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mv 1 u ct 1uv11m'j i!ubb~i'u~v11-LJ'eJ~n~~eff eJ ~~Vili;J"iJ~'W"iJ1'jru1~ i;iv\'1-LJ'eJ~n~~b lJuVii!~~mb viu n1'jvl1~f!lf!l1~1:J.J 
., ., 1 ., ~1" bb uuG'lruru1i;i~'j~'lJ 'W6lleJ @l.m n i;i ., ., ' 

b.lv 1 umru~ ~'llu~m'ju'j~ mi;i'j1f11B b~ nVJ'jeJiln'11li'11:J.J1'jflci~:J.JeJ'U~~6lleJ~ 1tilfl'j'\Ji;11°l..! 
" 

mv1u ct 1'uvi'1m'j vt~eJ ~~Vili;Jb~u11hl'1:J.Jfl'J'j~i;iv11-LJ'eJ~n~~bU'WVii1~~eJ ~1:J.JoLJeJ b.<9l ~'ll'W~n1'jU'j~mi;i'j1f11 
" 

Bb~ nVJ'jeJU n61'"il~~eJ~vi'1~t1Jt111eff eJ~1:J.J bb 'U'U~t1Jt1J1fii'~'j~~ 1 uoLJ'eJ @l.m Vi~eJvi'1-LJ'eJ ~mm lJuVitl'~~eJ nu~~Vli'i;im v 1 u 

@let i'u tl'u~i;i"il1ni'u~ttil-rubb~~ bb~~"il~~eJ~11~Viirnu'j~nu~tiJf!l1b uu"'i\'1mub~'Wb vl1nu~eJV~~ ct 6lleJ~'j1f11A1 

~~6lleJ~~u'j~mm1f11Bb~nvi'jeJiln'1'1~~~Vli'i;i~i;i~eJ11l u6llru~v11~t11t1111i;iv 1-tlViirnuwnueJ 81~Vi~~eJ81~ 1i;iril~t?leJ 1 u 
1f 
'W 

(@)) b~'WG'li;J 

(tv) b~f1Vi~eJi;i'j1~v1~uu1f11'jb~ui~l\l1v ~~bU'Wb~f1Vi~eJm1~v1~~1u~~1-li'b~fl Vi~eJi;J'j1~v1 

tTu'll1'j~t?!m~1V1u1~1 u1uv11~t11t111 Vi~rnfou1utTu1llbnu m 1uv11m'j 

(m) Vli!~~eJ ~1U'j~tl'W6lleJ~li'W1f11'j fl 1v1 'l.JU'j~ b vi I"! ~1:J.Jfii'1eJ 81~~1°1 ru~ m'j:J.Jn1'j'\.J 1vu1 v 

n1V1ui;i fii'~'j~u1uoLJ'eJ <9l.<S'. (Iv) Vi~eJ"il~blJuV1tl'~~eJ~1u'j~nuBb~nvi'jeJiln~~1:J.Ji6m'j~m:J.Juru~nm~r\'1V1ui;i ' ., 

(<S'.) Vitl'~~eJ~1u'j~ nu6lleJ~u~~'Vl b~uviu Vi~eJu~~vi b~uviuVi~ nvi-r'V'l tlmtil-rueJuru1~ 1 ~ 
q q 'l v 

LJ'j~neJu n"ilm'jb~uviu b ~eJ m'j'V'l1ru'lltl bb~~u'j~neJ'Uu'jfi"il ~1U'j~ nu~1:J.Ju'j~ m l"!6lleJ~uu1f!1'jbb 'IA~u'j~ b 'Vll"l1 VI v ~1:J.J 
' ' 

11V~€l'U~~VI b~'WVl'W~li'W1 f111bb '\A~u'j~b 'Vll"l1 VIVbb~~ bi V'W 1 ~Vl'j1'\J bi;J VeJ'W b~:J.J 1 Vib <ff ~1:J.J~1€l EJ1~ViU~~€l ~1U1~tl'W6ll€l~ 
' ' 

d 'l 0 ., 1 ., ( 
li'W1f11'j'Vlflru~m'j:J.Jn1'j'lJ bVU1vmV1ui;i i;i~'j~'U 'W6lleJ <9).<S'. Iv) 

' 
(ct) 'W'uuum-riou1~ 1 VIV 

"' 
Viirnu'j~nud"il~Au1~ 1i;iv1lli1i;ieJmdvmv1u @let i'u tl'u5i;i"il1ni'u~~'llu~m'j\J'j~mi;i'j1f11 

" 
Bb~nVl'jeJiln~ (~6ll1v) ~u"il1n-Um..in'W'u~1:J.JG1ruru1effeJ6ll1mb~1 

'IJ . 'U Q.I QJ 

Vlirnu1~nud"il~Au 1~1i;iv 1lli1i;ieJm dv ~1:J.Je!m1ci1u6lleJ~'W''1i;i~~eJ~~~~Vli'i;i 1til-ru:J.Je:iu Hbb~1 
' 

I iJ I .::it, 

ui1. Fn"il1.:ibb~~m'j"il1m.:iu 

~~Vii'i;i "il~l\l1vf11~.:i6lle:i.:izj.:i1til11:J.Jm,.;&,J~A1b~:J.J~~e:ii;i"ilum,.;e:nm5u 6J bb~~f111-ifl\l1v.X.:ith.:i 

bb~11 ~ bbri ~~uoLJ'eJ b'1'WeJ~1til-rum1f\i;i b~e:in 1 ~ b uu~6ll1v bneJ~6ll1v 1tilci.:i:J.Je:iu~~6lle:i~ 1til f11ui;11u~1:J.J~ruru1~e:i6ll1vV1~eJ 
'IJ . 'U 'IJ llJ Q.I 

-Ue:i~n~.:i b lJuVitl'~~e:i bb~~~~Vli'i;i 1til ~'j'J"iJ-ru:J.Je:irn1u~~6lle:i~ b~vu~e:i mb~1 

w:. a19111fi1tl~u 

fi1uru~1:J.J bb uu~ruru1~eJ6ll1 v bb uuVf 1 v be:i n'111u1~mi;i'j1f11B b~ nVl'jeJil n~d Vl~e:i-Ue:i~n~~ ~e:i ., ., 

6ll1muuV1tl'~~e:i 1~f\i;i1 ue!m1~e:iv~~ o.l!:lo 6lleJ.:i'j1mf11~.:i6lleJ~~cr~ 1ll1tilru:J.JeJut?leJ1u 

~. n1'j~utl1~nuR11:J.J~11i;iun~~e.:i • 



~'U'U~fl1'l'th~m~'l'1A1€ib~nvi'l'e.iiln~ zj,:i 11ii'vh«ruru1~e.J'U1tJ(?)1J.Jbb 'U'UC91.:i'l'~'U 1 'Woife.i (9).m V!~e.i <lJ QJ QJ , 

vi'1oife.i(?)mN~e.ibU'UV1i!.:i~e.i bb~1bbMmru "il~~mru1.h~n'Um1ii'1l1'l'~'Um"l~ei.:i'Ue.i.:i~.:i'Ue.i.:i~~e.i'U1tJ~bn~~'UmtJ1'U 
' 

'l'~tJ~nm1lili'e.itJfl11 (9) lJ i!'U~~"i11fl1'U~ ~.:i'Vf1~ 11ii'r'Uiie.i'U~.:i'Ue.i.:i 1~tJ~e.i.:i~'U~~m1'lie.iiibb61Jmbm'U1Vf'1i'm111ii' 

~C91.:ib~iimtJ 1 'U <9lct 1'U i!'U~~"iJ1fl1'U~11ii'rrnb..().:iA11ii'1l1'l'~'\Jfl'\flJ~e.i.:i 
' 

G>O. ii'eia.:i1u~V1~'l um':i~'Uii'maumb~~~'U 61 

(9)0.(9) b~'U1°11~6'l~G'!1V1-r'Um'l'~e.iA~.:id 11ii'm"il1m~'Ut1'1'l'.:i 11.:i'V'Jm'U1G16'11th.:i (b~'U'Ue.in.:i'U 
' ' 

U'l'~mruN1flA~.:i) uw'i\'1u.:i'Uu'l'~mru tvcU:i~ 

m1G1.:imii1 'U«ruru1"il~m~vi'111ii' Me.i b~e:i~.:i'Vf1~ 11ii'r'Ue.i'UJJ'~b~'Ul°i1~6'l~"il1m~'Ut1'11.:i 11.:i 
QJ QJ , , 'I 

'\f1Jm'U1G16'11u1.:i (b~'U'Ue.ifl.:iut.h~mruN1flA~.:i) u1:A1ll.:i'Uu1~mru tvctb~ bb~1bvhJ'U 

<9lo.tv b~e.i~.:i'V!1~ 11ii'r1~ b~e.ifl~~'Uoif e:i bG'l'Ue.i'l'1tJ1~ 1 ~b lJ'U~'U1tJ bbG'l~ 11ii'(?)flG1.:i~e.i~.:i'Ue.i.:i(?)1iim1 
'U 'U 

u1~m~11A1€ib~flV11e.iilfl~bb~1 li'1~'U1tJ"il~~e.i.:ii.:iV1~e.it11~.:i'Ue:i.:iC91.:if1ci11boif1m"il1flM1.:iu1~bV1f'fbbG1~'Ue.i.:iJ'U~e.i.:it11 
'U 

boif 1m 1~ tJV11.:i b~e:i 1 'Ub?i''UV11.:i~i1 b~e:i1 VI tJ b~'Ue:i ~ bbG'l~mii1'l'ri 1~'\J~m'l'r'\J'U'U11i1(?)1ii~r:oii'U(?)~11 m'l'm~V1'l'1.:iAiimAii 
'U "" 

u 'l'~ m f'f r\' 1 V!'U ~ ~~'Uoif e.i bG'l'U e.izj.:i b lJ'U~'U1 tJ"il ~ ~ e.i.:i u l) D'~ (?)1ii fl !JV!m tJ11li11tJm1?1.:i bG'l~ii m'l''\flJ 1ru'UtJ'U11 C9l .:id 

(<9l) bb..().:im'l'i.:i'Vf~e.it11~.:i'Ue:i.:i~~e.i'U1 tJC91.:i f1ci11boif1m"i11f1M1.:itl1~ b Vlf'f Me.imii b~1vl1 

mtJ1 'U ~ l'U i!'U~.:JbbMl'U~~'U1tJi.:i V!~e.i~e.i'Ue.i.:i"il1nM1.:iu1~bV1f'f bl'UbbMbU'U'Ue.i.:i~r:o~'U(?)~11m'l'm~V111.:iAii'U1Aii 
'U "" 

.! "1" '1 "'d1" u'l'~fl1f'ftJflb1'U V!'\J'l''l'Vlfl b~tJb'l'e.Je.J'U ~ 
' 

(lv) ~~fl1'l' 1~~.:i'Ue.i.:i~~e.i'U1tJC91.:iflci11'\J'l''l'Vlfl1~m~e.i 1 VltJ V!~m~e.i~iJi'iV16b'li'Ub~tJ1n'U 
' 

b~e:i 1 VltJ "il1flM1.:itl'l'~ bVlf'!mt!.:iu'l'~b Vlf'f1 vitJ bl'UbbM"il~ 11ii'r'Ue.iuru1(?)"i!1nmm..()1vl11~m'l'vifl~.:i'Ue:i.:iiT'U1~m~e.i~'U~ 
'v ' 

:D1'1ib~e.i 1 vi tJ zj,:i"il~l'i'e.i.:i 11ii'·foe.i'Uru1 (?) b'li'UJ'Une.J'U'\J'l'WI fl'UeJ.:JG'l.:i b~e.J~'U V!~a b U'U'Ue.i.:i~~:oiJ'U(?)~11 m'l'm~Vl'l'1.:JAJ.Jm Ail 
, Q.I 'I ~ 

"1" '1 .,.,d u1~mf'ftJm1'U V!'\J'l''l'Vlfl b~m1e.ie.i'U 
' 

(m) 1 'Wmru~1litll)D'~(?)1J.J (<9>) V!~e.i (tv) ~'U1tJ"il~~e.i.:i~'U~~(?)1J.Jfl!]V!mtJ111i11tJ m1 

I C::.. oQl .::::{ 

6'1.:J bG'l'l'J.Jfl1'l''\flJ1 UJ'UtJ'U11 

.(9)0.m ~~'Uoif m6'l'Ue.izj.:i~.:i'Vf1~ 11ii'r1~ b~e.imb~11li1 uvi'1«ruru1V!~e.ioif e.i(?)nG1.:i~e.i bU'UV!i!.:i~e.i 
'U v v 

mtJ 1 'Ub1m~r\'1V!'U~ C91.:i'l'~'\J 11l 'Uoife.i ~ ~.:iV!1~"il~~'\JV!~flUWn'Ufl1'l'~'UoifmG'l'Ue.J V!~m~tJfl~e.J.:J"il1fl~e.Je.JflV!ii'.:i~e.i~1 
' 'U 

U'l'~n'U m'l'~'UoLJe.JbG'l'Ue.JVJ'UVi bbG'l~m"il~"il1'l'UJ1 b~tJ fl~e.i.:i 1~'U~1 '1l'm1m3tJV11 r.J~'U ({1151) 11ii~.:i"il~~"il11ru11 ~b U'U~~.:i 
'U 

.::ii. Q.Jli.I Q.IJtvv c::.. v v 
.:i1'U (?)1J.J'l'~b'\JtJ'\Jm~Vl'l'1.:Jf11'l'f1G1.:i11mtJm1"il~61Je:i"il~"il1.:ibbG1~ m1mV11'l''\flJG'l~mA1:0 

' "" 
<9lo. cs'. ~'l'V!l~?f.:J1'Ui'1Vli~"il~ bbm 'U b ~J.J b~J.J b~e.J'U 16IJ V!~e.JoLJe.J rl1V!'U ~ 1 'Ubb '\JU«qjqJ1V!~e.JoLJe.J(?)flG'l'l 

~e:i bU'UV!i!.:i~e.i 1 ~b lJ'U 1 tl(?)1iim1m ~'U'Ue.i.:iG'!1ii'n.:i1'U'5tJfl116'1.:i6'1~ (li'15J) 
'U ' 

@lo.ct 1 'Llmru~ be.i fl6'11'l'bb 'U'UVf 1me.i fl6'11'l'tl'l'~m~'l'1A1€i b~flVl'l'ffUfl~d 5Jm1ii-U~V!~mbE!.:in'U 

~~'Uoif e.i b6'l'Ue:i"il~~e.i.:iuf1D'~ (?)1iir111il"ilutJ'Ue.i.:i~.:i'Vf1 ~ r111il"ilutJC91.:iflci111 ~~m U'U~G'l ~ brn~ ~~'Uoif e.i bG'l'Ue.i 1lli1i'ivi6b~tJ fl 
'U 6..J 'I 'U 

·fo.:il°i1H~1tJ1~61 b~iib~ii 

<9lo. b ~.:i'Vf1~m"ilu'l'~fl1f'ftJm~flm'l'~~<ff e.i 1'LlmruMe.i1tltl11ii'1~tJ~~~'Uoii'mG'l'Ue.i "il~b~tJfl-rm 
'U 

1°11b3tJV11tJ1~61 "il1fl~.:i'Vf1~1li11ii' 

(<9l) ~.:i'Vf1~ 1ii 11ii'ru m1~~6'111b~'U~ "ii~ 1 m 'LI m1~ ~<ff e.iV!~e.i~1\Ylru<5'~6'111bbM1li b ~ tJ.:i 

'\flJeJ~"il~vhm'l'~~~e.Jfl~.:itlMe.i 1 tl 



(Iv) ijfl1'Jm::vi'1~L-if1"'fl~t1J::~~'U-iJeJb6'!'U€l~'IJ'U::fl1'J~~<ffe:iVl~€l~1~-rufl1'JFl~LaeJn ij 
" 

t:JffU'J:: btJ'IJ't.H"J:l.Jtl'U Vl~r:iij61·m 1~Lati nu~~'W-if m6'!'U€l'J1tl~'U Vl~€loV~'lJ11'l fl1'JLLoU'loV'U€l ~1'! L U'Utfi'J:l.J Vl~f)G'l:l.J tle:l:l.Jtl'U 
" 

tlU~~'UoUe:l L6'!'U€l'J1tl~'U Vl~e:l L~1Vli!Tffi 'Ufl1'JLG'l'U€l';i1f11 Vl~€l61ffJ1m::vJ1fl1'JWil'i~~'U 1~ 1 'Wfl1'JLG'l'U€l'J1f11 
" ' 

(i;n) fl1"Jvi'1m"J~~<Be:ifl~~d~e:i 1um'1rfo1,XLii~m11JLat1V11mLn~.:iV11'~ vi~e:im::VJu~e:i 

'th:: btJ'IJLJG'l1t51'Jt1J:: 

(~) mru~'W1'Uvl1'U€l'lL~tJ1nU (©)(Iv) Vl~e:l (i;n) Vl1:l.J~fl1Vl'U~1'Ufl~m::Vl'J1'l ~'le:le:lfl 

~rn.m11:l.J1 'W fl~Vlm t111 ~1 ti m"J~~<Be:i~~~1.:i LLa:: m"Ju 'iviww"' ~mfl-r~ 

@®. n1'itl~U~\;l1:Ufl!JVl:U1EJLLa::'i::L-Uvu 

1 'W"J::V111.:i"J::t1::L1mm"J~e:i ~~'UoLJ'mG'l'Wr:iVi'tl'l-rum"Jl°i'~ L~e:ifl 1,XL U'W~'ll1v~e:i.:iu fiu&i ~1:l.J 
" " ~ 

vi"'mflt1.1'1~fl!JV1mCJLLa::"J::Lifou1~n1V1'U~111~mfl~.:ifl-r~ 

@ID. fl1'ith:aii'IJNafl1'itl~u~..:11'1J'l.la..:i~tl'i::naum'i 

~.:ivi1~ G'l1:l.J1'J'1U1t:Jafl1TU~U1l'l1'ULL~1LG'l~'1Vl1:l.J61'tyty1'll€l'l~~'U-iJ€lL6'!'U€lVi1~-ru fl1'J"'1~ 

L~e:i fl 1,XL U'U~'ll1 v L ~e:itl1:1.J1u·rn dJ'Ut:Jam"Jtlfiu&i.:i1'U'llr:i.:i~u"J::fle:iu m"J 
" ~ " 

.Jf .:id V11 fl~~ 'UoUe:l LG'l'U e:im~-ru fl 1'JA ~ L~ €l fl hJ ~ 1 'U Lfl ru'1~ fl 1Vl'U ~'1:: ~ m::~ U fl1'J ~'UoU €l LG'!'Ue:l 

V1~e:ivi'161qiqi1nu~.:iV11~ H-ri'1fl"J11 



"" ., 
-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 
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