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A catheter for insertion into a blood vessel, the catheter hav-
ing a sampling part arranged to capture a blood sample at a
plurality of locations along a length of the blood vessel and an
apparatus arranged to analyse blood taken from a plurality of
locations along the length of the blood vessel and to provide
a profile of concentration levels along the length of the blood
vessel.
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CATHETER

[0001] 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.

[0002] TItis known, for instance, from US 2004/0102686 to
carry out methods of diagnosis for identifving vulnerable
plaque by identifying pathological markers such as C-reac-
tive 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 dif-
ferential concentration of the pathological marker as mea-
sured by the detectors indicates the presence of the pathologi-
cal 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 respec-
tive tests, fitting these detectors in the catheter is relatively
difficult and, where a variety of different catheters are pro-
vided, each requires separate regulatory approval. Further-
more, 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 accu-
rately to identify the source of the markers.

[0003] U.S. Pat. No. 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 mem-
brane with openings that communicate with space that com-
municates 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 loca-
tion so that the bodily sample is received by the membrane.
The catheter is removed from the patient, the sample is col-
lected outside the body, treated, disposed onto a device, such
as a graft, stent, or catheter, and reintroduced into the body at
a desired site.

[0004] 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 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.

[0005] It is an object of the present invention to provide an
improved means of diagnosis whilst at least reducing the
problems mentioned above.

[0006] The present invention provides a method of provid-
ing 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.
[0007] Itis possible to collect multiple, spatially separated
samples at a single instance in time (eg via multiple sheath
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holes), these remaining separated with no mixing. Individual
collection ports can be ejected into multiple sample chambers
for analysis.

[0008] Having taken blood samples in this way, it is pos-
sible 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, hydro-
gen 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.

[0009] Preferably, the method involves obtaining the blood
samples using a catheter which is inserted into the blood
vessel at aknown 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.

[0010] According to the present invention there is provided
acatheter 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.
[0011] The catheter can preserve the spatial separation of
samples collected at a single instance in time.

[0012] 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
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.

[0013] 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
alength 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. The catheter has
the potential to sample nano to micro litre volumes.

[0014] 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.
[0015] 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
canbe detected even if the patient has an elevated background
level of inflammatory marker.

[0016] 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.

[0017] Unstable plaques in the blood vessel can be located
accurately which allows targeted local therapy, such as stent-
ing.

[0018] With the arrangement of the present invention, the
progress/effectiveness of chemical therapy can be monitored



US 2009/0024057 A1l

in more detailed than before. Furthermore, the process is
compatible with clinical procedures as the catheter could
collect samples within blood vessels during routine explor-
atory procedures. The process is compatible with clinical
budgets, since the catheter of the present invention is rela-
tively straightforward to construct and, hence, relatively inex-
pensive.

[0019] 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 in close proximity to the wall.
[0020] 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.

[0021] Inthis way, eachofthe 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.

[0022] 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.

[0023] 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 open-
ings, it may not be necessary.

[0024] 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.

[0025] Inother 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.

[0026] Preferably, the sampling part includes a respective
plurality of pockets for receiving blood from the openings.

[0027] In this way, the pockets provide respective storage
chambers for each opening.

[0028] 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.

[0029] 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.

[0030] 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.

[0031] Inthis, way, by connecting the vacuum passageway
to an external low pressure source, blood samples may be
drawn through the openings as required.

[0032] 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.
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[0033] Pre-filling the pocket and vacuum passageway in
this way, as with evacuating the pockets, reduces the release
of bubbles into the blood flow.

[0034] 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 indi-
vidually to each opening.

[0035] In this way, sampling from each opening can be
individually controlled.

[0036] 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.

[0037] 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 con-
trolled.

[0038] 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.

[0039] The pistons act like the plungers mentioned above,
but are provided within pockets, rather than the vacuum pas-
sageways.

[0040] 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.

[0041] This provides a convenient arrangement for simul-
taneously actuating the pistons of all of the pockets.

[0042] A membrane layer may be provided covering the
openings, the membrane layer allowing plasma through the
openings.

[0043] In this way, plasma may be sampled whilst leaving
platelets etc outside the catheter. This increases the concen-
tration of the test sample and allows reduction in the collec-
tion volume.

[0044] As described above, preferably, the sampling part is
arranged to capture a plurality of discrete samples along said
length of the blood vessel. Many diagnostic chemistry pro-
cesses require samples of approximately 50 ul and, hence, for
many embodiments each discrete sample is substantially of
this value. However, the discrete samples may be between 0.1
ul and 100 pl, more preferably between 20 ul and 50 pl.
[0045] 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 open-
ings, such that each opening feeds a respective sample into 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.

[0046] 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 posi-
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tioning 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.
[0047] 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.

[0048] In this way, the continuous sample of blood drawn
into the catheter represents a sample along the length of the
blood vessel.

[0049] The catheter may be provided with a sample collec-
tor in fluid communication with the outlet port for collecting
consecutive samples from the inlet port.

[0050] 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.

[0051] 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 predetermined relative position with the reference
sleeve when the sampling part is inserted in the axial duct.
[0052] 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.

[0053] In this respect, the catheter preferably further
includes a treatment part for insertion into the axial duct in
place of the sampling part, the treatment part having an index-
ing part allowing, by reference to the indexing part of the
reference guide, the treatment part to be positioned in the
blood vessel as required.

[0054] 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.

[0055] 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.

[0056] The apparatus is preferably arranged to provide a
profile of cardiac inflammatory marker along the length of the
blood vessel.

[0057] Itispreferably further arrangedto calculate from the
profile the marker background level of the sample of blood.
[0058] 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.

[0059] According to the present invention, there is also
provided a catheter system including both the catheter and the
apparatus described above.

[0060] 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 imme-
diately after collection, the samples from different locations
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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 concen-
tration of the markers can be plotted against their location
along the length of the sampling catheter.

[0061] The catheter may take samples not only along the
length of the blood vessel, but also radially around the outer
periphery of the catheter. In this case, the concentration mark-
ers can be plotted against their location in three dimensions.
[0062] 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 gra-
dient 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.

[0063] 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, Spec-
troscopy, Magnetic Resonance Imaging, Electron beam com-
puted 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.

[0064] 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.

[0065] 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:

[0066] FIGS. 1(a) to (g) illustrate schematically a general
method of treatment and diagnosis;

[0067] FIGS. 2(a), (b) and (c) illustrate a catheter;

[0068] FIGS. 2(d) and (e) illustrate a catheter embodying
the present invention;

[0069] FIG. 3 illustrates a catheter embodying the present
invention;
[0070] FIG. 4 illustrates a catheter embodying the present
invention;
[0071] FIG. Sillustrates a catheter embodying the present
invention;
[0072] FIGS. 6(a) and (b) illustrate a catheter embodying

the present invention;

[0073] FIGS. 7(a) and (b) illustrate a catheter embodying
the present invention;

[0074] FIGS. 8(a) and (b) illustrate a catheter embodying
the present invention;

[0075] FIGS. 9(a) and (b) illustrate a catheter embodying
the present invention;

[0076] FIGS. 10(a) and () illustrate a catheter embodying
the present invention;

[0077] FIGS. 11(a) and (b) illustrate an absorbent planar
member; and
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[0078] FIG. 12 illustrates a membrane for covering open-
ings of catheters embodying the present invention;

[0079] FIGS. 13(a), (b) and (c¢) illustrate a catheter
embodying the present invention;

[0080] FIGS. 14(a), (b) and (c¢) illustrate a catheter
embodying the present invention;

[0081] FIG. 15 illustrates a catheter embodying the present
invention with a positioning device and a suction device; and
[0082] FIG. 16 illustrates a catheter embodying the present
invention with a sample collector.

[0083] 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 FIG. 1(a) to (g).

[0084] As shown in FIG. 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 FIG. 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 pro-
vided such that, when fully inserted, the sampling part (6) has
a predetermined relative positioning with the reference guide
).

[0085] Various different embodiments will be described
below, but, as illustrated in FIG. 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) deter-
mined 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 with-
drawn from the reference guide (2) as illustrated in FIG. 1(c)
and provided to an apparatus (14) as illustrated schematically
in FIG. 1(d). The apparatus (14) analyses the blood samples
and provides at an output a map of single/multiple biochemi-
cal marker gradients (16) along the length of the blood vessel
(4). As illustrated in FIGS. 1(e) and (f), a treatment catheter
(18) may then be deployed to the exact position of the zone of
interest, e. 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).

[0086] In the example illustrated in FIGS. 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.

[0087] Itis 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.

[0088] The presentinvention 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 biom-
arkers relevant to vulnerable plaque include:

[0089] 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.
[0090] FIGS. 2(a), (b) and (c) illustrate schematically an
example of a catheter arrangement useful for an understand-
ing of the present invention.
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[0091] The sampling part (6) includes a sample member
(22) in which an axial array of a plurality of pockets (24) are
formed. Eachof the pockets (24) forms, at the outer surface of
the sample member (22), a corresponding opening (26).
[0092] 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, FIGS. 2(a), (b) and (¢)
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 FIGS. 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 FIGS. 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.

[0093] A corresponding embodiment of the present inven-
tion is illustrated in FIGS. 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 be moved so as to
bring its through holes into alignment with the openings (26).
[0094] FIG. 3 illustrates a catheter like that illustrated in
FIGS. 2(a), (#) and (c), but where the pockets (24) are evacu-
ated prior to use. In other words, they have an internal pres-
sure which is less than atmospheric and preferably signifi-
cantly less than atmospheric.

[0095] 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.

[0096] Inthearrangement of FIG. 4, instead of prior evacu-
ation of the pockets (24), the pockets (24) are all intercon-
nected by a vacuum passageway (36). The vacuum passage-
way (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.

[0097] Inthe arrangement of FIG. 5, the pockets and, pref-
erably, 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.

[0098] As mentioned above, the sleeve (28) can be pro-
vided with a plurality of through holes (34) corresponding to
respective openings (26) and pockets (24). FIGS. 6(a) and (b)
illustrate embodiments based on the arrangements of FIGS. 3
and 4 modified in this way. FIGS. 7(@) and (b) illustrate an
embodiment based on the arrangement of FIG. 5 modified in
this way.

[0099] It is possible to use a plunger (40) in a vacuum
passageway (38) in order to draw blood in through the open-
ings (26). The embodiment of FIGS. 8(«) and (b) is based on
an arrangement where individual respective vacuum passage-
ways (38) are provided for each respective opening (26). As
with the embodiments of FIGS. 4 and 5, an external vacuum
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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 F1G. 8(5). Although individual pockets
could be provided for each opening (26), in the illustrated
embodiment, the vacuum passageways (38) effectively them-
selves form pockets. It will also be appreciated that, in this
embodiment, a sleeve is not necessary. though, for certain
applications, might be desirable.

[0100] Inthe embodimentof FIGS. 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.

[0101] 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.

[0102] FIGS.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 FIGS. 7(a) and (), the sleeve 28 with its
through holes (34) can be moved from a position as illustrated
in FIGS. 10(a) where the through holes (34) and openings
(26) are not in alignment to a position as illustrated in FIG.
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 mem-
ber (46) at predetermined positions along its length. Subse-
quently, samples can be taken from those predetermined posi-
tions. Also, the absorbent member (46) can be interrogated
with micron resolution in an external device, for instance
using fluorescent tags etc.

[0103] As illustrated in FIG. 11(a), the absorbent member
(46) can comprise a planar member which is rolled into a
cylinder and can then be unrolled as illustrated in FIG. 11(5).
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 FIGS. 11(a) and (b) the part
(48) of the sample adjacent the problem area (12) will contain
avariation, such as concentration, indicating the problem area
(12). In this respect, the absorbent material can be interro-
gated with micron resolution in an external device, for
instance fluorescent tags etc.

[0104] It will be appreciated that, although the embodi-
ments 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.

[0105] As illustrated in FIG. 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
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increases the useful concentration of the test sample and,
therefore, can reduce the required collection volume.

[0106] Inoneaspect of the invention as illustrated in FIGS.
13(a), (£) and (¢), similar to the embodiment of FIGS. 11(a)
and (), 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.

[0107] 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 FIGS. 4, 5, 6(5),
7(a) or 7(b). Alternatively, multiple tubes could be provided
like those illustrated in FIGS. 8(a) and () or individual suc-
tion chambers like those illustrated in FIGS. 9(a) and (b).
[0108] 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. FIGS. 14(a), (b) and
(¢) 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 suc-
tion 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 loca-
tions along the length of the blood vessel. FIG. 15 illustrates
schematically the positioning device (52) and suction device
(54) required for this.

[0109] 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. This
is illustrated in FIG. 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.

1-32. (canceled)

33. A catheter for insettion into a blood vessel, the catheter
having a sampling part arranged to capture a plurality of
discrete blood samples at a plurality of respective locations
along a length of the blood vessel wherein 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; and

an elongate sleeve coaxial with the sample member, the

sleeve defining an axial passage for housing the sample
member and including a plurality of through holes cor-
responding to respective openings, wherein the through
holes are positioned so that, with withdrawal of the
sleeve axially from the sample member, all of the open-
ings are exposed simultaneously to blood outside the
catheter so as to collect a respective plurality of samples
along said length of the blood vessel.

34. A catheter according to claim 33 wherein the sampling
part includes:
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a respective plurality of pockets for receiving blood from
the openings.

35. A catheter according to claim 34 wherein each of said
pockets is at least partially evacuated such that, upon expo-
sure by the sleeve, the pockets suck in blood from outside the
catheter.

36. A catheter according to claim 34 wherein the sampling
member further includes:

a vacuum passageway connecting each of the pockets, the
vacuum passageway allowing suction to be applied to
each of the pockets.

37. A catheter according to claim 36 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.

38. A catheter according to claim 33 wherein the sampling
part includes:

arespective plurality of vacuum passageways connected to
respective openings so as to allow suction to be applied
individually to each opening.

39. A catheter according to claim 38 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.

40. A catheter according to claim 34 wherein the sampling
part further includes a respective plurality of pistons in the
pockets whereby movement of the pistons away from respec-
tive openings sucks blood into the respective pockets.

41. A catheter according to claim 40 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.

42. A catheter according to claim 33 further including:

a membrane layer covering the pockets, the membrane

layer allowing blood plasma into the pockets.

43. A catheter according to claim 33 wherein the sampling
part is arranged to capture a plurality of discrete samples
along said length of the said blood vessel.

44. A catheter according to claim 43 wherein each discrete
sample is between 10 pl and 50 pl.

45. A catheter according to claim 33 wherein the sampling
part includes an axially elongate sample member comprising
a continuous absorbent material.

46. A catheter according to claim 33 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 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 part at a predetermined relative
position with the reference sleeve when the sampling part is
inserted in the axial duct.

47. A catheter according to claim 46 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.

48. A catheter system comprising:

a catheter for insertion into a blood vessel, the catheter
having a sampling part arranged to capture a plurality of
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discrete blood samples at a plurality of respective loca-
tions along a length of the blood vessel, the sampling
part including:

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; and

an elongate sleeve coaxial with the sample member, the
sleeve defining an axial passage for housing the sample
member and including a plurality of through holes cor-
responding to respective openings, wherein the through
holes are positioned so that, with withdrawal of the
sleeve axially from the sample member, all of the open-
ings are exposed simultaneously to blood outside the
catheter so as to collect a respective plurality of samples
along said length of the blood vessel; and

an apparatus for analysing blood samples captured by the
catheter, 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.

49. A catheter system according to claim 48 further
arranged to provide a profile of cardiac inflammatory marker
along said length of the blood vessel.

50. A catheter system according to claim 49 further
arranged to calculate from the profile the marker background
level of the sample blood.

51. A catheter system according to claim 49 further
arranged to predict, from elevated portions of the profile, the
location of problem areas along the length of the blood vessel.

52. A method of profiling a length of a blood vessel using
acatheter for insertion into a blood vessel, the catheter having
a sampling part arranged to capture a plurality of discrete
blood samples at a plurality of respective locations along a
length of the blood vessel, the sampling part including 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 and
an elongate sleeve coaxial with the sample member, the
sleeve defining an axial passage for housing the sample mem-
ber and including a plurality of through holes corresponding
to respective openings, wherein the through holes are posi-
tioned so that, with withdrawal of the sleeve axially from the
sample member, all of the openings are exposed simulta-
neously to blood outside the catheter so as to collect a respec-
tive plurality of samples along said length of the blood vessel,
the method including using the catheter 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 con-
centration levels along the length of the blood vessel.

53. A method of profiling a length of a blood vessel includ-
ing taking a plurality ofblood samples ata plurality of respec-
tive locations along the length of the blood vessel so as to
provide a profile of concentration levels along the length of
the blood vessel.

54. A method according to claim 53 using acatheter having
a sleeve and a sampling part insertable along the sleeve, the
method including:

taking the plurality of blood samples with the sleeve at a

reference position,
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applying treatment to a part of the blood vessel located with 56. A method according to claim 55 wherein the step of
reference to the reference position of the sleeve. analysing includes calculating background levels for markers
55. A method according to claim 53 further including anal- ~ being detected in the plurality of blood samples.
ysing the plurality of blood samples so as to locate parts of the
blood vessel requiring treatment. ok ok ok &
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