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(54)    Steerable catheter with fixed curve 

(57) A steerable catheter, comprising a preshaped 
distal section, a flexible intermediate section having a 
distal end connected to said distal section, a complexly 
curved proximal section having a distal end connected 
to said flexible intermediate section, said proximal sec- 

tion being shaped to seat the catheter relative to an an- 
atomical feature within a patient, and means for steering 
the distal section of the seated catheter into contact with 
tissue within the patient by flexing said flexible interme- 
diate section. 
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Description 

FIELD OF THE INVErfTION 

This inveniicn rcir.tcs to medical catheters and, 
more particularly lo medical catheters having a portion 
shaped to ensure th^t H disial portion is positioned within 
the right atrium o' ri ncnn 

BACKGROUND OF THE INVENTION 

McdiCcI cairiotc's hnvc been used to access loca- 
tions within a prtiicni wiinoul invasive surgery. The cath- 
eter may bo iniroduccc inio a body passageway at lo- 
cations wncrc inc pissnccway is near the skin. The 
camctcr Crtfi tncn Do <i3\i'rtncod to an area of interest. 
0:icn tnc HDM ly to coniroi tnc cxacl position and orien- 
tation o' tnc iJC ot .-> crimeter largely determines the use- 
fulness oJ no :ritr^c!o' 

C"»'.- KfcjAn rt;^'u>i-'-tn>» lot mcdiCdl catheters is for 
thL- iLxct'J' t'j n'to Mwj;,jitij o u'ldocaidial signals, for 
exrimtih: tc co'Vij-, tri.. ijcut. oi loci of a dysrhythmia 
Of t&nt;L-i:'-c?*^': O''"^'i rc/ifaini tissue The success and 
cjav.ricrf'>7T o' Ci'-r'v iccnniQuCj has been depend- 
ent u>r< - r: - ci-' .ct-.c'ric'-,; .loc use oi more precise toch- 
niq-jOL »o' : ,i"»'-,r^moqcnic sites. Further the 
opc'^itc-' c--"-.■c-f'ViO*oqis'.; has had to compro- 
mise t>*^ *t:o'- et; C'<!r»oicf m the place of greal- 
ost r m\m'^. tfv.,. 't^^' pt«-rnT mpc;^iheter in areas 
Wh»"f .«-'f.        IT'S'. 1^10 

-^-.M.r*; t-v. !• ; 1 .-/itMctci rtt rt desired location 
wiihff- .» Li-o, tJ"' '"i.t>x* Crttr^Iters nave been con- 
St'uctcJ ^Mowr- :.i"M S.-fs h.r.'C been shaped to specif- 
ically :«-'. ^ ri-^i-:, y..f vkiirwi the body For exam- 
ple U t- N. - r-. 777 o! N^rula d:sclosos a 
cainete* M.r,i'v;., zcr^'tji>:t mLllt-oUnar curvature wnich 
auiorrvit»LVit'-, p'-r f.. cjistni crd ol the catheter at 
a dcs'fc: micfn/i- oo-i^c/ Tni:, p-ifticuiaf catheter is dc- 
sipnc-G 1.: Jf-ivffr,»- iri..^ r^to'Crf vonn cavrt through the tn- 
cusDC v.i'..: ^'K: IT-;: t i,: noh! vcnlnclc from the right 
alnum Af^otfi:- :.»• ..:'>(;' cont.irnmg pro-shapcd SOC- 
tioni oiscto^^co 01 U i f^Htcnt No 5 423.772 ol Luric 
CI ai Tn-it cntnoict rvis n aisirti p-onion containing a lirst 
longi ua n^ CLfvc of fMj:us between 7 0 cm and 11.0 
cn and -1 sccona to^iqit jjinrji curve ol between 0.5 cm 
and 2 0 cm Both oi tnetc kxigiiudmal curves are curved 
in the same oircciior' Otncr examples of the preshaped 
Crtthuic'tb rifc blicwii in J S Prttuiit Nos 3.485.234 and 
3.503 3c5 tjoUi ot Slcvuni U S Patent No. 3.729.006 
ofBcrkcvils andJS PnlcntNo 4.660.769 of Forgerty. 
each of wh;ch is hereby incorporated by reference as if 
set lonh m their cnlirclies ncrein. 

Siccrnolc ca:hctcr& h:ivc also been used to direct 
the calholor to a desired location, and properly orient or 
position the catheter at the desired location. For exam- 
ple. U.S Patent No 5.327.905 of Avitall discloses a pre- 
formed catheter section designed to be steered Into a 
position on either the atrial or ventricular side ol the A- 

V ring. Other steerable catheter designs are disclosed 
in, for example. U.S. Patent No. Re. 34,502 of Webster. 
Jr. and U.S. Patent No. 4.920,980 is of Jackowski. 

The object of this invention, therefore, Is to provide 
5  a catheter which Is capable of being properly positioned 

against the wall of the right atrium. 
A further object of the invention Is to provide a cath- 

eter which may be nested within the tricuspid valve with- 
out prolapsing through the valve as the catheter is ro- 

10 tated during use. 

SUMIVIARY OF THE INVENTION 

According to one aspect of the invention, a steera- 
15 ble catheter is disclosed which includes a complexly 

curved proximal section which is shaped to seat the 
catheter relative to an anatomical feature within a pa- 
tient, such as the annulus of the tricuspid valve. The 
steerable catheter also Includes a flexible imermedlate 

20  section which has comparatively greater flexibility than 
other sections of the steerable catheter The flexible in- 
termediate section bends in response to forces applied 
by an attached steering device and substantially all of 
the flex in the catheter may be contained within the flex- 

25  ible intermediate section. A preshaped distal section Is 
urged into contact with tissue within the patient when 
the flexible intermediate section flexes. 

In one embodiment of the invention, the distal sec- 
tion supports a plurality of ring electrodes and is shaped 

30  to generally correspond to the physiology of the inner 
wall of the right atrium of the heart. 

According to another aspect of the invention, a 
method of positioning a catheter is disclosed in which a 
steerable catheter is positioned relative to an anatomi- 

es  cal feature within the patient. The method comprises 
providing a steerable catheter generally constnjcted in 
accordance with the invention. The steerable catheter 
is advanced into the patient until a complexly curved 
section of the catheter is seated relative to the anatom- 

-to ical feature within the patient. The complexly curved 
section should generally correspond in shape to the an- 
atomical feature against which the catheter is to be seat- 
ed. Once seated, a pulling force is applied to a wire to 
cause a flexible intermediate section of the catheter to 

-fs  flex and thereby entrain a distal end ot the catheter Into 
contact with a desired site within the patient. 

Further features and advantages of the Invention 
are described in connection with the following detailed 
description of a presently preferred embodiment. 

so 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present in- 
vention will be more readily apparent from the following 

55 detailed description and drawings of an illustrative em- 
bodiment of the invention in which: 

Fig. 1 is an elevational view of an electrode catheter 
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embodiment constructed in accordance with the in- 
vention; 
Fig. 2 is a plan view, partially in section, of the cath- 
eter of Fig. 1: 
Fig. 3 is a cross-sectional view taken along line 3-3 s 
of Fig. 2; 
Fig. 4 is a cross-sectional view taken along line 4-4 
of Fig. 3; 
Fig. 5 is a cross-sectional view taken along line 5-5 
of Fig. 3; »o 
Fig. 6 is a view of the right atrium of the heart with 
parts broken away showing the catheter of Fig. 1 
being advanced therein from the superior vena ca- 
va in a stressed (steered) condition; 
Fig. 7 is a view of the right atrium of the heart with is 
parts broken away showing the catheter of Fig. 1 
returning to. its unstressed condition (no pulling 
force being applied); and 
Fig. 8 is a view of the right atrium of the heart with 
parts broken away showing the catheter of Fig. 1 20 
having a section seated across the annulus of the 
tricuspid valve and another section located against 
the inner wall of the right atrium. 

DESCRIPTION OF A PREFERRED EMBODIMENT 2S 

By way of overview and introduction, Fig. 1 shows 
an electrode catheter 20 having a shaft 30 attached at 
a proximal end 22 to a control handle 24 and extending 
to complexly curved and steerable sections which facil- 30 
itate bringing the electrodes 25.28 into precise and con- 
tinuous contact with tissue within a patient, for example, 
the inner wall of the right atrium (see Figs. 6 and 7). The 
control handle forms no part of the present invention. A 
suitable control handle is described in U.S. Patent 3S 
5611777 Application Serial No. 08/518,521 of Bowden 
et al. for STEERABLE ELECTRODE CATHETER, filed 
August 23,1995, which is hereby incorporated by refer- 
ence as if fully set forth in its entirety herein. 

The control handle is manipulated, for example, to 40 
locate the distal end of the shaft 30 within the right atri- 
um. A knob 32 on the control handle 24 is rotatable rel- 
ative to the handle by the operator to cause a slideblock 
(not shown) within the control handle 24 to move away 
from the proximal end 22 of the shaft 30. A steering wire 4$ 
38, which is slidably housed within the shaft 30 (see Fig. 
3), is secured at Its proximal end to the slideblock. The 
steering wire 38 is pulled proximally due to rotation of 
the knob 32, for example, in the direction of arrow A. 
Conversely the steering wire 38 advances distally when so 
the slideblock moves toward the proximal end 22 of the 
shaft 30 as a result of rotation of the knob 32 in the op- 
posite direction. Preferably, the steering wire 38 is an- 
chored to a distal tip assembly 34 (see Fig. 3), described 
below. A pulling force on the steering wire 38 causes the ss 
distal section of the catheter to be steered, as described 
next. The steering wire 38 must have a tensile strength 
sufficient to overcome the compressive strength of the 

shaft 30 to cause an intermediate section 44 to bend 
(Fig. 2). When the knob 32 is rotated in a direction op- 
posite to arrow A. the compressive forces on the tip 
stock are released to cause the catheter tip to return to 
its relaxed, undeflected state. In the preferred embodi- 
ment, the steering wire 38 is a stainless steel wire having 
a pull strength of about 15.5 pounds. 

With reference now to Fig. 2, the electrode catheter 
20 is shown in its relaxed configuration (solid lines) and 
in its fully steered configuration (phantom lines). A distal 
section 40 of the shaft 30 supports the distal tip assem- 
bly 34, ring electrodes 28, and temperature sensor(s) 
78 and includes a preferably off-axis lumen for the steer- 
ing wire 38 and the electrical conductors for the elec- 
trodes 26,28 and temperature sensors. The distal sec- 
tion 40 is preshaped to generally correspond to the 
physiology of the tissue to be mapped or ablated, for 
example, to have a radius corresponding to the radius 
of the inner wall of the right atrium. The shape may set 
into the material of the distal section of the shaft 30, or 
may be imparted to* a hypotube 42 (Fig. 3), stiffening 
wire, or other elongate element capable of taking a set 
such as an element made of stainless steel or a shape 
memory alloy such as nickel-titanium. The shape of the 
distal section 40 is not affected by steering the catheter 
20 to its fully steered configuration. 

A flexible intermediate section 44 is disposed im- 
mediately proximal to the distal section 40. The interme- 
diate section 44 bends or flexes at location 46 in re- 
sponse to a pulling force applied to the steering wire 38 
to permit the shaft 30 to assume a partially or fully 
steered configuration (as shown in phantom). When the 
catheter 20 is fully steered, the intermediate section 44 
bends to a radius of up to about .65 radian in a direction 
substantially opposite to the curve imparted to the distal 
section 40 and in substantially the same plane. Such 
bending is encouraged by the arrangement of the steer- 
ing wire 38 within an off-axis lumen at least within the 
intermediate section 44 (see Fig. 3). and causes the dis- 
tal section 40 to be urged into contact with tissue within 
the patient, for example, the inner wall of the right atri- 
um. 

A proximal section 48 extends proximally from the 
proximal end of the flexible intermediate section 44. The 
proximal section 48 includes a complex cun/e set in the 
shaft 30 which is shaped to seat the catheter relative to 
an anatomical feature within a patient. For example, the 
complex curve may be shaped to seat the catheter 20 
across the annuius of the tricuspid valve to prevent pro- 
lapse of the catheter through the tricuspid valve, and is 
preferably shaped to contact generally opposing mar- 
gins of the annulus of the tricuspid valve of the heart. 
This may be achieved by setting a series of curves 
01 -03 which extend in substantially one plane generally 
as a sinusoid. Preferably, the curves CI -C3 are set into 
the material of the catheter by a baking process which 
provides a set which is retained at and somewhat above 
body temperature (37" C). 
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As shown in the embodiment of Fig. 2. a first cun^e 
CI has its origin on the right side of the catheter 20 and 
traces a .30 to .50 rad curve, a second curve C2 has its 
origin on the left side of the catheter 20 and traces a. 
30 to .50 rad curve, a third cun/e C3 has its origin on the 
right side of the catheter 20 and traces a .85 rad curve. 

A fourth cun/e C4 is imparted to the catheter 20 hav- 
ing its origin on the left side of the catheter only when a 
force is applied to the steering wire 38 to steer the cath- 
eter 20. When fully steered, the curve CA traces a .65 
rad curve. This is due to the flexible intermediate section 
44 having a comparatively greater flexibility than the 
proximal section 48 and the relative Inflexibility of the 
distal section 40. As a result, substantially all of the flex 
in the catheter 20 in response to a pulling force applied 
to the steering wire 38 is accommodated by bending in 
the flexible intermediate section 44. The hypotube or 
stiffening wire 42 makes the distal section relatively in- 
flexible. The flexible intermediate section 44 can be 
made comparatively more flexible than the proximal 
section 48 by providing a woven braid 56 from the prox- 
imal end 22 of the shaft 30 to the distal end of the prox- 
imal section 44. The braid 56 enhances the stiffness and 
torsional strength of the shaft 30. Thus, the proximal 
section 48 and the intermediate section 44 can both be 
made of the same material, and preferably, can both be 
made of polyurethane. 

The distal section 40, flexible intermediate section 
44, and the proximal section 48 are each intended to be 
inserted within the right atrium of the heart, as shown in 
Figs. 6 and 7. 

Turning now to Figs. 3-5, portions of the catheter 
that are to be inserted into the right atrium are shown in 
cross section. The steering wire 38 is shown anchored 
to a core 50 of the distal assembly 34 by threading the 
steering wire through a lumen in the core 50 and back 
through another lumen after which the steering wire 38 
is wrapped about itself. The steering wire 38 extends 
proximally through an off-axis lumen 52 (with respect to 
the longitudinal axis of the catheter 20) in the flexible 
intemnediate section 44 to the slideblock in the control 
handle 24. (A teflon sheath 54 may surround the steer- 
ing wire 38 to reduce friction through the lumen 52, as 
shown in Fig. 4.) The eccentric arrangement of the 
steering wire in the lumen 52 causes the catheter 20 to 
favor deflection in a known plane due to a wall thickness 
differential on either side of the steering wire 38 in the 
intermediate section 44. The entire control handle 24 
can be torqued by the operator 35 to steer the shaft 30 
through the patient's vasculature. Additional steering 
wires can be provided, and a radius of curvature adjust- 
ing means can be provided in the manner described in 
the aforementioned U.S. Patent Application Serial No. 
08/518.521. 

The steering wire preferably is fixedly attached to 
the distal tip section as fully described in WO97/17030 
U.S. Patent Applicatbn Serial No. 08/555,847 of Falwell 
et al. for SNAP FIT DISTAL ASSEMBLY FOR AN AB- 

LATION CATHETER, filed November 10. 1995. which 
is hereby incorporated by reference as if set forth in its 
entirety herein. It is sufficient, however, to attach the 
steering wire to other points within the distal section 40. 

s provided the entire distal section 40'may be urged into 
contact with the inner wall of the right atrium. Because 
the steering wire is anchored to the distal tip section 
through an off-axis lumen 52, a proximal pulling force 
on the steering wire 38 causes the distal section 40 to 

10 deflect in a single plane along a single axis. The gener- 
ally rigid hypotube 42 within the distal section 40 pre- 
vents the distal tip section from changing its shape in 
any substantial amount upon steering the tip assembly. 
Instead, the catheter undergoes bending in the region 

15 of point 46 (Fig. 2) atong the flexible intermediate section 
44. 

Turning again to Fig. 3, the distal section 40 of the 
shaft 30 lemiinates at distal tip 58. A central bore 60 in 
the distal tip 58 is sized to receive the proximal end 62 

20 of the core 50 portion of the distal tip assembly 34. The 
core 50 has a compressible head 64 at its distal end 
which includes anchor tabs 66a. 66b. The core 50 has 
a longitudinal slot 68 extending proximally from its distal 
face which permits the anchor tabs 66a, 66b to resilient- 

25 ly flex toward each Other as the core 50 is received within 
an aperture 70 in a hollow ablation electrode 26. Con- 
tinued insertion of the core 50 into the ablation electrode 
26 causes the anchor labs 65a, 66b to snap into an an- 
nular groove 72 in the ablation electrode 26 which locks 

30 the core 50 and the ablation electrode 26 together. Due 
to tolerance control or other design considerations, the 
head 64 may remain in a partially compressed state 
even after the core and ablation electrode have snapped 
together so long as the two components interkxik. The 

35 compressible head 64 includes a chamfered leading 
edge 74 which facilitates insertion of the core 50 into the 
aperture 70 of the ablation electrode 26 by camming the 
anchor tabs 66a, 66b together and thereby compressing 
the head 64 to a reduced profile. The annular groove 72 

40 has a shoulder 76 at its proximal edge which prevents 
the core 50 from being withdrawn from the ablation elec- 
trode 26 once the anchor tabs 66a, 66b have snapped 
into the groove 72. Altematively, equivalent snap-lock 
arrangements can be provided as described in the 

45 aforesaid 08/555,847 application. 
The core 50 is preferably made of a material having 

a low temperature coefficient, such as the ULTEM® 
1000 resin produced by the GE Plastics division of the 
General Electric Company, Pittsfield, MA. The lowtem- 

50 perature coefficient material provides thermal insulation 
between the ablation electrode 26 and the distal sectbn 
40. The provision of the core 50 between the distal sec- 
tion 40 and the ablation electrode 26 reduces the likeli- 
hood of catheter damage during an ablation procedure. 

ss As a result, a wider range of materials can be selected 
for the distal section 40, including materials with melt- 
temperatures that are significantly less than the expect- 
ed ablation temperature, such as polyurethane. 
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With further reference to Fig. 3. the distal assembly 
34 preferably houses a temperature sensor 78. As de- 
scribed in the aforesaid 08/555,847 application, the core 
50 includes a central lumen and several off-axis lumens 
for conveying wires from the ablation electrode 26 and 
the temperature sensor 78, respectively, to a conven- 
tional connector 80 (Fig. 1). The temperature sensor 78 
is preferably a thermistor and may be positioned within 
a cavity 82 in the ablation electrode 26 about four to sev- 
en mils from the ablation electrode distal tip. A potting 
compound 84, for example, TRA-BOND FDA-2 epoxy 
made by Tra-Con, Inc. of Medford, Massachusetts may 
add rigidity to the entire distal assembly 34. 

The distal section 40 defines a lumen 86 for receiv- 
ing the steering wire 38 and its surrounding teflon sheath 
54 (Figs 4 and 5), as well as the conductive wires trom 
the temperature sensor 78 and the distal ablation elec- 
trode 26. Mounted in spaced relation along the distal 
section 40 are ring electrodes 28a, 28b, and 28c which 
may be sized lor intracardiac ECG recording, mapping, 
stimulation, or ablation. The ring electrodes 28 are elec- 
trically connected to suitable components via conduc- 
tive wires 88a, 88b, and 88c which extend through re- 
spective apertures 90a-c in the side of the distal section 
40 into the lumen 86. The lumen 86 communicates with 
the off-axis lumen 52 in the intermediate section 44 and 
also may be provided as an off-axis lumen. 

The ring electrodes 26a-c are individually connect- 
ed to a recording and monitoring device via conductive 
wires 88a-c. Each ring electrode may have a tempera- 
ture sensor associated with it to provide temperature 
sensing at the surface of the electrodes in the same 
manner as temperature sensor 78 is provided for the 
electrode 28. The temperature sensors are connected 
to a generator via similar electrical conductors. In oper- 
ation, a signal may be sent from the temperature sen- 
sors to the generator to either increase or decrease the 
supplied radiofrequency ("RF") energy This enables the 
temperature of the ablation to be maintained at a preset 
level. 

The distal section 40 may be integral with the inter- 
mediate section 44. In the preferred embodiment, the 
proximal section 40 includes the woven braid 56, and 
this section may be connected to the proximal end of 
the intermediate section 44 in a conventional manner, 
preferably along complementary tapered and overlap- 
ping regions at their respective distal and proximal ends, 
respectively, for example, as shown at 92 (Fig. 3). This 
may be achieved, for example, by ultrasonic welding. A 
lumen 94 in the proximal section 48 extends proximally 
to the control handle 24, and is in communication with 
the off-axis lumen 52 of the intermediate section 44 and 
the lumen 86 of the distal section 40. 

The ring electrodes and the tip electrode are pref- 
erably made from platinum. Each electrical conducting 
wire is separately electrically insulated to allow the con- 
ducting wires to share a single lumen through the cath- 
eter body. The conducting wires are preferably .005' di- 

ameter copper wire, with approximately .001" thick in- 
sulation thereon. 

In operation, the catheter 20 may be advanced into 
the right atrium, for example, from the superior vena ca- 

5 va. The distal section 40 is generally advanced toward 
the right atrium by applying a pulling force on the steer- 
ing wire 38 (for example, by rotating the knob 32 of the 
control handle 24) to generally align the distal section 
40 with the longitudinal axis of the shaft 30 by bending 

10 the flexible intermediate section 44 at point 46 (Fig. 6). 
Once the proximal section 48 has entered the right atri- 
um RA, the pulling force is released so that the interme- 
diate section 44 is no longer bent at point 46 (Fig. 7). 
With the catheter 20 is in its relaxed condition, the prox- 

is imal, intermediate, and distal sections 48, 44, and 40 
generally assume a J-shaped configuration, with the 
distal section 40 being oriented more toward the supe- 
rior vena cava SVC than the inferior vena cava IVC. The 
catheter is then advanced into contact with the atriov- 

20 entricular septum which separates the right atrium RA 
and the right ventricle RV (Fig. 8). The complex curva- 
ture of the proximal section 44 is shaped to seat or nest 
the catheter 20 across the annuius of the tricuspid valve 
TV, which valve permits communication between the 

2S right atrium RA and the right ventricle RV. The seated 
catheter automatically locates the distal section 40 and 
the electrodes 26, 28 within the right atrium, adjacent 
the inner wail thereof. Once seated, the catheter 20 can- 
not prolapse through the tricuspid valve into the right 

30 ventricle. A pulling force is then applied to the steering 
wire 38 to urge the electrodes 26, 28 into fimi contact 
with the cardiac tissue, as shown by the arrow alongside 
the steering wire 38 in Fig. 6. Good tissue contact can 
be determined by impedance measurements in a man- 

35  ner well known in the art. When good tissue contact is . 
achieved, RF energy is applied to the distal tip and ring 
electrodes. RF energy is then turned off and the catheter 
can then be rotated with respect to an axis of the tricus- 
pid valve so that said distal section 40 can be positioned 

40 into contact with different portions of the inner wall of the 
right atrium for further mapping and/or ablation. The 
seated proximal section 48 thus provides a reference 
point relative to the patient's anatomy which ensures 
that the ring electrodes 28 are placed accurately within 

45  the right atrium. 
In the preferred embodiment, a plurality of conduc- 

tive ring electrodes are mounted on the outer surface of 
the distal section 40. The ring electrodes 28! are typi- 
cally 4 mm in length with 3 mm spacing between the ring 

50 electrodes. It is understood that the actual sizes of the 
ring electrodes and the spacing between the ring elec- 
trodes may be varied depending on the specific intend- 
ed use for the catheter. The outer diameter of the elec- 
trodes is preferably substantially equal to the outer di- 

ss ameter of the distal section 40 so that the electrodes 
form a substantially smooth, continuous surface with the 
outer surface of the distal section 40. 

As will be readily apparent to those skilled in the art 
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the dimensions slated relate to one particular catheter 
size and are disclosed solely by way of example and 
should not, therefore, be understood as an intended lim- 
itation on the scope of the invention. For example, the 
radii of curvature and electrode spacings may be varied 
to suit individual patient needs as function of the dimen- 
sions of the patient's heart and surrounding anatomy. 

Any one or more of these alternative embodiments 
may be combined one with another for a particular use 
contemplated or Intended for a tip deflectable, steerable 
ablation catheter. For example, the catheter can have a 
relaxed condition as shown in phantom in Figs. 1 and 2 
and a fully steered condition as shown In solid lines in 
the same figures. According to this alternative arrange- 
ment, the off-axis lumen 52 preferably would be located 
on the opposite side from that shown in Fig. 3. 

Funhermore, the particular features described 
above can be arranged on different elements to achieve 
a flexible and steerable catheter within the spirit of the 
foregoing disclosure, including steerable catheters hav- 
ing an angioplasty balloon supported thereon instead of 
electrodes, or any one (or more) of a variety of other 
devices for performing a medical procedure. 

While the invention has been particularly shown 
and described with rate rence to a preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
invention. 

Claims 

1. A steerable catheter, comprising: 

a preshaped distal section, 
a flexible intermediate section having a distal 
end connected to said distal section, 
a complexly curved proximal section having a 
distal end connected to said flexible intermedi- 
ate section, said proximal section being shaped 
to seat the catheter relative to an anatomical 
feature within a patient, and 
means for steering the distal section of the 
seated catheter into contact with tissue within 
the patient by flexing said flexible intermediate 
section. 

2. The steerable catheter as In claim 1, wherein the 
catheter Is an electrode catheter and wherein said 
distal section supports a plurality of spaced elec- 
trodes. 

3. The steerable catheter as in claim 1 or 2, wherein 
said preshaped distal section includes a preshaped 
hypotube. 

4. The steerable catheter as In claim 1,2 or 3, wherein 

said complexly curved proximal section is curved in 
substantially one plane. 

5, The steerable catheter as in any one of the preced- 
5       Ing claims, wherein said steering means includes a 

steering wire connected to said distal section which 
causes said flexible intemiediate section to flex in 
response to an applied pulling force. 

10 6. The steerable catheter as in any one of the preced- 
ing claims, wherein said flexible Intermediate sec- 
tion has a comparatively greater flexibility than said 
complexly curved proximal section, whereby sub- 
stantially all of the flex in the catheter in response 
to the applied pulling force is contained within said 
flexible intermediate section. 

7. The steerable catheter as in any one of the preced- 
ing claims, wherein said flexible Intermediate sec- 
tion includes an off-axis lumen which houses said 
steering wire. 

8. A steerable catheter for insertion within a heart of a 
patient, comprising: 

IS 

20 

25 

a distal section shaped to generally correspond 
to the physiology of the Inner wall of the right 
atrium of the heart, 
a flexible intermediate section having a distal 

^0 end connected to said distal section. 
a complexly cun/ed proximal section having a 
distal end connected to said flexible intermedi- 
ate section, said proximal section being shaped 
to seat the catheter relative to an anatomical 

3S feature within the heart. 
said proximal section, flexible intermediate sec- 
tion, and distal section each being insertable 
within the heart, and 
means for steering the distal section of the 
seated catheter into contact with the inner wall 
of the hear by flexing said flexible intermediate 
section. 

40 
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SS 

9. The steerable catheter as in any one of the preced- 
ing claims, wherein said proximal section is shaped 
to contact generally opposing margins of the annu- 
lus of the tricuspid valve of the heart. 

10. The steerable catheter as in claim 8, wherein the 
catheter is rotatable with respect to a line which 
would correspond, in use of the catheter, to an axis 
of the tricuspid valve, so that said distal section can 
be steered into contact with different portions of the 
inner wall of the right atrium. 

11. The steerable catheter as in any one of the preced- 
ing claims, wherein said complexly cun/ed proximal 
section includes first and second cutwes extending 
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in a first longitudinal direction and a third curve ther- 
ebetween extending in a second longitudinal direc- 
tion which is substantially opposite said first longi- 
tudinal direction, a fourth curve being formed in said 
second longitudinal direction due to flexing of said 5 
flexible intermediate section in response to steering 
of said distal section. 

12. The steerable catheter as in any one of the preced- 
ing claims, wherein the catheter is an electrode io 
catheter and wherein said distal section supports a 
plurality of spaced electrodes. i 

55 
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