JP 2005-46609 A 2005.2.24

(19) B EEHEFT (UP) @2 MW F L ]A) (1) s53F B A P2 2
15P02005-46609
(P2005-46609A)
43 £ME  RRI7E2H24H (2005.2. 24)
(51) Int.CL." Fl F—7a—F (%)
AG61H 31/00 AS81H 31/00 4C027
[/ AG1B 5/0402 AG61B 5/04 310M 4C0O74

FEHR RFER WREOH 61 OL SEFLE

(£ 55 H)

@) HEES #FER2004-187682 (P2004-187682)
(22) HEEE ERE 1656 R 250 (2004. 6. 25)
Bl EEEEFRES 10/609001

(32) E5EE R LSE6H27H (2003.6.27)
33) BEEERE  KE WS

(B1) MEBEREST 10/704366

(32) &5ER ER15E1L A6 (2003.11.6)
33) BEEERE  KE WS

(71) WEE A 504242032

V—l AF4hA a—fLAfiar

ZOLL Medical Corpor
ation

TAVAERE 01824-4105

THFa—ky YN FALATE—F
I o E—F 269

100068755

#H+ EH

100105957

#E+: BH W

ZLFENwLE =7

TAVAERE 01923 ~w¥Fa—

W Hn—Z Fruolly FS

47 18

(74) R A
1]

(m

(T4) fREA

(72) 3EH&

B R ICRE <

(54) [FEBADEM] CPREOHIEEEDRALO:ZHOFERIEER

Gnoooooooooooo
ugogoooooooboboboooodooooogoo
ugogooooobooobbooodd
oobOoOoooooboooooobooooooooo
oobOoOoooooboooooobooooooooo
goboOoooooOoboooooobooooooboooo
gooooooooobobbbooooooooogooo
gooooooooboobobbboboioooooooooo
ogooooooooobobobobooooooooooo
ugogoooooooboboboooodooooogoo
gogooooboobobobobooodooaaogaoo
oobOoOoooooboooooobooooooooo
oobO0O0oooooboooooobobooooon
ooooogoo




e R e [ [ A [

e e e e e e R R e [ Iy
e e e e e e sy R e [ Y I
e e e e e e s R e [ Y I
e e s e e e e s sy e e e R s e Y Y I Y
Ooo0ooooOooo o0 oo oo oo0 oo oD oD o oo o0 oo oD oo oo oooD oo oo o0 oo oo oogoogooo

Oo0oooooooooooogogoooao

O
O
O
O
O

O
O
O
O
O

Ooooooog

O
O
O
O
O
O

O

Ooooooog

O oo oooog

O Oo0oooooog

Oooo0ogoooogo

O

Ooooooooo

O 0Ooo0ooo
O Ooooo
O Ooooo
O 0Ooooo
O 0OoOooo
O 0Ooo0ooao
O o0Ooooo
O Ooooo
O

O
O
O
O
OJ
O
O

O

(2)

O
O

JP

2005-46609 A 2005.

.24

10

20

30

40

50



e R e [ [ A [

O
O
O
O
O
O

e e e e [ [ |
e e e e e e s [ |
e e e e e s e A R s s [ |

Ooooooooooooooooogog

Ooooooooooooooao
OO0 ooooooooooooao

O
O
O
O
O
O

O

OOo0o0oooodgdgUoooDooogdgUogooooooggdg
Ooooocoooooooooooooooodg
OoooocooooooooooooooooOodg

O
O
O

|

O

O
O

O 0Oooo

O
O
O
O
O
O
O
O
O

O
O
O
OJ
O

O Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo

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 Oooo

O Oooo

O oOood

O

O

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

O oOood

O O0ooo

O Oooo

)

O Oooo

JP

O
O

2005-46609 A 2005.

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O

O
O

.24

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |

O Oooo

e e e e s e s Y [ [ o
e e s e e e e s e s e e e s e Y Y [ o
R R [ [ A Iy

OoOo0ooooooo0 o0 oo oooOo0o o0 oD oD oD oo oo0 oo oo oogogQgoo

O Oood

O 0ooo

oo oooooogogogoo

O Ooogo
O Ooogoo
O O oo
I O [

O 0Oooo

O Ooooo
O Ooooo
O OoOooo
O O o0goo
O Ooo0ooo
O Ooo0ooo
O Ooooo
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

JP

O

2005-46609 A 2005.

ooooooooao

O
O
O
O
O
O
O
O
O

.24

10

20

30

40

50



e R e [ [ A [

OooooooogoQgdg
OoooooogoQgg
Ooooooogogg
OO0 ooooogogdg

O
O
O
O
O
O

O
O
O
O
O
O

OoOOooooooo0ooooooOoDooooDoooo oD ooDooooo0ooooog
Ooooooooo0oooooo4ooUoooooDooooo Do oDoDoDoooooooog
OO0 oooooo0ooooooooUoooooDoDooUoo D oDoDoDoDogogogooooog
e e s e s e e e e s s e O
Ooooooooo oo oooo oo ooDooooo0oooDooooooooooo
Ooooooooo0o oD oo oooo oo oo ooooo0 oo oDoDooo0ooooog

OoOoo0oo0oo0ooao
OoOoo0oo0oooao
OOoo0ooooaog
OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
OOoo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog

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

O Ooooo
O Ooooo
O OooOooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOooo
OO oOgoo
O Ooo0ooOoo
O Ooooo
O OooOooo
O Ooooo
O OoOooo
O O0Oo0ooo

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

|

|

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

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

O
O

|

|

O

JP

2005-46609 A 2005.

O
O
O
O
O
O
O
O
O

.24

10

20

30

40

50



e R e [ [ A [

Oo0ooooooo o0 oo oooo0 oD ooDoDoooo0ooDoooogQgoao
Oo0oooooo0o oo oooo oD oo oDoooo0ooDoooogoggoao
Oo0oooooo0oooDoooUoo oD UooDoDoooogooDoooogoggogoao
o000 oDoogogUoooDooooU U oDoDooUoU4dUoooDooooggogoaog
Oooooooooo0 oo oooo o0 oo ooooo0ooDooooQgogoao

OooooooogoQgg
OooooooogoQgdg
OooooooogoQgg
Oooooooggg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
oo ooooogoQgg
OoooooogoQgg
OoooooogQgdg
OO0 ooooogogdg
OoooooooQgodg
OooooooogooQgdg
OooooooogoQgdg
OooooooogoQgg
Oooooooggg
OoooooooOoadg
Oooooooogoodg
OooooooogoQgg
OooooooogoQgg
OoooooogoQgg
Oooooooggdg
OoooooooQgodg
OooooooogoQodg
OooooooogoQgog
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogdg
OoooooooQgodg
OooooooogoQodg
OooooooogoQgg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg

O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
OO0Oo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao

OoooooogoQgogooQg
OoooooogoQgogooQg
OooooooggogaoQg

O 0OoOooog
O 0Ooo0ooao
O 0Ooo0ooo

O 0Ooo
O 0ooo
O 0Oooo

Ooooocooooooooogodg

O 0Oooo
O oOooo
O oOooo

O O0ooo

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
O
O
O
O
O
O
O
O
O
O

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
O
O
OJ
O
O
O
O
O

O
O
O

O 0Oooo

O Oooo

O Oooo

|

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

O oOood

O O0ooo

O O0ooo

O Oooo

O

(6)

JP

O

2005-46609 A 2005.

ooooooooao

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
OJ

O
O

.24

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |

OO0 ooooogogogogoooog
OO0 oooDoogog4gogoooog
Oo0oooocooooooondo

OOoDooooo4oooooooogoooooogdg
OO0 o0ooDoogg4doooDoooogUooooooogdg
Ooooooooooooooooooooodg

Oooooooogoogoo
OoooooogooQgogo-g
Ooooooogoggogoog
Oooooooggogog
OO0 oooooggogodg
Oooooooooogod
OoooooooogoogooQg
OoooooogooQgogoog
OoooooogogogogoQg
Ooooooogoggogg
OO0 oooooggogog
Ooooooooogoogoodg
OoooooooQgogoQg
Ooooooogogogoog
OoooooogogogogoQg
Oooooooggogog
OOoo0oooooOooOod
OooooooooQoogoQd
OooooooogogoQg
OoooooogoogogooQg
OooooooggogoQg
OOooooooggogg
OOoo0oooooOooOod
OooooooooQgoogoodg
OoooooogogogoQg
Ooooooogoogogoog
OooooooggogoQg
Oooooooggogg
OoOoo0ooooOooOod
OoooooooogoogooQg
OoooooogoQgogoQg
OoooooogogogogooQg
Oooooooggogog
OO0 oooooggogog

OoooooogogQgogooao

Ooooooooooogoogo

OooooooooOooOooOoao
Ooooooooogogogoao
Oooooooogogooao
Oooooooogogogoao
Oooooooogogoao

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
O
O
O
O

OOoo0ooood

O
O
O
OJ
O
O
O
O

O
O
O
O
OJ
O
O
O

Oooo0oooQgdg

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 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

OoooooQgdg

OooooogoQgdg

Oooooogogdg

[ R Ry

Oooooogood

Oooooogoood

Ooooooooogoogooao
OooooooooQgogooo
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OO0 ooooogogogao

O0Ooo0o0oood

Oooo0oooOodg

OooooooQgdg

OoooooQgdg

OooooogoQgdg

Oooooogogdg

Oooooogoood

O O

OOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OoOoo0ooooaoo
OOoooooao
O Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oo0ooaoo
OoOoo0ooooaoo
OOoooooao
OOoo0ooooao
O0Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooaoo
OOoooooao
OOoo0ooooaog
O 0Oo0ooooao

OoooooooQgooao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OoooooooogoogooOoo
Ooooooooogogooao
Ooooooooogogogoo
Oooooooogogooao
Oooooooogogogoao
Ooooooogogoao
Ooooooooogoogooao
Ooooooooogoogooao
OoooooooQgooao

D)

O
O

JP

O
O
O

O 0O oo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
OO oo

2005-46609 A 2005.

oooooooao

O

O
O

O

Ooooooogdg

O
Oooooooogogoao

OoDooooogogoogao
Ooooooooogoogooao
Ooooooooogoogooo
OoooooooQgogooao
Oooooooogogooo

O
O
O
O
O
O
O
O
O

O

0

O

O

O

OOooooogd

O
OoooDooogogoao

.24

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 [ |

Oo0oooooooooooood

OoooocoooooooooooDoooooooDoooooooooao

Ooooocooooooooogodg
Oooooooooooooogodg
Oooooooooooooogod
Oo0oDoooogogoooooogd
OO0 oDoDoogogooooooogd
Ooooocoooooooood
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

Ooooooooogogogoao
Oooooooogogooao
Oooooooogogogoao
Oooooooogogoao
OO0 ooDooogogoogao
Ooooooooogoogooao
OooooooooQgogooo
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OO0 ooooogogogao
Ooooooooogoogooao

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

Ooo0ooooQodg

O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
O Oooo
O Oooo
O Oooo

Ooooooogdg

Ooooooogdg

OOooooogdg

Oooo0oogoood

OOoo0oooOod

Ooo0oooQgodg

Ooooooogdg

Ooooooogdg

OOooooogdg

O
OJ
O
O
O
O
O
O

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

OoOooogoood

OOoo0oooOod

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

Ooo0ooooQgodg

~
oo
o/

Oooooogdg

O Oooo
OO oo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
OO oo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
OO oo

Ooooooogdg

OOooooogdg

OOoo0oooood

OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoooooao
O O0Oo0ooooao
OO0Ooo0ooO0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0ooooao

(&
e

2005-46609 A 2005.

O
O
O
O
O
O
O
O
O

O
O

N
~

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 [

Oooooooo o0 oo oooogoooooo
Oo0oooooo o0 ooDooogogogoooo
OO0 ooooo4o0ooDooogogogoooo
OO0 Do oODooo4Qo0ooDoooggoooo
OO0 Do oODooo0o4ddUooDoooggogoooao
Oooooooooooooooogoogogoooo
Oo0oooooo o0 oo oooogoogooooo
OO0 o0oo0ooODooo o0 oo ooogogogogoooo
OO0 ooOooo4o0ooDooogogogoooo
OO0 Do oODooo4Qo0ooDoooggogoooo
OO0 00D oooodgdUooDooogogoooao
Oo0oooooo o oooooogoogoooo
Oo0oooooo o0 oo oooogoooooo
Oo0ooooooo0ooDooogogogooooo
OO0 ooooo4o0ooooogogooooo
OO0 oo oDooo4go0ooDooogogogoooao
Oooooooooooooooogoogogoooao
Oooooooo o0 oo oooogoogoooo
Oo0oooOooo o0 oo ooogogooooo
OO0 ooooo o0 oo ooogogogoooo
OO0 ooOooo4o0ooDooogogogoooo
OO0 Do oDooo4Qo0ooDooogogoooao

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

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

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
OO0O0o0ooooao
OOoo0ooooao
OO0Oo0ooooao
O O0Oo0Oooooao
OO0Oo0oo0oo0ooao

O
O
O
O
O
O
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/

(&
e

Ooooooooooooooogoooao
Ooooooooooooooogogoooao
Ooooooooooooooogogoooao
Ooooooooooooooooooao
OOooooooooooooogogogogoooao
OO0 o0ooDoooo4ooooooggoooao
Ooooooooooooooogoooao
Ooooooooooooooogogoooao
Ooooooooooooooogoooao
Ooooooooooooooogogoooao
OOoooDoooooooooogogogoooao
OO0 OoDoDoooo4oooDoooggoooao

2005-46609 A 2005.

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Ooogoao

O
O
O
O
O
O
O
O
O

N
~

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 [ |

) ) ) ) I [y
OoooOooobhooohoooOooooooooooooooobogooOoO

OooooooooQgooao
oo ooooooQgooo
OO0 oooooogooao
OO0 oooooogogogooao
OO0 oooDooogogogogoao
Ooooooooogooao
oo ooooooQgooao
OO0 ooooooQgooo
Oo0oooooogooao
OO0 oooooogogogogoao
OO0 oo oDooogogogoao
OooooooooQgooao
oo ooooooQgooao
OO0 ooooooQgooao
OO0 oooooogogooo
OO0 oooooogogogogoao
OooooooooOgoOooao
OooooooooQgooao
oo ooooooQgooo

Oooooooooooooooooogoaog
OooooooooooooobooooO0ooOooOoad

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

OO0O0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O 0Oo0ooooao
O O0Oo0OooOoooao
OO0Ooo0oo0oooao

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

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

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

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0Oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooaog
O0Oo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooo
O0Ooo0oooao
O0Oo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
OOoo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Ooogoao

Ooooooooo

Ooooooog

(10)

Ooooooog

OOoooooog

O Oo0ogooooog

OoOooOoooooo

O O0ooo

Oooooooo

O 0Oooo

Ooooooog

O Ooogoo
I [ [
O O oo
O 0o 0o o
O 0o oo
O Ooogoo
O Ooogoo
I [ [y
O O ogo
O 0o oOo o
O 0o oOoo
O 0o oo
O Ooogo
O 0o oo
O O ogo

O Oooo

Ooooooog

OoooooogoQgooao
OoooooogogQgooao
Oo0ooooggogooao
OooooooooOogooao
Ooooooooogooao
OoooooogooQgooao
Ooooooogogogooao
OoooooogQgooao
Oo0Dooooggogooao
Ooooooooogooao
OooooooooQogooao
OoooooogogQgoo

OoooooogogQgoao

OooooogQgoao

Oo0ooooogoQgogao

O Oooo

OoOoooooog

JP

O Ooogoo

O 0O0ogooooog

O 0ooo

OoooOoooooo

2005-46609 A 2005.

O 0Oooo
O Oooo
O Oooo
O Oooo
O Ooogo
O 0ooo
O 0Oooo
O Oooo
O Oooo

Oooooooo
Ooooooog
Oooooooog
O oo oooog
O Oo0oooooog
Oooooooo
Oooooooo
Ooooooog
OOooooooog

O Oooo

O Ooooooog

O Ooogo

OO0 ooooog

10

20

30

40

50



e R e [ [ A [

Oo0ooooooo oo oooo0o oD oDoDooo oo oDoDooooooooao
OO0oooooooooDoooo0 oD oo oDoooooooDoDoDoooooooao
OO0oooooo0ooooDooogg oo oDoDooooUoooDoDooogogogoooao
e e e e s e e e s e e e e Y A

Oooooocoooooooogogooooao

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

oo oo ooooogooooooo
OO0 oDooDooogogoooooo
OO0 oDooDooogoggogooooao
OO0 Do oDooogogoooooao
Ooooooooooooooao

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 0Ooogoog
O O0Oogogaog
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogooo
O 0Ooogooo
O Ooogoo
O O0Oogogog

OOo0ooooooooOooooao

Ooo0oooogoQgdg

O 0Ooo0oooao
O 0Ooo0oooo
O Oooooao
O OooQgooao
O O0Oo0gogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Oooooao
O Oogooao
O O0Oo0oogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
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
O O0Oogooao
O 0Oo0ooOooao

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

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

Oo0oooogoQgdg

OooooogoQgdg

Ooooooggg

OoOoooogoood

OooooooQgdg

Ooo0oooogoQgdg

OooooogQgog

OooooogoQgg

Ooooooggdg

OoOoooogogood

OooooooQgdg

O
O
O
O
O
O

Oo0oooogoQgdg

(11

OoooooogoQgdg

O Oooo

Oooooogogg

O Oooo

Ooooooggdg

O Oooo

OooOoo0oooodgadg

O 0ooo

OooooooQgdg

O O0ooo

Oo0oooogoQgdg

O
O

O 0Oooo

OooooogQgdg

O Oooo

Oooooogogdg

O Oooo

JP

Ooooooggdg

O Ooogoo

OooOoo0oooodgadg

O 0ooo

2005-46609 A 2005.

OoooooogoQgdg
OoooooogoQgdg
OoooooogoQgg
OooooogQgdg
Ooooooggdg
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaog
OOoooooaog
O0Ooo0ooooaog

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

O 0Oooo
O Oooo
O Oooo
O Oooo
O Ooogo
O 0ooo
O 0Oooo
O Oooo
O Oooo

O Oooo

.24

O Ooogo

O 0OoOooog

10

20

30

40

50



e R e [ [ A [

Oo0oooooooooooogQgg
Oo0oooooooooooogogg

Ooooooogogg

OOooooooo0oooooo oo oDoDooooo0ooDoDoooogogoao

OOoooooooooooooogogoooooao

Oo0oooooogogodg
Oooooooogogoao

OoooDooooooooooggogoooog

OOoo0ooooaog

Iy ) ) ) I Iy

OooooooDooooooooogao
OoooOoocooooboooooooOooQgoann

OOo0ooooooood
Ooo0ooooQodg

OOo0oooooooooooooooooooao

O
O
O
O
O

O

O Ooooo

O 0Ooo0oo0ooao

O

O
O
O
O
OJ
O
O

OooooooogogogoQg
OoooooogoQgg
Oooooooogogog
OOoooooogogog
OO0 ooooogogg

O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Oooo
O Oooo
O Oooo
O Oooo
OO oo
O 0O oo
O 0ooo
O Oooo
O
O

OoooooooogogoQgodg

O Oooo

O

Oo0oooooogogog

O Oooo

O

OO0 oooooogogdg

O Oooo

|

Ooocoooogoo

O 0Oood

OOoo0oooOod
oo ooooooQgodg

O 0Oooo

ooao
oooooooobooooogoao

(12)

oad

OO0 oooooogodg
fODoo0oooogog
OO0 ooooogdg
OO0 ooooogdg
Oooooooodg
oo ooooooQgodg
oo oooooogdg
OO0 oooooogdg

O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O ogo
O O0ooo
O Oooo
O Oooo
O Oooo

gooad

OJ
O
O
O
O

‘Oooooao

oooooooobooooogoo
oooooobobooooogd

O

O

O

OoooooooQgodg
OooooooogoQgdg
oo ooooogoQgg
OoooooogoQgg
OoooooogQgdg
OO0 ooooogogdg
OoooooooQgodg
OooooooogooQgdg
OooooooogoQgdg
OooooooogoQgg
Oooooooggg
OoooooooOoadg
Oooooooogoodg
OooooooogoQgg
OooooooogoQgg
OoooooogoQgg
Oooooooggdg
OoooooooQgodg
OooooooogoQodg
OooooooogoQgog

‘Ooooooan
00000000
000000000

O

O

OO0 ooooogdg

O Oooo

O
O
O
O
O
O
O
O

Oooooooood

O 0ooo

Ooooooooodg

O O0ooo

OO0 ooooooQgodg

O
O
O
O
O

oo oooooogodg

OO0 oooooogdg

JP

OO0 ooooogdg

O

Oooooooood

2005-46609 A 2005.

ooooooooao

OOoo0ooooao
OO0 oooooogdg
OO0Oo0oo0oo0ooao
Oooooooodg

Oooooooodg
oo ooooooQgodg
OO0 ooooogdg
oo ooooooQgdg
OO0 oooooogdg

O
O
O
O
O
O
O
O
O

O 0Ooo0oooao

O
OoooooogoQgg

OO0 ooooogogdg
OoooooooQgodg
OooooooogoQodg
OooooooogoQgg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg

O
O
O
O
O
O
O
O
O

O oo ooooogdg

O
O

O
O

.24

O oD oooooogdg

10

20

30

40

50



e R e [ [ A [

I e [y e e e e e
Ooo0ooooooooooooo oo oDoDoooooD oo oDoDoo4oooooooogdg
OoOo0oooooo0ooooooUog o UoooDoDoDoUooUDoooDoDoDoooggoooooogdg

oo oooogoot

OO0 oooooogogooo
OO0 o ooooogogooo
OO0 oooooogogoo
OO0 ooooDooogogogo
Oooooooooogogoo

Ooooooog

Oooooooooooooooogood
OoooooooooooooooooOodd

(13) JP

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
O oo oooog
O Oo0oooooog
OO0 oooooog
Ooooooooo
Ooooooooog
Ooooooog
O oo oooog
O O0ooooog
OO0 ooooog
Ooooooooo
Ooooooog
Ooooooog
OOoooooog
O Oo0ogooooog
OoOooOoooooo
Oooooooo
Ooooooog
Ooooooog
OoOoooooog
O 0O0ogooooog

OoooooooogogoQgoog
OoooooooogoQgdg
OooooooogoQgog
OOooooooogogg
OO0 ooooogogg
OoOoooooooOodg
Ooooooooogogog
OooooooogoQgog
OooooooogoQgg
OOooooooogogg
OO0 ooooogogg
OoOooooooogogodg
OooooooooQgodg
oo ooooooQgg
OO0 ooooogoogg
OO0 oooooggg
Oooooooood
OoooooooOodg
oo ooooooQgdg
oo ooooooQgog
Ooooooogogogdg
OO0 ooooogogdg
Oooooooood
Ooooooooodg
oo ooooooQgg
oo ooooooQgog
Ooooooogoogdg
OO0 ooooogogdg
OoooooooOodg
Ooooooooodg
oo oooooQgdg
oo ooooogooQgdg
Oo0oooooogoogdg
OO0 oooooggg

O 0Ooo0oooao
O 0Ooo0oooo
O Oooooao
O OooQgooao
O O0Oo0gogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
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
O Ooooo
O Ooooo
O 0OooOooo

ooooooooooobooooooooao

oooooooobooboooooogog

O

O

goobooooobooboooooboooboaoadao

ooooooooooboboooooogooooao
gooboooooboobobooboobooboooboobobd
gooaoodgan

0

O

O
O

OoooOoooooo

2005-46609 A 2005.

oooooooao

O

Oooooooo
Ooooooog

goobooooobooboboobooobooobooobad

O

Oooooooog

O

O oo oooog

0

O Oo0oooooog

ooooooooooboooooooooooobooboooooooao
ooooooooooboooOooOogooooooboooboooogoao

ooooooooOoooooooooboobano

oboooboobobogobooboooobooboboao

gooad

oboooboobooboboobooobooooobooboobooao

O

Oooooooo

O

Oooooooo

O

Ooooooog

OOooooooog

O Ooooooog

.24

OO0 ooooog

gooboooooboobooboobooboooboobobobbooboobooodan

gooooan

gooooan

gooooand

10

20

30

40

50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |

OoOo0oooDooooooDoooggUoooDoDoDooooogoDoDoooogoggooao
OO0 oooDoogog4oooDooodgogooao

Oooooooooooooogogogoooao

O 0Oooo

OOooooooooooooogdg

O

Oooooooooooogogood

O O0Oogogoao
O 0Oo0oo0ooao
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0Oogoog
O O0OoQgogaog
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo

OoOoo0oo0odgao

O

OOo0ooooooooooooood

O 0o oOoo

(&
e

2005-46609 A 2005.2.

N
~

(14)

O

Ooooooooogogogoao
Oooooooogogooao
Oooooooogogogoao
OooooogoQgogaoQg

OO0 ooDooogogoogao
Ooooooooogoogooao
OooooooooQgogooo
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OO0 ooooogogogao
Ooooooooogoogooao
OoooooooQgooao
Oooooooogogogoao
Oooooooogogogoao
Ooooooogogoao
OoooooooogoogooOoo
Ooooooooogogooao
Ooooooooogogogoo
Oooooooogogooao
Oo0oooooogogdg
OO0 oooooogogdg
Ooo0ooooooood
Oooooooooodg
oo oooooogooQgodg
Oo0oooooogoogodg
Oo0oooooogoogodg
OO0 oooooogogg
Oo0ooooooood
Ooooooooodg
Oo0oooooogooQgodg
OO0 oooooogoogog
OO0 oooooogogdg
OO0 ooooooggdg

O

gboooboobooboobo_ obo_oob._ oooooboooboaadab
ooaod
goooboooboboobooboooboogoboooboobooobooDbodnb

O

ggboboboobooboocoouoboobooobooboobooobooboadnn

O Ooogoo
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
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 0o oo
O Ooogo
O Ooogoo
O O oo
I O [
I [ I [y
O 0o oo
O Ooogoo
O Ooogo
O O oo
I Y
O 0o oo
O 0Ooogoo
I [
O Ooogoo
I ) [
O 0o oo
O 0o oOoo
O Ooogoo
O Ooogoo
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

ooooooobooooooooooboboooooOoooobobDbOobnd
ogb0_boobooboogobooboooboogoboooboooooboobodnb
ugoboooagboado

O O

gboboooboboooobooobooobobooboobooobooobo._gobaoao
_,goooooooooao
gooobobooobooboboogobooboboooboobobo

O 0Oooo

O Oooo
O
O
OJ
O
O
O
O
O
>
O
O
O

goooboooboboobos oo ooboooboohb

ooooooooooooooooooao
gboobooboobooboooboobobooboooboaoadnb

O Oooo
O Oooo
O Oooo
O 0O oOgo
O 0Oooo
O 0Oooo
O Oooo

O

O

O

O

O

O

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 [ |

ey e ) I By A
Ooooooooo o oo o oo oO oo oL oo oL oo oL oo oOoooLOoooOoooOoocobhooobohooooonooOoadd

O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooao
OO0Oo0oooao
O 0Oo0Oooo
O0Ooo0oo0ooao
Oo0Ooo0oo0ooao
OoOoo0oooao
OoOoo0oooao
OOoo0oooao
OO0Oo0oooo
O0Ooo0oo0ooao
Oo0Ooo0Oooaoo
OoOoo0oooao
OoOoo0oooao
OOoo0oooo
O0Oo0oo0ooao
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooaoo
OOoo0oooao
OO0Oo0ooogoao
O0Oo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooao
OOoo0oooo
O0Oo0oooo
O0Oo0Ooo0ooao
Oo0Ooo0ooao
OOoo0oooao
OoOoo0oooao
OoOoo0oooao
O0Oo0oooo

Ooo0oo0oood
Ooo0ooood
OoOobooogoog
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
Oooo0oood
Oo0o0ooood
Oooogooogb

O
O
O
O
OJ
O
O
O
O

O
O
O
O
O
O
O

O
O
O
O
OJ
O
O

O
O
O
O
O
O
O

oo ooooooQgooooao
OO0 ooooooQgoooo
OO0 oooooogogQgoooo
OO0 oooDoooggoooo
OO0 oDooDooogogdQgoooao

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 0Oooo

O Oooo

O Oooo

O Oooo

O 0Oood

OoooooooogooooOoao

OoT OO
O 0Oooo

Oooooooogooooao

OoooooogooQogoooao

O Oooo

OoooooogogQgoooao

O Oooo

O Ooo0oooao
O OoO0ooogoao
O0Ooo0ooo0oao
OOoo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOoo0oooo
O Ooo0oooao
O Oo0ooogoao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOoo0oooo
O Ooo0oooao
O Oo0ooogoao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
O Ooo0oooao
OOoo0oooaoo
> OoOoood

OoooooogQgoooao

O Oooo

|

[

Ooooooooooogo

O O0ood

OooooooogooooOoao

O O0ooo

OoooooooQooooao

O Oooo

(15)

OoooooogooQgoooao

O Oooo

Oooooooggogoooao

O Oooo

Oooooooggoooao

O Oooo

OoooooooooOoooOoao

O 0ooo

OooooocooogooooOoao

O O0ooo

OoooooooQooooao

O 0Oooo

Ooooooogoogogoooao

O Oooo

OoooooogogQgoooao

O Oooo

JP

OO0 oooogQgoooao

O Ooogoo

OooooooogooOoooOoao

O 0ooo

2005-46609 A 2005.

Oooooooogogoooao
OoooooooQooooao
OoooooogoQogoooao
Ooooooogoggoooao
OO0 oooooggQgoooao
OooooooogooOoooOoao
Oooooooogooooao
OoooooooQgoooao
Ooooooogogogoooao

O Ooogoo
I [ [y
O O ogo
O 0o oOo o
O 0o oOoo
O 0o oo
O Ooogo
O 0o oo
O O ogo

O 0Oooo
O Oooo
O Oooo
O Oooo
O Ooogo
O 0ooo
O 0Oooo
O Oooo
O Oooo

Ooooooogoggoooao O

O
OJ

.24

O Oo0ooogoao

OO0 ooDoogQgoooao

10

20

30

40

50



N e Y e Y e e O e e e e e s e Y A e e e Y o O e O O e e e e e e e e e O s

o — — ™ ™

O 0Oooo

Ooooooo0ooooooo0 oo oooooDooDoDoooo0ooooao
Ooooooo0ooooooo0 oo oDooo oo oDoDooogogooooao
Oo0ooooo0ooooooo0 oo oDooo oo oDoDooogooooao

O
O

O Oooo

Z

O Oooo

oo ooooooogoQgog
oo o ooooogoQgg
oo o0 ooooogogog
OO0 o oooooggg
OO0 oo ooDooogogdg
Oooooooooogoogodg
oo o oooooogogogog
oo o0oooooogoQgg
oo o0 ooooogogg
OO0 oo oooooggg
OO0 oo oDooogogdg
oo ooooooogogoog
oo ooooooogoQgg
oo o0oooooogoQgog
oo o0 ooooogogg
OO0 oo oooooggg
OO0 o0 ooDooogogg
oo ooooooogogodg
oo ooooooogoQgg

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

oo ooooooQgogooo
OO0 ooooooQgogooo
oo oooooogogogooo
OO0 oooooogogogogoao
OO0 oDooDooogQgogoao
Ooo0oooooogogooo
oo ooooooQgogooo
oo ooooooQgogogoo
T OO oOoOo0oooooogg
o Y Y [ Y o
OO0 oDooDooogogogoao
OooooooooQgogooao
oo ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogogoo
OO0 oooooogogogoo
OO0 0o oDooogogogoao
OoooooooQgogooo
oo oooooooQgogooo
OO0 oooooogogooo

Iy ) ) ) I Iy
Ooooooooooogogoo

Ooooooooooooooo o oo oDoooooo0ooooogogooao

gooao
goaoaad
ggooao
gooao

(n+1) =w

goooboooan
goboogbdaoan
oooooooao
googoobooaoan

(16)

OooooooogoQgog
Oooooooogogg

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

(n) —p /27

goooooobobnn
gobooooobdaond
oooooooboDbooan
goooooobaban

JP 2005-46609 A 2005.2.24

gooooooocooooodd
OO0O0O0O0oOo0oooOo0o0aooao
Oo0oo0ooooogoooooddg
Ooo0oooooocooooog
OO0O0O0oOo0ooooOo0o0aooao
Oo0oooouoogoooooddg
goo0oooooocogoogoooddg
OO0O00Oo0o0o0oo0o0o0aooao
gooooooocooooodd 10
OO0O0O0O0oOo0oooOo0o0aooao
OO0O0O0oOo0ooooOo0o0aooao
Oo0oooouoogoooooddg
goo0oooooocogoogoooddg
OO0O00Oo0o0o0oo0o0o0aooao
Oo0oo0ooooogoooooddg 20
Ooo0oooooocooooog
OO0O0O0oOo0ooooOo0o0aooao
Oo0oooouoogoooooddg
goo0oooooocogoogoooddg
OO0O00Oo0o0o0oo0o0o0aooao
gooooooocooooodd
OO0O0O0O0oOo0oooOo0o0aooao
Oo0oo0ooooogoooooddg
Ooo0oooooocooooog
¢ 000 oooooooaoad 30
gooooooogaog
NE& (n)

40

gboboooboobooboonn
gbooboobooboaodd
oooooooOooogogao
gboboobooboooooand 50



e R e [ [ A [
e e e e e e e A [
e e e e ) [ |

Oooooggoao

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

R ) ) ) R ) ) R [y o
o OooOoooOhoo oOhoo oOhoo O oo0 O oo Lo o oOoocoOooooOoooOoooOoooOoooooooonoO0ooOoan

Oo0ooooooodg
Oo0ooooooogodg
OO0 oooooogogog

Ooooocoooooooogdg
Oooooooooooogdg
Oooooooooooogdg

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

O O0ooo

OO0O0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O 0Oo0ooooao

O 0Oooo

O Oooo

Ooooooggoao

O 0Oooo

O Oooo

Ooooooggoao
OOo0o0oooogod
OooOoo0ooood
Oooo0oood
Oo0o0ooood
OoOoo0oooogod
OoOoo0oooogod
OOo0o0oooogod

OO0 O0OoDoogogooooogd
Ooooocoooooooogodg
Ooooocoooooooogdg
Oooooooooooogdg
Ooooooooooooogdg
OO0 oDoDooogooooogdg
OO0 Oo0ooDoogogooooogd
Ooooocoooooooogd
Ooooooooooooogdg
Ooooooooooooogdg
OooDoooooooooogdg
OoDooDoogogooooogd
Ooooooooooooogod

O oOood

OO0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0Oooao
O0Ooo0oooao
O0Ooo0oooao

|

O O0ooo

O O0ooo

O Oooo

O Oooo

O Ooogo

O oOood

|

O O0ooo

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

O
O
O
O
O
O
O
O
O
O

O Oooo

a7

O Oooo

O Oooo

O Ooogo

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 O0Ooo0ooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo

O 0ooo

OOo0oooooooooooao
OoooooooOoooooao
Oo0ooooooOoooooao
Oo0oooooogogogoooao
OO0 ooooogogogoooaog
OOo0ooooooooOooooao
OOooooocooogogoooao
OoooooooOoogoooao
Oo0ooooooooooao
Oo0ooooogogooooao
OO0 ooooogogogoooao
OoPbOooooooOoooog
ODOooobooooOoooog

O -
O Oooo

O O0ooo

O O0ooo

O Oooo

O Oooo

(&
e

O Ooogo

O
O

O 0Oooo

2005-46609 A 2005.2.

O O0Oo0Oooooao

oo oOoogoQgoo

Oo0oooooogooQgodg

O
OO0 ooooogogogoooao

O O o0goo

OoooooogQgogoo
OoooooogQgogooQg
OoooooogQgogoaoQg
OO0 oooogQgogog

O O0ooo
O O o
O OO
O O o
O O o
O O o
O O o
O OO
[ i R
O O o
O O o

O Ooooo
O O o0goo

O
O
O
O
O
O
O

ooagogao

10

20

30

40

50



OOoo0ooooao
OO0Ooo0ooooao
O 0Oo0ooooao

O
O
O

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

Ooooooooogoogogoao
O

Oooooooogogogoao
Oooooooogogooao
Oooooooogogoao
OO0 ooDooogogogao
Ooooooooogoogooo
Ooooooooogogogoao

oooag

AED

RN DT

EHRy F

WAE DA

m
A

B fHl

JP 2005-46609 A 2005.2.24

goboboobuooboobboobboobboao
goboboobooobooboDoobobbobobooboao
0oooao
gogoad
gooooooooooooooooooao
goboooooao
gooooooooooooboaon
oooao
AED
BERAA VT
(RIS A v F)
RAE—H
hﬂEEE{-/\"}:}‘/&
otk
oooao
£ c1 c2 c3 ca
|
\m Y 2RL9FEDEH
ey ey M / [¢:15))
e
G rﬂlt—i = VR
L L (REH)

10



(19) JP 2005-46609 A 2005.2.24

ooogao ggooao

— BRIt
'

23
=
%
EE A==
RTEKE

BAsEEERY
~a

MsERE ) N

[

> vy
EEERRR
i1

A/DETHB
A/ DEHB

EE I I—

=4
E

04 E=
oege
LT
= o
(e o]
WA 1 gj‘o
2y K — e~
[SF BN w
o va
Hor S~
WX B

Oooo0oao Ooo00o0oao

I\
1 \\ r—TJ
o I S e o ~
BE Vo
v
11
A\ ]
)
Zf oo TTTT ooooo
|‘ N
I
' /
\\,
#HEE

HTERED

%

BB




(20) JP 2005-46609 A 2005.2.24

ooagogao goooao

HA
a—

ﬁ o
#® B
=y N
- €n
i
¥ |
+
.
o
L] = )
= RS —> ™
- 1N g
5 —
1
£ 4
EL|
&
72
&
L
L
OB
2
B v
N
N
v
n
oooOooa Ooo00o0oao
+
K/Z ) y(m)
A -
4
1Big@58 7 ¢ +
<o) pl L5 HE) @ b
A _
FFT
A
W
: I
—_ N Y
& S & pr
] v(m) — P SR E
A »
L
2 |
§ W(z)
L

p| HDFH 5 (<

x(n)




(21) JP 2005-46609 A 2005.2.24

Oooooao Ooo00o0ooao
Vp
R
)
| x(n)
£
[ L
B '
lﬁ‘ v(n)
V\

fex fev

B



(22) JP 2005-46609 A 2005.2.24

ooooogooooo

(2) 000 OO0O0O0OOoOoOOOO0oOo
goboobboobooboboobobooobooboooobooooboooboooboooboo
goood

(72) D00 OODOO0OO0OOoOOO0OOOoon
gobogboboobboooboobbooboobobooboooboooboooboon

OO0O0O(@0O) 40027 AAO2 BBO5 CCO2 FFO2

ooO0d OO 4C074 AA04 BBO4 CCl7 DDO6 EE02 HH10



(23) JP 2005-46609 A 2005.2.24

oooobooan

L T e T e T e T e T e B |
—m —m —m ~— @ =@ @ @ @ @ @ ™@ ™@ o™@ & & & & /& /s /s /s o/, /s o/ /e o/ o/ /e e /e /e e e e e

O

5

10

16

20

25

PATENT
ATTORNEY DOCKET NO. 04644135001

METHOD AND APPARATUS FOR
ENHANCEMENT OF CHEST COMPRESSIONS DURING CPR

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part application of and claims priority to U.S.
Application Serial No. 10/609,001, filed on June 27, 2003.

TECHNICAL FIELD

This invention relates to the devices for assisting cardiac resuscitation.

BACKGROUND

This invention relates to the field of cardiac resuscitation, and in particular to devices
for assisting rescuers in performing chest compression during cardio-pulmonary resuscitation
(CPR). Chest compression during CPR is used to mechanically support circulation in
subjects with cardiac arrest, by maintaining blood circulation and oxygen delivery until the
heart is restarted. The victim's chest is compressed by the rescuer, ideally at a rate and depth
of compression in accordance with medical guidelines, ¢.g., the American Heart Association
(AHA) guidelines. One key step for creating blood flow through the heart is to release the
chest adequately after each chest compression. The chest should be released sufficiently to
create a negative pressure in the chest, to facilitate venous filling of the heart and increased
blood flow upon the next chest compression. If the chest is not released adequately, a
positive thoracic pressure will remain which will hinder venous return and right atrial filling.
Other key CPR parameters are maximal velocity of compression, compression depth, and
average velocity. Compression depth and average velocity, together, provide good indication
of potential blood flow volume. Maximal velocity of compression is an important factor in
proper mitral valve closure and higher blood flow volume.

Sensors have been suggested for detecting the depth of chest compression. An
accelerometer (with its output integrated to estimate depth) was disclosed, for example, in
Freeman U.S. Application No. 09/794,320, U.S. Patent No. 6,306,107 and U.S. Patent No.

6,390,996. Force (pressure) sensors were disclosed, for example, in Groenke U.S. Patent No.
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6,125,299. Force sensors provided no way of determining absolute displacement, as the
compliance of the thoracic cage varies considerably from person to person. Accelerometers
do not provide an indication of whether or not the chest is being released. They calculate
displacement by double integration, which can result in a significant DC offset. U.S. Patent
No. 6,306,107 attempted to address the DC offset problem by incorporating a force sensor as
a switch to indicate onset and conclusion of compression. The prior art has also employed
mechanical pressure gauges to indicate to the rescuer the amount of force or pressure being
applied to the chest. But these prior art uses of an accelerometer and/or force sensor have not
provided a good solution to providing the rescuer with useful feedback as to whether the
chest has been sufficiently released. Differences in compliance of the thoracic cage from one
individual to another means that each individual will generally be able to support different
amounts of force on the sternum without significant displacement occurring.

Increasingly, automated external defibrillators (AEDs) are used by rescuers treating
victims of cardiac arrest for the delivery of defibrillatory shocks with the minimum of delay.
The algorithms contained in the currently-available AEDs call for ‘hands off” periods during
which electrocardiographic (ECG) analysis is performed by the device and the rescuer
withholds compressions. Compressions must be withheld because the accuracy of current
thythm analysis algorithms in AEDs is severcly degraded by the artifact induced by the chest
compressions. These AEDs also call for the rescuer to check for pulse or for signs of
circulation during which time no compressions are performed. It has been shown in several
studies that interruptions in the performance of chest compressions of as short a time as 20
seconds can dramatically reduce the probability of the return of spontaneous circulation
(ROSC), a key survival measure. Other studies have alsa shown that the minimum amount
of time required for the ‘hands off’ period is 20 seconds. There is therefore a need for the
ability of AEDs to perform rhythm analysis while the rescuer continues with the chest

compressions uninterrupted.

SUMMARY
In a first aspect, the invention features an apparatus for assisting a rescuer in
performing chest compressions during CPR on a victim, the apparatus comprising a pad or

other structure configured to be applied to the chest near or at the location at which the
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rescuer applies force to produce the chest compressions, at least one sensor connected to the
pad, the sensor being configured to sense movement of the chest or force applied to the chest,
processing circuitry for processing the output of the sensor to determine whether the rescuer
is substantially releasing the chest following chest compressions, and at least one prompting
element connected to the processing circuitry for providing the rescuer with information as to
whether the chest is being substantially released following chest compressions.

Preferred implementations of this aspect of the invention may incorporate one or _
more of the following. The pad or other structure may be a pad to which force is applied by
rescuer. The sensor may include an accelerometer. The sensor may include a force {or
pressure) sensor. The sensor may include a velocity sensor. The sensor may include both a -
force (or pressure) sensor and an accelerometer or velocity sensor. The prompting device
may include a speaker for delivering an audible message to the rescuer. The prompting
device may include a display for delivering a visual message to the rescuer. The apparatus
may be part of an external defibrillator. The external defibriliator may be an AED. The
processing circuitry may include a digital processor executing software. Determining |
whether the rescuer is substantially releasing the chest may comprise analyzing motion of the
chest. Analyzing motion of the chest may comprise analyzing features or the shape of a
waveform representing chest motion. The apparatus may comprise both a sensor to sense
movement of the chest and a sensor to sense force applied to the chest, and the processing
circuitry may use outputs of both sensors to provide information representative of chest
compliance. The information representative of chest compliance may be used to determine a
level of applied pressure/force that corresponds to a substantial release of the chest.

In a second aspect, the invention features an apparatus for assisting a rescuer in
performing chest compressions during CPR on a victim, the apparatus comprising a pad or
other structure configured to be applied to the chest near or at the location at which the
rescuer applies force to produce the chest compressions, and at least one velocity sensor
connected to the pad, the velocity sensor being configured to sense the velocity of movement
of the chest.

Preferred implementations of this aspect of the invention may incorporate one or
more of the following. The apparatus may further comprise processing circuitry for

processing the output of the velocity sensor to estimate the displacement of the chest. The
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processing circuitry may have the capability to integrate an output of the velocity sensor.

The velocity sensor may be configured to be located approximately adjacent to the location at
which the body is compressed. The velocity sensor may be configured to be positioned to
sense the relative velocity between opposite surfaces of the chest. The velocity sensor may
comprise a conductor and a magnet, and velocity may be sensed by sensing the current
mduced in the conductor by relative motion between the conductor and the magnet. The
magnet may comprise one of a permanent magnet and an electromagnet. The conductor and
magnet may be positioned on opposite surfaces of the chest. The conductor may comprise a
coil that is unitary with a defibrillation electrode pad. The conductor and magnet each may
comprise a coil that is unitary with a defibrillation electrode pad. The magnet may comprise
an electromagnet and the electromagnet may produce a magnetic field that oscillates at a
frequency greater than 1 KHz, and may further comprise coil detection circuitry to which the
coil is connected, wherein the coil detection circuitry may be capable of synchronously
demodulating the detected signal to reduce susceptibility to drift and noise. The apparatus
may further comprise circuitry for acquiring ECG signals from the victim, and the processing
circuitry may have the capability to process the output of the velocity sensor and the ECG
signals to reduce ECG artifacts from chest compressions by use of velocity sensor output.

In a third aspect, the invention features an apparatus for assisting a rescuer in
performing chest compressions during CPR on a victim, the apparatus comprising a pad or
other structure configured to be applied to the chest near or at the location at which the
rescuer applies force to produce the chest compressions, at least one motion sensor connected
1o the pad, the motion sensor being configured to sense movement of the chest, processing
circuitry for processing the output of the motion sensor to estimate the maximum velocity of
compression of the chest, and at least one prompting device connected to the processing
circuitry for providing the rescuer with information representative of the maximum velocity
of compression. In preferred implementations of this aspect of the invention, the motion
sensor may comprise a velocity sensor.

In a fourth aspect, the invention features a method of determiming chest compression
during CPR, the method comprising applying a motion sensor to the chest of a patient at a

location near or at the location at which a rescuer applies force to produce chest
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compressions, determining chest displacement from analysis of features of the motion
waveform produced by the motion sensor.

Preferred implementations of this aspect of the invention may incorporate one or
more of the following. The motion sensor may be a velocity sensor. The motion sensor may
be an accelerometer. The method may further comprise deciding from the analysis of
features of the acceleration waveform whether or not a rescuer has sufficiently released the
patient’s chest. The method may further comprise processing the output of the accelerometer
to provide velocity and acceleration waveforms. The method may further comprise
processing the output of the accelerometer to provide velocity and acceleration waveforms,
and analyzing the velocity and acceleration waveforms to determine whether or not a rescuer
has sufficiently released the patient's chest. The analysis of velocity waveforms may include
determining the maximal velocity of compression. Determining chest displacement from
analysis of features may comprise determining onset and completion times for a compression
cycle from the features of the waveforms. Determining chest displacement may further
comprise integrating the acceleration waveform over a time segment defined by the onset and
completion times. The method may further comprise analyzing the features of the upstroke
portion of the waveforms to determine whether there has been sufficient release of the chest.
‘The method may further comprise prompting a rescuer based as to whether compressions are
within desired limits on compression depth and compression release. The prompts to the
rescuer may be based on multi-cycle trends, so that they are not immediately influenced by
the rescuer taking a brief break in the application of CPR. The method may further comprise
determining chest compliance, and using the determined chest compliance to adjust the level
of pressure/force that the rescuer is permitted to apply at the end of a compression stroke
without being prompted as to insufficiently releasing the chest. The features determined
from the waveforms may include one or more of the following: width, amplitude, area,
center of mass, skewness, height/width ratio, TAR, TAMPR and TWR. The features may be
used to make a decision as to whether the chest of the victim has been sufficiently released.
Decisions may be made using either standard decision logic, fuzzy-logic decision
methodology, or statistical estimation.

In a fifth aspect, the invention features a method of analyzing ECG signals during
application of CPR, the method comprising detecting ECG signals during application of
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chest compressions, detecting the output of a sensor from which information on the velocity
of chest compressions can be determined, and using the information on the velocity to reduce
at least one signal artifact in the ECG signal resulting from the chest compressions.

Preferred implementations of this aspect of the invention may incorporate one or
more of the following. The sensor may be a velocity sensor, and the information on the
velocity may be determined from the velacity sensor. The sensor may be an accelerometer,
and the information on the velocity may be determined from integration of the output of the
accelerometer. Using the information on the velocity to reduce at least one signal artifact in
the ECG signal may comprise time aligning the ECG signals with the velocity. Using the
information on the velocity to reduce at least one signal artifact in the ECG signal may
comprise an adaptive filter that is adjusted to remove chest compression artifacts. Using the
information on the velocity to reduce at least one signal artifact in the ECG signal may
comprise feed forward active noise cancellation. Using the information on the velocity to
reduce at least one signal artifact in the ECG signal may comprise determining a cutoff
frequency for a filter that separates the ECG signal from chest compression artifacts.

In a sixth aspect, the invention features an apparatus for assisting a rescuer in
performing chest compressions during CPR on a victim, the apparatus comprising a pad or
other structure configured to be applied to the chest near or at the location at which the
rescuer applies force to produce the chest compressions, at least one motion sensor connected
to the pad, the motion sensor being configured to sense movement of the chest, at least one
force (or pressure) sensor connected to the pad, the force sensor being configured to sense
force applied to the chest, and processing circuitry for processing the output of the motion
sensor and force sensor to estimate the compliance of the chest.

Preferred implementations of this aspect of the invention may incorporate one or
more of the following. The estimated compliance and the output of the force sensor may be
used to determine the depth of compression of the chest. The motion sensor may be an
accelerometer, and the output of the accelerometer may be used primarily for estimating
chest compliance, and compression depth during CPR may be estimated by using the
estimated compliance to convert the output of the force sensor into estimated compression
depth. The output of the accelerometer may be used during limited time intervals for

estimating chest compliance, and outside of those limited time intervals chest compression

6
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may be determined from the estimated compliance and the output of the force sensor without
substantial use of the output of the accelerometer. The estimated compliance and the output
of the force sensor may be used to determine whether the chest has been substantially
released.

In a seventh aspect, the invention features an apparatus for assisting a rescuer in
performing chest compressions during CPR on a victim, the apparatus comprising a pad or
other structure configured to be applied to the chest near or at the location at which the
rescuer applies force to produce the chest compressions, at least one bistable mechanical
element that when depressed provides tactile feedback to the hand of the rescuer upon the
start of a compression and at the end of a compression.

Preferred implementations of this aspect of the invention may incorporate one or
more of the following. The mechanical element may comprise a dome that collapses under
pressure and returns to a dome shape on release of pressure. The bistable mechanical
element may further provide audible feedback at least at the end of a compression. The
tactile feedback at the end of a compression may occur at approximately an applied force
corresponding to substantial release of the chest, so that the tactile feedback serves as
feedback to the rescuer that the chest has been substantially released.

The invention provides numerous advantages. It provides a more accurate and
detailed measure of compressions during CPR, e.g., by analyzing such
compression/decompression cycle parameters as compression velocity and completeness of
decompression release. And features of the velocity and acceleration waveforms may be
analyzed to maximize CPR performance. E.g., the invention permits analysis of maximal
velocity of compression, which is an important factor in proper mitral valve closure and
higher blood flow volume.

The mvention may obviate the need for a secondary information channel, e.g., a force
sensor, to provide the accuracy necessary for the use of acceleration to accurately measure
displacement. The invention includes new methods for the analysis of the acceleration
wavcform that allow for decreased offset drift and improved displacement accuracy. The
methods also provide for the ability to determine parameters relating to the quality of the
compression/decompression cycle by morphological analysis of the acceleration and velocity

waveform. Multiple parameters may be determined via the analysis and then combined in
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making a decision rcgarding chest release or other generalized descriptor of
compression/decompression quality. The methods used may include standard decision logic
(e.g., [F-THEN-ELSE) or may involve methods such as fuzzy-logic decision methodology or
statistical estimation such as Bayesian methods.

Direct physiological measurements of perfusion and oxygenation, such as end-tidal
carbon dioxide (EtCO2) and pulse oximetry, can provide additional feedback to the CPR
control algorithm.

By determining chest compliance, some implementations of the invention overcome
the difficulty of using a pressure/force sensor for determining the onset and release of
compression. The compliance of the thoracic cage varies from person to person, and
therefore each individual will generally be able to support different amounts of force on the
sternum without any displacement occurring. In some implementations of the invention,
compliance is estimated from measurements of force (or pressure) and chest motion during
compressions. The estimated compliance can be used to adapt the chest-released force
threshold to patients with differing chest compliance. Without adapting the threshold to the
victim's chest compliance, the chest-released force threshold tends to have to be set quite
low, to assure substantial release even on patients with large compliance. This can result in
requiring the rescuer to release nearly all force from the chest, mnterfering with the process of
CPR itself and confusing the rescuer with what appears to be irrelevant and interfering
coﬁnnands.

Using a velocity sensor (as proposed with some aspects of the invention), can provide
a more accurate and less noise sensitive measure for determining displacement. It requires
only one integration to calculate displacement from velocity, thus reducing offset error, and it
requires only one differentiation to calculate acceleration thus reducing high frequency noise
susceptibility. Additionally, velocity in this implementation is a differential configuration
that measures relative velocity between the front and back of the thorax, unlike acceleration
which is inertial and whose motion is relative to the Earth. Differential velocity
measurement provides a significantly improved performance during patient transport such as
in an ambulance or on an airplane. In fact, the vibration and motion may make the

acceleration for the most part unusable in these situations.
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Magnetic induction may be used to generate a voltage proportional to the relative
velocity between a magnet and coil. The magnet may take the form of a pcnnanent magnet,
but preferably it is an electromagnet. The use of an electromagnet serves two main purposes:
it can be used to calibrate the setup after the electrodes have been applied to the patient, and
it can be used to provide a synchronous modulation/demodulation of the signal to improve
accuracy and minimize susceptibility to noise and artifact.

The magnetic pickup and induction coils may be incorporated into defibrillation pads.
One defibrillation pad can be placed on the left thorax and another defibrillation pad can be
placed on the victim’s back in the left scapular area. These are excellent locations for
defibrillation and provide a good placement to generate magnetic flux changes proportional
to sternal displacement. The coils can incorporated directly into the outer edge of each of the
defibrillation electrodes. Alternatively, if the desired electrode position is anterior/anterior
with both electrodes on the front of the chest, a separate backboard panel may be supplied
which is placed under the patient and contains the receiving coil.

The invention’s use of velocity sensor, which may make it possible to perform ECG
analysis without a “hands off” period provides improved filtering and rhythm analysis.

Other features and advantages of the invention will be apparent from the following

detailed description and drawings, and from the claims. .

DESCRIPTION OF DRAWINGS

FIG 1 is a diagram of one implementation inclhuding an AED and an accelerometer
and pressure/force sensor built into a chest-mounted pad.

FIG 2 shows sample signals recorded during CPR with the implementation of FIG. 1.

FIG 3 is a diagram of another implementation including an AED with a membrane
switch and an accelerometer.

FIG. 4 shows sample signals recorded during CPR with the implementation of FIG. 3.

FIG 5 depicts acceleration, velocity, and displacement for a single compression cycle.

FIG 6 is a block diagram of another implementation.

FIG. 7 depicts acceleration, velocity, and displacement for two compression cycles.

FIGS. 8, 9A, and 9B show an implementation in which magnetic induction elements

are built into electrodes placed in anterior and posterior locations on the thorax.
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FIG. 10 is an enlarged view of the composition of the electrode pad of FIGS. 9A.
FIG 11 is a block diagram of a synchronous detector implementation.
FIG 12 is a block diagram of a filtered-X least mean squares (FXL.MS ANC)
algorithm. ‘

FIG 13 is an implementation using the algorithm of FIG 12.

FIG 14 shows two spectral power distributions related to the implementation of FIG
13.

FIG 15 is a block diagram of another implementation.

DETAILED DESCRIPTION

There are a great many possible implementations of the invention, too many to
describe herein. Some possible implementations that are presently preferred are described
below. It cannot be emphasized too strongly, however, that these are descriptions of
implementations of the invention, and not descriptions of the invention, which is not l_imited
to the detailed implementations described in this section but is described in broader terms in
the claims.

FIG. 1 shows a schematic of a preferred implementation. This implementation
includes an accelerometer (and accelerometer housing), force sensor built into a pressure pad,
and an AED which is electrically connected to the accelerometer and force sensor and
contains a display and/or speaker for user feedback. The pressure pad provides the structural
member on which the accelerometer (and housing) is supported. Neither the accelerometer
nor force sensor of the pad are essential to detecting chest release, as other sensors can be
used. The force sensor can measure force or pressure. |

The accelerometer housing can be shaped similar to a hockey puck and can rest either
directly on the patient's sternum or on the pad or other structural member. Preferably the
accelerometer is positioned to be over the victim’s sternum in the position recommended for
chest compressions. A force sensor can be placed below {as shown) or above the
accelerometer housing. The rescuer presses on the accelerometer housing (or pressure pad)
to perform chest compressions. The accelerometer senses the motion of the chest during
CPR and the force sensor measures the force or pressure applied. The AED supplies power

to the sensors and digitizes the electrical signals coming from the accelerometer and force

10
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sensor. Based on previous calibrations of the sensors, the accelerometer signal is integrated
to determine the housing displacement, and the output of the force sensor is converted to
standard pressure or force umits.

FIG. 2 shows a sample drawing of the signals recorded during CPR using the
implementation of FIG. 1. The acceleration signal is band pass filtered and integrated to
derive displacement information (e.g., a displacement signal). Compressions (C1-CS5) can be
detected from the displacement signal. The compression rate is calculated from the interval
between compressions (e.g. (time of C2 - time of C1)), and compression depth is measured
from the compression onset to peak displacement (e.g. (d1 - d0)). The onset and peak
compression values are saved for cach compression. The pressures at the comnpression onset
and offset are used to determine the force used to achieve a given compression depth. The
compliance of the chest can be estimated from the compression displacement and the related
compression pressure. The pressure “p0” is the reference pressure prior to the start of CPR
and is related to the resting chest displacement “d0”. The pressure “p1” is the pressure
required to achieve the displacement “d1”. The chest compliance is estimated from the

following equation:
Chest Compliance = [(d1 - d0) / (p1 - p0)| .

Where d1 is the displacement at the peak of the compression, d0 is the displacement
at the onset of the compression, pl is the pressure at the peak of the compression, and p0 is
the pressure at the onset of the compression. The chest compliance can be calculated for
each compression and averaged to improve the measurement accuracy.

Once the patient specific chest compliance is known, it can be used to estimate the
absolute displacement of the puck when combined with the instantaneous puck pressure

measure from the following equation:

Displacement = compliance * (p — p0)

i1
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Where p is the pressure measured from the puck at a point in time, p0 is the resting
puck pressure when there is no compressions or handling by the rescuer. Therefore, the chest

release displacement can be estimated by the following equation:
Displacement at the release of chest = compliance * (p3 - p0).

Where compliance is determined as described above, p3 is the chest release pressure
(estimated as the onset pressure of the next compression), and p0 is the resting pressure.

The chest release pressure can alternately be measured as the minimum pressure point |
between the two compressions.

The chest release displacement point is compared to a pre-defined threshold level to
determine if the chest was substantially released between two compressions (i.e., released
sufficiently to create a pressure in the chest that facilitates venous filling of the heart). A
combination of voice prompts and display messages can be used to tell the rescuer to more
completely release the chest between compressions if the chest release displacement point
does not return below the set threshold. The chest release displacement value can be
averaged to improve the estimate accuracy. The comparison to the threshold level could also
be done via “voting” logic such as the last x out of y values exceed the set threshold and
trigger the release of chest feedback. The CPR release of chest algorithm continually runs
while the rescuer performs CPR and provides immediate feedback if the rescuer does not
release the chest at any time during the resuscitation.

Although not necessary, the threshold level is preferably adjusted dynamically as a
function of the calculated chest compliance. For patients with a lower compliance, the
threshold can be increased since increased force will have little or no effect on displacement.
For patients with higher compliance, the threshold may need to be decreased.

The calculated estimate of chest compliance can also be used with the output of the
force sensor to estimate the depth of chest compression. Thus, for example, the output of the
accelerometer could be used with the output of the force sensor during an initial time interval
to calculate an estimate of chest compliance. Thereafter, the estimated chest compliance

could be used to convert the force measurement into an estimated depth of chest

COMpression.

12
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FIG. 3 shows another implementation wherein the force sensor is replaced with a
mechanical or electrical switch. The rescuer performs CPR by pressing on the
switch/housing assembly. The switch is activated based on the forces used with CPR
compressions and deactivated when a compression is released. The switch may provide for
bistable positional states such as in a domed switch that when depressed would provide
tactile feedback to the hand of the rescuer upon the start of the compression (dome collapse)
and at the end of compression (dome return). The switch vibration associated with the
transition between the two states may also be sufficient to provide an audible feedback to the
rescuer as well. If the compression release vibration is heard and/or felt, the chest can be |
considered by the rescuer to have been released.

FIG. 4 shows the acceleration, derived displacement, and switch output signals during
a sample of CPR. Each compression is identified at the top of the diagram (C1 — C5). The
compression interval, rate, and depth are measured from the acceleration signal. The dashed
line overlaying the switch output curve indicated the force on the puck assembly and is
drawn to show the actuation of the switch when the force curve exceeds that activation
threshold (solid straight line). Time t1 shows the actuation of the switch and time t2 shows
the release of the switch. On the third compression (C3), the compression switches {ON) at
time t3, but does not switch off at time t4 because the force on the chest does not go below
the trigger threshold. The acceleration signal shows that chest compressions are continuing,
but the switch indicates that the chest is not being substantially released. When chest release
1s not occurring, the AED can audibly and/or visually prompt the user to release the chest.

In another implementation, the acceleration waveform alone is analyied without the
use of a switch or force sensor. FIG. 5 depicts the acceleration, velocity and displacement
for a single compression/decompression cycle. The input signal from the acceleration sensor,
as shown in the block diagram in FIG. 6, is conditioned and filtered to minimized artifact and
noise and is input to an A/D converter. The A/D converter is then read by the
microprocessor. In FIG. 5, the points of interest in the acceleration waveform are as follows:

1. A0 is the point of maximum acceleration during the compression downstroke.

2. A-21s the compensatory small upstroke that rescuers often do just prior to the

iitiation of the compression downstroke and marks the initiation point of the compression

downstroke.

13
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3. A-1 is the point of maximum acceleration of the compression downstroke.

4. Al is the point of maximum deceleration on the decompression upstroke.

5. A2 is a small upward release when the rescuer’s hands are slightly lified from the
patient’s sternum during an optimum compression cycle.

6. A-3 and A3 are inflection points where the signal deviates from baseline.

7. 8A0 and SA1 arc the slopes of the acceleration of the line segments on ecach side
of AQ,

8. SV andSV]1 are the slopes of the line segments (~ acceleration) as shown on the
velocity curve.

9. VMax is the maximum velocity achieved during the compression downstroke.

Many algorithms can be used for determination of substantial release of the chest.
One algorithm is as follows:

1. Determine fiducial point A0. Completion of the compression determination
should approach real time in order to provide maximum benefit to the rescuer. Delays of
approximately 1-4 seconds are acceptable and will limit the types of ‘search forward’
algorithms that can be implemented. A0 can be detected by a number of means. One method
is to band pass filter the acceleration signal to produce maximum output signal amplitude of
signals having a slope most closely approximating those observed in real compression
signals. The band pass output is then input to a threshold detection function. If the signal
amplitude is larger than the threshold, then SAO has been detected. The threshold itself may
be dynamically adjusted in amplitude to minimize susceptibility to noise and interference.
For instance, tf out of band noise such as 60 Hz interference is detected, then the threshold
may be increased. The threshold may also be gradually lowered following an SAQ detection
such that the probability of detection is increased for signals that occur at the expected
interval and is decreasing for false signals that may occur immediately subsequent to the
detection. Once SAO has been detected, the algorithm can search forward until it finds the
peak amplitude, AQ.

2. Searching backwards and forwards from point AQ, the points A-3, A-2, A-1, A0,
Al, A2 and A3 can be determined.

14
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3. The acceleration signal can then be decomposed into constituent triangles formed
from these fiducial points. TriangleAO refers to the triangle formed by the A-1, A0 and Al
fiducial points (in gray in FIG. 5.).

4. The triangles are then parameterized using such morphological characteristics as
width, amplitude, area, center of mass, skewness, height/width ratio, etc.

5. Area ratios are then calculated for the various triangle pairs. For example the ratio
of the areas of TriangleA0 and TriangleAl , Acceleration Triangular Area Ratio{0,1)
[TARA(0,1)]

TARA(0,1) = [Area TriangleAO } / [ Area of TriangleAl }

6. Amplitude ratios are then calculated for the various triangle pairs. Degree of skew
is incorporated into the amplitude calculation by incorporating either skewness or center of
mass into the calculation for each triangle. For example the ratio of the areas of TriangleA0
and TriangleA1l , Triangular Amplitude raticA(0,1) (TAMPRA(0,1))

TAMPRA(0,1) = [Amplitude of TriangleAO ] / [ Amplitude of TriangleAl ]

7. The same process is repeated for the triangular width ratio (TWR).

8. A rescuer who applies too much downward force during the decompression
upstroke will cause incomplete decompression. This downward force opposes the natural
elastic force of the thoracic cage and as a result causes a decreased amplitude and elongation
of triangleA1 and triangleA2 as shown in FIG. 7.

9. The acceleration signal is integrated beginning at inflection point A-3 and ending
just subsequent to A3 in order to calculate the velocity. The same analysis is used to
calculate the fiducial points V-2, VMax, VO and V1, as well as TAR, TAMPR and TWRs for
the velocity curve.

10. The velocity curve segment is integrated a second time to calculate displacement.
Displacement values D-3 and D3 and DMax are calculated. Differential displacement, AD
=D-3 — D3 is calculated.

i5
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11. Based on DMax , the device can prompt the rescuer if the depth of compressions
are not sufficient.

12. Based on VMax , the user can be prompted to deliver a ‘sharper’ more rapid
pulse to improve hemodynamics.

13. End tidal carbon dioxide (EtCO2) measurements are taken during the course of
CPR. Visual and/or audible prompting from the device can encourage the rescuer to increase
rate and depth of compressions to improve hemodynamics.

14. The calculated parameters of width, amplitude, area, center of mass, skewness,
height/width ratio, TAR, TAMPR and TWR for both the acceleration and the velocity as well
as AD are used to make a decision on whether the chest was released. The methods used
may be standard decision logic (IF-THEN-ELSE) or may involve methods such as fuzzy-
logic decision methodology or statistical estimation such as Bayesian methods. In general,
AD alone would not be used to determine chest release, but nonetheless the signal processing
methods have made it possible with this method to be able to measure AD without the use of
switches or force sensors.

15. Final determination of compression release can be withheld for a humber of
compression cycles to measure longer term trending of the parameters. For example, the
rescuer may have momentarily had to pause to wipe their brow. ' .

Alternatively, other signal detection and classification methods known to those
skilled in the art may be used to determine the relevant morphological features such as those
shown in FIG. 7 (CPR with substantial chest release is shown by solid lines; inadequate chest
release, by dashed line).

In another implementation, a velocity sensor is used to determine the motion
parameters. One of many possible techniques for sensing velocity is to use magnetic
induction to generate a voltage proportional to the relative velocity between a magnet and
coil. The configuration is shown in FIG. 8. The magnet may take the form of a permanent
magnet, but preferably it is an electromagnet. As shown in FIG. 9A and 9B, a defibrillation
pad is placed on the left thorax and another defibrillation pad is placed on the victim’s back
in the left scapular area. These are optimal locations for defibrillation and provide a good
placement to generate magnetic flux changes proportional to sternal displacement. The coils

are incorporated directly into the outer edge of each of the defibrillation electrodes.

16
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Alternatively, if the desired electrode position is anterior/anterior with both electrodes on the
front of the chest, a separate backboard panel may be supplied which is placed under the
patient and contains the receiving coil. The use of an electromagnet serves two main
purposes: it can be used to calibrate the setup after the electrodes have been applied to the
patient and they can be used to provide a synchronous modulation/demodulation of the signal
to improve accuracy and minimize susceptibility to noise and artifact.

The defibrillation electrodes can be constructed with a conventional configuration.
An electrically conductive sheet of material that delivers defibrillation current to the patient
is backed with an insulating thin foam material, and a slightly adhesive conductive gel
coupling agent adheres the conductive sheet to the patient’s skin. The foam backing also i
forms an approximately 0.5 to 1.0 inch border around the active conductive area. The
magnetic coil element can be added onto the foam backing and becomes part of the border
area, as shown in FIG. 10.

The device (e.g., AED) can be provided with circuitry for determining whether or not
the electrodes have been properly applied to the patient. The method currently employed by
most manufacturers of defibrillators is to use a small amplitude, high frequency signal (~2
microamps, 60 KHz) to measure impedance. The electrodes are determined to be applied '
when the impedance falls into the physiologic range.

When the device has detected the application of the electrodes, the device can prompt
the rescuer to stand clear. At this time, the device will perform calibration of the velocity
sensor. A time-varying signal, typically a ramp or sine wave of several frequencies of
interest, such as the modulation frequency, is applied to the electromagnet and the signal is
measured at the receiving coil. From this, gain and offset coefficients can be calculated for
use during the CPR event. This calibration step allows for improved accuracy with patients
of varying chest sizes and in the presence of any nearby magnetically conductive surfaces or
objects.

Preferably, a synchronous detector can be employed to minimize susceptibility to
noise and artifact as shown in the block diagram in FIG. 11. A sine wave carrier frequency
of 500 Hz or more is supplied to the electromagnet coil to generate an oscillating magnetic

field that, in turn, induces a voltage on the receiving coil. Chest compressions vary the field

intensity at the receiving coil, thus causing an amplitude modulation of the carmer. As can be

17
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seen in FIG. 11, a band pass filter inmediately subsequent to signal reception reduces
interference outside the range of the carrier frequency such as AC magnetic interference.

The phase lock loop (PLL) is used for carrier regeneration, but since the transmitter and
receiver are in the same device, the transmission carrier can be used for detection as well, as
long as circuitry is provided for phase adjustment of the demodulation signal. Multiplexer
S1, combined with the demodulation signal, causes rectification of the signal, which can then
be low pass filtered to recover the compression velocity waveform. Alternatively, a
synchronous AM demodulator can be employed with an analog multiplier stage.

In another implementation, the velocity signal may then be used to reduce artifacts in
the ECG signal. This is accomplished by first time-aligning the ECG and velocity signal by
such methods as cross-correlation technigues known to those skilled in the art. This will
provide alignment of the two signals relative to the compressions. Then, preferably, adaptive
filtering methods are used such as those involved in the minimization of the mean-squared
error between the ECG and the velocity.

In a further implementation, more sophisticated signal processing methods may be
used to minimize ECG artifacts induced by CPR chest compressions. For example, methods
known as feed forward active noise cancellation (FANC) may be used. FIG. 12 shows a
block diagram of the filtered-X least mean squares (FXLMS ANC) algorithm, as developed
by Widrow and Burgess. P(z) represents the unknown plant through which the signal x(n) is
filtered. Digital filter W(z) is adaptively adjusted to minimize the error signal e(n). In one
implementation, as depicted in FIG. 13, x(n) is the unfiltered ECG signal, P(z) is eliminated
from the diagram, and d(n) is approximated with the chest compression velocity signal v(n).
In the LMS algorithm, assuming a mean square cost function &(n) = E[e2(n)], the adaptive
filter minimizes the instantaneous squared error, £(n) = ¢2(n), using the steepest descent

algorithm, which updates the coefficient vector in the negative gradient direction with step

size p:
w(n + 1) = w(n) - w2 * N &n),

where NE(n) is an instantaneous estimate of the mean square error (MSE) gradient at

time n equal to -2v(n) e(n). Stability and accuracy of the FXLMS ANC algorithm by adding

18
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a variable cutoff low pass filter H(z) to eliminate frequency components in the ECG not
related to the chest compression artifact. In general, the spectral energy of the chest
compression artifact is predominately lower than those of the ECG. A cutoff frequency of
approximately 3 Hz is adequate in many cases, but this may vary from patient to patient and
among different rescuers performing chest compressions. To overcome this difficulty, an
FFT is performed on v(n) and input into a cutoff frequency estimation (CFE) procedure that
determines the optimal cutoff frequency, fC, for the lowpass filter. In a preferred
implementation, the decision is based on calculating the frequency, not to exceed 5Hz, below
which 80% of the waveform energy is present, but this percentage may vary and additional
decision logic may be employed. For instance, an FET may also be calculated for x{n), also
input to the CFE procedure. By first normalizing amplitude of the frequency spectra X(z)
amplitude peak of the compression artifact and then subtracting the velocity spectra V(z)
from the normalized input X’(z), the difference spectra is calculated AX’(z) = X’(z) - V'(2).
Frequencies are then determined for V(z) and AX’(z) at which most of the spectral energy is
within, set in this embodiment to 97%, and labeled fCV and fCX, respectively, and shown in
FIG 14. FC is then set to the lesser of fCV and fTX. Alternatively, fC can be set to some
intermediate frequency between fCV and fCX.

A simpler though related implementation is shown in FIG. 15, in which the CFE
procedure is used to calculate the cutoff frequency for a high pass filter. Using the same
methods as described in the previous paragraph, an FFT is performed on v(n) and input into a
cutoff frequency estimation (CFE) procedure that determines the optimal cutoff frequency,
fC, for, in this case, a high pass filter. In the preferred embodiment, the decision is based on
calculating the frequency, not to exceed 5 Hz, below which 80% of the waveform energy is
present, but this percentage may vary and additional decision logic may be employed. An
FFT may also be calculated for x(n), and also input to the CFE procedure and the optimal
high pass cutoff frequency can be determined by the methods described in the previous
paragraph. For instances when the spectral energy of the compression artifact is distinct
from the ECG signal, this method will have a performance equivalent to the FXLMS just
described; its performance will be somewhat inferior when the spectra of the ECG and

compression artifact overlap, however.
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Many other implementations of the invention other than those described above are
within the invention, which is defined by the following claims. For example, 1t is not
necessary that the invention include an external defibrillator, as a device for assisting
delivery of CPR could be provided without defibrillation capability. The CPR assistance
device could even be a pocket device that is for assisting with manual delivery of CPR.

Features of the one aspect of the invention may not be required in implementations of
other aspects of the invention. For example, it is not necessary in some implementations of
the invention that chest compliance be determined, or that substantial release of the chest be

determined, or that a particular type of sensor (e.g., accelerometer, force sensor, velocity
sensor), or combination of sensors, be used, or that there be analysis of features of a motion
waveform, or that maximum velocity be estimated, or that artifacts in detected ECG signals
be reduced.

What is claimed is:

20
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Claims

1. Apparatus for assisting a rescuer in performing chest compressions during CPR on
a victim, the apparatus comprising:

a pad or other structure configured to be applied to the chest near or at the location at
which the rescuer applies force to produce the chest compressions,

at least one sensor connected to the pad, the sensor being configured to sense
movement of the chest or force applied to the chest;

processing circuitry for processing the output of the sensor to determine whether the
rescuer is substantially releasing the chest following chest compressions; and

at least one prompting clement connected to the processing circuitry for providing the
rescuer with information as to whether the chest is being substantially released following

chest compressions.

2. The apparatus of claim 1 wherein the pad or other structure is a pad to which force
1s applied by rescuer.

3. The apparatus of claim 1wherein the sensor includes an accelerometer.
4. The apparatus of claim 1 wherein the sensor includes a force sensor.

5. The apparatus of claim 1 wherein the sensor includes a velocity sensor.

6. The apparatus of claim 1 wherein the sensor includes both a force sensor and an

accelerometer or velocity sensor.

7. The apparatus of claim 1 wherein the prompting device includes a speaker for

delivening an audible message to the rescuer

8. The apparatus of claim 1 wherein the prompting device includes a display for

delivering a visual message to the rescuer.
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9. The apparatus of claim 1 wherein the apparatus is part of an external defibrillator.
10. The apparatus of claim 9 wherein the external defibrillator is an AED.

11. The apparatus of claim 1 wherein the processing circuitry includes a digital

processor executing software.

12. The apparatus of claim 1 wherein determining whether the rescuer is

substantially releasing the chest comprises analyzing motion of the chest.

13. The apparatus of claim 12 wherein analyzing motion of the chest comprises

analyzing features or the shape of a waveform representing chest motion.

14. The apparatus of claim 1 comprising both a sensor to sense movement of the
chest and a sensor to sense force applied to the chest, and wherein the processing circuitry

uses outputs of both sensors to provide information representative of chest compliance.

15. The apparatus of claim 14 wherein the information representative of chest

compliance is used to determine a level of applied pressure/force that corresponds to a

substantial release of the chest.

16. Apparatus for assisting a rescuer in performing chest compressions during CPR
on a victim, the apparatus comprising:

a pad or other structure configured to be applied to the chest near or at the location at
which the rescuer applies force to produce the chest compressions; and

at least one velocity sensor connected to the pad, the velocity sensor being configured

to sense the velocity of movement of the chest.

17. The apparatus of claim 16 further comprising processing circuitry for processing

the output of the velocity sensor to estimate the displacement of the chest.
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18. The apparatus of claim 17 wherein the processing circuitry has the capability to
integrate an output of the velocity sensor.

19. The apparatus of claim 16 or 29 wherein the velocity sensor is configured to be

located approximately adjacent to the location at which the body is compressed.

20. The apparatus of claim 16 or 29 wherein the velocity sensor is configured to be

positioned to sense the relative velocity between opposite surfaces of the chest.

21. The apparatus of claim 16 or 29 wherein the velocity sensor comprises a
conductor and a magnet, and velocity is sensed by sensing the current induced in the

conductor by relative motion between the conductor and the magnet.

22. The apparatus of claim 21 wherein the magnet comprises one of a permanent
magnet and an electromagnet.

23. The apparatus of claim 21 wherein the conductor and magnet are positioned on
opposite surfaces of the chest. "

24. The apparatus of claim 21 wherein the conductor comprises a coil that is unitary
with a defibrillation electrode pad.

25. The apparatus of claim 21 wherein the conductor and magnet each comprise a

coil that is unitary with a defibrillation electrode pad.

26. The apparatus of claim 16 or 29 wherein the magnet comprises an electromagnet
and the clectromagnet produces a magnetic field that oscillates at a frequency greater than 1
KHz, and further comprising coil detection circuitry to which the coil is connected, wherein

the coil detection circuitry is capable of synchronously demodulating the detected signal to
reduce susceptibility to drift and noise.
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27. The apparatus of claim 16 or 29 further comprising circuitry for acquiring ECG
signals from the victim, and wherein the processing circuitry has the capability to process the
output of the velocity sensor and the ECG signals to reduce ECG artifacts from chest

compressions by use of velocity sensor output.

28. Apparatus for assisting a rescuer in performing chest compressions during CPR
on a victim, the apparatus comprising:

a pad or other structure configured o be applied to the chest near or at the location at
which the rescuer applies force to produce the chest compressions;

at least one motion sensor connected to the pad, the motion sensor being configured -
to sense movement of the chest;

processing circuitry for processing the output of the motion sensor to estimate the
maximum velocity of compression of the chest; and

at least one prompting device connected to the processing circuitry for providing the

rescuer with information representative of the maximum velocity of compression.

29. The apparatus of claim 28 wherein the motion sensor comprises a velocity

sensor.

30. A method of determining chest compression during CPR, the method comprising

applying a motion sensor to the chest of a patient at a location near or at the location
at which a rescuer applies force to produce chest compressions;

determining chest displacement from analysis of features of the motion waveform

produced by the motion sensor.

31. The method of claim 30 wherein the motion sensor is a velocity sensor.

32. The method of claim 30 wherein the motion sensor is an accelerometer.
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33. The method of claim 32 further comprising deciding from the analysis of features

of the acceleration waveform whether or not a rescuer has sufficiently released the patient’s

chest.

34. The method of claim 32 further comprising processing the output of the

accelerometer to provide velocity and acceleration waveforms.

35. The method of claim 33 further comprising processing the output of the
accelerometer to provide velocity and acceleration waveforms, and analyzing the velocity

and acceleration waveforms to determine whether or not a rescuer has sufficiently released

the patient's chest.

36. The method of claim 34 wherein the analysis of vblocity waveforms includes

determining the maximal velocity of compression.

37. The method of claim 32 or 34 wherein determining chest displacement from

analysis of features comprises determining onset and completion times for a compression

cycle from the features of the waveforms.

38. The method of claim 37 wherein determining chest displacement further

compriscs integrating the acceleration waveform over a time segment defined by the onset
and completion times.

39. The method of claim 32 or 34 further comprising analyzing the features of the

upstroke portion of the waveforms to determine whether there has been sufficient release of
the chest.

40. The method of claim 32 or 34 further comprising prompting a rescuer based as

to whether compressions are within desired limits on compression depth and compression

release.
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41. The method of claim 40 wherein the prompts to the rescuer are based on multi-
cycle trends, so that they are not immediately influenced by the rescuer taking a brief break
in the application of CPR.

42. The method of claim 40 further comprising determining chest compliance, and
using the determined chest compliance to adjust the level of pressure/force that the rescuer is
permitted to apply at the end of a compression stroke without being prompted as to

insufficiently releasing the chest.

43, The method of claim 34 wherein the features determined from the waveforms
include one or more of the following: width, amplitude, area, center of mass, skewness,
height/width ratio, TAR, TAMPR and TWR.

44, The method of claim 43 wherein the features are used to make a decision as to

whether the chest of the victim has been sufficiently released.

45. The method of claim 44 wherein decisions are made using either standard

decision logic, fuzzy-logic decision methodology, or statistical estimation.

46. A method of analyzing ECG signals during application of CPR, the method
comprising:
detecting ECG signals during application of chest compressions;

detecting the output of a sensor from which information on the velocity of chest

compressions can be determined; and

using the information on the velocity to reduce at least one signal artifact in the ECG

signa] resulting from the chest compressions.

47. The method of claim 46 wherein the sensor is a velocity sensor, and the

information on the velocity is determined from the velocity sensor.
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48. The method of claim 46 wherein the sensor is an accelerometer, and the

information on the velocity is determined from integration of the output of the accelerometer.

49. The method of claim 46 wherein using the information on the velocity to reduce
at least one signal artifact in the ECG signal comprises time aligning the ECG signals with
the velocity.

50. The method of claim 46 wherein using the information on the velocity to reduce
at least one signal artifact in the ECG signal comprises an adaptive filter that is adjusted to -

remove chest compression artifacts.

51. The method of claim 46 wherein using the information on the velocity to reduce:
at least one signal artifact in the ECG signal comprises feed forward active noise

cancellation.

52. The method of claim 46 wherein using the information on the velocity io reduce
at least one signal artifact in the ECG signal comprises determining a cutoff frequency for a
filter that separates the ECG signal from chest compression artifacts.

53. Apparatus for assisting a rescuer in performing chest compressions during CPR
on a victim, the apparatus comprising:

a pad or other structure configured to be applied to the chest near or at the location at
which the rescuer applies force to produce the chest compressions;

at least one motion sensor connected to the pad, the motion sensor being confipured
to sense movement of the chest;

at least one force sensor connected to the pad, the force sensor being configured to
sense force applied to the chest; and

processing circuitry for processing the output of the motion sensor and force sensor to

estimate the compliance of the chest.
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54. The apparatus of claim 53 wherein the estimated compliance and the output of

the force sensor are used to determine the depth of compression of the chest.

55. The apparatus of claim 54 wherein the motion sensor is an accelerometer, and the
output of the accelerometer is used primarily for estimating chest compliance, and
compression depth during CPR is estimated by using the estimated compliance to convert the

output of the force sensor into estimated compression depth.

56. The apparatus of claim 55 wherein the output of the accelerometer is used during
limited time intervals for estimating chest compliance, and outside of those limited time
intervals chest compression is determined from the estimated compliance and the output of

the force sensor without substantial use of the output of the accelerometer.

57. The apparatus of claim 53 or 54 wherein the estimated compliance and the output

of the force sensor are used to determine whether the chest has been substantially released.

58. Apparatus for assisting a rescuer in performing chest compressions during CPR
on a victin, the apparatus comprising: . .

a pad or other structure configured to be applied to the chest near or at the location at
which the rescuer applies force to produce the chest compressions;

at least one bistable mechanical element that when depressed provides tactile
feedback to the hand of the rescuer upon the start of a compression and at the end of a

compression.

59. The apparatus of claim 58 wherein the mechanical element comprises a dome

that collapses under pressure and returns to a dome shape on release of pressure.

60. The apparatus of claim 58 wherein the bistable mechanical element further

provides audible feedback at least at the end of a compression.
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61. The apparatus of claim 58 wherein the tactile feedback at the end of a
compression occurs at approximately an applied force corresponding to substantial release of
the chest, so that the tactile feedback serves as feedback to the rescuer that the chest has been

substantially released.
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ABSTRACT

An apparatus for assisting a rescuer in performing chest compressions during CPR on
a victim, the apparatus comprising a pad or other structure configured to be applied to the
chest near or at the location at which the rescuer applies force to produce the chest
compressions, at least one sensor connected to the pad, the sensor being configured to sense
movement of the chest or force applied to the chest, processing circuitry for processing the
output of the sensor to determine whether the rescuer is substantially releasing the chest
following chest compressions, and at least one prompting element connected to the
processing circuitry for providing the rescuer with information as to whether the chest is

being substantially released following chest compressions.



JP 2005-46609 A 2005.2.24

(53)

AED

AED

MEMBRANE SWITCH
(OR MECHANICAL SWITCH)

o
w
X
|
o
(7]

N

HOUSING \—»

ACCELEROMETER

PRESSURE PAD

VICTIMS CHEST

VICTIM'S CHEST

FIG. 3

FIG. 1

ct

PRESSURE ON

SWITCH

(DASHED LINE)

TRIGGER THRESHOLD
(SOLID STRAIGHT LINE)

do

P - R

H

COMPRESSIONS|
ACCELERATION

DISPLACEMENT

4
t
- °

55
H

A

)

i

[ wiwii

ACCELERATION

BEAARAR

PRESSURE -

TIME

FIG. 4

FIG. 2

9 'Old
sydwoig oipny 700¥ 89
‘51919
Keydsiq sidwio1g olpny _S_mw_wmmﬂ
H Ar 1500t
; [eusig 10 I319WOIB[30Y

Jossavoxdosoipy

19113AU0D) (/Y

JoudAuo) /Y

Suruontpuo) [

[eudig

End Time

m\.a |
g « M
H 2
] g 2
8 £
K
g
|
3
<

Velocity

Displacement

ened uo
10Suag AJ00[PA
10 191201320y




\
1 ’
/ -, s ~
"_’/ r\____ =
—=zl_ "2 )y
-~ - !
Pud - -
< - 1 -
] ! d
1 I '
\ i
5 2 o
% > L5 (D
by 5} ® e
3 < a b
g o
Anterior :
Posterior
Electrode Electrode
Electrically 3
Cable Conductive Elecmca_lly
Aron ‘ Conductivel Cable
Area
Defibrillator Defibrillator
FIG.9A  FIG.9B
Adhesive Coil
Border 5
region FETTHEEA
Electrically :
Conductive

Area

FIG. 10

(54)

JP 2005-46609 A 2005.2.24

FIG. 8

[
= T
=N] ,J
g3 -
= =
< ’\_m
2T
52
g
z 3
a
A
\Y}
H
8
=
é
1%]
o8 5 ¥
8= g
(53
>88 =
2 g
e o
= |8, L»E
R £
5 | E& 3
S |- =
L
]
=
& t
-
8
8
2
&
]
g
-
B
"
{
9
g5 s
] ~
g :
2 O]
T




(55) JP 2005-46609 A 2005.2.24

A -
«
Low Pass +
) Filter, H(z) z )0
, f-
FFT
»
§
= —
F
8 FFT Cutoff
- v(n) . Estimation
4
W(z)
>
Least Mean
» Squares |«
—
FIG. 13

High Pass
Filter, H(z)

x(n)

Frequency

Cutoff
Estimation

v(n)

FIG. 15

Frequency

FIG. 14



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

FRI&R BB A

EHA

IPCH %S

CPCH %S

FIZRS

F-TERMZ K5

RIBA (1)

L5

L M2 FF S0k
S\EReERR

BEG®)

P T & CPRAA R MO &R 48 U 9 5 A MR &

JP2005046609A NFF(RE)R
JP2004187682 RiFH
EREFFRAF

OrresBEJ7 A

TJLFVY o945 —7
FAV—=TA47)—X>
RFILRT=ILINTF ¥ —

JLFUY Y =7
TFAIV—IT4.7V—X>
RFILRT=ILNTF¥—

patsnap

2005-02-24

2004-06-25

A61B5/0402 A61B5/00 A61B5/024 A61B5/0245 A61B5/11 A61B5/145 A61H31/00 A61N1/39 A62B9/00

A62B33/00

A61B5/024 A61B5/0402 A61B5/11 A61B5/1102 A61B5/145 A61B5/6823 A61B5/6833 A61B5/7455
A61B2562/0219 A61B2562/0247 A61H31/005 A61H31/007 A61H2031/002 A61H2201/5007 A61H2201
/5043 A61H2201/5048 A61H2201/5061 A61H2201/5071 A61H2201/5079 A61H2201/5084 A61H2230
/04 A61H2230/06 A61H2230/207 A61N1/39044 A61N1/3925 G16H15/00 G16H40/63 HO1H2215/004

A61H31/00 A61B5/04.310.M

4C027/AA02 4C027/BB05 4C027/CC02 4C027/FF02 4C074/AA04 4C074/BB04 4C074/CC17 4C074
/DD06 4C074/EE02 4C074/HH10 4C127/AA02 4C127/BB05 4C127/CC02 4C127/FF02

IR

10/609001 2003-06-27 US
10/704366 2003-11-06 US

JP4689979B2

Espacenet

ERREFR - RE—FERE ARIT/ONE 75 R R 1T M B0 4% A
MEIRBIENRE., ZREERINBMHEMEN , ZRMNEALE MGG
FRIESRBY & M 00 AATROER R E M (U B T e N E R EB, =D —
MREE N AN ERE 3 RAE I BI M ERAY h B R RER |, HTERBERN A

HHATAE , AATRBARETHRZERT2BRBEE. —FATH i
ERERBHEGNLERE  URED - NEZLEBRAENETE i
rt  ATERBERBEXHTRIERNBRETERBNEES.

[ 2



https://share-analytics.zhihuiya.com/view/5d6ffd99-9f85-4cd0-ac48-e64919b44c95
https://worldwide.espacenet.com/patent/search/family/033424176/publication/JP2005046609A?q=JP2005046609A

