US007020531B1

United States Patent

(12) (10) Patent No.: US 7,020,531 B1
Colliou et al. 45) Date of Patent: Mar. 28, 2006
(54) GASTRIC DEVICE AND SUCTION ASSISTED FOREIGN PATENT DOCUMENTS
METHOD FOR IMPLANTING A DEVICE ON Ep 0129483 12/1984 136
A STOMACH WALL
EP 0442588 8/1991 17/68
. . EP 0571938 4/1999 1/36
(75) Inventors: OllV.lel‘ Colliou, Los Gatos, CA (US); Us 3815611 6/1974 128/419
Kevin Nason, Menlo Park, CA (US), WO 0853878 12/1998 1/5
Harm TenHoff, Mountain View, CA WO 0158389 8/2001 2/48
(US); Mir A. Imran, Los Altos Hills, WO 0176690 10/2001 1/18
CA (US); Ted Layman, Park City, UT
(US) OTHER PUBLICATIONS
. . U.S. Patent Application Publication 2002/0103424 to
(73)  Assignee: Intrapace, Inc., Menlo Park, CA (US) Swoyer et al. Pub Date Aug. 1, 2002., provisional applica-
(*) Notice: Subject to any disclaimer, the term of this tion 60/265513 filed Jan. 31, 2001.% . .
patent is extended or adjusted under 35 H. Geldof, et al.., Electroge}strographlc Study. of Gastric
U.S.C. 154(b) by 80 days. Myoelectr.lgal Activity In Patients With Unexplained Nausea
And Vomiting, Gut, 27:799-808, (1986).
(21) Appl. No.: 10/116,481 (Continued)
(22) Filed: Apr. 2, 2002 Primary Examiner—Jeffrey R. Jastrzab
s (74) Attorney, Agent, or Firm—Susan M. Schmitt; Peters,
Related U.S. Application Data Verny, Jones, Schmitt & Aston LLP
(63) Continuation-in-part of application No. 09/847,884, filed on (57) ABSTRACT
May 1, 2001, now Pat. No. 6,535,764.
. L A device, system and method for diagnosing and treating a
(60) g(r)%\imonal application No. 60/337,194, filed on Dec. 6, patient is provided where a functional device is attached to
’ a stomach wall. The device in one embodiment provides
(51) Int. Cl electrical stimulation of the stomach wall. The device may
AG6IN 1/05 (2006.01) also have other functional aspects such as a sensor for
AGIK 9/22 (2006.01) sensing various parameters of the stomach or stomach
environment, or a substance delivery device. The implant
(52) US.CL .o 607/133; 604/891.1 may be programmed to respond to sensed information or
(58) Field of Classification Search ................. 607/40, signals. The device may be modular with a portion of the
607/133, 116, 137; 600/377; 604/891.1 device accessible for removal and replacement. In one
See application file for complete search history. embodiment, an endoscopic delivery system delivers the
functional device through the esophagus and into the stom-
(56) References Cited ach where it is attached the stomach wall with the assistance

U.S. PATENT DOCUMENTS

of a suction used to stabilize the tissue of the stomach wall.
The device includes a chamber for receiving tissue of the
stomach wall for attachment where a vacuum pressure is
applied through the chamber to draw the tissue into the

6 Claims, 27 Drawing Sheets

3,411,507 A 11/1968 Wingrove ..........cccceeee. 128/422
3,646,940 A 3/1972 Timm et al. ................ 128/421
3,662,758 A 51972 GIOVEr .oovveeeivereeneann 128/419 chamber.
3,796,221 A 3/1974 Hagfors .....ccccceeeeeenn. 128/421
(Continued)
EXTERIOR
104 740 OF STOMACH
N /l
é . T~ /- I. —_- .,.:-
Z
A
\ f
100
s 1
746 ’gf/
745 [ 1T
731 742 741 [: _______________

737

INTERIOR
OF STOMACH



US 7,020,531 B1
Page 2

U.S. PATENT DOCUMENTS

4,102,344 A 7/1978 Conway et al. ............. 128/419
RE30,366 E 8/1980 Rasor et al. . ... 128/419
4,628,928 A 12/1986 Lowell .....ceeveeeeerennnnne 128/303
4,823,808 A 4/1989 Clegg et al. ................ 128/773
4,925,446 A 5/1990 Garay et al. ......ccouueee. 604/96
5,188,104 A 2/1993 Wernicke et al. ... 128/419
5292344 A * 3/1994 Douglas ........ ... 607/40
5,415,181 A 5/1995 Hogrefe et al ... 128/736
5,423,872 A 6/1995 Cigaina ......... ... 607/40
5,540,730 A 7/1996 Terry, Jr. et al. .............. 607/40
5,558,640 A 9/1996 Pfeiler et al. ................. 604/67
5,690,691 A 11/1997 Chen et al. .......cceueee. 607/40
5,836,994 A 11/1998 Bourgeois ... ... 607/40
5,861,014 A 1/1999 Familoni ....... ... 607/40
5,928,195 A 7/1999 Malamud et al. ... 604/141
5,993,473 A 11/1999 Chan et al. ..... ... 606/192
5,995,872 A 11/1999 Bourgeois .........cccceeuee. 607/40
6,026,326 A 2/2000 Bardy ......cccceorveneeennnn. 607/40
6,041,258 A 3/2000 Cigaina et al. ............... 607/40
6,083,249 A 7/2000 Familoni ........... ... 607/40
6,091,992 A 7/2000 Bourgeois et al. ............ 607/40
6,097,984 A 8/2000 Douglas ........ ... 607/40
6,104,955 A 8/2000 Bourgeois ... . 607/40
6,115,635 A 9/2000 BoOUIgeois .....cccoceveeennnn 607/40
6,216,039 Bl 4/2001 Bourgeois ......ccceceeeeenee. 607/40
6,243,607 Bl 6/2001 Mintchev et al. ............. 607/40
6,321,124 Bl 112001 Cigaina ......... ... 607/133
6,327,503 B1  12/2001 Familoni .... . 607/40
6,381,495 Bl 4/2002 Jenkins .......... ... 607/40
6,449,511 Bl 9/2002 Mintchev et al. ............. 607/40
6,453,199 Bl 9/2002 KObOZEV ...ccvvvvvrveenannns 607/40
6,477,423 Bl 11/2002 JenKins ......cccccovvveerennns
6,510,332 Bl 1/2003 Greenstein .
6,529,778 Bl * 3/2003 Prutchi .....cccocovveerenenn. 607/119
6,540,789 Bl 4/2003 Silverman et al. ....... 623/23.65
6,542,776 Bl 4/2003 Gordon et al. ......coeeee. 607/40
6,564,101 Bl 5/2003 Zikria ........... ... 607/40
6,600,953 Bl 7/2003 Flesler et al. .....c.ouvee.. 607/40
6,606,523 Bl 8/2003 Jenkins ....... ... 607/133
6,611,715 Bl 8/2003 Boveja ... ... 607/40
6,615,084 Bl 9/2003 Cigaina .....cccceeveeveeennn. 607/40
2002/0103424 Al 8/2002 Swoyer et al. .............. 600/350
2002/0103521 Al 8/2002 Swoyer et al. .. ... 607/116
2002/0103522 Al 8/2002 Swoyer et al. .............. 607/116

OTHER PUBLICATIONS

Brent W. Miedema, et al.,, Pacing The Human Stomach,
Surgery, 143-150, (Feb. 1992).

Keith A. Kelly, Differential Responses Of The Canine Gas-
tric Corpus And Antrum To Electric Stimulation, Am. J. of’
Physiology, 226/1:230-234, (Jan. 1974).

Electric Stimulation of the Gastrointestinal Tract, GP, p. 151
(Apr. 1964).

Michael P. Hocking, Postoperative Gastroparesis And
Techygastria—Response to Electric Stimulation and Eryth-
romycin, Surgery, 114/3:538-542 (Sep. 1993).

Keith A. Kelly et al., Role of the Gastric Pacesetter Potential
Defined by Electrical Packing, Canadian J. of Physiology
and Pharmacology, 50:1017-1019, (1972).

Babajide O. Familoni, Efficacy of Electrical Stimulation at
Frequencies Higher Than Basal Rate in Canine Stomach,
Digestive Diseases and Sciences, 42/5:892-897, (May
1997).

Bader-Eddine Bellahsene, et al., Evaluation of a Portable
Gastric Stimulator, Ninth Annual Conference of the Engi-
neering in Medicine and Biology Society, (1987).

J. Chris Eagon, et al., Effects of Gastric Pacing on Canine
Gastric Motility and Emptying, The American Physiological
Society, 265/4:G767-G774, (Oct. 1993).

Babajide O. Familoni, et al., Electrical Pacing of the Stom-
ach in Dogs,.

S. K. Sarna, et al., Electrical Stimulation of Gastric Elec-
trical Control Activity, Am. J. of Physiology, 225/1:125-131,
(Jul. 1973).

S. K. Sarna, et al., Gastric Pacemakers, Gastroenterology,
70:226-231, (1976).

Edwin E. Daniel, et al., Electrical Activity of the Gas-
trointestinal Tract as an Indication of Mechanical Activity,
Am. J. of Digestive Diseases, 8/1:54-102, (1963).

M. Kubota, et al., Manometric Evaluation of Children With
Chronic Constipation Using a Suction—Stimulating Elec-
trode, Eur. J. Pediatr. Surg., 2:287-290, (1992).

Chul H. You, et al., Electrogastrographic Stud of Patients
With Unexplained Nausea, Bloating, and Vomiting, Gastro-
enterology, 79:311-314 (1980).

Cigaina, et al., Gastric Myo—Electrical Pacing As Therapy
for Morbid Obesity: Preliminary Results.

Kelly, et al., Pacing the Canine Stomach With Electric
Stimulation, Am. J. of Physiology, 222/3:588-594, (Mar.
1972).

Eagon, et al., Gastrointestinal Pacing, Gastrointestinal
Tract, 73/6:1161-1172, (Dec. 1993).

Swain, et al., An Endoscopically Deliverable Tissue—Trans-
fixing Device For Securing Biosensors in the Gastrointesti-
nal Tract, Gastrointestinal Endoscopy/6:730-734, (1994).

* cited by examiner



US 7,020,531 B1

Sheet 1 of 27

Mar. 28, 2006

U.S. Patent

625

/ , wNmJ m\

"W N . N . V. N

N, b b " .- |

/>—S¢

AT
AL

\\ 615
g
T AL /’

- \

umo¢m




US 7,020,531 B1

Sheet 2 of 27

Mar. 28, 2006

U.S. Patent

g¢ "Old 8595 64

(9 ves 086 g5 68




US 7,020,531 B1

Sheet 3 of 27

Mar. 28, 2006

U.S. Patent

>

zes- ~ S M N e
h I“ , - // m S~ g2
LES Y= g W
~ 2 T T _
v0l 0€S 7 - Y
yAsle 9GS 605

Pt



US 7,020,531 Bl

Sheet 4 of 27

Mar. 28, 2006

U.S. Patent

; \l BEcS
s €56

/ |

¢ Old

0SS

/

E NN

\\

m 7 O

Z W\\\k — )
_

GG / 5SS

mmm/ d¢ "Oid
ey 0S5
w /%u%/m%%a
7 <ENNNNANAROC
s

Y01



US 7,020,531 B1

Sheet 5 of 27

Mar. 28, 2006

U.S. Patent

699
w 295 195 ammm
Em N I
aomemwm /;////////\2,///// DN NN N N NN N N N N el
ﬂ////?///////,“\,///////////// 0/S
==
nomm\N,\ | i !
\ SN NN, //////////////.,_//.:/uﬂu/,/l/. - 096
08S
/\l
<
€99 -
N\
=14 . A
~— AR s ¥.S
"~ T ~ 95
B _ 2.8
e P 9/G \ ¢8S
{ 185
8.9 6.5 L.S
G.S



US 7,020,531 B1

Sheet 6 of 27

Mar. 28, 2006

U.S. Patent

gy "Old




U.S. Patent Mar. 28, 2006 Sheet 7 of 27 US 7,020,531 B1

(@]
<
| S
l L
|
|
|
|
Ly
|
Iy
|
2 |
{ 3 »
. [
} b
. :I
|
{ 8
. | To!
. H
. :I
f :1'
; o1




U.S. Patent Mar. 28, 2006 Sheet 8 of 27 US 7,020,531 B1

580a

59<

580b
g
L/
S|
597 / 597

S—"
m Lo
L0
Q
[se}
Y]
\\ \
. N
R
0 O
] <
] .
5 S
8/ L
A
i N
e S
~— 1 I~
- i %

596
FIG. 4F



U.S. Patent Mar. 28, 2006 Sheet 9 of 27 US 7,020,531 B1

110

115 600



U.S. Patent

Mar. 28, 2006 Sheet 10 of 27

US 7,020,531 B1

110 115 600\ 602) 564a

FIG. 5C 560a

600 602

( 562a
S_ \ . 564a

S
AN NN\ V4 222727 7 7L
~

= s
‘i
|

N
bl A A Y N
l|

A N N AN 5 Y N
,
|
\u_p—_,——————-—————-——

- | T H
NN NN AN SN

S T s .o A 4

‘t%’/l/l/fmzﬂﬂl R

T T y4 y ava

771N

£z VALY AV A Z £

560a
598 FIG. 5D



US 7,020,531 B1

Sheet 11 of 27

Mar. 28, 2006

U.S. Patent

45 "Old

B09G

eyog

N

— — . ——— -
4

¢09 h
009

G

LI

= ]

Old




U.S. Patent Mar. 28, 2006 Sheet 12 of 27 US 7,020,531 B1

104

605

607

605

606

FIG. 6B



U.S. Patent Mar. 28, 2006 Sheet 13 of 27 US 7,020,531 B1

650

FIG. 9A FIG. 9B FIG. 9C



U.S. Patent Mar. 28, 2006 Sheet 14 of 27 US 7,020,531 B1




US 7,020,531 B1

Sheet 15 of 27

Mar. 28, 2006

U.S. Patent

b9 -

ev9
1445




U.S. Patent Mar. 28, 2006 Sheet 16 of 27 US 7,020,531 B1

s  FIG.10B



U.S. Patent Mar. 28, 2006 Sheet 17 of 27 US 7,020,531 B1

661

110

671

670
66?
661
689

FIG. 10E









































































