
Myocardial Lesion Formation Using
High-intensity Focused Ultrasound
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H"cI'I~.....,mrf.. "'hc polc,"i,1 'h~.-"",,,'k,,,'.,, of ultr.<
oou"d """"'l' In cardiac dl..........· h",·c n"t I"",,,
al.· ...,ln·ly ot",li..<l, ,",. h~,'. d'''',·~" ...~I. n~-",. '0
<ldh'C' high in'cn'l1y fO"">cd "J"'"",,,n<l (WIT) '"
ml".K·~..II~1 ,I..".·. Unlik(' ",!w, th,·"pl' "ood,IJtIe'
ouch .. I"adlof"'4'''-''''Y "athctu ,hl:"",n, thl. 'r,tc",
h., u.....h·."'~Il'" "f not n"p,lrl"K din'" ,i"".·
contact ,,,<I th" "hlllty '0 (""\!' int""....· <n"'"Ill
"'i'hl" a ""~U "01"",.,.
"''''I,,'''......~"~,,,. "" 1<:1, .",1 rlll!>t ,""t,lck". f ..""
("",101)' nd....'d c"*nl,,c I..."..,~ ",.... t,.::",,1 in ,·i, ..,
"'lIh mn' p"h",. [£.Ion, ""'N: ""'"t<'<l ".In~ 1_,,-,<,_
0",1 l111'" l'"h," ,,;,10 "llr....o"l, I_'w"" r"'llh,~

f,u", 19.~ '0 H,~ W.

"e,."II" Th"n' "' ..... d, ...·_n·'I_'''''· n'b,l, ""hip 1><',
twe-cn thc appll''d 1111'11 "n"llO- 'nd k.~", ,I,,· (,. ~
0_·", I' < _"Ol)_ .\\)·,~-ndl~1 k"i"n fo",,~t"'" ,<i'h
IIIH; ""*' ,I"" 1"'noc",,,II,, ,·i''''n ~ ,·~n)",· ol",n
"h""t """til'll 10"." ",,,<ld. "-it I> ~"'-' milll"'...·",,~
tUn pul"," ",",cd t" th.· .·k'<'t""'.rdl"~,...,,. f,,,,,1
"'l,,,·.,,li,1 I.""",, w~n' ,·...."~I r.",~I,,~ in ~'n~'h

from ~ to b "'''' <I"".:"dll'll on th" do....· "",·d.
I"'...he'''' •. 1",,10 Il, .-It", ."d Il. ,·h·n. 1l",~II",I",,,

""n' "K "r"lll f",,,,,'~ i" ,I", ,,,101'''p,,·.nli.J "-,,II

Hi\:h'i""'n"t)' f,,,,,,,,1 "Itr"""'nd (1111'1') i, c'''p.­
hk nf prndurin~ "~·"I k.i<"" "·;thi,, ""i, ,," h"",.'"
ti"",:' .1<1<1 I"" "due"ed chnlnl _,,,"".,, in th,­
'''-''''It'nt "f <li .. ,,,k,, 'lK'il :0._ ~I:o,,,.,,,,,,, .• ,,<1 pr",­
t"I<' ,·."ecr U 1I0l'e',"" Ihc p",,·mi.11 ()~''''lK''''''

,,"'., O( LIlt """"",1 en,''):)' in .-:onli., d,,,'",,' I"" ,. n"t
I,.-cn ntc'n'i'Tlr ",,<linl ,\•• "k'th",1 t" c·"'""
f"",,1 hi"n,. 1111'1 ofk" "'",,,1 1'0"',,""1 .,1",,,_

h,,,,, ''''' l >" """,,' <".I" "'F" <',,[,,,,,,", I'"'oh"",,,· \k,t" ,I,'",,«, ..>J J<j",".,k' I'-<''''"",h I"",,",,· R.\l .. l'.1 .1

·-,'Il,.\d ," I"" I"" III R••·",",""""" "'''''Md, r''''~'",h'r'
~""' ,"" L( .,1-<;", ,,, ,m ,,,-, ,,,,,,,'> <'''k'' I"" "'" ."J ,',.
N""",,III,"~ I,,,,~....I g;, ••II,,,ti,,,,, 1t-11l.1I1" ,,,I ,J
,'""J",,,,,I,, 1·<II,,",~,.' '1',,,,,",, "",," BlHI.OC~" t" ..,
N" 1 tU

1I,f'''"' ""'I '''''' -'~""" '" 11, """", '" L' (', "n ,,, 1'"~",,,,,"-,
~I,J","' ,,,tao 62, II Ihid, ". I'll J MI . .~,," \""'. '"
I WJl E ""•. >I<"-,<,,,,I,,.'i. " ..
OW. ,.,p.,·S.'1 (lOt

"'I" ";n' "~H, h,· ,0< ,\"'''''''' '" ,."." " • ,'h,~ ,,,i,, '!''l,h,
<1<•. 10 101,,/ ,,'1-<, ,006 112.0 12

\I.U

t1",t __ I'~"'d hoth th,' ,·",h·.nll~1 .,,01 .·p ...~"bl

''''(~...'''-
CuOK:/.,.I"".. 111111 I, ~ ""'-"1 "",a", tn e,,,,,,· f,,,-.I
"'l' ...~nll'l In;...,,' ",I'ho"t <li .....·t ti"",' """,,!ct.
111 n """'1<)' ,Idi, "F! ~." I...• ~.",I 'n 'h<- ,·k-..~,,-,,·ar

,t1n~r,,,, i" ." in ";"0 ",,~k-J. ,,,<I k.~"" "a" b"
formed h" ....."'l',....'f"<!."lIy, I'u...h", al'l'll<-.,",,, nf
thi. t""hnn~'~J "'~) I'n",,' '" b<- ",er,,1 fo' 'h<'
~hl~,ln" n( "'J·,_·.nll~1 1,,,.10,,, ""'il ., ""hl"h"~:>­

~~"k f""1 ,,,d 'h" hn"''''''phi<: ",,,"10,,,1,,, ""I""'"
I" hl-I"-'f1n)phk- .,""II""'l"I"thl_

11,,· 1~""n'I~1 'h"r'lx',,'k ,,"'., of "I"",....,,,nd en
"I")Cl' in ,·.rdl",· dl"".,e. h~,·" "ot 1""-,, "dl "ndled_
W,· t",t",1 ~ """d 'l,h'm ", okll>.... hIKh-I""'",itl
f.~.".,,,d "1"",,,,,,,,,,<1 """'1<Y i" ,-It", a,,~ I" ,'1,-" ,,,
"~"i",, n,)·,~-.c,J1~1 '."'1'1.·, wl'h"," ,lIn,-' ,-,,,,, ...,
wllh th,' ""!I'" ,i,,,,,·. 1·'k·.1 .nl"~·.,,Ii"1 Ie,..,,,. "',.'"
form,,<1 In " <I<"".<I"pe"<I.,,,t n"'''''er•• ,,0.1 '''p'''.'_
dbl I.·,;"", " ....... c...,~,,'d_ 1'101, "~·h""I,,~) "'")
1''''''' ,,,•.-[,,1 f", ahla,I"" n( h·,,1 ;"'''''''l'-'''~ro1i,,1

k",tn,.. "",10 '" ."hl~hmoll'''''k-(''''I "tld n,,· h)'pe'_
tmphk k-ft .·.·""Ic,,I" "'1''''''' i" hn_'f1ml'hl,' .-.c_
,lln"'l"p,"h)', ,I .\m .,,'" E"h''-'fdi,,!,, 21106.19
'1.ll 9.17

t.tKC·' ",,-, O'IJeT tilt""!" ""><J,,hue' 1T"I,h' ",i~,,~

"'''n, il c·.t" I,,· "-'.,,101, 10<."",,1 "ill,i" ",,,,II ,,,1_
"""," '-' It ,I",'. ""t i..." d" ""nUlI"ti"" ,,,b
",,,~·i."'d with i<>nuin~ c..h",j"", ."d it ;. ,,,,,,r
f'''''''d h} th.. opt" "I OP",·iti<" th.t hl"d I.,,,,
I"""·.,:",,,n.·' 1'",,1,,"""''''. '" ,·",n,." to ,.diu!,,-'­
'1LK",,-)' (kF) "''''','', I!IFI ,h" not "''lL'''C d''''d
"""t:oct wltil t.f};t't ti",,,'

'11,,' "", "f 1111'1 ", ,.".",~ f"",1 ,hb",'~ Ie"",.. '"
thc Ion" h:" I"",n "'Ix,"e<l in "xl"·"",..,,,,,1 ",,>d-,-
,.". hllt the '"'lx·,,,·,...-e Il", I""'n 1"'"te,1 on nm,-
1""''"'11 with til<' ",i<lc'p,,·.d """ 01 kl' "'UTe"t
Prt',·;o", ,t",Io," ,,_,lOg 1111'1 '" ,I, .. I,,'." h.',c 1",('1'
hmi,,,d h, II... k"Kth "I "''J"irt'd c·'I~""rt· ,i",,·
.'I'I'~,xin,""ch 10 to W "'-'~"nd. tKnk<.l '0 lorm,-
",~·,o(';lf(h.ll Ie,;,,,,, <.i, .. " ~""Ji,c' ",,,Ii,,,, :lnd
~lI,-,linK from hh>d I]"w. '"'l~"'"'' tim", u! Illi,
knKlh "rt' imp,,,"tlol for in "w, in'l'kt"em,,1 ion '\'
""h, ",- h:o,,' 'k"i;.:ne,1 .. IIII'll ""1,'''' c'''!,.1I,I" "I'
ddi"'''-ill~ 'i;.:niti' "nil}' hi~hc, "n"'~r tk'" I... 1''''
'i"",I<' I"'en "'h,,,,,,d '11,,' p"'I~'''' of th" 'tLl<l~
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fi~"", 2 tq.r...",...." 111#1-"''''''''' h....-d uItn
..-...nd ,.....«1 ",,,..udi.oI~ ......"' .......... ,.~, "
'A mol 1\1 ~ II.' "10 "ith I !l<'wnd """".

l'ir;u« J 1>00< ""l"""" trimo:..""" """'...... "'''''-'''<1>
..n· io,:"ocd uh,....n.l ..nc~ .nd ltoK", \I"

",.,..,,,,,'" ,t><~ '" con"'-.Id<>1 '" 1""""" and
"'l"""!\IiaI ,oon, tIw -'" » ..,d,.. ~ r,.«'d ....""
Ilh» , '.." 1 ..-;,10 " "'''' " '0

lh",,,,l...lon Ek'dn", -"1e......"I')

")'"", ..,.,, "~""'" "'C'" r,,,,~ ,,, "~ ...."'mkl<l1"lc ,nd
I"..'fl><~'" ,''' ,,,,,,h,m h·,,,,,kk 'Il,,,.... ,,~-,.,'" ~',....
,I..." ""Il)'<I"'''-,!'n ~r"Ic.' ,I<ollol "~,.I",, "'" ,",,,I.',kle,'
in I.... III (I",k' Me..,..",h It><l""rit·,. ",-,IIi"••, \ n ".
HIl,. (I-",.,) ......·lIo"_, ,,',n' ".".... ,,';'10 "'ul";..1,,,,· I>l ,)
.nd '''on ...."."" (0" nm) ..·,',," ".,ocd "Mil ,"e.",1 .. ,.,.,,,

;o«(l Ir-.~ ""e.'" 1lJ<'y" e", ........,... In- '".n'''''>NofI <"In'

" .." mk'''''''OJ'V (jEOI. EXIl1.!uUO JUll' ".' I.... Pr-.
_ \1>.. )

H~".... ~ R'I"""''''''''' h,"" ,n«,.,,,, ,,"u"'~ "I,...
...md-u-<,,«I ,m...""~.,,Iul"'_u..n~ I."..... '" ~5 8
II' A,mol29011 1M ."h I "",>nJf'UI"'"

, Iur.at~........h.,.., .... p<"rtorm<d '" ""........ , ....
~ bro ......", HUI' _ ...... __.. Ie"",,,

"f II.. It.............. f"nl Jl 'I I) en, \_ ...no.."" 1I..
Im):Ih at u,., n,."u<,·'rtIul Ie...."... inc.......-d on a Imc2..­
r....._ ..,.h ,.... I'<""'C 011.... Illn pul.... lr ~ 0-0
p. l~lIl

( anJ Mic... ...,,>pk Pa.~

'011: 2 >"""'.-~ I< ."".'" mal"'"c~ ,,(.1><' for.tl
tm'n<'a"1;.oJ -.. IonDnI '" "'n> ..... ",,",,'n ,I><'
JUO'> , ..-............"'. 'N>k .. "h .1""<><1 boI-
........ 11jtI. 1 , demun"' "" a~ 01 ~ ~ nom;n
.......h ' ...... inanll. lion .. nh.1I111 ,......r
.~ I~>l \l .ljtu.... 2. H. de......." ....... lH,.,m
....." .........., ...... In an I I. ,......'10,. "orh. wn I",.. <:r
.>/ 1\1 H \l

.~M.~pou""Reb'i ,hi"

1'llu,,' 1 ,I",,, .. 'he !V''''p <1 f", k ' ,,:,,>:'10 {n'n'
• "-~ ofle'.>fi" (n - ., I) """","<1 In ,I. "'1''''. """S:
Ilin of '"1')';''''' ;",e",.",·.. 11K" d",."",,, <>I" lHtl1
,kl1\e1') roc.lI 1,"",><1, "", I '"ll'" i"","" ....'·","1.•nd
,he di.,.",<" I"""""',, ,1><' «., ,'ll",...:, ",'" tI ... '''flJCc

1"'<'20,~,....rola.1.n1o<1r"n..,.. I<>n

.~ .~ • .....-""",,,.,,,'" rumple at 1il)'O<":If­

di.............. "--'t! ....h ,I><' III1T ,...........,,,. II ~ em
f,,_ .1><' ......race oIlh.; "...... I""" ...h tb< lOclll
1"JU1' 0 ~ em hd(n> ,be"~ ...n:.tt A•
.........-,. <k-ttn<"1:on<! ru form<od that
-ra"'" both ,he 1~ "plC'lnlui >Ul'fX<:<

of <he """"""

lIisto,,:uholo otO

F'g"'" ~ ......... , I"· '.·nu' "... r",,"'rk"> of mn",,,r-
dial .....~IUI,.. , ""to ~b..>011 ,n,:h",,,"e :tnd

drn"","",'", <I "'I""'-'ll11 r,".'"n-' of ,he k'.;o.",
'''''led "'i,h lun A••1..,,,,, ,,' I 'KU,," ~. A 'hc
111Ft I...."" 'I'P'-Jrt.'<l h"I"·...,,,,,,,,,phli'" " , n'","
of dump;,,>: at <"}~orb,m'" nl11<·n." 'n,., p.uen,
or ;",,,,,' ;.. ,on,i,,,·,,, "'Ih I'""e",, ,lenJ,,,.....O,,
'·'LL..",I hy ,h'·"".1 '''1'''1' A, ,h''''",,,' ....,,.1 i" n/:,



Hp"';; H....'I"'holop:I· <>l h'l<h ""rn.", ,""'->«I "'u.
"*""-tr<c.>lrd "",,,><.I.... Inoo._ (~~.
.... 11 _lOR ~O

"'" ~ Y. ,."",Ie, , ,n'n ",thl" lnot"'I<I"al
ml''''''l'l~' .",1 h.·,,,,~~,, "'l(K)l<";1\ ,he 1""'NIl",1
"fU('C n ......' lo'l-'<"' , ,........, m ,II.· ;n"',.."';\lno
'l'f'<"Ir«I 10 <I"",,,, 'I ,elilll;or .nJnl .... I"..,
n( 1M nn'OOnloum

Tr:llbmi""Io" Ekcl".., .\I;"r<l'O'I')·

hI..... 6...t....u B, ,h""" 'h... dec"'Qn ID.cr''lw.'pll>
of • m~'oconll.1 .......,;.." In ,h... C"lllrul .n<! IInH
''''''cd ""ulon~, fi~",e (', I lkn",,,,,r..e. ,he'll'
icol ullr....''''ur.1 f,"""'''' of • "urnul ml',q1.·
"nh lhc nomul "'t"'lllU'~>n0( IDl'olibJ"""u" •..",
""c1ik rlannu. (I lui..... ). ,nd "'O<"hon<lri:J hI'
"'" {. B 110<- dl"''4''''''' of the ",,",,"I omD-
.-~UuLir ."hil•..., · , .....".-..1 1:>\- lUI' "rth .....".rnl
.n<! /r.~,"" nu,"'h"nd". and .homl""IC.nd
r....i<"...nwnM' of 'I.... ",""~1r Z 1\"",1, flit"'" (" r
,I"",,:, "·I',r.,e HIIII·lrr.,ed "".",.,.10,,1 "','W'"
,I.., ,k"'","'rAt,·, ,II~ ,·a. ,n,II,.."i,"ll~~I, "i,IoI" Ihe
",,, .. \I,' ho.>n.kn.,j m ,I" ...,.-.ok-mn "d <t". 1;01'].....-

am 0( ' ........~"...00Il 11\ Ih" 10 '1 ..1 'J'>\" hr'
........... 'M ..,.j"khW n'''..........

I" 'he "hole I.....n ,,' lIln' "'I""nn..-,,',. .1",,,,,:1
",~·,..·.,.kd Io;.i"", of ••" I,,~ 'IIC' ran"I"~ rn"" (, ,,,
11 n,,,, i" knl'lh "n,' , .....1ed ''''''I' ""'1,,:,"1",· Iunl
pol (~ II~H)_ M' h of !l.K}n"II,,,,-",,o,,d .1"....-
,~ en' 4 ><'<'Ontk. ., • 1lO"..... uI I~ 8 '" "'••urn.
-.. """fl{} deln·..... .-lIm " ....~..... f<..- in
'-"-0 n;prnmcnb 1lM"n: ,,~ no hrrro..oJ\-...oI>< cum­
pn>rn,.... or 11\"\1''''101' "j 'LL..~,nnJ ~"tl\"thn,.... "',,­
inl: k-<ion I,,,,, ...,..~, ~hho"'l'h ,,,~.,."<l pn'"n..,,,..,

'e",ri""I., C'"''r>''''''''' ("''1'''',,'h' ,,,"<.1'",',1 imm.
,IUld~ .1"', It Ii'll 1'"I.c ,lei;','" 1"llltrt' ~ .10"",
....1'"-'''''1>''' c '·UIllI,I.·, <lr 11,,- f,,,·.1 in..alll) .... or-
d..l """"". ,h;o, ""'" .",.,n1 ,n ,,,,, "' "II i"

'-"'" ""1'<""_"" d,.." ..... :mod 1.....-.1 1II' n.b.d
1tlJun' ,,~.... ~h .,,·~,cd 11lc »n: ,.r I....
" .. l>k- 1111'1 k,IOI1' " ..' "",.II"r ,1I~n ill .. huk
hem in, "," nl"",,""'IlI, .nd r>"ll"d f"..., 1 '0 6

"'''' ;" Icnlt'll

~.....l .. " ~JS

llISCIJSSIU'!j

11K """,11$ of !Iii!. ",,,,, dcmoru.o ....'" Ih;ol f<x-~I

~uonli>lloioos 01\ be r.:xmcd in • ",., and in ,,'"
.. ;111 in,.,..,., odIr..-.nd """"'10' "Ilboul uIlnloOUl\d
,rM»dll<"'"~ in con...., .. "II lhc ' ..-...
I.cion. >,(ft couI<I :abo be~ m:uupub, in •
.......·.tJc""nden' n''''' In >doJltion ..ell.tJcfonrtl
""'."'l,O<'".nli.1 Ie ,. ~"ltld be f''''''cd "llho<u
.(fe<.,i"ll e,ltloca,d;.l or cplc-.nll,1 ,,,rf.ct,. o( Ihe
",)"""""<11",,, 1lK III"UI,"hOI~~ o( 'he IllF\
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