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What is claimed is:

1. An infusion system which comprises:
an elongated catheter formed with a central lumen extending

" . between a proximal end and a distal end;

a source of a fluid medium having particles suspended therein,
w\hgrein the source is connected in fluid communication with the
proximal end of the catheter;

\"a,\tip formed with a plurality of parallel lumens, wherein the tip is
affixed té"the distal end of the catheter to individually place each lumen
of the tip iﬁ"-fjuid communication with the central lumen, and wherein
each individual.Jumen is dimensioned to sequentially receive particles
therethrough; and\

a means for moving the fluid medium with suspended particles
through the lumen of fheg catheter, for further movement of the particles
in alignment through indi“\"/'iqual lumens of the tip.

N\

N\

2. A system as recited in da_im 1 wherein the catheter has an outer

surface and is tubular shaped to define an axis, and wherein the system
further comprises: !

a configurable valve posiiione\d..l on the outer surface of the
catheter to surround the catheter at a."lgcation proximal to the tip,
wherein the valve is formed with a pluréili;y of apertures arranged
around the axis of the catheter to allow for éxi\al movement of a fluid
through the apertures and on past the cathetér\_in a distal direction
substantially parallel to the axis of the catheter; and"-\.

a means for selectively configuring the valve to. control the flow

rate of fluid through the apertures. ‘\
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3. A system as recited in claim 2 wherein the valve is formed as an
_annulus centered on the axis with an inner diameter conformed to the outer
\ surface of the catheter, and wherein the valve is inflatable into a base

ﬁgnfiguration wherein an outer diameter is established at a predetermined

5 rat\jial distance beyond the outer surface of the catheter, and further wherein

an ad‘djtional inflation of the valve substantially maintains the outer diameter
while incrementally constricting the apertures.
4, ‘A_‘system as recited in claim 3 wherein the annulus comprises:
a éo\mpliant material responsive to the configuring means to

10 selectively constrict the apertures; and
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a substén}ia!ly non-compliant material positioned on a periphery
of the annulus tEr-.\maintain the outer diameter at the predetermined
radial distance frc;"m_\_ the outer surface of the catheter during a
constriction of the apehu\res.

\\.

5. A system as recited 'i"n_c|aim 3 further comprising a guide wire

selectively engaged with the tip to poéitilon the tip in a vasculature vessel of a
patient. A

N\

6. A system as recited in claim 5 Wherein the configuring means is
operated to maintain valve contact with the vessel when the valve is in its
base configuration. \

N\

.\_‘

N\
7. A system as recited in claim 1 wherein ih_e fluid medium is
selected from a group consisting of agents useful for gene therapy, drug
therapy and protein therapy. ?

8. A system as recited in claim 1 wherein the particlesh\are stem
cells.

10



WO 2011/035182 PCT/US2010/049367

9. A system as recited in claim 1 further comprising a fluid flow

controller positioned to meter fluid flow from the source into the central lumen

of the catheter.

10. A system for introducing particles into a first fluid flowing through

5 a suﬁﬁt_antially tubular shaped vessel, the system comprising:
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N\, asource of the particles suspended in a second fluid;

\ a substantially cylindrical shaped filter in fluid communication
with th~é.,\particie source, wherein the filter defines an axis and is formed
with a p.l'ur_ality of longitudinally aligned, parallel lumens, with each
lumen dimensioned to receive particles therethrough, and wherein the
filter is positioﬁeg in the vessel;

a configuféple valve positioned around the filter and affixed
thereto, with the valve extending radially outward from the filter and into
contact with the vesse‘l‘;\\wherein the valve is formed with a plurality of
apertures arranged aroh‘n_d the axis of the filter to allow for axial
movement of the first flLfid\ through the apertures in a direction
substantially parallel to the axig‘--qf the filter;

a means for moving partici‘e,g from the source, through the filter,
and into the vessel; and \'\\

a means for selectively conﬂgu\rlq\g the valve to control the flow
rate of the first fluid through the apertureé\a\s particles emerge from the
filter for introduction into the first fluid. \

N\

11. A system as recited in claim 10 further corﬁ'p_rising a catheter for

interconnecting the particle source with the filter. \

N\
pY
\
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12. A system as recited in claim 10 wherein the valve is formed as

\ an annulus centered on the filter axis with an inner diameter conformed to the

outer surface of the filter, and wherein the valve is inflatable into a base

\'\\ configuration wherein an outer diameter is established at a predetermined

5 '\r@kdial distance from the filter, and further wherein an additional inflation of the

vé]v_e substantially maintains the outer diameter while incrementally
conétnlcting the apertures.

13..""\\ A system as recited in claim 12 wherein the annulus comprises:
"a\ compliant material responsive to the configuring means to
10 selective\ly\ constrict the apertures; and
a sdh\stantially non-compliant material positioned on a periphery
of the annulﬂs\ to maintain the outer diameter at the predetermined
radial distance'\{rom the outer surface of the catheter during a

constriction of the apertures.

\
\

15 14. A system as rec\ite;d in claim 12 wherein the configuring means
is operated to maintain valve co\ntact with the vessel when the valve is in its
base configuration. \

15. A system as recited inklaim 10 wherein the particles are
selected from a group consisting of agerits useful for gene therapy, drug

20 therapy and protein therapy.

\.
16. A system as recited in claim 10 whé)ein the particles are stem
cells.

17. A system as recited in claim 10 further comprising a fluid flow
controller positioned to meter fluid flow from the source into the central lumen
25  of the catheter.
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18. A method for introducing particles into a first fluid flowing

\ through a substantially tubular shaped vessel, the method comprising the
"“-.\steps of:
\ providing a source of the particles suspended in a second fluid;
5 connecting a substantially cylindrical shaped filter in fluid
"“\_gommunication with the particle source, wherein the filter defines an
aikig; and is formed with a plurality of longitudinally aligned, parallel
Ium'éi,ls, with each Ilumen dimensioned to receive particles
therethr.gugh, and wherein the filter is positioned in the vessel, and
10 further vﬁhgrein a configurable valve is positioned around the filter and
affixed therlét_o. with the valve extending radially outward from the filter
and into cont\éct with the vessel, wherein the valve is formed with a
plurality of aper{i)r\es arranged around the axis of the filter to allow for
axial movement of ‘the first fluid through the apertures in a direction
15 substantially parallel to.the axis of the filter;
positioning the fili\e‘ﬂ' in the vessel; and
selectively configuring the valve to control the flow rate of the
first fluid through the apertuFég. as particles emerge from the filter for
introduction into the first fluid.
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N\

g 19. A method as recited in claim 18 wherein the valve is formed as
\ _an annulus centered on the filter axis with an inner diameter conformed to the
'oqter surface of the filter, and the method further comprises the steps of:
\ inflating the valve into a base configuration wherein an outer
5 \‘“ld_iameter is established at a predetermined radial distance from the
filter; and

"“-\performing an additional inflation of the valve to substantially

mainta'i'n_ the outer diameter while incrementally constricting the
apertures..

Ay

10 20. A method as recited in claim 18 wherein the particles are stem
cells.
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What is claimed is:

1. An infusion system which comprises:

an elongated catheter formed with a central lumen extending between a proximal end and a
distal end;

a source of a fluid medium having particies suspended therein, wherein the source is
connected in fluid communication with the proximal end of the catheter;

a tip defining an axis and formed with a plurality of parallel lumens extending through the tip in
an axial direction, wherein the tip is affixed to the distal end of the catheter to individually place each
lumen of the tip in fluid communication between the central lumen and a vessel of a patient, and
wherein each individual lumen is dimensioned to sequentially receive a portion of the fluid medium
containing suspended particles therethrough, and wherein each lumen is sufficiently small to
effectively separate the particles from clinging to each other as the particles are received into the
lumen; and

a device for moving the fluid medium with suspended particles through the lumen of the
catheter, for further movement of the particles in alignment through individual lumens of the tip.

2. A system as recited in claim 1 wherein the catheter has an outer surface and is tubular
shaped to define an axis, and wherein the system further comprises:

a configurable valve positioned on the outer surface of the catheter to surround the catheter
at a location proximal to the tip, wherein the valve is formed with a plurality of apertures arranged
around the axis of the catheter to allow for axial movement of a fluid through the apertures and on
past the catheter in a distal direction substantially parallel to the axis of the catheter; and

an inflator for selectively configuring the valve to control the flow rate of fluid through the
apertures.

3. A system as recited in claim 2 wherein the valve is formed as an annulus centered on the axis
with an inner diameter conformed to the outer surface of the catheter, and wherein the valve is
inflatable into a base configuration wherein an outer diameter is established at a predetermined radial
distance beyond the outer surface of the catheter, and further wherein an additional inflation of the

valve substantially maintains the outer diameter while incrementally constricting the apertures.

4, A system as recited in claim 3 wherein the annulus comprises:

a compliant material responsive to the inflator to selectively constrict the apertures; and

a substantially non-compliant material positioned on a periphery of the annulus to maintain
the outer diameter at the predetermined radial distance from the outer surface of the catheter during a

constriction of the apertures.

5. A system as recited in claim 3 further comprising a guide wire selectively engaged with the tip

to position the tip in a vasculature vessel of a patient.



6. A system as recited in claim 5 wherein the inflator is operated to maintain valve contact with

the vessel when the valve is in its base configuration.

7. A system as recited in claim 1 wherein the particles are selected from a group consisting of

agents useful for gene therapy, drug therapy and protein therapy.

8. A system as recited in claim 1 wherein the particles are stem cells.

9. A system as recited in claim 1 wherein the device is a fluid flow controller positioned to meter

fluid flow from the source into the central lumen of the catheter.

10. A system for introducing particles suspended in a first fluid into a second fluid flowing through

a substantially tubular shaped vessel, the system comprising:

a source of the particles suspended in the first fluid;

a substantially cylindrical shaped separator in fluid communication with the particle source,
wherein the separator defines an axis and is formed with a plurality of longitudinally aligned, parallel
lumens, with each lumen dimensioned to receive a portion of the first fluid containing suspended
particles therethrough, and wherein the separator is positionable in the vessel;

a configurable valve positioned around the separator and affixed thereto, with the valve
extending radially outward from the separator so as to come into contact with the vessel, wherein the
valve is formed with a piurality of apertures arranged around the axis of the separator to allow for axial
movement of the second fluid through the apertures in a direction substantially parallel to the axis of
the separator;

a device for moving particles from the source, through the separator, and into the vessel; and

an inflator for selectively configuring the valve, wherein the inflator incrementally constricts the
apertures to control the flow rate of the second fluid through the apertures as particles emerge from

the separator for introduction into the second fluid.

11. A system as recited in claim 10 further comprising a catheter with a central lumen for
interconnecting the particle source with the separator, wherein the catheter has an inner surface and

an outer surface.

12. A system as recited in claim 11 wherein the valve is formed as an annulus centered on the
separator axis with an inner diameter conformed to the outer surface of the catheter, and wherein the
valve is inflatable into a base configuration wherein an outer diameter is established at a
predetermined radial distance from the catheter, and further wherein an additional inflation of the

valve substantially maintains the outer diameter while incrementally constricting the apertures.
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13. A system as recited in claim 12 wherein the annulus comprises:

a compliant material responsive to the inflator to selectively constrict the apertures; and

a substantially non-compliant material positioned on a periphery of the annulus to maintain
the outer diameter at the predetermined radial distance from the outer surface of the catheter during a

constriction of the apertures.

14, A system as recited in claim 12 wherein the inflator is operated to maintain valve contact with

the vessel when the valve is in its base configuration.

15. A system as recited in claim 11 wherein the device is a fluid flow controller positioned to

meter fluid flow from the source into the central lumen of the catheter.

16. A system as recited in claim 10 wherein the particles are selected from a group consisting of

agents useful for gene therapy, drug therapy and protein therapy.
17. A system as recited in claim 10 wherein the particles are stem cells.

18. A method for introducing particles suspended in a first fluid into a second fluid flowing through
a substantially tubular shaped vessel, the method comprising the steps of:

providing a source of the particles suspended in the first fluid;

connecting a substantially cylindrical shaped separator in fluid communication with the
particle source through a catheter having an outer surface and formed with a central lumen, wherein
the separator defines an axis and is formed with a plurality of longitudinally aligned, parallel lumens
extending through the separator in an axial direction between the central lumen and the vessel, with
each lumen dimensioned to receive a portion of the first fluid containing suspended particles
therethrough, and wherein the separator is positioned in the vessel, and further wherein a
configurable valve is positioned around the separator and affixed thereto, with the valve extending
radially outward from the separator and into contact with the vessel, wherein the valve is formed with
a plurality of apertures arranged around the axis of the separator to allow for axial movement of the
second fluid through the apertures in a direction substantially parallel to the axis of the separator;

positioning the separator in the vessel; and

inflating the valve, wherein inflation of the valve incrementally constricts the apertures to
control the flow rate of the second fluid through the apertures as particles emerge from the separator

for introduction into the second fluid.

19. A method as recited in claim 18 wherein the valve is formed as an annulus centered on the
separator axis with an inner diameter conformed to the outer surface of the catheter, and the method

further comprises the steps of:
inflating the valve into a base configuration wherein an outer diameter is established at a

predetermined radial distance from the catheter; and
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performing an additional inflation of the valve to substantially maintain the outer diameter
while incrementally constricting the apertures.

20. A method as recited in claim 18 wherein the particles are stem cells.
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