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'U 

Bb~fl'Vl1e::Jiln'G'1"i!::;t>lmv11?l'ruru1'lTell'l1mb uu?(ruru1(i)\11~u 1 t1.Uel C9).b1l vt1eJv11'1f eJl9lfl~\lb lJt1vt1!\l~'iJ nu~\lvt1~mCJ 1 i.J 
v v v v 9 

©ct 1't1 11u~~"il1n1't1~1~-rrnb~\I bb~::;"i)::;l"i''iJ\111\lvti;l'n'l.h::;nt1?l'tyty1blJmhmt1b~mvl1nu~elCJ~::; ct 'lJeJ\l<J1mfi1 

~\l'lJ'iJ\l~U";i~fld~";i1A1Bb~fl'Vl";i'iJUfl?lb Vl~\IVl1~ fil~~el 111 t1'lJru~v11?(tyqJ1 b~CJ 1'Uvti;l'nu1~n'W'iJV1\IVl~\l'iJV1\11~(i)\1~€11 u 

~ 
'W 

(©) b~'W?l~ 

(Iv) b~Avt1'iJm1~vl~'O'W1A1";ib~'Wi\1~1CJ zj\lblJ'Wb~AVl1'iJ~";i1~vl~\11'W~~1-tib~A vt1eJ~'J1'V'Jvl 

i!t1i11~~m~1vt.W1vfl i.J1t1v11?l'tyty1 vt1eJrieJt11't1i!t11lJ bfl'W m 1t1v11m1 

(bfl) vt1!\l~elrf 1u1::;nt1'lJmumm1mCJ 1 t1u"J::; b 'Vlfl m:w~1e::Jv1\l~Aru~m1:wm1t11CJu1CJ 

r11vtt1~ (i)\11::;u 1 t1'1feJ ©.er'. Ctv) vt1eJ"i)::; blJt1vt1!\l~eJrf 1u1::;nt18b~n'Vl1eJiln'G'11i11:w15m1~m:wuru'linm\ln1vtt1~ . ., 

(er'.) vt11\l~ei rV1u1::; nt1'lJmu~~'Vl b~'W'Vl'W vt~elu~~'Vl b~'W'Vl'Wvti;l'n'Vl-r~ ~~Hffuelt1ru1l'l 1 VI 
'I 'i , v 

u1::;fleJ'Ufl"ilfl11b~'W'Vlm ~'iJ m1~1ru'lJ ~ brn ~'\.J1::; flel'Uu'Jn"il ~1U1~ nt1l'l1:wu1::; fl1 "1'lJ'iJ\lu'W1A11bb 'Vi\l'lh::; b 'Vl "11 'Vl CJ lil1:W • • 
11CJ~'iJu~~'Vlb~'W'Vl'W~umA11bb 'Vi\lu1::;b vi"11 'VlCJ bb~\lblCJ'W 1 V1vi11u 1~ CJ'iJ'W fa:w 1 m-ti1'11:w~1eJv1\lvt1!\l~'iJ rV1u1~nt1'lJm • • 
ut11A11~Aru::;m1:wm1t1 lCJu1CJn1vtt1~ (i)\11::;u 1 t1'1f eJ ©.er'. (Iv) • 

(ct) ~t1uul911-r~'U1~ 1 vi CJ 
"' 

vti;l'nu1::;nt1d"i!::;At11VI1~CJ1lJ:W~elmdw11t.J1 'W ©ct 1t1 11u~~"il1n1't1~~'lJt1::;m1u1::;mm1m 
'U 

Bb~fl'Vl1eJiln'G'1 (~'lJ1 CJ) ~'W"il1 ni el~fl~'Wl'l1:w?( ruru16ileJ'lJ1 mb6'11 
OJ OJ v v 

vti;l'nu1::;nt1d"i!::;At11VI1~CJ 1lJ:W~e::Jm dCJ m:w81i111ci1t1'lJ€1\1~?1~~6lTeJzj\l~\lvt1~ 1~-rmrnu Hbb6'11 • 
ml. 

I ii . I ~ 

fl11il1..:lbb~~n1'a1il1tlb..:l'U 

~\lvt1~ "i!::;~1CJfi1~\l'lJ'iJ\lzj\11~11:wm'i;}~~fi1b~:Wl9l~'iJ~"ilt1.nTG'.mm~t1 61 bb~::;fi11'1i'~1CJ~\lu1\I 

bb6'111 Vlbbn~~'WieJ b?l'WeJ~1~-rum1~ ~ b~ el fl 1 Vlb lJt1~'lJ1 CJ b~eJ~'lJ1t.J1~ci\l:wffU~\l'lJeJ\11~A1uiJ1t1\il1:w?l'ruru161TeJ'lJ1 tJ'vffo 
OJ OJ - OJ v v 

ie::Jl'lfl~\I b lJ'Wvt11\l~'iJ bb~::;~\l'.Vl1~ 1~ m1"il-ru:w el'U\11'W~\l'lJel\I b~CJ'U ~el mb6'11 

w:. el\il"a1fi1'1.l~'U 

fi1urulil1:w bb uu?(tyty161Tel'lJ1 CJ bb t1uVf 1 t.J b el nm1'\.J1::;m~"J1A18 b~ fl'Vl1eliln'G'1d vt1eJ'1JeJ 191 fl~\I .gel 

'lJ1m lJt1vt1!\l~eJ 1Vlfi~1 t18!9l11~eJ CJ~::; o.tvo 'lJm11A1fi1~\l'lJel\l~tJ'\l 1lJ1~ru:weJu~e::J1t1 

~. n1-a~'U'l.l-a~n'Ufl11~i1-a~'Ufl~~'i)\I • 



~'lJ'U:::m1tl1:::m~rrn•nBb~fl'Vl'H:i'W~'G'1 zj'l1~v\'1~qJqJ1te:i'lJ1CJ(?l1iJbb'U'Utii''l1:::'41'W-U'e:i @.m Vl~e:i 
vlloU'iJ(?l mNte:i b U'UVltJ'l~eJ bb~1 bb~ mru ~::: ~e:i'1ruu1::: fl'Wfl11i!'l11 'il'l'IJ fl'YdeJ'l'lJeJ'l~'l'lJeJ'l~te:i'lJ1CJ~ bfll'l~'Ufl1CJ 1 'W 

' 
~ liJ I :i"i 

'J:::CJ:::mn bil'WeJCJfl11 (9) u tJ'Utll'l~lfll'W~ ~'IV!ll'l 1~-ruiie:iu~'l'lJe:J'I bl'lCJ~e:J'l~'IJ~l'lfl1161le:iiibb61Jilbbm'lJ 1 m.ff m11191 

~tii''I b~ilfl1CJ 1 'W @ct l'U tJ'Utll'l~1fll'WVi1~-r'Ubb~'lfl11i!'l111\Yl'Ufl'\AJ~e:J'I 
' 

9' &151 d ii d 
Gl o. "1.Je:ia.:i1'U~'Vlo b'Unl'ii:J'U"l.leilll'Umb&i~e:iw1 

(9)0.(9) b~'WA1~?11'1~1V1rum1t1rn#'ld 1~m~1m~'Wu11'111'l'\AJCJ1u1~6'11tl1'l (b~'W'WeJfl'IU 
' ' 

tl1:::mru~1nfl6l'I) tl1:::"i\'1ll'lutl1:::mru ~ctbi:nl 

m1~'1'W1ii 1 'W~ruru1~:::m:::v\'11191 ~mde:i~'IV!ll'l 1191-rue:i'W~~h~'WA1~?11'1~1fl b~'WU11'1 h'I 
QJ v q 9 9 

'\AJcnu1~'11tl1'1 (b~'W'WeJfl'IUtl1:::mru~1n~6l'I) th:::"il1ll'!utl1:::mru ~ctbi:nl bb~1bvi1J'W 

@o.~ bde:i~'IV!i'l'l 1191A'l'l b~e:in~~'WoLJ'm?l'Ue:i11CJ 11'11 Vi'bll'W~'lJ1CJ bb~::: 1191(?ln~'lte:i~'l'llmmiim1 
'U 'U 

tl1:::m1'111fl1Bb~n'Vl1e:i'Wn'G'1 bb~1 ~1~'ll1 CJ~ :::~e:i'li'IV1~e:itl1~'l'llmtii''I n~ 11 boU1i11~1 n~1'ltl1::: b 'Vl Pl bb~:::'lle:i'IJ'W~e:i'!tl1 
'U 

boU1m 1~ti'Vl1'1b~eJ 1'Wb61''U'Vl1'1~ilb~e:i1 'Vlti b~'We:i~ bb~:::mm1n 1Vfu~m1-ru'll'W1191(?)1i1~-r~ii'W(?l~11m1m:::'Vl11'lflil'W1flil 
'U "' 

tl1:::ml'ln1V1'Wl'l ~~'W-U'e:i b?t'We:izj'I b ll'W~6lJ1 CJ~:::~ e:i'ltllju~mii fl{]Vlm CJ11l911 CJ n11?!'1 b?1~iim1'\AJ1ru'lJCJ'U11 tii''ld 

(@) bb4'1m1i'IV1~e:itl1~'1'lleJ'l~te:i'lJ1 CJ tii''! n~11boU1il1~1 n~1'ltl1::: b 'Vli'l~e:imii b~1vi1 

mti 1 'W i:n1 i''W 11u~'lbb~i''W~~6ll1tii'I V1~e:ite:i'lle:i'1~1n~1'1tl1:::b Vli'l bl'Wbb~ b U'U6lleJ'l~-r~ii'W(?l~11m1m:::'\1111'1fli1'U1flii 
'U "' 

"1" 'i .. .,J 1., tl1:::fl11'1tJflb1'U Vl'IJ'J'J'Vlfl bl'ltJb'JeJeJ'W ~ 
' 

(~) ~l'lm11 Vf~'l'lleJ'l~te:i'lJ1tJtii''ln~11m1'Vln11'lm~e:i1 'VlCJ V1~m~e:i~il?IV15b'li'Wb~cnnu 
. ' 

b~eJb'VlCJ ~1n~1'1tl1:::b'Vli'lmtJ'ltl1:::b'Vll'11'VlCJ bl'Wbb~~:::1~-rue:i'Wru1t'1~1nmm~1vi11Vfm1'Vln~'l6lJeJ'IJ'W11'lm~e:i~'U~ 
' v ' 

m 'li b~eJ 1 'Vl tJ zj'I~ :::~e:i'l 1191rue:i'Wru1(?) b'li'WJ'WneJ'U'IJ'J'J'\llfl'lJ eJ'l'i:N b~eJ~'W Vl~eJ b U'W6lltl'l~r~ii'W l'l~l1fl11fl'J:::'\ll'J1'1flil'W1flil 
'IQ.I 'I c;CJi 

1h:::mi'ltim1u1Vfm1'Vlfl11'lm~e:i~ti 
' 

(m) 1 umru~hJul)u~(?l1i1 (C9>) Vl~e:i (~) ~'lJ1CJ~:::~e:i'lru~~miin{]V1mCJ11~1CJ m1 

I o<:::). ~ ..::::l{ 

?!'I b?11iim 1'\AJ1 ru'lJtJ'W11 

@o.m ~~ti-U'm?ltieJzj'l~'IVlll'l 1#i'A'l'l b~e:i flbb~1 hJ1 tlv\'1~ruru1V1~e:i-Ue:i(?lfl~'loff e:i b Ut!VltJ'l~eJ 
'U vu 

m1:11 m1m~n1V1til'l tii''l1:::u 111 u-Ue:i i:n1 ~'IV1ll'l~:::~uV16'i'ntl1:::num1~uoLJ'm?1tie:i V1~m~CJn~e:i'l~1n~e:ie:inV1t!'l~e:i~1 
' 'U 

tl1:::num1~uim?1tie:iVi'tiVi bb~:::m~VJ~11ru1b~CJn~e:i'l1Vl'lll'l1im1ii b~CJV11CJ~ti ('11il) 11ii~'l~:::VJ~11ru11 Vf b llti~~'I ,, 
,, 

.::::i Vii.I V,:::!,IV£.I ~ V V 

'11tl mii1:::butium:::'\1111'1fl11fl~'111mtJm1~1'161JeJ~l'l~1'lbb~::: m1mV111'\AJ?ll'lmfl1~ 
' "' 

(9)0 .@: ~'1Vll l'l?l'l1tl?i'Vlt~~::: um 'lJ b ~ii b~il b~eJtl 1 'lJ Vl~eJoLJeJtl1Vltl~ 1 tlbb 'IJ'U~qjqj1Vl~eJoUeJ(?lfl~'I 

-ff mutiV1!1'1~e:i 1 Vi'b llti 1 tll'11iim1ii b ~ti6lJe:i'1~1!1m1tieYCJm1?1'1?1\Yl ('11il) ,, ' 
C9>o.ct 1 ti mru~ be:i nm1 bb tiuVf 1 tJ be:i n?111tl1::: m l'l11fl1B b~ n'Vl1e:i'Wn61d ilfl11ii6ii'~V1~e:i bbtJ'lnti 

~~ti-Um?ttie:i~::: ~e:i'ltllju~(?l1i1 r111u~Q CJ'lle:i'l~'IV!ll'l r111D ~Q tJ tii''I n~111 Vf~e:i b llti~~l'l bb~::: ~~ti-U'e:i b?ltie:i 1ilil?i'Vl5b~CJ n 

~e:i'IA11.ff~1ti11'1'1 b~m~ii 

(9)0.b ~'IVl11'lm~tl1:::ml'ltJ m~nm1~\Ylte:i 1umru~e:i1ud1#i'11'1CJ~~~u-U'e:ib?ttie:i ~:::b~tin~e:i'I ,, 

A1b~tJV11CJ11'1'1 ~1fl~'IV111'11il1~ 

(C9>) ~'1Vll l'l 1il1~rum'i~l'l?l'J'Jb~tl~~::: 1 m tl fl11~\YlteJVl~eJ~1191ru~~?l'J'Jbb~1il b ~ tJ'I 

'\AJeJ~~:::v\'1m1~\Yloff e:ifl#'ld~e:i 1 tJ 



(\€J) ~ m'im::;v'J1~ boLJ1~ fl 'tfru::; ~~'WoLJe.J b6'l'We.J~'ll'W::! fl 1'i~ vi~e.JVl1e.J~1171-rufl 1'iAVI b~ e.J fl ~ 
'\) 

t:.Jfl'lh::! 1CJ'lltJ11Wl'W Vl1e.J~~1'W 1171 b?ICJ nu ~~'WoLJe.J b6'l'W e.J'i1 (J~'W Vl1e.J.U V161J11'1 fll'i bb~'loLJ'We.J 81.:i b U'W5'i'i:l.J Vl1e.J6'1:1.J (Je.J:l.J tl'W 
'\) 

nu~d'LloLJe.J b6'l'We.J'i1CJ~'W Vl1e.J b~1m!1~1 'Llfl1'ib6'l'Lle.J'i1fl1 vi1e.J~e.Jl1f1'i::!vl1fl1'i'Vl~~(il~'LI 1vi 1 'Llfl1'ib6'l'We.J'i1fl1 
'\) ' 

(m) fl1'ivl1fl1'i~Vl~e.Jfl~.:id~e.J 1 't.Jm~ rie.J 1 ~bnvim1m?1CJV11mbri~.:iV11vi Vl1e.Jm::;'V!U~e.J 

'\.J'i::! 1CJ'lltJ6'1151'iill::! 

(<S'.) mru~'LI1'Llvl1'Lle.J'lb~CJ1tl1J (G"l) (\€J) Vl1e.J (m) (911:1.J~fl1Vl'WVl1'Llfl~f1'j::;'VJ'j1.:J zj'le.Je.Jfl 

(911:1.Jfldl:l.J 1 'Llflf1Vl:l.J1 CJ11 l711 CJ fll'j~ Vl~e.J~Vl~1'1 bbfl::; fl1'i'lJ~Vl1'i~6'1Vli11 fl-r:o 
d.J ' "" 

G) G). m-a't.Jl)u~(911:l.J n~Vl:l.J1E.Jbbfl::'a:: b ii (J'lJ 

1 m::;V111.:i5::;CJ::;nmm'i~e.J ~~t1.Ue.J b61'We.J~1171fom'iAVI b~e.J fl 1 ~bU'W~61l1CJ~e.J.:i't.Jnu~ m:i.J 
'\) '\) ~ 

V1~mflru'V1~fl~V1mCJ brn::;1::; b uffu 1171n1V1'LIV11 llvit1 bfl~.:ifl-rVI 

G) ]§".I. fl1 'aU 'a:: b:iJ 'l..H:m fl1 'aUl) U~ \11 'U "I.I B \I ~ tJ 'i:: ITTlll fl1 'a 

~.:iVl1 VI mm'i11tl11:-Ji;i m'i't.J Bu~.:i1mb~166'1~~ (911:1.JGY t1! t1J161le.J.:i ~~'W-LJ'm6'l'We:i~1171-ru m'ifi' VI 

b~e.Jfl 1 ~b U'LI~61J1m ~e:it11m't.J'i::; bil'W1:-Jflfl1'i't.Jf1u~.:i1'LI61Je.J'I ~'lJ'i::!fle.JUfll'i 
'\) ~ '\) 

,,r.:id Vil fl~~'LI<LJ'e:i b6'l'We:J ~1171-ru fl1 'iA VI b~ e.J fl hJ ~ 1'W bflrusvi'~ n1V1'UV1~::;11 m::;~u m'id'W-Ue:i b6'l'We:J 
'\) '\) 

Vl1e.Jv116"t1jt1j1rl'lJ~'IVllVI Hi1f1'i11 



"" ., 
-a1a~zbe:ia~flru~n"Mruz • 

2.f I .d ·.:Ji.f A 

6l.f~n~e:i..:iae:i..:i{9li1'<\Jb'Vllfl{9li1':\l'IJl111Zbi..:J ~'"Jabba..:J"l.f'W~ fluorescence • 
flru"9m.;ruzbuV111::: • 

,, ' 

1. Vllflif eN'll'Lllilfl11:JJtl~ bBtJ(il?{\j';j~~'U UH D 'W'i€J:JJ';j~'LJ'Uf11'\/IJ'iAlbY31~~1'Vl1''UlbA';i1~~b 'Llm8e:i Jl1mb?l\l~TU 
'U 

b ifo1~hJ'\'-J';i1 b ';j(il 

1.1. ?11m~mb?llil\lm'l/IJ 11'lm1:JJti~ bBtJlil?l\l';i~~'U 4K 
'U 

1.2. 1 oil'~1'Vl1''Ul?l';il~l bm1~~b 'ile:ib~€J \?l';il~?le:J'UflT~ 1 'Vlti bltJ'W faVl\91 11il tJ 16il''11'W~l:JJtl'U?l1';i I ndocyanine 

green (ICG) 

1.3. Vi1ntfe:i'15J'lh.Jfom'W ~1'Wl'W 2 'litl 

1.4. mmwbb?1til\lf111:JJti~b€1tJtilm'W 1Jliili!e:itJn11 3s40 x 2160 'iAlm61.lti 

1.5. ~tlbb'U'Ufl1';i?ibbfl'Wf11'Wbb'U'U progressive scan 
"" 'I o•I "" "" "' "' 1.6. :Jj';j~tJ~61'1fl?l'Vl';i~tJ~ f = 19 :JJtltlb:JJ\9l';i 

1.7. ?11mwl111tlvh1Vftl';i1Y31~1m~e:il'l1tJ'lfibb61itl1m~1b~e:J, B'Ubbtl?I EO bbtt~ Hydrogen peroxide 

2. bA~e:J\ln1btitilbb?l\l'll'LllilWbY31~~1'Vl1''U 1 -if~l:JJtl'U?ll';i ICG 

2.1. b lJ'Ubfl~e:J\ln1 b 'Lllil bb?l\ln1Gl\l?l\1~1oif'Vltt€J(il1 ~ bb?l\l?ll1\l'llUtil'Vitl€J(il LED 
'U 

2.2. ';je:J\11'Ufl1';i1 i'11'W NI R / ICG 1i~1'Vl1''Ul?l';il~?le:J'Ufl1';i1 'Vlti bltJ'W'VB\l 1tiVll?lmtJ 1 m'ilm~€Jbbtl~€JltJ1~ 
2.3. 11iltJ16if'11'W~l:JJtl'U?l1';i indocyanine green (ICG) 

2.4. ?l1:JJ1';irltlfo btl~tJ'W 1 'Vl:JJ\ilfl1';i1i'11'W1\'l';i~'Vil1\l 1'Vl:JJtil bb?l\l~'V11tlfl~ (white light) bbtt~ 1 'Vl:JJtil bb?l\l~TU 
btJtJ1B'W~';i1b';itil (near infrared) mtJ1'Ubfl~e:J\lb~tJ1tl'W 

2.5. bzje:J:Jj~e:Jtl'U?l1tJtl1bb?l\11\'l~1'W1'W 1 61le:i\l 

2.6. ';je:J\lfofl1';jbzje:J:Jj~e:Je:itlmru11'l'Vlmfl'VitlltJ~1'W KS HIVE 
9 

2.1. 1i'11'Un'U1ir1vh,b';i\l~'Ll 100--240 vAc ~m1:JJ~ 50160 Hz 

3. btt'U~~e:J\l\9l';il~bb'U'U HOPKINS VlY3l'V11\l:JJ€l\lf11'\/IJ 30 e:J\IY311 

3.1. ~:JJ:JJB\lfl1'\/1Jfll1\l (enlarged view) 

3.2. 'V'Ll1tilb~'Ll~1Y3l'U~flm\1~1ntfe:i\l'V'Ll1til 10 ilrii'ib:JJl?l';i 
'U 

3.3. fl'J1:JJtn'J1ifHU 31 b°li'U~b:JJ\9l';i 

3.4. ?l1:JJ1';irl~\1~1b~e:J 11'1 (autoclavable) 

3.5. ';ie:J\lfofl1';i1i'11'U~l:JJtl'Ufl1';il?l';i1~1'11tJ?11';i indocyanine green (ICG) 

~ 
('U1tJ~';i1tJ?I :JJtitie:ie:i) 

9 'U 
o' 0 

'U1tJbb 'WVI tJ'll1'U1qjfl1';i 

11,;-J); 
('U1tJ'l/IJVl'l5'\/IJ\lrl 'Vi~UJ'J';j';i'UJ) 

9 

o' 0 

'U1tJbb 'l/IJVltJ6ll1'U1qjfl1';i 

/f?01Hrr 
('U1\l?llfl1'Ul?l ~\lfli'l'W) 

'Ll1 tJ61i1'1b'Vlfltifl6il1'U111J'11'Ll 



b~fil'Wb6lJbU'W1~ 
1. 1''lJtJ"j~fl't.ll"lrum'W~'t.ll°11bllm~CJ~nm 1 tJ "L!'Ubb~l't.l\91"j11\J1''Ubl"l~eN 

' 
2. ~eN b llml"l~e:i~ij e:i1 V1lJl\l1flb~~1't.lere-.i~ (91 bb61~1lJ bl"lCJ ~ 1't.lm11-u~ 1'LlV11e:i fl1"j?f1TI\91m ne:i'Ll 

" 
3. '\111~'U1~'V1 i 1\1 ~ ~e:i~G'i ~ b~ 1V1u1~~6il1't.l 1 ru ~1'Llmv11fl1"j?f1TI\91fl1"j1off~1'Ll'UeJ ~ bl"l~ e:i~ bb61~ fl 1"jV1 bW1'fl"M1 

., " 
bl"l~e:i~1-Mn'U b~1V1ti1~1 "j~'W m'U1611\l'Ll?11m"jfl 1.u~1'Ll 1~ bll'Lle:i 81~~ 

4. er b?f 't.lm11"11 ~e:i~ b titler e-.i~ (91Vf1e:i b l!'t.!~1 bb '\ll't.l~1V11l 1CJ~iJV!"L!~~e:i1'lJ"jtJ~l\l1fl'U1~'\11 er e-.i~ (91 VI 1e:ibll'Ller~1~1'U cu 'lJ 'U cu 

fl1"jbb~~ ~~1\11fl'U1~'\11~1bb'\ll'Ll~1V!1.l1CJfl1CJ1 'UtJ"j~ b 'V1Pl1 'V1CJ 
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