(1900000003 PO

a2 O O O O O Oooo auoooooooo

00 [0 20020 248102
(P20020 248102A)
(43)000 0014090 30 (2002.9.3)

G Int.Ccl
OAD6010B 8/12

oooo

OAO6010B 8/12

Fl 0000000( O O)
040c030001

ooonD 000 DDOOoOOoO0 4pooo 340D

@noooo 0O 0 20010 383856(P20010 383856)

(22000 0 0130 120 180 (2001.12.18)
(EHOOO00000 09/741255
(32)000 0 0 120 120 190 (2000.12.19)
(33)000000 00 US)

@nooo

(72)000

74H000

300019238
oooooODOOO0OO0OoOo0ooooooDn
oooooODOOOO0oOoOooOoooooon
oooo
Oo0OO0O0ODODOO0O0000000DObs5318
si000ooooooooooononoon
ooooooO0O000000vrion 3000
ooooooOoO0oO0O0o0oo0ooooon
oooooobOO0O0s23000oooon
oooooobOOoO0o0oooosio

100093908

ooo 00 oo

goooog

GHOODDDOODO0O0D D00D0U0ooooooooooooooooooo

(G7oooo

0000 0O0O0OOOOO0O0OO0O000000000
0000000000 C0C0O0000000000000
ooooo

000000 OOOOOO0O0O0O0O000000000
000000000000 0000000000000
000000000000 0000000000000
000000000000 0000000000000
0000000000000 000000000000
0000000000000 000000000000
000000000000 0000000000000
00000000000O00000000000000
00000000000O00000000000000
0000000000000000000000000
00000000000O000O00000000000
00000000000O000O00000000000
00000000O000000O00000000000
oooooooo

100

N

S AR —H

120

AFyongl



goooboogooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooobooooog
ooooon0O oOoooooobobooooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooo

oooobon0O oooooooboooooooooon
oooobooooooooooooooooooo
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gboogooaoo

gbooooo bOooboobooboobooboao
gooao

gboogooo bOoobooboobooboobooo
goooon

gbooooo bOooboobooboobooobooo
gbooobooobooboobooboooboooobooo
gboogobobooobooooooboboobog
gooooo bOoobooboobooboooboo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooon
goooboobo Dbooboobooboobooobooo
gooooooooooooboooboogoooo
ooooon0O oOoooooobobooooooooooon
gooooooooooooon

oooobooo Oooooboooooooooboon
oooobooooooooooboooooooooon
ooooooooogd

ooooooo ooooooboooooooooooo
goooboooooooooooooooooooon
oooooooogogoono

gbogood oobooboobdooboobao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
aon

gboooodg ooboobooboobooboao
gboooooboobooboobooobooooboao
gboooboboobooooobooboga
gbooooboodg ooboobooboobooobooo
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboooobo
goooboog ooboobooboobooobooo
goooboooboobooboobooboooobooo

@

10

20

30

40

gboobooobooaoboao

2
gboogboooboobooobooo
googooboog Oooboobooboooboboo
gboogobooboobbooboooboobooobogoon
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
ooooooo
oooooooO Ooooooobobooooooooooo
ooooooo
ooooooo0O ooooooobooooooooooo
oooooooo
gbogood ooboobooboobooboao
gbogoooboobouobooboobooboao
gbbogoooboubouoboobooboa
gboogoodg oobooboobooboooobooo
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboboooboooboobooboobooooa
gbooooodo ooboobooboobooobooo
gboboooooboboooboooboobogoobooon
gboooboog oOobooboobooboooboo
gooooooboobooboooboooboboobo
goooboooboobooboobooboooobooo
gobooooooobooo
googooboog Oooboobooboooboboo
gooobooobooboobooboooboooobooo
oooooooooooo
oooooooO ooooooboboooooooooo
oooooboooooooooboooooooooon
ooooooooooooo
ooooooO0 ooooooboobooooooooooo
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooo
oooooooO oooooobobooooooooooo
gbogoooboobouobooboobooboao
gbogooobooboooao
gboooood oobooboobooboooboao
gboooboobooboobooboobooooboaon
gbooooooon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
googooogo
gboooboog oOobooboobooboooboo
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooobooboobooboobobobob 50 booobooobooobooboboo



3
gooobodg oobooboobooboooboo
goooboooboobooboobooboooobooo
gboooboooboobooboooobooon
ooooooo oooooobobooooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
goooooooooooon
ooooooo0 oooooboooooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
ooooooo
ooooooo oooooboooooooooooon
gbooooobouobouoboobooobaoboa
ubbooobooboabooboooa
ugbogoodg oobooboobooboobao
gbooooooboobooboooooboboa
gbooooboobooooogn
gbooooodg oobooboobooboobooo
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
ao
ooooooooog
oooooo
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogoougboubogboobooboa
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooooobooboobooooobobog
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
goog
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
ugboooooboaboad
gbogooobouobooboobooboobao

®

10

20

30

40

50

gboobooobooaoboao

4
Oo0oo00o0d0o0ooooooooooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0o00000o0o0oooooooooooooooon
dodoboooooobobooooobooooobooa
dodoboooooobobooooobooooobooa
godobooooooboobooooooboooooooa
doddobooooooboboooooboooooooa
doddobooooooboboooooboooooooa
dodoboooooobobooooooboooooooa
dddobooooooboboooooboooobooa
dddobooooooboboooooboooobooa
gddoboooooobobooooobooooooa
goboboodooooooooboooooooooon
goooboooooooooobboooooooao
goooooooooooooboooooooooon
goobodooooooooboooooooooo
goobodooooooooboooooooooo
gooobodooooooooboooooooooo
goobbodoooooooobbouoooooao
goobodooooooooboooooooooo
goobooddooodoooooboooooooooo
gooooddoooooooobooooooooooo
gooooddoooooooobooooooooooo
goo0o0odooooooooboooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0o00000o0o0oooooooooooooooon
dodoboooooobobooooobooooobooa
dodoboooooobobooooobooooobooa
godobooooooboobooooooboooooooa
doddobooooooboboooooboooooooa
doddobooooooboboooooboooooooa
dodoboooooooboooobooooooooo
dddobooooooboboooooboooobooa
dddobooooooboboooooboooobooa
goooooooon
goboboodooooooooboooooooooon
goboboodooooooooboooooooooon
goooooooooooooboooooooooon
goobodooooooooboooooooooo
goobodooooooooboooooooooo
gooobodooooooooboooooooooo
goobodooooooooboooooooooo
goobodooooooooboooooooooo
goobooddooodoooooboooooooooo
gooooddoooooooobooooooooooo
gooooddoooooooobooooooooooo
goo0o0odooooooooboooooooooon
Oo0oo00o0d0o0ooooooooooooooooon
Oo0oo00o0d0o0ooooooooooooooooon



5
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
goooboooooooobooooOooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
oooooooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
oooobobooooooobooooooooooon
gbooooobouoboobooboobooboao
gooao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

*

10

20

30

40

gboobooobooaoboao

6
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
goooboboobooooobooobog
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
ao
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooo
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogooobouobouobooboooboobooa
gbogobooboobouobooboobooboao
gbobooobooobooobooon
gbobooooobooboobooboooboboa
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
googoobooooooogo
goooon

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



7
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouobouoboobooobaoboa
gbooooobouoboobooboobooboao
gbogooobouobouobooboooboboa
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gbooooboooboobooboon
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
goooboooooooobooooOooooooon
oooooo
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gboooboooboobooboooDo
goooboooboobooboobooboooobooo

®

10

20

30

40

gboobooobooaoboao

8
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooooobooooooooo
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbobooobodaood
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gbooobooobobooboooboobooobooon
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
aon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



9
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
goooooooooooooo
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooobooboobooboooboboa
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
goog
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooboboooooooobooooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gboooboooboobooooboan
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gbooooooboobooboooooboboa
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

©)

10

20

30

40

gboobooobooaoboao

10
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooobobooooooobooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
ooooooooooooooooooog
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogooobouobouobooboooboobooa
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
goooooooog
gboooobooobooboobooboooboboo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
gooooooooooooooboooood
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gboboooboobaooboon
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gooooooboobooboooboooboboobo
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



11
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
ubogoboobogbooboooa
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooobooboobooboooboboa
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooooobooboobooooobobog
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooobooooog
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
oooooooogogoono
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooboboboo

Q)

10

20

30

40

50

gboobooobooaoboao

12
gooogbooboobooboobooboooobooo
gboooobooobooboobooboooboboo
gooobooobooboobooboooboooobooo
oooooo
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gbooooooboobo
gooooooboobooboooboooboboobo
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
gooobobooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gboboooboaood
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
goooboobooooooogo
gooogbooboobooboobooboooobooo



®) goboobooodoobod

13 14
goooboooboobooboobooboooobooo *0od
goooboooboobooboobooboooobooo goooooo
gboooboooboobooboobooboooobooo go0 OoOooobooooooo
gooooooooooooooboooooooooon ooo oOoo
gooooooooooooooboooooooooon ooo oOoo
goooobooooooooboboooooooooon ooo OoOoOoogd

gboogooaood ooo OoOooooggoo
gbooooobooboobooboobooooboao ooo OoOo0o0

gbooooooood oodo OoOOooooooooboooood
ooooooooooooooooooooooboooo 10 00O obOoo

gbooboooboooao ooo oOoo

gboooboooboobooboobooobooooboao ooo OoOoOoogd
gbooobooobooboobooboooboooobooo ubo oboooboood
gooogoo ugoo ooooo
gboooobooobooboobooboobooobooo goo oodoaood
gbooobooobooboobooboobooobooo agoo oooood
googd agoo oooood
goooboooboobooboobooboooobooo goo oooood
gboooboooboobooboobooboooobooo goo ooad
goooo 20 OO0 OOoOoooo
gooooooooooooooboooooooooon goo ooad
gooooboooooooooooooooooooo™

oood oood

100 200

™ ™

S, RS0 —
FF AR a—HF 240

235

120

Eai—Am

b et oy

RE-poavk

rI RS a—HE
BBl TAT vl
HEsRLRZ R0 —H
EEEECHLOMTS

230



(©)) goboobooodoobod

oood

oooo
300 490
A CHLTLIEE D
(BEOXESETHRNEED)
ZaEANTHERSES
(RESEIRRSED)
320
‘ 320
240 \_.,/—— /-_'
- Adxoowl - PSR
N ’// 20
;,"-j‘: Tk R f 230 \
RSl #0 2
BB T e
AEE YT
SR ICHIRN T (Y F
oogo oooo
500 600
535 RALHHEDEE A rapl e iREE D
- Lﬁ REFERMNCT S ESIHLTFIFS
x
| 540
M 540
| RErtAyl AFprenl
0 20 o 220
70
. w BEBOLL
A HAH RS
[t T EITR S A L
FRIEATEMNER —
MeL o ERHRE
EJEHTLvD

R AT D —
DooHRUS

goooooooog

(72) 000 0O0O00OOooooo

odooob3sgoooooooogod
oogooozio

OOO0OD@O0O 4C301 EEO7 EE11 EE19 FFO4 FFO5
FF13 GAO1



(10) uoboooboooboaobod

gooooooo
1. Title of Invention
TRANSESOPHAGEAL ULTRASOUND PROBE

WITH EXPANDABLE SCANHEAD

2. Claims

1. An internal imaging probe including:
an expandable scanhead (220)for improving the positioning

of an imaging clement mounted on said scanhead (220).

2. The probe of claim 1 further including an endoscope (210) that is
introduced into the esophagus of a patient wherein said scanhead (220) is located

on the distal end of said endoscope (210).

3 The probe of claim 1 wherein said scanhead (220} includes:
an inflation duct (320) that allows passage of a fluid; and
a flexible pouch (240) that receives said fluid,
said scanhead (220) expands when said flexible pouch (240)

receives said fluid.

4, The probe of claim 3 wherein said fluid is water.
5. The probe of claim 3 wherein said fluid is air.
6. The probe of claim 1 wherein said scanhead (220) includes an

extensor, said extensor operates to expand said scanhead (220).

7. The probe of claim 1 wherein said scanhead (220) includes:
an extensor, said extensor operates to expand said scanhead

{220); and a hinge (530) for rotating said extensor.

8. The probe of claim 7 further including a flexible cover (510) that

covers said extensor.

9. The probe of claim 6 wherein said extensor is a piston-driven

extensor.

10. The probe of claim 1 further including a control handle for

allowing control of the expansion of said scanhead (220).
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11.  The probe of claim 1 further including a transducer (230) for

ultrasonically imaging the internal structures of a patient.

12.  The probe of claim 2 wherein said transducer (230) contacts an

esophageal wall (205) of a patient as said scanhead (220) expands.

13, The probe of claim 1 wherein said imaging element includes a
direction of view (235), said direction of view (235) is substantially perpendicular

to the esophageal wall (205) of a patient.

14. A medical imaging system including:
a probe for imaging internal structures of a patient,
said probe including an expandable scanhead (220) for
improving the positioning of an imaging element mounted
on said scanhead (220).

15.  The system of claim 14 wherein said probe is mounted on an
endoscope (210) that is introduced into the esophagus of a patient wherein said
scanhead (220) is located on the distal end of said endoscope (210).

16 The probe of claim 14 wherein said scanhead (220) includes:

an inflation duct (320) that allows passage of a fluid; and

a flexible pouch (240) that receives said fluid,
said flexible pouch (240) expands when said flexible pouch (240) receives
said fluid.

17.  The probe of claim 16 wherein said fluid is water.
18.  The probe of claim 16 wherein said fluid is air.

19.  The probe of claim 14 wherein said scanhead (220) includes an

extensor, said extensor operates to expand said scanhead (220).

20.  The probe of claim 14 wherein said scanhead {220) includes:
an extensor, said extensor operates to expand said scanhead

(220); and a hinge (530) for rotating said extensor.
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21, The probe of claim 20 further including a flexible cover (510) that

covers said extensor,

22.  The probe of claim 14 wherein said extensor is a piston that moves

away from said scanhead (220) in order to expand said scanhead (220).

23.  The probe of claim 14 further including a control handle for

allowing control of the expansion of said scanhead (220).

24, The probe of claim 14 further including a transducer (230) for

ultrasonically imaging the internal structures of a patient.

25.  The probe of claim 15 wherein said transducer (230) contacts an
esophageal wall (205) of a patient as said scanhead (220) expands.

26.  The probe of claim 14 wherein said imaging element includes a
direction of view (235) , said direction of view (235) is perpendicular to the

esophageal wall (205) of a patient.

27. A method of imaging an internal structure of a patient using an
imaging probe having a scanhead (220) including the step of:
expanding the scanhead (220) of an imaging probe that has
been introduced into said patient to improve the positioning
of an imaging element, that includes a direction of view
(235), mounted on said scanhead (235).

28.  The method of claim 27 wherein said expanding step includes the
step of introducing said imaging probe into the esophagus of said patient while

said imaging probe is unexpanded.

29,  The method of claim 27 including the step of positioning said
imaging element substantially parallel to an esophageal wall (205) of said

individual.



(13) uoboooboooboaobod

30,  The method of claim 29 further including the step of expanding
said scanhead (220) after said imaging probe has been postioned to image said

intemnal structure.

3l The method of claim 29 further including the step of positioning
said imaging element so that said internal structure is in the direction of view

(235) of said imaging element.

32, The method of claim 30 wherein said expanding step includes

inflating said scanhead (220).

33, The method of claim 30 wherein said expanding step inclndes

moving an extensor located in said scanhead (220).

34,  The method of claim 27 wherein said imaging step includes

positioning a transducer (230) mounted on said scanhead (220).
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3. Detailed Description of Invention
BACKGROUND OF THE INVENTION

The present invention generally relates to improvements in a
transesophageal ultrasound probe, and more particularly to a transesophageal

ultrasound probe including an expandable scanhead.

Various medical conditions affect internal organs and structures. Efficient
diagnosis and treatment of these conditions typically require a physician to
directly observe a patient’s intemal organs and structures. For example, diagnosis
of various heart ailments ofien requires a cardiologist to directly observe affected
areas of a patient’s heart. Instead of more intrusive surgical techumiques,
uttrasound imaging is often utilized to directly observe images of a patient’s

internal organs and structures.

Transesophageal Echocardiography (TEE) is one approach to observing a
patient’s heart through the use of an ultrasound transducer. TEE typically
includes a probe, a processing unit, and a monitor. The probe is connected to the
processing unit which in tum is connected to the monitor. In operation, the
processing unit sends a triggering signal to the probe. The probe then emits
ultrasonic signals into the patient’s heart. The probe then detects echoes of the
previously emitted vitragonic signals. Then, The probe sends the detected signals
to the processing unit which converts the signals into images. The images are
then displayed on the monitor. The probe typically includes a semidflexible

endoscope that includes a transducer located near the end of the endoscope.

Typically, during TEE, the endoscope is introduced into the mouth of a
patient and positioned in the patient’s esophagus. The endoscope is then
positioned so that the transducer is in a position to facilitate heart imaging. That
is, the endoscope is positioned so that the heart or other internal structure to be

imaged is in the direction of view of the transducer. Typically, the transducer
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sends ultrasonic signals through the esophageal wall that come into contact with
the heart or other internal structures. The transducer then receives the ultrasonic
signals as they bounce back from various points within the internal structures of
the patient. The transducer then sends the received signals back through the
endoscope typically via wiring. After the signals travel through the endoscope,
the signals enter the processing unit typically via wires connecting the endoscope

to the processing unit.

In order to obtain accurate images of internal organs and structures, such
as the heart, it is preferable that the transducer maintain uniform and close contact
with the esophageal wall. The close and uniform contact with the esophageal wall

typically assists the transducer to receive signals that are minimally distorted.

Figure 1 illustrates a conventional transesophageal probe 100 according to
one embodiment of the prior art. The conventional probe 100 includes an
endoscope 110 and a control handle (not shown). The enodscope 110 includes a
scanhead 120 that includes a transducer 130 mounted on the scanhead 120. The
transducer 130 includes a direction of view 135. The transducer 130 comes into
contact with an esophageal wall 105 of a patient. The control handie and the
scanhead 120 are located at opposite ends of the endoscope 110, The transducer
130 is connected to the processing unit via wiring (not shown) that extends
through the scanhead 120 and throughout the length of the body of the endoscope
110. The wiring in the conventional probe 100 is then connected via a cable (not
shown) to a processing unit (not shown). The processing unit is then connected

via wiring to a monitor (not shown) for display of the ultrasound image.

In operation, the scanhead 120 of the probe 100 is introduced into the
esophagus of a patient. The probe 100 is then positioned via the control handle so
that the internal structure to be imaged is within the direction of view 135 of the
transducer 130. The endoscope 110 of the probe 100 is bent in order to gain
leverage so that the transducer 130 located on the scanhead 120 may achieve close

and uniform contact with the esophageal wall 110. That is, the endoscope 110 is
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wedged into the esophageal wall 105, Wedging the endoscope 110 into the
esophageal wall of the patient may cause discomfort to the patient and/or injure
the patient’s esophageal wall. In order to maintain close and uniform contact
between the transducer 130 and the esophageal wall 105, the side of the
endoscope 110 opposite of the transducer 130 is wedged against one side of the
esophageal wall 105 thus pressing the transducer 130 side of the endoscope 110
firmly against the side of the esophageal wall 105 closest to the intemal structure
being imaged. The transducer 130 then sends ultrasonic signals into the internal
structures of the patient and receives the ultrasonic signals that bounce back from
the internal structures of the patient. The transducer 130 then sends the ultrasonic
signals via wiring through the endoscope 110 to the processing unit. The
processing unit then processes and converts the signals into viewable images
which are then displayed on the monitor. Once imaging is complete, the

endoscope 110 is removed from the patient’s esophagus.

Typically, bending the endoscope 110 and wedging the endoscope 110
into the esophageal wall 105 may not be preferable for several reasons. The
bending of the endoscope 110 forces the scanhead 120 to engage the esophageal
wall at an angle which may negatively impact the transducer’s 130 ability to
image the internal structure. That is, the operative surface of the transducer 130
on the scanhead 120 is not paralle] with the esophageal wall. Instead, the
transducer 130 is angled into the esophageal wall. Therefore, the transducer 130
typically is not positioned parallel to the surface of the esophageal wall.
Typically, the endoscope 110 is positioned so that the direction of view 135 of the
transducer 130 is angled below the structure, or at an acute angle. That is, the
direction of view 135 is not at a 90° angle with respect to the structure being
imaged. When the direction of view 135 of the transducer 130 is not at a 90°
angle with respect to the intemal structure being imaged, the image may be
distorted due to misleading transducer recordings. That is, the transducer 130
receives signals that bounce back off internal structures that may be at different

distances from the transducer 130 if the direction of view 135 was at a 90° with
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respect to the internal structure. Thus, because the transducer 130 is not parallel
and in contact with the esophageal wall 105, the transducer 130 may receive a

distorted image.

That is, because the scanhead 120 is angled into the esophageal wall 105,
the transducer 130 is typically in partial contact with the esophageal wall. Thus,
only the portion of transducer 130 contacting the esophageal wall 105 sends
signals to, and receives signals from the internal structure being imaged. The
partial contact between the transducer 130 and the esophageal wall 105 typically
results in the transducer 130 sending and receiving signals with a low
amplification. Consequently, the images generated from the received signals are
typically incomplete, attenuated, and/or distorted.  Typically, incomplete,
attenuated, and/or distorted signals are undesirable for accurate medical diagnosis
because the image itself is not an accurate portrayal of the internal structure being

imaged.

Further, the direction of view 135 of the transducer 130 may cause the
endoscope 110 to be mistakenly positioned due to counter-intvitive images
displayed on the monitor. That is, the endoscope 110 is positioned via a control
handle located on the probe. The control handle is located at the opposite end of
the endoscope 110 as the transducer 130. The endoscope 110 is deflected and
bent via the contro] handle of the probe so that the transducer 130 is tilted upward.
Because the transducer 130 is located at the distal end of the endoscope 110, the
transducer 130 is titled upward as the endoscope 110 wedges against the
esophageal wall 105, Because the transducer 130 images the internal structure
from below, the corresponding imape sent to the monitor is typically counter-

intuitive and can potentially cause confusion to an operator observing the image.

Bending the end of the endoscope 110 so that the transducer 130 is pressed
against the esophageal wall 105 of a patient may present various physiological
problems as well. For example, moving the bent endoscope 110 further down the

esophagus may damage the esophageal wall. That is, because the endoscope 110
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is wedged into the esophageal wall 105, the distal end of the endoscope 110 is also
wedged into the esophageal wall 105, The distal end of the endoscope 110 may
snag the esophageal wall 105 and dig into it thereby damaging the esophageal
wall 135.

Further, the force to maintain close and uniform contact between the
transducer 130 and the esophageal wall 105 may cause wounds to the csophageal
wall 105. That is, because the endoscope 110 is deflected and the transducer 130
is pressed against the esophageal wall 105, the force required to maintain close
contact with the esophageal wall 105 may be enough force to lacerate, bruise, or

otherwise injure the esophageal wall 105.

Therefore, a need has existed for a transesophageal probe that safely,
efficiently and accurately images internal organs and structures. Further, a need
has existed for an a transesophageal probe that minimizes the susceptibility of
injury to the esophageal wall during procedures such as TEE. A need has also
existed for a transesophageal probe that requires less force to maintain a close and

uniform contact between the transducer and the esophageal wall.
BRIEF SUMMARY OF THE INVENTION

An internal imaging probe including an expandable scanhead for
improving the positioning of an imaging element mounted on the scanhead. The
imaging probe is introduced into the esophagus of a patient via the patient’s
mouth. Once, the imaging probe is introduced, the imaging probe is positioned to
a point where an internal structure of the patient is within the dircction of view of
an imaging clement, such as a transducer, located on the scanhead. Once
positioned, the scanhead is expanded. The scanhead may be expanded via
inflation, or through the use of a movable extensor Iocated within the scanhead.
The inflatable scanhead includes a flexible pouch that receives fluid, such as air or
watet, from an inflation duct. The scanhead is expanded via engaging a control

handle at the proximal end of the imaging probe. Altematively, the scanhead may
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be expanded via a moving extensor located within the scanhead. The extensor

may be a rotating extensor or a piston-driven extensor.

The scanhead is expanded until the imaging element, such as a transducer,
achieves close and uniform contact with the esophageal wall of the patient. Close
and uniform contact between the imaging element and the esophageal wall
increases the accuracy of the signals received by the imaging clement. Further,
expanding the scanhead while the scanhead is within the esophagus of the patient
minimizes the risks of damage to the esophageal wall that are associated with
prior art probes. Once the imaging process is complete, the imaging probe is
returned to its unexpanded size and removed from the esophagus of the patient.
The imaging probe may be included within a medical imaging system that
includes the probe, a processing unit, and a monitor for displaying images of the

internal structure.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 2 illustrates a transesophageal ultrasound probe 200 according to a
preferred embodiment of the present invention. The probe 200 includes a semi-
flexible endoscope 210 and a control handie (not shown). The endoscope 210
includes a scanhead 220 which inciudes a transducer 230, an inflation duct (not
shown} connected to the control handle, and a flexible pouch 240. The transducer
238 includes a directiont of view 235. The transducer 230 comes into contact with
an esophageal wall 205 of a patient. The flexible pouch 240 and the transducer
230 are located on opposite sides of the scanhead 220. The flexible pouch 240 is
fixed permanently to the scanhead 220. The flexible pouch is preferably
composed of a durable and elastic material, such as Thermo Plastic Elastomer

{TPE), that does not pose safety hazards if ingested.

In general, the probe 200 may be included in a medical imaging system.
Such a medical imaging system may inciude the probe 200, a processing unit {not
shown), and a momnitor (not shown). [n operation, an intemal structure is imaged
by the probe 200 and the resultant image is sent to the processing unit for

processing and display on the monitor.

In operation, the probe 200 is introduced into the patient’s esophagus via
the patient’s mouth in a similar fashion as that of the conventional probe 100 of
Figare 1. However, the endoscope 210 of the probe 200 remains relatively
straight during positioning and viewing while in the patient’s esophagus. Instead
of wedging the transducer 230 into the patient’s esophageal wall 205, the flexible
pouch 240 is inflated to provide close and uniform contact between the transducer
230 and the esophageal wall 205,
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First, the endoscope 210 is introduced into the esophagus of a patient. The
scanhead 230 is deflated while the endoscope 210 is introduced. WNext, the
endoscope 210 is positioned so that structure to be imaged is within the direction
of view 235 of the transducer 230. The endoscope 210 is positioned so that the
direction of view 235 of the transducer is not at an undesired angle with respect to
the structure to be imaged. That is, the direction of view 2335 of the transducer is
preferably at a 90° angle with respect to the internal structure to be imaged.
However, the operator may choose to vary the angle somewhat in order to view

the structure from different perspectives,

Ongce the transducer 230 is positioned so that the direction of view 235 is
at a 90° angle with respect to the internal structure to be imaged, the flexible
pouch 240 is inflated as further described below with respect to Figures 3 and 4.
The flexible pouch 240 is inflated, or expanded, until the flexible pouch 240
contacts one side of esophageal wall 205. Inflating the flexible pouch 240 moves
the transducer 230 into close and uniform contact with the other side of the
esophageal wall 205, Once the flexible pouch 240 has been inflated, the
transducer 230 is employed to image the desired internal structure. After imaging
is complete, the flexible pouch 240 is fully deflated. Once the flexible pouch 240
is fully deflated, the endoscope 210 is removed from the esophagus of he patient.

Because the flexible pouch 240 is relatively soft as compared to the
endoscope 210, the risk of damage to the patient is considerably less than that
posed by the prior art probe 100. That is, because the preferred embodiment does
not require wedging the endoscope 210 into the esophageal wall 205 in order to
position the scanhead 220 thereby pressing the angled scanhead 220 into the
esophageal wall 205, the risk of an outer edge of the scanhead 220 snagging and
damaging the esophageal wall 205 is diminished. Therefore, the endoscope 210
of the present invention may be moved and repositioned during imaging without
posing the risks associated with the manual manipulation of the prior art probe
100.
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Further, because the scanhead 220 inflates whilk inside the patient’s
esophagus, less force is needed to maintain close and uniform contact with the
esophageal wall 205 than in the conventional probe 100. That is, the probe 200
does not require the endoscope 210 to wedge into the esophageal wall 205 thereby
pressing the distal end of the scanhead 220 info the opposite esophageal wall 205.
Rather, the scanhead 220 inflates until both sides of the scanhead 220 contact the
esophageal wall 205 while the end of the scanhead 220 remnains suspended in the
esophagus in an approximately vertical orientation. Because the distal end of the
endoscope 210 may be approximately vertical while the imaging process is
proceeding, the direction of view 235 of the transducer 230 may be perpendicular
to the esophageal wall 205 while imaging internal structures. The probe 200
inflates and provides uniform and close contact with the esophagus wall, but does
not require the application of varying degrees of force via manual manipulation to
maintain a close and uniform contact between the transducer 230 and the

esophageal wall,

Also, because the transducer may be positioned so that the surface of the
transducer 230 is parallel to the esophageal wall 205, a larger portion of the
transducer 230 may be in direct contact with the esophageal wall 205. Direct
contact between the transducer 230 and the esophageal wall 205 is necessary to
obtain complete and undistorted images of the intemal structure being imaged.
Additionally, because the transducer 230 may be positioned so that the direction
of view 235 is at a 90° angle with respect to the internal structure being imaged,
the accuracy of the imaging of the internal structure may be increased. That is,
the transducer 230 may receive signals that more accurately reflect the positions
of various points within the internal structure thereby providing more accurate and
intuitive images of the internal structure on the monitor. Further, minimal
transmission distance between the transducer 230 and the internal structure being

imaged decreases the effects of interference.

Figure 3 illustrates a schematic diagram 300 of the operative end of the
probe with the flexible pouch 240 deflated according to a preferred embodiment
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of the present invention. The schematic diagram 300 includes the scanhead 220 of
the endoscope 210 of Figure 2. The scanhead 220 includes the flexible pouch
240, the transducer 230, and an inflation duct 320. The inflation duct 320 allows
fluid, such as a liquid or gas, to flow between the flexible pouch 240 and the
control handle (not shown). Preferably, the inflation duct 320 is located inside of
the scanhead 220. As discussed above with respect to Figure 2, the flexible pouch
240 is fixed permanently to the scanhead 220. The flexible pouch 240 and the
transducer 230 are located on opposite gsides of the scanhead 220 of the endoscope
210. As will be illustrated below with respect to Figure 4, the flexible pouch 240
inflates or reduces to normal size via the transfer of fluid between the inflation
duct 320 and the flexible pouch 240. Conversely, the flexible pouch deflates by
releasing fluid from the flexible pouch 240 into the inflation duct 320.

Figure 4 illustrates a schematic diagram 400 of the operative end of the
probe with the flexible pouch 240 inflated according to an alternative embodiment
of the present invention, In order to inflate the scanhead 220, fluid is pumped into
the flexible pouch 240 via the inflation duct 320 from a pump in the endoscope
handie (not shown). The pump may be a manual pump, such as an air pump of a
sphygmotanometer, or the pump may be fully automatic, such as a mechanical
air compressor. Fluid, such as air or water, travels from the pump on the control
handle into the inflation duct 320. The fluid then travels through the nflation duct
320 unti] it reaches the flexible pouch 240 where it is stored. The flexible pouch
240 inflates, thereby expanding, as fluid is infroduced into the flexible pouch 240.

In order to deflate the flexible pouch 240, the user may release the fluid
through a release valve located on the control handle (not shown). Activating the
release valve allows fluid to escape from the flexible pouch 240 into the inflation
duct 320.

Alternatively, the fluid used to inflate the flexible pouch 240 may be
water, another non-toxic liquid, or a gas that poses no safety threats if ingested.

Also, alternatively, during deflation, the fluid may be transferred to a different
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portion of the probe or the fluid may be released into the environment outside of
the patient. Also, the fluid may be evacuated from the inflation duct 320 and the

flexible pouch through the use of a fluid suction mechanism.

Also alternatively, the endoscope 210 may include a sealed chamber
connected to the flexible pouch 240. Instead of receiving fluid from an external
source, the alternative embodiment inflates the flexible pouch 240 by moving
fluid stored in the chamber into the flexible pouch 240. The flexible pouch 240
may then be deflated by moving fluid back into the sealed chamber from the
flexible pouch 240. Thus, the inflation duct 240 may not be necessary. For
example, air may initially be equally distributed throughout a chamber within the
endoscope 210. In order to inflate the flexible pouch 240, the control handle may
be engaged to alter the distribution of air throughout the chamber. A piston, for
example, may be used to move within the chamber thereby compressing the fluid
and pushing it toward the scanhead 220 and into the flexible pouch 240. That is,
as the piston moves down toward the distal end of the endoscope 219, it pushes
the air down toward the distal end of the endoscope 210 into the flexible pouch
240, That is, air, or another fluid, stored within the chamber of the endoscope 210
may be transferred to the flexible pouch 240 of the scanhead 220. In order to
deflate the flexible pouch 240, control handle of the probe may be engaged to
redistribute the fluid approximately ¢venly throughout the chamber of the
endoscope 210, In other words, the piston may recede back toward the proximal

end of the endoscope 210 thereby permitting the fluid to re-enter the chamber.

Alternatively, the entire inner chamber of the probe 200 may be used to
transfer air to the flexible pouch 240. Instead of using a piston to transferthe air,
the probe 200 itself may be pressurized so that force applied to the handle may
cause fluid contained within the intemal chamber of the probe to migrate to the
flexible pouch 240.

The preferred embodiment of the present invention as described in Figures

24 above employs an inflatable flexible pouch 240 to expand the scanhead 220.
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Alternatively, the scanhead 220 of the endoscope 210 may be expanded through
the use of a rotating or piston driven extensor located within the scanhead 220 as

shown below with respect to Figures 5 and 6.

Figure 5 illustrates a schematic diagram 500 of the operative end of the
probe with the scanhead 220 unexpanded according to an alternative embodiment
of the present invention, The schematic diagram 500 includes the scanhead 220
located at the end of the endoscope 210. The scanhead 220 includes the
transducer 230, a flexible cover 510, a rotating extensor 520, a hinge 530, an

engaging shaft 535, and a force application point 540.

The rotating extensor 520 is lacated within the scanhead 220 and is
contiected to the main body of the endoscope 210 at the hinge 530 and at the force
application point 540. At the force application point 340, the endoscope is
connected to the rotating 520 by the engaging shaft 535, The transducer 230 and
the flexible cover 510 are located at opposite sides of the scanhead 220. The
flexible cover 510 is connected to the main body of the endoscope 210 and the
bottom of the scanhead 220. The flexible cover 510 protects against any possible
corners or edges that may be contained within the scanhead 220. Additionally, the
flexible cover 510 is airtight. Therefore, because the flexible cover is airtight, it
has no holes through which fluids may enter or escape. Consequently, the
scanhead 220 may be disinfected quickly and easily because the internal structures
of the scanhead 520 are fully contained and protected within the scanhead 220,

Figure 6 illustrates a schematic diagram of the operative end of the probe
with the scanhead 220 expanded according to an alternative embodiment of the
present invention. In order to expand the scanhead 220, the engaging shaft 535 is
activated via the cantrol handle (not shown). The engaging shaft 535 is preferably
a push lever. Altematively, the engaging shaft 535 may be a threaded shaft
attached to the rotating extensor 520 by an engaging nut, As the activation shaft
535 presses down on the force application point 540, the rotating extensor 520

pivots about the hinge 530 and rotates away from the transducer 230. Because the



(26) uoboooboooboaobod

rotating extensor 520 is contained under the flexible cover 510, the flexible cover
510 stretches away from the transducer 230 in response to the movement of the
rotating extensor 520. As the rotating extensor 520 pivots on the hinge 530 away
from the transducer 230, the scanhead 220 expands,

In order to retract the rotating extensor 520, the engaging shaft 535 is
activated via the control handle (not shown). As the engaging shaft 535 recedes
toward the proximal end of the endoscope 210, the rotating extensor 520 pivots on
the hinge 530 and follows in response to the movement of the rotating extensor
520. That is, the rotating extensor 520 rotates toward the transducer 230. The
flexible cover 510 conforms to the rotating extensor 520. Therefore, as the
rotating extensor 520 moves back toward the transducer 230, so to does the
flexible cover 510. When the engaging shaft 535 fully retracts within the main
body of the endoscope 210, the movement of the rotating extensor 520 is arrested
because the rotating extensor 520 comes into contact with the main body of the
endoscope 210. This scanhead 220 is fully retracted once the movement of the
rotating extensor 520 is arrested by the main body of the endoscope 210.

Alternatively, the extensor may be piston driven. The piston may move in
a perpendicular fashion with respect to the main body of the endoscope 210.
Thus, as the piston moves away from the main body of the endoscope 210, the
extensor moves away from the main body of the endoscope 210 in response to the
movement of the piston. Alternatively, the extensor itself may be the piston.
Thus, extending the piston expands the scanhead 220; retracting the piston reduces
the size of the scanhead 220.

While particular ¢lements, embodiments and applications of the present
invention have been shown and described, it is understood that the invention is not
limited thereto since modifications may be made by those skilled in the art,
particularly in light of the foregoing teaching. Itis therefore contemplated by the
appended claims to cover such modifications and incorporate those features which

come within the spirit and scope of the invention.
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4. Brief Description of Drawings

Figure 1 illustrates a conventional transesophageal probe according to one

embodiment of the prior att.

Figure 2 illustrates a transesophageal ultrasound probe according to a

preferred embodiment of the present invention,

Figure 3 illustrates a schematic diagram of the operative end of the probe
with the flexible pouch deflated according to a preferred embodiment of the

present invention.

Figure 4 illustrates a schematic diagram of the operative end of the probe
with the flexible pouch inflated according to a preferred embodiment of the

present invention.

Figure 5 illustrates a schematic diagram of the operative end of the probe
with the scanhead unexpanded according to an alternative embodiment of the

present invention.

Figure 6 illustrates a schematic diagram of the operative end of the probe
with the scanhead expanded according to an alternative embodiment of the present

invention.
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1. Abstract

An internal imaging probe including an expandable scanhead (220) for
improving the positioning of an imaging element mounted on the scanhead (220).
The imaging probe is introduced into the esophagus of a patient via the patient’s
mouth. Once, the imaging probe is introduced, the imaging probe is positioned to
a point where an internal structure of the patient is within the direction of view
(235) of an imaging element, such as a transducer (230), located on the scanhead
(220). Once positioned, the scanhead (220) is expanded either by inflation, or via
a moving extensor located within the scanhead (220). The scanhead (220} is then
expanded until the imaging element, such as a transducer (230), achieves close
and uniform contact with the esophageal wall (205) of the patient thereby
providing accurate imaging of the internal structure. Further, expanding the
scanhead (220) while the scanhead (220) is within the csophagus of the patient
minimizes the risks of damage to the esophageal wall (205) that are associated
with prior art probes. Once the imaging process is complete, the imaging probe is
returned to its unexpanded size and removed from the esophagus of the patient.
The imaging probe may be included within a medical imaging system that
includes the probe, a processing unit, and a monitor for viewing images of the

internal structure.

2. Representative Drawing:  Figure 1
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