WO 02/28470 1 2 APR 2005 PCT/USOL/ 28712 Myogenic Cell Transfer Catheter and
Met hod FI ELD OF THE I NVENTION 5 The invention relates to materials and

met hods for repairing and augmenting tissues in a host. Mre specif il d®RIX05
the i nveNYQ 6%284@&) at es to cardi ovascul ar catheters and netPKgdESHER712
automatically injecting large quantities of cells such as nyogenic cells for
repairing and augnmenting nuscle and other tissues. 10 BACKGROUND OF THE

| NVENTI ON Cel | therapy such as nyogenic cell therapy prom ses to

revol utionize the treatnment of serious nuscul ar di seases such as nuscul ar
dystrophy and heart di sease as ioneered by Law et_al. (See CGene Ther. Mol.
Biol. pp. 345-363 Mauogemodsell "%éans a@a}é@d&e}aam Metlodos- 100 (1997) and
U S. Pat. No. 5,130,141). According to this cell biology approach to tissue
repair and augnentation, nyogenic cells are cultured and then introduced
into a target scle ti uch as striated nuscle or heart nuscle. Wthin
t he tisgﬂgﬁDﬁﬁéT}ﬂﬁQ%GﬁﬁﬁﬁnielIs fuse with pre-existing nuscle cells,
transferring the normal genone in their nuclei to effect genetic repair.
The introduced cells also fuse anong 20 thenselves to formnormal cell to
repl epi sh cel IThet inatntivaveldagenlatirt ald ogalivds foelrkpaiting randyauignetting

prom sing. and prom ses to revolutionize the treatnment of heart di sease,

wi th enortissies ie erhostyuderespetificelhethegayentipn ralates)te candigiass Hameathesenspad

wi despread us of ogenj c. cel.l thera owever .| he n tO | nt very
g nungistod g anPE ekl pfEing LiE AR BN T Fuckifs BEPEerC BT e,
presunablrypagj,qg@gmgu cafiid @0sc afComengdsies. 25 macrophages, as revi ewed by
Law et al. in Gene Ther. Mol. Biol. (Id. p. 351). The cell nunber problemis
a major inpedinent to progress in this field. That is, there is no good

t ool  and or._ | i rge nunbers of cells to region(s) of
bodylgtrﬂﬁﬁggﬂ%ég%%s@}ééﬁﬁﬁare degenerated or diseased and which
can benefit 30 fromthe cell treatnent. Accordingly, new techni ques and

tools for inplanting | arge WO 02/ 28470 2
Cell therapy such as myogenic cell therapy promises to revolutionize the

treatment of serious muscular diseases such as muscular dystrophy and heart disease as
pioneered by Law et al. (See Gene Ther. Mol. Biol. pp. 345-363 (March 1998), Cell
15  Transplantation 6: 95-100 (1997) and U.S. Pat. No. 5,130,141). According to this cell
biology approach to tissue repair and augmentation, myogenic cells are cultured and then
mntroduced into a target muscle tissue such as striated muscle or heart muscle. Within the
tissue, the introduced cells fuse with pre-existing muscle cells, transferring the normal
genome in their nuclei to effect genetic repair. .The introduced cells also fuse among
20  themselves to form normal cell to replenish cells that have degenerated. Myogenic cell
therapy is very promising and promises to revolutionize the treatment of heart disease,
with enormous conséquences to the society. A major impediment to the widespread use
of myogenic cell therapy however is the need to implant very high numbers of cells in
order to overcome the initial cell rejection, presumably due to the action of scavenging

25  macrophages, as reviewed by Law et al. in Gene Ther. Mol. Biol. (Id. p. 351).

The cell number problem is a major impediment to progress in this field. That is,
there is no good tool and procedure for implanting large numbers of cells to region(s) of
body structures such as muscle that are degenerated or diseased and which can benefit

30 from the cell treatment. Accordingly, new techniques and tools for implanting large



PCT/ USU] / 28712 12 APR 2005 nunbers of cells are key to success and can

unl ock the potential of cell therapy to treat diseases such as heart

di sease and ot her nuscul ar di sorders. Unfortunately previously knOWPZArR2m5
cat het eV® 031387fet hods are not suitable for 5 targeted dE&CTHESPY25612 cel | s,
and particularly for the |arge nunbers required for cell transplant therapy.
For exanple, U S. Nos. 5,865,787 and 5, 634,899 describe delivery of a drug
using electric current/voltage controlh. Such delivery by electric current is
not conpatible with living cells. As another exanple U S. No. 6,056, 969
describes inplantation of drug in pellet form by piercingmthe heart muscle

wal | ( seenbsrgof gellgare fiey to success andovagvEHocksthspoietiabek celt herapy dpndeset bl e with
cells that are delive in i . hat need to remai n nobil e,
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probl em often encountered is that there is no sufficiently reliable way to

15 inplant material into a noving target such as the heart wall fromthe
i nsi de of t hiénfosmnatelyhipreviously hmawn ¢afhdferat ity methedseare pet Ratkblearfer hanper ed

by, for, ex e, the ne to ace .or interrypt the heart beat_.as injection
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di rectlgﬁlgg{ig gg??;t :fgrs%e suc’ﬁjgsgi%nt raperitoneal inject icgn, i nter%gvenous

i nj ect i @dnanasing tetewinics cudrant/voliggec tomml.asSuchodelisxanpy eleekpl ot imnbt S. Pat .
No. 5,130,141 for, delivery of nyogenic cells to nuscles of nqormal and of

di seasetPihstble. Wigy diviigoceller ufe angthes npfasnnley Vil Nat 0L10:%9) Aessiibse heart

primari e . | . r-pge

i oot i PR Ye BptE SRy Fiendhf Blo s WER colFil9 SURET. 1
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the real world situation, however where opening a chest cavity is
undesi rausl that aged \ihesiain imabde, pagtiselerlynfonthe larssevelmegingeded ¥%’e¢q1b errors
t hat afghect a vital organ. The heart nuscle presents a particular challenge
to hand ﬁ%ﬁ?"pul ated procedures because this nuscle is constantly beating
and presents a noving target. 30 WO 02/28470 3

A second problem often encountered is that there is no sufficiently reliable way to
15  implant material into a moving target such as the heart wall from the inside of the heart
while the heart is beating. Present methods are hampered by, for example, the need to

pace or interrupt the heart beat as injection is not carried out easily on a moving target.

Present techniques for implanting medicaments to body tissues generally rely on
20  injection directly into body tissue such as intraperitoneal injection, intravenous injection
and intramuscular injection as, for example explored in U.S. Pat. No. 5,130,141 for
delivery of myogenic cells to muscles of normal and of diseased hosts. Heretofore crude
attempts to implant cells into the heart primarily have emulated the simple injection of
drugs, using syringe injection by hand during open heart surgery, as for example, taught
25 by Field in U.S. Pat. No. 5,602,301. Such techniques are highly unsuitable in the real
world situation, however where opening a chest cavity is undesirable, and wherein hand
injection with a needle gives rise to errors that affect a vital organ. The heart muscle
presents a particular challenge to hand manipulated procedures because this muscle is
constantly beating and presents a moving target. |

30



12 APR 2005 PCT/ US01/28712 Less invasive catheters and techni ques have been
devel oped for admnistration of drugs into structures such as the heart, as
exenplified by U S. Nos. 6,059,770 ("Catheter Providing Intraluninal’ APR 2005
Access") w8 08&87087 ("Si nul taneous Cardi ac Paci ng and LocabCT/Dseigrs7iz
Delivery"), 5,634,899 ("Sinultaneous Cardi ac Pacing and Local Drug Delivery
5 Method"), 6,059,969 ("System and Methods for Local Delivery of an Agent")
and 6,016,437 ("Catheter Probe System g/l th Inflatable Soft Shafts"), the
contents of which are specifically incorporated by reference in their
entireties. These devices provide a neans to enter a body space such_ as an
artery or intdrispinvesive pashefersrandsteehmiques g beaardavglopsd der. adgnistateansofhave
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receive cells. 7In the case of t)he heart nhuscle a diseased part will exhibit
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Pat. No. s Y’ ! an
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the art has spaifically dgceperattdshy kdfeiened kry thelr exifteides. eMhbse deldues ipryvidpeaci fic

smal | spots throughout the entire 20 nyocardi umthat are degenerated or weak
in a mannasanstigentehwbedysipace fudbeasranmaicreer iafeaior o the kgl Eorp 2 ipmets @tiyar | y

during the, s rocedure. Th n_obst t e ra f ar di al
i ssue | oJien SreREERRAEEn yTOt e ARORSIAGES, B 5% ol PRt Bloce NI
avai bl efor SAMMpRNtAfonTHE | NVENTI ON 25 I n contrast with limtations of the
art, preferred enbodi nents of the invention provide new tools and nethods

that can 1) access the interior of a body or body structure such as the
i nut e degeneraPIICuaT Bae o ol BRI Rt o et FRL B bR 5
izntsgrg ap ﬁ?té%;@@%&éﬁeaﬂ%%@&i@ﬁ%@ﬁéﬁ SRPFEBEOE cé192Ul e SRE off BeMelrt nitfs6leer abl Y
a diseased part will exhibit electrical silence, diminished electrical activity, and/or
15  abnormal electrocardiogram. Catheters have been developed that can map local cardiac
signals with electrodes on their ring and tip surfaces, as reviewed in U.S. Pat. No.
5,450,846. Some of those catheters have been used for making an intracardiac
electrogram, as described in U.S. Pat. No. 5,156,151. However, the art has not
progressed sufficiently to conveniently identify specific small spots throughout the entire
20  myocardium that are degenerated or weak in a manner that the spot can be repaired via

cell therapy, particularly during the same procedure. Thus, an obstacle to cell therapy of

myocardial tissue is that a suitable diagnostic catheter for that purpose is not available.

SUMMARY OF THE INVENTION
25
In contrast with limitations of the art, preferred embodiments of the invention
provide new tools and methods that can 1) access the interior of a body or body structure
such as the heart via a percutaneous and endovascular route, 2) electrically detect even
minute degenerative areas of a body surface such as the endomyocardium, 3) insert a
30 needle of predetermined diameter (gauge) and length, preferably 2 to 8 mm long, more

preferably 3 to 5 mm long, preferably 29 gauge to 10 gauge, more preferably 28



preferably 3 to 5 nmlong, preferably 29 gauge to 10 gauge, nore preferably
28 WD 02/ 28470 PCT/USO /28712 2 APR 2005 4 gauge to 18 gauge, even nore
preferably 27 gauge to 22 gauge, preferably diagonally into the structure,
at and/wo oaeswued the degenerative area, 4) injecting a predesmrzsindd

of cells (such as nyobl asts) through the needle, preferably 10 to 800
mllion cells, nore preferably 25 to 200 mllion cells and even nore
preferably 50 to 100 million cells, 5) 5 through an electrically coupled
feed-back circuit and nechani cal systém 6) within a predeterm ned period
of time, preferably |ess than one second and 7) wi thout the need of

ext ensigasgopelf gaigef evehandro gyeferabinidjrgaugeto X gangk apreferabdy dngotmdlytinior open

heart surgery. In o enbodi t, the inventi.an provides a .nefhod, of
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on contpeferabinds ex 260 Inhitigpri Eedls randgeeh enare Iprefetablyoito 400 eslliloa detls,tHe tip of
the catheter into and around the degenerative or weak nuscl e areas upon
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cat het efxtdiaitiedpering OF eheods Werdhiyh, foPexaghplaVRf topes ENRNoOGHEaReard surotfy. On t he
catheter that is tapered to allow close contact with the inside wall of the
heart and that contains at |east one electrode to nonitor an el ectrical
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source of nyogenic cells; and an electrical feedback circuit that transduces
any abewitlintthe bbstcthe icathbtes compiisifig @rsendoe o afis Hipt terdetecpdégeneratedtorvetakcal | y
injecting the myogenic cells into .a target heart teri W thin gne -
second MU SRR COHGEH AR RPN HE TIRERREI I Feothip Stediing
angi na REENALESirhd\a athd Y dohbhdialCR NGk ShDADE B SIHNOLENd 2 Lip,
the tip conprising two or nore- el ectrodes and at | east one needle for

del i verwitly deyagened oc evdak, mosoipitissueng It fagothere pmbodimept the divegtiony dgeni ¢ cel | s

for use with the cat he%gr; pl aci nﬂ t he ogenic . cells in the reservoir and
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pati eNlfexible needle within the catheter having a bore of twenty-two to twenty seven gauge; a
tip on the catheter that is tapered to allow close contact with the inside wall of the heart
and that contains at least one electrode to monitor an electrical signal of the heart muscle
portion that it contacts; a tip on the needle that protrudes from the catheter tip no more

20  than 5 millimeters to prevent perforation of the heart; a needle fluidically connected to a
source of myogenic cells; and an electrical feedback circuit that transduces any aberrant
electrical signal from the catheter tip into automatically injecting the myogenic cells into

a target heart material within one second.

25 Another embodiment of the invention is a method for treating angina pectoris in a
patient with a catheter having a reservoir, and a tip, the tip comprising two or more
electrodes and at least one needle for delivering myogenic cells, comprising the steps of
providing myogenic cells for use with the catheter; placing the myogenic cells in the
reservoir and placing the catheter inside the patient and/or into the heart of the patient;

30  detecting one or more degenerative portions on the inside surface of the heart tissue; and



30 detecting one or nore degenerative portions on the inside surface of the
heart tissue; and 1 2 APR 2005 WD 02/28470 PCT/USO /28712 5 aut ogatéﬁa}(]%y
injecting nmyogenic cells fromthe needle into and around the portion the
degener atwoe2/zsi7meak heart tissue. In yet another enbodi martT/Ubm/a8meent i on
is a catheter for detecting and treating 5 l|ocal areas of mnuscle

degenerati on and weakness in a patient, conprising a |ong body that can be
inserted into the patient; a tip at the_end of the |ong body; at |east three
el ectrodes on the tip; and a needle for5injecting cells into the nuscle, the
needl e having a point; wherein the three electrodes forma flat surface on
the end afitonfasicallyinjedtimginyngenigicslls Gpmy the naeddel indo prd prosind itmpaitibe ofdlen t he
three el ectrod?s and iag Qerpendi cular to the flat 10 surface. In a further
embodi meESTREIVEEATERE AL USSUEy st em for treating a body tissue by

i nplantation of cells into selected parts of an organ of a patient in vivo
conprising a catheter, a retracted needle and at | east two electrodes in
its tip; a rederyevamothér @ebddimen the idGentiopliaatoathetenfondetacting arffdotreatong ng t he
needl e fromthe cathet?r and into a_selected part, of the organ; an actuator
for forcilena) asepatimyrglecdegererahion aath WaRkNGTe dRl cPaRRRL ICRTBTIFHE %08 par t

of the or ; d. I t (WY t . i he
controll él?ﬁ %ﬁa%ﬁq%t grggﬁégﬂeﬂéé)rdllegg?ﬁés?l?;g%g‘%sﬁto%t%?gege%gqﬁﬁg%gpz’c%ggs@é&npar es
t hose si ghetrodesi drhthsttipr 86d a asedta@fozUht®eh tolkditorhé Musabthacktdiahesngeedl e

novenent and cell novenent upon 20 detection of tgr oximty of the selected
part, wh@pinér wheeirelhe dircaplssirodes fomn atflé safaggontthe endhef hattie the lonHESERI PTI ON

. B e sfigemiise cxhef gaiel
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t he ijpventdsde. Figure 2 is a diagramof a catheter tip having three
el ectrodes and an extended 30 needle according to an enbodi nent of the
i nvention. WD 02/ 28470

In a further embodiment the invention is a system for treating a body tissue by
implantation of cells into selected parts of an organ of a patient in vivo comprising a
catheter, a retracted needle and at least two electrodes in its tip; a reservoir of cells to be

15  implanted; an actuator for moving the needle from the catheter and into a selected part of
the organ; an actuator for forcibly expelling cells through the needle and into the selected
part of the organ; and a controller that activates the actuators wherein the controller
monitors electrical signals obtained by the electrodes, compares those signals with stored
or calculated information and activates needle movement and cell movement upon

20  detection of proximity of the selected part, whether normal or abnormal, of the organ to

the catheter.

DESCRIPTION OF THE FIGURES

Figure 1 is a diagram of a catheter tip having two electrodes, one needle and a

solenoid driver according to an embodiment of the invention.

Figure 2 is a diagram of a catheter tip having three electrodes and an extended

30 needle according to an embodiment of the invention.



6 12 APR 2005 PCT/US01/28712 Figure 3 is a diagramshow ng a placenent of a
catheter inside a heart according to an enbodi nent of the inventi 01n. Aﬁh%bge
4 is a diagramof a catheter and controller system according to an 25

enbodi m¥{ 02884he i nventi on. DETAI LED DESCRI PTI ON OF THEPCRERIRZEN2 The

i nventor overcane the problemof delivering | arge nunbers of cells to 10
appropriate (degenerative and/or weak) locations in a noving heart with new
automat ed cat heters that automatically deliver |arge anounts of cells via

| ocational targeting, optional cont roq | ed injection depth and timng to
damaged sites, of a_he%r,t. An_aut onmat ed cat?et er accor.ding to the invention

has an el ect FEEe fdeathingkas shpwime hRlpcaRant of & cathsira driids p fearbacrording,
exanpl €0 Qﬁ%ﬁodﬂﬁ%ﬁi&'{tﬁ@ﬂr\%ﬁﬁ&?ﬁ“ cally and rapidly injects large 15
0 e

guantities nmyogenic cells 1rnto the detected tissue in real time. That is,-
the catheter systemdetects a suitable site at virtually the sane tinme as
it inplants cells to inprove that site, thus overcom ng the severe problem
that the heaftsure 4miwiandiagtam e ¢ tathefsr cddeemrolieh sypteme peeordiagbiodianent s t he
catheter tip. ha needle that is triggered to protrude by a defined

di st anc&™ epgof%ﬁéﬂ‘éeﬁﬁﬁﬁ’h to safely inject cells into the 20 nyocardi al
tissue but not too long as to puncture the outer wall of the heart.
Preferably the needle is conpletely retracted into a sheath during

i nserti METAILEReDESCREPEION QF0THE INMENION | n an enbodi ment the system

m nimzes operator error by virtue of an el ectronic-nechanical coupled
systemthat electronically detects one or nore weak or degenerative spots

on the rryocaq-ﬁg YR &k %U%&H%Eitﬁé‘wéb{blieﬂj S’P‘déﬁ@erﬁanlafrge% :nﬁ%béﬁ%'f'tceﬁi to 2°

nyogeni c: cells 1nto and/or arou that sane sife, t hout human
i nt é0venppopratéd\ddgepant anind/eatvaaly ledatibireincatioeirey hdaor whieaet auegaatedi s t hat
the injection be carried _out rapidly while the heart is beating. During

anest he§peteishibah egramatiep g ARlV e darsq AFIERIsnat SPYfs ofit doprsiongle aefingrhe
Cot 1t A BRI ST, RSP TO gl 00 RCHE Ay
2005 catheter according to the invention has an electrode-feedback system that detects
damaged tissue on, for example, heart muscle and automatically and rapidly injects large
15  quantities of myogenic cells into the detected tissue in real time. That is, the catheter
system detects a suitable site at virtually the same time as it implants cells to improve
that site, thus overcoming the severe problem that the heart is moving during the
procedure. In preferred embodiments the catheter tip has a needle that is triggered to
protrude by a defined distance that is long enough to safely inject cells into the
20  myocardial tissue but not too long as to puncture the outer wall of the heart. Preferably
the needle is completely retracted into a sheath during insertion of the catheter into a
patient. In an embodiment the system minimizes operator error by virtue of an
electronic-mechanical coupled system that electronically detects one or more weak or
degenerative spots on the myocardium and automatically injects a controlled amount of

25  myogenic cells into and/or around that same site, all without human intervention.

An important feature of the catheter for heart repair is that the injection be carried
out rapidly while the heart is beating. During anesthesia, the heart may contract
approximately once per second. The catheter solves the timing problem by detecting

30  contact with a weak or degenerated spot and then quickly injecting cells automatically.



WO 02/ 28470 PCP/ US01/ 28712 7 Preferably this time is |less than one second,
nore preferably | ess than 0.7 seconds, nost preferably in |ess thanr BPR5005
seconds. In a preferred enbodi nent of the inventive nethod, the catheter:
(1) acce¥HYBHY 5 interior of the heart via a percut anedfs/4H/28712
endovascul ar route w thout necessitating opening of the chest cavity or an
open heart surgery; (2) electrically detects even mnute degenerative areas
of the endonyocardium 3) inserts a neeglle of predeterm ned di aneter

(gauge) and length, preferably 2 to 8 nmlong, nore preferably 3 to 5 mm
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into the ppfeaefydh s thin ®Hdé@nds.around the degenerative area, 4) injecting a

predet er mi ned nunber of cells (nyoblasts) through the needle, preferably 10
to 800 mllion cells, nore preferably 25 to 200 mllion cells and even nore

preferably 50 _to 10 i1l ion cell 5) through ap electricagl]ly coupled
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chest or an open heart surdery. theter Structure A variety of catheters,
cat het er opeiihg of tieydiestnmvitndr apbpotl heart siurhedyr (2)stectricallyalztects?2évemimnting

degeneration and weakness in a host_ (e%. .conplications of heart disease) are
cont enpl sesxnegtive atran §f ths eodemypeasdinms 3) nserts a apedle of prsdetermwied diageden oaded
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an el ect circu n nbsSt c6hte nusc is a

heart nugedferaBRy2g Baugathedefaubs moBNpreYahslg 28 bhige fohes igagbéleeveh hbe heart
by a nedical practitioner. The feedback 25 circuit is one IInk in a control
syst ébh t Ipsaferablyp? ] seuget the2 gauget preferably| diagoneHy énte dhe owesaidium; pleandirhet er

tip and a_controller that contains .electrical circuits far detectin
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circuit fhiohiiethe needl! prefFafiy 1866 80D inifli RSN Yh&R froferHIP ek lth P00 Minat r ol | ed
vol ume or anount of nyogenic cell suspension and optionally, to thrust a

r ecessed cjogeimven ardre prbiablyrsp to3@0medlomcals Sothreugh apatlpetieallyt ¢qupledt o t he
sel ected fge]éigalc ctirlc%fc'tugn gnrefcﬁ‘gn?c'al system, 6) within a predetermined period of time,
15  preferably less than one second and 7) without the need for an open chest or an open

heart surgery.

Catheter Structure

A variety of catheters, catheter control systems and methods of their use to treat

20  muscle degeneration and weakness in a host (eg. complications of heart disease) are
contemplated according to the invention. In each instance, cells are loaded into a
reservoir and are injected into the muscle under timing control by an electronic feedback
circuit. In most contemplated uses the muscle is a heart muscle and the catheter is
maneuvered within the inside of the heart by a medical practitioner. The feedback

25  circuit is one link in a control system that comprises the catheter itself with electrodes in
the catheter tip and a controller that contains electrical circuits for detecting, modifying

and analyzing signals obtained from the electrodes. The feedback circuit further
comprises an actuating mechanism for expelling a controlled volume or amount of
myogenic cell suspension and optionally, to thrust a recessed myogenic cell delivery

30  needle out of the catheter tip into the selected muscle tissue surface.



1 2 APl 2005 WD 02/28470 PCTIUSO /28712 8 Previously known catheters are
commonl y used in percutaneous procedures to, for exanple, dilate sqeqﬂ@ngi
bl ood veif(&s/ gz arteries, to deliver medicines, to deliver _ el egtri(‘:‘ shocks
and the M%&8&bects of such catheters maybe combined wi tHFHYGFEent
invention. A wide variety of catheters having one or nore useful
characteristics in that 5 regard are known, as exenplified by wire catheters
illustrated generally in U S. Pat. No. 84,323,071; fixed wire catheters of
the type illustrated in U S. Pat. No. 4,582,181; rapid exchange catheters

as illustrateg | . 4, 76 -her g
delivery and %ﬁ%‘g?#ﬁ%gﬁflf&s Fezra 51(7? ?Ur%g@?q%g?w;ﬁgrs&faégggﬁégéfﬂﬁ%sdﬁ6 437,
5, 941, 84%r exandd;, Efhde skenbstd, 1981 vEssOlk lor&BRried, tdX1i§46medichy, #Helivsrd
5,002,067. The disclosure 10 of each of the above patents is incorporated
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needl es that are fluirdically connected of a source of nedicinal materi al
such as 4,30885Fénfiked wofe caftzgeniof theetyps illRtfedrialdl B, PahhdNo. caif3ettsdr radsoft so

as not to cause henorrhage of the body rt such as the heart. _Accordingly,
the cat h&kLRngReRihesrs asdhpstrated lﬁllij-g'b%ét- g*anéﬂ%@elZPrfmé QShegrcathetegs Q?ﬁfgﬂgmsnt a
needl e i h 3 I 0 R ly 5-10
mm and 23‘6%?%3%33‘?%? g{ﬁ %@g@t?ﬁgﬁpﬁ' %é'n%%ﬁ%ggég%ﬁvdgmadu f %h%{al?%%‘? 6-8 mMm
from t he 53418465 684,80he6,0a1 B8, 6,4 50T846; 6c05@, 25 9paed S108RJ0%7eXiHesdif¢losarthe very

di stal end surface of the tig., In sone epbodi nents, the needle nay exit
from@ ceherctopitthe abppe ealgnisols Beporishhery by rglerece tfRe thep teashingsg

contractign.of, t r nmovenent of the catheter by the operator,
the tip 6@%&?&3 c%%g?éﬁg?ﬁ%uﬁiggé\%” of the heart and the needl e enters the

heart 25 nuscle by the defined distance. In preferred enbodi nents the needl e
exits preferably wthin a short tinme interval and the cells are expelled
t hrough the n&edracticat 8 qatheterngeseriing donemdbodimgnthiof thedsventign qdmpnsefe of a
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15  suspension of myogenic cells, and one or more needles that are fluidically connected ot a
source of medicinal material such as a suspension of myogenic cells. Preferably, the
catheter is soft so as not to cause hemorrhage of the body part such as the heart.
Accordingly, the catheter body may comprise pliable plastic. In a preferred embodiment
a needle is pushed out of the catheter tip between 3-12 mm and preferably 5-10 mm and

20  more preferably, for regular non-degenerative adult hearts, 6-8 mm from the surface of
the catheter. The needle preferably exits from the very distal end surface of the tip. In
some embodiments, the needle may exit from a comer of the tip end, or even from the
side of the tip. During contraction of the heart and/or movement of the catheter by the
operator, the tip presses against the wall of the heart and the needle enters the heart

25 muscle by the defined distance. In preferred embodiments the needle exits preferably
within a short time interval and the cells are expelled through the needle into the
myocardium, all within less than the time of a single heart beat.

In one embodiment the needle normally remains within the tip of the distal end of
30 the catheter and moves out of the catheter during injection of cells. Figure 1 shows an

embodiment where needle 110 is within catheter 100 or protruding a small



30 the catheter and noves out of the catheter during injection of cells.
Figure 1 shows an enbodinent where needle 110 is within catheter 1009 QIR 2005

pr ot r udi | 12APR2005 WO 02/28470 PCTIUSO /28712 9_di stance.
El ect rodgggab%?g%és 120 send electric signals via wires 130P€Jy%§0’268rﬂ7r ol I er

(not shown). The controller activates solenoid 140 to automatically to push
cells out of needle 110. 5 The catheter tip preferably is tapered to allow
insertion into or penetration of a bodyg cavity such as a fenoral artery or
coronary artery. The catheter body should be flexible enough (as descri bed

in many Ofishi&. gliﬁlte&‘i’o&@&ﬁf‘icéé 150 s@’dd:c éi&r?tié‘giéfn!ﬂ@ L whies lt’i’ﬁ% BWoRlr&iikrt @of Ne

desired site su as the interior of the h€art. The catheter preferably has
two or noshewal).ecThodestraieraactivates solehadel 40f tat betotnaficallfhe pasit e¢lls oht dhe

el ectrodes are 10 axially displaced 50 to 2000um from each other, preferably
100 to 108%5derhl0r om each” other and nost preferably between 150 to 500 um
fromeach other. Preferably the electrodes are within the plane of a flat
surface that termnates at the catheter tip, as shown in Figure 3. In sone

enbodisrent s ONBhéEatHBLEL tip| (RefefMULE Bp@ePtE IR iBEriidIe irid @8 pefdiratioa ofad het er
tip as shown, for exanple in U S. Pat. No. 5,450,846. 15 The el ectrodes are

el ect ri capady easitneveleds rofcawnurstery er @proaeryi aterhe Thatdadhetar body shelddbe
conductivg_ (.and insul ate Lines on th at het.er .suyrface,or other canductive
ater &l St oesolE @ cfipemiedl Ty Y (ReBE S En RGBS e B B O wher o
they are megipiRedad tht 86difddCte! such s heGRRELPLS BéHeaM THeldafiédh piifeRBly
conductivity is preferred, it 20 will be recogni zed that other neans of
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chosen for bioconpatibility wth the host. 25 In an enbodi nent the catheter
further cdedtmidas acnwather theoplaee lnfini Batl sudiove ¢t ftenminates at the catheter tip, as
shown in Figure 3. In some embodiments one or more electrodes are present on the side
of the catheter tip as shown, for example in U.S. Pat. No. 5,450,846. .
15
The electrodes are electrically connected to conductive wires in the catheter,
printed conductive (and insulated) lines on the catheter surface or other conductive
material that extend from the tip to the proximal end of the catheter where they are
connected electrically to a control system. Although direct conductivity is preferred, it
20  will be recognized that other means of transferring information is possible, including for
example, use of a miniature radio transmitter from inside the catheter to a receiver
outside the host (patient). The exterior surface of the catheter may comprise a coating of
heparin, hirudin, antibiotics or the like or other substance chosen for biocompatibility
with the host.
25
In an embodiment the catheter further contains an electro-mechanical device for
pushing a needle within the catheter tip into muscle tissue after sensing of mechanical
contact between the catheter tip and the muscle tissue and activation via the controller.

In preferred embodiments the needle in the tip of the catheter extends throughout the

30 catheter and is connected to a reservoir of myogenic cells outside of the catheter.



pushing a needle within the catheter tip into nuscle tissue after sensing of
mechani cal contact between the catheter tip and the nuscle tissue ??%PQ 2005
act i Vat\;\/ﬁr&ﬂ& the controller. In preferred enbodi nent %é'ﬂﬁs&%qbe t'he
tip of the catheter extends throughout the 30 catheter and is connected to
a reservoir of nyogenic cells outside of the catheter. WD 02/28470 10 1 7
APR 2005 PCT/USO /28712 Cells Adm nistered by the Catheter A w de range of
cells are useful for the invention, abddescribed for exanple in U S. Pat.
Nos. 5,130,141 and 6, 015,671. In each case, the cells are provided in
aqueous 5 sHgREAGhARMEL By ARG ARGL, pol ymer for mechani cal stabilization
and/ or to inprove subsequent attachment to the site of delivery. Exanples of
suspensi on ngdiide amhe cfudellalateusybtl fonahe okiyticar, 21s atescibyaly fodevtampldinS.  Pat .
No. 5,567,612, Specialized cell nedia may be used in conjunction with the
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cells and nyocardiumtissue are particularly preferred, and nay be used in
conbi nasuitablewptionad pblymepoarg pervadedrindiBskaM¥es,$6/461bi nd and hol d nmyogeni ¢
cells in 15 place for a period of tine before dissolution or release of the
binding agents. The concentration and average sizes of polyners used for
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shor t | yCOseRAtOn ¥ Eh ofher ROTYRATH X eubsigtres tRaldipgiand; Rold myogenic cells in

15  place for a period of time before dissolution or release of the binding agents. The

concentration and average sizes of polymers used for these purposes will be readily
determined through routine experimentation and chosen to minimize viscosity of the
injected cell suspension. In one embodiment freshly oxygenated red cells are included in
the media to maintain aerobic respiration of myogenic cells that are loaded and remain

20  within the catheter for a period of time prior to their injection.

Myogenic cells according to the invention pass through the needle in the catheter

tip and are injected into a suitable myocardial (or other tissue) inner surface by operation

of the catheter and its control system. In some embodiments the cells are loaded into a

25  reservoir of the lumen catheter shortly before use of the catheter. The reservoir is
fluidically connected to the injection needle. In other embodiments the cells are within a
reservoir attached to the catheter and pass through the catheter length to the needle
shortly before or during use of the catheter. In the latter case, shortly before use the
space within the needle optionally may be purged of air by pulling body fluid from inside

30 the patient into the needle and from there down to the proximal end of the needle. Then
the body fluid is expelled by forcing in the other direction back out of the needle

opening.



fluidically connected to the injection needle. In other enbodi nents the
cells are within a reservoir attached to the catheter and pass thqqp?ﬁQgh§
catheter length to the needle shortly before or during use of the catheter
In the | waer28¢mse, shortly before use the space wthin thag/vssedss?
optionally may be purged of air by pulling body fluid frominside 30 the
patient into the needle and fromthere down to the proxi ml end of the
needl e. Then the body fluid is expelled by forcing in the other direction
back out of the needle opening. 1 2 APR 2005 WD 02/28470 PCTI US01/28712 11
Needl es used by the Catheter A catheter according to enbodi nents of the
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to. In another .
through a distance that preferably is between 3 and 12 mm and more preferably between

15 5 and 8 mm. In preferred embodiments the tip is flat and, as manipulated by the uvser, can

sit flush on the surface of the myocardium.

In a preferred embodiment the needle comprises metal and acts as a common
electrode to form one or more detecting circuits with one or more other electrodes at the
20  catheter tip. The needle-electrode monitors electrical activity to detect the condition of a
muscle, particularly heart muscle that the tip contacts or is adjacent to. In another
embodiment, two needles are present and arranged on opposite sides of the tip. Both
needles can be used as electrodes. In the latter case, a controller may select one needle or
the other to deliver cells.
25
In preferred embodiments the bore or he inside of the needle is polished and made
smooth by rubbing with a tungsten wire. In this case, tungsten wire is preferably
threaded inside and used to polish the inside surface(s) of the needle until they become
smooth. This embodiment limits cell lysis during injection of cells through the needle.

30



enbodi ment, two needl es are present and arranged on opposite sides of the
tip. Both needles can be used as electrodes. In the |atter case, a
controll er may sel ect one needle or the other to deliver cells. 257 APR 2005
pref err &b exxzedh nents the bore or he inside of the needl eedBusAalishred and
made snooth by rubbing with a tungsten wire. In this case, tungsten wire is
preferably threaded inside and used to polish the inside surface(s) of the
needl e until they becone snooth. This_ enbodinment limts cell lysis during
injection of cells through the needle.lgo WO 02/ 28470 12 1 ? APR 2005

PCT/ USCL/ 28712 The needl e, in one enbodi nent exists within the catheter
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electric nuscl e

catheter to determ ne whether that portion of the nuscle is degenerative or
weak (decrease in or absence of normal electrical activity). if the

el ectrical adniawprefpried embgadimartidhendedls pefmpaently & akéended tiiope ther cafeier spot

then nyogenic cells. ate aujonatically.expel|ed out of the.needle into the
muscl e VAR S PPyade HISud - CLHEE ey 0P SAEFEdt PGSl & BEL e sl |
prioip arddGabheies feddde U8 hekdtratd fd RAlyotLaiakl. OThe Aeduiial aBﬁ»‘ﬁgﬁ withHftheas, for
exanpl e, the AV junction as described in U S. Pat. No. 6,059, 726 and

muscle is monitored by circuits outside the catheter to determine whether that portion of

the muscle is degenerative or weak (decrease in or absence of normal electrical activity).

If the electrical activity (or lack thereof) indicates a denerative or weak spot then

myogenic cells are automatically expelled out of the needle into the muscle.

15
Electrodes used in the Catheter

Electrodes have been used in prior art catheters to detect special locations of the
heart, such as, for example, the AV junction as described in U.S. Pat. No. 6,059,726 and
for mapping fine detail in the heart, including pairs of sensors as described, for example

20 by U.S. Pat. Nos. 5,865,787 and 5,450,846. Sensor materials such as carbon, silver,
silver chloride plated silver and platinum are well known in the art and are suitable.
Such electrodes are connected to wires or other conductors within and/or on the outer
surface of the catheter. The wires connect to circuiiry and create signals that can be
analyzed by a computer.

25

Two or more electrodes according to the invention may be used together to
identify a localized area of abnormal myocardium as a site for injecting myogenic cells.
The electrodes can be provided in various geometric forms, such as a flat surface
perpendicular to the axis of the catheter tip, a flat orthogonal surface parallel to the axis

30  of the catheter tip, a hollow cylinder, a sphere with a hole formed through the sphere, or a

metallic bump on a flat insulating surface but preferably are two dots at corners of



for mapping fine detail in the heart, including pairs of sensors as
described, for exanple 20 by U.S. Pat. Nos. 5,865,787 and 5, 450, 8461 7/ 2PRJ4
mat eri al s such as carbon, silver, silver chloride plated silver and

pl ati numw@e223rt known in the art and are suitable. SuchP@l/Bsulr28dies are
connected to wires or other conductors within and/or on the outer surface
of the catheter. The wires connect to circuitry and create signals that can
be analyzed by a conputer. 25 Two or e el ectrodes according to the
invention may be used together to identify a |ocalized area of abnorm
nyocardium as a site for injecting nyogenic cg{ls. The .el ectrodes can be
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control circuitry about the electrical signal status of the immedi ate
| ocal i zedlogaliggd atsant r ol System During use, the catheter is manipul ated by
the nedical practitioner inside a 15 patient and, while doing so, the
el ectrodes participate in one or nore electrical circuits to

Control System

During use; the catheter is manipulated by the medical practitioner inside a

15  patient and, while doing so, the-electrodes participate in one or more electrical circuits to
provide electrical information feedback to a “control system™ about the environment of

the catheter tip. The electrodes may be used to provide, for example, electrical
conductivity (resistance), high impedance voltage measurements or low impedance
current measurements to the control system. The electrodes are electronically connected,

20  preferably by wires, to a sensor/controller that monitors the electrical environment of the
catheter tip. The sensor/controller controls injection of the myogenic cells through a
needle in the catheter tip into the myocardium and preferably is integrated with a
computer that records the history of imjections and triggers imjection in real time
according to comparison of electrode signals with stored or computed comparative

25 information. In another embodiment the injection is controlled by hardware and the
parameters to control triggering of the actuator(s) are set by characteristics of the

hardware and/or by electronic controls that are set by the user.

In some embodiments two electrode pairs are connected in a circuit at any given
30  time and either the conductivity or voltage between the electrodes is monitored. In one

embodiment electrode pawrs are coupled in a pair-wise fashion to differential



provi de electrical information feedback to a "control systen about the
environnment of the catheter tip. The el ectrodes nmay be used to provide, for
exanpl e, electrical conductivity (resistance), high inpedance vol tkagdPR 2005
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The el ectrodes are electronically connected, 20 preferably by wires, to a
sensor/controller that nonitors the electrical environnment of the catheter
tip. The sensor/controller controls injection of the nmyogenic cells through
a needle in the catheter tip into thé4nyocardiun1and preferably is
integrated with a conputer that records the history of injections and
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15 that alters the analog signals into digital signals for entry into the computer determines

when the catheter tip surface has contacted a suitable target myocardium site.

Upon contact and sensing of a desired target site, the computer or other

controlling circuit quickly (preferably within 25 milliseconds, more preferably within 1

20  millisecond actuates efflux of myogenic cell suspension through the needle and into the
target myocardium) and, according to the preferred mode where a recessed needle is
used, actuates (starts) movement of a recessed needle within the catheter tip, causing it to
lunge out of the cathefcr tip and imbed into the target myocardium. Electromechanical
actuators such as a solenoid or piezo-electric device are preferred for these movements.

25  When the myogenic cells are fluidically connected to a reservoir at the proximal end of
the catheter, the actuator for pushing the cell suspension through the needle may be
outside the catheter. However, the pump for expelling cells may be within the catheter.

The pump may for example, be a large surface piezo electric device (more than 1 cm’
surface exposed to the cell suspension) having a surface that twists in response to an

30  electrical signal, or may be a solenoid plunger that is connected to a closed flexible



t hat | ocus, and the amount of cell suspension material injected into the
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needl e may be Mositps¢fdmbiy)éheattomate conolheysterm mohdorsuhphéasy beak el triggerscel | s
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pressure in the reservoir, which is fluidic d to the catheter

|1y conngecte
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enbodionenibsen® of @bl dlectticd dignals) themtheocdiniagr trizgershthareediead phngke and
(b) detection of contact with a weak or degenerated _portion of the nmnuscle.
When t he inforfhagears will gred tisgprs ety agcals, dl reghorbidne dhnt prefergblydy dgse) and
the tip 8{5%9@ &ﬁptaining the needle tip contacts a weak or degenerated
spot, as de SR "by 10 absent or abnormal electrical signal (s) then the
conputer triggers the needle to plunge into the heart wall and triggers the

efflux of cells, all in short time that preferably is |ess )
Due to the lag time associated with some mechanical systems, the signal for

15 actuating efflux of cells may occur at the same time as the signal for triggering the needle
to plunge into the heart. Depending on the particular mechanical mechanisms, however,
triggering of cell efflux may occur slightly after triggering needle movement. In one
embodiment needle movement is controlled by a first piezo electric device within the
catheter and the cells are pushed out of the needle by a second pump that is connected to

20  a catheter, and both movements are started simultaneously. In every case, it is highly
preferred to coordinate the needle plunge and cell efflux with the proper timing of the
heart beat and to carry out the entire sequence of events, from proximity detection of the
needle tip to a weak or degenerated region of the heart, to the needle plunge and cell
efflux during the time when the particular chamber of the heart being treated is not

25 actively contracting. In another embodiment, the contraction of the heart itself is

simultaneously controlled to lengthen the time for injecting the cells.

A skilled artisan can determine suitable timing for efflux of myogenic cells
through the needle, and plunging a recessed needle out of the catheter tip based on
30 known or calculated transients for the respective movements. That is, depending on the

physics of the system such as the reservoir size and response to the actuator force,
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| engt hen the time for injecting the cells. A skilled artisan can determ ne
suitable timng for efflux of nyogenic cells through the needle, and

Cal oul ated 1 o anpaty Qe toiRush IRGEIRE] Blola s SREEE PR ladRE

cal cul ated transie e resp ependi ng on

the phissigespatée ddtarsHetl€sm oS tiEpUES aid/ Atial $Hhex NatediaPROEEhEO t he
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etc., a, timng seguence can be readily determ ned by.a skil.led artisan. In
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suspensh&daido limt | eakage of cell suspension out of the needl e when not

in use. 5 In enbodinents where a cell suspension punp is | ocated outside of
the catheter, a |onger pause occurs between actuation of the punp and
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suspension is forced out the needle tip and deposited into the myocardium. Preferably at
least 5 million cells are expelled in one injection within at least 0.1ml of volume. More
15  preferably at least 15 million cells are expelled within at least 0.25 ml volume. Most
preferably between 25 and 100 million cells are expelled in a volume of between 0.3 and
0.7 ml. In preferred embodiments a total of between 500 million cells and S billion cells
are administered among at least 10 such injections and preferably between 25 and 60
injections. For example, an adult heart in need of repair may receive 40 0.5 ml injections
20  for a total of 20 ml of suspension having a cell density of 100 million cells per ml. For
this cell density, a 22 gauge needle is most preferred. Larger and smaller gauges are also

suitable depending on the viscosity of the cell suspension that is used.

Use of a Control System to Detect Degenerative or Weak Cardiac Tissue and to

25  Control Injection of Myogenic Cells into that Tissue

Degenerative or weak sites of muscle tissue, such as locations of cardiac tissue

that have deteriorated from heart disease, can be detected by its absent or weak electrical
signals. For example, when in contact with or adjacent to normal myocardiac tissue, an
electrical signal emanating from that normal tissue can be detected by a reference
30 electrical signal, typically determined by periodicity, waveform, amplitude, and/or

duration of an electrical signal measured between two electrodes on the catheter
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and/ or  qufsahhQfh fin 88 LSEELEY the BbntRIIBP 3 a%%ﬁﬁ@ﬂgy Qﬁéc\e@ﬁyoaem &RCigopdes on
the catheter WO 02/28470 171 7 APR 2005 PCI/USO | /287 2 surface. In
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particularly 1's useful 1n tw 5 ways. One, the information can be used to
informthe operator (and the conputer) when
In some embodiments a combination of measurements are made. For example,
15  resistance can be measured between electrodes to detect placement of the catheter tip on
a surface. Upon flush contact, the space between the electrodes is filled by tissue and
solution phase conductivity is lost. When in contact with a tissue, the conductivity is
greater. This conductivity (resistance) measurement preferably is carried out using an
alternating current electrical drive source (preferably above 120 Hz, more preferably
20  above 1,000, even more preferably above 50,000 Hz) in order to distinguish that signal
from the noisy electrical environment produced by the muscle tissue. A filter tuned to
the frequency of the drive source preferably is used to remove the background noise
components of the signal. A background control resistance is determined by conductivity
between electrodes when the tip is not in contact with (in this case cardiac) tissue. Upon
25  contact with tissue, the measured resistance increases (conductivity decreases), by a
threshold amount, denoting that the space between the electrodes is occluded by the less
conducting solid. The actual change 111 conductivity in one embodiment is provided as
an audio signal to the operator to indicate when the tip is in contact with a solid (muscle)

surface.
30



the catheter has contacted damaged or weak tissue. Such information maybe
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moveneMO 083810 arrival at diseased tissue. Two, the inf8rFHP91%$7an be used
by the controller to automatically inject myogenic cells upon 10 contact
with the diseased tissue. In this context the controller preferably wll
have a set of stored or determ ned thgeshold values that, once exceeded
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carried out sinultaneously with detection of electrical signals by the
el ect r eeaddd oynSHeamn frams surface of the catheter, placement of the needle into the

muscle will drastically alter the conductivity and/or reception of electrical activity from

15  that portion of that muscle, allowing an accurate determination of contact.

In another embodiment the electrodes at the catheter tip detect the position of the
needle and provide positional feedback information to the control system. In a preferred
embodiment, closed circuits between pairs of adjacent electrodes are established by

20 electronic switches in the controller/sensor circuitry (the switches connect specific
electrode combinations), the signals produced are buffered by operational amplifiers, and
the analog signals are used, either directly to indicate a damaged target tissue, or
indirectly by operation of a software program after their conversion into digital signals
and input into a computer. Upon detection of a suitable target site, two events happen.

25  One event is that the cell efflux activation (and optional needle lance activation) and are
triggered. A second event is that the conductivity between the needle and one or more
electrodes is monitored. As the needle moves out of the tissue, the electrical conductivity
between the needle and other electrode(s) Increases. This signal is used by the
sensor/control circuitry and/or the computer to feedback control the cell efflux (and

30  optional needle movement) mechanisms. In one embodiment with a retractable needle,

while the piezo electric or solenoid mechanism (either inside or outside the
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a better position.

The catheter electrode can provide two dimensional information that informs the

user which direction to move the catheter, which is particularly useful for the

20 - embodiment having a retractable needle. Figure 2 shows needle 210 that extends 7mm
from a surface of catheter 200. In this embodiment two or more embodiment
conductivity measurements and/or two or more measurements of electrical signals
produced by muscle tissue are made using electrodes 220, 221, and 222. The electrodes

are connected to wires 230. Measurements can be made from the three electrode system

25 shown in Figure 2 to provide two dimensional information about which direction to
move the tip to encounter damaged myocardium. By way of example, a user may
manipulate the catheter tip shown in Figure 2 .to sit flush on the surface of a myocardium.

The control system then compares conductivity (or voltage produced by myocardium
itself) in a circuit formed between electrode 220 and electrode 221, in a circuit formed

30 between electrode 220 and electrode 222, and in a circuit formed between electrode 222

and electrode 221. When a region of cardiac muscle that has more damage is
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practitioner inserts the catheter into the femoral artery leading to the left ventricle or via

the coronary artery through the aorta and into the left ventricle as depicted in Figure 3.
The operator manipulates the catheter tip to contact various regions of the heart that are
suspected of containing degenerative or weak tissue, such as the lateral wall of the left
20  ventricle. The control system interfaced with the catheter monitors the electrical
environment of the catheter tip and detects when the tip contacts a degenerative or weak
area of the myocardial tissue. The heart is beating during this time. The control system

automatically ejects cell suspension material through the needle tip and into the tissue.

25 The control system optionally may activate a needle to come out of the catheter
tip and imbed into the endo-myocardial tissue prior to ejection of cell suspension in the
embodiment that uses a retractable needle. The needle then retracts and a series of such

automated injections are made at various locations.

30 An example of a system for cardiac therapy is shown in Figure 4. The distal end
of catheter 400 is seen at the top of this figure, and has a tip to the right in which
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Use of the Invention for Myogenic Cell Therapy and Reconstruction in a Vaniety

of Body Cavities

Most embodiments discussed herein concemn the repair and/or augmentation of

heart tissue. However, it is understood that the invention also is useful for repair and

20  augmentation of other body parts such as regular smooth muscle arteries, the stomach,
the diaphram, the bladder, the liver and other tissues. For example, reconstructive
surgery of bladder may, in some aspects benefit from administration of myogenic cells in

a polymeric suspension to plug a gap or hole in a pre-existing muscle. In one
embodiment for repair of the gastrointestinal tract, reconstruction is performed with a

25  catheter according to the invention in a two step procedure. In the first step, myogenic
cells are injected into areas that respond poorly to peristaltic signals or that poorly
generate peristaltic signals. In a second step a second type of material is then injected to

cover the myogenic cells of the first injection to make a patch that protects the cells from

the gastrointestinal tract lining during healing. The second type of material may be

30 admmnistered by the same catheter or by a second device. In each case, the cells of choice



of catheter 400 is seen at the top of this figure, and has a tip to the
right in which 1 2 APR 2005 WD 02/ 28470 PCT/USO t rS 712 21 needl el Z26R 2005
protrudaﬁpﬁngn% El ectrode surfaces 420 are arranged around needl e 410 and

el ectri &al 137°¢0nnect by wires 430 to hardware 440. Har dwdi e/ Y& biEfers the
electrical signals and converts theminto a digital formthat is input into
conputer controller 450. Needle 410 is fluidically connected to reservoir
460, which conprises pressure activat@2 5 470. During use, conputer 450
receives signals from hardware 440, conpares those signals with information
stored LRshfRehideeNO LR ireAB w6 PudeWitts o @iRr 8Q1s BoR Y mAdcR #RED andiBk €Ct i on

of a degenerative or weak area of myocardiumat the tip of catheter 400. In
pr ef er r asbuenbodi nents the injection of cells into degenerative or weak
portions 10 of nyocardial tissue are carried out within a total tine of

| ess than 2 seconds, nore preferably less than | second and nost preferably

| ess than 0. 3ys . Af q sari-es M)l L0 . eter is
renoved and %%ﬁﬁpgﬁFgg %%[ﬁggpkggﬁgoagﬁiéﬁcé %s?ﬁaggg%uéﬁl5&%F§%g§entiate
i nt 05 hedafcbrpBtitad 19 e edréiee @y BHeirlenti®tied. "pr oved heart nuscle function is

detected by any of a nunber of techniques known to the skilled artisan. 15
Use of the invention for Myogenic Cell Therapy and Reconstruction in a

Vari et f Body Caviti t di ' herej th
Vopai - and! of it ide e B o BRBAIRL bre GBI on" BF S RAES BB00 ha
t he i nvegdnples, dhsie ih&ichtsRf elendpliry eRPodimeaRd are? Bivak §yavtyasf iliku@fioRah@r body

parts such as regul ar snooth nuscle arteries, the stomach, the di aphram the
bl adder aretreb imt¢nded tehichibthh grresentsigvantion Fdfarions ahdnges ambomodificatioms wathisur ger y

of adder may, .in sone .aspects benefjt from.adm nistratiq f ogeni c

e PR et jreaion Syl BRES Appapl b e GeR Ngh oo e Shsetiter | ng
nuscl e. gkHoQREanEiRLbATRAEd hQEin! £Rahis £ chfdRaPpLLIMhERIERRL, tract, ,
reconstruction is performed with a 25 catheter according to the invention in
a two step procedure. In the first step, nyogenic cells are injected into
areas that respond poorly to peristaltic signals or that poorly generate
peristaltic signals. In a second step a second type of material is then
injected to :



cover the nyogenic cells of the first injection to make a patch that
protects the cells from the gastrointestinal tract |ining during healing.
The second type of nmaterial nmay be 30 adm nistered by the sane cappﬁgggwgr
by a second device. In each case, the cells of choice | W 02/28470

S01 /28712 22 are nyogenic cells, which are known to fuse with other cells
both in nuscle tissue and fat tissuey3All publications and applications
cited in this disclosure are specifically 5 incorporated by reference in
their entdrgehhes. It is to be understood that the description, specific
descriptions of enbodi nents and exanples, while indicating exenplary
enbodi nents, are given by way of illustration and are not intended to limt
the present invention. Various changes and nodifications within 10 the

present invent koftitdrl foPRERIBN APRRI0EBIC calld Ned 8 ldrédi@rtadd bSaRedt om t he
di scussion, disclosure and data contai ned herein, and thus are consi dered

part of témnpmeeqiti on. APR 2005 1 2 APR 2005 23 CLAIM 1. A catheter for
i njection of enic cells into target. partion of ~a hear conpr. sj ng:
(2) & 17 oxi bl el madi @I pein it Eachiitr nRioe ados Blemrt i gfeberiert

twenty eight gauge; (b) a tip on the catheter that is tapered to allow
close contact With'the inside wall of the heart and that contains at |east
one el ectrode €9 amijnort e catheedr eledt id Rakred itgalddw ofost henthetarith hesodide pall | on
that it contacts; (c) a tip on the needle that protrudes fromthe catheter
tip no nore thahths™ millineters to

heart and that contains at least one electrode to monitor an electrical signal of
the

heart muscle portion that it contacts;
(c) a tip on the needle that protrudes from the catheter tip no more than 5
mallimeters to

prevent perforaﬁon of the heart;

(@) a needle fluidically connected to a source of myogenic cells;

and an electrical control circuit that monitors the electrical signal from the catheter tip
ard automatically injects the myogenic ceils into 2 target heart material within less than a
second upon detection of a suitable muscle material indicated by one or more electrical

signals.

2. A catheter as descnibed In claim 1 wherein target portion of the heart is selected
from the group consisting of heart muscle adjacent to scar tissue, scar tissue and
electrically abnonmal heart muscle inner surface.

3. A catheter as described in claim ] further comprising a control circuit that

controls multiple injections of cells from the source of myogenic cells.

4. A method of manufacturing a flexibie needle for a catheter used in injecting cells



prevent perforation of the heart; (d) a needle fluidically connected to a
source of myogenic cells; and an electrical control circuit That nonitors
the electrical signal fromthe catheter tip and automatically injj€cApr 200
nyogenic cells into a target heart nmaterial within less than a second upon
detection of a suitable nuscle material indicated by one or nore electrical
signals. 2. A catheter as described igyclaim| wherein target portion of the
heart is selected fromthe group consisting of heart nuscle adjacent to
scar tissue, scar tissue and electrically abnormal heart nuscle inner

surface. 3 SRGUNELAL AL IERGLRSTH I L Pol sl NERREABRGIR B pa0nt o

circuit t pl e I nj ns o s Srontfthe source~o

myogeni ¢ cakiiBie Reithadneftingn@nuf acturing a flexible needle for a catheter
used in injecting cells i 2 APR 2005 24 into heart nuscle, the method

conprising the step of passing a tungsten wine through the flexible needle
multiple tbmes. ScafeicohLgktdLnddlAnkiNG] afeds bf SatdifdedQekioagas of

nmuscl e degeneration and weakness in a patient, conprising: a. a | ong body

t hat can bectloses inexpatiehipcohprigiagi ent; b. a tip at the end of the |ong
body; c. at least three electrodes on the tip; and d. a needle for injecting
cells into the nuscle, the needle having a point; wherein the three

el ectrodes, form go(g?le%grb%#&blfgﬁge{%giétﬁqhgggie f. the tip, the long axis of the

needle is positio ree el ectrodes and is perpendicular to
the flat sbrd@eetthéendoliat Maigiodgs described in claim5, wherein the needle
point remains inside the catheter during insertion of the |ong body of the
cat het er i fit3leeRdhyssteleshpdes the "Phadst out through the plane of the three

el ect rodes frkr tecti.on a, | I eg of cle de eration and
weakness. 9aa %g%enﬂg’l]?ce gﬁgﬁe 1{1}}0 @%r%n'fsr%gaea?feﬁbee%}lﬁ%’méga eggté that nmonitors
portions ofhaeheart for

the three electrodes form a fiat surface on the end of the tip, the Jong axis of the needle is

positioned between the three electrodes and is perpendicular to the flat surface.

6. A catheter as described in claim 5, wherein the needle point remaius inside the
catheter during insertion of the long body of the catheter into the patient and is thrust out
through the plane of the three electrodes after detection of a local area of muscle

degeneration and weakness.

7. A controller useful for treating heart disease that momtors portions of a heart for
damaged portions and that controls delivery of a therapeuntic matenal to a damaged
portion via a catheter having electrodes in its tip and a needle for injecting the therapeutic
mateiral comprising:

(2) two or more electrical circuits that monitor signals produced from electrodes i the
cathéter tip;

{b) acorpparator that comprises hardware circuitry, a computer or both, that analyzes the
signals obtained from step (2); and N

(c) an activator for injecting the therapeutic material through the needle and into a
damaged portion of the heart;

wherem the comparator of step (b) activates the activator of (c) within 50 milliseconds of
receiving signals from the circuits of (a) indicating the proximity of a damaged portion of

the heart.



damaged portions and that controls delivery of a therapeutic material to a
damaged portion via a catheter having electrodes in its rip and,a needl e
for injecting the therapeutic mateiral conprising: (a) two or mbrleAPR 2005

el ectrical circuits that nonitor signals produced fromelectrodes in the
catheter tip; (b) a conmparator that conprises hardware circuitry, a conputer
or both, that analyzes the signals obpsined fromstep (a); and (c) an
activator for injecting the therapeutic material through the needle and into
a danmaged portion of the heart; wherein the conparator of step (b)

act i vat es 8t he @f(t,s(jn\éﬁl%é 3soc{esé I ed%tcmix?lhg(?g%llekﬂ i?@c?dgx?ﬁgs%g at lregﬁgi c\ﬁic S si gnal s

fromthe Circui I ndi cat’i ng Xim anaged portion of

the heart frod deffde2 BOWhiRD 11 elbcteaiRisibabRfoRS aGRSRE s@stel b tBE Bdthetés tipherei n
(a) conprises at least 3 circuits fromelectrodes in which the el ectrode

surfaces forma planar surface on the catheter tip. 9. A controller as

describedgin cliaim7, wherein the therapeutic paterial is cel.l suspensi on.
10. A cat het er A GPoAMERR RGP A e aRt | 0§ Ca FRd PRI gRa o aisa N hoar
nuscle deggeesidl i on and weakness in a patient by delivering nyogenic cells
froma resefvoir to the local area, conprising: a. a |long body that can be
inserted into the patient; b. atip at the end of the |ong body; c. at

| east two.glectrodes on the ti a needle in_the tip for injecting cells

into the nscl & Caﬂh*réerrf@‘eéﬁt_%c%\%nﬁgfeat%?Hﬁa%ﬁae losa! 72 of beat a5y connect ed
L9 1 B ol OB P 0 e SR Y PO O0eT, ©
needl e i nicdspdBga, tdnsigmal s obtained fromthe el ectrodes.

a. a long body that can be inserted into the patient;

b. a tip at the end of the long body;

c. at least two elecirodes on the tip;

d. a needle in the tip for injecting cells into the muscle, the needle having a point and

being fluidically connected to the reservoir of myogenic cells; and

e. an actuator for pushing myogenic cells out of the needle;

wherein the actuator pushes myogenic cells out the needle in response to signals obtained

from the electrodes.

11. A catheter as described in claim 10, wherein the needle 1s recessed in the tip and
1s pushed out of the recess by an actuator in response to signals obtained from the

electrodes.

12. A system for treating a body tissue by implantation of cells into selected parts of
an organ of a patient in vivo comprising:

2. acatheter compn:siﬂg 2 retracted needle and at least two electrodes 1n 1ts tip;

b. areservolr of cells to be mmplanted;

c. an actuator for moving the needle from the catheter and into a selected part of the

organ;



11. A catheter as described in claim 10, wherein the needle is recessed in
the tip and is pushed out of the recess by an actuator in response to
signals obtained fromthe electrodes. 12. A systemfor treatingla BHRRI%05
tissue by inplantation of cells into selected parts of an organ of a
patient in vivo conprising: a. a catheter conprising a retracted needl e and
at least two electrodes inits tip; bg a reservoir of cells to be

i npl anted; c. an actuator for noving the needle fromthe catheter and into a
selected part of the organ; 1 2 APR 2005 26 d. an actuator for forcibly
expelling cells through the needle and into the selected part of the organ;
and e. a cororaghiater fohtrciabt sxpatlmg cele thacrghathgmsedit aid inta e Eicicdpier @i n t he
controller, monitors, electrical signals obtained by the el ectrodes, conpares
those si dRaP$2Hid¥ stored or calculated information and activates needl e
movenent and, c%%{r’ollevrfﬂy%%teélﬁférhcgﬁEd?QbT@ 8 @, Werdit Y of the selected part
of the organ to the catheter . A system as déscribed in claim12, wherein
the cell s the eoniyptigemoniten| ditarud sighals obtajesd otipreicsesdaslisehparts tvge. 14. A
system as described-in claim 12 wherein the el ectrical signals_obtained by

the el ectFPabsvith gopdsd selulaied fPrmatiognns agivirsaestleaneyearead erd edl
resi st anc%nééexﬁé?l%{x% &edifbn JGLEEHOS RO A @ art DEME AFNGHE ke

surface
13. A system as described in claim 12, wherein the cells are myogenic cells and the -

organ comprises muscle tissue.

14. A system as describedin claim12 , wherein the electrical signals obtained by the
electrodes are produced using a signal generator and electrical resistance is monitored to

determine contact of the catheier with 4 surface.



