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1. Field of the Invention
10 | T , |
The present invention relates generally to the field of medical apparatus and

instrumentation and more particularly to the field of non-pharmacologic treatment of
cardiac disorders mcludmg arrhythmias and ischemias, mcludmg percutaneous
treatment, with specific application to the ablation or modification of tissues

1'5 responsible for the arrhythmia, and for protection of ischemia reperfusion injury by
application of local hyperthermai treatment. | '

2. Description of the Related Art

20 - Cardiac arrhythmias arise when the rhythmic electrical signal from the heart's

| intrinsic pacemakers is not c_orrecﬂy propagated throughout thé _heart.' A particular
type of cardiac arrhyththia is a ventricular tachycardia, in which an ectopic focus
occurs in the ventricle of the heart resulting in a heartbeat of over 100 beats per
minute. This'problem often occurs near a site of damaged myocardial tissue caused

25 by an infarction or other injury.

Heating and thus coagulaﬁn’g ("ablating™) myocé,rdial tissues responsible for
cardiac arrhytbmias has been shown to be of great therapeutic value and is frequently

done percutaneously (“catheter ablation"). By far the most common method involves



20 . Car di ac arrhythm as arise when-the rhythrﬁc el ectrijcal signal

fromthe heart's . -.intrinsic pacenakers is not correctly propagated
t hroughout the heart. A particular: ~ - type of cardirac arrhythmad is a
vendricul ar tachycardia, in which an ectopic focus _ occurs in the

ventricle of tWOIMHERE resulting in a heartbeat of over 100 RCGHESIHEIZ6

m nute. This problemoften occurs near a.site of danaged nyocardial tissue
caused 25 by an infarction or other injury. Heati ng and
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| aser ener gys (segupraventitalaet Thb is due'$l o twelitdeBindd Bagp®) criteria highly plédittiveof =
arrhyt hm as which respond best to this therapy (wth a >90% cure rate) are

5 supr avent r Fergiaad (2)te the small yolumenof tisshe ydiich, when shiated Bpayenfs recnirent; | o

hi ghly predicti Vﬁ'rg;thm' I : : ' '
whi ch, when abl at ed, p#aév'léhr'i‘tsgﬁl e;f&u’?dgké%%&mg?%ﬁf#ﬂg iﬁﬁée%{r#é % ew, .
or sonetines oneRFriathadted esion(s) may be neteasaryhfor swoskss. t ar get ed, a

RF-induced | esion(s) nmay be necessary for success. 10 : Thi s
sanme approach has been far | ess successful in treating the ventricul ar
- 10 - This same approach has been far less successful in treating the ventricular -
. ’ '

arrhythmias typically originating from tissues damaged by myocardial infarction. RF
catheter ablation can be recommended only as. adjunctive (not "first line") therapy for
these arrhythmias. Reasons for this, again, are (1) mapping criteria which are not as
clearly correlated with success as in the case of supraventricular arrhythmias and (2)

15 larger tissue volume responsible for the arthythmia.

An -a.tteri_lpt to address the problem of ventricular arrhythmias is described by
| Isner and Clarke, US Patent 5,104,393, which discloses a catheter for ablation of
cardiac tissue. The instrument tip is held in place in the endocardium by a fixation
20 wire, with the ablation_ tip held on the endocardial wall, and thus, the tip does not
. directly reach deep intramyocardial tissue where arrhythmias may arise. Other
present methods are similarly iﬁadequate for ablating such deep tissue; precluding
percutaneous treatment for many patients. ' '

25 - In recent years there has been significant interest in genefating elevated levels
of heat shock proteins ({ISP's) in the heart and exﬁmining their cardioprotective |
abilities. These efforts have led to the dgvelopment of experimental protocols in |
which different stresses such as _hypoxia, mechanica.l strain , hemodynamic overléad
and hypothermia hiave been used to express HSP's (especially the HSP70 family) and



arrhyt hm as typ| caI ly originating fromtissues damaged by nyocardl al
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exani ne t hd0subsefiSRY aspr resudtoafibent sheckirpspohsschas béencshows td1mpr<aderfemmml3| on
(! / R) L) léca/very after ischemia and reperfusmn (Cume etal. 1988)

* In previous hypertherma studies HSP expression was achieved by either
' heatmg the buffer solutions of in vifro isolated hearts or by subjecting animals to
15 whole body hyperthermia 24 hours before IR. However, whole body heat stress may |

exert negative effects on extracardiac cells such as blood cells, as the observed |
duration of cardioprotection in animals treated with whole body hyperthermia in vivo '
is less than cardioprotection of hearts heat shocked during isolated buffer perfusion in

vitro. Walker et al. demonstrated these extracardiac effects in experiments in which

20 buffer perfused hearts and blood (non-heat shock) perfused hearts of animals

_subjected to whole body hyperthermia were able to withstand longer periods of

: ischemia than aniinals subjected to whole body hyperthermia whose hearts were still
pérfused_ by the heat shocked blood components. . |

25 . Their is a need therefore for a method of directly heating the heart and
inducing regional HSP expression, thus avoiding limitations that may be induced
. during whole body hyperthermia.

' SUMMARY OF 1 NTION



Previous work in various in-vitro and in vivo ani mal nodel's has shown that
5  hypertherm a-induced expression of HSP's is acconpani ed by protection
agai nst . - .i schem a/reperfu3| on (I/R injury of -the heart (Marber et

al .- 1993; Donnely. et al: : 1992; Yellon et al. 1992; Val ker et al,

1993; Currie eWOANTTIHY3) . This protection has not onlBFTEENSMHwn
to be related to HSP expression but also directly correlated to _ the .
amount of HSP i nduced before /R (Hutter etwgal. 1994). Additionally, '
expression 10 of HSP's as a result of heat shock response has been shown
to i'nprove functional ~recovery after ischenia and reperfusion -
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thus avoidiing.limtations that may be i nduced - during whol e body
hyper t her ni a. the desired area. . -~ SUMMARY OF THE | NVENTI ON

The present invention thus provides instruments and methods for percutaneous
| catheter ablation of larger myocardial lesions than have previously been possible, by
15 the intramyocardial delivery of diffused laser light, or other ablating energy, thus
| enhancing the potential for cure of ventricular arrhythmias, for .exa.mple. Patients
_ may therefore not require pharmacological or surgical therapy, reducing the
. morbidity and expense of therapy. -

20 " The invention, in certain aspects, may be described asan apparatus for
_ endbcardial insertion comprising a catheter adapted to access the cardiovascular
system. An energy transmitting conductor extends along and within the catheter and
has a tip which is extensible beyond the distal end of the catheter and also retractable
within the catheter. The conductor may be a conductor for electrica!.l. dmt,’
.25 'ult:rasound, microwave, an optical wave guide such as a wave guide for coherent light

AN

or a conduit for liquid and most preferably comprises an optical fiber.

The ti}i of the conductor is configured to penetrate cardiac tissue (i.e.. through |
the endocardium and into the myocardial tissue) and to direct energy from and
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probl ems -descri bed above by (1) ~ delivering laser light or other
ablzat i ng ener gyanl #@pyocardially, and (2) diffusing the PCT/USIEN3386 NO
-ener gy over aqﬁ?ggﬁ area in the nyocardi umw t hout causing excess heat on
5 t‘he endocardi al surface or in the blood pool. Mapping of the site of
the arrhythma is -~ made possible by-8 ectrodes provided on the

cat heter sheath that may be sw tchably connected to a physiol ogi cal*

recorder. In a paikilysHdidr RIUNYFEIEE o tHERAd DT when the coRhRESriPERedeRY be
.provided on the retractable tip, in order to nore precisely define

“the area of nyockeydadthe distahindof the eathateriapd intg the myosardial tiysue.cThetip may i s

controllably 10 flexible for | ' 1.0 rect. |
posi ticon for conPHPAPREe G ’F‘e"é@%’%‘gb‘%mﬁk‘ ﬁga%%g@%&&ugﬁ@.&%e 3 ﬁx_ay
The, present i nvefpimhaflat 8ids amwﬁfbm; erdsdr fothieP ffpropiiate ddafipaator. Bxemplary

per cut,aneous . cat heter _abl ati on_of | arﬁer nyocardi al | esions than
have previ ods|y tipsane daseribedin USRatent; 5,253,814 of HE Patepbb 2047 H| inerrporgted y of .
di ffused | aser 1} er, | : %%_n : Hak hegglng the
potential for cu %Q%Pyggﬁé%%éu r “g‘?"?h tl %Egs, g?éég&tépn%‘iag?blﬁgt{al enté :

may t her ef or e noEardeMfedical Lpbes e Beanis,AdA. dhe sud of thetip dagmizpbe costetliori ng t he
nmorbi dity and expense Qf thera tion, in certain.

Y. 200 . The inve
aspects, may be ERBIAPRBRILT oF Jight reflesting of deflecting mat“@ﬂt‘:?p‘l’ prfogrevent
I nsertion conpri Rirfiékd ey REISIE 1ROARIRE e Ry CORS fealuRCin bR MR Glthe

system An energy tra ting conductor eXtends along and within the
cat heter arkd present inwergion biyiholpitg to preventamwanied perforatiopni¢andiag tighuet al end
of the catheter and also retractable y

The apparatus may also have one or more electrodes positioned near the distal
" end of the catheter and may preferably have an electrode pair positioned at the distal |
end of the catheter to be used to accurately map the arrhythmia. Alternatively, the
15 appﬁrams may even provide one or more electrodes positioned on the retractable tip
for interstitial mapping. Additional electrodes may be positioned on a probe that may
be advanced from the end of the catheter into the tissue for recording intramyocardial -
electrical activity. It is understood that the conductor for the mapping elécu'odes is
preferably incorporated into the sheath of the catheter. However, in those |
‘20  embodiments in which a mapping probe is extensible beyond the catheter sheath, a
conductor may pass through the lumen of the catheter in addition to the conductor of
| ablating energy. Apparatus and methods for stimulating, pacing, and endocardial
mapping of arrhythmias are well known in the art, and they are not, in and of
themselves, considered to constitute the present invention. The overall ;p_pa.ratus will
25 preferably include a physiological recorder. switchably connected to at least one of the - | :
electrodes operable to map local cardiac electrical activity and may further comprise )
- an electrical stimulating device switchably connectéd to at least one of the electrodes
' ’ operable to pace or otherwise stimulate the heart tissue. Thé pacing electrodes may |
be used to induce or to terminate arrhythmias during the p_rodedure. The apparatus



Wi thin the catheter. The conductor may be a conductor for electrical _
current, 25 ul trasound, m crowave, an optical wave guide such as a wave
- gui.de for coherent I|ight -~ or aconduit for liquid and npost. -~ = . |

preferably conprises an optical fiber. : [ The tip of the
“conductor is _cr@ﬂf’i'”ﬂm’%d to penetrate cardiac tissue (i.e. thrl}éf}gﬁs%"%’ |

t he endocardium and into the nyocardial tissue) and to direct energy from .
and WO 97/07735 -6- o . _
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radi al | y and/ or axi i Tﬁm l%f ' : : is

: extendeé _ _g‘giﬁ]‘hxﬁ]cg l_getlg en H?fgﬁﬁgﬁﬁggﬁgwg%@d e
myocar di al- ti ssueencitation oPhexrtytissue. The stabilizerds gxemplifidd by, dut ismobliméted topamor e
easily penetrate the endocardiym or the .tip na , forma flat end, a
flat elliptical éﬂ%ﬂ'ﬂﬁ%&m&m&%ﬁﬂgﬁ“ﬁ%mﬁﬁwﬁﬁﬁﬂwﬂd%rﬁwwy tips
are, described in g lafhqid ﬁlege'i_’.?’?l'ﬁ&aabiﬁierHﬁyﬁ???ﬂﬁoh@d%ﬁ%hg&kﬂsm ed -

herein by reference. A preferred tip.is the using |laser tip avallable - .

fromRare 5  cathetehto\iabiltzaithd cathetes within 3 badyronges, or bitvityT|Qthersthbilizetseayt i p

may al so be coated .o oupl.ed.w t er or.light reflecti or
defl ecting mater i‘%?m‘i%b%aﬁ%?mﬁ'@l%p&/@# orhba%fgetgﬂqp(g&%ﬁpxmw gﬂ?‘a%‘sz? Mfﬂghe
abl ati ng energy.'tﬂ'@éa'ihe‘t@gmmﬁ'%,_ncreases the safety of the 10 pr esent :
i nvention by helping to prevent unwanted perforation of cardiac tissue.

The apparatus may al so have one or nore el ectrodes positioned near the .
Ot et 1 onedny  h Ao el Sl (ARG
accurately map t lublatibh bféddircitissié, twherecthe vatheter hiakis rebfactable fippaidaheifip By even
: p.r .C_)V.i_ de one or me;:'?engilb(laeci}:tro%ee g:y g r .ittn;act)igs%% fgrriattepa? ! tsirog%}gbqlat?ngt e!ngrgy into the
intramyocardial tissue. The ablating energy may be provided in the form of laser = -
energy, rédiofrequency energy, micrqwavé, ultrasound or a medium such as hot
water; and is preferably 400 to 3,000 nm wavelength laser energy.
15 | a
A certain aspect of the present invention resides in a method of treating
cardiac arrhythmia which comprises the steps of positioning the distal end of an
apparatus as described above on the endocardium, identifying the tissue involved in
the arrhythmia, extending the distal end of the conductor past the distai end of the
220 catheter and into the ﬁSsue, and transmitting ablating energy through the conductor
_ into the tissue. In the practice of this method, the conductor may be a waveguide and
the ablating energy may be laser energy. The distal end of the waveguide preferably
comprises a penetrating tip and means for distributing laser energy into the selected
ﬁssue ina desired_patteni, which may be a uniform distribution extend{ng radially
25 from the waveguide. B |

In certain embodiments, the présent invention may be described as a method -
for promoting myocardial revascularization, through a process called angiogenesis.
In the preferred method of practicing this embodiment, the tissues are heated to about



for,interstitial mapping. Additional electrodes may be positioned on a
probe that may be advanced fromthe end of the catheter into the
tissue for recording intranyocardial - - electrical activity. I.t is
under st ood that the conductor for the mappi ng el ectrodes is .

preferabl y mwmﬁsed into the sheath of the catheter. Hommsgmsstshose '
20 -+ enbodi nents in which a mappi ng probe is extensible beyond the '

cat heter sheath, a conduct or may pa;s t hrough the lunmen of the - .
catheter in addition to the conductor of abl ati ng energy. Apparatus -
and nethods for stinulating, pacing, and endocardi al mappi ng ‘of '
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cardiac electrical activity and 'may further conprise an electrical -

stiful ating deviexeeptin mosigrsey I be pesformed intraepezativelyand fnviolye adprgex rodes
operable to pace v Nim otﬂﬁrwl se stinulate the heart tissue.. The pacing

el ectrodes A% sed to induce or to terninate arrhythm as during
t he procedure The appar at us S WO 97/ 07735
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may further conprise A%F@%Pﬂ%Fhe%?w%qvéﬁﬁF?‘ﬁijMW?ﬁﬁe&m o
-~ unwant ed ﬂﬁ@@%g%fhaﬂs&fck BRcAMihs. | i iftar sk @%ﬁ%{%@ﬂﬁg gﬁeg«}ekﬂcf i ed

by, but is not | at abl e, | oon
t hat ex pands r aciiesponye wrijurynit iesquéemplated that dther mechanical,ghermial @ptl@l,t he

cat heter. e stabil,i itioned ., on t rf f

“cat het er tc} st ab F‘it"z‘ taﬁggﬁé[’%@{i@?fweﬂf,% ALY md?‘&h’ﬁr*@% M %C&
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shaped extensi ons which are attached to the catheter's distal tip.
heart may be used to induce local injury in the heart tissue thus elevating HSP and

other substances that could have protectlve effects. However, it is contemplated that

local irradiation and/or heating"may provide a the safest and most preferred approach
15 to local elevation of HSP in the heart. Local temperature elevation in myocardial -

tissue can be realized by heating from the epicardial surface, endocardial surface,

interstitial heating or a combination of these modalities.

In the practice of the method, devices emitting laser, ultrasound, microwave,
20 radiofrequency or conductive heat as from a hot tip may be used to heat the heart
. tissue. These devices may, by way of example only, be placed in a blood vessel, they
" may be introduced through a natural opening such as an esophagus to irradiate and/or
heat the heart via radiative or conductive heating with or without simultaneous
cooling or by opening a small port between the ribs and performing laparoscopy for .
25 “treatment of patients with chronic ischemic heart, for example. Such treatment may
" be administered as a si_ngle application, or every 2 to 3 days for a period of time
necessary to have a beneficial effect as determined by the practitioner. Such
treatments may be administered for protection of transplant, bypass or 6ther patients; |



The present invention may al so be described as a maneuverabl e catheter for

10  ablation of cardiac tissue, where the catheter has a retractable tip, - |
and the tipis - extendible into the _rry_ocardiumtissue for | ateral
di £f usion of ablating energy i nto the - - i ntranyocardial tissue. The

‘abl ati ng ener e provi ded in the formof ‘| aser ]Flceﬂ%ﬁ,\{
radi of requenc§¥’3%€ m crowave, ultrasound or a nedium such as ho 396
water, and is preferably 400 to. 3,000 nm wavel ength | aser energy. 15

A cértai n aspect of the present invention #esides in a nethod of treating
cardiac arrhythm a which conprises the steps of positioning the distal end
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the tissue involved I'n + the arrhythm a, extending the distal end of

t he conduct or passa kideay, Sirekemplend of the 20 catheter and into the
tissue, and transmtting ablating energy through. t he conduct or . into
the tissue. In the practice of this nethod, the conductor may be a

wavegui de and mgogmeawﬁmgwﬁvmnmoqﬁeﬁsmmﬂhe di st al
end of the wavegui de pref erably conpri ses a penetrating ti p and
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about - that¥dcR G4 dP mduce a protective response in myocardial tissue as descnbec% -
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. 10 herein, _ ' '

As used herein, “ablate" means to ﬁlérﬁally coagulate and/or rem_ové the -
tissues where arrhythmias originate or through which arrhythmias are sustained, and
in a more general sense, ablation means the desiccation of tissue by the application of

15 heat, For example, an ablating energy would be one that would cause the tissue to
reach a temperature of at least about 80-90°C. Hyperthermia is defined asa
temperature above normal body temperature (3 7°C), but usually less than the
temperature necessary to cause tissue coagulation. '

20 - . BRIEF DESCRIPTION OF THE DRAWINGS

' FIG. 1. A schematic of the laboratory arrangement necessary to perform the
_ methods of intramyocardial catheter ablatlon -

25 FIG. 2. A schematic drawing of the distal portion of the catheter, with the tip -
positioned against the ventricular endocardium during mapping, prior to advancement

- of the fiberoptic diffusion tip and delivery of laser light.
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substances that could have protective effects. However, it is contenplated
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nat ur al ﬁgl ng such as an giophagus to irradiate and/ or heat the
heart via radi atf¥8<HY REBRIEEPY ve heating with or without sinultaneous
cooling or by opening a snmall port between the ribs and performng :

| apar oscopy for 25 treatment of patients with chronic ischenic heart_

for ~exanpl e. Such tr &6ndnA fles diagram of a typicad methed of uyecaf thaspresest inyension.

application, or every 2 to 3 days for a period of tine -necessary to"e

have a beneficial effect as determ ned by the practitioner. Such

treatments may be adrRIGi 6AeBergrhplis showingrésultingafeatat Asksiplthalieft ventpialedn heat
h

other pati Eint > treated rats (hashed bar) and controls (solid bar) after 30 minutes of regional ischemia

and 2 hours of reperfusion. No difference is seen in area at risk as a percentage of left

ventricle in either group.

' FIG. 6B. Bar graphs showing resulting infarct sizes in heat treated rats
20 (hashed bar) and controls (solid bar) after 30 minutes of regional ischemia and 2
- hours of reperfusion. Compared to controls, heat treated rats demonstrated a
significant (p<.005) reduction in infarct size expressed as a percentage of area at risk.

FIG. 7. Bar graphs showing gel densitometric analysis of immunoblots
| 25 indicating levels of HSP70 expression, from right and left ventricular samples of four
groups of rats, from left to right, no surgery, open chest (C1), cold probe (C2) and
heat probe (H). Hatched bars are right ventricle and solid bars are left ventricle.
Values are fold difference compared to "no surgery” controls. Local heat application
increased heat shock protein 70 expression in both right (non-treated) and left
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PCT/ US96/ 13396 - . “i'ncludi ng for exanple patients receiving

‘transpl anted organs other than a heart ‘such _ as a kidney, for . .
exanple. ' An enbodinent of the present invention is also the
use of int erstw¢9-ﬁd71355 i'l'l uni nation in combination wth | ipgruses1sBdasat ed:
subst.ances that may induce heat R shock protein and/or pronote the
growt h factors. Optical "and ul trasound ener may be introduced to.
‘activate exogenous substances that have be&n admi nistered such as '

t hose known in the art to be effective_ in photodynamc therapy. It is

contenpl ated (umdhmmmmeomww&be@ea CRRHER e@ﬁ?ﬂ?’#@ﬁ%@mghe"

Lne/;)g?:]di_ ?Lblt szyaﬁﬁgeﬁ‘;ﬂfﬁﬁ%&é}ﬁ/ coagu at“"d%{/or @e%uv%a?ﬁf%m%o

ti ssues where ar gpfibdnt diffepénicd wasiblserved bétweergV whd RV samples fifori contrelse

sust ai ned, and in a nore general sense, ablation nmeans the
desiccation of tissue by the application of 15 heat. For exanple, an

abl ati ng enesrgy woul d be one that would cause the tissue.to reach a
tenperature "of at |east about 80-90[err]C. Hypertherma s defi ned as a

t enperat ure above NnPRTAILBDID RIPTIEONIOF T

t he - . tenperature necessary to cause tlssue coagul ati on. 20

BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1. A schematic of

the laboratory arr anOf P E¥errBf GGG, the}52bdeRN ifvdnfiBn comprises a catheter capable
' of both sensing myocardial electrical activity and delivering laser light or other types -
10.  of energy within myocardial tissue. The distal catheter comprises an outer sheath |
. ~ whereon electrodes are positioned and through which a movable fiber optic cable or
other energy delivering device can be percutaneously advanced beyond the sheath and
into the myocardiuni for intramyocardial heating and/or photocoagulation, or
modification of tissues responsible for cardiac arrhythmias. Additional mapping data
15 may be obta.med by inserting electrodes along a probe into the myocardium, prior to
| exchangmg the mapping probe for the ablating tip. The tip used for mtramyocardlal
heating may be further designed to diffuse photons or other energy laterally, thereby
- heating larger volumes of tissue than is possible with current endocardial treatments.
The tip is designed so that it does not allow forward irradiation, and thus prevents |
20 full-thickness ablation and perforation. The overall design of the invention is
. intended for percutaneous treatment of cardiac arrhythmias such as ventricular _
tachycardias, although the diffusing tip may also be used ihh'aoperatively. Although
treatment of ventricular tachycardia is the most preferred embodiment of treating
arrhythmias, treatment of other arrhythmias may be accomplished with few or o
25 modifications of the disclosed apparatus and methods. In addition, the treatment of
ischemic heart conditions by hyperthermic induction of angiogenesis maj be -
accomplished by the apparatus and methods of the present invention. It is understood
and shown herein that local heating of heart ﬁssue induces heat shock proteins that are



-met,hods of intramyocardial catheter ablation.. 25 _ FIG 2. A
schematic drawi ng of the distal portion of the catheter, with the tip
posi ti oned against the ventricul ar. endocardi um during mapping, prior to .

~adwvancenent - of the fi beroptlc di f fusi on t| p and delivery of [aser
1ight. - ,7,0-,»@ 97/ 07735 : . PCT/US96/13396
PCT/ US96/ 13396 -9-

FIG 3. The catheter of FIG 2in the |rrad| atl ng posi ti on, W|th t he
penetrating . optical fiber tip extedded into the myocardium A
circunferential doughnut-shaped bal | oon has been inflated to help

prevent further oaﬂmmmam sthemizrepatfision and thedihdirction of heat shogk proteinsio
perforation of the ventrl

Schematically
depi cts the di ffh&%fﬁﬁij‘“?)ﬁ efiiﬁreg’n’ﬁa?ﬁ‘?lp%ﬁﬁ?ﬁé’m%mmt Inventop.j gt -
di stribution. The end of_the fiber may be coated with or coupled to an
~optical - el enrent to deflect or reflect |IEht so that no light is
enmitted in the forwaFiGdi isecthepmatic diagram of apreferred emboctmenttofphetnsespmevent

- perfofation_and/.or danpnge he e I.C oran [ _
“peri cardi un? invention I semaf‘ a%%f ?%%?samég?drﬁngf il cag%sg&f%od of :
use of the presept 1s'cBH&BieH@61ﬂ1edxsta1end24ofacatheterEiGya@énduemrlgpmahg showi ng

resultlng area at risk inthe left ventricle in_hea
' . through the lumen 44 of the catheter 22 (See also FIG 2) Also passing through the *

lumen 44 of the catheter 22 is a conductor 14, connected to a physiological recorder

12, and/or a stimulator 12. Alternatively, the conductor 14 may be incorporated into
_15 the sheath 36 of the outer catheter 22. In the embodiment show.n in FIG. 1, the
| - catheter 22, is inserfed into a femoral artery {or vein), advanced into a chamber of the
heart 16, and is placed in contact with the endocardium.

The distal portion of a catheter 22 is shown in FIG. 2. The distallend 24 of -
15 the catheter 22 is shown in positibn against the ventricular endocardium 30 as used
- during mapping, prior to advancement of the fiberoptic diffusion tip 42 into the
interstitial tissue 32 and delivery of laser light into the arrhythmic zone 34. ‘Attached e
to the catheter sheath 36, is a series of electrodes 38 that may be used for mapping,
including one pair 39 positioned at the distal end 24 of the catheter 22. The pair of
' 20 mapping electrodes 39 positibned at the distal end 24 sense electrical activity, and this
| '.information is used to find the arrhythmogenic focus 34 (i.e. the myocardial site
: giving rise to the arrhythmia). These electrodes 39 at the distal end 24 of the catheter
22 may also be used to pace the heart when pacing techniques are used to assist with
_ mapping. A pair of proximal electrodes 38 positioned alohg the catheter sheath 36
 25 may then be used to sense endocardial activity during pacing from the distal pair 39.
* Also shown is an inﬂétable, circular balloon 40 in the deflated state, ringing the outer |
surface of the distal end 24 of the catheter 22. The ablating probe tip 42 is retracted

entirely within the lumen 44 of the catheter 22, in the unextended position.



15_. treated rats (hashed bar) and controls (solid bar) after 30 ninutes

of regl onal. i schem a and 2 hours of reperfusion. No difference is
seen in area at risk as a percentage of left ventricle in either

gr eup. ' FIG 6B.. Bar graphs showing resulting inf.arot
sizes in heatwdgwob-gé rats 20  (hashed bar) and control s perisssibsme)
after 30 mnutes of regional ischema and 2 ~ hours of reperfusion.
Conpared to controls, heat treated rats deppnstrated a significant
(p<.005) reduction in infarct size expressetl as a percentage of area at
risk. FIG 7. Bar graphs shovm ng gel densitonetric '
analysis of i mrunobl BIG 37is a schematie) drawing of gﬂ u-radigting pesitien. ofhe from

s ! e Gt R s P B

heat probe (H). piaeéd:ia&dm?@dafdxa ﬁofﬂ&b&wdﬁ%ﬁ@ﬁdﬂ@n%ﬂﬂxe%&h&ﬁnﬁ@i&e@ﬁemﬁt-

ventricl e. Val ues are | d difference conpared to "no surgery

controls. Local sﬂab&mna;bpmqnam isrshown in the inflated stateswhiple inhibits sowvemensofithe 70
expression in bo&tﬁ t%mzW%ﬁéa@ﬁ}tﬁgheﬁﬂsﬁeetaﬁdwmchhelps prevenm‘%%g;735

PCT/ US96/ 13396
(treated) ventr psﬂf@auw@mhemmwsm byi thércathetéraip mmmmngehagy“mamns ver e

ar 23? ani mal s kg dakered ia the wrylikic aHE Sk e AROES HERoHTE PYDE 1B dtuben
LV and RV sanpl ¢s:HL 0i8x%aRkhdlidw. The tip 42 extends from the endocardial wall 30, into the
myocardium 32, and radially diffuses the ablating laser energy 46.
10 . R _
' FIG. § is a flow diagram of a typical method of use of the present invention,
_preferably in a human patient. The patient is sedated and instrumented in the )
standard fashion known to those of skill in the art 52. The catheter system is inserted
into a major artery or vein and introduced into the selected heart chamber 54. Ina
15 preferred method of treating a ventricular tachycardia the catheter is inserted through
the femoral artery If the arrhytbmia to be .ablated is not ongoing, it is induced using
““standard pacing techniques known to those of skill in the art 56. The arrhythmic
fécus may be mapped 58 by percutanecusly flexing the distal end 24 of the catheter
22 so that it contacts multiple endocardial sites; and observing electrical responses
20 transmitted from thé mapping electrodes connected to a physiological recorder. The
. distal end 24 of the catheter 22 is then positioned 60 at the endocardial surface 30

adjacent the arrhythmic zone.

 When theldista.l_ end 24 of the catheter 22 is in the desired position, the tip 42
- 25 which may have a pointed end, for example, or may have a flat end, is extended pasi
the catheter sheath 36 a predetermined distance, puncturing the endocafdium 30 and
extending 62 into the myocardial tissue 32. When the tip 42 is in position, the
stabilizing device 40 is activated 64 to prevent perforation. Once in the irradiating |
~ position, the entire length of the diffusing component of the tip 42 is embedded below



5 : DETAI LED DESCRIPTICN OF THE PREFERRED ENBCDINENTS
I n preferred enbodi nents, the present invention conprises a catheter

capabl e~ . of both sensi ng nyocardi al electrical activity and
dekivering laser |ight or other types 10 ‘of ‘energy within nyocardial
ti ssue. The divetoak78at het er conprises an outer sheath PCTAWRIG6/E3306

el'ectrodes are posi tioned and through which a novable fiber optic cable or
ot her energy delivering device can be perc% aneously advanced beyond the

- sheat h.and - into the. nyocardluntfor Fnt ranyocardi al heating and/ or
phot ocoagul ati on, or modi fication of tissues responsible for

car di ac ar r hyt hihe asdocawlial surface 80 mqypxhg‘adﬁam the endocardial snsfage 3@ andthe by

i nserting el ectyr.odes DI.O into,t rdiu i Q
exchangi ng the %ﬁb‘gf"?@‘g‘?’%@h Ure ﬁ?ev f%%ﬁﬁmﬁ%ﬂ"ﬁghﬁ‘%gﬂ@&h?%?“m S
i ntramyocar di al 1y certain prefti9éd dnitibdiients) thelstabilizig ddeish 90 Csinprizesth bilna phot ons

or other energy | ateral ly, thereb " heating |larger volunes of tissue
than i's possi b|wmmybum@ﬁg%@thmrcqtmav%mpﬂahngahandmthq pis

desi gned s t hat l{! ,dgis not ?lallowforward i rradiation, and thus prevents |
SR

20 fuI | -t hf BT ‘and perforation. The overal | desi gn of the

I nvention is i nt ended for percutaneous treat rrent of cardi ac :
arrhyt hm as such as vent ricular = achycardl as Jhou th . '
di ffusing tip rray aI m@wa&@lmﬁw th veregQﬁ"“i‘?‘t“ﬁ"eat nent
of ventricular k0.8 eﬁﬁ&rﬁﬂvm%ﬁ%& 4gemt i ng- '-
arrhythmas trea ?ﬁﬂ% E’gr arrhythm as may be accorrplrshg%l with few or -

no 25 modi fi a:tﬁmpmmnmdewhestdmﬂnbaseuhﬁptpw@t Jfneedefl, frthenahdatingenargyi t i on,
t he treat ngent of rt _conditions b .t herm .
i nducti on ¥ anff bglelivaed %%&nlﬁeraum%g gfﬂgﬁdﬁéﬁfﬁt&e B4 ﬁ"ﬁt‘shs and

met hods of the R-,'hfo%@a‘?roinrt}ié!psﬂeﬁmodntith@pxﬂeuaefesteaﬂpteten and shown herein

- that |ocal heating of heart ti ssue induces heat shock prote| ns that are

- WO 97/ 07735

PCT/ US96/ 13396 The following examples are inchuded to demonstrate preferred embodiments |

of the invention. It should be appreciated by those of skill in the art that the

15 techniques disclosed in the examples which follow represent techniques dlscovered in
connection with the invention to function well in the practice of the invention, and
thus can be considered to constitute preferred modes for its practice. However, those
of skill in the art should, in light of the pr'esent disclosure, appreciate that many

, c;,hangee may be made in the specific embodimeitts which are disclosed and still

'-2;0 obtain a like or similar result vrithout departing fron_x the spirit and scope of the

invention.

- EXAMPLE 1
Ablation of Cardiac Tissue in Dogs | _
 For preliminary data, three anesthetized mongrel dogs were used to place 23 '
: intramyoca:dial.lmions from ﬂte epicardial surface of the left ventricle (4-12 lesions |
per dog) The tip of the optical fiber was extended for 8 mm into the myocardlum '
Three to six Watts of laser energy (805 nm) were administered for 30-120 seconds



-11- .- cardi opr ot ective in ischem a/reperfu5| on and the |nduct|on of

heat shock protelns I'n “heart tissue as described herein is an =
enbodi nent . of the present invention. FIG 1is a schenat|0',-
di'agram of a preferred enbodi ment of t he present 5 invention in use.in . a.

‘human pati ent w@orémag hi s enbodi nent, an external |aser sour RET/USIE13396 10,
is connected to the distal end 24 of a catheter 22 by a conductor 18
passi ng through the lumen 44 of the catheter 22. (See also FIG 2).
Al so passing through the lunen 44 o¥*the catheter 22 is a conductor
14, connected to a phy5|oIOC|ceI recorder- 12, .and/or, a stinul ator
12 Al ternati vel The dogewersreythaniged %WW%WB&W@ dresiongwere fog
sheat h 36 of t he cat het er ElGeql, the
?gf‘éﬁ% %agd 2Ir%rlgl arter qgémg %nrb

catheter S or. vei vance |nto a

chanber Of the charring wdd@ident] Bhesy Whdies deinonstritd thatdarge a@ﬂcomnedtlmns can
endocar di um The distal paortign of a catheter 22 is_ shown

in FIG 2. The dbesmade wiicinramypocardial laser ieadiation usieg the methods ard #ppasatus sEthei on
~against the _ventricu|ar docardi um 30 as used duri ng mappi ng,
prior to advancePE¥Rt BYRR fi beroptic diffusion tip 42 into the
interstitial tissue 32 and delivery of laser light into the arrhythmc zone
34. Attached - to the cat heter Shw&‘} is a series of electrodes
38 t hat may be used for mapping, |ng one pair 39 positioned
at the distal end 24 of tpg aﬁmﬁiﬁmtmmfmhﬁaaia#ﬁmym&m ng

|

el ectrodes 39 positioned at t stal end 24 sense electrical activity,

and this information is used hmﬂllmntmeatrhythnogem c focus 34
(i.e. the ocardi-al site giving rise to the arrhythnia). These
el ectrodes .39 at the distal end 24 of the catheter + 22 may al so be

used to pace the hearma%&enwﬁeﬂﬁdbegﬂwme@f@emmnﬁmpaamsﬁeousth
mappi ng. A pair of proximal electrodes 38 positioned along the ca

sheath 36 25 alyfatyontth matisevegtsicular Bpohyeasdia indwemen grtisat By pcess ﬁ&h - _ |
paci ng fromthe qh%},%q{r?n{’)ﬁ{etﬁa%phgsmlo laﬁlﬁﬂﬁ QUL &Quﬂngﬁt&ﬁ&n@hﬁh

circul ar ball oon ringi ng .t hé outer

surface of the dﬂﬁmkcopiccguﬂiéncﬁ, t&emwfkwrérFrEQch)iﬁmldsﬂlﬂatherhgﬂpﬁmhm p 42 |

Is retract ed 3§$°£qu {ﬁé 1)yprefermlntl;[rgueghla%eoraf'4 o) i’mm Q:eétﬂula%%n in

t he unext entfed p
(a standard technique known to those of skill in the art) induces the ventricular or

supraventricular tachycardia and the operator "maps" its electrical activation
sequenceé. Mapping is performed during sustained and hemodynamically stable

ventricular tachycardia by percutaneously flexing the distal end 24 of the catheter 22

20 so that it contacts multiple endocardial sites. By sensing the electrical activity at
- various sites, the arrhythmic focus, or site of origin of the arrhythmia 34 is located.

" During the mapping procedure the optical fiber tip 42 is retracted inside the
catheter sheath 36 and the distal electrode pair 39 is placed in contact with the
25 | endocardium 30 (FIG. 2). The catheter 22 is steered percutaneously by ﬂexmg a
| handle attached to the proximal end of the catheter 22. A number of such handles are
. commercially.available, with a prefetred handle being manufactured by Cordis
Webster, Inc. 4750 Littiejohn St., Baldwin Park, CA, 91706. When the area of .
~ myocardium to be photocoagulated is located, the fiberoptic tip 42 (200-600 micron
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FIG. 3 is a schematic draW| ng of the catheter 22 in irradiating position.
The - abl ati ng probe tip 42, is extended beyond the distal end 24 of
the catheter b omwar3s - pl aced intramyocardially for deepPCT/os96A3396
coagul ation of the arrhythm c zone 34. The . -stabilizing balloon 40,
i.s shown in the inflated state which inhibifs novenent of the 5 cat het er
tip 42 with respect to.-the heart tissue, amf which hel ps prevent unwanted

perforation of the heart tissue by the catheter tIQE;42 Abl ati ng energy 46
i s shown disamicter) Batei EasthoBennis, 314 loc PRI Syytempi Goleta(GABis extiinded Mtodepi ct s

the abl ating pr 4 The t
ext-ends fr_omth%%ﬁh@@g$me%4°f§%ﬁ#&?@%£% p%n%gme ?ﬁaﬂ‘ggmand o
radi al |y diffusge add\étaidingtihttghe ti0€8Yor 46ep tikSue irradiation (FIG.3). Tol G 5 is
a flow diagramof a typical nmethod of use of the present invention, '

preferably in apmmmmarmerfom@nphehtéﬁes nog exitfaem the distel and of thetip2ed i n
the 521 SR el as iy AR brb 805 nPleatiblnl tr1Da), 1F13dp R 2ppell S

cat het er system I's | nser ery “or vein an
i ntroduced i nt othelifveatibrethietile beeagy diffusing 6p 45tihcoh1pl®l3151sertedﬁﬂﬁftm inesdstitial hod

of treating a ventricul chycardi a the ter inerte t hr ough _
" the fenoral artBfspe3 ?F°&@Z’r@é§?ﬂﬁ?éf"t°6 Bg“’égt “Bt‘?gé\’& °3ﬁt is
Jinduced using Asammeﬁte%eaaftﬂmwea&e%abmast&mwaown&'wmtﬁéﬂ 1 in

the art 56. The arrhyt focus may be mapped 58 by percut aneously
fl exi ng the di sdumptﬁdd)n%}{ﬂlesmdl punichuse site; this is in con@rast smthe loatcome of ourtentt s

multiple ocardi al si bser vi )| eI ectii a re
transmtted froHlttRe™ tFrB] ﬁgj ?fr°88’§§ ﬁ?ﬂgeagt’léetﬁl © g f% sﬁ%ﬁ%ﬁo
recorder. The : di st aI end 24 of the catheter 22 is then posi ti oned

60 at the endocardial surface 30 - - adj acent the arrhythnic zone:
_ o Once the tip 42 is in the irradiating position, a small balloon 40 encircling the -

distal end 24 of the catheter 22 is inflated to stabilize the catheter 22 and help prevent
perforation of the heart tissue. Laser energy of 400 to 3,000 nm wavelength is then
15 | conducted from the source 10 to the tip 42 and dispersed radially by the tip for 30-
120 seconds depending on the wavelength used and the size of lesion necessary to
ablate the arrhythmic focus. After the delivery of laser energy, an attempt may be
made to re-sﬁmulate_ the arrhythmia. If the arrhythmia cannot be re-stimulated, the .
treatment ends and the catheter 22 is removed from the patient. If an arrhythmia is
'20 . stimulated, then the phys1c1an may choose to map the arrhythmia and repeat the

.- procedure. -

The present invention may be.app_li_ed in a similar fashion duringilarrhythm.ia_ :
surgery to ablate or modify arrhythmogenic myocardium, except the ablation
25 pfoceeds during direct visualization of the heart. This approach may eliminate certain
- limitations associated with intraoperative cryoablation.



When the distal -end 24 of the catheter-22 is in the desired p05|t|on the
tip 42 25 “whi ch may have a pointed end, for exanple, or may have a flat
end, is extended past ' t he cat heter sheath 36 a predeterm-ned .

~di'stance, puncturing the endocardi.um 30 and extending 62 into the

nyocardi al ti syB@7gmas VWien the tip 42 is in position, the PCT/US96/13396
stabilizing device 40 is activated 64 -to prevent perforation. Once in the

i rradiati ng position, the entire I ergg\oh of the diffusing corrponent
of the tip 42 is enbedded bel ow. 97/ 07735 .
PCT/ US96/ 13396 : -13- _
‘the endocardial surface 30 to avoid i rrEKAMPhE& he endocardi al surface 30
and the bl ood pool, thereﬁly BF?'EI eyent endocardi al charring’
and coagul um f ormati on. _ MModi nents, the '
stabilizing device 40 conprlses a balloon . mhlch may be |nflated or
defl ated by percutaneously nanipulating a handle at the 5 catheter's 22-
proximal end. - In addition to mwd.lfmmndumon@althwmnfthaﬁeaﬂlfbﬂhe trgatmemmjy 46

5 R ST S Ll oy e e SR BB R SSRAEL AT
re-stinulate an gtfeitiidcadfBpertisionds gasbntsiwith &w@naabbmagn@nqa%vi&s 46

is delivered. Wen no further treatnment is necessary or desired

apparatus is  attemptsdaaddressithis probiam, feansnayacardl ehagnelh bosm m@ampfer haye
- conpl ete 72. ew g&)dgﬁ%i amﬁetg-t{]ﬂgﬁ %&IQWSB@V&&?EB' fiBer™ 1hds'D gr%gose&) that

dem)nst rate pref
these channels convey oxygen rich blood directly to ischemic tissue. Preclinicat and

10 clinical results are promising, and the Food and Drug Administration has recently -
approved a Phase II trial. -

_ However, the theory of revascularization mentioned in the previous paragraph
has been challenged by pathological studies showing that laser-induced |
15 transmyocardial channels do not remain patent. Alternate theories propose that the
improvement seen after this procedure is not due to direct myocardial
revascularization, but fesult_s from secondary changes which occur during healing, in
| response to the transient rise in temperature (hyperthermia). There is evidence that
 hyperthermia provides a transient protective mechanism in the heart. During
20 exposure to laser light, heat shock protein and free radical production may stimulate
- angiogenesis (the formation of new blood vessels) and improve tissue perfusion.
Because the device disclosed herein is capable of _intamyoca.rdial heating, it is |
contemplated to be more effective in promoting angiogenesis than 6ne which
. irradiates only the heart's surface. In addition, as a part of the bresent invention, one |
25 may induce local hyperthermia in the heart using a variety of methods and/or - .

An example of the benefits of local induction of hyperthermia in a rat model
* of ischemia/reperfusion is presented here. In this example, the possible extracardiac



of ‘the invention. It should be appreciated by those of skill in the art
that . the 15 ‘techni ques di sclosed in the exanpl es which foll ow represent
t echni ques- di scovered in .-~ -connection with the invention to function
well in the practice of the invention, and t hus can be considered
to constitut ed nodes for its practice. However, th of
skill in-t hee‘gp{ ;soﬁéﬁl_d, in |ight of the present discl osure?&g‘ﬁ)srgg%%%e :

t hat nmany changes may be made in the specific enbodi nents which are
di scl osed and still 20 obtain a like ofl7simlar result wthout  departing
fromthe spirit and scope of the I nventi on.

EXAMPLE 1 effects have been eliminated by demonstrafilig fhe abifityoto 16atlgiiRiucd | ssue in
Dogs 25 For prelimnary data, three anesthetized non reI
dogs were used hypephermis ang expressxon of.Hﬁl% srbssquently previde petectionagaast 30

epi cardi al - surface Ofrtﬁeg%ﬁﬁd Yt Iy ngeﬁerﬁggh%{h%rm-wvoratmode?er dog) .-

The tip of the was exten thée ‘myocardi um

Theee to six MDE&]@ﬁehéﬁﬂmeteﬁﬁ%tsmﬁifmﬂ elevatsd fevels of HSPTOm f20- 120 - |
secormds. WO 97/ 07735
PCT/ US96/ 13396 hearts treated with a thermal probe. There was 2 9.6 and 5.4 fold increase in HSP70

from o 5. Hinjeipt BleRMl HER RAKCARF vl Rt MO lhrs bR v €

from and No tissue
vapori zati on or iogErh¢sthg over untreated controds. \Reds were didovred tb"lnw&elsfouélhwmer

LT anyocar di a) et eRmesHia BT PGS SR h SRR ACHRE (B Aal Dt the 5

pr esent i nventi Q§b3)

-
=
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METHODS
' Thermal Probe |
In order to produce regional elevation of HSP70 in the heart a thermal probe
was constructed. The probe consisted of a 6 cm long stainless steel tube
15 (diameter=4.0 mm) with a highly conductive synthetic diamond window (surface
area=12.5 mm’) at the distal end and connections for circulation of water through the
probe at the proximal end. Heated water from a temperature-controlled water bath
was circulated through the probe to maintain the temperature between 42.5-43.5°C at
the tip of the probe. Localized hyperthermia was achieved by conductive heating
20 .from the thermal probe placed 'directly on the epicardial surface of the heart. |

Experimental Protocol . |
| 35 male Sprague-Dawley rats (weight 300-350g) were entered into the study.
_ The rats were divided into 3 experimental groups with protocol end points of either
25 - HSP analysis or infarct size assessment. All rats were anesthetized with Ketamine
(100mg/kg) and Xylazine (40mg/kg) given IP, intubated, and mechanically ventilated
- with 1-2% Halothane. A left thoracbtomy was performed through the fifth intercostal



"EXAMPLE 2. o : Laser Abl ation Treat rent of Ventricular =
Tachycardl a . ' - in a Human Patient 10 -
In a preferred net hod of pract|C| ng the present invention, per cut aneous .
ablation to treat a ventricular tachycardia in a human patient may proceed

as follows: wooreraghe patient, in the el ectrophysiol ogy | aPOISWIAINS

sedated, instrunented and, with- - fluoroscopi c guidance, the catheter.
(7 or 8 French) is guided to the heart thrgough a 15 ‘large artery (FIG :
1), preferably through a fenoral artery. Pf%gram‘red stinul ation . (a
st andard t echni que knovvn to those of Skl II in the art) induces the '

Lol o b BB RS e R O T
per cut ancous y S0 ge ER=4 v %W%ah%mt°f‘t°§f‘%‘3t’ﬁ”tﬂen*%‘e§éﬁ%d;§ P
It cont acts w'ﬁﬂt&&&l@i‘esﬁﬁqﬂgww |1t5q§mu§ye&gnmgﬁmw@ﬁp5hﬁaﬁmgﬁtiw ty:

at’ . vari ous Si e arrhythmc focus, or site of origin of the

arrhythm a 34 iﬁmb@feﬁip%ﬁhw:ewasmamtamedmtheraﬁgeroﬂtg 5:43¢5°0n ip shayn pperatediur e t he’
optical fiber tip 42 is retracted inside the cat heter sheath 36 and
t he distal Sl ectomtxbéanisials (€9; n%lamt@:ewasnp@mmpn,mwepmtw left open for '

d di 3
| Eﬂﬁgisgoéum 3: %Flj 2) The cat hetgcr,ltg%énql3 st ee g‘leotéc“tlan%fq%][ 22 A
suc es a -
handl e bei ng namﬂri’gﬁtt‘lﬂsgg&twhﬂ%qm&owsé@ﬂk)&u@gq‘&] %ﬁ%ﬂ tg({g[];ed -
St., Baldwn Pagl,,, fﬁsﬁéégﬁwﬁmg&cﬁﬂﬁcﬂ K §ikueéd b 2apg>hcahoﬁl§9ﬂﬁrtﬂérﬂﬁl ﬁr@b@e |

phot ocoagul ated 1's ate ber opt fc tip 200- 600 m cron
- The thoracotomy was closed and air was evacuated from the chest using a 20 gauge

10 IV catheter connet:tt-:d to a 5 ml syringe. The rats were allowed to recover and - _
returned to their cétg&s. Four hours later. the rats were reanéthetized and randomized -
to undergo either (1) 30 min. regionﬂ ischetnia and 120 min. reperfusion or (2)
analysis of HSP70 expression. All studies were approved and conducted within the
guidelines of the animal care and use committee at the Umversrcy of Texas Medical

15 = Branch, Galveston, TX. ' |

Ischemza/Repedimon Protocol _
Atotal of 19 rats (H=9, Cl1= 10) were enrolled in the I/Rprotocol Ammals - .
were mechanically ventilated as above and a mldlme sternotomy was performed |
20 exposing the entire heart. The left anterior descending (LAD) coronary artery was
isolated at about 1 cm from its origin. Using a RB-2 taper needle, 2 6.0 -.
polypropylene stitch suture was passed beneath the artery and placed within a
reversible snare occluder. The snare was tightened closing the artery and rendering a
. portion ctf the left ventricle ischemic. Occlusion of the artery was conf'u'.med. by an
25 increase in the amplitudé of the ECG as well as cyanosis of the area at risk. At30
minutes the snare was loosened and.the.artery reperfused. After 120 minutes of
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di ameter) (Rare Earth, Dennl s, MA or PDT Systens, CGoleta, CA) is extended 3
to:5 mm.from t he - di stal end 24 of the mapping catheter 22,
penetrating twesnasardi um 30 and extending into th'lthéQ-’»%l ssue
32 for deep tissue irradiation (FIG 3). To prevent myocardi al’
perforation, |ight does not exit fromtheolgistal end of the tip 42, 5

but diffuses laterally into a broad area of nyocardium (FIG 4). It is also
an aspect of ~ the invention that the energy diffusing tip 42 is

conpl et el inserteq [nto the . interstitial so t hat
2tsjlngt| ng Zner gyrepP ﬂg‘?ﬁﬂ“f‘%‘ M@@#%‘%W&ﬁ%éaﬁﬁ ’%‘bﬁ’?ﬁ%ﬂ“‘?ﬁd

a consequence I gwg.p 1
char red ang S d%eﬁ %@g&ﬂ‘nw%‘a&qﬂg wﬂme?gri%ﬁjre s?’%? tén S is

In contrast to f{ sﬁeﬁ@mﬁ&uﬁdﬁ fielcoflary arfefyordstiediretieddnd®. SE.0aNdf | aser
energy. sources applied to the endocardi al surface 30. Once
the tip 42 is iphthdiGcyntinebluatyewasiojected and allovedub perbmé theaond@hemisi rcl i ng

t he distal end 24 of the catheter 22 is inflated to stabilize the
cat heter 23 andpdrerlpi qfﬁhﬂm Theheaanééhqndﬂlaﬂw‘@rselmwtsem%e@- Laser
energy of 400 to 3 elen s t con cte

source 10 to thium ?ﬁﬂ“ﬁ?‘s‘ﬁ%‘ 8 ?fogrgal?eg%vnmgnttq 73(5‘? e’ ¥

necessary to ¥ ”d'é‘%@flaﬁ'ﬁe‘? £ Rt R e B ?’f‘]mdé@ 2 o

| aser ener gy, ?’r@‘%r r 3ﬂe1|i}ﬁeate infarcted ffGH Sosdnfal ﬁfsuémwha&m t1985).

arrhyt hm a. y ma cannot be re-stinulated,
treat ment ends Satfpibd e FxB@IncI0vR Buftered mmmsowﬁamf&mmaat If an

arrhythma is 20 stinul ated, then the physician may choose to map the
arr hyt hni aleand tephemfraplied for measurexqsnmfenﬁarce area (area not stained by TTC). TRistueses ent

i nvention may be applied in a S|mlar fashi on dyripg arr hm a
surgery to abl aweregrojeetad pad planim \éﬁ?a ‘%’ﬁ'ﬂ’é‘?‘dﬂ PresedaBati on -
25 proceeds duri ”91&' re(;t ?ﬂglmﬁ%sﬂgeﬁresé | E? ke Rk oach may

el imnate certaPffeeato NS asSsSocl n raoperat I've
cryoabl ati on.

Heat-shock Protein Analysis. _
15 A total of 16 rats (H= 6, C1 =4, C2 = 6) were used for analysis of HSP70.

€Xpression. After four hours recovery, hearts .from treated and untreated rats were
excised,' divided along the intraventricular septum into right and left ventricle, snap
. frozen, and stored at -80°C. Additionally; one heart from a contro! animal with no
* prior surgery was used to determine baseline HSP70 content. ' |
20 | o | | |
Westefn_ biot a_na]ysis was used to determine HSP70 content in all myocardial
samples. Tissues were weighed and diced into small slices with a razor blade. The |
slices were thawed in 3 ml/mg cold lysis buffer (1% Nonidet P-40, 0.5% sodium
- deoxycholate, 0.1% SDS 100 pg/ml phenylmethylsulfonyl fluoride, 100 pg/mi
25 Aprotmm 1 mmol/L sodium orthovanadate in PBS). Tissues were homogemzed with

-a Polytron Homogenizer (Kinematica AG Littau, Switzerland) and stored on ice for
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EXAMPLE 3 -. ' ' o Treat rrent to I nduce Angi ogenesis -
I n: addition to nodifyi ng conduct|on pat hways of- the heart for the“treatnent .
of 5 carwpagowBs hyt hni as, energy delivery using the deFCRUSHEII6sed -
herein has potential to I ncrease nyocardial perfusion in patients
with coronary insufficiency. In previous g attenpts to address this
probl em transnyocardial channels I mmin | amet er have been

produced usi ng the hi gh-power (800 V\att) CCIerr] | aser. It has been o
proposed that ! pBfASwin %Eﬁfﬂhx%amﬂmgm}m'nﬁﬂuﬁ&&qdc%é ectly to

i schem c ti ssue 'Br e%ﬁsl ni cal. anc clinical "results are prom sing, and

“the Food and Drs&gepﬁdmwgtmbmmaam&mwagm Protein cond¢tativreef the fitdse | |
trial. However, the theory of revascul arization nmentioned

in the previ ouswlidysaw\apﬂ'determmedwnbaxsmla%rd Sisay sented(Biy Red)t Enbalgimoahts
studi es showi ng that |aser-induced 15 - transnyocardi al channels do not

remain patent AdficHwlar proteinsdRpg)vese sselved by electiophoresis on a 0.1/ P8V 2kent seen
ft t hi d t di
Tevascul ar vat | BAoRURRIES t@ﬁ#@ﬁﬁ%ﬁﬁ%ocar riops; The BRISRS WA i ng

heal i ng, -
Chyper ther mi o) . worfsplsd ESGSHhol ol ola efiilosd hforell ASRRA Ardithom,
transient prot eesfpyemsﬁh IlronM&mlneLtpHiw)l mma&owsoammeto

~laser | ight, heat "Shock prote| n and free radical productlon may stinmul ate
and 5% (w/v) nonfat dry milk, the membranes were treated with primary antibody

which recognizes the consumt_lve_ HSC70 and the inducible HSP70, for 90 minutes
10 followed by incubation with peroxidase-conjugated secondary antibody for 45 .
minutes. The immune complexes were detected using a chemoluminescence reagent

kit (Amersham Co., Arlington Heights, IL).

Statistics |
15 All values are expressed as mean + SEM. Comparisons between heat-treated
and control animals were assessed by the unpaired # test. Statistical significance was

defined as p<0.05. .

'RESULTS _ _
20 - The thermal probe was successfully applied to the left ventricle of heat treated
.a.nima.ls at two adjacent sites for 15 minutes each. There was no evidence of thermal
injury to the epicardial surface of the heart after apphcatxon of the probe. |
Additionally, no comphcatlons resulted from application of the thermal probe to the
_ surface of the heart. All animals recovered successfull-y from the first surgical |
25 _. procedure and wete awake within 20 minutes after closure of the thoracotomy. One
(H) group animal was excluded from the infarct analysis due to damage to the



angi ogenesi s (the formation of -new bl ood vessels) and inprove tissue
perfusion. . Because the device disclosed herein is capabl e of
intranyocardial heating, it is . = - contenplated to be nore effectlve |_n'_
pronoti ng angi ogenesi s than one which - : irradiates onI

surface. In a¥@ 5 as a part of the present invention, %@ﬁﬁn;ﬁ

i nduce |ocal hyperthermia in the heart using a variety of rret hods and/or -
i nstrunents. _ An. exarrpl e ofj-t he benefits of |ocal induction
of hypertherma in a rat nodel -~ of .i schem a/reperfu3| on i s presented
here. In this exanple, the possible extracardi ac WO 97/ 07735
PCT/ US96/ 13396 coronary artery durin theI/Rprotocol preventing adequate reperfusion. 1)

ef fects have been el i'm nated denonstrating the ability to | ocally induce
hyper t herm a anghimalp dieddiefone dmpﬁi@d@mﬁb@e@mpw@o@nﬂgmﬁumiﬂn '
agai nst 30 m nutes of ischema and 120 m nutes of reperfusion in
the in-vivo ratwesegssluded from furthegangl¥snet ri ¢ anal ysi s of western blot's
confirmed el evated | evels of HSP70 in rat 5 hearts treated with a

t her mal probe. There-was a 9.6 and 5.4 fold i ncrease in HSP70

expressi on | n lff:}rcta.sn?e qg}t}i] ventricul ar sanples, respectively, fromhearts
treated w t oca eatl ng over untreat ed controls. Rats were '

al lowed to recover f-jhigh Ramotridés'tBe results from adifidls thet BAdREIL thelnfhkdt OW
sufficient time for production of HSPs (Currie and Wite, - 1983).
METHODS analysis protocol. There was no significant difference in the area at risk (expressed as

a percent of left ventricular area) as a result of LAD coronaty occlusion in (H) group

and (C1) group animals (49.5 +5.4% vs 51.5 1 3.5%; mean + SEM)(FIG. 6A).

10 However, rats treated with two.local applications of heat using the conductive thermal .
| probe demonstrated a marked decrease in infarct size. Localized heat stress resuited
in a significant (p<.005) limitation of infarct size expressed as a i:ercentage of area at

risk in heat treated animals vs controls (4.26 % .85 vs 19.2 + 3.4%)(FIG. 6B).

15  Table 1 Infarct sizes of heat-treated and control rats after 30 minutes of ischemia and B

'120 minutes of reperfusxon

Group - o ARLV(W) TA/AR (%)
Heat Group (H; n=8) ~  49.5+54 | 426 £0.85* .
‘Control Group (C1; 2=8)  51.5+3.5 | 19.2+3.4

* (§<.005 vs control (C1)) | o

AR/LYV (%) - Area at risk as a percentage of left ventricular area
TA/AR (%) - Infarct area as a percentage o_f area at risk |
20 Group (H) - Two local applications of heat (42.5-43.5°C) for 15 minutes
| Control (C1) - Sham operated control (30 minutes open chest)



Ther mal Probe - : In of_d_er to prod'u'ce regi onal el evation of

HSP70 in the heart a thernal probe = - was constructed. The probe. . _
consisted of a 6 cmlong stainless steel tube 15  (dianmeter=4.0.mm) with
a highly conductive synthetic dianond wi-ndow (surface = - area=12.5 h
mierr]) at tMeooiayrsd end and connections for circul ation ofCRASEE ough
“the .~ probe at the proximl -end. Heated water from a - o
tenperature-controll ed water bath - p9vas circul ated through the-probe
to maintain the tenperature between 42.5-43.5[err]C at the tip of

the probe. Localized hyperthermnm a was achi eved by conductive heating 20

from the ther mpgeprpls, &_}i@ced directly on the epicardial surface of the
heart . HSPE@perl ment al Pr ot ocol : 35 nal e '

Sprague- Dawl ey rat s Yyeste@iBloSdialysh Qanfinmed elesmionof BISPMO in tatscireateddyith the

The rats were divided into 3 experinmental groups with .protocol end points
of either = 25 thermaliprbbrrinbythirighband left zentticulirsemples cBenewas notlah rats were
anest heti zed with Ketam ne ... (100ng/ kg) .and Xyl azi ne (40ng/k

gi ven | P, i nt ubappresichiediffersnermatiosd inthe exprespig @fFISP70 in erther cppirpl grogm(Cl

Halothane. A 1 el by G Snsbthettt anfl5Hil Of HEmbbioR 4Hnéd Wombilikh Bistehdne P 21
: the expression of HSP70 between heat-treated animals and controls. There was a 5.4
and 9.6 fold difference in right and left ventricular samples respectively betweexi heat
treated animals and a control animal that had no prior surgery. Both control groups
| ‘showed only a small increasé in HSP70 expression when compared to the same |

10 - control animal with no prior surgery (l 5 fold increase) (FIG. 7).

EXAMPLE 4
Laser-Induced Myocardial Remodeling

15 _ Followi;xg a myocardial infﬁ_rction, global left ventricular function may be
“adversely influenced by the regional changes which occur over time with healing and
scar formation. Medical intervention has been shown to favorably alter this
"remodeling" process, and reduce the degree of global left ventricular dysfunction
which might otherwise occur. It is contemplated that the present device may be used
20 .to either introduce deep, controlled scarring, or to induce angiogenesis (See Example
3) and may also favorably alter the course of post-infarction remodeling.

EXAMPLE 5
25 | . Intramyocardial Electrograms

An ‘embodimeﬁt of the present invention is the use of the apparatus described
' hereis for intramyocardial mapping, i.e. recording electrical activity below the
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space to expose the epicardial surface of the left ventricle. Heat-group
animals (H; . n= 14) were treated with |ocal applications of heat at
two adj acent WQEAT@H t he . anterior left ventricle wa

m nut es “each. . Throughout these experinents: t he - pr obe terrperature _
was maintained in the. range of 42.5-43.5[g§r]C. In shamoperated 5 :
control animals (Cl; n= 13) there was no I ntervention, but the chest was

| ef t f 30 ddi t. t 1ol =6
oL L0e O ot S W2 1of s R ST e - &)
37[err] C (body grRiBvisel Mitrabyoehrdial BfipEiacdlect@gRBR shéW not only the ﬁEdbrof%ﬁsét biSP?O

expressi on mechanically i nduced byev\&pl ication of the therma r obe.

- The t hor acot omanwtestregramcbnt alsg vweth s%wemewwpbmwehesmﬁsoagm a 20
gauge 10 - | S het.er i 5@{@ e all owed
to recover and ™* m"%%%&?&otdgem%es B SuT oo %E?es ﬁhe rats
were feanest hethaphg aadmiﬁmﬁ@rmyocarmal damége necsisarg o ahidtéithe afrhythiia. i n.

regi onal ischem a and 120 mn. reperfusi or anal ysi s of HSP?O
expressi on. Al | Thepresentdnveation propides b EWH&E%‘EH%WH‘P&‘H@“

~gui del i nes of tng LRy care. and use committee at the University of Texas
Medi cal i iy._ . _ _

In the practice of the present example, intramyocardiall electrograms are
10  obtained prior to ablation by advancing a wire with electrodes at 1ts distal end down
o the central lumen of the outer catheter.. When the outer catheter isin the desired
posmon, the wire with its electrodes is advanced into-the tissue for recordmg of the
) signals. Once this information has been obtained, the wire is removed and exchanged
. for the diffusion tipped laser fiber optic, which is placed intramyocardially in the
15 same position. Following tissue heating, the wire is readvanced to fecdrd changes in
the electrograms of the heated tissue,

Intramyocardial mapping allows correlation of tissue characteristics (as
reflected in the timing, duration, aﬂ_lplimde, direction and frequency analysis of an
20 electrogram) with the success of an ablation attempt. Coiﬂparing the electrograms in
an area before and aﬁer héating may help distinguish between sublethal damage and
totally coagulated tissue. Inferences may also be made on the basis of the information
so obtained about the tissue characteristics (e.g., viable, nonviable, partly __viable with
slow conduction). This information may in turn be correlated with the optical
25 properties of the tissue in order to adjust the dose of laser delivered. For example, an
electrogram that is vei'y'fractionated and of low amplitude would suggest that the
. intramyocardial probe is near or within an infarcted area, where there is collagenous

tissue (which lacks color and may be fess absorptive to some laser wavelengths). The



15..° Branch, Galveston, TX _ | scheni a/ Reperfusion Pr ot ocol
Atotal of 19 rats (H=9, Cl1 = 10) were enrolled in the I/R protocol.

"Ani mal s were nechanically ventilated as above and a midline
sternotony was perforned 20  exposing the entire heart. The | eft _
~anterior descwal7g73sLAD) coronary artery was i sol aPeTVUse6/1aMsUt - 1
cmfromits origin. Using a RB-2 taper needle, a 6.0 pol ypr-opyl ene

stitch suture was passed beneath the arter, 4_and pl aced within a
reversi bl e snare occluder. The snare was tTghtened closing the artery and
rendering a portiQn of ths, Iefh vent,ricle ischem ¢. Occl usion of

the artery was 435S therbe ajusted aceerding to dosimetries prrvipysly detormined ps mst ¢ he ECG - |

as well as cya fe thPGiattisSie risk. At 30 . ‘m nutes the snar
was | oosened angit aggaertery repetﬁ,edsed. After. 120 m nutes of - WO -
97/ 07735 . '
PCT/ US96/ 13396 ' _ ' . -19-

5 _ ' S * * %

While the apparatus and methods of this invention have been described in
terms of preferred embodiments, it will be appafent to those of skill in the art that
variations may be applied to the apparatus and methods described herein without

1.0 | departing from the concept, spirit and scope of the invention. A711 such variations and
. -modifications apparent to those skilled in the art are deemed to be within the spirit, -

scope and concept of the invention as defined by the appended claims.



'reperf-usi on the ani mal was sacrificed and its heart excised. The aorta was

cannul at ed and the heart was briefly perfused retrogradly wth :
- sdline.to wash away excess bl ood. . The stitch suture surroundr ng the -
coronary artery was then retied and O. 8-1.0n of pht hal ocyani ne

blue dye was WQ¥OBE and al | owed to perfuse the non-i scheni BCT/HSI33I6
portions of the heart The heart was then sliced transversely into cross
sections of 2- nm t hi ckness. Sanpl eg_wer e phot ogr aphed f or
measurenent of area at risk (area not st ai ned by bl ue dye) and then
i ncubated in triphenyltetrazolium chl for ' m nut es at
37[err]Cto delineate infarcted from W&%@ ue (\f ivaldi et al. 1985). .
Sanmpl es were fixed in 10% buffered formalin solution for 24 hours and 10

rephot ographed for neasurenent of infarct area (area not stained by TTC).
Pi ct uf es weFhe folloving referenges, tpitherixiant that theis provide exemplever m ne the

area of risk ex sse t entricl the
infarct size exE‘P&?@@g"ég ?%ﬂ&é‘%ﬁpl%‘?“mg’ tB?sersFt?jﬁmem’hl%sse%%pyshock
Protein Angl ysrﬁmﬂ,gmedherem BrreferéthOt al of 16 rats (H= 6, C1 =4, C 6)

were used for analysis of HSP7 expression. After four hours
recovery, hearts fromtreated and untreated rats were exci sed,

di vi ded al ong  t g, |k gV ERWrhiGFY, GRRIcHkntbe th¥phnalisaddelcbu Rk & a2
: shap ' 71-kilodalton protein induced in rat tissues after hyperthermla. Can. J. Biochem. Cell
: ' Bzol 1983 61:438-446. -
10 _ : _
Currie, RW Karmazyn, M Malgorzata, K., and Mailer, K., Heat-Shock response is
associated with enhanced posuschemlc ventricular recovery. Clrculatzon Research,
1988; 63: 543-549

15 'Curne R.W., Tanguay, RM,, aﬂd Kingma, J.G. Heat-Shock response and limitation
of tissue necrosis during occlusmn/reperﬁ:smn in rabbit hearts. Ctrculanon 1993;
87:963-971.

" Donnelly, T.J., Sievers, RE., Vissern, F.L.J., Welch, W.J., and Wolfe, C.L., Heat
20~ shock protein induction in rat hearts. A role for improved myocardial salvage after
ischemia and reperfusion? Circulation, 1_992; 85:769-778.

Hutter, M.M., Sievers, R.E., Barbosa, V.B., and Wolfe, C.L., Heat-shock protein
induction in rat hearts. A du'ect correlation between the amount of heat-shock protem
25 induced and the degree of myocardial protection. Circulation, 1994; 89:355-360.

Vivaldi, M.T., Kloner, R.A., and Schoen, F.J., Triphenyltetrazolium staining of

.irreversible ischemic injury following coronary artery occlusion in rats. Am J Path,

1985- 121:522-530. _ _
30

Walker, D.M,, Pasini, E,, Kucukoglu, S., Marber, M.S,, Iliodromitis, E , Ferrari, R,,

and Yellon, D M., Heat stress limits mfarct size in the 1solated perfused rabblt heart.

Cardiovascular Research 1993; 27: 962-967

35  Yellon, DM, Pasini, E,, Cargnom A Marber M. S Latchman, D.S., and Ferrari,
R., The protective role of heat stress in the ischemic and reperfused rabblt
~ myocardium. J Mol Cell Cardiol, 1992; 24:395-908.



'frozen err]C. Additionally, one heart froma control S

anl mal vﬂt“mmmn“lﬂml 3” or surgery was used to determ ne baseline HSP70
stern bl ot analysis was used to determ ne

-HSP?O content in- .aII nmyocar di aI ~ sanples. Tissues were wei'ghed and

diced into sndO9MI8es with a razor ‘blade. The sli® E’§’"§R§?’

in 3 m/nmy cold lysis buffer (1% Noni det P-40, 0.5% sodi um

deoxychol ate, '0.1% SDS, 100 [err]g/m phen nyd.met hyl sul fonyl fluori de 100

[err]g/m 25 Aprotinin, 1 mmol/L sod| um ort hovanadate in PBS) Ti ssues
wer e honogeni zed with : a Pol yt wgem zer (Kinenmatica AG
Littau, Switzerland) and stored on I ce WD 97/ 07735

PCT/ US96/ 13396 - 20- _'
30.m nutes. Followi ng centrifu ation at 15000 X g for 20 mnutes at 4C the .
super nat ant was 1o enoipntratasifor bgiamonqug:etdw&gﬁmcompm@sn concentration of the
t ot al cell lysate was determ ned with a Bradford Assay sol ution

(Bro Rad). Equal amounts

5 _ a catheter adapted to access the cardlovascular system, said catheter having a
distal end and a proximal end; and '

a conductor extending along and within said catheter for transmitting energy
_ to said distal end of said catheter, said conductor having a distat end
10 | * which is extensible beyond the distal end of the catheter and also
o retractable within the catheter, said distal end of lthe conductor

configured to penetrate cardiac tissue and to direct energy from and
radially and axially relative to the conductor when the conductor is
extended beyond the distal end of the catheter.

15

2. The apparatus of claim 1, further comprising one or more electrode pairs
positioned prommate said dxstal end of said catheter.

20 _
3. ~ The apparatus of claim 2, wherein one of said electrode pairs is positioned on
the distal end of the catheter.

| 25 4, The apparatus of claim 2, wherein an electrode is positioned on a retractable
probe slidably disposed in the catheter and extendible beyond the end of said catheter
_ for sensing of intramural electrical activity.

This Sheet Has Been Reﬂlaced

3%haned



of ,cel lul ar rote| ns g) were resol ved by el ectrophore5|s on-a 0.1% -
SDS, 12”“‘ ‘T ﬂi‘lam de gel (SDS-PAGE) under denaturing conditions.
The pro transferred el ectrophoretically to a

nitrocel I uI ose rrerrbrane (Hybond Amer sham . Corp). After bl ocking in
10mMMtri s HCLwos#e®38), 150 mmmol /L sodi um chl.ori de - aPaT/esas(1yve)
nonfat dry m |k the nenbranes were treated wth primary antibody

whi ch recogni zes the constitutive HSC70 and the induci ble HSP70, for 90

mnutes 10  fol |l owed by incubation wt h™peér oxi dase- conj ugat ed secondary
anti body for 45 . m nut es The ne coppl exes were detected usi ng a
chenol uni nescerte r d%geapparatus of cl @%ﬁ@@m hysiajogicabgegerdetei ght s,

IL). mean
SEM Conparis o%ﬁ%‘é’?’vﬁ&“ totart éeag 03 e ofbaid Mé&ﬂggg p%ésﬁotp ?fépfeﬁﬁll@v\er e
assessed by the:atﬁmadléoﬁﬁhaladtﬁﬁy Statistical significance was

defi ned as p<0. 05. . RESULTS 20 - - The thermal probe was
successfully applied to the left ventricle of heat treated ani mal s
at two adjgcent sites for 15 minutes each. There was no evi dence of ther nal
injury to. the epicardial surface of the heart after application of the :
probe. 6Add|'1ﬂ1|e(appdrhtys ofmiamnhﬁmlmammpmmmﬂl@mbat stomplatingldeviae i on of

(thet her mel profe cha%ly Connected to at least one of said electrode pairs operable to pace the heart.

10 7. The apparatus of claim 1, further comprising a stabilizer positioned on an
‘ outer surface of the catheter to stablhze the catheter w1thm a body organ.

8. The apparatus of claim 7, wherein said stabilizer comprises an inflatable
15 balloon positioned at the exterior of said distal end of said catheter and operable to
- expand radialljrelative to the catbeter.

9. The apparatus of claim 1, wherein the conductor comprises an electrical
20 conductor.

10.  The apparatus of claim 1, wherein the conductor comprises an optical wave
guide and the energy is laser energy. '
25

~11. A maneuverable catheter for ablation of cardiac tissue, said catheter
- comprising a retractable tip, wherein said tip is extendible into the myocardium for
lateral diffusion of ablating energy into myocardial tissue.
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surface ani mal s recovered successful | y fromthe first .
sur gi cal iwiﬂ“mm and were awake within 20 m nutes after cl osure of

t he thor (H) group anlnal was excluded fromthe

i nfaret anaIyS|s due to dammge.to the : - WD 97/ 07735

PCT/ US96/ 13396w0 97/07735 Pcnuswnmms
coronary artery during the I/R protocol preventlng adequat e reperfusion.
Two (C1) ani mal s di ed befare conplﬁélon of the infaret analysis.
protocol during reperfusion and : excluded from further

anal ysi s. -5 Infarct Size Analysis Table 1. summari zes
the results fromanimals that underwent the infarct anal ysi s
protocol. There was no significant difference in the area at risk
(expressed as a percent of left ventricular area) as a result of

LAD coronary ocqRusi Ghe imanéuvprable@atheter of claim 11, wherein said ablating energy is
selected from the group consisting of laser, radiofrequency and hot water.

5
13.  The maneuverable catheter of claim 12, wherein said ablating energy is from
400 to 3,000 nm wavelength laser. '
10 o C t
'14. A method of treating cardiac arrhythmia comprising the steps of:
(a) 'positionin.g the distal end of the apparatus of claim 1 proximate the
endocardium,
15 . _
(b)  identifying the tissue invoived in the arrhythmia;
(c) extending the distal end of the conductor into the tissue; and
20 (d)  transmitting ablating .energy through the conductor into the tissue.
15.  The method of claim 14, wherein the conductor comprises a wave guide and
the ablating energy comprises laser energy.

16, A method for myocardial.ablation for treatment of cardiac arrhythmias,

comprising:
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d (C1) ﬁam Iﬂﬂww 5 5.4%vs 51.5 3.5% nean SEM (FIG 6A). 10

However ,. two | ocal applications of heat using the :
conductlv probe denonstrated a narked decrease in infarct

Sitze.. Local i zed Lheat Streéss’ resulted ‘in a significant (p<.005)
limtation ofwoefer?ds size expressed as a percentage of ar e®CIIUSI613396
risk in heat treated animals vs controls (4.26 .85 vs 19.2 [err]

3.4% (FI G 6B). 15 Table 1. Infarct %'zes of heat-treated and control
rats after 30 minutes of ischenia and il 120 mi nutes of reperfusion.
Group o ARILY (% . . LAAR (9 |
Heat Group (H n=8) providingsncathetes camprising mapping electupdesgstirpulating electrodes,

(pe. 005 vo. con i sy t8 b befyg iptrgh o he hedkFo's fbnssnd i1 g

of left ventri mwmambemgmmwﬁﬂbﬁ%mwﬁrmépmeﬁ@ as a percentage
of area at risk -20 Goup (H - Two local applications of heat :
(42.5-43.5[err]C) for 15 mnutes : Control (Cl) - Sham operated.

control (39 m nut es Q06 Ciishikal fiber slidably disposed within the catheter, a distal end of
the optical fiber comprising an ablation probe that is extensible beyond the distal eﬁd
| of the catheter and adaptéd for penetrating myocardial and endocardial tissue, the |
ablation probe being diffusive so as to deliver laser energy substantially radially into
the tissue in which the probe is positioned; .
0 | ,
o - providing electronic stimulating and mapping instruments coupled to the
mapping electrodes and to the stimulating electrodes, and providing a laser energy
source coupled to the proximal end of the optical fiber;

15 | mtmducmg the catheter into the body of a patlent and gmdmg the catheter i mto
~ the heart of the pauent;

stimulating the heart into an arrhythmxc condition usmg said stimulating
-electrodes;
20
mapping electrical sigﬁ_als produced by the heart and locating an arrhythmic
site for ablation; . | | |

placing the distal end of the catheter proximate the arrhythmic site;
25 ' -
activating the stabilizer;

| advancing the optical fiber through the catheter, thus penetrating the ablation
probe through the endocardium and into myocardial tissue at the arrhythmic site;
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ﬁg;égsiggllgm "ll" III" "Ill " ,II, V\ést ern .BI ot anall ysis confi rne;j eI- g\zl-at i on of

HSP70 in ratstreated vvlththe _ thermal probe in both right- and | eft
.ventricul ar sXN@¥#§735Ther e was not an "~ appreci abl e di PCBRISHI3396 :
noticed in the expression of HSP70 in either control group (C1 S5 - or

C2). Cel densitonetric analysis of im’runoﬁi ots showed a marked difference
in t he expression of HSP70 bet weer 0ﬁeat treated animal s and _
controls. There was a 5.4 and 9.6 fold difference in right and left
ventricul ar “sanpl es respectively between heat treated aninmals and a
control ani mal . that gl

showed only a smal | aBncr g?gglhfr)lﬂmHSP e%&%tggg:i%ﬁog% gorrpafgéau?mfgaﬁe sane

10 contr ol cenergylinteiatproximabendmf ﬂmnpgeal;ﬁb(sﬂ, c5nduohng the faserceaengy (irbagh 7) .
EXANPL E 4. the optical fiber to the ablation probe, aangl alrectler ; lng 1%Pmth%s%(r: gxgeglgyaxln Rt%m d.eI 'ng

5 myocardial tissue at the arrhythmic site to ablate the tissue; and -

deactivating the stabilizer and removing the catheter and optical fiber 'frbm the
body of the paﬁent
10 o |
. 17. The method 6f claim 16, further deﬁned as providing an electrode probe
slideably disposed within the catheter that is extensible beyond the distal end of the
catheter and designed to penetrate myocardial tissue.

15
18.  The method of cl_aim 17, forther comprising attempting to stimulate the heart
into an arrhythmic condition using said stimulating electrodes after the ablating step
and before removing the catheter from the body.

20
19. A method for myocardlal abiatxon for treatment of cardiac arrhythmms

compnsmg

. providing a cathetei' comprising mapping electrodes and stimulating-
.25 electrodes, the catheter being'insgrtable into a heartof a paﬁént and a distal end of the

catheter being maneuverable from external to the patient;

providing an energy conductor slidably d_ispoéed within the catheter, a distal
end of the energy conductor comprising an ablation probe that is extensible beyond

mstSITietliliilreen RT




15- ing a myocardial ‘infarction, global left ventricular
functi one““u | I “m ﬂm‘rpv’ersej y influenced by the regional changes which
occur over, tne; ng and . scar formation. Medical :

i ntervention has been shown to favorably alter this "renodel i ng". =
‘process, and WOMN®E3E he degree of global left ventricul ar dyRECTASIEAIING

whi ch m ght otherw se occur. It is contenplated that the present device may
be- used 20 to either introduce deep, cgptrolled scarring, or to induce
angi ogenesi s ( See Exanpl e ~3) and may also favorably alter the
EXAVPLE 5 25 the ise et OF e Tt niiFicapted for penetaring grdesaripkademymsardilr ams.
An enbodi ment qfgdene present invention i.s the use of the apparatus o
“descri bed herein for intramyocardial mapping, i.e. recording
~electrical activity below the - WD 97/ 07735 _ ,
PCT/ US96/ 13396 s .. . . _ -23-
endocar di-al -s‘urface?%&%elgﬁu@&crmfmeg%Wf@%m@”t%ﬂ'}y@d@%ﬁﬁi cular . .
tachycardi &  mappin E;@m@smmmaﬁmm&haasyﬂd%ﬂamglﬁ%% ams show
not only the tinme of onset of - _an electrogram but al'so wnether the
initial activatePeaY seusceqonpled tothe proximal $ndef theenergy conductor,

introducing the catheter into the body of a patient and guiding the catheter into
the heart of the patient; |

10 |
' stimulating the heart into an arrhythmic condition using said stimulating

electrodes;

mapping electrical signals produced by the heart and locating an airhythmic
15. . site fqr ablation; |

placing the distal end of the catheter proximate the arrhythmic site;

advancing the energy conductor through the catheter, thus pénetrating the
20 ablation probe through the endocardium and into the myocardium at the arrhythmic
site; '

ablating tissue at the arrhythmic site by introducing a desired amount of
energy into a proximal end of the energf conductor, conducting the energy through
25  the energy conductor to the ablation probe, and directing sufficient energy into the |
- hyocﬂdim at the arrhythmic site to ablate the tissue; and -

deactivating the stabilizer and removing the catheter and optical fiber from the
body of the patient.. ' '
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fromthe intramyocardi al electrode. This information increases the accuracy "

of 5 | rI lHﬂmmﬂFl ni zes the nyocardial damage necessary to abl ate
the arr MR 118 he present invention provides the added advantage
“that -.this mapping i s done - per cut aneousl y. In the

practice of tweO9Pessnt exanple, intranyocardial el ectrogranBCEHUS6M8396
obt ai ned prior to ablation by advancing a wire with electrodes at its _
di stal end down the central |unmen: the outer catheter.. When the
outer catheter is in the desired ptSition, the wire with its '
el ectrodes is advanced into the tissue for recording of the

signals. Once this informati on has been obtained, the wire is renoved and
exchanged for the diffusion tipped |aser fiber optic, which is

pl aced intramyocardially in the 15 sanme position. Follow ng tissue

heati ng, the wi2® i sTheanethodcfclaitmol 9 Arthericonipaisingatterpting to stimulatecthe heart

el ectrograns of, the heated ti

ssue. . e ] fntr ocardi al mapping -

all ows correl at’Pquﬂg%‘ﬁ@ﬁWﬁ“E’é‘hﬁ'&g electrodes "'éi‘?r‘%ﬁ iat"é& SR t he
timng, durati ogﬁﬁﬁg}ggmgﬂggﬁﬁwﬁ%goaﬁquency anal ysis of an 20 -
tht . .

el ectrogram w e success of an ablation attenpt Conparing the

el ectrograns in _ an area before and after heating nmay hel p

di stingui sh between subl et hal damage and totally coagul ated tissue.

| nferences may al so be made on the basis of the information . so
obt ai ned about jfie t{mSHAnSISH ALECIY, Whbreh the efbroy 36bAR s a9 Birad hfid thRar t1y -
viable with sl ow conducti on]. This information may in turn be

correl at ed wi t henergy eopduater copprises angptigab fiberes of the tissue in order to

adj ust thedose of |aser delivered. For exanple, an el ectrogram

that is very fractionated and of |ow anplitude woul d suggest that the o
intranyocardial probe is near or within an infarcted area, where there is

col | agenous ti ssue i.ch ] acks ¢olor and nay . be | ess absorptive to . -
sone |g aser wavete ngt%me&éo clgim {7, A/ el'el%l e energy sourc% is a radio frequency (RF)

source, and the energy conductor comprises a conductive wire.

15
'23. A method of inducing'éngiogenesis com_prising the steps of:
 (a8)  positioning the distal end of the apparatus of claim 1 proximate the
endocardium; -
20 |
(b)  identifying an area of ischemic tissue;
() ektendin‘g the distal end of the conductor into the tissue; and

25 (d)  transmitting energy through the conductor into the tissue to create

- hyperthermia in said tissue.
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is at:cord i ng to d05| metries previ ously determ ned as

ro rlatefor that tissue type. 5
* 0 97107735 Whi |l e the apparatus and net th’UUssfsllBMS '
_invention have been described in . ternms of preferred enbodinents, it
wi |l be apparent to those of skill in the art -t hat ~variations may be:

applied to the apparatus and met hods described herein w thout 10

departing fromthe nc d scope of the invention. Al such -

vari ations and 2% The WE‘M‘*P?Q%% ‘g(]i!ﬁS%l‘F {COPGRCAOs GQmPHESes B Waye guide Aed ar t

are deened to Qﬁ‘emlitﬁi 1?90&9 ﬁdef&laserenerg?rBSCOpe and concept of the '
e

invention as defined appended cl ali WO 97/ 07735 -
PCT/ US96/ 13396 - 25-
REFERENCES ' -
5 25.  The method of claim 23, wherein said tissue reaches a temperamre of at least
about 40°C.

26. ' The method of claim 23 wherein said energy is conductive energy.

10
27. A method of inhibiting tissue damage due to ischemia comprising providing
radiative or conductive energy to said tissue in an amount effective to induce local
hyperthermia.
15
28.  The method of claim 27, wherein said tissue is heart tissue and said energy is
applied to the endocardial surface, the epicardial surface or interstitial area of said
heart. | |
20
- 29. A method of endocardial mapping of cardiac thythm comprising:
providing an apparaﬁls comprising a catheter adapted to access the
25 cardiovascular system, said catheter having a distal end and a proximal end and an

- electrode positioned on a retractable probe slidably disposed in the catheter and
. extendible beyond the end of said catheter and capable of penetrating endocardium
and myocardial tissue and said electrode being connected to a means for sensing

intramural electrical activity;
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The foII to the extent that they provide exenplary
pr ocedur T!llm [Iﬂ.mmﬂ”mll s supplenentary to those set forth herein, are
- speci fical Lt wincorporated herein by reference, Curri e, RW.
and Wite, F P., Characterization of the synthesis and accunul ation of a
71-ki | odal t-on WP@F@Wl nduced in rat tissues after hyperther RCI/USS818396

- Biochem Cell Biol, 1983; 61:438-446. 10 ' Currie, R W,
Karmazyn, M, Malgorzata, K, and Mailer, Kg4_Heat - Shock response is
associated wi th enhanced posti schem c ventricular recovery. Circulation

Resear ch, : 1988; 63:543-549. 15 Currie; RW, Tanguay, R M, and .
Kingma, J. G, Heat-Shock response and limtation of tissue necrosis
during occl usi on/ repmge‘mﬁg@m.tgmet@limbh gt s. Circul ation, 1993; : :
87.963-971. Donnel Iy, T.J. S| evers, RE, Vissern, F.L.J., Wlch, .-
WJ., and Wl fe, Heat 20 shock prot ein |nduct| on in rat hearts A .

roIe for inproved and .
reper f usi on? Gircul aWE%%W% é etermtotheﬂeam@?fxﬁap Si evers,

RE., Barbosa, V.B., and Wl fe, Heat - shock protein . i nduct i on
In rat hearts. A d| rect correl at| on bet ween t he -anobunt of heat-shock
protein 25 i nducecatadingithreiagable pishe Iyt myopardiymoard:t i on. Gircul ati on,

1994; 89: 355-360. . Vivaldi, MT., Kloner, RA, and Schoen, F.J.,
Tri phenyl tetrazoli um st ai ni ng of o irrever s_i bl e i schem c injury
~foll owi ng coronary - aletestipg axelbdogmm fromithd electrdde. JPat h, 1985;
121:522-530. 30 -~ Walker, D.M, Pasini, E, Kucukoglu, S., MNarber, -
MS., Iliodromtis, E., Ferrari, R : and Yellon, D.M, Heat stress
limts infarct size in the isolated perfused rabbit heart. '
Cardi ovascul ar Research, 1993; 27:962-967. '
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35  Yellon, D.M, Pasini  E., Cargnoni, A, Marber, MS., Latchman,

D.S., and Ferrari, ' 'R, The . protective role of heat stress in the

i schem ¢ and reperfused rabbit ~ nyocardium- J Ml Cell Cardiol:

1992; 24: 895- 4037077135 _ WD 97/ 07735 .
PCT/ US96/ 13396 - - PCTUss6nyds
CLAI V5. _ 1. Apparatus for ablation of cardiac tissue

conpri si ng: 5 a catheter,ﬁﬂ?pted to access the cardiovascul ar
system said catheter having a : o di stal end and a
proxi mal -end; and a conductor extending along and.within
said catheter for transmitting energy - to said distal

- end of said catheter, said conductor having a distal end 10

whi-ch )is extensible beyond the distal end of the catheter and al so
retractable within the catheter, said distal end of the conductor
configured to penetrate cardiac tissue and to direct energy from and
radial.ly and axially relative to the conductor when the conductor s
ext ended beyond the distal end of the catheter. 15 : 20

L | N
12 | 24

/.1.4 |
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2.7 The apparatus of claim1, further conprising one or nore electrode
pairs - positioned prOX|nate sai'd distal end of said catheter. 20
3. The apparatus of claim2, wherein-one of said electrode palrs is

p05| ti oned onwpeynrss the distal end of the catheter. The
apparatus of claim2, wherein an electrode is positioned oﬁcgngﬁﬂFﬂﬁtable.
probe slidably dlsposed in the catheter and extendi bl e beyond the end of

said catheter - for sensing of intramural electrical activity.

WD 97/ 07735 o : - , .

PCT/ US96/ 13396 . -27- .

5. The apparatus of claim 2, furtruﬂzbﬁinpr|5|ng a physi ol ogi cal r ecor der
swi t chably connected to at | east one of said el ectrode pairs operable to
map | ocal cardiac electrical activity. 5 6. The

apparatus of claim2, further conprising an electrical stimulating device

GLTAIAAH LSRG I v H e 02 //1/ S PR Y

LTI T SIS T T S ', 7.7y 7 i 2k
LIS A 5, A TN
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switchably connected to at |east one of said electrode pairs operable to

- pace the heart. 10 7. The apparatus of claim1l, further.
conprising a .stabilizer positioned on an outer surface of the
catheter to S@HW the catheter within a body organ. 8.

The apparatus o m 7, wherein said stabilizer conpri se@caﬂ’s?‘ﬁﬁ-’r%t abI e .
15. bal | oon positioned at the exterior of said distal end of said '
catheter and operable to expand ?ﬁplally relative to the catheter.
9. The apparatus of clajn11,.mhere| e conductor conprises an

el ectrical 20 conduct or . o - The apparatus of claim1l,
wherei n the conductor conprises an optlcal mave gui de and the
energy is |aser energy. 25 11 A maneuver abl e catheter for .
ablation of cardiac tissue, said catheter conprising a retractable
tip, wherein said tip is extendible into the nyocardlun1for | atera
dlffu5|on of ablating energy into nyocardlal tlssue

FIG. 3
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W0:97/ 07735 : :
'PCT/ US96/ 13396 ' ' - 28-

12. The maneuver abl e cat heter: of cIa|n111 mhereln sai d -abl ati ng energy
is* fron1the group consi sting of |aser, radiofrequency and
hot wat er. éLSS—},&% The maneuverabi e cat heter ofP<CU$13%, .
-wherein said ablatlng_energy is from 400 to 3,000 nm wavel ength

| aser. 10 14. A et hod of tréating'cardiac arrhythm a _
conprising the steps of: . : (a). positioning the distal end
of the apparatus of claim1 proxinmate the :

endocardi un 15 o (b) identifying the tissue involved in t he

arrhythm a; - (c) extending the distal end of the
conductor into the tissue; and :

)
\(»—

T
l
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20 (d) transmtting abl ating énefgy fhrough t he COnductof

into the tissue. 15. The nethod of claim 14, wherein the
conduct or conprises.a wave gui de and the abl ating energy conprises
I aser energy.y, 16. A net hod for nyocar di al b H3adeC"

treat ment of éggﬁngc arrhythmias, conpri si ng: %BE%E Jk

Thi s Sheet Has Been Repl aced. :

29 16. The apparatus of cIa|n114 rein said energy source is a

source of light, microwave, heated |i@pifd, ultrasound, radiofrequency, or =

direct current energy. : _ 59
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17- The apparatus of claim 14, wherein the conductor conprlses a wave
gui de and the energy conprises |ight ener gy. 18. - The apparatus of
claim 14, wherein said energy conprises |aser, UItravioIet visible or
infrared |ighwoireiAy - 19. The use of radlatlve or congﬁﬁhéﬁﬁﬁégergy
supplied.to tissue in an anount effective to induce |ocal ypertherma for
i nhibiting tissue damage due to insults including reperfusion injury.

20. The use according to claim19,: wgg in said tissue is heart tissue
and said energy is applied to the end A?dlal surface, the epicardia
surface or interstitpggl—arLeaof _a heart 21 The use according to
claim 19, wherein said [issue conprises an organ and the energy is applied
in vivo or in. vitro sai ff organ in der to ﬁxtend the tine for tissue

transpl ant and/ or i ngQepe the Quic f—orgat—i r anspl ant .
+ . i . /
0+ //
R 30+ / | e (H) Group
| 20 0 (C1) Control
04 /
AR/LV
FIG. 6A
251
T
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abl ating tissue at the arrhythnlc site by |ntrodu0|ng a desired anmount of

| aser E @y into.a proxi'mal- end of the optical fiber, conducting
t he | aser engygy through ' the optical fiber to t hABISH13306 pr obe,
and directing sufficient laser energy into the 5 myocardi al tissue at
the arrhythmc site to ablate the tiss and o
deactivating the stabilizer and renDV|t§hﬁhe -cat heter and optlcal fiber .
fromthe body of the patient. _ : 17. The met hod of
claim 16, further defined as providing an electrode pr obe

slideably disposed within the catheter that is extensible beyond the dlstal
end of the - catheter. and designed to penetrate nyocardial tissue.

15 - 18. The method of claim 17, further conprising attenpting to
stlnulate the heart into an arrhythnlc condition using said .
stlnuJatlng el ectrodes after the abl ating step and. bef ore renovi ng
the catheter fromthe body. 20 .19. - - A nethod for myocardi a

abl ation for treatnment of cardiac arrhythnias,

12
é?m-- | 86 | '
Fx] - '
g:_ & 8 | - o Right Ventricle
= - ! | 0L icle
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607rpri Si ng: ~7 ""providing a catheter conprising mapping

el ectrodes a [ [ S el ectrodes, the catheter Ifg 'Mng
into a heartTﬂl"ﬂ"W'"mthiu a distal end of the ca%néc[Eer ewﬁfe
manguver abl e ffrom ext ex nal %0 t he patient; provi di ng an

" energy conductor slidably disposed witBbn the catheter, a distal

end of the energy conductor conprising an abl ation probe that is extensible

beyond 1.  Apparatus Y &idtfbh/F cardiac tissue comprising: ,
PCT/ US96/ 13396 -31-

the distal eradcaﬁetagﬁa?gégnstaeéeséﬂf& &Q&ima%eum.ggys&ﬁp%udag%rﬁo&fgg@% disgh and

myocar di al rovi di'ng

stinulati nd_mappi,ng (i nstruments coupled to the 5 mappi ng

el ect roa“é@gaéﬂoa P’E?"F'ﬁ*él %‘f‘i’ ating el ectrodes, and providing an abl ating
energy source coupled to the proximl end of the energy conductor;

-.introducing the catheter into the body of a patient and guiding the
cat het er i nt & conductor extprding.alppg angd v nsaidicatheter for transmitting radiative energy

to said distal end of said catheter, said conductor having a distal end which is extensible
beyond the distal end of the catheter and also retractable within the catheter, said distal end
of the conductor configured to penetrate cardiac tissue and to direct energy from and radially

and axially relative to the conductor when the conductor is extended beyond the distal end

of the catheter.

2. The apparatus of claim 1, wherein said catheter has an outer sheath and wherein said
apparatus further comprises one or more electrode pairs positioned on said sheath of the

catheter proximate said distal end of said catheter.

3. The apparatus of claim 2, wherein one of said electrode pairs is positioned on the

distal end of the catheter.

4. The apparatus of claim 2, wherein an electrode pair is positioned on a retractable
probe slidably disposed in the catheter and extendible beyond the distal end of said catheter

and into cardiac tissue to obtain a local electrogram.

5. The apparatus of claim 2, further comprising a physiological recorder switchably -

connected to at least one of said electrode pairs operable to map local cardiac electrical

activity. REPLACEMENT SHEETS  SG
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t1 il ot i 1
t+mH-ati-nrg t he heart into an arrhythmc n using
sal’d stinu el ectrodes;" nappi f@rﬁ&é&MENTC&HEET
signal s pr m"Hﬁll IH"I l rt and | ocat | ng an arrhythmc 15 site for

abfation; "% " placing the distal end of the catheter proxinate
t he arrhythn1c S|te advanci ng the energy conduct or

t hrough the catheter, thus penetratin@7the 20 abl ati on probe through
the endocardiumand into the nmyocardi um at the arrhythmc site;
ablating tissue at the arrhythmc site by i ntroduci ng a desired anmount of
energy gnto X Bl N 1.pe energy
through525 qhgﬁgp ener °§9%8ﬁ Fﬁ?§ ggﬂ %%%a%sgﬁqgﬁgggﬂgkpecting
sufficient .ener 0 d|un1at t arrhythmc site to -
bl at o PEctEpL e © Aieast one of sald efec{rsﬁ%msa?ﬁeﬁﬁﬂ? PGP ey ang
renoving the catheter and optical fiber fromthe body of the
patient. WO 97/ 07735

PCT/ US9&/ 1338ke apparatus of claim 1, further comprising a stabilizer positioned on an outer

surface of the catheter to stabilize the catheter within a body organ.

8. The apparatus of claim 7, wherein said stabilizer comprises an inflatable balloon
positioned at the exterior of said distal end of said catheter and operable to expand radially

relative to the catheter.

9. The apparatus of claim 1, wherein the conductor comprises an optical wave guide and

the energy is laser energy.

10. A maneuverable catheter for ablation of myocardial tissue in a heart, said catheter

comprising a retractable tip, a conductor, and a source of radiative energy, wherein said tip

is connected through said conductor disposed within said catheter to said source of radiative

energy, and wherein said retractable tip is extensible through an endocardial layer and into

the myocardium of said heart for lateral diffusion of ablating radiative energy into myocardial
tissue when said catheter is inserted intravascularly to position said retractable tip adjacent

said endocardial lazer of said heart.

11.  The maneuverable catheter of claim 10, wherein said ablating radiative energy is

selected from the group consisting of laser, microwave and ultrasound.
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- 32- 1od of claim19, further conpri % P& atterrptl ng

to” stlrrulat into an arrhythmc condition u HEET
stimul ati n (@iws"! ﬂ the ablating step 5 and before rem)w n
t he: cat het er* f rcome.t 21. The net hod of claim19,

wherein the energy source is a | aser source, and the ener gy
conductor conprises an optical fiber. 10 22. The nmet hod of claim
17, wherein the energy source is a radiag frequency (RF) source, and
t he energy conductor conprises a conductive wre. 15 23. A

met hod of inducing angi ogenesis conprising the steps of:

j. h
g:ﬁzjocar di%ﬁtﬂnl 03‘8@ thahdifveftivtd @Jthe?é}Qg% m&rg_é@p&?fnastaiﬁs ggitler‘l lergt!ll ive eg%fér' s fom €

tissue; extendlng t he dlstal end of the conductor
into th e4(t)qg %I,QOO%IH d;vavelengﬁx> laser.

13.  The apparatus of claim 4, wherein said mapping electrodes are positioned on an
electrode probe slidably disposed within the catheter that is extensible beyond the distal end

of the catheter and designed to penetrate myocardial tissue.

14.  An apparatus for inducing hyperthermic, coagualative or photochemical processes in

cardiac tissue comprising:

a catheter adapted to access the cardiovascular system, said catheter having a distal

end and a proximal end,;

a conductor extending along and within said catheter for transmitting energy to said

distal end of said catheter, said conductor having a distal end which is extensible beyond the
"\

distal end of the catheter; and

an energy source in communication with the proximal end of said conductor effective

to transmit energy through said conductor and to increase the temperature of a tissue in

contact with said conductor above 37°C.

15.  The apparatus of claim 14, wherein said conductor comprises a tip effective to

penetrate cardiac tissue and to direct energy from and radially and axially relative to the

conductor when the conductor is extended beyond the distal end of the catheter.
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25° (d) transm tti'ng .energy through the conductor into the
tisSue to create -~ hyperthermia in said t'ﬁEPEﬁGEMENT SHEET

perusosr1ssos (MITMANANNIN "o 3

24, The nethod bf %l & m'23% wherein the cohdii §HE%BH95|B§&N A wave gui de

and the abl ating energy conpri 29s | aker 25.
The net hod of claim 23, wherein said tissue reaches a terrpera ure of at
| east about 40[err]C. 26. The net hod of claim 23

wherein said energy is conductive energy.
Jle. The apparatus of claim 14, wherein said energy source is a source of light,

_...~Mmicrowave, heated liquid, ultrasound, radiofrequency, or direct current energy.

.

-

_17.  The apparatus of claim 14, wherein the conductor comprises a wave guide and

' thé_gnergy comprises light energy.

18.  The apparatus of claim 14, wherein said energy comprises laser, ultraviolet, visible

or infrared light energy.

19. A method of inhibiting tissue damage due to insults including reperfusion injury, said

method comprising providing radiative or conductive energy to said tissue in an amount

effective to induce local hyperthermia.

20.  The method of claim 19, wherein said tissue is heart tissue and said energy is applied

to the endocardial surface, the epicardial surface or interstitial area oi;a_ heart.

21.  The method of claim 19, wherein said tissue comprises an organ and the energy is

applied in vivo or in vitro to said organ in order to extend the time for tissue transplant

and/or to improve the outcome of organ transplant.

This Sheet Has Been Re’ill

r

REPLACEMERT SHEET

27 FEB 1998 -




10 .. 27. A et hod of inhi'bi'.t.-i ng tissue damage due to ischem a

conmpri sing provi-di ng radi ati ve or conducti ve eRE@LAﬁEMENT%HEET

in-an anount effective to induce |ocal hypert herm a:

28. The nethod of claim 27, wherein said tissue is heart tissue and said
energy is , applied to the endocardi al surfacte, the epicardi al
surface or interstitial area of said heart. 20 29. A

met hod of endocardi al mappi ng of cardi @ rhythm conpri sing:
provi di ng an apparatus conprising a catheter adapted to access the 25
cardi ovascul ar system said catheter having a distal end and a proxi mal end

and an el ectrode positioned on a retractable probe slidably

di sposed,jin t cat heter .apd .ext.endi bl e beyond the end. of said
cat het erd%nd qratys oﬁﬁﬁgﬂrlﬁr whereim s SPFFSMﬁP“rcg 1S a SOUrH °ﬂ‘§8€1r di al
ti ssue and said el ectrode being connected to a neans for sensing

i nt r amrur BECTEMaYS rheated Lighud,ylirgsound, radiofrequency gy dipgch gyegent energy.
PCT/ US96/ 13396 -

17.  The apparatus of claim 14, wherein the conductor comprises a wave guide and

the energy comprises light energy.

18.  The apparatus of claim 14, wherein said energy comprises laser, ultraviolet, visible

or infrared light energy.

19.  The use of radiative or conductive energy supplied to tissue in an amount effective

to induce local hyperthermia for inhibiting tissue damage due to insults including

reperfusion_injury.

20.  The use according to claim 19, wherein said tissue is heart tissue and said energy

is applied to the endocardial surface, the epicardial surface or interstitial area of a heart.

21.  The use according to claim 19, wherein said tissue comprises an organ and the

energy is applied in vivo or in vitro said organ in order to extend the time for tissue

transplant and/or improve the outcome of organ transplant.
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extendl"ng t he distal

|nsert|ng SA
end of said.

};@t*éter into a patient;
atheter into the heart of sai d pat | epg,eRS
exfiendi ng the retractabl e probe into the nyocardi um and _ _

det';ect [ ng an el ectrogram f rom t he el ect r ode.
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A catheter (22) capable of both sensing myocardial
electrical activity and delivering ablating energy. within
myocardial tissue, is disclosed. The catheter (22) com-
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