JP 2004-523254 A 2004.8.5

(19) B FELFFT (JP) A RS T L EAR ()58 AR E T
$53%2004-523254
(P2004-5232544)
43) A%RkHE FR16£8FA5H (2004.8.5)
(51) Int.CL.” Fl F—va—F (5%
A61B 1/00 AB81B 1/00 320B 2F073
GOS8C 15/00 GO8C 15/00 D 4Cco0861
Go8cC 17/00 GO8C 17/00 A
FEEWER AWK TPHEEWRR A & 4HH)
21) HEES F5EA2002-529936 (P2002-529936) | (71) ERA 500277630
(86) (22) HEAE R 134E9H 268 (2001. 9. 26) FTL A A=DYY - WIFYE
85) BIFRCIRILE  PERISEFIA26A (2003. 3. 26) AASINE, 20692 - 3F=—1,
(86) EHFELEESES  PCT/1L2001/000912 ATYEARDTN - 28=F NH A=) -
87) HFELBES  W02002/026103 ARY—F -2
87) EEAMB FRL14E4A4H (2002.4.4) (T4 fRRE A 100062007
(Bl) ESEEEXRE ST 60/235,583 #E+L IO HmE
(32) %8 SERR124E9H 278 (2000. 9. 27) (74) {REEA 100105131
(33) BEIEXIRE  XKRE(US) #ELYL HE &
(31) BARERES 60/311, 351 (T4 fRRE A 100113332
(32) &5ER EE134E8A 136 (2001. 8. 13) H#ELT —A EX
(33) BAEERE  KRE W) (74) IREE A 100114188
FEL NEF W
(74) REE A 100103920
FELT KR BE
BRI <
64) [READEFR] EELATEZ A 71 — 7+ BHT A A
GnHoooo
20
0000000000000000000000000 27 05 7
0000000000000000000000000 ) 23~
0000000000000000000000000 \g
0000000000000000000000000
0000000000000000D000000000 Zd
0000000000000000000000000
DDOooOoDO000Dooooooooooooooo 24 /@ 27
0ooooooo ) 23



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

Oo0ooooooooooooooooooao

Ooo0oo0oood
Ooo0ooood
OoOooooogod
OoOoo0oooogod

O
O
O
O
OJ

O 0Oo0ooogoao
O0Ooo0oo0oo0oao
O0Ooo0oooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O

(2)

JP

2004-523254

2004.8.5

10

20

30

40

50



e R e [ [ A [

I e e s e e ey
e e e e e I Iy
e e e e e ) e s ) e Y I

OoooOoooOhoooDoo0 obOoo oo oooooogogoodg

OOo0ooooooood
Oo0ooooooodg

Ooo0oooogogQgoo
OoooooogQgoo
Oooooggoao
Oo0ooogoQgogao
OooooooQgoao
Ooo0oooogoQgoo

O
O
O
O
O
O

OO0 oDoDoogogogooooogod
OOooooooooooood
Ooooooooooooogodg

Oo0ooooooooooooa.o

Oo0ooooooogoooooo

O 0Ooogoo
O Ooogoo
O O0Oogoog

|

O 0Ooo
O 0Oooo
O 0Oooo

)

JP

2004-523254

2004.8.5

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [
e e [y e [ R e e [ [ B [

O Ooogo O

O

O 0Ooogoo
O Ooogoo
O O0Oogoog
O O0OoQgogaog
O 0Ooo0ooo
O 0Ooo0gooo

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

O oOooo
O oOooo
O Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O oOooo
O Oooo

|

4)

JP

2004-523254 A 2004.8.5

O
O
O
O
O
O
O
O
O
O
O

goooooaon

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [

e e e e ) e e [ [ [ o
e e e s e ) e e R [ [ [ o
e e e s e e ) s Y Y [ o
R s ) R [ [ A [y

O Ooogoo
O O oo
I ) [
O 0o oOoo
O 0o oo

I Ry |

O 0Oooo

O 0Ooo0goooao
I [ |
O Ooogogoog
OO ogogog
Y Y
I [y |
Iy |
I [ |
I [ O |
O Ooogogog
OO oQgogog
I [y |
I [y |
[ |
O Ooogogoog
|
I [y |
I [ [ |
I [ |
I [ |

O 0Oooo
O 0Oooo

O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O
O

O
O
O

O
O
O

O 0Ooo0oooao
O 0Ooo0oooo
O Oooooao
O OooQgooao
O O0Oo0gogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Oooooao
O Oogooao

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
(]
O
O
O
O
(]
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

|

|

O

O

[

|

O

O 0O oOooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo.o
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

%)

O Oooo
OO oo
O 0o o
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Ooo
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
O 0Ooo

JP

2004-523254

O
O
O
O
O
O

O
O
O

O
O
O
O
O

O
O
O
O
O

2004.8.5

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |

OO0 ooooogod
Ooooooood
OoOoo0oo0oooao
OOoooooao
OO0Ooo0ooooao
OOoo0ooooao
O 0O0o0ooooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0ooooao
O O0O0o0ooooao
O0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OO0Ooo0ooooao
O 0Ooo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoooooao
O O0Oo0ooooao
OO0Ooo0ooO0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0ooooao

Iy A Iy v
OooooooooooooOoooooooooOooohoooOhooobOhoooooooooOooan

O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo
O 0OoOooo
O 0Ooo0ooao
O 0Ooo0ooo
O Ooooo
O Ooooo
O 0Ooooo
O 0OoOooo
O 0Ooo0ooao
O o0Ooooo
O Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O oOoooo
O Ooooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O o0Ooooo
O Ooooo
O 0Ooooo
O 0OoOooo
O 0Oo0ooOoo
O 0Ooo0ooao
O Ooooo
O oOoooo
O 0Ooooo
O 0OoOooog

Oo0oooooooooooooogodg
Oo0oooooooooooooogodg
Oo0ooooooooooooogd
Oo0oooDooogooooooogd
OO0 oDooDooogggoooooogod
Oo0oooooooooooood

oo ooooooQodg
Ooooooog

O0Ooo0oo0ooao

OOoo0oooo

O oo oooog

OOoo0oooo

O Oo0oooooog

O0Oo0oooao

Oooo0ogoooogo

OoOoo0oo0odao

Ooooooooo

O0Ooo0oo0oo0oao

Oooooooooooooogodg
Oooooooooooooogodg
Oooooooooooooogod
OoDooooogog4gogoooooogod
OO0 oDooogg4gogoooooogod
Ooooooooooooood
Oooooooooooooogodg
Oooooooooooooogodg
Oooooooooooooogod
OO0 oDoooogog4gogoooooogd
Ooooooooooooood
Ooooocoooooooood
Oooooooooooooogodg
Oooooooooooooogodg
Oooooooooooooogod
Oo0oDooooogoggogoooooogd
Oo0oooooooooooood
Ooooocooooooooodg
Oooooooooooooogodg
Oooooooooooooogod
Oooooooooooooogod
OO0 oDoooogog4gogoooooogd
Ooooooooooooood
Ooooocooooooooogodg
Oooooooooooooogodg
Oooooooooooooogodg
Oo0oooooooooooogod
OO0 oDoooogoggogoooooogd

Ooooooooog

O0Ooo0oooao

Ooooooog

O0Ooo0oooo

O oo oooog

O0Ooo0oooao

O O0ooooog

O 0Oo0oooao

Oooo0ooogo

OoOoo0oo0odgano

Ooooooooo

O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Oogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O OooOooo
O Ooogoo
O 0Ooo0oo0oo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooogooo
O Oogoo
O O0Oo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooogooo
[ Y

Ooooooog

(6)

Ooooooog

O0Ooo0ooood
O0Oo0ooood
OO0Ooo0Oo0oo0ood
Oo0Ooo0o0oood
OOoo0oood
OOoo0oooodg
O0Ooo0oooodg
O0Oo0ooood
O0Ooo0Oo0oo0ood
OoOoo0o0oood
OOoo0ooood
OOoo0ooood
O0Ooo0ooood
O0Ooo0ooood
O0Oo0Oo0oood
OoOoo0o0oood
OOoo0ooood
OOoo0ooood
O0Ooo0ooood
O0Oo0ooood

JP

2004-523254

2004.8.5

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [

I e e e e e ) e e s e e Y I
e e e e ) e e s e ) e Y
e e e e e e e ) e e s e e e e e e R Y Y

Oooooooooogoogoo
Oo0ooooooodg
Oo0ooooooogodg
OO0 oooooogogog
OO0 oooooogogdg
OO0 oooooogogdg
Ooo0oooooooodg
Oo0oooooooQodg
OO0 ooooooogodg
Oo0oooooogogodg
OO0 oooooogogdg
OO0 oooooogogdg
Oooooooooodg
Ooooooooogodg
OO0 oooooogoogodg
OO0 oooooogogodg
OO0 oooooogogdg
Ooooooooood
Ooooooooodg
Oo0oooooogooQgodg
Oo0oooooogoogog
Oo0oooooogogdg
OO0 oooooogogdg
Ooo0ooooooood
Oooooooooodg
oo oooooogooQgodg
Oo0oooooogoogodg
Oo0oooooogoogodg
OO0 oooooogogg
Oo0ooooooood
Ooooooooodg
Oo0oooooogooQgodg
OO0 oooooogoogog
OO0 oooooogogdg
OO0 ooooooggdg

Oooooooooogogoao

Oooooooooooooooooooooogoooao

Oooo0oooQgdg

O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooao
OO0Oo0oooao
O 0Oo0Oooo
O0Ooo0oo0ooao
Oo0Ooo0oo0ooao
OoOoo0oooao
OoOoo0oooao
OOoo0oooao
OO0Oo0oooo

O
O
O
O
OJ
O
O
O
O
O
OJ

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0ooo
O 0Oooo

O
O
O
O
OJ
O
O

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O

OoooooQgdg

OooooogoQgdg

Oooooogogdg

[

O

|

Oooooogoood

Oooo0oooOodg

OooooooQgdg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OoooooQgdg

OooooogoQgdg

Oooooogogdg

O

Oooooogoood

O Ooo0ooOoo
O Ooooo
O OooOooo
O Ooooo
O OoOooo
O O0Oo0ooo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O O0Oo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo

OooooooOodg

OoooooQgdg

D)

OoooooQgdg

OooooogogoQgdg

Oooooogogdg

OooOoo0ooooOodg

Oooo0oooOodg

OooooooQgdg

OooooogooQgdg

Oooooogogogdg

JP

Oooooogogdg

O

I [ |

2004-523254

oooooao

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O
O

OooooooQgodg
OooooooQgdg
Oooooogoogdg
Oooooogogdg
Oooooogogdg
OooOoo0ooooOodg

O

O

O
O

OooooooQgodg

2004.8.5

oogao

O Ooooo
O OoOgooo

O
O
O
O

O
O
O
O

OooooooQgdg
OooooooQgdg
Oooooogoogdg
Oooooogogdg

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

OooooooooQgogogoo
Ooo0oooooogoQgogooQg
OO0 oooooogoggogooQg
OO0 ooooooggogog
OO0 ooooooggogodg
OooooooooOgoogoao
Ooo0ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
OO0 oooDoooggogoodg
OooooooooOgoogoo
OoooooooogoogogooQg
OooooooogogogooQg
Oo0oooooogoggogooQg
OO0 ooooooggogog
Ooo0oooooooogoogood
OooooooooQgoogoao
OoooooooogogogoogooQo
Oo0oooooogogQgogooQg
OO0 ooooooggogoQg
OO0 ooooooggogodg
OooooooooogooOgood
OooooooooQgoogoo
Oo0oooooogogogoogooQg
OooooooogogogogooQg
Oo0oooooogoggogoog
OO0 ooooooggogg
Ooo0oooooooogoogoo
OooooooooQgoogoQo
Ooo0oooooogogQgogooQg
OO0 oooooogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogdg

O 0o oo
O Ooogo
O Ooogoo
O O oo
I O [
I [ I [y
O 0o oo
O Ooogoo

O Ooo0ooOoo
O Ooooo
O Ooooo
O Ooogoo
OO o0gogog
O 0Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O Ooogoo
O Ooogoo
OO oOgogo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O Oogoao
O 0Ooo0ooo
O 0Ooo0ooOoo

oo ooooooQgogooo
OO0 ooooooQgogooo
oo oooooogogogooo
OO0 oooooogogogogoao
OO0 oDooDooogQgogoao
Ooo0oooooogogooo
oo ooooooQgogooo

Oo0ooooooodg
Oo0ooooooogodg
OO0 oooooogogog
OO0 oooooogogdg
OO0 oooooogogdg
Ooo0oooooooodg
Oo0oooooooQodg
OO0 ooooooogodg
Oo0oooooogogodg
OO0 oooooogogdg
OO0 oooooogogdg
Oooooooooodg
Ooooooooogodg
OO0 oooooogoogodg
OO0 oooooogogodg
OO0 oooooogogdg
Ooooooooood
Ooooooooodg
Oo0oooooogooQgodg
Oo0oooooogoogog
Oo0oooooogogdg
OO0 oooooogogdg
Ooo0ooooooood
Oooooooooodg
oo oooooogooQgodg
Oo0oooooogoogodg
Oo0oooooogoogodg
OO0 oooooogogg
Oo0ooooooood
Ooooooooodg
Oo0oooooogooQgodg
OO0 oooooogoogog

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
(]

OoooooogoQgooao
OoooooogogQgooao
Oooooooggogooao
OO0 oDoooggogoao
OooooooooQoooOoao
Oooooooogoooao
OoooooogogQgooao
OoooooogogQgooao
OoooooogQgogoao
OooooooooOooOooOoao
OooooooooQgooOoao
Oooooooogooao
OoooooogogoQgooao
Ooooooogogogogooao
Oooooooggogoao
OooooooooOoooOoao
Ooooooooogoooao
OooooooooQgooao
Ooooooogogogooao
Ooooooogoggogooao
OoDoooooggogoao
OoooooooogoooOoao
Ooooooooogooao
OoooooogooQgooao
OoooooogogQgooao
Oooooooggogooao
OO0 ooDoooggogoao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

|

(8)

O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Ooo

JP

2004-523254

O
O
O
O
O
O

O O
O O
O O
O d
O d
0O O

O
O
O
O
O

O
O
O

O
O
O

2004.8.5

OooooogQgoao
Oo0ooooogoQgogao

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

OO0O0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O 0Oo0ooooao
O O0Oo0OooOoooao
OO0Ooo0oo0oooao
OO0o0o0ooooao
OOo0o0ooooao
OO0Oo0ooooao
O O0Oo0ooooao
O 0O0o0ooooao
O0Ooo0oo0oooao
OOoo0ooooao
OOo0oo0ooooao
OOoo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oooao
OO0Ooo0oo0oooao
OO0Ooo0ooooao
OOo0o0ooooao
O Ooo0ooooao
O O0Oo0Oooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oooao

Oo0ooooooodg
Oo0ooooooogodg
OO0 oooooogogog
OO0 oooooogogdg
OO0 oooooogogdg
Ooo0oooooooodg
Oo0oooooooQodg
OO0 ooooooogodg
Oo0oooooogogodg
OO0 oooooogogdg
OO0 oooooogogdg
Oooooooooodg
Ooooooooogodg
OO0 oooooogoogodg
OO0 oooooogogodg
OO0 oooooogogdg
Ooooooooood
Ooooooooodg
Oo0oooooogooQgodg
Oo0oooooogoogog
Oo0oooooogogdg
OO0 oooooogogdg

O O0ooo

Oooooooogdg
Oooooooogdg
Ooooooogd
OOooooogd
OOoooooogd
OoOoo0oooogod
Oooooooogod
Ooooooogd
Ooooooogd
OOooooogd
OOoooooogd
OoOooooood
Oooooooogd
Ooooooogd
OOoooooogd
OOoooooogd
OoOoo0oooood
OoOoooooogod
Ooooooogd
Ooooooogd
Oooooogd
Ooooooogd
OoOoo0oo0ooood
Oooooooogod
Oooooooogd
Ooooooogdg
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooooooogd
Oooooooogd
Ooooooogd
OOooooogd
OOoooooogd

OoooooooOoooooano
Ooooooooooooog
OoDooooo4ogooooaog
OoDooDoogog4ogooooaog
OO0 OoDoDoogog4ogooooaog
Oo0oooooooooooano
Ooooooooooooaono
OoDooooooooooaog
OoDooooogoooooog
OO0 oDoDoogogogooooaog
OO0 OoDoDooogog4gogooooaog
Oo0oooooooooooao
Ooooooooooooao
Ooooooooooooaog
OoDooooogog4ogooooaog

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O
O
O

O
O
O
O
O
O
O
O

O 0Oooo

O Oooo

O Oooo

O oOood

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

O oOood

|

O O0ooo

O Oooo

€))

O Oooo

O Oooo

O Ooogo

OO0 oooooogoggogoao
Ooo0oooooooOgoOooao
Ooooooooogooao
OooooooogoQgooao
Oo0oooooogoQgooao
Oo0oooooogogooao
OO0 oooooogoggogoao
Ooo0ooooooogoOooao
OooooooooQgooao
Ooo0oooooogoQgooao
OooooooogoQgooao
Oo0oooooogoggooao
OO0 oooooogoggogoao
OoooooooogoOooao
Ooooooooogooao
OoooooooogoQgooao
Oooooooogooao
Oo0oooooogogooao
OO0 ooooooggogoao

O 0ooo

O O0ooo

O O0ooo

O Oooo

O Oooo

JP

O Ooogo

Oooo0oooogoao
Ooo0oooogoQgoo
Ooo0oooogoQgoo
OoooooogQgoo
Ooooooogogoao
Oo0oOoogQgogao
Oooooooogoo
Ooo0oooogooQgoao
OoooooogogQgoo
OoooooogogQgoao
OooooogQgoao
Oo0ooooogoQgogao

O 0Oooo

2004-523254

OOoo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Ooogoao

O O0ooo
O O0ooo
O Oooo
O Oooo
O O oo
O O0ooo

O O0ooo

2004.8.5

O 0Oooo

O Oooo

O Oooo

O Ooogo

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

O Ooooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O Ooooo
O 0Ooooo
O 0O oOooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo.o
O 0Ooooo

OoooooooooooooQgogoaoQg
OOooooooooooooogogQgogoaoQg
OOooooooooooooogoggogoaoQg
OOo0ooooooogooooooggogog
OO0 o0oDooodgdgdooooooggogg

O 0Ooo0oooao
O 0Ooo0oooo

O

OO0 ooooooooooooao
oo oo ooooogooooooo
OO0 oDooooogogoooooo
OO0 oDooDoooggogooooao
OO0 0o oDooogoogooooao
Ooooooooooooooao
oo ooooooooooooo
OO0 oDooooogooooooo
OO0 oo oDooogogoooooo
OO0 oDooDooogogoooooao
OO0 0o oDooogoooooao
Ooooooooooooooao
oo ooooooooooooo
OO0 oDoooooogooooooo
OO0 oo oooogogoooooo
OO0 Do oDooogogoogoooao
Ooo0oooooooooooooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

O

O OooQgooao
O O0Oo0gogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Oooooao
O Oogooao
O O0Oo0oogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao

O

O

Ooooooooooooooodg
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg
OO0 oooDoooggogooooood
OO0 Do oDoooggogogoooood
Ooooooooooooooodg
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg
OO0 oo oDooogogogoooooodg
Ooo0ooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogoooooood
OO0 oo oDooogggogooooood
Oooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg
OO0 oo oDoooggogooooood
Oo0ooooooooooooood
Ooooooooooooooodg
Oo0ooooooooooooodg
Oo0oooooogooooooodg
Oo0oooooogogoooooood
OO0 Do oDooogggogooooood

O

(10)

O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O 0Ooogoooao
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao

Ooooocoooooooogod
Ooooooooooooogdg
Oooooooooooogdg
OoooDoooooooogdg
OoDoDoDoo4gogooooogd
Ooooocooooooood
Ooooocoooooooogod
Oooooooooooogdg
Oooooooooooogdg
Oooooooooooogdg
OoDoDoDoogogooooogd
Ooooocoooooooogod
Ooooooooooooogdg
Ooooooooooooogdg
Oooooooooooogdg
Ooooooogoooooogdg
OO0 oDoDooogooooogd

JP

2004-523254

O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo.o
O 0Ooooo
O Ooooo

2004.8.5

O Oooo
O Oooo
O 0O oo

O oOooo

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |
e e e e e ) e e e e e [ B s [ |
e e e e e e e e e s [ |
) R [ R e e [ A B [

Oooooooodg
Ooooooood
Ooooooodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg
Oooooooodg
Oooooood
OOoooooogod
Oo0Dooooogod
Oooooooodg
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OoOooOooOooood
Oooooood
Ooooooood
Oooooooodg
Ooooooogod
OOoooooogod
OoOooooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooogod
OOoooooogod
OoOooooood
Ooooooood
Oooooooodg
Oooooooodg
OoOoooooogod
OO0 ooooogod

Ooo0oooogoQgoo
OoooooogogQgoo
Ooo0oooogQgoo
Ooooooggoao
Oo0oooogoQgogao
OooooooQgoao
Ooo0oooogooQgoo
Ooo0oooogogQgoao
OooooogoQgoo
Oooooggoao
Oo0o0oogoQgogao
OooooooQgoao
Ooo0oooogoQgoo

O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0Oogoog
O O0OoQgogaog
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo
O Ooogoo
O 0OooQgogoog
Y [ Y
O 0Ooo0ooo
O 0Ooo0gooo
O 0OooOgooo
O Ooogoog
Y [ Y
O 0Oo0oo0oo
O 0Ooo0gooo
O o0Ooooo
I [
O Ooogoog
[ Y
O 0Ooo0oo0oo
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOgooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O
O
O

OooooooogoQgQg
OooooooogoQgdg
OoooooogQgdg
Ooooooggodg
OO0 ooooogogdg
OooooooogoQgdg
OooooooogQgdg
OoooooogoQg™g
OoooooogoQgdg
Ooooooggdg
OO0 oooogogdg
OooooooogoQgdg

O 0Ooo0goooao
O 0OooQgoooo
O Ooogooo
O Ooogogooao
OO oQgogoao
O 0Ooo0oo0ooao
O 0Ooo0goooo
O 0Ooo0oooao
O OooQgooo
O Ooogogooao
O O0OoQgogoao
O 0Ooo0gooOooao
O 0Ooogoooo
O 0OooQoooo
O OooQgooao
O Ooogogooao
O 0Oo0oo0ooao
O 0OooO0ooOooo
O 0Ooo0oooo
O 0OooQgooo

O 0Oooo
O 0Oooo
O oOooo

O
O
O
(]
O
O
O
O
(]
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

|

[

Ooooooog

(11

Ooooooogd
OOoooooogd
OOoooooogd
OoOoo0oooood
OoOoooooogod
Ooooooogd
Ooooooogd
Oooooogd
Ooooooogd
OoOoo0oo0ooood
Oooooooogod
Oooooooogd
Ooooooogdg
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooooooogd
Oooooooogd
Ooooooogd
OOooooogd
OOoooooogd

Ooooooog

OOoooooog

O Oo0ogooooog

OoOooOoooooo

Oooooooo

Ooooooog

Ooooooog

OoOoooooog

O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo

(&
e

O 0O0ogooooog

OoooOoooooo

2004-523254

O 0Oooo
O 0Ooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Ooo

O OO
O O o
[ R |
O OO
O O o
O 0O O

Oooooooo
Ooooooog
Oooooooog
O oo oooog
O Oo0oooooog
Oooooooo

O
O
O
O
O
O

O
O
O
O

O
O
O
O

Oooooooo

O
O
O
O
O

2004.8.5

Ooooooog

OOooooooog

O Ooooooog

OO0 ooooog

10

20

30

40

50



e R e [ [ A [

Ooo0ooDooooQo0ooDooooo0D oo oo oooo0ooDoooogQgdg

Oooooooo o0 ooooogogoo
Oooooooooooooogogoao
Oooooooooooooogogoao
OO0 oDoooogog4gogooDooogogogoao
Ooooooooooooooogogogoao

O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O O0Oo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooo
O O0Oo0oooao
O O0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooo
O O0Oo0gooo
O O0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0oooo
O Oo0ogooao
O O0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Oooooao
O O0Oo0oooao

Oo0ooooooo0ooooogooooao

O Ooooo
O OooOooo
O 0Oooo

O
O
O

Oo0oooDooo4o0oooooogooooao

O

OooODoooooooooogooogoo
OoooOooooocoooooooOooaon

O 0Oooo
O Oooo
O Oooo
O Oooo

|

O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
O O o0goo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O Oogooo
O O o0gogaog
O Ooo0oono
O Ooooo
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O OooOooo
O OooOooo
O Oogoo
O O0Oo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OoOgoo

O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
OO oOgoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo

Oooooooogoogoooao
Oooooooogoogoooao
Oooooooogoogooao
Oooooooogogogooao
OO0 ooDooogogooao
Oooooooooogooao

O
O

OJ
O
O
O
O
O
OJ
O

OooooooooogoogooQg
oo ooooooogogooQg
OO0 oooooogogog
OO0 oooooogogggog
OO0 oo oDooogogogdg
Oooooooooogoogo-g
oo ooooooogogoo-g
oo ooooooogogoo-g
oo oooooogogog
OO0 oooooogogogog
OoooooooooOgod
Oooooooooogoogo-g
oo ooooooogogoo-g
oo ooooooogogoo-g
OO0 oooooogogog
OO0 oooooogogogog
Oooooooooogoogod
Oooooooooogoogoo-g
oo ooooooogogoQg
oo ooooooogogoo-g
OO0 oooooogogog
OO0 ooooooggogog
Oooooooooogoogodg
Oooooooooogoogoo-g
oo oooooogogoo-g
oo oooooogogog
OO0 oooooogoggogog
OO0 ooooDooogogogg

O

(12)

JP

2004-523254

O 0o oOo o
O 0o oOoo
O 0o oo
O Ooogo
O 0o oo
O O ogo

2004.8.5

10

20

30

40

50



(13) JP 2004-523254 A 2004.8.5

ooooooooobooooooooooooboooooooooooboboOoboooOoOogoan
ooooooao

oooag gooogano

YA

N e

Ooo0oo0ooao
FIG.1 j33 333
303
303
O0o0oano
20
f o g
23
\
- N
FIG.3B 301 300
]
24 /@
= 27
22




L T e T e T e T e B T T e T e O e Y e O e O s O e, T e, R e T e, IO e, T e O e R e O e O e T e T e T e T e T e T e

oooooooooooano

o
«
[s2]
<
y—
&
o
S~
o
]
g

(14)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Or
International Bureau

(43) International Publication Date
4 April 2002 (04.04.2002)

PCT

0O AR

(10) International Publication Number

WO 02/26103 A2

(51) International Patent Classification” A61B

(21) International Application Number:  BCT/IL01/00912

(22) International Filing Date:
26 September 2001 (26.09.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/235,583
60/311,351

27 September 2000 (27.09.2000)  US
13 Angust 2001 (13.08.2001)  US

(71) Applicant for all designated States except US): GIVEN
IMAGING LTD. [[L/IL); HaCarmel Street 2, Industrial
Park, 20692 Yognear (IL).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MERON, Gavriel
[[L/IL]; Weizmann Street 21, Kfar-Ganim, 49556 Petach
Tikva (IL}. GILREATH, Mark, G. [US/US]; 5201 Jupiter
Hills Ct., Charlotte, NC 28277 (US). ASHERY, Yoram
[IL/IL); Menahem Begin Street 9, 54421 Givat Shouel
(IL). SHREIBER, Reuven [IL/IL]; Telmane Street 36,
34366 Haifa (IL).

(74) Agents: PEARL, Zeev et al.; Fitan, Pear, Latzer & Co-
hen-Zedek, Gav Yam Center 2, Shenkar Street 7, 46725
Herzlia (IL).

{81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA,BB,BG, BR. BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, 1S, JP, KE, KG, KP, KR, KZ,LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL. PT, RO, RU, SD, SE, SG, SI,
SK, SL, T, TM, TR, TT, TZ, U4, UG, US, UZ, VN, YU,
ZA, TW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, 8D, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB. GR, IE,
1T, LU, MC, NL, PT, SE, TR), OAFI patent (BF, BI, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:
—  without international search report and o be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing af the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: AN IMMOBILIZABLE IN VIVQ SENSING DEVICE

24

{57) Abstract: A system for monitoring

20 a site in vivo comprising a housing
configured for being immobilized in
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obtained by the sensing device; and a
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AN IMMOBILIZABLE IN VIVO SENSING DEVICE

FIELD OF THE INVENTION

The present invention relates to in vive sensing devices. More
specifically, the present invention relates to a system and method for
10 immohilizing & sensing device in vivo, for example, for post surgery

monitoring.

BACKGROQUND OF THE INVENTION

In vivo sensing devices, such as thermometers, pH meters,
15 optical scanners, image sensors and so on, can be used for
unebtrusively monitoring bodily systems. Some in vivo sensors move
through body lumens and can be remotely controlled. However, it is
sometimes desirable to immobilize a sensing device in vivo for
continuous sensing of an in vivo site, for exampie for post surgery

20 monitoring.
In the time immediately after surgery patients frequently
experience organ functional problems. For example, during surgery in
the gastrointestinal tract the blood pressure at the vicinity of the

surgical site is reduced and peristalsis is arrested. After surgery the

1
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blood pressure increases and peristalsis is resumed sometimes
causing bleeding from the surgical site into the intestine lumen.

Alsa, for example, in treating coronary artery disease, it is
sometimes necessary to bypass coronary arteries with a vascular
graft, which is surgically attached to the heart, to circumvent a blocked
coronary artery. After surgery cardiac functional problems may occur
due to build-up of stenotic lesions or other obstructions to the flow of
blood through the implanted graft.

Postoperative monitoring of the gastrointestinal tract is
important to avoid letting too much time elapse before blood loss inte
the intestine is detected.

Similarly, it is important that the condition of a vascular graft
be monitored, post-surgery, to detect the further build-up of stenctic
lesions or other obstructions to the flow of blood through the implanted
graft.

Various catheterization procedures are known for assessing
the flow characteristics of a blood vessel or blood vessel graft.
However, the introduction of catheters into the vascular system may
result in damage to blood vessels.

US 4,915,113 ta Holman describes an implantable system for
monitoring blood flow through surgically implanted grafts. The system,
which comprises Doppler orystal - transducers, utilizes a

subcutaneously implanted electrical plug-type connector, accessible

JP 2004-523254 A 2004.8.5
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through an incision at the implant site, and electrical conductors to
connect terminals on that plug to the Doppler crystal transducers.

Ulfrasound echo imaging is known for visualization and
examination of a patients heart. However, methods of
echocardiography do not always result in good quality images after
cardiac surgery.

Monitoring of in vive processes, not necessarily related to post
surgical events, may also be an important diagnostic tool. For
example, in endometriosis, in which cells that normally grow inside the
uterus instead grow outside the uterus. Endometrial cells line the
uterus and are normally shed each month during menstruation. When
endometrial cells grow outside the uterus, the cells implant. These
implants occur most commanly within the fallopian tubes and on the
outside of the tubes and ovaries, the outer surface of the uterus and
intestines and anywhere on the surface of the pelvic cavity. They can
also be found, less often, on the surface of the liver, in old surgery
scars or, very rarely, in the lung or brain. The implants cause internal
bleeding, which [eads to tissue inflammation and later, scarring and
possibly infertility. Endometriosis can be suspected based on
symptoms of pelvic pain and findings during physical examinations in
the doctor's office but neither the symptoms nor the physical
examination can be relied upon fo establish the diagnosis of
endometriosis. Imaging studies, such as ultrasound, can be helpful in

studying the pelvis, but still cannot accurately diagnose endometriosis.

JP 2004-523254 A 2004.8.5
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Direct visual inspection and fissue biopsy of the implants are
necessary for accurate diagnosis. Currently, the only accurate way of
diagnosing endometriosis is at the time of surgery (either by open

standard laparotomy or laparoscopy).

A 2004.8.5
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SUMMARY OF THE INVENTION

The present invention provides a system and method for
immobilizing a sensing device in vivo. In the present invention, data
relating to environmental conditions at an in vivo site, or images of an
in vivo site, are obtained over a specific period and thus the invention
enables monitoring of an in vivo site. For example, the invention
enables post surgery monitoring of surgical operations, which provides
camera or video images of the surgety site during the critical post
surgery hours. The system and method of the invention enable an
external operator to directly observe changes occurring at an in vivo
site, such that pathological ocourrences can be detected at their onset
and immediately be treated.

The invention further provides an immobilizable in vivo
sensing device that can be used for monitoring an in vivo site by
utilizing any appropriate sensing device (pH meter, blood detector,
imaging device etc.). In the gastrointestinal (Gl) fract the device of the
invention is immobilized for monitoring a site in the Gl tract with out
having to leave an opening in the patient or incise the patient twice for
retrieval of the in vivo device at the end of the monitoring period.

The system of the invention comprises a housing configured
for being immobilized in vivo, at least one sensing device connected to
the housing and a reception system for receiving output from the

sensing device. Preferably, the housing is configured for being

JP 2004-523254 A 2004.8.5
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transiently immobilized in vivo. In an embodiment of the invention the
housing comprises means for anchoring the housing in a body lumen.
The sensing device, which may be a known in vivo sensing
device, such as an in vivo pH meter, a thermometer, an. optical

scanner, an imaging device etc., may be contained in the housing or

o

otherwise connected to the housing. Additional functional units of the
sensing device, such as a transmitter for wirelessly transmitting data to
an external receiving unit, an illumination source, a power source etc.,
may be part of the sensing device, or possibly may be contained in the
10 housing. The housing and/or sensing device can be connected by
wires to external sources. However, preferably, the sensing device
and its functional uﬁits are wirelessly operable.
In one embadiment of the invention, the system comprises a
housing having an optical window, said housing configured for being
15 immobilized in the vicinity of an in vivo site, such as a surgical site; at
least one imaging device, such as a charged couple device (CCD) or
complementary metal oxide semiconductor (CMOS) image sensor
contained within the housing; a transmitter that transmits the output of
the imaging device; and a reception system for receiving the
20 transmitted output.
The method of the invention comprises the steps of
immobilizing, preferably transiently, a sensing device in the vicinity of
an in vivo site; sensing the in vivo site; and receiving sensed data of

the in vivo site, externally to the surgical site.
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In one embodiment the method comprises the steps of
transiently immobilizing an imaging device in the vicinity of a site in the
Gl tract; imaging the in site; transmitting images of the site and
receiving the images of the site externally to the Gl tract.

There is thus provided, according to an embodiment of the
invention, a method for post surgical monitoring of a surgical site in

vivo.

JP 2004-523254 A 2004.8.5
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BRIEF DESCRIPTION OF THE FIGURES

The present invention will be understood and appreciated
more fully from the following detailed description taken in conjunction

with the figures in which:

Figure 1 is a schematic illustration of some components of the
system in accordance with an embodiment of the invention;
Figure 2 is a tangential section schematic illustration of some
components of the system in accordance with another embodiment of
10 the invention;
Figure 3A and 3B are schematic illustrations of an in vivo

sensing device according fo further embodiments of the invention; and

Figuré 4 is a schematic illustration of some components of the system

in accordance with yet another embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a system and method for
monitoring an in vivo site, which provide information related to the in
vivo site for the duration of the monitoring period.

The system typically includes a sensing device, a transmitter
that transmits the output of the sensing device, a reception system for
receiving the transmitted output and a power source, which provides
power to the elements of the system. At least the sensing device is
connected to a housing, which is configured for being transiently
immobilized in the vicinity of the surgical site (further described in the
Figures). The sensing device may be any device that is adapted for
being placed in vivo (for example, along the Gi tract) that can sense
environment conditions such as the presence of blood, pH,
temperature, electrical impedance of tissues etc., and that can transmit
(such as by radio) output relating to changes in the environment
condifions.

The invention can be utilized for monitoring in vivo sites in
diverse body systems, as wil he exemplified below. In one
embodiment there is provided a system for monitoring site in the Gl
tract, in which the sensing device is an imaging system. The imaging
system typically includes at least one illumination source such as a
white LED (light emitting diode) and an imaging device such as a CCD
or CMOS image sensor. The Imaging system may further include an

optical system for imaging an area of interest onto the imaging system.

JP 2004-523254 A 2004.8.5
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The optical system may comprise mirrors and/or lenses for collimating
the light from the illumination source. In accordance with this
embodiment the reception system receives the transmitted video
output and may include a) an antenna array capable of surrounding a
body far receiving the transmifted video output and for producing a
plurality of received signals and b) a demodulator capable of
transfarming the plurality of received video signals info a single video
data stream. Optionally the reception system includes a display, such
as LCD, for displaying the data transmitted to it.

For example, a system, which includes a camera system, a
fransmitter and a receiving system such as described in US 5,604,531
or in US Patent Application Number 09/800,470, may be used in the
present invention. US 5,604,531, and US Patent Application Number
09/800,470 are assigned to the common assignee of the present
invention and are hereby incorporated by reference.

The imaging system provides direct visual information of the in
vivo site (i.e., a surgical site) such that visibly detectable changes at
the site, such as bleeding, swelling etc. can be seen by an external
operator. The imaging system may further comprise a detector
coupled to the imaging device that is optically changed in response to
changes in environmental conditions. The optical change in the
detector is imaged and transmitted to a receiving system and shown
on a display of the receiving unit to alert an external operator of the

changed conditions. For example, the imaging system may comprise

10
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a pH meter that undergoes a color change in response to pH changes
in its vicinity. Also, the imaging system may comprise a detector of
chemical substances, such as blood components, which undergoes a
change in color in response to the presence of the chemical
substances. In both cases a change in color will be detected by the
imaging device and will be transmitted and received by the reception
system for the inspection of an external operator.

The sensing device, such as an imaging system, may further
be in communication with a processor/control for analyzing the data
detected by it and possibly for controlling the sensing device. For
example, images of a surgical site may be transmitted to a processor
where they are analyzed for the presence and posshly the
concentration of blood (by detecting certain changes in color). The
image may then be received by the extemal operator including
additional information, generated by the processor, regarding the
bleeding at the surgical site. Further, the system may include means
for alerting the external operator. The means for alerting the external
operator are in communication with the processor. Thus, when the
presence of blood is detected by the processor a signal, such as a
ﬂashing light or an alarm, may be activated to alert the external
operator.

The housing, according to the invention, is configured for

being immobilized in the vicinity of an in vivo site. The housing in
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some exemplary embodiments of the invention is schematically
illustrated in Figures 1-4.

The housing illustrated in Fig. 1 is a capsule 10 designed to
passively transverse the Gl tract. Capsule 10 comprises a capsule
body 17, which includes an opfical window 14 behind which are
positioned illumination sources 12 and an imaging device 16. The
capsule body 17 houses additional elements of the system (not
shown), such as a processorfcontroller for processing image data
abtained by the imaging device 18 and possibly for controlling imaging
device 16, a transmitter for transmitting images of the surgical site to
an externat reception system and a power source, such as a battery.
Capsule 10 has two rings 13 on its perimeter, about equally distanced
from each other. The rings 13 are fit into depressions in the capsule
body 17 perimeter so that theyv/ do not protrude from the capsule 10
perimeter and do not obstruct the capsule’s passage through the Gl
tract. Rings 13 are used for sewing the capsule 10 to a desired
location in vivo, for example in the vicinity of a surgical site in the Gi
tract. Following a surgical operation in the Gl tract the surgeon places
capsule 10 at a location in the vicinity of the surgical site with the
optical window 14 facing the surgical site. The surgeon then
immobilizes the capsule to its place by sewing a suture through ring 13
and through the tissue at the location. The capsule 10 is thus fastened
to the tissue from two sides of the capsule 10. It should be

appreciated that one or more rings can be used in the invention,

12
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depending, inter alia, on the shape of the housing and the anatormy of
the in vivo site.

The imaging device 16, which is typically activated when the
capsule 10 is immobilized or just prior to that, can be preprogrammed
to image the surgical site at any desired rate. Optionally, the rate of
obtaining images can be controlled either by an external operator or by
a processing/controlling unit, as described above, wherein detection of
blood, for example, will cause an increased rate of image acquisition.
Typically, the components of the system, such as the imaging device
16, the illumination sources 12 and the fransmitter are battery
powered. The life of the battery depends mostly on the rate of imaging.
In most cases, the rate of imaging required is low (typically one image
every few hours) enabling a battery to sustain the operation of the
system for a period of days or even weeks.

The sutures used to immobilize capsule 10 may be
degradable, as further described below, such that the capsule 10 can
be freed from its location after a period of monitoring and can then be
removed by a surgeon, or, in the case of the Gl tract, the capsule 10
will proceed to passively move through the Gi tract and be naturally
excreted from the body.

Figure 2 schematically illustrates a tangential section of
capsule 20, which similarly to capsule 10, comprises a capsule body
27 having an optical window 24 behind which are positioned

illumination sources 22 and an imaging device 26. Other elements of
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the system, such as a processar/controller, a transmitter and power
source are housed in the capsule body 27. Capsule 20 is ellipsoid
shaped having an indentation 23 circling the entire capsule 20
perimeter more or less around the center of the capsule 20.
indentation 23 forms a groove suitable for accommodating the
operating doctor's thread 25. The capsule 20 is thus fastened to the
surgical site by thread 25 which surrounds the capsule 20 and which is
anchored into the patient's body.

Typically, the thread used for suturing the capsule 10 or 20 to
a surgical site in vivo is thread, which will disintegrate with time. Thus,
a doctor performing an operation in the gastrointestinal tract can
activate the system (initiate imaging) in capsule 10 or 20 and sew in
the capsule 10 or 20 at the operation site in the gastrointestinal tract
prior to closing the surgical incision. The imaging, which may be
continues or periodical, lasts through the critical post surgical period
(up to 24 hours after the operation). During this time the surgical site
will be imaged and the images will be transmitted to the receiving
system, such as an external workstation, where the images will be
monitored by an external operator. At some point in time, either during
the imaging process or after its fermination, the sutures sewn through
rings 13, or around capsule 20 in indentation 23, which have been
immobilizing the capsule to-the surgical site, will disintegrate and

capsule 10 or 20 will be released into the gastrointestinal tract. The
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capsule 10 or 20 will be free to travel through the Gl tract driven by
peristalsis and will be naturally excreted from the body.

The system and method of the invention thus enable post
surgical monitoring in the gastrointestinal tract with out having to leave
an opening in the patient's body or having fo cut the patient a second
time in order fo retrieve the monitoring system.

in other embodiments a housing comprising an imaging
system, as described above, may be designed for other surgical sites
than the Gl tract, such as the lungs or blood vessels. In these
embodiments a housing, which comprises an optical window, may
comprise a clip or any other means for immebilizing the housing to a
site of interest at the time of surgery and for being later removed, for
example, through an incision or through a fransthoracic or
transesophageal opening.

Reference is now made to Figs. 3A and 3B, which are
schematic illustrations of an in vivo sensing device according to
further embodiments of the invention. [n Fig. 3A an in vivo sensing
device 300 comprises a housing 301 connected to a sensor 303. The
housing 301 may also be connected to a transmitter for transmitting
the data obtained by the sensor 303 and optionally an internal power
source, such as a battery or an extemally inducible power source.
The housing 301 includes a niche 302 configured for receiving means
for anchoring the device 300 to an intemal body tissue. The

anchoring means may include a suture or other sewing means,
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wherein a stitch is sewn through niche 302 and through an internal
body tissue. Optionally the suture may be biodegradable. [n another
embodiment the suture may be in the form of a knot made of a shape
memory alloy or a shape memory polymer, which are able to change
shape in response to temperature, .as known in the art. The shape
memory material knot could be induced to change its shape either to
tighten the knot thus immobilizing the device 300 to a proximal tissue
or to loosen the knot, thus freeing the device 300 from a proximal
tissue. This change of shape could be induced, for example, by the
temperature prevalent in the body lumen or by heating or cooling
through electrical means, for example elecfrical means generated by
a battery in the device 300.

In Fig. 3B the in vivo sensing device 300 comprises a
housing 301 which includes clasps 303 and 303'. Clasps 303 and
308, which typically extend from the housing 301, include fasteners
333 and 333 for releasably grasping an intemal body tissue. The
fasteners 333 and 333’ may hold on to an internal body tissue by
digging into the tissue, through suction or by any other suitable
means. Any suitable number and type of clasps and/or fasteners may
be used.

The device 300 typically stores in the housing 301 a sensor
or a plurality of sensors (not shown), such as a pH meter, a pressure
detector, a temperature sensor or an optical sensor, such as an

image sensor, or any combination of sensors. Altematively any
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suitable sensor could be attached externally to housing 301. Device
300 may be delivered to an in vivo site as described in the art, for
example, by an endoscope into the Gl tract. At the in vivo site the
device 300 can be immobilized for a predetermined time to an internat
body tissue, such as to parts of the Gl tract or to the inside of blood
vessels etc. Device 300, thus immobilized, can be used for sensing
an in vivo site over a predetermined period. The device 300 can also
be utilized for simultaneously sensing an in vivo site and performing
an in vive procedure such as diagnostic andfor therapeutic
procedures performed in the human body, for example, but not limited
to, procedures of gastroenterology, procedures within blood vessels,
procedures of gynecology and laparoscopic surgery procedures. The
in vivo procedures can be performed by specialized arms protruding
from the device, such as arms described in US Patent Number
6,240,312 to Alfano.

I one embodiment of the invention the housing is connected
to an imaging unit. The imaging unit includes an illumination source,
such as light emitting diodes (LEDs), an image sensor, such as a
CCD or CMOS image sensor and an optical system for imaging an in
vivo site onto the image sensor. The housing is connected also to a
transmitier for wirelessly transmitting image data to an external
receiving system. In this embodiment the housing also includes a
battery for powering all the electrical elements of the imaging system

and the transmitter. The imaging unit and transmitter will be referred
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to as an imaging system. The imaging system according to this
embodiment can operate in a manner similar to the imaging systems
that are described in the above mentioned US 5,604,531 or in US
Patent Application Number 09/800,470.

In an optional embodiment of the invention the sensing
device includes an image sensor and the clasps include grasping
means and fastening means for initially grasping an internal tissue
and then fastening the device to the tissue. This embodiment could
be similar to the known pH sensor héving suction means and pinsbfor
grasping by suction the internal tissue in the esophagus and for
fastening the grasped tissue to the pH sensor by the pins.

Reference is made to Fig. 4 in which a housing 404 having
an optical window 408, is aitached to the distal end 43 of a drain
catheter 42. The housing 42 comprises an imaging system capable of
imaging an in vivo site through optical window 406.

Drain catheter 42 comprises lateral openings 41 such that
drainage can be carried out through openings 41. Drain catheter 42 is
inserted into a patient’s body for draining an in vivo site, such as an
abscess or at a site of surgery. The distal end 43 of the drain catheter
42 is inserted into a patient's body while the other end is left out side
of the patients body. Liquids and debris passing into the drain
catheter 42 through openings 41 and possibly through an opening at
the distal end 43, can thus be drained and removed from the body.

Drain catheter 42 is inserted into a patient's body through surgery or

18
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by minimal invasive methods, for example, by using ultrasound or CT
for guiding the catheter’s distal end 43 fo the required site in vivo.

Housing 404, which is attached to the distal end 43 of the
drain catheter 42 is immobilized to the site of drainage enabling the
imaging system it comprises to obtain images through optical window
406. Thus, an imaging system can be brought to and held at the
drainage site for monitoring the drainage process. As described
above, the rate of imaging can be predetermined or controlled by an
external operator or controlled automatically in response to conditions
detected in the images obtained of the site.

Monitoring a site of drainage in accordance with this
embodiment of the invention enables an external operator to easily
see, without using external techniques such as CT, if the site has
been drained, to see that there is no active bleeding at the site, etc.,
or if there is leaking, to identify the site of leaking.

Further, in accordance with an embodiment of the invention
an imaging system as described above can be immobilized in vivo,
according fo the invention, for monitoring in vivo processes. For
example, an immobilizable imaging system according to an
embodiment of the invention can be immobilized in a uterus for
monitoring the development of a fetus in that uterus. The imaging
system, which is battery powered and which wirelessly transmits
images to an external recording system, can be programmed to

obtain images of the fetus in predetermined intervals, such as once
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every 24 hours. Consecutive, though not necessarily continuous,
images of the fetus will provide means for visually monitoring the
development of a fetus and, at the same time, will ensure a long life of
the battery so as to enable imaging over a long periad (i.e., the term
of pregnancy). Alternatively, the imaging system may be externally
induced, as known in the art. In addition to continuous monitoring of
the development of the fetus, real time images can be obtained when
required, for example, when the patient is visiting the doctor or when
the patient is experiencing difficulties and visual site of the fetus may
provide an explanation for the experienced difficulties.

" An immobilizable imaging system according to an
embaodiment of the invention may alsa be used for diagnosing and/or
monitoring in  vivo procedures such as endometriosis. An
jimmobilizable imaging system according to an embodiment of the
invention can be immebilized at sites of endometrial implants or of
suspected implants, such as within the fallopian tubes, and fransmit
images of the site to an external receiving system for detecting or
monitoring endometrial implants.

Also, an immobilizable imaging system according to an
embodiment of the invention can be immobilized in a blood vessel, for
example, for monitoring restinosis after implantation of a stent. The
imaging system can be jmmobilized ‘at the site of the stent
implantation and images of the site can be obtained, as above, at

predetermined intervals, for example, once a week. Consecutive,
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though not necessarily continuous images of the site of the stent
implantation, wili provide means for warning a physician of the
occurrence of restinosis or any other pathologies related to the stent.

in another embodiment of the invention the housing
comprises an imaging system, for example, as described above, and
further comprises a detector of substances in an in vivo environment,
such as blood, sugar, aminc acids, microorganisms etc, or of
conditions prevalent in an in vivo environment, such as pH,
temperature etc. The detector, which is adhered io the housing in
such a way that it is included in the angle of view of the imaging
system, reacts to the presence of substances or environmental
conditions by causing an optical change. An example of such a
detector may be a strip of pH sensitive material that is adhered to the
optical window of the imaging system. Other examples are described
in WO 01/53792, which is assigned to the common assignee of the
present invention and which is hereby incorporated by reference. A
device according to this embodiment, which is immobilized at an in
vivo site, can provide an external operator with images of the in vivo
site and simultaneously with information relating to the environmental
conditions at the in vivo site.

It will be appreciated by persons skilled in the art that the
present invention is not limited by what has been particularly shown
and described herein above. Rather the scope of the invention is

defined by the claims which follow:
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CLAIMS

1. A system for monitoring a site in viva comprising
a housing configured for being immobilized in vivo;
at least one sensing device for obtaining data of the site, said
5 sensing device connected to said housing;
a transmitter for transmitting the data obtained by the sensing
device; and

a receiving system for receiving the data transmitted by the sensor.

2. The system according to claim 1 further comprising a processing unit
10 for processing the data obtained from the sensing device.
3.the system according to claim 1 further comprising a

processing/controlling unit for processing the data obtained from the
sensing device and for controlling the sensing device in accordance

with the data obtained from the sensing device.

15 4. The system according to ciaim 1 wherein the receiving system

comprises a display for displaying the transmitted data.

o

The system according to cfaim 1 further comprising an intemal power

source,

. The system according to claim 5 wherein the internal power source is

o

20 a battery.

~

The system according to claim 1 wherein the sensing device is

selected from the group consisting of: an optical scanner, a pH meter,

22
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a thermometer, a sensor of electrical conductivity of tissues or an

image sensor.

8. The system according to claim 1 wherein the sensing device is a pH

meter.

9. The system according to claim 1 wherein the sensing device is an

image sensor.

10. The system according to claim 9 wherein the image sensor
comprises a detector that is optically changed in response to changes

in environmental conditions

11. The system according to claim 1 wherein the transmitter is a

wireless transmitter.

12. The system according fo claim 1 wherein the housing is

configured for being sewn fo an in vivo site.

13. The system according fo claim 1 wherein the housing
comprises at least one ring on the perimeter of the housing for

threading a suture there through.

14. The system according to claim 1 wherein the housing
comprises an indentation around the perimeter of the housing, said

indentation configured for receiving a suture.

15. The system according to claim 1 wherein the housing
comprises a niche configured for receiving means for anchoring the

hausing to a body tissue.
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16. The system according to claim 15 wherein the means for
anchoring the housing to a body tissue are selected from the group

consisting of: pins, clasps, fasteners and suction means.

17. The system according to claim 1 wherein the housing
5 comprises means far anchoring the housing to a body tissue.
18. The system according to claim 17 wherein the means for

anchoring the housing to a body tissue are selected from the group

consisting of: pins, clasps, fasteners and suction means.

18. A system for post surgery monitoring comprising
10 a housing configured for being immobilized in the vicinity of a
surgery site in vivo;
at. least one sensing device for obtaining data of the site, said
sensing device connected to said housing;
a transmitter for fransmitting the data obtained by the sensing
15 device; and
a receiving system for receiving the data transmitted by the sensor.
20. The system according to claim 19 wherein the sensing device

is an image sensor.

21. The system according to claim 1 for monitoring a site in the GI

20 tract.

22. The system according to claim 21 for monitoring a site in the GI

tract.

24
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23. An immobilizable in vivo sensing device comprising a housing
configured for being immobilized in vivo and an in vivo sensor for

obtaining in vivo data.

24. The device according to claim 23 further comprising a
processing unit for processing the data obtained from the in viva

sensor.

25. The device according to claim 23 further comprising a
processing/controlling unit for processing the data obtained from the in
vivo sensor device and for controlling the device in accordance with

the data obtained from the in vivo sensor.

28. The device according to claim 23 further comprising an internal

power source.

27. The device according to claim 26 wherein the internal power

source is a battery.

28. The device according to claim 23 wherein the in vivo sensor is
selected from the group consisting of: an optical scanner, a pH meter,
a thermometer, a sensor of electrical conductivity of tissues or an

image sensor.

29, The device according to claim 23 wherein the sensing device is
a pH meter.
30. The device according to claim 23 wherein the sensing device is

an image sensor.
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31. The device according to claim 23 wherein the image sensor
comprises a detector that is optically changed in response to changes

in environmental conditions.

32 The device according to claim 23 further comprising a

transmitter for transmitting the data obtained by the in vivo sensor.

33. The device according to claim 32 wherein the transmitter is a

wireless transmitter.

34. The device according to claim 23 wherein the housing is

configured for being sewn to an in vivo site.

35. The device according to claim 23 wherein the housing
comprises at least one ring on the perimeter of the housing for

threading a suture there through.

36. The device according to claim 23 wherein the housing
comprises an indentation around the perimeter of the housing, said

indentation configured for receiving a suture.

37. The device according to claim 23 wherein the housing
comprises a niche configured for receiving means for anchoring the
housing to a body tissue.

38. The device according to claim 23 wherein the means “for
anchoring the housing to a body tissue are selected from the group
consisting of: pins, clasps, fasteners and suction means.

39. The device according to claim 23 wherein the housing
comprises means for anchoring the housing to a body tissue.
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40. The device according to claim 39 wherein the means for

anchoring the housing to a body tissue are selected from the group

consisting of: pins, clasps, fasteners and suction means.

41. A drain catheter having a distal end and a proximal end,

wherein the distal end is inserted into a patient’s body and wherein the
proximal end is out side of the patient’s bedy, said catheter comprising
an imaging device attached to the distal end of the catheter for

obtaining in vivo data.

42. The catheter according to claim 41 wherein the imaging device

comprises an at least one image sensor and at least one illumination

source.
43, The catheter according to claim 42 further comprising a battery.
44, The catheter according to claim 41 wherein the imaging device

comprises a detector that is optically changed in response to changes

in environmental conditions.
45, The catheter according to claim 41 further comprising a
transmitter for transmitting the in vivo data.

48. The catheter according to claim 45 wherein the transmitter is a

wireless transmitter.
47. A method for moenitoring an in vivo site comprising the steps of
immobilizing a sensing device in the vicinity of an in vivo site;
sensing the in vivo site; and

receiving sensed data of the in vivo site.
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48.

49.

50.

51.

The method according to claim 47 further comprising the step
of transmitting sensed data prior to the step of receiving the sensed

data.

The method according to claim 47 wherein the sensing device

is an imaging device.

The method according to claim 47 wherein receiving the

sensed data is done externally.

The method according to claim 47 wherein the in vivo site is in

the Gl tract.
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