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Ischemia 120 min Reperfusion 30 min 
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Q'3<)Eh<!ZM4,3)(,#&$+!%,&=64!5)$.3$(F!
!



! ,$!

9IYH])FR)8]="+1-"4&+#$)Z*5#*4">)!"#$'&6)78]=Z!;R)#)-561',$,36%@#1">)10+3'4#$)30'>#*4")

&,,$)

S9,!$)(!':!&9)%!,M4,3)(,#&$+!%&657!D$%!&'!,2$+6$&,!&9,!$**63$*7!':!IQH8!&'!G6$#&):7!E'D,+!

4,3:6%)'#8!$.$)#%&!3'E6%&!)%*9,()$!%633'.$&,%!$#5!&'!'E&$)#!$!%64,3)(4'%)&)'#!':!&9,!974,3%4,*&3$+!

)#:'3($&)'#!'#&'!3,$+=&)(,!)($.,%8!&93'6.9!&9,!IXYZO!,::,*&F)

H#!g!4).%8!A!)%*9,()*!E'D,+!+''4%!D,3,!*3,$&,5!/"8!W8!J8!m1!E7!5)2)5)#.!&9,!(,%,#&,37!'2,3!B<*(!

$#5!)($.,5!$&!%,&!&)(,4')#&%!/:3'(!?!&'!>g<!()#1F!"!*'((,3*)$++7!$2$)+$E+,!IQH!%7%&,(!43'2)5,5!

4%,65'=*'+'3!($4%! ':! &9,! 4,3:6%)'#! %&$&6%! /Q&U;1! $#5! &9,! &)%%6,!D$&,3! )#5,M! /STH1F! S9,!".* ,-5!

%':&D$3,! D$%! 5,2,+'4,5! &'! %64,3)(4'%,! IQH! )#:'3($&)'#! '#&'! &9,! +)2,! 2)5,'8! *3,$&)#.! &9,!

IXY,3%4,*&3$+=E$%,5!Z#9$#*,5!O,$+)&7!/IXYZO1F!Q,2,#!3,.)'#%!':!)#&,3,%&!/OUH%1!D,3,!)5,#&):),5!

)#!,$*9!E'D,+! +''4!$**'35)#.! &'!Q&U;!3$#.,%8!#$(,+7o!;!2$%*6+$3! /l"QJ!43'M)($+!$#5!5)%&$+18!;!

($3.)#$+!2$%*6+$3!/sl!43'M)($+!$#5!5)%&$+18!;!($3.)#$+! )%*9,()*!/sH!43'M)($+!$#5!5)%&$+1!$#5!B!

)%*9,()*!/HQJI1!7Q'30+")Fi;F!0'*$+!*$4)++$37!+$*&$&,%!/0J01!$#5!9)%&'4$&9'+'.7!D,3,!(,$%63,5!$&!

&9,!OUH%F!O$5)*$+!':!'M7.,#!%4,*),%!/OUQ1!D$%!3,%&3)*&,5!&'!'#+7!'#,!&)(,!4')#&!/;9!)%*9,()$!)#!$++!

g! $#)($+%1F! S9)%! D$%! 5'#,! :'3! +'.)%&)*! 3,$%'#%8! %)#*,! &9,! OUQ! $#$+7%)%! #,,5,5! &'! E,! 4,3:'3(,5!

%)(6+&$#,'6%+7!:'3!$++!OUH%8!$#5!*'#%)5,3)#.!&9,!+$3.,!#6(E,3!':!%$(4+,%!/OUH%r;CB18!)&!D'6+5!#'&!

E,!:,$%)E+,F!

"!($*9)#,!+,$3#)#.=E$%,5!43,5)*&)'#!$+.'3)&9(!':!0J08!E$%,5!'#!&9,!IQH=Q&U;@8!D$%!43$*&)*,5!)#!

&9,!g!4).%!$#5!&,%&,5!'#!?!$55)&)'#$+!$#)($+%F!!



! ,"!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Q'3<)Fi<)
"1!OVW!)($.,!*$4&63,5!D)&9!&9,!*$(,3$!)#&,.3$&,5!&'!&9,!IQH!%7%&,(8!?!()#6&,%!$:&,3!&9,!'#%,&!':!
)%*9,()$F!!
W1!IQH=.,#,3$&,5!4%,65'=*'+'3!)($.,!5)%4+$7)#.!&9,!Q&U;!*$3&'.3$497F!U#*,!&9,!IQH!5$&$%,&!9$%!E,,#!
$*G6)3,58!&9,!OUH%!$3,!4+$*,5!($#6$++7!$**'35)#.!&'!&9,!5,:)#,5!+,2,+%!':!Q&U;F!OUH%!$3,!%,&!$&!,2,37!
&)(,4')#&!/?8!B?8!><8!A?8!g<!()#6&,%!:'3!+''4!"8!B;<!()#6&,%!:'3!+''4!W8!;A<!()#6&,%!:'3!+''4!J!$#5!>g<!
()#6&,%!:'3!+''4!m1F!OUH%!$3,!5,:)#,5!$%!:'++'D%o!43'M)($+!$#5!5)%&$+!2$%*6+$3)P,5!$3,$%!/lB!$#5!l;8!
Q&U;!3$#.,o!h<=B<<@1p!43'M)($+!$#5!5)%&$+!($3.)#$+!2$%*6+$3)P,5!/slB!$#5!sl;p!Q&U;!3$#.,o!?<=
h<@18!43'M)($+!$#5!5)%&$+!($3.)#$+!)%*9,()*!/sHB!$#5!sH;p!Q&U;!3$#.,o!><=?<@1p!$#5!B!)%*9,()*!$3,$!
/HQJIp!Q&U;!3$#.,o!<=><@1F!!
J1!S9,!Q&U;!4%,65'=*'+'3!)($.,!D$%!3,.)%&,3,5!'#&'!&9,!3,$+=&)(,!2)5,'!%&3,$(8!$#5!&9,!OUH%!D,3,!
5)%4+$7,5!$%!IXY,3%4,*&3$+=E$%,5!Z#9$#*,5!O,$+)&7!/IXYZO1F)
!



! ,)!

9IYH])JR)[0#*&'&#&'.")2$0,+"14"*4")#*3',3+#-56).1<)56-"+1-"4&+#$)'(#3'*3)&,)#11"11)@,V"$)

'145"('#R)#)4,(-#+#&'.")1&0>6)'*)"*5#*4">)+"#$'&6)

)

S9,!$)(!':!&9)%!%&657!D$%!&'!*'(4$3,!&9,!4,3:'3($#*,!':!IXYZO!$#5!L0ZO!)#!&9,!$%%,%%(,#&!':!

E'D,+!4,3:6%)'#!6%)#.!$#!,M4,3)(,#&$+!('5,+!':!)%*9,()$F!!

"#!)%*9,()*!E'D,+!%,.(,#&!D$%!*3,$&,5!)#!i!4).%!$%!)#!QSamX!;8!$#5!)($.,5!6%)#.!IQH!$#5!

:+6'3,%*,#*,!$#.)'.3$497F!IQH!D$%!4,3:'3(,5!&'!$*G6)3,!&9,!Q&U;8!$#5!L"!D$%!&9,#!4,3:'3(,5!$:&,3!

)#&3$2,#'6%!)#K,*&)'#!':!<F;(.q-.!':!)#5'*7$#)#,!.3,,#F!S9,!&)(,=&'=4,$-!:+6'3,%*,#*,!%).#$+!D$%!

$#$+7P,5!6%)#.!$!43'43),&$37!%':&D$3,!/ZO=Y,3:6%)'#8!HIaqHOJ"m!Q&3$%E'63.8!L3$#*,1!&'!'E&$)#!$!

4,3:6%)'#!($4F!S9)%!D$%!'2,3+$)5!'#&'!3,$+=&)(,!)($.,%!&'!'E&$)#!L0ZOF!N)#,!$5K$*,#&!3,.)'#%!':!

)#&,3,%&!/OUH%1!D,3,!%,+,*&,5!$#5!D,3,!%64,3)(4'%,5!'#&'!&9,!3,$+=&)(,!2)5,'!&'!'E&$)#!IXYZOF!

L0ZO!$#5!IXYZO!D,3,!%6**,%%:6++7!%64,3)(4'%,5!$++'D)#.!$!*'(4$3)%'#!':!E'&9!)($.)#.!

('5$+)&),%F!0'*$+!*$4)++$37!+$*&$&,%!/0J01!D,3,!%$(4+,5!$&!&9,!OUH%F!SD'!0J0!43,5)*&)2,!('5,+%!

D,3,!,M&3$4'+$&,5!E$%,5!'#!E'&9!)($.)#.!('5$+)&),%!7Q'30+")FE;F!!

!

Q'3<) FE<! H%*9,()*! %($++! E'D,+!
('5,+! 5)%4+$7,5! 6#5,3! D9)&,!
+).9&! /"18! D)&9! HJV! 3,:,3,#*,!
*$35! 2)%)E+,! )#! &9,! *,#&,3! ':! &9,!
E'D,+! +''4F! L0ZO! /W1! D)&9!
%64,3)(4'%)#.! ':! &9,!
:+6'3,%*,#*,=E$%,5! G6$#&)&$&)2,!
4,3:6%)'#! *$3&'.3$497F! IXYZO!
/J1! .,#,3$&,5! &93'6.9! &9,!
%64,3)(4'%)#.! ':! &9,! Q&U;!
4%,65'=*'+'3! )($.,! *$4&63,5!
D)&9!IQHF!/m1!%9'D%!&9,!D$34)#.!
':! L0ZO! $#5! IXYZO!
%)(6+&$#,'6%+78! '2,3! &9,! 3,$+=
&)(,! 2)5,'! *$4&63,5! D)&9! &9,!
+$4$3'%*'4)*! *$(,3$F! S9,!
%,+,*&,5! OUH%! $3,! 43,*)%,+7!
)5,#&):)$E+,!)#!&9,!%63.)*$+!%*,#,F!!
!



! ,&!

9IYH])LR)H'14+'('*#&',*)@"&V""*)#+&"+'#$)#*>)."*,01)@,V"$)'145"('#)01'*3)4,(-0&"+%

#11'1&">)#*#$61'1),2)&5")2$0,+"14"*&)1'3*#$!

)

S9,!$)(!':!&9,!43,%,#&!%&657!D$%!&'!,2$+6$&,!$!%':&D$3,=E$%,5!$#$+7%)%!':!&9,!:+6'3,%*,#*,!%).#$+!&'!

3,*'.#)P,!&9,!4$&&,3#%!':!E'D,+!)%*9,()$!$#5!5)%*3)()#$&,!E,&D,,#!$3&,3)$+!'**+6%)'#8!2,#'6%!

*'#.,%&)'#!$#5!$!*'(E)#$&)'#!':!E'&9F!!

H#!Bi!4).%8!&D'!*+)4%!D,3,!$44+),5!'#!&9,!)#:,3)'3!(,%,#&,3)*!$3&,37!/.3'64!"o!4*r!g1!'3!2,)#!/.3'64!

lo!4*r!g1!'3!'#!E'&9!/.3'64!"=lo!4*r!g1F!S93,,!3,.)'#%!':!)#&,3,%&!/OUH%1!D,3,!)5,#&):),5!'#!&9,!

%).(')5o!Y!r!43'M)($+!&'!&9,!:)3%&!*+)4p!J!r!*,#&3$+8!E,&D,,#!&9,!&D'!*+)4%p!$#5!m!r!5)%&$+!&'!&9,!

%,*'#5!*+)4F!H#5'*7$#)#,!V3,,#!D$%!)#K,*&,5!)#&3$2,#'6%+7F!S9,!:+6'3,%*,#*,!%).#$+!D$%!*$4&63,5!

E7!(,$#%!':!$!#,$3=)#:3$3,5!+$4$3'%*'4,F!S9,!&)(,=&'=4,$-!/%,*'#5%1!$#5!&9,!($M)(6(!

:+6'3,%*,#*,!)#&,#%)&7!D,3,!3,*'35,5!6%)#.!%':&D$3,F!"!#'3($+)P,5!:+6'3,%*,#*,!)#&,#%)&7!6#)&!

/NLHao!<=&'=B1!D$%!$&&3)E6&,58!6%)#.!$!3,:,3,#*,!*$35F!S9,!NLHad%!'2,3=&)(,!2$3)$&)'#%!D,3,!

*'(46&,5!,2,37!B<!()#!:'3!?<!()#F!J$4)++$37!+$*&$&,%!D,3,!(,$%63,5!'#!&9,!%).(')5!$&!&9,!>!OUH%F!

l$3)'6%!($*9)#,!+,$3#)#.!$+.'3)&9(%!D,3,!$44+),5!&'!3,*'.#)P,!)%*9,()$!4$&&,3#%!7Q'30+")FF;F!!

!

!

Q'3<FF<)ZM$(4+,!':!L0ZO!$#$+7%)%!)#!$#!$3&,3)$+!)%*9,()$!('5,+F!:)T9)&,!+).9&!)($.,!':!&9,!()#)($++7!
)#2$%)2,!%,&&)#.!':!$3&,3)$+!)%*9,()$!*3,$&)'#F!::)N,$3=)#:3$3,5!)($.,!A<%!$:&,3!&9,!)#K,*&)'#!':!
<F;(.q-.!':!HJVo!E3).9&!,#9$#*,(,#&!':!E'D,+!2,%%,+%F!:::)l)3&6$+!4,3:6%)'#!*$3&'.3$4978!.,#,3$&,5!
E7!*'(46&)#.!&9,!%+'4,!':!&9,!&)(,=&'=4,$-8!4)M,+=E7=4)M,+F!:_)L0ZO8!%9'D)#.!&9,!+)()&%!E,&D,,#!&9,!
4,3:6%,5!43'M)($+!$3,$!/Y1!$#5!&9,!)%*9,()*!OUH!JF!_)N,$3=)#:3$3,5!)($.,!$:&,3!B<!()#F!_:)N,$3=
)#:3$3,5!)($.,!$:&,3!?<!()#F!
!



! ,+!

STUDY 5: Evaluation of hyperspectral imaging (HSI) for the measurement of ischemic 

conditioning effects of the gastric conduit during esophagectomy 

"
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STUDY 1: Hyperspectral imaging quantification of mouse limb microcirculation in ischemia-

reperfusion model with phosphodiesterase 5 inhibitor preconditioning 
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