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CATHETERS
The invention relates to catheters.
Patients suffering from renal disease may be treated by blood dialysis.

Haemodialysis involves removing blood from the patient, passing it throu_gh a

dialyser where toxins and water are removed by membrane diffusion, and then

returning the processed blodd back to the patient. This treatment requires vascular
access and a preferred way of achieving such access is to surgically modify the
patient's blood vessels to create an arteriovenous fistula. This involves joining an
artery and a vein to form the fistula and then waiting a period of time, typically a
small number of months, for the fistula to mature. After maturation has taken place,
the fistula is available for dialysis and this is accomplished by inserting two needles
through the skin and into the fistula, one for withdrawing blood and the other for

returning the dialysed blood to the patient.

The use of a fistula for vascular access is a widely preferred choice for

" doctors. However the requirement to wait for the fistula to mature means that

another vascular access method is needed in the meantime. Further, successful

fistula maturation is not possible in some patients and for these patients alternative

vascular access methods have to be used. A corﬁmon form of vascular access
involves the use of percutaneous catheter assemblies. A catheter is inserted through
the skin and into a major vein, such as the femoral, subclavian or jugular vein. The
distal end of the catheter is passed along the vein to a suitable site such as the .
superior vena cava. The catheter usually is in the form of a single é.ssembly having
a suction or aspiration line with an inlet and a return line with an outlet. The ,
assemBly 1s left in the body after its surgical deployment, ready to be used in a
haemodialysis session. _

A problem with the use of percutaneous catheter assemblies is that they are
subject to infection and stenosis broblems. One response to the stenosis (blockage
of the vessellintowhich the catheter is inserted) is to remove the catheter assembly
and start again. However, at that point the tissue which has formed around the
catheter assembly can inhibit removal.

According to the invention there is provided a catheter for insertion in a

vessel of the human or animal body, the catheter comprising tubing defining a flow
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lumen, the tubing having an outer surface portion which extends longitudinally and
helically so as to induce swirl flow in a yessel externally of the tubing when in use
in the vessel. ' _

When such a catheter is in use in a vessel it can induce or enhance swirling
flow in the vessel, externally (shell side) of the tubing, and so inhibit the occurrence
of thrombosis. This may be of benefit when the catheter is in place for long periods
6f time. One use of such a catheter is in a line used for dialysis, for example for end
stagé renal failure‘ paﬁents in whom it is not feasible to construct arteriovenous
fistulae, or for patients awaiting maturation of a fistula. Other illustrations would be
in the treatment of patients requiring intravenous drips and patients with temporary
renal shutdown.

In certain preferred embodiments, the tubing and the flow lumen defined
thereby extend longitudinally and helically. Thus the locus of centroids of the tubing
is a line which follows a helical path in the longitudinal direction (thé centroid being
the centre point of the cross-section of the tubing at any location along its length).
This helical path is referred to in this specification as the "helical centreline”. By
virtue of the tubing extending longitudinally and helically in. these preferred
embodiments, its outer surface forms the outer surface portion which will induce the
desired swirl flow.

The geometry of the helical centreline may be defined in terms of its
arriplitude and its helix angle. In this specification the amplitude of the helix refers
to the extent of displacement from a mean position to a lateral extreme. So, in the
case of the tubing having a helical centreline, the amplitude is one half of the full
lateral width of the helical centreline. “

The helical tubing can be regarded as occupying an imaginary envelope
which extends longitudinally and has a width equal to the swept width of the helical
tubiné. Thus in preferred embodiments, the tubing and the flow lumen defined
thereby extend longitudinally and helically and the helical tubing forms an
imaginary envelope which extends longitudinalfy and has a width equal to the swept
width of the helical tubing. The envelope may be regarded as having a central

longitudinal axis, referred to also as an axis of helical rotation. Where the axis of
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helical rotation is straight then the envelope occupied by the Belical tubing will be
generally cylindrical.

Catheter tubing typically has an external diameter smaller than the internal
diameter of the vessel into which it is to be inserted. The external diameter of the
helical tubing of the present invention is Ipreferably smaller than the internal
diameter of the vessel for which it is intended. This ensures that the flow external of
the tubing in the vessel is not blocked.

It is desirable that the preferred helical tubing when in a vessel engages with
the inner wall of the vessel. In these circumstances the helical tubing effectivelyv
forms a helical rib projecting radially inwardly from the vessel wall and tending to
promote swirl flow in the region of the vessel wall at least. .

The engagement of the helical tubing with the inner wall of the vessel can be
achieved by over sizing the helical tubing relative to the inner diameter of the vessel.
In other words, when the tubing is ex vivo the envelope which it occupies has a
width greater than that of the internal diameter of the vessel. Thus, for any given -
use, a catheter having a helical tubing with an envelope having a diameter greater
than the internal diameter of the vessel may be selected. A range of different
catheters may be provided for appropriate uses.

By making the tubing from a resilient material, such as plastic;s, the tubing
can adopt the required smaller envélope width in vivo as compared to its width ex
vivo. The resilience of the tubing can ensure the engagement between the tubing
and the vessel wall, so that the tubing is centred in the vessel.

It is generally desirable that the external surface area of the tubing should not

be too large as a larger external surface area creates more opportunity for thrombosis

. to develop. Tubing of larger cross sectional areas will also tend to reduce the cross

section of the vessel available for flow externally of the tubing, and so may lead to
an undesirable level of pressure drop caused by the presence of the éatheter. | In
certain preferred embodiments of helical tubing which occupies an imaginary
envelope which extends longitudinally and has a width equal to the swept width of
the helical tubing, the external diameter of the tubing (as measured in a direction
radially of the envelope) is less than or equal to half of the width of the envelope.

For a given width of the envelope, a smaller external diameter of the helical
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tubiné means that it will have a greater helical amplitude. In certain preferred
embodiments, the amplitude of the helical centreline of the tubing is greater than one:
quarter of the width of the envelope defined by the swept width of the tubing. This
means, in most cases, and in the case of a tubing and a vessel with circular crosé-
sections, that there is a "line of sight" along the centre of the vessel, unimpeded by
the tubing. In other words the helical tubing rotates around a "virtual" core. This is
like the configuration of a corkscrew. It is desirable for there to be a core where
flow in the lumen of the vessel can take place externally of the tubing. This reduces
the extent to which the tubing blocks the flow externally thereof and so reduces the
axflount of any pressure drop along the vessel caused by the presence of the catheter.
Flow local to the vessel inner wall will be influenced by the helical configuration of
the tubing, tending to swirl and thus inhibiting thrombosis.

Since in certain instances it is.desired that the helical tubing before the
placement in a vessel has a swept width which is greater than the internal diameter
of the vessel for which it is intended, once the catheter is installed the amplitude will
be reduced. In certain preferred embodiments, therefore, the amplitude is greater
than 0.3 of the width swept by the helical tubing (the width of the envelope) when ex
vivo. Thus, the ratio of the amplitude of the helical tubing to the width of the
envelope ex vivo is greater than 0.3. In other preferred embodiments, the ratio may
be greater than 0.4, 0.5, 0.6, 0.7,0.8,09,1,1.1,12,1.3,1.4,1.5,1.6,1.7,1.8, 1.9,
2.0,2.1,2.2, 2.3, 24,25,2.6,2.7,2.8,2.9 or 3.0. For the larger ratios flow in the
lumen of the vessel at its centre will tend not to be significantly influenced by the
helical tubing at the radial periphery of the vessel lumen. The flow will be most
influenced, however; in the important region near to the inner wall of the vessel
where it is expected that the promotion of swirl flow will reduce any tendency to
flow stagnation. | ’

It is preferred that the helix angle should not be too large as this may create
an obstruction to flow near the vessel inner wall and have the opposite of the desired
effect. The helix angle is preferably less than or equal to 65° (measured with respect
to the axis of helical rotation), more preferably less than or equal to 55°, 45°, 35°,
25°,20°, 15°,10° or 5°. Higher helix angles correspond to smaller helix pitches. In

certain embodiments the helix angle is less than 20° or less than 15°.
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If the swept width of the helical tubing ex vivo is greater than its swept width
when in vivo, as discussed above, then there will be a reduction in the helix angle
when the tubing is placed in a vessel as the tubing tends to be straightened out when
itis lateraily constrained. Thus the helix angle ex vivo will be chosen to be slightly
larger than the requirement when in vivo. |

In those embodiments in which helical tubing forms an imaginary envelope
which extends longitudinally and has a width equal to the swept width of the helical
tubing, the helical tﬁbing may have a distal end portion which is positioned radially
inwardly of the imaginary envelope. As discussed it is desirable that in use the
helical tubing engages with the inner wall of the vessel. Then, if the distal end
portion is positioned radially inwardly of the imaginary envelope, it will tend to be
positioned at a radial spacing from the inner wall. This has the advantage of
avoiding problems with clogging with the end region of the tubing, where it
typically has an opening communicating the flow lumen of the tubing with the
vessel. If the distal end portion of the tubing does not lie on the vessel wall, there is
a reduced risk of flow stagnation around the opening or of clotting or tissue in-
growth in the opening. This may lead to an increased useful life of the catheter.

The radial spacing of the distal end portion of the catheter from the inner wall of the -
vessel may also facilitate removal of the catheter when required, as this end portion
will normally not be adhered to the vessel inner surface by tissue, clotting or other
material.

According to some preferred embodiments, the helical amplitude of the
tubing decreases towards the distal end thereof. When the helical tubing is in use
and engages with the inner wall of the vessel, if the helical amplitude decreases
towards the distal end, that end will tend to be positioned at a radial spacing from
the inner wall. If the helical amplitude decreases towards zero, the end of the tubing
will tend to adopt a generally central position in the vessel. Thus a reducing helical
amplitude is one way of achieving a position of the catheter distal end portion at a
radially inward spacing from the vessel inner wall.

There can be a problem with catheters in that when it is fime to remove them
they may have adhered to the vessel wall and become very difficult to pull out.

According to preferred embodiments of the present invention, this problem can be
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mitigated. Preferably, the side portion of the tubing which when inserted in the
vessel faces radially outwardly with respect to the vessel is fenestrated or porous.
Such holes or pores can provide a flow through the radially outer part of the tubing
and this may inhibit the development of an adherent coéting on this side portion |
which would otherwise cause the tubing to stick to the vessel wall. Thus, such a |
catheter is easier to remove.’ Preferably, the tubing is arranged so that a flow lumen

feeding flow to the vessel, rather than a flow lumen for aspiration, has the radially

outwardly facing portion which is fenestrated or porous. In these embodiments, the

flow will be outward, from the flow lumen of the tubing to the vessel, via the pores
or holes, and so benefit the aim of reducing a tendency for the tubing to stick to the
vessel wall.

The tubing mayvbg made from non-porous material with holes formed in the
radially outwardly facing side portion. It may be made from a combination of a
porous material and a non-porous material. In certain preferred embodiments, the
tubing is made from a porous material and has a non-porous layer on a side which
when in use in the vessel faces radially inwardly with respect to the vessel.

| It will be appreciated that because the preferred tubing is formed to extend
longitudinally and helically, it will be known in advance of insertion in a vessel
which portions will face radially outwardly with respect to the vessel, and which
portions will face radially inwardly.

The tubing may have a single flow lumen, for example if it is to be used as
an intravenous drip, or it may define a plurality of flow lumens. Typically, catheters
used for dialysis treatment have two flow lumens, one for suction. from the vessel
and one for return to the vessel. In certain preferred embodiments of the invention,
the fubing has a plurality of flow lumens, for example two flow lumens. Preferably
each flow lumen has an opening for communication with the vessel and the
openings of the respective lumens are axially separated. At least in the case of a
catheter used for dialysis, axial separation is generally desirable to avoid blood |
which has been dialysed being immediately returned to the dialyser unit. |

Where a plurality of flow lumens is defined by the tubing, various
constructions may be used. Plural flow lumens may be defined by respective tubes.

Such tubes may be joined together by a longitudinally extending seam and/or they
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may be contained in a sheath. In one example, a pair of flow lumens of generally -
circular cross-section are arranged side by side, whereby the tubing has a figure of
"8" cross-sectional shape. This arrangement may be formed by a pair of tubes
joined along a longitudinally extending seam, or by two tubes held together in a
sheath. |

An alternative construction may involve a pair of generally "D" shaped flow
lumens which, in cross section, are joined along the straight portions of the "D".
Thus, the tubing may have a generally circular cross-sectional shape, With the circle
being divided into two generally semi-circular flow lumens.

In the embodiments in which the tubing has plural flow lumens, the

respective flow lumens may have distal end parts which extend bundled together.

“Thus the distal end parts do not separate or diverge from each other. The distal end

parts may form the distal end portion of the helical tubing which is positioned
radially inwardly of the imaginary envelope. Fbr example, the distal end parts of the
respective flow lumens may extend bundled together as the helical amplitude of the
tubing decreases towards the distal end thereof.

The flow lumens formed by respective tubes or the "D" shaped flow lumens
discussed above are examples of how the flow lumens may be bundled together.

As discussed above, in the preferred embodiments in which the tubing and
the flow lumen defined thereby extend longitudinally and helically, the tubing has a
helical centreline. In the case of tubing consisting of a single flow lumen, then the
helical centreline of the tubing will correspond to the helical centrelirie of the flow
lumen. In the case of tubing having plural flow lumens, then the helical centreline
will normally follow a different path from the helical centrelines of the respective
flow lumens (unless the flow lumens are formed co-axially, i.e. with a central inner
tube concentric with an outer tube). The path of the helical centreline will be
determined by the locus of the centroids of the tubing as a whole, rather than by the
centroids of individual flow lumens.

The feature of the outer surface portion of the tubing extending
longitudinally and helically so as to induce swirl flow in a vessel may be achieved
by the helical outer surface portion protruding radially outwardly from

circumferentially adjacent portions of the tubing. For example the tubing may
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comprise one or more helically extending ribs. The tubihg itself may for example be
cylindrical (rather than helical) with at least one external helical rib. However this
arrangement leads to a larger external surface area of the tubing, with a possible
increased risk of thrombosis. It is therefore preferred that the tubing as a whole (and
the flow lumen defined internally thereof) extends longitudinally and helically, i.e.
50 as to form helical tubing. '

The catheter may comprise conventional non-helical tubing in addition to the
tubing which induces swirl flow. It may for example have helical tubing at a
downstream location and non-helical tubing upstream thereof. Fdr éxample where -
the tubing is expecfed to pass through a patient's skin it may be non-helical, whilst
where it is expected to lie in a vessel then it may be helical.

The tubing may be made from material typically used to manufacture the
tubing of catheters, for example plastics or metals. Helical tubing may be
manufactured by winding the tubing around a mandrel. In the case of tubing made
of plastics, fhe tubing may be heat set in the helical condition when on a mandrel

and then the mandrel removed. It may be desirable to use a member internally of

"~ the tubing so as to prevent the flow lumen from being flattened when the tubing is’

deformed into the helical configuration.

" A preferred embodiment of the catheter may be inserted in a patient as
follows. A vessel such as a blood vessel fs punctured by a needle, a guide wire is
inserted into the vessel via the bore of the needle, the needle is withdrawn, and the
helical tubing is placed over ’the guide wire and advanced so that its front end
extends into the vessel and its rear end is external of the patient. After the catheter
has been introduced into the vessel in this way the guide wire is withdrawn leaving
the catheter in place. In the case of helical tubing, it will tend to be straightened out
by the guide wire, with a reduction in helical amplitude and an increase in pitch, but
the tubing material will be such that it returns to a helical shape after the guide wire
is withdrawn. The use of conventional biocompatible plastics material with resilient
elastic properties can achieve the desired effect. ' |

Other methods of deployment of the catheter may of course be used.
Certain preferred embodiments of the invention will now be described by

way of example and with reference to the accompanying drawings, in which:

PCT/GB2009/002843
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Figure 1 is a side view of helical tubing forming part of a catheter.

Figure 2 is a cross-section of the helical tubing of Figure 1, to an enlarged
scale; |

Figure 3 shows the downstream end of a catheter in a vessel;

Figure 4 shows an end elevation of the downstream end of the catheter of
Figure 3, viewed in the direction of arrow IV of Figure 3;

‘Figure 5 is an enlarged view of the tip of the catheter of Figure 3;

Figure 6 is a cross-section on the lines VI - VI of Figure 3; and

Figure 7 is a cross-section similar to that of Figure 2 but showing helical
tubing of another embodiment in a vessel.

The helical tubing 2 shown in Figures 1 and 2 has a pair of tubes 4 and 5,
one located inside thé other. In this embodiment an inner tube 4 is located inside an
outer tube 5. The outer surface 7 of the tubing is therefore formed by the outer
surface of the outer tube 5. ’ |

The tubing 2 is coiled into a helix of constant amplitude A (as measured
from mean to extreme), constant pitch P, constant helix angle 0 and swept width W.
The tubing 2 is contained in an imaginary envelope 8 which extends longitudinally
and has a width equal to the swept width W of the tubing 2. The envelope 8 may be
regarded as having a central longitudinal axis 10, which may also be referred to as
an axis of helical rotation. The illustrated helical tubing has a straight longitudinal
axis 10, but it will be appreciated that in alternative designs the longitudinal axis
may be curved. The helical tubing has a centreline 12 which follows a helic_al path
about the central longitudinal axis 10. '

Figures 3, 4 and 6 show the catheter 1 in a blood vessel 14. The blood vessel
has an inner wall 18 which defines the vessel flow lumen 19. The inner wall 18 is
engaged by an engagement portion 20 of the outer surface 7 of the tubing 2 along a
helical engagement region. The outer surface engagement portion 20 is that part of
the surfacé of the tﬁbing which faces radially outwardly with respect to the vessel.
Alternatively, it can be considered as facing radially outwardly with respect to the
central longitudinal axis 10, i.e. the axis of helical rotation. In effect, the tubing

forms a helical rib following the inside surface of the vessel 14 so as to create
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rotating flow in the region of the vessel inner wall 18. The direction of blood flow is
shown by an arrow 24. _ _

Figure 6 is a cross-sectional view of the catheter in a vessel. The inner tube
4 can be seen inside the outer tube 5 where the section is taken, and the outer surface
7 of the tubing 2 is then seen in elevation. The engagement portion 20 of the outer
surface 7 of the tubing 2 engages the vessel inner wall 18 along the helical
engagement region.

The tube 4 of the tubing 2 is intended as an aspirating tube, for aspirating
blood from the patient and passing it to a dialyser unit (not shown). The tube 4 has
an inlet opening 26. Tube 5 is intended as a return tube, to return dialysed blood to
the vessel and has an outlet opening 28. The outlet opéning 28 is downstream of the
inlet opening 26 in order to avoid or minimise recirculation of dialysed blood back
to the dialyser unit. This arrangement is shown in Figure 3 and further details are
shown in the enlarged view of Figure 5. Inner tube 4 passes through an opening 11
in the wall of outer tube 5 in a sealed manner.

In alternative embodiments, the outer tube 5 could be the aspirating tube. and
the inner tube 4 the return tube, and in these arrangements the inner tube would
preferably extend so that its opening communicating to the vessel lumen 19is
downstream of the opening of the outer tube with respect to the flow in the vessel.
Alternative tubing configurations are of course possible within the scope of the
invention. For example the aspirating tube and the return tube may be two tubes
placed side by side, so that the cross-section is generally that of the number "8".
Another example may have tubing of a generally circular cross-sectignal shape, with
the circle being partitioned into twoe generally "D" shaped flow passages. More than
two flow lumens may be provided in certain embodiments. Tubing which comprises
only a single flow lumen may be provided as part of a catheter for uses other than
haemodialysis. _

The helical tubing has a downstream end portion 3 where its helical
amplitude A reduces. This is shown in the right hand part of Figure 3 and in Figure
4. The amplitude Al identified at the left of Figure 3 is equal to the full amplitude
A of the tubing in the vessel. Amplitude A2, which is closer to the distal tip, is
smaller than amplitude A. This ensures that the inlet 26 and outlet 28 are radially
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inwardly spaced from the inner wall 18 of the vessel. This arrangement
advantageously avoids these openings becoming blocked by clots or just through
contact with the inner wall.  Thus the helical nature of the tubing 2 enabies it to
adopt a predetermined position in the vessel, in the sense that it engages the vessel
inner wall along a helical engagement region, whilst permitting the inlet and outlet
openings to be radially inwardly spaced from the wall.

The engagement portion 20 of the outer surface 7 of the tubing 2 may be
fenestrated or porous so that a flow may pass through the tubing wall. By the wall
being fenestrated or porous in this region, where it engages with the inner wall 18 of
the vessel, the flow can reduce a tendency for thrombosis at the contact area.

In Figure 7 an embodiment of helical tubing 2 is shown where the outer tube
5 is entirely formed of porous material which is then provided with a non-porous
coating 32 over part of its periphery, thereby creating a porous engagement portion
20 at its radially outer region. In this embodiment it is the tube functioning as the
return tube which is in the radially outermost position, although the aspiration tube
may alternatively be in the radially outermost position. Of course, in embodiments
where there is no fenestrated or porous region, it is not important whether one lumen

or the other is in a radially outermost position compared to the other.
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CLAIMS

1. A catheter for insertion in a vessel of the human or animal body, the catheter
comprising tubing defining a flow lumen, the tubing having an outer surface portion
which extends longitudinally and helically so as to induce swirl flow in a vessel

externally of the tubing when in use in the vessel.

2. A catheter as claimed in claim 1, wherein the tubing and the flow lumen

defined thereby extend longitudinally and helically.

3. A catheter as claimed in claim 2, wherein the helical tubing occupies an
imaginary envelope which extends longitudinally and has a width equal to the swept
width of the helical tubing, and wherein the helical tubing has a distal end portion

which is positioned radially inwardly of the imaginary envelope.

4. A catheter as claimed in claim 2 or 3, wherein the helical amplitude of the

tubing decreaées towards the distal end thereof.

5. A catheter as claimed in any preceding claim, wherein the tubing has a

plurality of flow lumens.

6. A catheter as claimed in claim 5, wherein the respective flow lumens have

distal end parts which extend bundled together.

7. A catheter as claimed in any preceding claim, wherein a side portion of the
tubing which when inserted in the vessel faces radially outwardly with respect to the

vessel is fenestrated or porous.

8. A catheter as claimed in claim 7, wherein the tubing is made from a porous
material and has a non-porous layer on a side which when in use in the vessel faces

radially inwardly with respect to the vessel.
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9. A catheter as claimed in claim 1, wherein the helical outer surface portion

protrudes radially outwardly from circumferentially adjacent portions of the tubing.

10. A catheter as claimed in any preceding claim, wherein the helix angle of the

outer surface portion is less than 65°.
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