small outer diameter (OD) in order to limit 
the siZe of the entry hole that must be made in the patient’s 
vein or artery and to compensate for the effects of arterioscle 
rosis. Because the diameter of the lumen, or inner diameter 
(ID), tends to be a function of the siZe of the diagnostic and 
therapeutic apparatus to be introduced into the body, the 
primary method of reducing the OD is reducing the Wall 
thickness of the tubular member. 

[0010] Heretofore, efforts to reduce Wall thickness have 
been hampered by the fact that the Wall strength of the tubular 
member distal portion must be suf?cient to prevent the steer 
ing Wire from tearing through the distal portion during de?ec 
tion. Proposed solutions to the strength problem included the 
use of harder materials and/ or the addition of mechanical 
devices, such as coils, to the distal portion of the tubular 
member. The inventors herein have determined that such 
solutions are less than optimal because they limit the ?exibil 
ity and, therefore, the steerability of the distal portion of the 
sheath or other tubular member. 

[0011] The inventors herein have also determined that the 
distal portion of the tubular member in conventional steerable 
apparatus Will sometimes buckle during steering operations 
and do not alWays return to the neutral position after the 
steering operation is complete. Moreover, it can be dif?cult to 
produce a distal portion that Will bend to a speci?c radius of 
curvature using conventional structures and manufacturing 
techniques. 

SUMMARY OF THE INVENTIONS 

[0012] Accordingly, the general object of the present inven 
tions is to provide apparatus that avoids, for practical pur 
poses, the aforementioned problems. In particular, one object 
of the present inventions is to provide a steerable apparatus 
for introducing diagnostic and therapeutic apparatus into the 
body, such as a steerable sheath, having a thinner Wall than 
conventional apparatus Without sacri?cing steerability. 
[0013] In order to accomplish some of these and other 
objectives, an apparatus in accordance With one embodiment 
of a present invention includes an elongate body having a 
lumen extending therethrough and a steering Wire, having a 
distal portion de?ning a non-circular cross-section, associ 
ated With the distal portion of the elongate body. In one 
preferred implementation, the elongate body is a sheath and 
the distal portion of the steering Wire is substantially ?at. 
[0014] The present apparatus provides a number of advan 
tages over conventional steerable apparatus for introducing 
diagnostic and therapeutic apparatus into the body. For 
example, the non-circular steering Wire distal portion distrib 
utes the forces generated during de?ection over a greater 
surface area than a steering Wire having a circular cross 
section. The redistribution of forces over a greater area 
reduces the amount strength required to prevent the steering 
Wire from tearing through the distal portion of the tubular 
members, sheaths or other elongate bodies during de?ection. 
As a result, the present elongate body may be made thinner 
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than the tubular members, sheaths or other elongate bodies in 
conventional steerable apparatus formed from the same mate 
rial. 
[0015] Use of the present non-circular steering Wire also 
prevents out of plane bending. The non-circular portion of the 
steering Wire also provides a larger surface area for attaching 
the steering Wire to the distal portion of the elongate body or 
an element Within the elongate body, thereby making manu 
facturing easier and, due to the larger bonding area, decreas 
ing the likelihood that the steering Wire and elongate body 
Will become disconnected. 
[0016] In order to accomplish some of these and other 
objectives, an apparatus in accordance With one embodiment 
of a present invention includes an elongate body having a 
lumen extending therethrough, a steering Wire associated 
With the distal portion of the elongate body, and a stiffening 
member associated With the distal portion of the elongate 
body. The present apparatus provides a number of advantages 
over conventional steerable apparatus for introducing diag 
nostic and therapeutic apparatus into the body. For example, 
the stiffening member Will prevent buckling of the elongate 
body distal portion during bending. The stiffening member 
may also be con?gured such that it Will return the elongate 
body distal portion to a neutral position after a steering opera 
tion, in?uence the curvature of the elongate body during 
steering, provide a pre-bend in a direction other than the 
direction in Which the distal portion is bent during steering, 
and increase the torque transmission properties of the distal 
portion. 
[0017] In order to accomplish some of these and other 
objectives, an apparatus in accordance With one embodiment 
of a present invention includes an elongate body proximal 
portion, an elongate body distal portion, and a steering Wire 
having a distal portion operably connected to the elongate 
body distal portion. The elongate body distal portion is 
formed from distal members With different stiffnesses. Such 
apparatus provides a number of advantages over conventional 
steerable apparatus for introducing diagnostic and therapeu 
tic apparatus into the body. For example, the stiffer distal 
member Will prevent buckling of the elongate body distal 
portion during bending. 
[0018] The above described and many other features and 
attendant advantages of the present inventions Will become 
apparent as the inventions become better understood by ref 
erence to the folloWing detailed description When considered 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Detailed description of preferred embodiments of 
the inventions Will be made With reference to the accompa 
nying draWings. 
[0020] FIG. 1 is a plan vieW of a steerable apparatus in 
accordance With a preferred embodiment of a present inven 
tion. 
[0021] FIG. 2 is a partial section vieW shoWing a steerable 
apparatus in accordance With a preferred embodiment of a 
present invention, in combination With a catheter carrying a 
diagnostic or therapeutic element, deployed Within the heart. 
[0022] FIG. 3 is a perspective, partial section vieW of an 
elongate body distal portion in accordance With a preferred 
embodiment of a present invention. 
[0023] FIGS. 4a and 4b are side vieWs ofthe elongate body 
distal portion illustrated in FIG. 3. 
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[0024] FIG. 5 is a perspective vieW of a steering Wire and 
steering Wire anchoring member assembly in accordance 
With a preferred embodiment of a present invention. 
[0025] FIG. 6a is side vieW of an elongate body distal 
portion in accordance With another preferred embodiment of 
a present invention. 
[0026] FIG. 6b is a top vieW of the elongate body distal 
portion illustrated in FIG. 6a. 
[0027] FIG. 60 is a perspective vieW of a stiffening member, 
steering Wire and anchoring member assembly in accordance 
With a preferred embodiment of a present invention. 
[0028] FIG. 7a is a side vieW of an elongate body distal 
portion in accordance With still another preferred embodi 
ment of a present invention. 
[0029] FIG. 7b is a top vieW of the elongate body distal 
portion illustrated in FIG. 7a. 
[0030] FIGS. 8a, 8b, 8c and 8d are front elevation vieWs of 
stiffening members in accordance With preferred embodi 
ments of a present invention. 
[0031] FIG. 8e is a section vieW of an elongate distal body 
including the stiffening member illustrated in FIG. 8a. 
[0032] FIG. 8f is a perspective vieW of the stiffening mem 
ber illustrated in FIG. 80 With a prebend. 
[0033] FIGS. 8g and 8h are front elevation and side vieWs of 
a stiffening member in accordance With a preferred embodi 
ment of a present invention. 
[0034] FIGS. 8i and 8j are front elevation and side vieWs of 
a stiffening member in accordance With a preferred embodi 
ment of a present invention. 
[0035] FIGS. 8kand 8l are front elevation and side vieWs of 
a stiffening member in accordance With a preferred embodi 
ment of a present invention. 
[0036] FIG. 9 is partial side section vieW of an elongate 
body distal portion in accordance With yet another preferred 
embodiment of a present invention. 
[0037] FIG. 10a is a perspective vieW of another stiffening 
member in accordance With a preferred embodiment of a 
present invention. 
[0038] FIG. 10b is a perspective vieW of still another stiff 
ening member in accordance With a preferred embodiment of 
a present invention. 
[0039] FIG. 11a is a side vieW of an elongate body distal 
portion in accordance With a preferred embodiment of a 
present invention in a bent orientation. 
[0040] FIG. 11b is a side vieW of the elongate body distal 
portion illustrated in FIG. 11a in a straight orientation. 
[0041] FIG. 110 is a section vieW take along line 110-110 in 
FIG. 11a. 

[0042] FIGS. 12, 13 and 14 are side vieWs ofelongate body 
distal portions in accordance With preferred embodiments of 
a present invention. 

[0043] FIG. 15a is a side vieW of an elongate body distal 
portion in accordance With a preferred embodiment of a 
present invention. 
[0044] FIG. 15b is a section vieW take along line 1519-1519 in 
FIG. 15a. 

[0045] FIG. 16 is a side vieW of an elongate body distal 
portion in accordance With a preferred embodiment of a 
present invention. 
[0046] FIG. 17 is a section vieW taken along line 17-17 in 
FIG. 1. 

[0047] FIG. 18 is a partial cutaWay vieW of the exemplary 
handle illustrated in FIG. 1. 



US 2008/0188800 A1 

[0048] FIG. 19 is a perspective vieW of a portion of the 
exemplary handle illustrated in FIGS. 1 and 18. 
[0049] FIG. 20 is side partial section vieW of another por 
tion of the exemplary handle illustrated in FIGS. 1 and 18. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0050] The following is a detailed description of the best 
presently knoWn modes of carrying out the inventions. This 
description is not to be taken in a limiting sense, but is made 
merely for the purpose of illustrating the general principles of 
the inventions. 
[0051] The detailed description of the preferred embodi 
ments is organiZed as folloWs: 
[0052] I. OvervieW 
[0053] II. Elongate Body Distal Portion 
[0054] III. Elongate Body Proximal Portion 
[0055] IV. Handle 
The section titles and overall organiZation of the present 
detailed description are for the purpose of convenience only 
and are not intended to limit the present inventions. 

I. OvervieW 

[0056] The present inventions may be used Within body 
lumens, chambers or cavities for diagnostic or therapeutic 
purposes in those instance Where access to interior bodily 
regions is obtained through, for example, the vascular system 
or alimentary canal and Without complex invasive surgical 
procedures. For example, the inventions herein have applica 
tion in the diagnosis and treatment of conditions Within the 
heart. The inventions herein also have application in the diag 
nosis or treatment of ailments of the gastrointestinal tract, 
prostrate, brain, gall bladder, uterus, and other regions of the 
body. 
[0057] As illustrated for example in FIG. 1, a preferred 
implementation of a present invention is a steerable device 10 
having a handle 12 and an elongate, holloW body 14. In the 
preferred implementation, the elongate body 14 is a sheath 
having a lumen through Which a catheter having diagnostic 
and/ or therapeutic element(s) may be advanced. 
[0058] The exemplary handle 12 consists partially of a 
handle body 16 and a piston 18. The piston 18, Which is 
slidably mounted in a longitudinally extending aperture in the 
handle body 16, includes a thumb rest 20. The handle body 
16, piston 18 and thumb rest 20 are preferably formed from 
machined or molded plastic. Other features of the exemplary 
handle 12 are discussed beloW in Section IV. In the exemplary 
embodiment, one end of a steering Wire 22 is secured to the 
distal portion 24 of the elongate body 14. The steering Wire 22 
passes through the proximal portion 26 of the elongate body 
14 to the handle body 16, Where the other end is secured. As 
discussed in Section III beloW, the elongate body distal por 
tion 24 and proximal portion 26 are joined to one another at a 
joint 25. 
[0059] In the illustrated embodiment, the elongate body is 
secured to, and travels With, the piston 18. As such, When the 
exemplary piston 18 is moved distally from the position 
shoWn in FIG. 1, the steering Wire 22 exerts a pulling force on 
the distal portion 24 of the elongate body 14, thereby causing 
the distal portion of the elongate body to de?ect into a curved 
orientation. 
[0060] Other types of steering apparatus may be used in 
place of the exemplary piston-based con?guration. For 

Aug. 7,2008 

example, a handle may be provided that includes a rotating 
cam, to Which the steering Wire is connected, and a steering 
lever connected to the rotating cam. Manipulation of the 
steering lever causes the steering Wire to de?ect the distal 
portion of the elongate body. This type of steering apparatus 
is disclosed in US. Pat. No. 5,636,634. 
[0061] One exemplary use of the present steerable device is 
illustrated in FIG. 2. Here, the distal portion 24 of the elongate 
body 14 has been inserted into the heart and steered into the 
vicinity of targeted tissue Within the left ventricle LV. It 
should be noted that the heart shoWn in FIG. 2 is not exactly 
anatomically correct, and is shoWn in diagrammatic form to 
demonstrate the features of the exemplary device. A catheter 
23 is extending from the distal portion 24 so that an element 
25 (such as a diagnostic and/or therapeutic element) may be 
positioned adjacent myocardial tissue. 

II. Elongate Body Distal Portion 

[0062] In accordance With a preferred embodiment of a 
present invention, and as illustrated for example in FIG. 3, the 
portion of the steering Wire 22 that is secured to the distal 
portion 24 of the elongate body 14 has a non-circular cross 
section. Although other shapes may be employed, the distal 
portion 28 of the exemplary steering Wire 22 (also referred to 
as the “non-circular portion”) is substantially ?at and prefer 
ably free of sharp edges that could damage the distal portion 
24 of the elongate body 14. A substantially ?at steering Wire 
distal portion 28 having a Width to thickness ratio betWeen 
about 1.5 to l and about 10 to l is preferred. The remainder of 
the steering Wire (referred to herein as the proximal portion 
30) has a circular cross-section. 

[0063] The exemplary elongate body distal portion 24 illus 
trated in FIG. 3 includes tWo lumens, a central lumen 32 
through Which diagnostic and therapeutic apparatus may be 
advanced and a steering Wire lumen 34 in Which the steering 
Wire 22 is located. The central lumen 32 preferably terminates 
at the distal end 38 of the distal portion 24, thereby de?ning a 
distal end aperture through Which diagnostic or therapeutic 
elements may exit the elongate body 14. HoWever, the central 
lumen may also terminate in the side Wall of the distal portion 
24, thereby de?ning a side exit aperture. In the illustrated 
embodiment, the cross-sectional shape of the steering Wire 
lumen 34 corresponds to that of the substantially ?at steering 
Wire distal portion 28. This prevents unWanted rotation of the 
steering Wire 22. HoWever, the steering Wire lumen 34 may 
have other cross-sectional shapes, such as an elliptical shape, 
Which Will also prevent rotation of a non-circular steering 
Wire or portion thereof. 

[0064] As shoWn by Way of example in FIG. 3, the steering 
Wire 22 may be secured to an anchoring member 36 that is 
located Within elongate body distal portion 24. The steering 
Wire 22 may be secured to the anchoring member 36 by, for 
example, Welding or adhesive. The exemplary anchoring 
member 36 is in the form of a cylinder. HoWever, other 
shapes, such as an annular disk shape, could be used should 
they be required by a particular application. The anchoring 
member 36 provides a relatively long attachment surface, 
thereby decreasing the likelihood that the steering Wire 22 
Will become disconnected from the elongate body distal por 
tion 24. In addition, the anchoring member 36 may be formed 
from radiopaque material such as platinum or gold plated 
stainless steel. The radiopacity alloWs the distal portion of the 
elongate body to be observed by the physician using conven 
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tional ?uoroscopic techniques. Other materials include rigid 
polymer and ceramic materials that are compounded With 
radiopaque material. 
[0065] There are a number of advantages associated With 
the preferred embodiment illustrated in FIGS. 1-3. For 
example, When the distal portion 24 of the elongate body 14 
is de?ected from the orientation shoWn in FIG. 4a to the 
orientation shoWn in FIG. 4b, the steering Wire Will exert a 
force F along the elongate body distal portion. In conven 
tional devices employing pull Wires having a circular cross 
section, the distal portion Wall must be relatively thick in 
order to prevent the steering Wire from tearing through the 
Wall of the sheath or other elongate body. The Wall in pre 
ferred embodiment illustrated in FIGS. 1-3 may be made 
thinner than conventional devices formed from the same 
material because the exemplary substantially ?at (or other 
Wise non-circular) steering Wire distal portion 28 distributes 
the force F over a greater surface area than does a steering 
Wire having a circular cross-section. 

[0066] The use of the present non-circular steering Wire 
also prevents out of plane bending. In other Words, When 
bending force is applied to the elongate body distal portion 
24, it Will bend about an axis that is both perpendicular to the 
longitudinal axis of the elongate body and parallel to the 
Width dimension of the steering Wire non-circular portion 28. 
The steering Wire non-circular portion 28 also provides a 
larger surface area for attaching the steering Wire to the exem 
plary anchoring member 36 (or other portion of the elongate 
body) than does a circular Wire. 
[0067] One utiliZation of the present invention is a steerable 
sheath that may be used in cardiac treatments such as percu 
taneous myocardial revasculariZation (PMR). In a preferred 
embodiment, the outer diameter of the elongate body 14 is 
about 0.118 inch and the diameter of the central lumen 32 is 
about 0.075 inch. The distal portion 24 of the elongate body is 
about 1.4 inches in length and should be ?exible enough to 
bend approximately 1350 (note that a 90° bend is shoWn in 
FIG. 4b), yet have su?icient memory to return to its original 
orientation When bending forces are removed. To provide the 
necessary ?exibility, the distal portion 24 of the elongate 
body may be formed from a relatively ?exible material 
through a dual lumen extrusion process. Preferred relatively 
?exible materials include, for example, ?uoropolymers such 
as THV 200, a commercially available combination of tet 
ra?uoroethylene, hexa?uoropropylene and vinylidene ?uo 
ride, and Pellethane 80A. Radiopaque material, such as 
barium, bismuth, and tungsten may be combined With the 
?exible material for visualiZation purposes. 
[0068] In the exemplary steerable sheath that may be used 
in PMR and other cardiac care procedures, the anchoring 
member 36 is preferably about 0.100 inch in length and has a 
Wall thickness of about 0.002 inch. The diameter of the cir 
cular proximal portion 30 of the steering Wire 22 is about 
0.009 inch, While the Width of the non-circular portion 28 
ranges from about 0.012 inch to about 0.017 inch and the 
thickness ranges from about 0.003 inch to about 0.005 inch. 
To accommodate the non-circular portion 28, the steering 
Wire lumen 34 has a shape corresponding to that of the non 
circular portion and cross-sectional dimensions Which are 
about 0.001 inch to about 0.003 inch larger than those of the 
circular portion. The length of the steering Wire non-circular 
portion 28 is preferably slightly less than that of the elongate 
body distal portion 24. As a result, only the circular proximal 
portion 30 of the steering Wire 22 Will pass through the cir 

Aug. 7,2008 

cular steering Wire lumen in the elongate body proximal 
portion 26 (discussed in Section III), even When the distal 
portion 24 is being bent. Alternatively, the non-circular por 
tion 28 Will extend the entire length of the elongate body 
distal portion 24 and the steering Wire lumen in the elongate 
body proximal portion 26 Will be modi?ed accordingly. 
[0069] Turning to FIG. 5, the steering Wire 22 may be 
secured to the anchoring member 36 prior to the insertion of 
both into the elongate body distal portion 24. The combined 
steering Wire/anchoring member assembly may be inserted 
into the elongate body distal portion 24 as folloWs. The elon 
gate body distal portion 24 is heated to its softening tempera 
ture. The proximal end of the steering Wire 22 is then inserted 
into the steering Wire lumen 34. The anchoring member 36 is 
moved toWard the elongate body distal portion 24 until it 
reaches the distal end 38 of the distal portion. The anchoring 
member 36 is then forced through the distal end 38 of the 
softened distal portion 24 to the position shoWn in FIG. 3. The 
distal end of the steering Wire lumen 34 Will not be present 
after the softened distal portion 24 hardens. Additionally, in 
order to insure that the anchoring member 36 Will not tear 
through the distal end 38, a relatively thin annular piece of 
distal portion material can be molded onto the distal end. 
[0070] A stiffening member (or “spine”) may be provided 
in order to prevent compression (or “buckling”) of the elon 
gate body distal portion 24 during bending, Which can some 
times happen in those instances Where the distal portion is 
formed With very thin Walls or from very ?exible material. 
The stiffening member may also be used to return the elon 
gate body distal portion 24 to a neutral position after a steer 
ing operation, in?uence the curvature during steering, pro 
vide a pre-bend in a direction other than the direction in Which 
the distal portion is bent during steering, and to increase the 
torque transmission properties of the distal portion. A variety 
of stiffening members are illustrated in FIGS. 6a-10b. They 
may be used in combination With steerable devices including 
steering Wires having cross-sections that are circular, non 
circular or some combination thereof. 

[0071] As shoWn by Way ofexample in FIGS. 6a and 6b, an 
elongate body distal portion 2411 includes a stiffening member 
40 located in a stiffening member lumen 42. The stiffening 
member lumen 42 is itself located on the side of the elongate 
body distal portion 24a opposite the steering Wire 22 (and 
steering Wire lumen 34). The stiffening member 40, Which 
may be circular in cross-section (as shoWn in FIGS. 6a and 
6b) or non-circular in cross-section, is bonded or otherWise 
secured in place. 
[0072] Alternatively, the stiffening member may be 
secured to the anchoring member 3 6. Referring to FIG. 60, the 
distal end of a stiffening member, such as stiffening member 
44 (described beloW), may be secured to the anchoring mem 
ber 36 and an anti-tear device 41 may be secured to the 
proximal end of the stiffening member. The anti-tear device 
41, Which is located Within the elongate body distal portion 
24a and Which includes a slot 43 through Which the steering 
Wire distal portion 28 passes, spreads the forces associated 
With the bending of the stiffening member 44 over a greater 
surface area, thereby preventing the bending member from 
tearing through the elongate body distal portion. A suitable 
anti-tear device may be constructed by forming the slot 43 in 
a hypotube. 

[0073] In another alternative arrangement, the stiffening 
member 44 and anti-tear device 41 may be replaced by a 
second steering Wire 22 located on the opposite side as the 










