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(57) Abstract

A catheter (11) comprising an elongated, flexible catheter body (13) having a dis-
tal end portion which is curved in an unstressed condition. The catheter body (13) has a
through lumen (31) and a mandrel lumen (33). A mandrel (15) is provided in the man-
drel lumen (33), and the mandrel (15) has a distal end portion configured to at least par-
tially straighten the curve of the distal end portion of the catheter body (13). The man-
drel (15) is movable between an extended position in which the mandrel (15) at least
partially straightens the curve of the distal end portion of the catheter body (13) and a
retracted position in which the catheter body is more curved than in the extended posi-

tion of the mandrel (15).
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CATHETER WITH INTERNAL MANDREL AND METHOD

BACKGROUND OF THE INVENTION
Medical procedures often require obtaining access to

internal regions of the body. For this purpose, it is common

to use a catheter inserted through either a natural body

orifice or through an incision. One example is in coronary
angioplasty in which a catheter is inserted through the
femoral artery to the desired region of the heart where the
angioplasty procedure is carried out. Typically, the
catheter has a preshaped distal end portion of a
configuration designed to ‘facilitate reaching the desired
region of the heart. During insertion of the catheter, a
guide wire is used, and the guide wire straightens the
preshaped distal end portion. However, once the catheter is
near the desired location, the wire is removed so the distal
end portion of the catheter can return to its preformed shape
to facilitate access to the desired coronary artery.

A similar approach is used in catheterizing the
fallopian tubes utilizing a transcervical approach. For
example, it may be necessary or desirable to access the
fallopian tubes for the infusion of a contrast dye for
fluoroscopic evaluation, the placement of another catheter
in which embryos, 2zygotes or other genetic material are
deposited within the fallopian tubes, the canulation of guide
wires for tubal occlusions and the insertion of an endoscope.

One prior art approach utilizes a single-lumen catheter
having a curved distal end portion in the unstressed
condition. To insert the catheter, a mandrel is passed
through the through lumen to straighten and stiffen the
catheter. In this straightened and stiffened condition, the
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A
catheter is passed through the cervix,'and the catheter is
oriented in the direction of the desired ostium. Once
oriented, the mandrel is removed completely from the
catheter, and this allows the catheter to return to its
preformed, curved shape. A medical procedure can then be
carried out through the lumen.

If procedures must be carried out in both fallopian
tubes, it is necessary to reinsert the mandrel through the
jumen to straighten the catheter, reorlent the catheter with
respect to the other ostium, withdraw the mandrel and then
carry out the desired procedure. Alternatively, the catheter
used for the first falloplan tube may be withdrawn and a
second catheter may be utilized for the second fallopian
tube.

One problem with this procedure is that the mandrel
must be removed from the 1umeh and replaced with some other
instrument in order to carry out the medlcal procedure, and
this increases the tlme,requlred. This replacement procedure
also adds complexity and may require an additional staff
member to complete. The procedure becomes even more time
consuming and complex when both ostia must be accessed. 1In
addition, if a second catheter is used for the second ostia,
the cost of the procedure is increased. If the same catheter
is removed, stralghtened and reinserted, there is an added
danger of infection as a result of the reinsertion through
the vaginal cavity.

It is also known to employ a pull wire to curve the
distal end portion of a normally straight catheter. However,
these catheters are not likely to have the rigidity required
to pass through the cervix.

SUMMARY OF THE INVENTION
This invention reduces the time and complexity of a
catheterization procedure of the type requiring the use of

-,
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a mandrel to alter the shape of a preformed distal end
portion of a catheter body. In addition, for certain
procedures the risk of infection and cost are also reduced.
Although this invention is particularly applicable to
catheterization of a fallopian tube, some of the features of
this invention have other applications.

This invention may be embodied in a catheter which
includes an elongated, flexible catheter body having a distal
end portion which ‘is of a first configuration in an
unstressed condition. The catheter body has a first lumen,
which is typically a through lumen, that extends into the
distal end portion and opens at a distal opening in the
distal end portion. The catheter also includes a mandrel
having a distal end portion of a second configuration which
is different from the first configuration. The distal end
portion of the mandrel has sufficient strength to alter the
first configuration of the catheter body, and preferably it
has sufficient strength to substantially conform the distal
end portion of the catheter body to the second configuration.

One feature of this invention is that the catheter body
has a separate mandrel lumen. The mandrel is movable in the
mandrel lumen between an extended position in which the
distal end portion of the mandrel is sufficiently within the
distal end portion of the catheter body to alter the first
configuration of the distal end portion of the catheter body
and a retracted position in which the mandrel is located
proximally of the position the mandrel occupies in the
extended position, and the distal end portion of the catheter
is altered less than in the extended position.

Because a separate mandrel Ilumen is used for the
mandrel, the through lumen is unobstructed by the mandrel,
and the mandrel can remain in the catheter during the entire
procedure. With this arrangement, the mandrel need not be
withdrawn in order for another instrument, such as an
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endoscope, to be inserted through the through lumen. Also,
the mandrel can be easily re-employed to again alter the
unstressed configuration of the distal end portion.

The unstressed first configuration of the distal end
portion of the catheter can be any configuration which is
required in order to access the desired body region. In a
preferred embodiment which is particularly adapted for
fallopian tube use, in an unstressed condition, the distal
end portion of the catheter body is deflected with respect
to a contiguous region of the catheter body. In this event,
the mandrel has a distal end portion which is configured to
alter this unstressed first configuration of the distal end
portion of the catheter body. The deflection of the distal
end portion of the catheter body may be provided by one or
more curves or sharp bends in the same or different planes.
For accessing the fallopian tubes, the unstressed or
preformed configuration is preferably curved. The mandrel
may partially or totally straighten the curve. In the case
of fallopian tube access, the mandrel preferably
substantially straightens the curve so that the catheter body
is substantially'straightened and stiffened for passage into
the uterus. In the retracted position, the mandrel may exert
substantially no effect on the shape' of the distal end
portion of the catheter body.

In order to facilitate manipulatidn of the mandrel, the
catheter preferably includes a control slide mounted on the
catheter body for movement longitudinally of the catheter
body. By coupling the mandrel to the control slide, the
control slide can move the mandrel between the extended and
retracted positions. This can also be relatively easily
accomplished with one hand thereby freeing the other hand of
the physician for other tasks. In addition, the control
slide facilitates accurate movement of the mandrel the

3y
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precisely correct amount to achieve the desired distal end
portlon configuration for the catheter body.

To facilitate ,movement of the mandrel through the
mandrel lumen along the distal end portion, the mandrel has
a distal end and a distal region that terminates at the
distal end. The distal region is deflected with respect to
a contiguous region of the distal end portion of the mandrel
in a way to facilitate movement of the mandrel along the
distal end portion.

It is preferred to maintain the distal region of the
mandrel and the distal end portion of the catheter body in
substantially the same planar region. Although this can be
accomplished in different ways, preferably the attachment of
the mandrel to the control slide also serves to accomplish
this function.

The distal region of the mandrel may have various
different configurations. For some applications, it may
desirable to employ a mandrel which terminates distally in_
an enlarged, round tip.

In a preferred construction, the catheter body has a
peripheral wall with an opening proximally of the distal end
portion of the catheter body. The opening leads to the

" mandrel lumen, and the mandrel exits through the opening.

If the control slide is employed, it is preferably coupled
to the mandrel at a proximal end of the mandrel which lies
outside of the opening. ,

Preferably, the catheter includes means for preventing
the mandrel from being completely withdrawn from the mandrel
lumen through the opening. In a preferred cbnstruction, such
means includes the control slide and the attachment of the
mandrel to the control slide. However, such means may take
other forms, such as a stop on the mandrel which prevents its
full withdrawal through the opening whether such opening is
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on the peripher"al wall of the catheter body or at the
proximal end of the catheter body.

The movement of the mandrel longitudinally within the
mandrel lumen is preferably limited by stops. The rear or
proximal stop prevents complete withdrawal of the mandrel
from the mandrel lumen. The forward or distal stop limits
the forward or distal movement of the mandrel. This is
important to assure that the mandrel does not project beyond
the distal end of the catheter body where it could injure the
patient. Preferably, the mandrel lumen terminates distally
in an end wall which would also tend to prevent extension of
+he mandrel distally beyond the distal end of the catheter
body. However, even if the end wall is provided, the distal
stop prevents movement of the mandrel distally to a position
in which the mandrel would contact the end wall.

Although this invention can be used in different kinds
of catheters, it is particularly adapted for an everting
catheter. An everting-type catheter is characterized by an
elongated inner member having a distal end portion and a
flexible everting element coupled to the distal end portions
of the inner member and the'catheter body. The provision of
a dedicated, separate mandrel lumen is particularly important
in this type of cathéter to assure that the mandrel does not
rupture the thin, flexible everting element.

According to a method feature of this invention, the
distal end portion of the cathetér; which has been
substantially straightened by the mandrel, - is inserted
through the cervix and into the uterus. The mandrel is then
retracted to the retracted position without removing the
mandrel from the mandrel lumen to allow the distal end
portion of the catheter body to assume its unstressed
configuration. The distal opening of the through lumen is
then directed toward one ostium, and ‘a medical procédure ’

which may involve examination and/or treatment, is carried
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out through the through 1lumen in the fallopian tube
associated with that ostium.

If both ostia are involved, the mandrel is advanced to
the extended position without withdrawing the catheter body
from the uterus, and the catheter body is oriented generally
about its longitudinal axis. The mandrel is then retracted
to the retracted position without removing the mandrel from
the mandrel lumen and without withdrawing the catheter body
from the uterus. The distal opening of the through lumen is
then directed toward the other ostium, and a procedure, which
may involve examination and/or treatment, is carried out in
the fallopian tube associated with that ostium utilizing the
through lumen. With this method, both ostia are accessed
with a single catheter without having to withdraw either the
mandrel from the catheter body or the catheter from tﬁe
uterus. '

The invention, together with additional features and
advantages thereof may best be understood by reference to
the following description taken in connection with the
accompanying illustrative drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of a catheter constructed in
accordance with the teachings of this invention with the
catheter body being straightened and inserted into the uterus
of a patient.

Fig. 2 is a plan view similar to Fig. 1 with the distal
end portion of the cétheter in the curved configuration.

Fig. 3 is an enlarged, fragmentary view partially in
section of a portion of the catheter with the catheter body
being in a straightened condition.

Fig. 4 is a view similar to Fig. 3, with the catheter
body being in the curved configuration.
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Fig. 4A is an enlarged, fragmentary side elevational
view of a distal segment of a mandrel of an alternate
configuration. '

Fig. 5 is an enlarged, fragmentary, sectional view
taken generally along line 5-5 of Fig. 3.

Fig. 6 is a plan view similar to Fig. 1 with the
everting element everted into one of the fallopian tubes.

Fig. 7 is an enlarged, fragmentary, sectional view
taken on a longitudinal plane of a distal region of the
catheter and with the everting member inverted within the
catheter body.

Fig. 8 is a sectionél view similar to Fig. 7 with the
everting element everted out of the distal end of the
catheter body. ,

Fig. 9 is an enlarged, fragmentary sectional view taken
on an axial plane with the mandrel in the retracted position.

DESCRIPTION OF THE PREFERRED EMBODIHENT

Fig. 1 shows a catheter 11 which generally comprises
a catheter body 13, a mandrel 15 (Figs. 1-5), a control slide
17, a catheter body fitting 19, an inner member in the form
of an inner catheter tube 21, an inner tube fitting 23 and
an everting element 25 (Figs. 7 and 8). The catheter body
13 is elongated and flexible and includes a main body 27
(Figs. 7 and 8) and a tip member 29 affixed to the distal end
of the main body. The catheter body 13, which may be
cylindrical as shown in Fig. 5, has a relatively large-area
main or through lumen 31 and a relatively small-area mandrel
Jumen 33. The through lumen 31 extends all the way through
the catheter body 13 from a proximal end of the catheter body
at the catheter body fitting 19 to a distal end 35 (Figs. 7
and 8) where the through lumen opens at a distal opening 37.
The mandrel lumen 33 terminates in an end wall 39 (Figs. 7
and 8). The lumens 31 and 33 are preferably, but not
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necessarily, completely isolated from each other by a wall
41 (Figs. 5, 7 and 8).

Although various constructions are possible, the tip
member 29 is preferably bonded to the main body 27 (Figs. 7
and 8). The entire catheter body 13 is constructed of a
suitable biocompatible material. For example, the main body
27 may be constructed of a flexible, biocompatible polymeric
material, such as nylon, polyethylene, polyurgthane or
silicone. The tip member 29 is preferably constructed of a
soft, biocompatible polymeric material, such as silicone.

The catheter 11 is a linear everting catheter, and as
such, includes not only the inner tube 21, but also the thin,
flexible everting element 25. The everting element 25 is
bonded to the distal end portion of the inner tube 21 and to
an inner surface of the tip member 29 as shown in Figs. 7 and
8. This causes the everting element 25 to fold as shown in
these figures adjacent the distal end portion of the inner
tube 21. Linear everting catheters are khown, and the manner
of attachment of the everting element 25 to the inner tube
21 and the tip member 29 may be carried out in accordance
with known procedures. Similarly, the everting element 25
and the inner tube 21 can be moved between the positions of
Figs. 7 and 8 by controlling the pressure within the everting
element 25 while simultaneously manually moving the inner
tube 21 in a manner known in the art.

The inner tube 21 may be of various different
constructions. However, the inner tube 21 preferably has a
relatively rigid proximal section 40 (Figs. 1 and 2), which
may be constructed of stainless steel, and a flexible distal
section 42 (Fig. 8) which is constructed of a suitable
biocompatible, flexible polymeric material. The sections 40
and 42 are suitably joined together as by an adhesive at a
location 44 (Fig. 1) so that at least the portion of the
inner tube 21 which extends through the curved, distal end
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portion 43, which is described below, is flexible. The
precise position of the location 44 is not critical.

The catheter body 13 has a distal end potrtion 43 of a
preformed configuration. In the illustrated embodiment, the
preformed configuration is different from the configuration
of the region of the catheter body 13 which is contiguous to
the distal end portion 43 and is deflected with respect to
such region. In the specific embodiment jllustrated, the
distal end portion 43 is curved in an unstressed condition.
More specifically, in the illustrated embodiment, the curve
forms a portion of a circular arc which may extend through,
for example, up to about 90 degrees. " In the drawings, the
arc through which the curve extends approximates 90 degrees,
put this is merely illustrative as an arc of 65 to 75 degrees
is also suitable as are arcs of other lengths. The curve may
be provided to the distal end portion 43 in ahy conventional
way, such as by utilizing a thermoplastic material for the
catheter body 13, heating the distal end portion in a mold
or die of the desired shape and then cooling the distal end
portion. If a thermosetting plastic is used, the distal end
portion 43 can be molded to the desired configuration. Of
course, the distal end portion 43 may be constructed
integrally with the remainder of the catheter body 13 or as
a separate member and then attached to the remainder of the
catheter body 13. The catheter body 13 has a series of
longitudinally spaced, annular depth markings 46.

The mandrel 15'is an elongated, flexible member which
may be constructed, for examplé, of 304 series stainiess
steel spring-tempered wire. Although the mandrel 15 is
flexible, it possesses sufficient rigidity to alter, and in
this specific embodiment; straighten the preformed
configuration of the distal end portion 43 of the catheter

body 13.
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The mandrel 15 has a distal end portion 45 which is
configured to alter and, in the illustrated embodiment,
Straighten the distal end'portion 43 of the catheter body 13.
The distal end portion 45 of the mandrel 15 is straight and
linear, except for a distal region 47 (Fig. 9) of the
mandrel. The distal region 47 is angularly deflected with
respect to the contiguous region of the distal end portion
45 of the mandrel 15. The mandrel 15 is within the mandrel
lumen 33 and is movable longitudinally in that lumen between
the extended position shown in Figs. 1 and 3 and the
retracted position shown in Figs. 2, 4 and 9. The purpose
for the angularly deflected distal region 47 is to facilitate
movement of the mandrel 15 through the mandrel lumen 33 along
the distal end portion 43 of the catheter body 13.

Although the mandrel 15 and the distal region 47
thereof can be of various different constructions depending
on the cross-sectiénal area of the mandrel lumen 33,
stiffnesses of the mandrel 15 and the catheter body 13 and
the shape of the distal end portion 43 in the unstressed
condition, in one preferred construction, the mandrel has a
diameter of about .022 inch, and the distal region has a
length of no greater than about .080 inch and no less than
about .020 inch. Lengths greater than .080 inch tend to
undesirably increase the friction between the distal region
47 and the wall of the mandrel lumen 33, and lengths under
.020 inch tend to reduce the benefit of the deflected distal
region 47. Although the distal region 47 can be curved,
preferably, it is simply bent through an angle with respect
to the contiguous portion of the mandrel 15. This angle is
preferably at least about 15 degrees in order to provide the
reduced friction benefit and preferably not over 45 degrees
because angles greater than 45 degrees tend to require a
larger cross-sectional area mandrel lumen 33 than is desired.
To further facilitate movement of the mandrel 15 through the
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curved portion of the mandrel Ilumen 33, the mandrel 15
preferably terminates in a rounded, full radius, ball-like
distal end 49 and is coated with low-friction material, such
as a silicone or Teflon.

Fig. 4A shows a mandrel 15a which is identical to the
mandrel 15 in all respects not shown or described herein.
The only difference between the mandrels 15 and 15a is that
the latter has an enlarged, rounded distal tip 50 in lieu of
the deflected distal region 47. 1In the form shown in Fig.
4a, the distal tip 50 is essentially spherical and forms a
ball; however, other rounded configuratibns, such as tear
drop or olive configurations may also be used.

The catheter body 13 has an opening 51 (Figs. 4 and 9)
in its peripheral wall 53 with the opening being proximally
of the distal end portion 43. The opening 51 leads to the
mandrel lumen 33, and the mandrel 15 extends through the
opening 51 as shown in Figs. 4 and 9 whereby the mandrel
extends to the exterior of the catheter body 13. The mandrel
15 has a proximal segment 55 which extends radially outwardly
and is received in a corresponding recess in the control
slide 17. : ] - ' -

The attachment of the mandrel 15 to the control slide
17 accomplishes two important results. First, by moving the
control slide 17 1ongitudinéily on the catheter body 13, the
mandrel 15 can be moved between the extended position of
Figs. 1 and 3 and the retracted position of Figs. 2, 4 and
9. Moreover, this movement can be easily accomplished using
only one hand of the thSician. Secondly, the attachment of
the mandrel 15 to the control slide 17 prevents rotation of
the mandrel 15 about its longitudinal axis so that the distal
region 47 cannot rotate substantially out of the planar
region in which it is placed. Accordingly, this enables the
distal end portion 43 of the catheter body 13 and the distal
region 47 of the mandrel 15 to be retained in substantially

&
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the same planar region. By maintaining this orientation, the
deflected distal region 47 is better able to travel through
the curved mandrel lumen 33.

Although the control slide 17 can be of various
different configurations, in the illustrated embodiment, it
is a tubular member which slidably receives the catheter body
13. The catheter body fitting 19 forms a stop which limits
the travel of the control slide 17 proximally to thereby
prevent the mandrel 15 from being completely withdrawn from
the mandrel lumen 33 through the opening 51. Thus, the
mandrel 15 is an integral part of the catheter 11. of
course, other forms of stops can be provided, such as an
enlargement on the mandrel 15 which is too large to pass
through the opening 51. Similarly, the movement of the
control slide 17 distally is also limited, and in this
embodiment, it is limited by the mandrel 15 and the opening
51 reaching the position shown in Fig. 3. It would not be
possible without exerting excessive force to move the control
slide 17 proximally of this position because it would require
sharply doubling back of the mandrel 15 on itself. of
course, other forms of stops, including a hard stop on the
catheter body, can be used to limit proximal movement of the
control slide 17.

In the illustrated embodiment, the opening 51 is in
the form of a circumferentially narrow hole having a short
dimension so that the mandrel 15 will easily pass through the
opening. However, if desired, the opening 51 may be in the
form of a much longer elongated slot, and in this event, the
direction of elongation of the slot may be in the direction
of elongation of the catheter body 13. ,

The fittings 19 and 23 may each be in the form of T-
adapters, and they have legs 57 and 59, respectively, which
are coupled to the proximal ends of the catheter body 13 and
the inner tube 21, respectively. The fittings 19 and 23 also
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have injection legs 61 and 63, respectively, for .the
injection of an appropriate media. The media injected
through the legs 61 and 63 may be either a liquid or a gas.
For example, the media that is injected through the leg 61
may be an inflation media for inflating the everting element
25 or a contrast media. The leg 63 can be used, for example,
for irrigation fluid,' a contrast dye, drugs or. for
aspiration. In this regard, any media infused through the
leg 63 passes through the inner tube 21 and out through the
distal end 65 (Fig. 8) of the jinner tube. The media injected
through the leg 61 enters the through lumen 31 outside of the
inner tube 21 and travels to the everting element 25 (Figs.

7 and 8).
The fittings 19 and 23 have third legs 67 and 69,

_respectively. The third leg 67 has a seal 70 which prevents

the media injected ‘through the leg 61 from passing out
through the leg 67 and which provides a sliding fit with the
inner tube 21 to allow it to be moved along with the fitting
23 both proximally and distally with respect to the fitting
19. The leg 69 provides a port for the introduction of any
of a variety of medical instruments, such as an endoscope for
viewing of the fallopian tubes. Both of the fittings 19 and
23 may be conventional. ' o

In use of the catheter 11, the control slide 17 is
moved distally to the position of Figs. 1 and 3 to move the
mandrel 15 through the curved portion of the mandrel lumen
33 to the extended position in which the mandrel straightens,
or substantially straightens, the distal end portion 43 of
the catheter body to provide the substantially straightened
catheter body shown in these figures. Next, the distal end
portion 43 of the sﬁbStantially straightened catheter body
13 is inserted through the cervix 71 of a patient into the
uterus 73 to the position shown in Fig. 1 in which the distal
end 35 contacts or is near the fundus 75. The dépth.markings
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46 reveal the depth of insertion of the catheter body 13.
The mandrel 15 not only straightens the curved distal end
portion 43, but also provides added'rigidity to the distal
end portion 43 for the insertion process.

The mandrel 15 is then retracted in the mandrel lumen
33 to a retracted poéition shown in Figs. 2 and 4 in which
the mandrel is positioned proximally of the distal end
portion 43. Consequently, the distal end portion 43 of the
catheter body 13 is allowed to return to its naturally curved
condition. This retraction of the mandrel 15 is carried out
without removing the mandrel from the mandrel lumen 33. Also
the distal end 49 of the mandrel 15 is sufficiently advanced
within the catheter body 13 to be within the uterus even when

it is in the retracted position so it can provide the desired -

rigidity for further manipulation of the catheter body 13 as
may be desired.

Preferably, the insertion process is carried out so
that, when the mandrel 15 is retracted, the distal ‘end
portion 43, and in particular the distal opening 37 of the
through lumen 31, will be directed toward one ostium 77 of
one of the fallopian'tubes 79. However, the catheter body
may be manipulated during or following the insertion step as
by rotating the catheter body 13 about its longitudinal axis
to bring about the desired orientation of the distal end 35
and the ostium 77.

To gain access to the fallopian tubes 79, the everting
element 25 is everted as shown in Fig. 6 so it extends for
a distance into the fallopian tube 79. The eversion of the
everting element 25 is carried out in a known manner which
includes introducing an inflation medium through the leg 61
into the interior of the everting element and advancing the
fitting 23 and, hence inner tube 21, in the catheter body 13
as may be desired to control the eversion process in a known
manner. With the fallopian tube 79 accessed in this manner,
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a medical procedure can be carried out in the fallopian tube
through the through lumen 31. For example, an elongated,
flexible endoscope 81 (Fig. 6) can be inserted through the
leg 69 and inner tube 21 into the fallopian tube 79 for
visual examination of the fallopian tube.

Upon completion of the medical procedure, the other
fallopian tube 83 may be examined or treated, if desired,
without withdrawing the catheter 11 from the uterus 73. To
accomplish.this,'the mandrel 15 is advanced to the extended
position shown in Fig. 1, and the catheter body 13 is rotated
generally about the longitudinal axis of the catheter body
for about 180 degrees so as to roughly orient the catheter
with respect +o the ostium 85 of the other fallopian tube 83.
The mandrel 15 is then moved to the retracted position of
Figs. 2 and 4 to allow the distal end portion 43 of the
catheter body 13 to assume its natural curve with the distal
end 35 now pointing generally toward the ostium 85. The
procedure described above with respect to the ostium 77 and
the fallopian tube 79 is then repeated, although the same or
a different medical procedure may be carried out within the
fallopian tube 85. '

Although an exemplary embodiment of the invention has
been shown and described, many changes, modifications and
substitutions may be made by one having ordinary skill in the
art without necessarily departing from the spirit and scope

of this invention.



N

WO 93/07927 ' PCT/US92/08765

10

15

17

CLAINMS

1. A catheter comprising:

an elongated flexible catheter body having a distal end
portion which is deflected with respect to a contiguous
region of the catheter body in an unstressed condition;

said catheter body having a first lumen and a mandrel
lumen, said first lumen and said mandrel lumen extending into
said distal end portion;

a mandrel in said mandrel lumen and having a distal end
portion configured to at least partially straighten the
distal end portion of the catheter body;

said mandrel being movable in said mandrel 1lumen
between an extended position in which the distal end portion
of the mandrel is sufficiently within the distal end portion
of the catheter body to at least partially straighten the
distal end portion of the catheter body and a retracted
position in which the mandrel is located proximally of the
position the mandrel occupies in the extended position and
the distal end portion of the catheter body is more deflected
than in the extended position.

2. A catheter as defined in claim 1 including an
elongated inner member having a distal end portion, said
inner member being in said first lumen and a flexible
everting element coupled to the distal end portion of the
inner member and the catheter body. '

3. A catheter as defined in claim 1 including a
control slide mounted on the catheter body for movement
longitudinally of the catheter body and said mandrel is
coupled to the control slide whereby the contreol slide can
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move the mandrel between the extended and retracted

positions.

4. A catheter as defined in claim 1 wherein the distal
end portion of the mandrel has a distal end and a distal
region that terminates at the distal end, said distal region
is deflected with respect to a contiguous region of the
distal end portion of the mandrel to facilitate movement of

the mandrel along the distal end portion.

5. A catheter as defined in claim 4 wherein the distal
region of the mandrel and the distal end portion of the
catheter body lie in substantially the same planar region.

6. A catheter as defined in claim 5 including a
control slide mounted on the catheter body for movement
longitudinally of the catheter body and said mandrel is
coupled to the control slide whereby the control slide can
move +the mandrel between the extended and retracted
positions, and said dontrol slide holds the distal region of
the mandrel in substantially the same planar region as the
distal end portion of the catheter body.

7. A catheter as defined in claim 1 wherein the
mandrel substantially straightens the distal end portion of
the catheter body in the extended position and exerts
substantially no effect on the shape of the distal end
portion of the catheter body in the retracted position.

8. A catheter as defined in claim 1 wherein the
catheter body has a peripheral wall with an opening
proximally of the distal end portion of the catheter body
leading to the mandrel lumen and the mandrel extends through

the opening.

i
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9. A catheter as defined in claim 8 including means
for preventing the mandrel from being completely withdrawn
from the mandrel lumen through the opening.

10. A catheter as defined in claim 1 including means
for preventing complete withdrawal of the mandrel from the

mandrel lumen.

11. A cathetér as defined in claim 1 wherein the
catheter body terminates distally in a distal end and the
catheter includes a stop to prevent movement of the mandrel
distally beyond the distal end of the catheter body.

12. A catheter as defined in claim 1 wherein the
distal end portion of the catheter body is curved in the
unstressed condition.

13. A catheter as defined in claim 1 wherein the
mandrel terminates distally in an enlarged, rounded tip.

14. A catheter comprising: »

an elongated, flexible catheter body having a distal
end portion which is curved in an unstressed condition and
which terminates in a distal end;

said catheter body having a through lumen and a mandrel
lumen, said through lumen having a distal opening at said
distal end and said mandrel lumen extending into said distal
end portion;

an elongated inner tube having a flexible distal end
portion, said inner tube being in said through lumen;

a flexible everting element coupled to the distal end
portion of the catheter body. and to the distal end portion
of the inner tube;
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a mandrel in said mandrel lumen and having a distal end
portion configured to substantially straighten the curved

distal end portion of the catheter body;
said mandrel being movable in said mandrel lumen

between an extended position in which the distal end portion
of the mandrel is sufficiently within the distal end portion
of the catheter body to substantially straighten the curved
distal end portion of the catheter body and a retracted
position in which the mandrel is located proximally of the
position the mandrel occupies in the extended position and
the distal end portion of the catheter body is curved.

15. A catheter as defined in claim 14 wherein the
catheter body has a proximal end and the through lumen opens
at the proximal end, the catheter includes a catheter body
fitting coupled to the catheter body and having an inlet port
for introducing an inflation medium.into the through lumen

outside of the inner tube.

16. A catheter as defined in claim 15 wherein the
inner tube extends through and proximally of the catheter
body fitting and the catheter includes an inner tube fitting
coupled to the inner tube proximally of the catheter body
fitting for the introduction of at least one of an instrument
and a fluid to the inner tube. '

17. A catheter as defined in claim 14 including a
control slide mounted on the catheter body "for movement
longitudinally of the catheter body and said mandrel is
coupled to the control slide whereby the control slide can
move the mandrel between the extended and .. retracted

positions.

(23
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18. A catheter as defined in claim 14 wherein the
distal end portion of the mandrel has a distal end, a distal
region that terminates at the distal end and a substantially
straight contiguous region contiguous the distal region, said

5 distal region is deflected with respect to the contiguous
region of the distal end portion of the mandrel to facilitate
movement of the mandrel along the distal end portion.

19. A catheter as defined in claim 18 wherein the
distal region of the mandrel and the distal end portion of
the catheter body 1lie in substantially the same planar
region.

20. A catheter as defined in claim 19 including a
control slide mounted on the catheter body for movement
longitudinally of the catheter body and said mandrel is
coupled to the control slide whereby the control slide can

5 move the mandrel between the extended and retracted
positions, and said control slide holds the distal region of
the mandrel in substantially the same planar region as the
distal end portion of the catheter body.

21. A catheter as defined in claim 14 wherein the
catheter body has a peripheral wall with an opening
proximally of the distal end portion of the catheter body

. leading to the mandrel lumen and the mandrel extends through
5 the opening.

22. A catheter as defined in claim 21 including means
for preventing the mandrel from being completely withdrawn
from the mandrel lumen through the opening.



PCT/US92/08765

WO 93/07927

i0

15

20

25

22

23. A catheter as defined in claim 14 including means
for preventing the complete withdrawal of the mandrel from

the mandrel lumen.

24. A catheter as defined in claim 14 wherein the
mandrel terminates distally in an enlarged, rounded tip.

25. A method of gaining access to the fallopian tubes

comprising:
providing a catheter Wthh 1nc1udes an elongated

flexible mandrel and an elongated flexible catheter body
having a distal end portion which is deflected with respect
to a contiguous region of the catheter body in an unstressed
condition, a through lumen having a distal opening and a
mandrel lumen which extends into said distal end portion,
said mandrel having a distal end portion configured to at
least partially straighten the distal end portion of the

catheter body:;:
with the mandrel in the mandrel lumen and in an

extended position in which the mandrel substantially
stralghtens the catheter body to provide a ‘substantially
straightened catheter body, inserting the distal end portion
of the substantially straightened catheter body through the
cervix and into the uterus.

retracting the mandrel in the mandrel lumen without
removing the mandrel from the mandrel lumen to a retracted
position in which the distal end portion of the catheter body
is deflected with respect to the contiguous region of the
catheter body:; and '

directing the distal opening of the through lumen
toward one ostium and carryiné’ out a procedure through the
through lumen in the fallopian tube associated with said one

ostium.
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26. A method as defined in claim 25 including
advancing the mandrel to the extended position without
withdrawing the catheter body from the uterus and rotating
the catheter body generally about a longitudinal axis of the
catheter body, retracting the mandrel to the retracted
position without removing the mandrel from the mandrel lumen
and without withdrawing the catheter body from the uterus,
and directing the distal opening of the through lumen toward
another ostium and carrying out a proceduré through the
through lumen in the fallopian tube associated with said
another ostium.

27. A method as defined in claim 25 including everting
an everting element of the catheter into the fallopian tube
associated with said one ostium before carrying out said
procedure in the fallopian tube associated with said one

ostium.

28. A catheter comprising:

an elongated flexible catheter body having a distal end
portion of a first configuration in an unstressed condition;

said catheter body having a first lumen and a mandrel
lumen, said first lumen and said mandrel lumen extending into
said distal end portion;

a mandrel in said mandrel lumen and having a distal end
portion of a second configuration which is different from
said first configuration, the distal .end portion of the
mandrel having sufficient strength to alter the first
configuration of the catheter body:; and

said mandrel being movable in said mandrel lumen
between an extended position in which the distal end portion
of the mandrel is sufficiently within the distal end portion
of the catheter to alter the first configuration of the
distal end portion of the catheter body and a retracted
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position in which the mandrel is 1ocated'proxima11y of the
position the mandrel occupies in the extended position and
the distal end portion of the catheter body is less altered

than in the extended position.

29. A catheter as defined in claim 28 including an
elongated inner member having a distal end portion, said
inner member being in said first lumen and a flexible
everting element coupled to the distal end portion of the
inner member and the catheter body. '

30. A catheter as defined in claim 28 including a
control slide mounted on the catheter body for movement
longitudinally of the catheter body and said mandrel is
coupled to the control slide whereby the control slide can
move the mandrel between the extended and retracted

positions.

31. A catheter as defined in claim 28 wherein the
catheter body has a peripheral wall with an opening
proximally of the distal end portion of the catheter body
leading to the mandrel lumen and the mandrel extends through

the opening.

32. A catheter as defined in claim 31 including a
control slide mounted on the catheter body for movement
longitudinally of the catheter body and said mandrel is
coupled to the control slide whereby the control slide can
move the mandrel between the extended and retracted

positions.

33. A catheter as defined in claim 31 including means
for preventing the mandrel from being completely withdrawn
from the mandrel lumen through the opening.

1)
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34. A catheter as defined in claim 28 including means
for preventing complete withdrawal of the mandrel from the

mandrel lumen.

35. A catheter as defined in claim 28 wherein the
mandrel substantially conforms the distal end portion of the
catheter body to said second configuration in the extended

position.
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