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BLOOD SAMPLING CATHETER

The present invention relates to a catheter and also an apparatus for use with that
catheter and a system including the catheter and apparatus. In particular, it relates to a
catheter for insertion into a blood vessel allowing blood samples to be taken.

It is known, for instance, from US 2004/0102686 to carry out methods of
diagnosis for identifying vulnerable plaque by identifying pathological markers such as
C-reactive protein or pH change generated by the pathological site. US 2004/0102686
describes an arrangement where first and second detectors are advanced through a blood
vessel with each of the detectors selected to detect the pathological marker. The detectors
are spaced axially apart such that differential concentration of the pathological marker as
measured by the detectors indicates the presence of the pathological site in proximity to at
least one of the detectors. The use of detectors in this way is somewhat limiting and
relatively expensive. Specific detectors have to be provided for respective tests, fitting
these detectors in the catheter is relatively difficult and, where a variety of different
catheters are provided, each requires separate regula;tory approval. Furthermore, the
spacing of the detectors is such that any markers for detection have been diluted throughout
the blood volume such that their concentration is significantly affected by the general
background level and it becomes more difficult accurately to identify the source of the
markers.

US 5,533,516 describes taking a bodily sample, e.g., a cell sample, from deep
within the body of a patient and collecting the sample outside the body to facilitate
treatment of the patient. A sampling probe is provided in the form of an elongate catheter
having a proximal portion that remains outside the body and a distal portion that can be
located within the body. The distal portion includes a membrane with openings that
communicate with space that communicates with a source of suction force. The catheter is
positioned within the body. The sample is taken by exposing the membrane by placing it
in proximity with a desired location so that the bodily sample is received by the membrane.
The catheter is removed from the patient, the sample is collected outside the body, treated,
disposed onto a device, such as a graft, stent, or catheter, and reintroduced into the body at
a desired site.

GB 1 405 556 describes an endometrial sampler, comprising a hollow tube

having a sampling end containing a plurality of sampling ports communicating with the
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interior of the tube, and a sleeve surrounding the tube and slidable with respect to it, the
sleeve and the tube being reciprocable with respect to one another between a sampling
position in which the sleeve exposes at least one of the sampling ports and a second
position in which the sleeve engages a forward stop on the tube and covers all the sampling
ports.

It is an object of the present invention to provide an improved means of
diagnosis whilst at least reducing the problems mentioned above.

The present invention provides a method of providing a data profile, optionally
as part of a method of diagnosis, whereby a blood sample is taken at a plurality of locations
along a length of a blood vessel so as to provide a profile of concentration levels along that
length of the blood vessel.

It is possible to collect multiple, spatially separated sarmples at a single instance
in time (eg via multiple sheath holes), these remaining separated with no mixing.

Individual collection ports can be ejected into multiple sample chambers for analysis.

Having taken blood samples in this way, it is possible to apply a variety of tests
to the blood so as to provide profiles relating to any desired tests. For instance, the profiles
could relate to C-reactive protein, heat-shock proteins, hydrogen ion concentration (pH),
cholesterol, cells, cell surface markers, etc. By means of the profile, any background levels
in the sample of blood may be calculated and the location of any problem areas may be
accurately determined.

Preferably, the method involves obtaining the blood samples using a catheter
which is inserted into the blood vessel at a known position, such that treatment of an
identified problem area may be applied accurately with reference to the known position of
the diagnostic catheter. In this way, it becomes very easy for a clinician to perform
diagnosis of the blood vessel and then apply treatment specifically to the identified
problem area.

According to the present invention there is provided a catheter for insertion into a
blood vessel, the catheter having a sampling part arranged to capture a blood sample at a
plurality of locations along a length of the blood vessel.

The catheter can preserve the spatial separation of samples collected at a single
instance in time.

In this way, a catheter of this type can be used to conduct a number of different

tests. Indeed, such tests may even be carried out simultaneously. As a result of the tests on
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the sample of blood, a profile of concentrations in the blood may be provided so as to
enable problem areas in the blood vessel to be identified.

In general, the catheter will be arranged to capture a blood sample at at least three
locations along the length of the blood vessel, but, preferably at at least five locations if not
20, 100 or more. It is considered that samples might be taken over a length of perhaps
100 them. It is envisaged that the catheter captures blood samples at locations every 1
them along the length or even closer, for instance 0.5 them. Thé catheter has the potential
to sample nano to micro litre volumes.

By collecting samples at multiple locations from inside the blood vessel, true
background levels in the serum can be found (upstream of the source). Furthermore, the
marker can be detected at a higher local concentration, because it will be collected nearer
the source before it is diluted. Also, as mentioned above, the source of the marker can be
located more accurately by virtue of the number of samples collected along the length of
the blood vessel.

Since the marker can be detected at a higher local concentration, the levels of the
marker can be determined more sensitively. In particular, the level of the marker will be
higher in relation to the background level. Hence, the marker can be detected even if the
patient has an elevated background level of inflammatory marker.

The arrangement allows future coronary events to be predicted more accurately
so that patients at severe risk of MI (myocardial infarction) and/or stroke can monitored or
given prophylactic treatment. Also, low risk patients can be identified more accurately and
managed more economically than previously.

Unstable plaques in the blood vessel can be located accurately which allows
targeted local therapy, such as stenting.

With the arrangement of the present invention, the progress/effectiveness of
chemical therapy can be monitored in more detailed than before. Furthermore, the process
is compatible with clinical procedures as the catheter could collect samples within blood
vessels during routine exploratory procedures. The process is compatible with clinical
budgets, since the catheter of the present invention is relatively straightforward to construct
and, hence, relatively inexpensive.

It is not necessary for the catheter to contact the vessel wall or to use suction to
pull the vessel wall to the device. Indeed, it is preferred not to. It is preferred not to

damage the endothelium (inner wall of artery) and to collect blood and biological samples
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in close proximity to the wall. .

Preferably, the sampling part includes an axially elongate sample member having
an axial array of a plurality of openings for receiving blood from outside the catheter at
intervals along said length of the blood vessel.

In this way, each of the openings collects a sample of blood from a different
location along the length of the blood vessel. The openings may be arranged to collect
samples one after the other or, alternatively, at the same time.

Preferably, the sampling part includes an elongate sleeve coaxial with the sample
member and defining an axial passage for housing the sample member wherein relative
movement of the sleeve axially along the sample member exposes the openings so as to
collect a respective plurality of samples along said length of the blood vessel.

In this way, the openings may be kept closed by the sleeve until the catheter is
located at a desired position. Although this is highly advantageous in some embodiments,
where blood samples are actively drawn into individual openings, it may not be necessary.

The sleeve can include a plurality of respective through-holes positioned so that
all of the openings may be exposed simultaneously to blood outside the catheter.

In other words, the through-holes are arranged in an array corresponding to the
array of openings. At first, the through-holes are out of alignment with the openings, but
movement of the sleeve relative to the sample member brings the through-holes into
alignment with the openings.

Preferably, the sampling part includes a respective plurality of pockets for
receiving blood from the openings.

In this way, the pockets provide respective storage chambers for each opening.

Preferably, each of said pockets is at least partially evacuated such that, upon
exposure by the sleeve, the pockets suck in blood from outside the catheter.

The sleeve thus seals the opening and pockets so as to maintain a low pressure
(relative to atmosphere) in the pockets whilst the catheter is positioned in the blood vessel.
When the sleeve is moved to expose the pockets, the low pressure draws in blood from
outside the catheter.

Alternatively, the sampling member may include a vacuum passageway
connecting each of the pockets, the vacuum passageway allowing suction to be applied to
each of the pockets.

In this way, by connecting the vacuum passageway to an external low pressure
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source, blood samples may be drawn through the openings as required.

The pockets and the vacuum passageway may be pre-filled with a fluid, such as
saline, which can be drawn out of the catheter so as to draw blood into the pockets from
outside the catheter.

Pre-filling the pocket and vacuum passageway in this way, as with evacuating the
pockets, reduces the release of bubbles into the blood flow.

As an alternative, the sampling part may include a respective plurality of vacuum
passageways connected to respective openings so as to allow suction to be applied
individually to each opening.

In this way, sampling from each opening can be individually controlled.

The catheter may further include a respective plunger within the or each vacuum
passageway moveable away from the openings so as to draw blood through the openings
from outside the catheter.

It will be appreciated that movement of the plunger in a vacuum passageway will
cause blood to flow into the respective opening. Where the openings are provided with
individual respective vacuum passageways and plungers, the samples taken by those
openings can be individually controlled.

The sampling part may further include a respective plurality of pistons in the
pockets whereby movement of the pistons away from the respective openings sucks blood
into the respective pockets.

The pistons act like the plungers mentioned above, but are provided within
pockets, rather than the vacuum passageways.

Preferably, the pistons are moveable in the axial direction to suck blood into the
respective pockets and the sampling part further includes an axially extending actuator to
which all of the pistons are attached and by which the pistons may be moved.

This provides a convenient arrangement for simultaneously actuating the pistons
of all of the pockets.

A membrane layer may be provided covering the openings, the membrane layer
allowing plasma through the openings.

In this way, plasma may be sampled whilst leaving platelets etc outside the
catheter. This increases the concentration of the test sample and allows reduction in the
collection volume.

As described above, preferably, the sampling part is arranged to capture a
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plurality of discrete samples along said length of the blood vessel. Many diagnostic
chemistry processes require samples of approximately 50pl and, hence, for many
embodiments each discrete sample is substantially of this value. However, the discrete
samples may be between 0.1 pl and 100 pl, more preferably between 20 pl and 50 pl.
The sampling part may include an axially elongate sample member comprising a
continuous absorbent material. This can be used in conjunction with the axial array of
openings, such that each opening feeds a respective sample mnto a respective part of the
same continuous absorbent material. A sleeve may be used in conjunction with this.
Alternatively, however, the continuous absorbent material may be provided so as to
continuously sample blood along its length. Again, a sleeve may be provided to control
exposure of the material to the blood outside the catheter. The sample member can be

directly analysed to measure differences in samples along the length of the device.

The catheter may be provided with an inlet port at a distal end of the sampling
part and an outlet port at a proximal end of the sampling part, the sampling part defining an
axial channel running from the distal end to the proximal end, and a suction device for
connection to the outlet part and a positioning device at the proximal end, the suction
device being arranged to draw blood in the inlet port and the positioning device being
arranged to move the sampling part and, hence, move the inlet port along said length of the
blood vessel.

Accordingly, a method of provided whereby blood is drawn into a single inlet
port of the catheter whilst that inlet port is moved along a predetermined length of the
blood vessel.

In this way, the continuous sample of blood drawn into the catheter represents a
sample along the length of the blood vessel.

The catheter may be provided with a sample collector in fluid communication
with the outlet port for collecting consecutive samples from the inlet port.

In other words, the blood flow from the inlet port as collected at the outlet port is
divided into discrete samples which represent discrete samples along the length of the
blood vessel.

Preferably, the catheter includes a reference guide for insertion into a blood
vessel at a fixed position relative to the blood vessel, the reference guide defining an axial
duct into which the sampling part may be inserted to collect blood samples and from which
the sampling part may be extracted, the reference sleeve and the sampling part being

provided with respective indexing parts which position the sampling parts at a
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predetermined relative position with the reference sleeve when the sampling part is inserted
in the axial duct.

In this way, any results of analysing the blood sample taken by the catheter can
be considered with reference to positions located accurately with reference to the reference
guide. By leaving the reference guide in place whilst carrying out any tests on the blood
sample, it becomes easy for a clinician then accurately to position any treatment.

In this respect, the catheter preferably further includes a treatment part for
mnsertion into the axial duct in place of the sampling part, the treatment part having an
mdexing part allowing, by reference to the indexing part of the reference guide, the
treatment part to be positioned in the blood vessel as required.

Hence, it is easy to position any required treatment along the length of the blood
vessel accurately with reference to results from the test on the blood sample.

The present invention also provides an apparatus for analysing blood samples
captured by a catheter as described above, the apparatus being arranged to analyse blood
taken from a plurality of locations along said length of the blood vessel and to provide a
profile of concentration levels along said length of the blood vessel.

The apparatus is preferably arranged to provide a profile of cardiac inflammatory
marker along the length of the blood vessel.

It is preferably further arranged to calculate from the profile the marker
background level of the sample of blood.

It is preferably further arranged to predict, from elevated portions of the profile,
the location of problem areas along the length of the blood vessel.

According to the present invention, there is also provided a catheter system
including both the catheter and the apparatus described above.

By means of the present invention, gradients can be measured by collecting
separate samples of whole blood at multiple locations in a linear path along the
longitudinal axis of the blood vessel. Either at the time of collection or immediately after
collection, the samples from different locations are kept as separate discrete entities. The
collected samples are extracted from the body and analysed using, for instance, antibody-
based methods to determine the concentration of inflammatory marker(s) in each separate
sample. The concentration of the markers can be plotted against their location along the
length of the sampling catheter.

The catheter may take samples not only along the length of the blood vessel, but
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also radially around the outer periphery of the catheter. In this case, the concentration
markers can be plotted against their location in three dimensions.

The plot can be referenced to the precise position in the blood vessel where the
samples were taken. This may be determined by X-ray/fluoroscopy or merely with
reference to the reference guide as described above. This shows the gradient of the
markers as the rate of change of concentration along the length of the blood vessel. The
gradient can be used to determine the markers more sensitively than with previous
techniques and can locate vulnerable plaques allowing the potential of targeted local
therapy, e.g. stenting, as described above.

The catheter can be used in combination with other diagnostic and imaging
devices and systems incorporating acoustic (e. g. Intravascular Ultrasound IVUS, etc.)
and/or electromagnetic sensing/imaging modalities (e. g. Optical coherence tomography,
Angioscopy, Thermography, Spectroscopy, Magnetic Resonance Imaging, Electron beam
computed tomography, etc.). Hybrid devices can be provided with combined sensing
platforms in a single device e. g. a catheter according to the present invention with an
IVUS probe at the end. The advantage of combined devices is that it would enable
clinicians to use a single procedure to examine the vessels with a familiar technique, such
as IVUS, and, in areas of concern, collect blood using the catheter of the present invention.

It will be appreciated that, although the catheter has been described with
reference to its use in a blood vessel, it can also be used inserted into other parts of the
body.

The invention will be more clearly understood from the following description

given by way of example only, with reference to the accompanying drawings, in which:

Figures 1(a) to (g) illustrate schematically a general method of treatment and diagnosis;
Figures 2(a), (b) and (c) illustrate a catheter;

Figures 2(d) and (e) illustrate a catheter embodying the present invention,

Figure 3 illustrates a catheter embodying the present invention;

Figure 4 illustrates a catheter embodying the present invention;

Figure 5 illustrates a catheter embodying the present invention,

Figures 6(a) and (b) illustrate a catheter embodying the present invention;

Figures 7(a) and (b) illustrate a catheter embodying the present invention;

Figures 8(a) and (b) illustrate a catheter embodying the present invention;

Figures 9(a) and (b) illustrate a catheter embodying the present invention;
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Figures 10(a) and (b) illustrate a catheter embodying the présent invention; -

Figures 11(a) and (b) illustrate an absorbent planar member; and

Figure 12 illustrates a membrane for covering openings of catheters embodying the present
invention;

Figures 13(a), (b) and (c) illustrate a catheter embodying the present invention,

Figures 14(a), (b) and (c) illustrate a catheter embodying the present invention,

Figure 15 illustrates a catheter embodying the present invention with a positioning device
and a suction device; and

Figure 16 illustrates a catheter embodying the present invention with a sample collector.

Methods of obtaining profiling data, diagnosis and treatment using a catheter of
the present invention will be described with reference to the schematic representations
given in Figure 1(2) to (g).

As shown in Figure 1, a reference guide (2) is inserted into a blood vessel (4) at a
fixed position relative to the blood vessel (4). Then, as illustrated in Figure 1(b) a
sampling part (6) is inserted through an axial duct (8) of the reference guide (2). In the
preferred embodiment, some form of indexing is provided such that, when fully inserted,
the sampling part (6) has a predetermined relative positioning with the reference guide (2).

Various different embodiments will be described below, but, as illustrated in
Figure 1(b), the sampling part includes plurality of openings (10) for taking a plurality of
blood samples along a length of the blood vessel (4) determined according to the position
of the reference guide (2). As will be described below, the samples of blood taken by the
opening (10) are used to identify a problem area in the blood vessel, such as plaque (12).
The catheter need only be located in close proximity to a vessel wall (not in contact) and
hence collect biological and chemical entities from very near the surface of the plaque.
The sampling part (6) may be withdrawn from the reference guide (2) as illustrated in
Figure 1(c) and provided to an apparatus (14) as illustrated schematically in Figure 1(d).
The apparatus (14) analyses the blood samples and provides at an output a map of
single/multiple biochemical marker gradients (16) along the length of the blood vessel (4).
As illustrated in Figures 1(e) and (f), a treatment catheter (18) may then be deployed to the
exact position of the zone of interest, €. g. vulnerable plaque, using the reliable positional
reference of the reference guide (2) and using the information of the marker gradient from

the apparatus (14).
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In the example iltustrated in Figures 1(f) and (g), the treatment catheter (18)
deploys a localized drug delivery vehicle such as a drug-eluting stent. Those familiar with
the state of the art in drug-eluting stents will recognize that this may be either a permanent
or a transient biodegradable device.

It is also possible to provide a catheter of the present invention with an integrated
treatment part which can be indexed to an appropriate position after diagnosis.

The present invention is applicable to observing not only biomarkers, where a
biomarker can be considered a “biological entity that can give information regarding
disease state”, but also chemical entities e. g. Nitric Oxide that are also produced by those
biological entities. Examples of biomarkers relevant to vulnerable plaque include:

CRP, PAPPA, Myeloperoxidase, MMP 9, sCD40L, PLGF, Neopterin, Soluble
P-Selectin, sVCAM-1, sSICAM-1, Soluble CD40L, VCAM-1, ICAM-1, P-Selectin, E-
Selectin.

Figures 2(a), (b) and (c) illustrate schematically an example of a catheter
arrangement useful for an understanding of the present invention.

The sampling part (6) includes a sample member (22) in which an axial array of a
plurality of pockets (24) are formed. Each of the pockets (24) forms, at the outer surface of
the sample member (22), a corresponding opening (26).

Sampling part (6) is also provided with an elongate sleeve (28) defining an axial
passage (30) for housing the sample member (22). In this respect, Figures 2(a), (b) and (c)
are highly schematic and the upstream end of the elongate sleeve (28) (to the left as
illustrated) extends beyond the Figure. The sampling part (6) can be positioned as
described with reference to Figures 1(a) to (g). With the sample member then in place, the
sleeve (28) may be withdrawn from the sample member (22) as illustrated by arrow (32).
The sleeve (28) includes a through hole (34). By withdrawing the sleeve (6) as illustrated
in Figures 2(b) and (c), the through hole (34) moves in turn over each of the openings (26)
so as to allow the respective pockets (24) to be filled with blood from outside the catheter.

A corresponding embodiment of the present invention is illustrated in Figures
2(d) and (e) where there is provided a plurality of through holes (35), in particular, a
through hole (35) corresponding to each opening (26). In this case, the sleeve (28) is
originally positioned such that all of its through holes are positioned adjacent parts of the
sample member (22) where openings (26) are not provided. In this respect, they could be
positioned radially or axially displaced from the openings (26). The sleeve (28) can then



10

15

20

25

30

WO 2006/126002 PCT/GB2006/001933

-11-

be moved so as to bring its through holes into alignment with the openings (26).

Figure 3 illustrates a catheter like that illustrated in Figures 2(a), (b) and (c), but
where the pockets (24) are evacuated prior to use. In other words, they have an internal
pressure which is less than atmospheric and preferably significantly less than atmospheric.

When the sleeve (28) is moved to bring the through hole (34) adjacent the
opening (26) of a pocket (24), the low pressure space thus draws in blood from outside the
catheter. This helps prevent bubble release during collection and improves blood flow into
the pocket.

In the arrangement of Figure 4, instead of prior evacuation of the pockets (24),
the pockets (24) are all interconnected by a vacuum passageway (36). The vacuum
passageway (36) is connected to a source of suction such that when any through hole (34)
connects a pocket (24) to the blood surrounding the catheter, blood is drawn into the pocket
(24) as a result of the reduced pressure. B

In the arrangement of Figure 5, the pockets and, preferably, the vacuum
passageway are pre-filled with a liquid, such as saline. Suction on the vacuum passageway
withdraws the liquid from the pockets, such that they are replaced with blood from outside
the catheter. The use of liquid (38) in this way helps prevent bubble release during
collection.

As mentioned above, the sleeve (28) can be provided with a plurality of through
holes (34) corresponding to respective openings (26) and pockets (24). Figures 6(a) and
(b) illustrate embodiments based on the arrangements of Figures 3 and 4 modified in this
way. Figures 7(a) and (b) illustrate an embodiment based on the arrangement of Figure 5
modified in this way.

It is possible to use a plunger (40) in a vacuum passageway (38) in order to draw
blood in through the openings (26). The embodiment of Figures 8(a) and (b) is based on an
arrangement where individual respective vacuum passageways (38) are provided for each
respective opening (26). As with the embodiments of Figures 4 and 5, an external vacuum
source could be used to draw blood in through the openings (26). However, in the
illustrated embodiment, respective plungers (40) are provided for each vacuum passageway
(38). By withdrawing the plungers (44) away from the openings (26), samples of blood are
drawn into the sample member (22) as illustrated in Figure 8(b). Although individual
pockets could be provided for each opening (26), in the illustrated embodiment, the

vacuum passageways (38) effectively themselves form pockets. It will also be appreciated
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that, in this embodiment, a sleeve is not necessary, though, for certain applications, might
be desirable.

In the embodiment of Figures 9(a) and (b), individual respective pistons (42) are
provided in each pocket (24). Although arrangements are possible where the pistons (42)
are movable individually, in the illustrated embodiment, all of the pistons are attached to an
axially extending actuator (44). By moving the actuator (44) axially away from the far end
of the catheter and, hence, away from the openings (26), blood is drawn into the pockets
(24). The volumes of the pockets (24) prior to sampling can be evacuated prior to use so as
to enable the pistons (42) to move. Alternatively, the pockets could be prefilled with a
fluid which is driven out by the pistons (42) to an outlet channel or even to the blood
vessel.

Rather than form individual pockets in the sample member (22), the sample
member (22) can include a single continuous absorbent member which extends along the
length of blood vessel to be diagnosed.

Figures 10(a) and (b) illustrate an embodiment with a single continuous
absorbent member (46) within the sample member (22). In a manner similar to that
described for the embodiment of Figures 7(a) and (b), the sleeve 28 with its through holes
(34) can be moved from a position as illustrated in Figures 10(z) where the through holes
(34) and openings (26) are not in alignment to a position as illustrated in Figure 10(b)
where they are in alignment. When the through holes (34) and openings (26) are in
alignment, blood flows into the sample member (22) and is absorbed into the absorbent
member (46) at predetermined positions along its length. Subsequently, samples can be
taken from those predetermined positions. Also, the absorbent member (46) can be
interrogated with micron resolution in an external device, for instance using fluorescent
tags etc.

As illustrated in Figure 11(a), the absorbent member (46) can comprise a planar
member which is rolled into a cylinder and can then be unrolled as iltustrated in Figure
11(b). This provides additional three dimensional information because the sampling is
being taken not only along the length of the blood vessel, but also at different radial angles
around its periphery. As illustrated in Figures 11(a) and (b) the part (48) of the sample
adjacent the problem area (12) will contain a variation, such as concentration, indicating
the problem area (12). In this respect, the absorbent material can be interrogated with

micron resolution in an external device, for instance fluorescent tags etc.
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It will be appreciated that, although the embodiments described above have been
described only with an axial array of openings and pockets, it is also possible to provide an
array which additionally extends around the periphery of the catheter in a radial fashion. In
this way, a three dimensional sample can be taken.

As illustrated in Figure 12, a membrane (50) may be used to cover the opening
(26). This is also applicable where a pocket (24) is not used. The membrane allows
plasma to pass through it, but not other parts of the blood. In this way, it increases the
useful concentration of the test sample and, therefore, can reduce the required collection
volume.

In one aspect of the invention as illustrated in Figures 13(a), (b) and (c), similar
to the embodiment of Figure 11(a) and (b), a single continuous absorbent member (46) may
be exposed in its entirety by withdrawing the sleeve (28). As a result, the blood absorbed
into the absorbent member (46) represents a sample at a plurality of locations along the
length of the blood vessel.

It is also possible to provide a suction tube in the centre of the absorbent member
separated from the absorbent member by a membrane that allows air to pass through but
not blood or biomarkers. This would help draw blood into the absorbent material but
would prevent any pooling or mixing of the collected samples in the suction tube. A single
suction tube can be provided like that illustrated in Figures 4, 5, 6(b), 7(a) or 7(b).
Alternatively, multiple tubes could be provided like those illustrated in Figures 8(a) and (b)
or individual suction chambers like those illustrated in Figures 9(a) and (b).

It is also possible to capture a blood sample at a plurality of locations along the
length of the blood vessel by using only a single opening or inlet port. Figures 14(a), (b)
and (c) illustrate highly schematically a sampling part having an opening (26) forming an
inlet port at a distal end and vacuum passageway (38) forming an axial channel running
from the inlet port to a proximal end. By pulling the sampling part (6) along the length of
the blood vessel (4) whilst applying suction to the axial channel at the outlet port,
sequential slugs of blood may be sampled at known/positions. The resulting slugs of blood
in the vacuum passageway (38) forming the axial channel represent a blood sample at
plurality of locations along the length of the blood vessel. Figure 15 illustrates
schematically the positioning device (52) and suction device (54) required for this.

Blood contained in the vacuum passageway (38) forming the axial channel can

then be dispensed into a sample collector having a plurality of discrete sample reservoirs.
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This is illustrated in Figure 15 in relation to an embodiment where blood is sampled

continuously and dispensed consecutively into sample reservoirs (56) of a sample collector

(58). Of course, this is also preferably provided in conjunction with a positioning device.



10

15

20

WO 2006/126002 PCT/GB2006/001933

-15-
CLAIMS

1. A catheter for insertion into a blood vessel, the catheter having a sampling
part arranged to capture a blood sample at a plurality of locations along-a length of the

blood vessel.

2. A catheter according to claim 1 wherein the sampling part is arranged to
capture a plurality of discrete blood samples and includes an axially elongate sample
member having an axial array of a plurality of openings for receiving blood from outside

the catheter at intervals along said length of the blood vessel.

3. A catheter according to claim 2 wherein the sampling part includes:

an elongate sleeve coaxial with the sample member and defining an axial passage
for housing the sample member wherein withdrawal of the sleeve axially from the sample
member exposes the openings so as to collect a respective plurality of samples along said

length of the blood vessel.

4. A catheter according to claim 2 wherein the sleeve includes a plurality of
respective through holes positioned so that all of the openings may be exposed

simultaneously to blood outside the catheter.

5. A catheter according to claim 2, 3 or 4 wherein the sampling part includes:

a respective plurality of pockets for receiving blood from the openings.

6. A catheter according to claim 5 wherein each of said pockets is at least
partially evacuated such that, upon exposure by the sleeve, the pockets suck in blood from

outside the catheter.

7. A catheter according to claim 5 wherein the sampling member further

includes:
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a vacuum passageway connecting each of the pockets, the vacuum passageway

allowing suction to be applied to each of the pockets.

8. A catheter according to claim 7 wherein the pockets and the vacuum
passageway are pre-filled with a fluid which can be drawn out of the catheter so as to draw

blood into the pockets from outside the catheter.

9. A catheter according to any one of claims 2 to 5 wherein the sampling part
includes:
a respective plurality of vacuum passageways connected to respective openings

so as to allow suction to be applied individually to each opening.

10. A catheter according to claim 9 further including;
a respective plunger within each vacuum passageway moveable away from the

opening so as to draw blood through the opening from outside the catheter.

11. A catheter according to claim 5 wherein the sampling part further includes
a respective plurality of pistons in the pockets whereby movement of the pistons away from

respective openings sucks blood into the respective pockets.

12. A catheter according to claim 11 wherein the pistons are movable in the
axial direction to suck blood into the respective pockets and the sampling part further
includes an axially extending actuator to which all of the pistons are attached and by which

the pistons may be moved.

13. A catheter according to any one of claims 2 to 12 further including:
a membrane layer covering the pockets, the membrane layer allowing blood

plasma into the pockets.

14. A catheter according to any preceding claim wherein the sampling part is
arranged to capture a plurality of discrete samples along said length of the said blood

vessel.
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15. A catheter according to claim 14 wherein each discrete sample is between

10pl and 50pl.

16. A catheter according to any one of claims 2 to 13 wherein the sampling
part includes an axially elongate sample member comprising a continuous absorbent

material.

17. A catheter according to claim 1 further including:

an inlet port at a distal end of the sampling port and an outlet port at a proximal
end of the sampling part, the sampling part defining an axial channel running from the
distal end to the proximal end; and

a suction device for connection to the outlet port and a positioning device at the —
proximal end, the suction device being arranged to draw blood in the inlet port and the
positioning device being arranged to move the sampling part and, hence, move the inlet

port along said length of the blood vessel.

18. A catheter according to claim 17 further including:

a sample collector in fluid communication with the outlet port for collecting

consecutive samples from the inlet port.

19. A catheter according to any preceding claim wherein the catheter includes a
reference guide for insertion into a blood vessel at a fixed position relative to the blood
vessel, the reference guide defining an axial duct into which the sampling part may be
mserted to collect blood samples and from which the sampling part may be extracted, the
reference sleeve and the sampling part being provided with respective indexing parts which
position the sampling part at a predetermined relative position with the reference sleeve

when the sampling part is inserted in the axial duct.

20. A catheter according to claim 19 further including:
a treatment part for insertion into the axial duct in place of the sampling part, the
treatment part having an indexing part allowing, by reference to the indexing part of the

reference guide, the treatment part to be positioned in the blood vessel as required.
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21. An apparatus for analysinghblood samples captured by a catheter according
to any preceding claim, the apparatus being arranged to analyse blood taken from a
plurality of locations along said length of the blood vessel and to provide a profile of

concentration levels along said length of the blood vessel.

5 22. An apparatus according to claim 21 further arranged to provide a profile of
cardiac inflammatory marker along said length of the blood vessel.

23. An apparatus according to claim 22 further arranged to calculate from the
profile the marker background level of the sample blood.

24. An apparatus according to claim 22 or 23 further arranged to predict, from -
10  elevated portions of the profile, the location of problem areas along the length of the blood

vessel.

25. A catheter system including a catheter according to any one of claims 1 to

20 and an apparatus according to any one of claims 21 to 24.

26. A method of profiling a length of a blood vessel including using a catheter
15 to take a plurality of blood samples at a plurality of respective locations along the length of
the blood vessel so as to provide a profile of concentration levels along the length of the

blood vessel.

27. A method according to claim 26 using a catheter having a sleeve and a
sampling part insertable along the sleeve, the method including:
20 taking the plurality of blood samples with the sleeve at a reference position,
applying treatment to a part of the blood vessel located with reference to the

reference position of the sleeve.

28. A method according to claim 26 or 27 further including analysing the
plurality of blood samples so as to locate parts of the blood vessel requiring treatment.
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29. A method according to claim 28 wherein the step of analysing includes
calculating background levels for markers being detected in the plurality of blood samples.

30. A method according to any one of claims 26 to 29 including:
providing the plurality of blood samples individually to an apparatus, such as an

apparatus according to any one of claims 21 to 24, for analysis.

31. A method according to any one of claims 26 to 30 wherein the plurality of

samples are obtained substantially simultaneously.

32. A method according to any one of claims 26 to 31 using a catheter

according to any one of claims 1 to 20.



WO 2006/126002 PCT/GB2006/001933

o) )

7 77 ]

B W N
l

==
XS )
VA o )

(

O
O
O
ooo
ooo
ooO
o]
0
0
0
0
N

SUBSTITUTE SHEET (RULE 26)



WO 2006/126002 PCT/GB2006/001933

\ 2

)

VA

Fig.1(f)
P J o2

S SRISIS
3 1\ \

ORI

odotetotetetotete:

uo¢oooowl

pfeleletetedele% ] )

0202205 %% %% '
I IIIIR

L2200 A7

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/001933

WO 2006/126002

3/15

| AHH_ S N/ N/ /\/\_ /ﬂ,wﬁwy@

A

QM\\N\%\&\

LA AT T LT .\\\.\\\xm«\\\
14 vm ©N wm

Moy} pooid

—>
(0)z b4

(= LN NN NN LN £

MOJ} pooig

—

AP LI AT T AT AT ST \N\\\X\\M\\\\

‘qg 614

vm wN

(T LT LS LA LSS AL LS LS T A AL AR LA T

:AU L NN NN N[ /\I/LS

43

MO}} PooIg

—

S S T A

jom

\\\\\\\\\M\\\\\\XJ\\\\\\X \\\\\\\ e :
9 vm g 2z b ANF v_m 82

TAUE

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/001933

WO 2006/126002

4/15

m AU

N LT unnu.._ﬂ‘:r.

Mol pooid

—>

\m.u.mlﬂ- \.uu.nuﬂvwl/ LTS

T ()5 1.4

AH_ L S TNoA v,\. Nt NAT NN /)\l/\v_z,

Moj} Poo|g

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/001933

WO 2006/126002

515

VLSS LSS LSS L

Plojiuey
WINNOBA

L2

VLSS L LSS LS LSS LSS

L/ N&%\%% \\\\RT

B WAAVARVARAAV AR ARVAR \V |

\ =

3014 R4 g e

NN

VLS LS LSS LSS

WNNogj, WNNJEA WNNOBA WNNOBA WNNJEA WNNJBA  WNNJBA
-ald -ald -9i1d -9id -ald -aid -aid

/AAVARVAAVARVARVARVARV =\

L - \V\\\\ \X\\\ LA K '/

4
vm wmm. m_n_ m @qm

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/001933

WO 2006/126002

6/15

(LSS LSS L

4 \\\\\_ _\\ A VA VAKX \_ N_ QN\NT_\\\\\N_ .VQN\\\_ A\\_

@ @a@g@ @ T£1™ T

"(q)9 614

VLS LSS L LS LSS LS LS

wnndep  WnNnoeA  WNNoeA WNNoBA  WNNogA WNNOBA  WNNJBA  WNNJEA
-ald -9ld -9ld Qn_ -ald -aid -ald -ald

\J}\m \VAAVARVAAVAR VAR

7 77777 _N\N& _\\\\\\L w\\K\L _\\\w\]\\\\s a\\ V. /7]
vm wm

3@ JF

SUBSTITUTE SHEET (RULE 26)



7115

AL_// OO NN NN NN NN NN NN NN NN NN NN NNV

All:x////f//(////(/_ V/V/ _////J _/ //4 7///47//)/4 r///lé _/ AN\ 7/Q

N //////// / / ///////(////ﬁ//y///y/y/y/ /////////

SUBSTITUTE SHEET (RULE 26)

NNVINNNNY — V/M# BRONSNNN F/Q NN _///ZL BNNNN RN

\\\\\\\

\/E\»}mw} =N




ANANANANAN /
]

8/15

: 4 %./, _ mn.m..n.nh,l.///
== __INHWV//J////V/ N

NN NN NN

/HJ([/

NN

/_//AJ

\W

W

SUBSTITUTE SHEET (RULE 26)



Wi \\\

Rl s’

/////// /// SOOOONNNNN //////(///

ANNNNNNAT ///////
._ .. Al L —

K\Q\\\

7, Jimin7/ 7| P
7////;/ //é T

9/15

SUBSTITUTE SHEET (RULE 26)



m LLLLLLLLL L L L L L L L L L L 7

I

SOOI NI RN R AR AR RTI AR TETERTTTTETETETETTE T E©E ©® S S @S s ssS=s

Gy,

10/15

eSS RIS o o S SSHISSSS BSSSSTTSSSSST TSNS
L B/\ \&1\ ./ /. \\ \\ (/L . \N\\\\ /]

EVS b4

§§§§\\§\§\\\\\\\§§ 7

L L L L £ L LLLLLL L L
SOOONNONNANNANNANNN //)/,Q////// NN OO N NNV ANTATANNNNNNN

§\\\\§ Y §§§§\&

SN RNNNNANY TN L ENSNNONNL NNNINANY TINSNNNONY TN
. \N\\ \\\\\T_\\WX\\[\\ \\w _\\ \_Fq\\\\r_\N\ A VXA w\T\A\\; |

77 \\\\\\\\&\\\\\\\ \\\\

SUBSTITUTE SHEET (RULE 26)



IO IE_| |y Q-

| .... / .,..
om ‘(e) 1164 St




i

| =

-/// /// ////%///////////////////







PCT/GB2006/001933

WO 2006/126002

14/15

AL AL LSS AL LS LA ST IS S ST L T T LT LS ST T LT T

. Exme=db=—=d k=x=-|

r

winnoep

\ =

77 T 7777 2 7 7T T P 7 T P e 77 7T 77 777 77

[

MOJ} pooig

<

8¢ o ‘(0)y 1B

1

wnnoep,

(LTS AL \\\\\\\M\N\\\\\\ Tt RS T A

MO}} pooig

<

68 e (@) 1Bi4

LA L LA LA S L T TL A LS LSLTLAS S TA ST AL A S S LTS T T 7 A

Q.__

_ Eo=—d]

WNNOBA

A \ &

T 7 X7 T 77 77 A7 Pt 777 7 N 7 777 7.

MOJ} pooig

<

oo E ®  (e)y1bi

SUBSTITUTE SHEET (RULE 26)



PCT/GB2006/001933

WO 2006/126002

15/15

g

A0

VAR VAR

Vil
\M 2 7T T 77 77 777 777272 wow pooia
_

ﬂ P <—
LIRIIEELIIIIES I =mris e G LS

ge 21 9z

P
e

14
‘91614

L/ \8

sz
JP

Ql
0

‘GBI

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2006/001933

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B5/00 A61B10/00

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B A61IM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2004/010874 A (BROWN, STUART, B) 1,2,5-7,
5 February 2004 (2004-02-05) 9-12,14,
15,21,25
A the whole document 12
Y 19,20
X US 5 533 516 A (SAHATJIAN ET AL) 1,2,5,7,
9 July 1996 (1996-07-09) 8,13,14,
cited in the application 16,21,25
the whole document
X US 4 265 249 A (SCHINDLER ET AL) 1,2,5,7,
5 May 1981 (1981-05-05) 9,13,14,
21,25
A column 2, line 41 - column 4, line 31; 17,18
figures 1-3
-/

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

"E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

"P* document published prior to the international filing date but
later than the priority date claimed

e

e

o

gr

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed ipvention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-—
ments, such combination being obvious to a person skilled
inthe ar.

document member of the same patent family

Date of the actual completion of the international search

2 August 2006

Date of mailing of the international search report

10/08/2006

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340—2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Jameson, P

Form PCT/ISA/210 (second sheet) {April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2006/001933
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 066 283 A (SKRABAL ET AL) 1,2,14,
19 November 1991 (1991-11-19) 21,25
A the whole document 17,18
X US 5 531 714 A (DAHN ET AL) 1,17,18,
2 July 1996 (1996-07-02) 21,25
column 4, Tine 33 - column 6, line 55;
figures 1-3
X US 2003/171664 Al (WENDLANDT JEFFREY M) 1,2,5-7
11 September 2003 (2003-09-11)
the whole document
X US 2003/208154 Al (CLOSE BENJAMIN W ET AL) 1,2,21,
6 November 2003 (2003-11-06) 25
A paragraphs [0059] - [0074]; figures 1-7 17,18
paragraphs [0083] - [0086]; figure 8
X WO 03/080166 A (HALPERIN, HAIM; SHALEV, 1-4
ILAN) 2 October 2003 (2003-10-02)
A the whole document 17,19
X US 4 808 158 A (KREUZER ET AL) 1,2
28 February 1989 (1989-02-28)
Y abstract; figures 1,2 16
A US 4 638 811 A (BISERA ET AL) 1,21,25
27 January 1987 (1987-01-27)
abstract; figure 1
A US 4 573 968 A (PARKER ET AL) 1,21,25
4 March 1986 (1986-03-04)
column 3, Tine 9 — column 5, Tine 25;
figures 1-3
A US 5078 135 A (CAPRIOLI ET AL) 1,21,25
7 January 1992 (1992-01-07)
abstract; figures 1,2
A US 3 595 241 A (DAVID S. SHERIDAN) 1,2,4,
27 July 1971 (1971-07-27) 10,17-19
Y column 3, Tine 24 - column 6, Tine 10 16
Y US 5 702 418 A (RAVENSCROFT ET AL) 19,20
30 December 1997 (1997-12-30)
column 5, lines 46-53
column 6, lines 21-58; figure 1
A US 6 607 477 B1 (LONGTON WALLACE A ET AL) 19
19 August 2003 (2003-08-19)
abstract

Form PGT/ISA/210 (continuation of second shest) (April 2005)

page 2 of 2




International application No.

INTERNATIONAL SEARCH REPORT PCT/GB2006/001933

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

=32
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Diagnostic method practised on the human or animal body
Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
therapyRule 39.1(iv) PCT - Method for treatment of the human or animal body
by surgery

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such

an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

l:l No protest accompanied the payment of additional search fees,

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2006/001933
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2004010874 A 05-02-2004 AU 2003254224 Al 16-02-2004
CA 2497282 Al 05-02-2004
EP 1545318 Al 29-06-2005
US 5533516 A 09-07-1996 US 5409012 A 25-04-1995
US 4265249 A 05-05-1981 DE 2734247 Al 08-02-1979
FR 2398485 Al 23-02-1979
GB 2003388 A 14-03-1979
JP 1439648 C 19-05-1988
JP 54026783 A 28-02-1979
JP 62044492 B 21-09-1987
US 5066283 A 19-11-1991 WO 8900397 Al 26-01-1989
AT 93698 T 15-09-1993
CN 1030352 A 18-01-1989
DE 3883736 D1 07-10-1993
EP 0322453 Al 05-07-1989
US 5531714 A 02-07-1996 US 5520178 A 28-05-1996
US 2003171664 Al 11-09-2003 AU 3982901 A 03-09-2001
WO 0162141 Al -30-08-2001
US 2004162485 Al 19-08-2004
US 2003208154 Al 06-11-2003 AU 2003239334 Al 17-11-2003
Wo 03092766 A2 13-11-2003
W0 03080166 A 02-10-2003 AT 331655 T 15-07-2006
AU 2003214621 Al 08-10-2003
EP 1490137 Al 29-12-2004
US 4808158 A 28-02-1989 AU 5946286 A 08-01-1987
' DE 3523520 Al 08-01-1987
EP 0212159 A2 04-03-1987
ES 2000640 A6 16-03-1988
JP 1677939 C 13-07-1992
JP 3040625 B 19-06-1991
JP 62079069 A 11-04-1987
US 4638811 A 27-01-1987  NONE
US 4573968 A 04-03-1986  NONE
US 5078135 A 07-01-1992 AU 5724790 A 07-01-1991
W0 9014791 Al 13-12-1990
US 3595241 A 27-07-1971 DE 2007738 Al 15-10~1970
GB 1302066 A 04-01-1973
US 5702418 A 30-12-1997 AT 330541 T 15-07-2006
CA 2231683 Al 20-03-1997
EP 0850022 Al 01-07-1998
JP 115612318 T 26-10-1999
WO 9709932 Al 20-03-1997
US 6607477 Bl 19-08-2003 AU 774988 B2 15~07-2004
Al 4306899 A 06-09-1999

Form PCT/ISA/210 (patent family annex) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2006/001933
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6607477 Bl CA 2321414 Al 26-08-1999
EP 1056489 A2 06-12-2000
JP 2002503525 T 05-02-2002
Wo 9942149 A2 26—-08-1999

Form PCT/ISA/210 (patent family annex) (April 2005)

page 2 of 2




[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RBA

L5
H M2 TF S0k
S\EREERR

BEG®)

EP1912556A1 K (aH)A
EP2006744004 % A
PARIRERA A
PAHIIRB R F]
PARIIRERA A

OWEN RICHARD HARLEY GRENVILLE
BLATCHER STEPHEN

FOX STEWART MADDISON

HUGHES MARTIN LAWRENCE

OWEN, RICHARD HARLEY GRENVILLE
BLATCHER, STEPHEN

FOX, STEWART MADDISON

HUGHES, MARTIN LAWRENCE

A61B5/00 A61B10/00 A61B5/155

2008-04-23

2006-05-25

patsnap

A61B1/00094 A61B5/15003 A61B5/150236 A61B5/150992 A61B5/153 A61B5/154 A61M25/0071

A61M2025/0008 A61B5/155

2005010801 2005-05-26 GB
EP1912556B1

Espacenet

—MATHEANENSE K ZSEEEXRERD (6) , ZXFEHD
(6) MERRBMENKEESMIBELBRMBEFAR , HEZEER
BRSNS MIBEREN MR, MENKEF R NERENRE

KFWT o


https://share-analytics.zhihuiya.com/view/e7115df3-8d8a-4b15-b8cc-4540114f9f4f
https://worldwide.espacenet.com/patent/search/family/034834711/publication/EP1912556A1?q=EP1912556A1

