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Elongate Medical Device

Technical Field

This invention relates to an elongate medical device, with a
distal end to be advanced into the body of a patient and then
withdrawn from the body, and an elongate shaft connecting the
distal end with a proximal end that remains outside the body,
the shaft extending in use through a hole in the skin of the

body.

Background Pricr Art

A catheter serving as a stent delivery system is just one
example of a medical device with a distal end that is
advanced into the body through a percutaneous puncture. The
distal end advances in the body transluminally. Often, the
lumen is part of the cardiovascular system, but not
necessarily. In one very commen procedure, known as the
Seldinger technigue, catheters are introduced into the
cardiovascular system through a puncture point in the thigh

of the patient.

Az stent delivery catheter devices become more sophisticated,
they have become more compact, in cross-—sectional areas. The
normal unit of dimension to designate cross—sectional areas
is the unit of length called “French” which is 1/3 of a
millimetre. Thus, a “Six-French’” catheter has an outside

diameter of two millimetres,.

With increasing diameter, the demands on tissue at the point

of entry to the body, and the risk of leakage of blood at
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that entry point, tend to increase. Typically, a catheter is
introduced at the point of entry of the body through an
introducer sleeve which extends from outside the body,
through the puncture point, intc the lumen of interest, to
provide a path along which the distal end of the cathster can
advance through the percutaneous puncture and into the
desired lumen. However, the provision of such an introducer
sleeve increases the diameter required, at the point of entry
to the body. Self-evidently, doing without any introducer
sleeve would be cne way to reduce the total diameter needed,
at the point of entry. Indeed, some doctors are responding to
tissue difficulties at the point of entry by performing the
catheter introcduction without any introducer sleeve. While
this reduces the tetal diameter reguirement, it brings
disadvantages, specifically, that the abluminal surface of
the catheter moves longitudinally, proximally and distally,
against the bodily tissue at the peoint of entry, tending to
increase the likelihood of loss of blood at that entry point.

An elongate medical device that is advanced transluminally
within the body of a patient usually has a distal end that is
to perform some sort of medically advantageous funciion
within the body, such as deploying a stent. Normally, the
shaft serves as a link between the proximal and distal ends
of the device but does not have to perform a medical
procedure in its own right, so it can be slimmer. The present
invention is particularly adapted to medical devices in which
the maximum cross-section of the distal end of the device is
greater than the maximum cross-sectional area of the shaft
portion. For examples of medical devices featuring a distal
tip that is somewhat thicker than its shaft, reference is
made to EP~A-1025813 and US-A~-5772660.

In order to reduce the leakage of blood through the entry
point, often referred to as “backbleed”, the use of an
additional sleeve placed arcund the catheter shaft has been

suggested in US 5,203,774. This sleeve is slidably arranged
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on the catheter shaft so that it can be axially displaced
with respect to the catheter and has a distal end for being
introduced into the inner lumen of an introducer sleeve, A
flange with a diameter that 1is larger than that of said
distal end is provided at a proximal end of the sleeve. The
flange engages over the edges of the introducer sleeve so as
to prevent the sleeve from being axially displaced. Such an
arrangement allows the catheter shaft to be freely advanced
and retracted with respect to the sleeve partly positioned in
the introducer sleeve but reduces backbleed that, in the
absence of the sleeve, may occur through the gap between the
inner lumen of the introducer sleeve and the catheter shaft.
A similar sleeve configuration is also disclosed in US
5,836,306 and US 5,334,160,

The sleeve arrangements described in the above-referenced
documents ought to reduce the occurrence of backbleed, in
particular with respect to the length of constant external
diameter of the shaft of the catheter as it is introduced
into a patient’s body. These sleeves are configured to be
disposed within a proximal portion of an introducer sleeve
and prevented from any further distal movement in an axial
direction of the catheter shaft by a proximal sleeve portion,
such as a flange, that has an outer diameter larger than the
inner diameter of the proximal introducer sleeve portion.
Eence, the length along which the medical device can be
intreduced into a patient’s body is limited to the length of
the catheter shaft which can advance through the sleeve,
Specifically, if the catheter were to have a thicker proximal
shaft portion which has an outer diameter larger than the
inner diameter of the sleeve, then such a proximal portion
would have to remain at all times proximal of the backbleed-

preventing introducer sleeve.

In peripheral vascular procedures, the distance between the

point of bodily entry and the site of surgical treatment
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within the body can widely vary and may not be known

precisely in advance of the procedurse,

FR-A-2 625 897 discloses a conically shaped plug element that
1s slidably disposed around the tube of a medical probe.
After the probe has been introduced into the blood vessel of
a patient, the plug element is arranged and fixed within the
entry point of the vessel so as to tightly seal i1it. When
inserted in the entry point, the plug element exerts a
pressure on the probe tube that is sufficient to prevent it
from moving in an axial direction of the probe. In this way,
the probe is immobilised in a desired position with respect
to the blood vessel.

Summary cf the Invention

According to the present invention there is provided an
elongate medical device as ldentified above, and
characterised by a slider, captivated on a portion of the
length of the shaft, which is capable of lining the said
percutanecus hole as the shaft is advanced and withdrawn
relative to said hole and to the slider in the hole, said
slider having a maximum outer diameter that is Substantially‘
the same as or less than a maximum outer diameter of the

distal end of the medical deavice.

It will be appreciated that a medical device provided with
the slider of the invention can function without an
introducer sleeve. The distal end of the device is advanced
distally through the hole that is the point of entry into the
body and then, once the distal end is through the hole, the
slider can be positioned within the hole, to line the hole.
After that, the shaft of the medical device can be advanced
distally through the lined hole, with relative sliding motion
between the shaft portion and the luminal surface of the
slider, while the abluminal surface of the slider remains

moticnless on the bodily tissue defining the hole that is the
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entry point in the body. It will be appreciated that the
presence of the slider in the hole is useful for restricting
or inhibiting flow of blcocod from within the body, through the

hole, to locations ocutside the body.

Further, it will be appreciated that the presence of the
slider in the hole can reduce the degree of trauma imposed on
the tissue surrounding the hole, not only bescause that tissue
is no longer subject to the sliding motion over the tissue of
the advancing or withdrawing shaft portion but also because
the tissue need not be stretched further, in order to
incorporate an introducer sleeve that has a diameter
necessarily greater than the maximum diameter of the distal

end cf the elongate medical device,

It will further be appreciated that medical devices in
accordance with the present invention can easily be designed
in such a way as to be compatible with an introducer sleeve.
This 1s advantageous for it gives the decision-making medical
practiticner the choice of employving an introducer sleeve, or
of choosing to do without one, without having to switch from

one elongate medical device to ancther.

Furthermore, the slider of the present invention has a
maximum outer diameter that is substantially the same as or
less than a maximum outer diameter of the distal end. Thus,
the slider can be advanced through the entry point and
beyond, into the accessed lumen of the patient’s body,
whether or not an introducer sleeve is used. In this way,
the length of an introduction path of the medical device is
not limited by the presence cof the slider. Hence, the same
device can be used for different procedures with varying
distances from the entry point to the area to be treated
within the body, which is particularly advantageous in

peripheral vascular procedures as explained above.
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The shaft of the medical device may have a proximal portion
with a diameter that is greater than the diameter of the
shaft porticn other than the proximal porticn. In
particular, the proximal portion may have a maximum outer
diameter that 1s subkstantially the same as or less than the
maximum outer diameter of the distal end. In this case,
depending upon the distance between the point of entry and
the point of surgical treatment, the proximal shaft portion
can be proximal of the entry point into a patient’s body
(with the sleeve lining the entry point or introducer) or
bridging the entry point (in which case the sleeve is wholly
distal of the entry point and any introducer element through

which the medical device extends at the point of entry)

Of particular interest for releasing self-expanding stents
are catheters that include a pull wire, in a lumen in the
shaft of the catheter, that i1s pulled proximally
progressively to release the stent from within a confining
sheath, starting at the distal end of the stent. During such
release, the wire mcves proximally through the catheter
introducer lumen, but ncet the abluminal surface of the stent

delivery catheter.

Cne envisages in a preferred embodiment a slider that has an
outside diameter not greater than the maximum diameter of the
distal end of the elongate medical device, yet larger than
the cutside diameter of a shaft portion on which the slider
is slidable. We think that a slider length in a range of from
1 cm to 4 cm will be attractive to medical practitioners and,
currently, a slider length of arcund 15 mm is thought to be
particularly suitable. Most of the axial length of the
slider, in preferred embodiments, will have a circular cross-
section cylindrical abluminal surface, flanked at a proximal
and distal end by tapered portions, tapering inwardly in

rder to minimise tissue trauma when the slider is brought

inte coincidence with the entry point hole in bodily tissue.
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The reader will appreciate that the slider should slide
freely on the shaft portion and that this process might be
assisted by providing the luminal surface (bore surface) of
the slider with a lubricious coating. As to the abluminal
surface of the slider, skilled readers will have common
general knowledge what sorts of surfaces are best adapted for
residing in entry point punctures. Those engineers
responsible, for example, for designing and constructing
introducer sleeves will have considerable experience what
sorts of surfaces to adopt. One imagines a range of coatings
might be useful for the abluminal surface of the slider, even
perhaps including a blood clotting agent, further to reduce

flow of bleocod over the slider surface, outwardly of the body.

For a better understanding of the present invention, and to
show more clearly how the same may be carried into effect,
reference will now be made, by way of example, to the
attached drawings, in which Fig. 1 is a reproduction of Fig.
1 of EP-A-125813, modified to show a slider captivated on a
shaft portion of the stent introducer catheter showed in the
drawing, and Figs., 2 and 3 show a stent introducer catheter
such as that of Fig. 1 that is inserted into a patient’s
body.

The drawing is a simplified perspective view of a stent
delivery apparatus 1 which comprises inner and outer coaxial
tubes. The inner catheter 12 extends along the length of an
outer shaft portion 40, from a proximal end 12 to a distal
end 45. The distal end 45 of the shaft 40 includes an
enlarged secticn 44 that has a larger outside diameter than
the outside diameter of the shaft 40. Enlarged section 44
houses (not shown) & stent 50 that is to be delivered by the
device. The device is an “over-the-wire” device that advances

along a guidewire 76.

Mounted on the shaft 40 is a slider 60, to be a relatively
tight sliding fit on the outside surface of the shaft 40. It
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has a length of 15 mm and is basically an annulus 62 of
circular cross-section cylindrical form with a diameter of
typically 7 French and the ends 64, 66 of the cylinder are
tapered for reduction of the amcunt of trauma caused to
tissue in the slider is advanced through the percutaneous
entry peint for the stent delivery catheter system into the
body.

In the ililustrated embodiment, the shaft portion on which the
slider may slide is a portion running the full length c¢f the
shaft, from the distal end 45 to a proximal hub 52. In other
embodiments, however, such as that shown in Figs. 2 and 3,
the shaft portion on which the slider slides might constitute
only a relatively small porticn of the total length of the
medical device, for example, corresponding to that part of
the length of the shaft which will reside in the entry point
hole while the medical device 1s actually perfornming a

medical procedure within the bhody.

While the illustrated embodiment has a smooth constant
diameter cylindrical abluminal surface, other embodiments of
slider might have other abluminal surface topographies
including, for example, axial ridges or grooves, perhaps to
retain desired fluid coating materials, or transverse ridges
or grooves, perhaps to further limit passage of bicod between
the slider and the surrounding bodily tissue. Similarly, on
the luminal surface of the slider, one can envisage whatever
topography best achieves the sliding sealing effect desired.
In any event, 1t is expected that the medical practitioner
will need manually to manipulate the slider into exactly that
location within the entry point hole that the doctor thinks
is optimal. For that, the abluminal surface c¢f the slider,
accessible from the proximal end of the slider, would need to
be compatible with some sort of grip imposed on the slider by
the medical practitioner. However, 1f the medical device 1is
to ke compatible with use through an introducer sleeve, then

whatever means are prcvided at the proximal end of the slider
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to facilitate gripping by the doctor, this should not
conflict with passage of the slider through the introducer
sleeve, both distally and proximally. In particular, the need
to withdraw the slider proximally through the introducer
sleeve, from a position where it is entirely distally beyond
the distal-most point of the introducer sleeve, as shown in
Fig. 2, ought not to be overlooked. One envisages that the
distal end of the introducer sleeve would abut the proximal
end of the slider while the shaft of the medical device i1s
being withdrawn proximally through the introducer sleeve, and
only when the distal end of the slider is butted up against
the larger diameter distal end portion of the elongate device
would the inwardly tapered proximal end of the slider advance

proximally into the interior c¢f the introducer sleeve.

Figures 2 and 3 show cross-sectional views of a part of a
stent intrcducer catheter 100 that has been introduced into
the lumen of a blood wvessel 30 through an entry point hole 70
in the body of a patient with the help of an introducer
sleeve 80, The configuration of the proximal part of the
stent introducer catheter 100, which i1s not shown in Figs. 2
and 3, is comparable to that of the stent introducer catheter
1 shown in Fig. 1 and skilled readers are in any case
familiar with the details of construction and operatiocon of
the actuator devices that are located at the proximal end of
a stent delivery catheter., Furthermore, the same reference
signs as in Fig. 1 will be used for identical and equivalent

@lements.

The stent introducer catheter 100 has a distal end 45 with a
maximum outer diameter Dd that houses a self-expanding stent
50. The distal end 45 1s connected with a proximal end (not
shown) of the device by a shaft portion 40 having a proximal
poertion 42 with & larger diameter Dp and a distal portion 46
with a smaller diameter. A slider 60 with an outer diameter
Ds that has substantially the same configuration as that

shown in Fig. 1 is slidably disposed around the distal shaft
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portion 46 sc¢ that it can freely move in an axial direction
between the proximal shaft portion 42 and the distal end 45
of the catheter 100. The outer diameters of the proximal
shaft portion 42, the slider 60 and the distal end 45, Dp, Ds

and Dd are substantially identical.

The stent introducer catheter 100 further comprises a pusher
element 72 that is disposed within an inner lumen of the
shaft portion 4C. The pusher element 72 has a distal end 74
that abuts the proximal end of the stent 50 during stent
deployment thus holding the stent in its axial position. The
distal shaft portion 46 is at 1its proximal end 47 connected
te a pull wire 48 that runs inside the proximal shaft portion
42 all the way to the proximal end (not shown) of the stent

intreoducer catheter 100.

Figures 2 and 3 both show a configuration, after advance of
the stent to the site of stenting but pricr to deployment of
the stent, in which the stent introducer catheter 100 has
already been introduced into a patient’s blood vessel 30 such
that its distal end 45 is positioned at a stenosis 90. In
the case of Fig. 2, the stencsis 90 is spaced from the entry
point hole 70 by a distance close to the full length of the
catheter shaft. Otherwise, in the case of Fig. 3, the
stenosis 90 lies closer te the entry point hole 70. Since
the outer diameters Dp, Ds and Dd of the proximal shaft
portion 42, the slider 60 and the distal end 45 are all
substantially identical and all a snug fit with the bore of
the intrcducer sleeve 80, the stent introducer catheter 100
can be used, substantially free of backbleeding, for both
cases without the reguirement of any modificaticns to the
device 10C. In this way, the stent delivery szystem can be
used, unmodified, regardless how near or far the stenosis is
from the point of percutaneous entry of the catheter into the
bodily lumen.
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Next, the operaticn of the stent introducer catheter 100 for
deploying the stent 50 is described. When the distal end 45
is arranged in the blood vessel 30 in such a way that the
stent 50 1s in a desired position at the site of the stenosis
90, as shown in Filgs. 2 and 3, the medical practitioner
causes the pull wire 48 to be pulled proximally at the
proximal end of the stent introducer catheter 100. This
pulling force causes a proximal movement of the distal shaft
portion 46 and conseqguently also the enlarged section 44
ralative to the pusher element 72 which is free from axial
trangslation of movement during the deployment procedure.
Since the stent 50 is securely held in its positicon by
abutmeni on The distal end 74 of the pusher element 72, the
enlarged section 44, which is an outer sheath holding the
stent 50 in Its compressed state, is retracted from the
abluminal surface of the stent 50, allowing the stent 50 to
radially expand. Once the stent 50 is fully deployed, the
stent introducer catheter 100 can be removed from the

patlient’s body thrcugh the introducer sleeve 80.

In the case shown in Fig. 2, the proximal shaft portion 42,
which is stationary during stent deployment, is positioned
within the introducer sleeve 80, while in the case shown in
Fig. 3 the slider 60 is arranged in this position.
Importantly, in both cases, there is no contact between the
inner surface of the introducer sleeve 80 and any moving part
of the stent introducer cetheter 100, such as the distal
shaft portion 46, thereby greatly reducing friction during
the stent deployment process. The inventor has found out
that such friction can lead to serious complications during
the medical procedure. In particular, if the distal shaft
portion 46 because of contact with the inner surface of the
intreducer sleeve 80 is prevented by friction between the
shaft and the introducer is prevented from sliding smoothly
proximally through the point of percutanecus entry while at
the same time a relative movement of the distal shaft portion

46 and the pusher element 72 1s effected by the medical
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practiticoner by proximally pulling the pull wire 48, the
stent 50 can be pushed forward along the boedily lumen in an
axial direction, away from its desired location. Any such
behaviour could lead to dangerous inaccuracies in the
placement cf the stent 50. With the stent introducer
catheter 100 of the present embodiment such complications can
be reliably aveided, enabling stent deployment with a high
degree of accuracy of placement, independent on whether the
stenosis 90 to be treated is located close to or far away
from the entry point hole 70, and all using just one
intrcducer catheter lcng encugh tc reach stenting sites

furthest away from the point of entry of the delivery systemn.

If no introducer sleeve 80 1s used and the stent introducer
catheter 100 is introduced directly through the entry point
hole 70, the configuration of the present embodiment has the
additional advantage that any movement of the distal shaft
portion 46 against the bodily tissue at the point of entry is
avoided, thus not only any tendency to backbleed but alsc

reducing trauma to bodily tissue at the point of entry.

Although the illustrated embodiments are of a stent delivery
system catheter, an over~the-wire catheter for a self-
expanding stent, the reader will appreciate that the slider
idea of the present invention is applicable to other sorts of
catheters and indeed to medical devices introduced into the
body that are strictly not correctly identified as a
catheter. Whereas the slider Iinvention might still be useful
at diameters of 6 French and below, it is thought that the
slider idea begins to become particularly interesting for
medical practiticoners, as soon as the overall diameter of the
device to be introduced intc the beody begins to increase

substantially above 7 French.

In general, skilled readers will appreciate that the
invention has wide applicaticn beyond the specific device

shown in the drawing, and that wide variation is possible in
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the features of construction and selection of materials in
the slider of the invention. Readers will bring to bare on
the matter their background and experience in the field of
catheter introducer sleeves and transluminal stent delivery

systems.
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Claims

1. This invention relates to an elongate medical device,
with a distal end to be advanced into the body of a patient
and then withdrawn from the body, and an elongate shaft
connecting the distal end with a proximal end that remains
cutside the body, the shaft extending in use thrcough a hole
in the skin of the body

characterized by

a slider, captivated on a portion of the length of the
shaft, which is capable of lining the said hole, as the shaft
is advanced and withdrawn relative to said hcle and the
slider in the hole, said slider having a maximum outer
diameter that is substantially the same as or less than a

maximum cuter diameter of the distal end.

2. Device as claimed in claim 1, in which the shaft portion

has a circular cross-section.

3. Device as claimed in claim 1 or 2, in which the shaft

portion has a constant cross-sectional area.

4., Device as claimed in any one of the preceding claims,

wherein the slider has an annular form.

5. Device as claimed in any one of the preceding claims,
wherein the slider has a cylindrical mid-length cross-section

between tapered, proximal and distal ends.

G. Device as claimed in any one of the preceding claims,
wherein the slider has an axlial length of more than 1 c¢m and

less than 4 cm.

7. Device as claimed in claim 6, wherein the slider has a

length of less than 2 cm.
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3. Device as claimed in any one cof the preceding claims,
wherein the slider has a bore for the shaft porticn which

carries a lubricious coating.

9. Device as claimed in any one of the preceding claims,
wherein the slider has a abluminal surface which carries a
coating that is effective toc inhibit flow of blood

proximally, between the said hole and the abluminal surface.

10. Device as claimed in any one of the preceding claims,
wherein the distal end has a maximum cross-sectional area
that is greater than the maximum cross-sectional area of the

shaft portion.

11. Device as claimed in any one of the preceding claims,

that is capable of being used without an introducer sleeve.

12. Device as claimed in any one of the preceding claims,

which 1s capable of being used with an introducer sleeve.

13. Device as claimed in any one of the preceding claims,

being a stent delivery device.

14. Device as claimed in any cne of the preceding claims,

wherein the distal end includes a pull-back sheath,

15. Device as claimed in claim 14, wherein the shaft portion
cross-section includes a pull wire for pulling the pull-back
sheath proximally relative to the distal end.

16. Device as claimed in any cne of the preceding claims

which 18 an over-the-wire catheter.

17. Device as claimed in any one of claims 1, 2 and 4 tc 16,
wherein the shaft has a proximal portion with an abluminal

surface that has diameter that 1s greater than the diameter
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of that portion of the shaft that is distal of the proximal
shaft portion and proximal of the shaft distal portion.

18. Device as claimed in claim 17, wherein the proximal
shaft portion has a maximum outer diameter that is
substantially the same as or less than a maximum outer

diameter of the distal end.

19. Device as claimed in claim 18, that is so constructed
and arranged that said abluminal surface of the proximal
portion of the shaft does not move proximally, relative to
the stent, during deployment of the stent.
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