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METHODS AFFECTING MARKERS IN PATIENTS HAVING
VASCULAR DISEASE

TECHNICAL FIELD

001. The present invention relates to methods of treating and monitoring vascular

disease.

BACKGROUND ART

002. The accumulation of atheromatous tissue on the inner walls of vascular lumens,
particularly arterial lumens of the coronary and peripheral vasculature, results in a condition
known as vascular disease. Vascular disease occurs naturally as a result of aging, but may
also be aggravated by factors such as poor diet, hypertension, heredity, vascular injury, and
the like. Atheromatous and other vascular deposits restrict blood flow and can cause

ischemia which, in acute cases, can result in myocardial infarction.

003. Atheromatous tissue can have widely varying properties, with some deposits being
relatively soft, some fibrous, some calcified and some a combination of soft, fibrous, and
calcified. Calcified deposits are frequently referred to as plaque. A special type of plaque is
called vulnerable plaque which has high lipid content and some soft or fibrous tissue as well.
Vulnerable plaque has a propensity to break off and cause cardiac or other infarctions with

little or no warning.

004. Vascular disease and a related condition, restenosis (which is the re-filling of the
vasculature with atheromatous tissue after an initial removal) can be treated in a variety of
ways, including drugs, bypass surgery, and a variety of catheter-based approaches which rely
on intravascular debulking or removal of the atheromatous or other tissue occluding a blood
vessel.Using older atherectomy devices and procedures, the goal was merely to remove
enough tissue to open an occlusion, i.e., to clear enough tissue from the lumen so that blood

flow could resume, at least for a time. Newer devices can remove more tissue.
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005.  There is a need in the art for additional methods of treating patients having vascular
disease. More particularly, there is a need in the art for methods which monitor and result in

the improvement of the blood chemistry and physiology of patients.

DISCLOSURE OF THE INVENTION

006. The invention provides a method of modulating level of a marker in a patient having
vascular disease. A marker level in the patient is determined. Sufficient vascular tissue from
the patient is removed to modulate the level of the marker. The marker level is determined

again after removing the vascular tissue.

007. The invention provides a method of modulating level of a marker in a patient having
vascular disease. A marker level in the patient is determined. An atherectomy catheter is
introduced percutaneously in the patienf and the catheter is directed to a site in a vascular
lumen containing tissue. Sufficient vascular tissue from the patient is removed to modulate
the level of the marker. The marker level is determined again after removing the vascular

tissue.

008. The invention also provides a method of modifying a marker in a patient having
vascular disease. A first form of a marker is determined. Vascular tissue sufficient to effect
a modification of the marker is removed from a vascular lumen. The modification of the
marker can be, for example, a conformational change, a structural change, an addition of a
moiety, a loss of a moiety, a change in the marker’s activity, an increase in binding activity,
and a decrease in binding activity. A second form of the marker is determined after removing

the vascular tissue.

009. These and other aspects and embodiments of the invention provide the art with

improved methods of treating and monitoring vascular disease in patients.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a list exemplary markers which can be determined as nucleic acid (mRNA or

c¢DNA) or as protein.



WO 2007/014330 PCT/US2006/029415
-3
DETAILED DESCRIPTION OF THE INVENTION

Introduction :

010. It is a discovery of the present inventor that removal of vascular tissue in an
atherectomy procedure improves the patient’s overall-health, including physiology, blood
chemistry, and/or markers of disease. Such global effects can be used to monitor success of
atherectomy as well as to monitor future progression of disease and to plan future treatments.
Modulating a Presence or Absence of a Marker

011. If enough vascular tissue is removed from the patient, the marker level
(including its presence or absence) is modulated (i.e., the level of the marker in the patient
increases or decreases). Either an increase in a beneficial marker or a decrease in a
detrimental marker indicates an improvement in the patient as a result of the atherectomy
procedure upon removal of sufficient vascular tissue from the patient.

012. A patient to be treated by the methods of the invention will generally have some
form of vascular disease, or a disease associated with vascular disease, where the condition
results in an accumulation of material in the vasculature of the patient. Vascular disease
results from an accumulation of material in vascular lumens. The accumulated material is
referred to as vascular tissue.

013. A marker can be determined in the patient. The marker may be found in blood,
lymph, serum, tears, saliva, urine, stool, sputum, or tissue of the patient. The tissue can be
vascular tissue or non-vascular tissue. The marker is selected for its association with the |
vascular disease or some aspect of the disease. Thus the marker can be expressed and present
in healthy patients, and characteristically absent in patients having vascular disease.
Alternatively, the marker can be absent in healthy patients and elevated in patients having
vascular disease. The markers are typically differentially expressed or found in healthy
versus vascular disease patients. To determine level (including presence or absence) of a
particular marker, standard assays for that marker can be used. As the marker may be
present, for example, in vascular tissue, non-vascular tissue, blood, or lymph, the assay for
the marker may be tailored to the source of the marker. The assay to determine the marker
will be tailored to the nature of the marker, e.g., a cell, a protein, a polypeptide, an expression
product of DNA, an RNA, or other marker. Standard assays known in the art can be used to

identify any of the markers for vascular disease.
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014. The marker can be, for example a protein, a polypeptide, a peptide, a fragment of
protein, a nucleic acid, a cell, a fatty acid, a lipid, a hormone, a cytokine, a chemokine, an
acute phase reactant protein, a clotting protein, a growth factor, a tissue modeling factor, an
antibody, a plasma protein, or a molecule that can be measured from the blood, lymph, or
tissue of patients.

015. The vascular tissue can be removed from the body by atherectomy procedure,
using such devices as those described herein. Any atherectomy device can be used, providing
the device is able to remove sufficient vascular tissue to effect a change in the marker that
represents a change in the physiology or body chemistry of the patient.

016. The vascular tissue removed can be any tissue found in the vasculature,
including such tissue as, for example, arterial plaque, vulnerable plaque, inflamed tissue,
arterial tissue, calcified tissue, thrombotic tissue, lipid-rich tissue, foam cell tissue,
macrophage-rich tissue, hypocellular tissue, fibrotic tissue, hypercellular tissue, and diseased
tissue. Vascular tissue can be soft and fibrous, calcified, and lipid. The specific components
of a patient’s vascular tissue will typically vary from patient to patient and may indicate the
relative seriousness in the patient’s condition. For example, plaque or calcified vascular
tissue may severely restrict flow and should be removed. Vulnerable plaque contains lipids
and other vessel wall components, and may be responsible for cardiac infarctions that occur
in otherwise asymptomatic patients. Vulnerable plaque should be removed, when possible.
The tissue removed from the vessel wall may also comprise inflamed tissue.

017. The vascular tissue can be removed from any part of the patient’s vasculature
that is accessible using an atherectomy device. Thus, the vascular tissue can be removed
from, for example, a vessel such as a blood vessel, a peripheral artery, a coronary artery and a
carotid artery.

018. In general, the targeted vessel should be identified as having vascular tissue prior
to the atherectomy procedure (for example, by a visualization technique such as sonography).
Vascular tissue is then removed from the targeted vessel by a tool or catheter capable of
removing sufficient quantities of vascular tissue.

019. A sufficient quantity of tissue is that amount that is a therapeutically significant
portion of vascular tissue sufficient to modulate the level of the marker. The modulated level
could be, for example, the level within what would be considered a healthy range, or close to
the level of what is a healthy range. What constitutes a sufficient quantity of tissue may vary

from patient to patient, but can be estimated. Particularly, a sufficient quantity of tissue can
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be determined from a study of a population. For example, where it is determined that
removal of two grams or more of vascular tissue is sufficient in most members of the
population to modulate the marker levels to close to the normal range for a healthy adult,
removal of two grams or more of tissue would be considered sufficient. In some patients,
however, removal of less could be sufficient. In other patients, more could be required.

020. The level of a beneficial marker increases as a result of removal of sufficient
vascular tissue, and the level of a detrimental marker decreases as a result of removal of
sufficient vascular tissue. It should be noted that the amount of the change in the marker
level (either up or down) is a significant amount . Typically the change is enough to indicate
that the patient’s body chemistry has been altered for the better, at least as represented by the
change in the marker level. A significant change in a marker level returns the marker level to
the range of what it would be in a healthy person, or at least substantially closer to that range
than it was previously.

021. The process of measuring or determining the marker before vascular tissue
removal, can be optionally repeated in a re-testing of the marker level after vascular tissue
removal. Even if it is believed that so much vascular tissue has been removed that a
modulation of a marker level in the patient has been effected, a second test of the marker
level after the tissue removal can be made. This second test can indicate whether the vascular
tissue removal process should be repeated, and can be used to monitor disease and/or
accumulation of vascular tissue. Post-procedure monitoring can be used to determine
treatments to reduce risk of cardiac failure or other negative outcomes of acute and moderate
vascular disease. Changes in the patient physiology or blood chemistry can be measured by
observing modulation of the presence, absence, or level of a marker in the patient’s blood,
tissue or lymph, or by a change that effects a modification of the marker itself (eg, a
conformational change in the marker).

022. The quantity of tissue removed by the method can be any amount, but is
typically from about 1 mg to about 2000 mg. Typically the amount of tissue is about 1 mg to
about 100 mg, about 10 mg to about 1000 mg, about 50 mg to about 500 mg, about 100 mg to
about 400 mg, 400 mg to about 500 mg, 500 mg to about 600 mg, about 600 mg to about 700
mg, 700 mg to about 800 mg, or about 800 mg to about 2000 mg. Ina typical procedure
about 400 mg to about 600 mg of tissue is removed. Removed tissue may optionally be

tested and/or archived.
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023. Measurement of a level of the marker of interest after removal of vascular tissue
can be made to determine that sufficient tissue, particularly tissue comprising atherosclerotic
plaque, has indeed been removed. The confirmatory measurement should be made in the
same way that the first baseline measurement (prior to the removal procedure) has been made
in order to establish a valid comparison. If it is determined that sufficient plaque has not been
removed in the first procedure more vascular tissue can be removed and the marker level can
be measured again. What will constitute a sufficient modulation in the marker level will
depend on a number of factors, including but not limited to the character of the marker itself,
the normal range for that marker in a population of individuals, and the level of the marker in
the unhealthy patient before tissue removal. Generally, removing a therapeutically
significant portion of vascular tissue from a patient will result in sufficient modulation of the
level of the marker, i.e., a significant increase or decrease in a marker level or change in the
presence or absence of the‘ marker, particularly where the marker of interest is closely
associated with overall cardiac and/or vascular health. For some markers, the desired
modulation will be a decrease in the level of the marker in the patient. For other markers, it
will be an increase in the level of the marker. In some cases, due to the time lag between
removal of vascular tissue and the body’s response to that change, it may take more than a
few hours or a day or a few days to determine that the marker or its level has indeed been
modulated or modified in response to the removal of vascular tissue. Generally, however, a
day or a few days will be sufficient waiting time before measuring the marker level to
determine that sufficient or a therapeutically significant portion of vascular tissue has been
removed. In most cases, the second measurement of the marker or its level can be made
within one week after removal of vascular tissue.

024. Modulating the level of a marker includes a quantitative change in the amount of
the marker, as well as a change from presence to absence or absence to presence. The marker
level may be measured a second or more times after the vascular tissue is removed, in order
to confirm whether sufficient vascular tissue has been removed. The desired target
modulation can be, for example, modulation of the marker level to what it would be in
normal healthy individuals showing no symptoms of vascular disease. The measurement can
be taken immediately after vascular tissue removal, or some other period of time thereafter,
such as within one minute, within one hour, within one day, within one week, within one

month, within three months, within six months, within nine months, within one year, within
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two years, within three years, within four years, within five years, or within ten years. This
period of time can be preselected as part of an overall protocol of treatment and follow-up.
025. The marker selected for observation and modulation can be any marker, whether
from blood lymph or tissue or any other part of the body that relates meaningfully to
monitoring and treating a person having vascular disease. The marker can be a marker for
inflammation, infection, or a vascular condition. A marker for infection, can be for example
a viral or bacterial marker. The marker for inflammation can comprise C reactive protein
(CRP). The marker for a vascular condition can comprise, for example, LPPLA2. The
marker can be selected from the general categories of markers, such as, for example, protein,
a polypeptide, a peptide, a fragment of protein, a nucleic acid, a cell, a fatty acid, a lipid, a
hormone, a cytokine, a chemokine, an acute phase reactant protein, a clotting protein, a
growth factor, a tissue modeling factor, an antibody, a plasma protein, or a molecule that can
be measured from the blood or lymph of patients. Some specific markers that can be the

target of modulation or modification are listed in Fig. 1.

Atherectomy Catheters

026. Modulating a presence or absence of a marker can be accomplished using an
atherectomy catheter that removes tissue from a vascular lumen of a patient. An atherectomy
catheter is introduced percutaneously into a patient and the catheter is directed to a site in the
vascular lumen containing tissue. Often the location of the tissue for removal can be
identified by a visualization technique such as sonography. Removing sufficient vascular
tissue can involve using a catheter capable of removing large amounts of tissue from the
vasculature, in single or multiple passes at a site of partial or total occlusion in the
vasculature. The elements of such atherectomy devices can include, for example, a rotating
cutter, a collection chamber, a cutting window, and that the catheter can advance through the
material in a site while cutting and collecting the tissue. Removal of sufficient vascular tissue
from a patient will typically require accessing and removing tissue from more than one site in
the patient. The second or subsequent sites can be in the same lumen as the removal of the
first aliquot of tissue, or may be in a different lumen. What tissue, and from where in the
patient it is removed will tend to be a patient specific determination, depending on where the
patient’s vascular tissue is located, and how much of it there is. The following are more
details on some atherectomy catheters that are capable of removing sufficient tissue from the

vascular lumens of patients having vascular disease.
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027. The methods modulating the presence or absence of a marker can involve
introducing a percutanous catheter in the patient and directing the catheter to a site in a
vascular lumen containing tissue. Sufficient vascular tissue is then removed from said patient
to modulate a presence or absence of the marker. Removing sufficient vascular tissue can
comprise the following steps: providing a catheter having a rotating cutter, a collection
chamber, and a cutting window, the rotating cutter being movable between a stored position
and an exposed position, at least part of the rotating cutter becoming exposed through the
cutting window when moving to the exposed position; exposing the cutter by moving the
cutter to the exposed position; advancing the catheter to move the rotating cutter through
material in a site in the body lumen, the rotating cutter remaining in the exposed position so
that the cutter and the window maintain their orientation with respect to one another when
advancing the catheter through the material, the material cut by the rotating cutter comprising
vascular tissue and being directed through the cutting window and into the collection
chamber as the catheter is advanced through the material, and removing the material from the
collection chamber.

028. The invention further comprises that prior to removing the material from the
collection chamber, moving the cutter to the stored position, repositioning the catheter at a
second site, exposing the cutter by moving the cutter to the exposed position, advancing the
catheter to move the rotating cutter through material in the second site, the rotating cutter
remaining in the exposed position so that the cutter and the window maintain their orientation
with respect to one another when advancing the catheter through the material, the material cut
by the rotating cutter being directed through the cutting window and into the collection
chamber as the catheter is advanced through the material.

029. The catheters and methods of the present invention are designed to debulk
atheroma and other occlusive material from diseased body lumens, and in particular coronary
arteries, de novo lesions, and in-stent restenosis lesions. The catheters and methods,
however, are also suitable for treating stenoses of body lumens and other hyperplastic and
neoplastic conditions in other body lumens, such as the ureter, the biliary duct, respiratory
passages, the pancreatic duct, the lymphatic duct, and the like. Neoplastic cell growth will
often occur as a result of a tumor surrounding and intruding into a body lumen. Debulking of
such material can thus be beneficial to maintain patency of the body lumen and can alter body
chemistry or physiology as indicated by a modulation of a presence or absence of a marker in

the patient. While the remaining discussion is directed at debulking and passing through
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atheromatous or thrombotic occlusive material in vasculature, it will be appreciated that the
systems and methods of the present invention can be used to remove a variety of occlusive,
stenotic, or hyperplastic material in a variety of body lumens.

030. Apparatus according to the present invention will generally comprise catheters
having catheter bodies adapted for intraluminal introduction to the target body lumen. The
dimensions and other physical characteristics of the catheter bodies will vary significantly
depending on the body lumen which is to be accessed. In the exemplary case of atherectomy
catheters intended for intravascular introduction, the proximal portions of the catheter bodies
will typically be very flexible and suitable for introduction over a guidewire to a target site
within the vasculature. In particular, catheters can be intended for "over-the-wire"
introduction when a guidewire channel extends fully through the catheter body or for "rapid
“exchange" introduction where the guidewire channel extends only through a distal portion of
the catheter body. In other cases, it may be possible to provide a fixed or integral coil tip or
guidewire tip on the distal portion of the catheter or even dispense with the guidewire
entirely. For convenience of illustration, guidewires will not be shown in all embodiments,
but it should be appreciated that they can be incorporated into any of these embodiments.
031. Catheter bodies intended for intravascular introduction will typically have a
length in the range from 50 cm to 200 cm and an outer diameter in the range from 1 French
to 12 French (0.33 mm: 1 French), usually from 3 French to 9 French. In the case of
coronary catheters, the length is typically in the range from 125 cm to 200 cm, the diameter is
preferably below 8 French, more preferably below 7 French, and most preferably in the range
from 2 French to 7 French. Catheter bodies will typically be composed of an organic
polymer which is fabricated by conventional extrusion techniques. Suitable polymers include
polyvinylchloride, polyurethanes, polyesters, polytetrafluoroethylenes (PTFE), silicone
rubbers, natural rubbers, and the like. Optionally, the catheter body may be reinforced with
braid, helical wires, coils, axial filaments, or the like, in order to increase rotational strength,
column strength, toughness, push ability, and the like. Suitable catheter bodies may be
formed by extrusion, with one or more channels being provided when desired. The catheter
diameter can be modified by heat expansion and shrinkage using conventional techniques.
The resulting catheters will thus be suitable for introduction to the vascular system, often the
coronary arteries, by conventional techniques.

032. The distal portion of the catheters of the present invention may have a wide

variety of forms and structures. In many embodiments, a distal portion of the catheter is
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more rigid than a proximal portion, but in other embodiments the distal portion may be
equally as flexible as the proximal portion. One aspect of the present invention provides
catheters having a distal portion with a reduced rigid length. The reduced rigid length can
allow the catheters to access and treat tortuous vessels and small diameter body lumens. In
most embodiments a rigid distal portion or housing of the catheter body will have a diameter
that generally matches the proximal portion of the catheter body, however, in other
embodiments, the distal portion may be larger or smaller than the flexible portion of the
catheter.

033. A rigid distal portion of a catheter body can be formed from materials which are
rigid or which have very low flexibilities, such as metals, hard plastics, composite materials,
NiTj, steel with a coating such as titanium nitride, tantalum, ME-92®, diamonds, or the like.
Most usually, the distal end of the catheter body will be formed from stainless steel or
platinum/iridium. The length of the rigid distal portion may vary widely, typically being in
the range from 5 mm to 35 mm, more usually from 10 mm to 25 mm, and preferably between
6 mm and 8 mm. In contrast, conventional catheters typically have rigid lengths of
approximately 16 mm.

034. The side opening windows of the present invention will typically have a length
of approximately 2 mm. In other embodiments, however, the side opening cutting window
can be larger or smaller, but should be large enough to allow the cutter to protrude a
predetermined distance that is sufficient to debulk material from the body lumen.

035. The catheters of the present invention can include a flexible atraumatic distal tip
coupled to the rigid distal portion of the catheter. For example, an integrated distal tip can
increase the safety of the catheter by eliminating the joint between the distal tip and the
catheter body. The integral tip can.provide a smoother inner diameter for ease of tissue
movement into a collection chamber in the tip. During manufacturing, the transition from the
housing to the flexible distal tip can be finished with a polymer laminate over the material
housing. No weld, crimp, or screw joint is usually required.

036. The atraumatic distal tip permits advancing the catheter distally through the
blood vessel or other body lumen while reducing any damage caused to the body lumen by
the catheter. Typically, the distal tip will have a guidewire channel to permit the catheter to
be guided to the target lesion over a guidewire. In some exemplary configurations, the
atraumatic distal tip comprises a coil. In some configurations the.distal tip has a rounded,

blunt distal end. The catheter body can be tubular and have a forward-facing circular
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aperture which communicates with the atraumatic tip. A collection chamber can be housed
within the distal tip to store material removed from the body lumen. The combination of the
rigid distal end and the flexible distal tip is approximately 30 mm.

037. A rotatable cutter or other tissue debulking assembly may be disposed in the
distal portion of the catheter to sever material which is adjacent to or received within the
cutting window. In an exemplary embodiment, the cutter is movably disposed in the distal
portion of the catheter body and movable across a side opening window. A straight or
serrated cutting blade or other element can be formed integrally along a distal or proximal
edge of the cutting window to assist in severing material from the body lumen. In one
particular embodiment, the cutter has a diameter of approximately 1.14 mm. It should be
appreciated however, that the diameter of the cutter will depend primarily on the diameter of
the distal portion of the catheter body.

038. In exemplary embodiments, activation of an input device can deflect a distal
portion of the catheter relative to the proximal portion of the catheter. Angular deflection of
the distal portion may serve one or more purposes in various embodiments. Generally, for
example, deflection of the distal portion increases the effective “diameter” of the catheter and
causes the debulking assembly to be urged against material in a lumen, such as
atherosclerotic plaque. In other embodiments, deflection of the distal portion may act to
expose a debulking assembly through a window for contacting material in a lumen. In some
embodiments, for example, activation of the input device moves the debulking assembly over
a ramp or cam so that a portion of the rigid distal portion and flexible tip are caused to drop
out of the path of the debulking assembly so as to expose the debulking assembly through the
window. In some embodiments, deflection may both urge a portion of the catheter into
material in a lumen and expose a tissue debulking assembly.

039. Movement of a tissue debulking assembly may cause deflection of a portion of
the catheter or that deflection of the catheter may cause movement or exposure of a tissue
debulking assembly, in vatious embodiments. In other embodiments, deflection of a portion
of the catheter and movement of the tissue debulking assembly may be causally unconnected
events. Any suitable combination of deflecting, exposing of a debulking assembly and the
like is contemplated. In carrying out deflection, exposure and/or the like, a single input
device may be used, so that a user may, for example, deflect a portion of a catheter and

expose a tissue debulking assembly using a single input device operable by one hand. In
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other embodiments, rotation of a tissue debulking assembly may also be activated by the
same, single input device. In other embodiments, multiple input devices may be used.

040. Some embodiments further help to urge the debulking assembly into contact
with target tissue by including a proximal portion of the catheter body having a rigid, shaped
or deformable portion that better contacts the vascular tissue. For example, some
embodiments include a proximal portion with a bend that urges the debulking assembly
toward a side of the lumen to be debulked. In other embodiments, one side of the proximal
portion is less rigid than the other side. Thus, when tension is placed on the catheter in a
proximal direction (as when pulling the debulking assembly proximally for use), one side of
the proximal portion collapses more than the other, causing the catheter body to bend and the
debulking assembly to move toward a side of the lumen to be debulked.

041. In exemplary embodiments, the debulking assembly comprises a rotatable cutter
that is movable outside the window. By moving the cutter outside of the cutting window
beyond an outer diameter of the distal portion of the catheter, the cutter is able to contact aﬁd
sever material that does not invaginate into the cutting window. In a specific configuration,
the rotating cutter can be moved over the cam within the rigid, or distal, portion of the
catheter body so that the cutting edge is moved out of the window. Moving the rotating
cutter outside of the cutting window and advancing the entire catheter body distally, a large
amount of occlusive material can be removed. Consequently, the amount of material that can
be removed is not limited by the size of the cutting window.

042. Certain embodiments provide methods for in vivo excising and removing
material from the inner wall of one or more lumen that is of higher quantity and quality than
prior devices or methods. The material removed therefore is better suited for use in various
testing methods. Particularly, the methods provide sufficient material or better quality and
quantity for use in one or more tests from a single percutaneous translumenal lumenectomy
procedure. Further, the material typically maintains the structure possessed by the material in
vivo. This provides for the ability to carry out certain tests, such as histology, cytopathology,
and other tests that have been difficult to perform using prior devices and methods.

043. In one embodiment the method for excising and testing material from a body
lumen comprises the steps of providing a catheter having a rotating cutter, a collection
chamber, and a cutting window, the rotating cutter being movable between a stored position
and an exposed position, at least part of the rotating cutter becoming exposed through the

cutting widow when moving to the exposed position. The catheter is advanced



WO 2007/014330 PCT/US2006/029415
-13 -

transluminally through the body lumen to move or plane the rotating cutter through material
in a first site in the body lumen, the rotating cutter remaining in the exposed position so that
the cutter and the widow maintain their orientation with respect to one another when
advancing the catheter and planing through the material. The planing action of the present
invention provides a substantially consistent and even tissue removal through the body
lumen. The contiguous strand of material cut by the rotating cutter is directed through the
cutting widow and into the collection chamber as the catheter is advanced through the
material. The material can then be removed from the collection chamber and one or more
tests performed on at least a portion of the material removed from the collection chamber.
044. The material excised from the body lumen will vary in length and will depend on
the catheter configuration, the type of material removed, the body lumen, and the like.
However, in certain embodiments, the material will be in the form of strands that have a
substantially consistent depth and width of tissue cuts. The material is typically longer than
the length of the cutting window (but it may be shorter), and typically has a length of about
2.0 mm or longer, and sometimes between about 0.5 cm up to about 10 cm or longer in
length. Advantageously, the planing action of the catheter provides a material tissue structure
that reflects the actual in vivo tissue structure, and provides information about larger portions
of the disease state of the body lumen.

045. In another embodiment the method can further comprise i) moving the cutter to
the stored position, ii) repositioning the catheter at a second site, iii) exposing the cutter by
moving the cutter to the exposed position, and iv) advancing the catheter to move the rotating
cutter through material in the second site, the rotating cutter remaining in the exposed
position so that the cutter and the widow maintain their orientation with respect to one
another when advancing the catheter through the material, the material cut by the rotating
cutter being directed through the cutting widow and into the collection chamber as the
catheter is advanced through the material. The first and second sites can be in either the same
or a different body lumen. |

046. Another embodiment for removing material from a vascular location comprises
the steps of providing a catheter having a body, an opening leading to a collection chamber,
and a cutter, the cutter being movable between a stored position and an exposed position, the
cutter becoming at least partially exposed when moving from the stored position to the
exposed position. The catheter is then percutaneously introduced into and transluminally

advanced through a patient's vascular system with the cutter in the stored position, the
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catheter being introduced into the vascular location where material is to be removed. The
cutter is then exposed by moving the cutter to the exposed position and the cutter is rotated.
The catheter is then advanced after the exposing step and during the rctating step, wherein the
rotating cutter and the opening advance together so that material cut by the rotating cutter is
directed through the opening and into the collection chamber as the catheter is advanced.
Subsequent to excising the mgterial the catheter is removed from the vascular location and
the material collected in the collection chamber is harvested and one or more tests on at least
a portion of the material removed from the collection chamber can be carried out.

047. The material removed from the collection chamber, or a portion thereof, can be
placed in a preserving agent, a tissue fixative, and or a preparation agent suitable for a desired
test prior to testing the material. The material removed from the patient by this method is
typically at least one or more strip(s) of material that maintains the structure of the material in
vivo. The quantity of material removed by the method can be from about 1 mg to about 2000
mg. Typically the amount of material is about 1 mg to about 100 mg, about 100 mg to about
200 mg, about 200 mg to about 300 mg, 300 mg to about 400 mg, 400 mg to about 500 mg,
500 mg to about 600 mg, about 600 mg to about 700 mg, 700 mg to about 800 mg, or about
800 mg to about 2000 mg. In a typical procedure about 400 mg to about 600 mg of material
is removed and available for testing and/or storage. A preferred embodiment of the present
invention provides for the collection of one or more strips of material from the inner surface
of the lumen that is longer than a largest dimension of the cutting window. In a particular
example, the material can comprise plaque tissue. The material can be collected from a
single site or at least one additional site in the same or a different body lumen.

048. As will be described in detail below, in some situations it is preferable to provide
a serrated cutting edge, while in other situations it may be preferable to provide a smooth
cutting edge. Optionally, the cutting edge of either or both the blades may be hardened, e. g.,
by application of a coating. A preferred coating material is a chromium based material,
available from ME-92, Inc., which may be applied according to manufacturer's instructions.
In some embodiments, the cutter includes a tungsten carbide cutting edge. Other rotatable
and axially movable cutting blades are described in U.S. Patent Nos. 5,674,232; 5,242,460
5,312,425; 5,431,673; and 4,771,774, the full disclosures of which are incorporated herein by
reference. In some embodiments, a rotatable cutter includes a beveled edge for removal of
material from a body lumen while preventing injury to the lumen. In still other embodiments,

a tissue debulking assembly may include alternative or additional features for debulking a
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lumen. For example, the debulking assembly may include, but is not limited to, a radio
frequency device, an abrasion device, a laser cutter and/or the like.

049. The catheters may include a monorail delivery system to assist in positioning the
cutter at the target site. For example, the tip of the catheter can include lumen(s) that are
sized to receive a conventional guidewire (typically 0.014” diameter) or any other suitable
guidewire (e.g., having diameters between 0.018" and 0.032") and the flexible proximal
portion of the catheter body can include a short lumen (e.g., about 12 centimeters in length).
Such a configuration moves the guidewire out of the rigid portion so as to not interfere with
the debulking assembly.

050. In other embodiments, however, the guidewire lumen may be disposed within or
outside the flexible proximal portion of the catheter body and run a longer or shorter length,
and in fact may run the entire length of the flexible portion of the catheter body. The
guidewire can be disposed within lumen on the flexible portion of the catheter body and exit
the lumen at a point proximal to the rigid portion of the catheter. The guidewire can then
enter a proximal opening in the tip lumen and exit a distal opening in the tip lumen. In some
embodiments, the catheter has a distal guidewire lumen on its flexible distal tip and a
proximal guidewire lumen on its flexible body. For example, in some embodiments the distal
lumen may have a length of between about 2.0 cm and about 3.0 cm and the proximal lumen
may have a length of between about 10 cm and about 14 cm. In yet further embodiments, a
distal tip guidewire lumen may be configured to telescope within a proximal guidewire
lumen, or vice versa. A telescoping guidewire lumen may enhance performance of the
catheter by preventing a guidewire from being exposed within a body [umen.

051. Any of a wide variety of conventional radiopaque markers, imaging devices,
and/or transducers may be used. In exemplary embodiments, the catheters of the present
invention can include a radiopaque distal portion and/or radiopaque markers disposed on a
distal portion of the catheter body, such as proximal and distal of the cutting window, on the
cam or ramp, so as to allow the user to track the position of the cutter, or the like. The
catheters will also be particularly useful with ultrasonic transducers, such as an IVUS, of a
type which may be deployed linearly within the catheter body or circumferentially on the
debulking assembly. Linear deployment will allow viewing along a discrete length of the
catheter axis, preferably adjacent to the cutting point, usually over a length in the range from
1 mm to 30 mm, preferably 2 mm to 10 mm. Circumferentially deployed phased arrays may

subtend a viewing arc in the range from 5° to 360°, usually from 180° to 360°. For imaging
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transducers located on cutting blades within a housing or second cutting element, the field of
imaging will generally be limited by the dimensions of the aperture. In some cases, however,
it might be possible to fabricate all or a portion of the cutter blade/housing out of an
ultrasonically translucent material. A more complete description of suitable imaging
catheters are described more fully in U.S. Patent Application Serial No. 09/378,224, filed
August 19, 1999, and entitled “Atherectomy Catheter with Aligned Imager,” now U.S. Patent
No., 6,299,622 B1, the complete disclosure of which is incorporated herein by reference. In
addition to ultrasonic array transducers, the imaging devices of the present invention may
comprise optical coherence tomography devices, such as described in U.S. Patent No.
5,491,524, the full disclosure of which is incorporated herein by reference, as well as Huang
etal. (1991) Science 254:1178-1181; Brezinski et al. (1997) Heart 77:397-403; and Brezinski
et al (1996) Circulation 93:1206-1213. In some instances, the present invention may also

provide optical imaging using optical wave guides and the like.

Kits

052. The invention also includes a kit comprising a catheter for removing vascular
tissue from a vascular lumen of a patient, a device for removing a body sample such as blood,
lymph, sweat, tears, urine, sputum, stool, or nonvascular tissue from the patient, and a
container for both. The device for removing vascular tissue can be, for example, a
FoxHollow Technologies atherectomy device or similar devices that remove vascular tissue.
The device for removing blood or lymph or other body sample from the patient can be, e.g, a
needle and syringe for extracting blood or lymph or other typical collection and/or removal
devise, including a test tube, jar, microscope slide, solid phase antigen or antibody capture
medium. A catheter or other percutaneous device can remove non-vascular tissue such as
adipose or proliferating tissue, for example. The container for holding both the tissue
removal device and the device for removing blood or lymph from the patient for marker
analysis can be a box or other suitable container with an ability to close the items together for
packaging, shipping, and storing. The kit can further comprise a device for measuring a
marker in the removed blood, lymph, or vascular or nonvascular tissue, such as a device
capable of analyzing small amounts of fluid or tissue for markers. Such devices include
dipsticks, multiwell plates, slides, etc

053. The invention likewise includes a kit having a device (such as a catheter) for

removing vascular tissue from the vascular lumen of a patient, and a device for measuring a
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marker from a patient, and a container for both of these devices. The device for measuring
the marker can be, for example, one that provides contact between a small amount of blood,
lymph, or tissue and a device for making a marker analysis. Procedures for analyzing

markers are standard in the art.

Methods of Modulating a Pathway
054. A method of modulating a pathway of molecular events in a patient having

vascular disease can be effected by first identifying a representative event in the pathway,
such as, for example, binding of two molecules, the presence or absence of a marker
molecule, increase RNA expression, increase DNA expression, inflammation, infection,
development of vascular disease (evidenced, for example, by a symptom in the patient that
would indicate vascular disease, such as, e.g., reduced blood flow to the heart or through the
vasculature), transcriptional activity, ligand binding, cell signaling, tissue proliferation in a
vascular lumen, or an altered body chemistry (as evidenced, e.g., by a change in markers in
the patient, or a change in other such indicia of a changed physiology in the patient, such as
blood pressure, temperature, stamina, pain, or other such indicia). A baseline value for the
representative event will be determined before the atherectomy procedure. The nature of the
baseline value will depend on the representative event, so that each event will have its own
characteristic value, and one or more ways to determine that value with standard assays, or
measurement devices. The values will be selected from a value determined from both a
population of otherwise healthy individuals not having appreciable vascular disease, and also
from a value for this event specific to the patient having vascular disease, before treatment by
removing vascular tissue. After treatment by removing vascular tissue, the value of the event
can be measured again, to compare it to a baseline value. The baseline value will be that
value in the patient having vascular disease, taken before the tissue removal. The baseline
value can be compared to the values of a population of normal healthy patients in order to

establish a relative condition in the patient being treated.

Methods of Modifying a Marker

055. A method of modifying a marker in a patient having vascular disease can be

accomplished by identifying the marker, and then removing sufficient vascular tissue to
effect a modification of the marker. Here, the modification is not of the level of the marker,

but of the character of the marker. For example, the modification can be a conformational
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change, a structural change, an addition of a moiety (e.g., an acetyl group, a phosphate group,
a methyl group), a loss of a moiety, a change in the marker’s activity, an increase in binding
activity, or a decrease in binding activity. Any modification possible in any marker is
contemplated, for example, a change in post-translational modification of an expressed
protein, or a change in a cell activity, and other known changes possible in marker molecules
of all types. The markers that are modified can be, for example, any of the markers listed or
discussed herein. That the marker has actually been modified can be confirmed after removal
of the vascular tissue, by removing, e.g., blood, lymph, or tissue (vascular or non-vascular) in
order to test for the marker modification. Testing for the marker modification can be
accomplished by standard means, as appropriate for the particular modification, in all cases.
056. The importance of modifying a marker can be that by changing a marker’s
“character, its activity is also changed, and where treatment for vascular disease is the goal, a

change in a marker’s activity can represent an improvement of the patient’s condition overall.

Time Periods for Second Testing of Marker

057. The method can also further comprise measuring a level of the marker, or the
character of the marker, after a pre-determined period of time after removal of vascular tissue
in order to determine if more tissue should be removed to maintain a target level or character
of a of marker. This step is distinct from measuring the marker level or character just after
removal of the tissue in order to determine that sufficient tissue has been removed to effect a
modulation in the marker. Measuring a marker level or character a second and optionally
more times after removal of vascular tissue provides the opportunity to continue to keep the
patient’s marker levels and or characteristics within the target range. Thus, within a
predetermined period of time (e.g., a pre-determined period of time such as approximately 1
minute, 1 hour, 4 hours, 6 hours, 12 hours, 1 day, 1 week, 1 month, 3 months, 6 months, 1
year, 2 years, 3 years, 4 years, 5 years, or 10 years) the marker level or character is measured
again, and if it has fallen away from the target range, more vascular tissue is removed in
order to bring the marker levels or characteristics back into normal range for the patient. The

process can be repeated as part of an ongoing treatment of the patient.

Markers
058. Particularly, it is of great advantage to reduce levels of markers of inflammation

in patients having vascular disease. The markers that are decreased after a procedure
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comprising removal of vascular tissue would be those markers the increase of which indicates
disease, and the markers that are increased after removal of vascular tissue are those markers
that are more prevalent (or prevalent at higher levels) in patients not having vascular disease
(or those patients having mild vascular disease) in comparison to sick patients. Thus, while
markers of patients having vascular disease can be reduced by a procedure comprising
removal of vascular tissue, (i.e. particularly markers of inflammation), many markers may be
modulated (i.e. increased or decreased) depending on the nature of the marker and what the
marker indicates about the condition of the patient.

059. The marker can be, for example, a marker for inflammation known as C reactive
protein (CRP). The marker can also be a marker for an atherosclerotic condition such as, for
example, LPPLA2. In addition, the marker can comprise an antibody. The marker can be
selected from the group consisting of, for example, a hormone, a cytokine, a chemokine, an
acute phase reactant, a clotting protein, a growth factor, a tissue modeling factor, and a
plasma protein. Very generally, a marker can be also selected from the group consisting of a
protein, a polypeptide, a peptide, a fragment of protein, a nucleic acid, a cell, a fatty acid, a
lipid, and a molecule that can be tested from the circulating blood of patients. Any of these
markers can be measured as is standard in the art, or otherwise appropriate to the science of
the marker.

060. FIG. 1 provides markers that can be measured in the method of the invention.
Other markers that may also be used for the invention include but are not limited to, the
following protein or polypeptide markers or their corresponding encoding nucleic acid
molecules (a few of which have been mentioned earlier): C reactive protein (CRP), LPPLAZ,
angiotensin-converting enzyme, growth factors, adhesion molecules, chemotactic proteins,
cytokines, oxidized LDL, matrix metalloproteinases, interleukins, interleukin-1 (IL-1),
interleukin-6 (IL-6), transforming growth factor alpha (TGF-alpha), vascular endothelial
growth factor, endothelial cell markers, fibronectiin, von Willebrand factor, tissue
plasminogen activator, plasminogen activator inhibitor-1, G proteins, neutrophils, monocytes,
macrophages, lymphocytes function associated antigen-1 (LFA-1), Mac-1, selectin,
endothelial cells, soluble intercellular adhesion molecule -1 (sCAM-1), nuclear factor-kappa
B (NF kappaB), lipopolysaccharide (LPS), troponin T, dehydro-thromboxane B2,
thromboxane A2, platelet factor 4, beta thromboglobulin, E selectin, IL-1, CD40, TNF,
gamma interferon, platelet-derived growth factor (PDGF), PDGF receptor, basis fibroblast
growth factor (bFGF), and FGF receptor, pCRP, fibrinogen, albumin, endothelin-1, big
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endothelin, L-homocysteine, creatine kinase (CK), creatine isoenzyme MB, cardiac troponin
T (cTnT), N-terminal pro-brain natriurectic peptide (NT-proBNP), alpha-tocopherol, high
density lipoprotein, erythrocytes, erythrocyte alpha-tocopherol, cardiac troponin I (¢TnI), and
alkaline phosphatase. This list is not intended to be exhaustive, but rather exemplary of the
types of markers that may be used. Ongoing or repeated monitoring as described earlier may
be conducted with the patient with any of these markers.

061. More than one marker may be measured, if appropriate and useful to
understanding the condition of the patient. For example, both an inflammation marker and a
marker indicating another aspect of a vascular condition can be measured, or two
inflammation markers can be measured, for example. Each marker can be separately
assessed for its modulation in response to the removal of vascular tissue. Two or several or a
plurality of markers may be measured to provide useful information to determine the
patient’s condition after removal of the vascular tissue, and also to monitor the patient for
determinations of future treatment, for example, to determine when it would be appropriate
for a second or subsequent procedure to remove more vascular tissue. Mérkers may fall into
a category such as, for example, proteins, polypeptides, peptides, fragments of protein,
nucleic acids, cells, fats, lipids, or any molecule that can be tested from the circulating blood
of patients. A marker may also be a molecule from a broad functional category, for example,
a hormone, a cytokine, a chemokine, an acute phase reactant, a clotting protein, a growth
factor, a tissue modeling factor, or a plasma protein. The marker may be an antibody specific
for an antigen of interest.

062. In certain embodiments of the present invention the vascular tissue collected
from the vascular lumen can be analyzed by standard well known methods for the presence of
DNA, RNA, or protein markers comprising a whole host of possible tissue markers. Some
exemplary tissue markers that can be analyzed from vascular tissue removed from the patient
comprise, for example, smooth muscle proliferative promoters such as platelet-derived
growth factor (PDGF) and PDGF receptor, basic fibroblast growth factor (FGF) and FGF
receptor, interleukin 1 (IL-1), or transforming growth factor a (TGFa), and the like), smooth
muscle proliferative inhibitors (nitric oxide/endothelial-derived relaxing factors (NO/EDRF),
interferon y (IFy), transforming growth factor § (TGFp), or TGFB receptor, and the like),
cellular markers (including CD68, CD3, CD4, CD8, CD20, smooth muscle actin, or CD31,
and the like), apoptotic markers (Bcl-x, Bcl-2, Bax, Bak, or P53, and the like), cell cycle

proteins (cyclin A, cyclin B, cyclin D, or cyclin E, and the like), transcriptional factors
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(transcription factor NF«B, transcription factor E2F, transcription factor CREB, or
transcription factor KLF5/BTEB2, and the like), proliferative markers (Ki-67 or proliferating
cell nuclear antigen (PCNA), and the like), endothelial gggwth factors (vascular endothelial
growth factor (VEGF), and the like), adhesion molecules (intercellular adhesion molecule-1
(ICAM-1), CD11a/CD18 (LFA-1), CD11b/CD18 (MAC-1), vascular cell adhesion molecule-
1 (VCAM-1), p-selectin (CD62P), or integrin, and the like), cytokines (interleukin 6 (IL-6) or
interleukin 8 (IL-8), and the like), chemokines and chemokine receptors (monocyte
chemoattractant protein 1 (MCP-1) and its receptor CCR2, CX3C chemokine fractalkine and
its receptor CX3CR1, or eotaxin and its receptor CCR3, and the like), inflammation markers
(C-reactive protein, myeloperoxidase, or complement proteins, and the like), coagulation
factors and fibrinolytic factors (fibrinogen, prothrombinogen, plasminogen activator, tissue
factor, or glycoprotein receptor on platelets (Gpllb-Illa), and the like), oxidative stress related
molecules (oxidized LDL and its receptor CD36, or lipoxygenase, and the like), extracellular
matrix molecules (collagen, matrix metalloproteinase (MMP), FK506-binding protein 12
(FKBP12), endothelial differentiation gene receptors (EDG receptors), ephrins, elastin, lamin
receptor, monocyte colony stimulating factor (M-CSF), tumor necrosis factor (TNF), or PDZ
domain proteins, and the like), interleukins (interleukin 1 (IL-1), interleukin 6 (IL-6), or
interleukin 8 (IL-8), and the like), growth factors (platelet-derived growth factor (PDGF),
basic fibroblast growth factor (FGF), transforming growth factor a (TGFa), or transforming
growth factor § (TGFp), and the like), glycoproteins, proteoglycans (versican, hyluronan,
biglycan, or deorin, and the like), cell-surface markers, serum markers, and/or immune
factors (stromal cell-derived factor 1a (SDF-1)), and the like). Analysis of the excised tissue
by any of the above tests can be used for diagnosis of a condition in a patient, design a
treatment directive or protocol for a subject, monitor progress of a treatment regimen, or if
tests from a number of individuals are compared, the information can be used in a multi-
patient analysis, such as a vascular disease population study. Any of the tissue markers listed
herein may also be sought in the circulating blood or lymph provided there is a way to
measure the level of the particular marker for any corresponding form found in circulating

blood or lymph of the patient.
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EXAMPLE
EXAMPLE 1:
063. A patient is selected for an atherectomy procedure because some regions in his

peripheral vasculature are identified by sonographic imaging as containing possible
atherosclerotic tissue. Catheters for entry into the peripheral vasculature are prepared. An
aliquot of the patient’s blood is withdrawn and measurements are made for the presence of
the inflammatory marker CRP, the marker LPPLA2, oxidized LDL, lipids, selectin, and
lipopolysaccharide (LPS). The measurements for each marker are recorded. The patient then
undergoes an atherectomy procedure during which approximately 200 grams total of
atherosclerotic tissue is removed from the vasculature of both legs. The tissue itself is also
analyzed and found to contain plaque, fibrous tissue, lipid, some vulnerable plaque, and
inflamed tissue. The tissue is then analyzed for markers including DNA, RNA, and protein
markers for PDGF, PDGF receptor, FGF, VEGF, VCAM-1, and IL-6. Blood is drawn from
the patient within one hour of the atherectomy procedure and 3 days after the procedure and
both aliquots are tested for the markers that were originally tested before the atherectomy
procedure. In a comparison with the original measurements, the circulating level of CRP was
returned to within a range of that for a person not having a serious atherosclerotic condition.
The other circulating markers also tested were lowered. It was determined that sufficient
vascular tissue had been removed from the patient in order to effect an improvement in the
patient’s blood chemistry and cardiac physiology by interpretation of the markers that were
tested. It was recommended that the patient’s markers be tested within 1 year of the
operation, and that should the markers have returned to their original pre-surgical level, the
patient would be considered for another atherectomy procedure to reduce them back to

healthy levels.

064. All references cited are incorporated by reference in their entirety. Although the
foregoing invention has been described in detail for purposes of clarity of understanding, it
will be obvious that certain modifications may be practiced within the scope of the appended

claims.
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CLAIMS

1. A method of determining (i) the extent of modulation of the level of, or (ii) the
modification of, a marker in a patient having vascular disease, following removal of diseased

vascular tissue from said patient, said method comprising the steps of:

(i) determining ex vivo a first level of said marker in a first sample obtained from the
patient prior to removal of diseased vascular tissue from the patient, determining ex vivo a
second level of said marker in a second sample obtained from the patient after removal of
said diseased vascular tissue and comparing said first and second levels to determine the

extent of modulation of the level of said marker; or

(ii) detecting ex vivo a first form of said marker in a first sample obtained from the
patient prior to removal of diseased vascular tissue from the patient and detecting ex vivo a
second form of said marker in a second sample obtained from the patient after removal of

said diseased vascular tissue.

2. A method as claimed in claim 1, wherein the modification of said marker is selected
from a conformational change, a structural change, an addition of a moiety, a loss of a
moiety, a change in the marker’s activity, an increase in binding activity, and a decrease in

binding activity.

3. A method as claimed in claim 1 or claim 2, wherein the diseased vascular tissue
comprises tissue selected from arterial plaque, vulnerable plaque, inflamed tissue, arterial
tissue, calcified tissue, thrombotic tissue, lipid-rich tissue, foam cell tissue, macrophage-rich

tissue, hypocellular tissue, fibrotic tissue, and hypercellular tissue.

4, A method as claimed in claim 1 or claim 2, wherein the diseased vascular tissue is
removed from a vessel selected from a peripheral artery, a coronary artery, and a carotid

artery.

5. A method as claimed in claim 1 or claim 2, wherein said first and second samples are

selected from lymph, saliva, sputum, urine, stool, blood, sweat and tears.
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6. A method as claimed in claim 1 or claim 2, wherein the marker is selected from a
protein, a polypeptide, a peptide, a fragment of protein, a nucleic acid, a cell, a fatty acid, and
a lipid.

7. A method as claimed in claim 1 or claim 2, wherein the marker is a protein selected

from a hormone, a cytokine, a chemokine, an acute phase reactant protein, a clotting protein,

a growth factor, a tissue modeling factor, an antibody, and a plasma protein.

8. A method as claimed in claim 1 or claim 2, wherein the marker is selected from the

markers listed in Fig. 1.
9. A method as claimed in‘claim 1, wherein the marker is LPPLA2.
10. A method as claimed in claim 1, wherein the marker is CRP.

11. A method as claimed in claim 1, wherein the marker is selected from PDGF, PDGF
receptor, FGF, VEGF, VCAM-1, and IL-6.

12. A method as claimed in claim 1, wherein the second level is determined between 12

hours and 14 days after removal of said diseased vascular tissue from said patient.

13. A method as claimed in claim 1, wherein the second level is determined between 6

months and 2 years after removal of said diseased vascular tissue from said patient.

14. A method as claimed in claim 1, wherein the second level is determined between 1

year and 5 years of said removing.

15. A method as claimed in claim 1, further comprising the step of removing said
diseased vascular tissue from said patient after taking said first sample and before taking said

second sample.

16. A method as claimed in claim 15, wherein removal of said diseased vascular tissue
from said patient comprises introducing an atherectomy catheter percutaneously in the patient
and directing the catheter to a first site in a vascular lumen containing diseased vascular

tissue and thereafter removing diseased vascular tissue from the vascular lumen.

17. A method as claimed in claim 16, wherein the atherectomy catheter comprises a
rotating cutter, a collection chamber, and a cutting window, the rotating cutter being movable

between a stored position and an exposed position; said removal step further comprising:
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exposing the cutter by moving the cutter to the exposed position after introducing the

atherectomy catheter to the vascular lumen;

advancing the catheter to move the rotating cutter through the vascular tissue in the
first site, the rotating cutter remaining in the exposed position so that the cutter and the
window maintain their orientation with respect to one another when advancing, wherein the
vascular issue is directed through the cutting window and into the collection chamber as the

catheter is advanced, and
removing the vascular tissue from the collection chamber.
18. A method as claimed in claim 17, further comprising:

moving the cutter to the stored position prior to removing the vascular tissue from the

collection chamber;
repositioning the catheter at a second site in a vascular lumen;
exposing the cutter by moving the cutter to the exposed position;

advancing the catheter to move the rotating cutter through vascular tissue in the
second site, the rotating cutter remaining in the exposed position so that the cutter and the
window maintain their orientation with respect to one another when advancing, the vascular
tissue cut by the rotating cutter being directed through the cutting window and into the

collection chamber as the catheter is advanced.
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osteopontin

oxidised low density lipoprotein (lectin-like) receptor 1
interferon, gamma

interleukin 8

tissue inhibitor of metalloproteinase 2

myristoylated alanine-rich protein kinase C substrate
plasminogen activator, tissue

major histocompatibility complex, class I, C

interleukin 18 (interferon-gamma-inducing factor)
matrix metalloproteinase 3 (stromelysin 1, progelatinase)
matrix metalloproteinase 1 (interstitial collagenase)
laminin, alpha 4

integral membrane protein 2B

interleukin 8

glycoprotein (transmembrane) nmb

integral membrane protein 2A

plasminogen activator, urokinase receptor
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