a2 United States Patent

Forsell

US009375213B2

US 9,375,213 B2
Jun. 28, 2016

(10) Patent No.:
(45) Date of Patent:

(54)

(76)

1)
(22)

(86)

87)

(65)

(30)

Oct. 10, 2008

(1)

(52)

(58)

METHODS AND INSTRUMENTS FOR
TREATING OBESITY

Inventor: Peter Forsell, Zug (CH)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 526 days.

Appl.No.:  12/864,718

PCT Filed: Jan. 29, 2009

PCT No.:

§ 371 (o)1),
(2), (4) Date:

PCT/SE2009/000049

Jul. 27, 2010

PCT Pub. No.:  'W02009/096864
PCT Pub. Date: Aug, 6, 2009

Prior Publication Data

US 2010/0312047 Al Dec. 9, 2010

Foreign Application Priority Data
(SE) oo 0802138
Int. CL.

A6IM 29/00
A61B 17/08

(2006.01)
(2006.01)

(Continued)

US. Cl
CPC . A461B 17/08 (2013.01); A61B 1/04 (2013.01);
A6IB 1/2736 (2013.01);

(Continued)

Field of Classification Search
CPC ............ A61B 17/00; A61B 17/12136; A61B
17/12186; A61B 17/1219; A61B 17/3415;
A61B 2019/4878; A61B 2017/0028; A61B
2017/00818; A61B 17/00827; A61B
2018/00285; A61B 17/00823; A61F 5/0076;
AG61F 5/003; A61F 5/0036; A61F 5/0089;
AG61F 5/0059; A61F 5/0046; AG61F 5/004;
AG61F 5/0026; A61F 5/0033; A61F 5/0043;

AG1F 5/005; A61F 5/0053; AG61F 5/0056;
AG61F 5/0069; A61F 5/0073; A61F 5/0086;
AG1F 5/0003; A61F 5/0013; A61F 2005/0016;
AG61F 2005/002; A61F 2005/0023; A61F
2250/0003; A61F 2250/0004; A61F 2250/001;
AG61F 2250/0013; AG1F 2/004; AG1F 2/0046;
A61F 2/0053; AG61F 2/0056; AG61F 2/0069;
AG61F 2/0003; A61F 2/0013; A61F 2/0033;
AG1F 2/0036; A61M 25/10185; A61M
25/1018; A61M 2025/1059
USPC ... 424/422-423; 600/37; 604/26, 96.01,
604/104; 606/153, 157, 191-192, 198

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

9/1987 Weiner et al.
2/1989 Hill

(Continued)

4,694,827 A
4,803,985 A

FOREIGN PATENT DOCUMENTS

EP 1 004 330
EP 1736 123

5/2000
12/2006

(Continued)
OTHER PUBLICATIONS

International Search Report for PCT/SE2009/000049, mailed Jun.
11, 2009.

(Continued)

Primary Examiner — Jonathan W Miles
Assistant Examiner — Kendra Obu

(7) ABSTRACT

The invention relates surgical abdominal methods of treating
obesity in a patient by implanting a volume filling device that,
when implanted in a patient, reduces the food cavity in size by
a volume substantially exceeding the volume of the volume
filling device. Also disclosed is a laparoscopic instrument for
providing a volume filling device to be invaginated in the
stomach wall of a human patient to treat obesity.

18 Claims, 41 Drawing Sheets




US 9,375,213 B2

Page 2
(51) Int.CL 2004/0111116 Al 6/2004 Kennedy et al.
2004/0133219 Al 7/2004 Forsell
AGIB 17/04 (2006.01) 2004/0162568 Al 82004 Saadat et al.
A6IB 17/068 (2006.01) 2004/0260316 Al 12/2004 Knudson et al.
AGIF 2/04 (2013.01) 2005/0038484 Al 2/2005 Knudson et al.
A6IF /00 (2006.01) 200310247320 A1 112008 Siackcra
i ! tack et al.
ﬁgg %23 8882'88 2005/0261712 Al 11/2005 Balbierz et al.
. 2005/0267405 Al 12/2005 Shah
A61B 1313 (2006.01) 2005/0267596 Al 12/2005 Chen et al.
AGIB 17/064 (2006.01) 2006/0069414 Al 3/2006 Imran et al.
2006/0161217 AL 72006 Jaax et al.
A6IB 17/32 (2006.01) 2006/0235448 Al 10/2006 Roslin et al.
A61B 17/34 (2006.01) 2006/0247721 Al 11/2006 Maschino et al.
AG6IB 17/00 (2006.01) 2006/0257446 Al 11/2006 Tropsha etal.
2007/0038232 Al 2/2007 Kraemer
52) fféB C]l7 /30 (2006.01) 2007/0104755 Al 5/2007 Sterling et al.
S. CL 2007/0135829 Al 6/2007 Paganon
CPC ... A61B 1/3132 (2013.01); A61B 17/0469 2007/0149994 Al 6/2007 Sosnowski et al.
(2013.01); A61B 17/064 (2013.01); A61B 2007/0213749 Al* 9/2007 Kogasakaetal. ............. 606/153
iy AN . 2007/0233170 Al 10/2007 Gertner
17/068 (2013.01); A61B 17/320016 (2013.01); 0070250020 AL 102007 Kot
A61B 17/3423 (2013.01); AG1B 17/3474 2007/0282349 Al  12/2007 Deem et al.
(2013.01); A61F 2/04 (2013.01); A61F 5/003 2008/0051823 Al 2/2008 Makower et al.
(2013.01); A6IF 5/004 (2013.01); A6IF 5/005 2008/0058710 AL*  3/2008 Wilk ..cccoooovririviicin, 604/27
. . % V. QQAIN v /
0L, AP SO GOV AGE SOOI T I00 G i
5/0036 (2013.01); A61F 5/0043 (2013.01); / ’ ASTICR vovesrvee 606/19
AGLF 5/0046 (2013.01); A6IF 5/0069 2009/0018576 Al*  1/2009 Binmoeller .........ccoo... 606/215
(2013.01); A6IF 5/0073 (2013.01); A6IF 2000/0024163 AL*  1/2009 Zeiner etal. ... . 606/232
5/0086 (2013.01); A61F 5/0089 (2013.01); 2009/0105735 Al*  4/2009 Stametal. ..... ... 606/157
ABIB 2017/00278 (2013.01); A61B 2017/00561 2000011373 AL 12009 Coe clal. oo, GO07L0]
(2013.01); A61B 2017/00818 (2013.01); A61B ' U e T 1411
2017/00827 (2013.01); A61B 2017/081 2009/0198254 Al 8/2009 Laufer et al.
(2013.01); A61B 2017/306 (2013.01); A61B 2009/0275942 Al  11/2009 Ortiz et al.
2017/308 (2013.01); A61F 2002/045 (2013.01); 2010/0042091 Al 2/2010 Shadduck
AGIF 2005/002 (2013.01); AGIF 2005/0016 2010000931 Al jgg}g %‘keflft *ﬂai
: 2005/0023 (2013.01); A6IF / ‘ i
(2013.01); A61F 2 (2013.01); 2010/0191237 Al 7/2010 Shadduck
2250/0001 (2013.01); AGIF 2250/0004 2010/0217288 Al 8/2010 Baker et al.
(2013.01) 2010/0305656 Al 12/2010 Imran et al.
2010/0312048 Al 12/2010 Forsell
. 2010/0312049 Al 12/2010 Forsell
(56) References Cited 2010/0312050 Al 12/2010 Forsell
2010/0312356 Al 122010 Forsell
U.S. PATENT DOCUMENTS 2010/0324360 Al 122010 Forsell
2010/0324361 Al 12/2010 Forsell
4899747 A 21990 Garren etal. 2010/0324362 Al 122010 Forsell
3084061 A 1/1992 Gaucetal, 201010331614 Al 12/2010 Forsell
5226429 A *  7/1993 Kuzmak 128/898 ,
IS o 91003 Al 2010/0331615 Al 122010 Forsell
et f a_flllfs 2010/0331616 Al 12/2010 Forsell
;’297’536 A 3/1994 Wi et etal 2010/0331617 Al 12/2010 Forsell
;’2‘7‘22%2 15/333 ge?s er et | 2010/0331945 Al 12/2010 Forsell
Yoo f 0 tﬁ“‘“f”' 2010/0332000 Al  12/2010 Forsell
S8/IS A3 /1999 RO.H. e“l~1 2011/0009894 Al 1/2011 Forsell
g’?%ﬁ?i i ﬁéggg IV\IVlb;S etal. 2011/0009896 Al 1/2011 Forsell
€232040 BL  $200 M° ahes 2011/0009897 Al 1/2011 Forsell
32, 03 el " 2011/0172685 Al 72011 Kraemer et al.
2’283’3% gé Séggg Elaelset L 2011/0172693 Al 7/2011 Forsell
€773 440 B2 é/2004 Ges er et | 2011/0196197 Al 82011 Forsell
2119 annoe et al. 2011/0196391 Al /2011 Forsell
6960033 Bl 1)2008 Bergetal 2011/0196411 Al 82011 Forsell
7330753 B2 2/2008 Policker etal. gg}égégz?ﬁ ‘:} ?gg}i E"“eﬁ
7,502,649 B2 3/2009 Ben-Haim et al. ¢ y o rorse
75067 B2t 82010 Carmer 600137 2012/0029550 Al 2/2012 Forsell
7844342 B2 112010 Dingosera, 20120029551 Al 2/2012 Forsell
8,070,768 B2  12/2011 Kim et al.
8,100,931 B2 1/2012 Baker et al. FORFIGN PATENT DOCUMENTS
8,123,765 B2 2/2012 Deem et al.
8,187,207 B2 5/2012 Makower et al. EP 1 743 604 1/2007
2003/0014086 Al 1/2003 Sharma EP 1913 880 4/2008
2003/0021822 Al 1/2003 Lloyd EP 2401991 12012
2003/0055442 Al 3/2003 Laufer et al. wo WO 00/00108 1/2000
2003/0163029 Al 8/2003 Sonnenschein et al wo WO 00/00048 2/2000
2004/0044354 Al 3/2004 Gannoe et al. WO WO 01/47435 7/2001
2004/0059280 Al 3/2004 Garza Alvarez WO WO 01/47575 7/2001
2004/0089313 Al 5/2004 Utley et al. WO WO 01/58391 8/2001



US 9,375,213 B2

Page 3
(56) References Cited U.S. Appl. No. 12/864,833 (Forsell) filed Jul. 27, 2010.
U.S. Appl. No. 12/864,836 (Forsell) filed Jul. 27, 2010.
FOREIGN PATENT DOCUMENTS U.S. Appl. No. 12/864,843 (Forsell) filed Jul. 27, 2010.
U.S. Appl. No. 12/864,845 (Forsell) filed Jul. 27, 2010.
WO WO 01/67964 9/2001 U.S. Appl. No. 12/864,849 (Forsell) filed Jul. 27, 2010.
WO WO 02/38217 5/2002 U.S. Appl. No. 12/864,852 (Forsell) filed Jul. 27, 2010.
WO WO 02/082968 10/2002 U.S. Appl. No. 12/864,855 (Forsell) filed Jul. 27, 2010.
WO WO 02/100481 12/2002 U.S. Appl. No. 12/864,943 (Forsell) filed Jul. 28, 2010.
WO WO02004/019765 372004 U.S. Appl. No. 12/864,947 (Forsell) filed Jul. 28, 2010.
WO WO 2004/112563 12/2004 U.S. Appl. No. 12/864,952 (Forsell) filed Jul. 28, 2010.
WO WO 2005/037152 4/2005 U.S. Appl. No. 12/864,982 (Forsell) filed Jul. 28, 2010.
WO WO 2005/105003 11/2005 U.S. Appl. No. 12/865,015 (Forsell) filed Jul. 28, 2010.
woO WO 2006/044640 4/2006
WO WO 2006/063593 6/2006 U.S. Appl. No. 12/865,033 (Forsell) filed Jul. 28, 2010.
WO WO 2006/122285 11/2006 U.S. Appl. No. 12/865,044 (Forsell) filed Jul. 28, 2010.
WO WO 2006/134106 12/2006 U.S. Appl. No. 12/865,061 (Forsell) filed Jul. 28, 2010.
wO WO 2007/017880 2/2007 U.S. Appl. No. 12/865,071 (Forsell) filed Jul. 28, 2010.
WO WO 2007/053556 5/2007 U.S. Appl. No. 13/123,014 (Forsell) filed Apr. 7, 2011.
woO WO 2007/137026 11/2007 U.S. Appl. No. 13/123,019 (Forsell) filed Apr. 7, 2011.
WO WO 2008/016776 2/2008 U.S. Appl. No. 13/123,025 (Forsell) filed Apr. 7, 2011.
WO WO 2009/076093 6/2009 U.S. Appl. No. 13/123,261 (Forsell) filed Apr. 8, 2011.
WO WO 2009/096865 8/2009 US. Appl. No. 13/146,314 (Forsell) filed Oct. 11, 2011.
U.S. Appl. No. 13/146,387 (Forsell) filed Oct. 11,2011.
OTHER PUBLICATIONS U.S. Appl. No. 13/146,454 (Forsell) filed Oct. 11, 2011.
U.S. Appl. No. 13/146,753 (Forsell) filed Oct. 11, 2011.

Wise Geek, What are Isotonic Fluids? 2003.
U.S. Appl. No. 12/864,708 (Forsell) filed Jul. 27, 2010.

* cited by examiner



U.S. Patent Jun. 28,2016 Sheet 1 of 41 US 9,375,213 B2




U.S. Patent Jun. 28,2016 Sheet 2 of 41 US 9,375,213 B2

Fig.2a




U.S. Patent Jun. 28,2016 Sheet 3 of 41 US 9,375,213 B2




U.S. Patent Jun. 28,2016 Sheet 4 of 41 US 9,375,213 B2

Fig.3k




U.S. Patent Jun. 28,2016 Sheet 5 of 41 US 9,375,213 B2




US 9,375,213 B2

Sheet 6 of 41

Jun. 28, 2016

U.S. Patent

Fig.4b

Fig.4a

10h
10

20c

Fig.4d

Fig.4c

12b

10

615



U.S. Patent Jun. 28,2016 Sheet 7 of 41 US 9,375,213 B2

Fig.5a

603 605




U.S. Patent Jun. 28,2016  Sheet 8 of 41 US 9,375,213 B2

Fig.5b




U.S. Patent

Jun. 28, 2016 Sheet 9 of 41

US 9,375,213 B2

Fig.5d

12

20

12b



U.S. Patent Jun. 28,2016  Sheet 10 of 41 US 9,375,213 B2

600 —




U.S. Patent Jun. 28,2016  Sheet 11 of 41 US 9,375,213 B2

609 611 1

Fig.5i




U.S. Patent Jun. 28,2016  Sheet 12 of 41 US 9,375,213 B2




U.S. Patent Jun. 28,2016  Sheet 13 of 41 US 9,375,213 B2

Fig.7




U.S. Patent Jun. 28,2016  Sheet 14 of 41 US 9,375,213 B2

Fig.8




U.S. Patent Jun. 28,2016  Sheet 15 of 41 US 9,375,213 B2




US 9,375,213 B2

Sheet 16 of 41

Jun. 28, 2016

U.S. Patent

-

1]

—



U.S. Patent Jun. 28,2016  Sheet 17 of 41 US 9,375,213 B2

Fig.13




U.S. Patent Jun. 28,2016  Sheet 18 of 41 US 9,375,213 B2




U.S. Patent Jun. 28,2016  Sheet 19 of 41 US 9,375,213 B2




U.S. Patent Jun. 28,2016 Sheet 20 of 41 US 9,375,213 B2




US 9,375,213 B2

Sheet 21 of 41

Jun. 28,2016

U.S. Patent

Fig.17a

10
14
XVIL b
7
\

x>
[ i ~
/.
1 X \
//. JJU?
U\ Py ]
SN L
TR I :
ll/.//.ll \.\\\\
™~ -

Fig.17b




U.S. Patent Jun. 28,2016  Sheet 22 of 41 US 9,375,213 B2




U.S. Patent Jun. 28,2016  Sheet 23 of 41 US 9,375,213 B2

Fig.19a
652 651 12
AN
] (CHNAD )| sy
ya |
650

Fig.19¢

650

_ 654
Fig. 19e



U.S. Patent Jun. 28,2016 Sheet 24 of 41 US 9,375,213 B2

= PP AIPY A 140 D 1) P 19 S
/!
{
N\



U.S. Patent Jun. 28,2016 Sheet 25 of 41 US 9,375,213 B2

Fig.19j

-~ P VALY TP LI A0 DA PF S AL L POV



U.S. Patent

Fig.20a

Jun. 28,2016

660
\

US 9,375,213 B2

Sheet 26 of 41
I
662 i
- 664
!
—12
l
664
12
661 |
~ 12
662 <
FE o~
< =\ — 664
— )
4

/_/'
—



U.S. Patent Jun. 28,2016  Sheet 27 of 41 US 9,375,213 B2

660\ 662




U.S. Patent Jun. 28,2016 Sheet 28 of 41 US 9,375,213 B2

Fig.21a

Fig.21b




U.S. Patent Jun. 28,2016  Sheet 29 of 41 US 9,375,213 B2

Fig. 22

100Q\\“

1003

1004 1002



U.S. Patent Jun. 28,2016  Sheet 30 of 41 US 9,375,213 B2

1005
1004

Fig.25 L 1000
1002

1005 1007 10
"
‘—‘— O

1004

Fig.24 1000
1002 1006 /
1005 10
1004 ,
/ S \

1004




U.S. Patent Jun. 28,2016  Sheet 31 of 41 US 9,375,213 B2

1000

1002 L+ 10 /
1004 T \
f e, 1015, 1018 4
L — 1020—"X[i1021_\1019
ITO=E
™ —~ L

hel 1017
Fig.29 1000

1005 1022 /
10

1000




U.S. Patent Jun. 28,2016  Sheet 32 of 41 US 9,375,213 B2

Fig.31
1005
1004 1002 1000
é:—» 9 T
1023 10
\« — ’
300
Fig.32 /
1005 oo 1022
1004 1002 19 ~10
A .
- /
L 1023
-

Fig.33

1005 /
1004 1023 1007 4~ 1024

S
16

\
|
pe — o2
_ |
‘ L Q ____________ 2
lz’\vr\v,
1015
Fig.34 1000
1005 /
1004 1002 f1016 1023 10
:_-[— ,
:
!
L‘\
\WSLN — o m

1015 1022



US 9,375,213 B2

Sheet 33 of 41

Jun. 28,2016

U.S. Patent

e

e e e e st —— — — — —— — — —— o — —— — — —— ———— ———

o —_——_

1015

1005

&

1004—1




U.S. Patent Jun. 28,2016  Sheet 34 of 41 US 9,375,213 B2

Fig.36
’ 1005 1000
1022 /
b
\
1026
Fig.37 1000

1005 ‘(/////
1013 1%
Cﬁ \

1016 /
1005 1028 \

1002 L 10

1015




U.S. Patent Jun. 28,2016 Sheet 35 of 41 US 9,375,213 B2

Fig.39
1005 1000
1004 b
1004 a 1007 ‘g
A
\ \/
1026
Fig.40
Int Ext
1002 1004 a
1028 \ \
) Internal Energy g 1E
Stabilising Receive E Xtemnat EDergy
: Sl e Source
Unit i 1 X
: + Constant: :Constant |
1 Vo1 C
I I AT poaad oo pe--
: | |
! ‘ } .
} | j Transmission
R T e : Control Unit
10a |} Sta}nhsmg —~—10c
l + ' Unit !
Y l .
) I 1004 b
A
Jonsuming ,
Part _Storage gl

Device r‘\
—— 10b

l 10 Apparatus




US 9,375,213 B2

Sheet 36 of 41

Jun. 28, 2016

U.S. Patent

9A
J\
A00L | govesxza | uool [ 6aWL] uoy| | ugy .
TYNOIS LNdLNO od :ﬁwx 9L 82 5| | vl (FOVNEE £81va €81Y!
DNYIVEAOHING, ] sawt] T | T YA ! Ky | UeT | x7 e
83
TA > ))\WF‘ COMHW T Ly — A —
not | Wil
1 93 17
™~ upo!
AN 018 ¢ A © . noool < €8lvd mmEmMN
%00 ¢mw A B baw L L xzd XLq
£d e &d . K1
A zsisg A €81V A
€A X GA €Q LA
M.” -
3 -
(I T AN
301
avol



U.S. Patent

Jun.28,2016  Sheet 37 of 41 US 9,375,213 B2

Fig.42

oy
?.—\
<
w

Flow

1009

10T

Flow ~N 10
1014
Fig.43
| Flcw Flow | A 1013

Fig.44

10T

Flow Flow

S A 1T™1013

1009



U.S. Patent Jun. 28,2016  Sheet 38 of 41 US 9,375,213 B2

Fig.45
oo ; Flow
2~ }::sf:!.g:yy-:: ) 41013
7 ) , Y
““““““ ’ 1050
18 1054 1011

-------
- e

g \_~1013
i Z
3
1011




U.S. Patent Jun. 28,2016  Sheet 39 of 41 US 9,375,213 B2

Fig.46
10 ~L Flow 'fJPK"l’. 1.-1013
) 1054 \ 1011
1052 1050

Fig.47 b

10

1052

Fig.47 ¢
10 1013

MmﬁMM 1054 1011
1050

1052



U.S. Patent Jun. 28,2016  Sheet 40 of 41 US 9,375,213 B2

Fig.48




U.S. Patent Jun. 28,2016  Sheet 41 of 41 US 9,375,213 B2




US 9,375,213 B2

1
METHODS AND INSTRUMENTS FOR
TREATING OBESITY

This application is the U.S. national phase of International
Application No. PCT/SE2009/000049, filed 29 Jan. 2009,
which designated the U.S. and claims priority to SE Applica-
tion No. 0802138-8, filed Oct. 10, 2008; and claims the ben-
efit of U.S. Provisional No. 61/006,719, filed 29 Jan. 2008,
the entire contents of each of which are hereby incorporated
by reference.

TECHNICAL FIELD

The present invention relates to an apparatus, a system, and
a method for treating obesity.

BACKGROUND

Obesity has been treated by gastric banding a band placed
around the stomach to create a stoma, a restricted opening, to
restrict the flow of food down to below the band. There has
also been tried to use electrical stimulation of the stomach
wall to cause the patient to feel satiety.

When the stomach gets distended the patient gets a feeling
that the stomach is full.

Another prior art way of treating obesity is to insert a
balloon-like object into the stomach of the patient. In this
way, the patient is given the feeling of safety much more
quickly when eating, preventing excessive intake of food.
However, these prior art balloon-like objects are subject to
stomach acids, leading to their destruction within a couple of
months of use.

An example of a prior art inflatable gastric device for
treating obesity is disclosed in U.S. Pat. No. 4,246,893 to
Berson. In this document, it is disclosed an abdominal
method wherein an inflatable balloon is surgically implanted
in the abdominal cavity of the patient adjacent to the stomach.
An adjusting port is provided subcutaneously and the balloon
is subsequently inflated by means of inserting a hypodermic
needle through the skin of the patient into the adjusting port
and introducing a fluid under pressure into the port for pas-
sage into the balloon to distend the upper abdomen, com-
pressing the stomach and thereby producing a sense of satiety.

SUMMARY

The object ofthe present invention to provide obesity treat-
ment apparatus, system and methods with improved long
term properties.

This object and others are obtained by an apparatus
described in the appended claims.

In a first alternative embodiment, the volume filling device
is implanted using a laparoscopic method instead of the
intraluminal method described above. According to this
embodiment, a needle or a tube-like instrument is inserted
into the abdomen of the patient’s body, and
said needle or tube-like instrument is then used to fill the
patient’s abdomen with gas. Subsequently, at least two lap-
aroscopic trocars are inserted into the patient’s body; and
a camera is inserted through one of said at least two laparo-
scopic trocars. Then, at least one dissecting tool through one
of said at least two laparoscopic trocars, and an area of the
stomach is dissected. The volume filling device is then intro-
duced into the abdominal cavity, and placed on the outside of
the stomach wall. A pouch in the stomach wall for the device
is created, and the device invaginated in said pouch by pro-
viding stomach to stomach sutures or staples, thereby posi-
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tioning the volume filling device so that the volume of the
food cavity is reduced in size by a volume substantially
exceeding the volume of the volume filling device.

The above first alternative preferably further comprises
affixing the device to the stomach wall by providing sutures or
staples. According to one embodiment, the stomach wall is
affixed to the lower part of the patient’s esophagus by pro-
viding sutures or staples. Alternatively, the stomach wall is
affixed to the patient’s diaphragm muscle or associated
muscles.

The above embodiment preferably further comprises pro-
viding an apparatus for regulating the obesity treatment
device from the outside of the patient’s body; and operating
said apparatus to regulate the obesity treatment device. Fur-
ther, regulation of the obesity treatment device includes
changing the volume of a filling body of the volume filling
device when implanted.

The above embodiment preferably further comprises pro-
viding an injection type syringe comprising a fluid for injec-
tion into an implanted filling body; and injecting volume of
fluid into said filling body.

According to an embodiment, the device is enclosed in the
pouch or partially enclosed in that the pouch is left at least
partly open. Further, the pouch can be designed to exhibit
only one opening. Alternatively the pouch is designed to
exhibit two openings and to extend non-circumferentially
around the stomach.

Preferably the pouch has a volume of more than 15 milli-
liters.

In a second alternative, also using a laparoscopic method
instead of the intraluminal method, the initial steps are the
same as described in the first alternative, but following dis-
section of the stomach, a hole is created in the stomach wall
and a volume filling device introduced into the abdominal
cavity and through said hole into the stomach. The device is
placed on the inside of the stomach wall, and a pouch is
created on the outside of the stomach cavity for the device
placed on the inside of the stomach wall, and
the device is invaginated in the pouch by providing stomach to
stomach sutures or staples, thereby positioning the volume
filling device so that the volume of the food cavity is reduced
in size by a volume substantially exceeding the volume of the
volume filling device.

The above embodiment preferably further comprises affix-
ing the device to the stomach wall by providing sutures or
staples. According to one embodiment, the stomach wall is
affixed to the lower part of the patient’s esophagus by pro-
viding sutures or staples. Alternatively, the stomach wall is
affixed to the patient’s diaphragm muscle or associated
muscles.

The above second alternative preferably further comprises
providing an apparatus for regulating the obesity treatment
device from the outside of the patient’s body; and operating
said apparatus to regulate the obesity treatment device. Fur-
ther, regulation of the obesity treatment device includes
changing the volume of a filling body of the volume filling
device when implanted.

The above embodiment preferably further comprises pro-
viding an injection type syringe comprising a fluid for injec-
tion into an implanted filling body; and injecting volume of
fluid into said filling body.

According to an embodiment, the device is enclosed in the
pouch or partially enclosed in that the pouch is left at least
partly open. Further, the pouch can be designed to exhibit
only one opening. Alternatively the pouch is designed to
exhibit two openings and to extend non-circumferentially
around the stomach.
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Preferably the pouch has a volume of more than 15 milli-
liters.

A third alternative involves a surgical incision instead of
the either the intraluminal or the laparoscopic method. Here,
an opening in the patient’s abdominal wall is made by surgi-
cal incision, and an area of the patient’s stomach is dissected.
The volume filling device is introduced through said abdomi-
nal incision, and attached to the stomach wall, thereby posi-
tioning the volume filling device so that the volume of the
food cavity is reduced in size by a volume substantially
exceeding the volume of the volume filling device.

In an alternative embodiment of the above, third alterna-
tive, the initial steps are the same including the dissection of
anarea of the stomach. Following this, a pouch in the stomach
wall is created for the device, and the device invaginated in the
pouch by providing stomach to stomach sutures or staples,
thereby positioning the volume filling device so that the vol-
ume of the food cavity is reduced in size by a volume sub-
stantially exceeding the volume of the volume filling device.

In yet another alternative embodiment of the above, third
alternative, the initial steps are the same including the dissec-
tion of an area of the stomach. Following this, a hole in the
stomach wall is created and the volume filling device intro-
duced through the hole and into the stomach. The device is
then placed on the inside of the stomach wall, and a pouch on
the stomach wall created for the device. The device is then
invaginated in the pouch by providing stomach to stomach
sutures or staples, thereby positioning the volume filling
device so that the volume of the food cavity is reduced in size
by a volume substantially exceeding the volume of the vol-
ume filling device.

The above embodiments of the third alternative further
comprise affixing the device to the stomach wall by providing
sutures or staples.

According to one embodiment, the stomach wall is affixed
to the lower part of the patient’s esophagus by providing
sutures or staples. Alternatively, the stomach wall is affixed to
the patient’s diaphragm muscle or associated muscles.

The above embodiment preferably further comprises pro-
viding an apparatus for regulating the obesity treatment
device from the outside of the patient’s body; and operating
said apparatus to regulate the obesity treatment device. Fur-
ther, regulation of the obesity treatment device includes
changing the volume of a filling body of the volume filling
device when implanted.

The above embodiment preferably further comprises pro-
viding an injection type syringe comprising a fluid for imjec-
tion into an implanted filling body; and injecting volume of
fluid into said filling body.

According to an embodiment, the device is enclosed in the
pouch or partially enclosed in that the pouch is left at least
partly open. Further, the pouch can be designed to exhibit
only one opening. Alternatively the pouch is designed to
exhibit two openings and to extend non-circumferentially
around the stomach.

Preferably the pouch has a volume of more than 15 milli-
liters.

A fourth alternative embodiment is a method comprising
the steps of inserting a needle or a tube-like instrument into
the abdomen of the patient’s body; using said needle or tube-
like instrument to fill the patient’s abdomen with gas; placing
at least two laparoscopic trocars in the patient’s body; insert-
ing a camera through one of said at least two laparoscopic
trocars into the patient’s abdomen; inserting at least one dis-
secting tool through one of said at least two laparoscopic
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trocars; dissecting an area of the stomach; creating a pouch
from the stomach wall for the device; closing the pouch by
providing sutures and staples;

introducing a injecting member comprising an injectable fill-
ing material; and

injecting the filling material into the pouch, thereby creating
a filling body that fills a volume in the patient’s stomach,
reducing the food cavity in size by a volume substantially
exceeding the volume of the volume filling device.

Instead of the above disclosed laparoscopic method, a sur-
gical incision or opening is cut in the skin to enter the patients
abdomen; an area of the stomach dissected; a pouch created
from the stomach wall for the device; and said pouch closed
by providing sutures and staples. An injecting member com-
prising an injectable filling material is then introduced; and
the filling material injected into the pouch, thereby creating a
filling body that reduces the food cavity in size by a volume
substantially exceeding the volume of the volume filling
device.

According to an alternative embodiment of the above, the
pouch is created on the outside of the stomach wall, with the
filling body placed against the inside of the stomach wall.

The method according to either of the two previous
embodiments comprises creating a hole in the stomach wall
wherein the pouch is created on the inside of the stomach
wall, with the filling body placed against the outside of the
stomach wall.

The method according to either of the two previous
embodiments may further comprise affixing the stomach wall
to the lower part of the patient’s esophagus by providing
sutures or staples or affixing the stomach wall to the patient’s
diaphragm muscle or associated muscles.

Preferably the pouch has a volume of more than 15 milli-
liters.

In a method according to either of the two previous
embodiments the filling material is preferably capable of
undergoing a curing process from a fluid state to a semi-solid
or solid state. Preferably said curing process is triggered by an
increase in temperature from ambient temperature to body
temperature.

Alternatively the curing process is triggered by a ultravio-
let or any other electromagnetic radiation or by a an interac-
tion in the injected substans.

The invention also makes available a method of treating
obesity in a patient by implanting a volume filling device that,
when implanted in a patient, reduces the food cavity in size by
a volume substantially exceeding the volume of the volume
filling device, the method comprising the steps of:
inserting a needle or a tube-like instrument into the abdomen
of the patient’s body;
using said needle or tube-like instrument to fill the patient’s
abdomen with gas;
placing at least two laparoscopic trocars in the patient’s body;
inserting a camera through one of said at least two laparo-
scopic trocars into the patient’s abdomen;
inserting at least one dissecting tool through one of said at
least two laparoscopic trocars;
dissecting an area of the stomach;
creating a hole in the stomach wall; introducing a device into
the abdominal cavity;
introducing the device through the hole and into the stomach;
placing the device on the outside of the stomach wall;
fixating the device placed on the outside of the stomach wall,
and
thereby creating a filling body that reduces the food cavity in
size by a volume substantially exceeding the volume of the
volume filling device.
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In the above method, the device is preferably affixed to the
stomach wall by providing sutures or staples.

The invention also comprises a laparoscopic instrument for
providing a volume filling device to be invaginated in the
stomach wall of a human patient to treat obesity, suitable for
use with any of the laparoscopic methods described above,
the instrument comprising:
an elongated member having a proximal end and a distal end,
the elongated member having a diameter less than that of a
laparoscopic trocar to be introduced into the patients abdo-
men during a laparoscopic operation;

a stomach pushing device for pushing the stomach wall to
create a tube-like shaped portion of the stomach wall protrud-
ing into the normal stomach cavity, said pushing device com-
prising the volume filling device to be invaginated by the
stomach wall in the tube-like shaped portion thereof;
wherein the pushing device comprises a vacuum device to
suck the stomach to assist the instrument in forming the
tube-like shaped portion of the stomach wall together with the
pushing device, and wherein the vacuum device comprises a
vacuum passageway leading from the proximal to the distal
end of the instrument and at the end portion of the instrument,
which includes the pushing device, said vacuum passageway
is divided up in multiple small openings adapted to suck the
stomach wall portion to become adherent to the pushing
device to further form the tube-like stomach wall portion; and
wherein the instrument comprises an insertion device adapted
to introduce the volume filling device into the tube-like
shaped stomach portion.

This instrument preferably comprises at least one clamping
device for holding the opening of the tube-like portion sub-
stantially closed by clamping together stomach to stomach in
said opening, wherein the instrument is adapted to place the at
least one clamping device at the opening in such a way that it
allows later suturing of the opening.

Further, the instrument preferably comprises an inflation
device for inflating the volume filling device before or after
the suturing. Further still, the instrument preferably com-
prises a suturing device adapted to suture the opening of the
tube-like portion with stomach to stomach sutures for creat-
ing at least partly a closed space enclosing the volume filling
device, wherein the instrument is adapted to be withdrawn
leaving the volume filling device at least partly invaginated in
the stomach wall.

Said suturing device preferably comprises a first and sec-
ond suture positioning member provided on the elongated
member situated in the stomach at the distal end thereof, and
wherein the instrument further comprises an operation device
adapted to adjust the first and second suturing member in a
position in which the first and second suture positioning
members are in front of each other with the stomach wall on
both sides of the open end of the cup like portion, and adapted
to suture the open end of the cup like portion of the wall with
a row of stomach to stomach sutures.

Preferably said suturing device comprises an operable re-
loadable multi-suturing device, which is reloadable with
sutures from outside of the patient’s body and which is
adapted to suture the open end of the cup like portion of the
wall with said row of stomach to stomach sutures, wherein the
row of sutures comprises two or more sutures or staples to be
sutured simultaneously.

More preferably, said suturing device comprises multiple
sutures for suturing two or more sutures simultaneously.

Another embodiment of an instrument comprise laparo-
scopic instrument for implanting a volume filling device in a
human patient to treat obesity, the instrument comprising:
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an elongated member having a proximal end and a distal
end, the elongated member being adapted to be intro-
duced into the patients abdomen during a laparoscopic
operation by means of a laparoscopic trocar,

a stomach pushing device adapted to create a recess in the

stomach wall, the pushing device being adapted to place
a volume filling device in the recess for subsequent
invagination in the stomach wall.

Preferable the elongated member has a diameter of less
than 30 millimeters.

The stomach pushing device may comprise a mechanical
device or a vacuum sucking device adapted to suck the stom-
ach wall to form the recess in the stomach wall, wherein the
vacuum sucking device comprises a vacuum passageway
leading from the proximal to the distal end of the instrument
and at the end portion of the instrument.

In one embodiment the vacuum passageway exhibits a
plurality of openings adapted to suck the stomach wall por-
tion so that it adherers to the pushing device.

Furthermore the instrument may include an insertion
device adapted to introduce the volume filling device into the
recess.

Furthermore the instrument may include at least one
clamping device for holding an opening of the recess substan-
tially closed by clamping together portions of the stomach
wall in said opening,
wherein the instrument is adapted to place the at least one
clamping device at the opening of the recess to allow subse-
quent suturing of the opening.

Preferable the instrument comprises an inflation device for
inflating the volume filling device when it has been placed in
the recess.

In one embodiment the instrument further comprising a
suturing device adapted to suture the opening of the recess
with stomach to stomach sutures for creating at least partly a
closed space enclosing the volume filling device, wherein the
suturing device preferable comprises multiple sutures for
simultaneous suturing of two or more sutures, wherein the
instrument is adapted to be withdrawn leaving the volume
filling device at least partly invaginated in the stomach wall.

The instrument may include in the suturing device a first
and a second suture positioning member provided on the
elongated member at the distal end thereof, and

an operation device adapted to adjust the first and second

suturing members in a position in which the first and
second suture positioning members are in front of each
other with the stomach wall on both sides ofthe open end
of the cup like portion, and adapted to suture the open
end ofthe cup like portion of the stomach wall with a row
of stomach to stomach sutures, wherein the suturing
device preferable comprises a reloading device adapted
to reload the suturing device from outside the patient’s
body.

The instrument is preferable suturing an open end of a cup
like portion of a stomach wall with a row of stomach to
stomach sutures.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail
by way of non-limiting examples and with reference to the
accompanying drawings, in which:

FIG. 1 is an overall view of a patient showing the outlines
of the stomach,

FIG. 2ais a view of a first embodiment of an apparatus for
treating obesity implanted in a human patient,
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FIG. 25 is a sectional view taken along line ITb-ITb of FIG.
2a,

FIGS. 3a-k, 3m, 3n, and 3p show different shapes and
features of a volume filling device comprised in an apparatus
according to the invention,

FIGS. 4a-d show a deflated inflatable volume filling device
comprised in an apparatus according to the invention and an
instrument for placing the volume filling device,

FIGS. 5a-i illustrate different steps of invaginating the
inflatable device of FIG. 4a on the outside of a stomach wall
of a patient,

FIGS. 6-8 show alternative embodiments wherein the vol-
ume filling device is adapted to be non-invasively adjustable
postoperatively,

FIGS. 9 and 10 show embodiments wherein the volume
filling device is adapted to be invaginated in the fundus region
of the patient’s stomach,

FIG. 11 shows an embodiment wherein the volume filling
device is also adapted to treat reflux,

FIG. 12 show an embodiment wherein the volume filling
device adapted also for treating reflux is combined with
stretching devices for stretching part of the stomach fundus
wall,

FIGS. 13-16 show alternative embodiments wherein a
combination of a volume filling device and a stretching device
1s used,

FIGS. 17a and 17b show an embodiment wherein the vol-
ume filling device is provided on the inside of the stomach
wall,

FIGS. 18a-/ illustrate different steps of invaginating the
inflatable device of FIG. 4a on the inside of a stomach wall of
a patient,

FIGS. 194+ illustrate different steps of invaginating the
inflatable device of FIG. 44 on the inside of a stomach wall of
a patient,

FIGS. 20a-f illustrate different steps of invaginating the
inflatable device of FIG. 4a on the inside of a stomach wall of
a patient,

FIG. 21a shows an instrument used in a method of engag-
ing a volume filling device to a stomach wall and FIG. 215
shows an instrument comprising an elongated member after a
cutting operation has been performed and a stomach penetrat-
ing member or cutter has been retracted into a protective
sleeve.

FIG. 22 is an overall view of a patient with an implanted
apparatus for treating obesity,

FIGS. 23-41 show various ways of powering an apparatus
for treating obesity implanted in a human patient,

FIGS. 42-47 show various ways of arranging hydraulic or
pneumatic powering of an apparatus for treating obesity
implanted in a human patient,

FIG. 48 illustrate the invagination of a plurality volume
filling devices, and

FIGS. 494 495 illustrate an abdominal method.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the invention will now be
described in detail with reference to the drawing figures.

FIG. 1 shows a human patient 1, who is being treated for
obesity. A volume filling device 10 is provided so that it
reduces the inner volume of the stomach 12—the food cavity
of the stomach, thereby affecting the patient’s appetite. The
function and the operation of this volume filling device will
be described and explained in detail in the following descrip-
tion.
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FIGS. 2a and 2b show in detail a first embodiment of an
apparatus to treat obesity according to the invention, wherein
FIG. 2a show a side view of the stomach while FIG. 2bis a
sectional view taken along line IIb-IIb of FIG. 24. The appa-
ratus comprises a volume filling device 10 implanted in a
human patient. More specifically, in the embodiment of FIG.
2a the volume filling device 10 is invaginated in the wall 12a
of the patient’s stomach 12 on the outside of the stomach wall.
The body of the volume filling device 10 is elongated and
shaped to rest against the wall 12a of the stomach 12 and
further has an outer surface suitable to rest against this wall.

By invaginating the volume filling device 10 in part of the
stomach wall, the size of the food cavity, generally designated
124 in FIG. 25, will be reduced, resulting in a more rapid
feeling of satiety after food intake.

The volume filling device 10 preferably comprises an elas-
tic material, such as silicone. In this way, the volume filling
device can adapt to the movements of the stomach, the degree
of food intake etc.

By providing the volume filling device from a bio-compat-
ible material, the risk of the patient’s body rejecting the
implant is to a very large extent reduced.

The volume filling device 10 can be fixed to the wall 12a of
the stomach 12 in a number of different ways. In the embodi-
ment shown in FIG. 24, the volume filling device 10 is invagi-
nated in the stomach wall 12a. After invagination, a number
of stomach-to-stomach sutures or staples 14 are applied to
keep the invagination in the short term. This allows growth of
human tissue, keeping the invagination in the long term.

The volume filling device 10 preferably has an essentially
round shape to not damage the stomach wall. An example
thereof is shown in FIG. 3a, wherein the volume filling device
is essentially egg-shaped. In another preferred embodiment,
the volume filling device is slightly bent, such as the embodi-
ment shown in FIG. 35. However, since the stomach wall is
strong many different shapes, forms, and dimensions may be
used. In one embodiment, the volume filling device has a
diameter of about 40 millimeters and a length of about 120
millimeters, resulting in a volume that is about half the vol-
ume of the patient’s stomach. However, it is preferred that the
maximum circumference of the volume filling device is at
least 30 millimeters, more preferably at least 50 millimeters,
and even more preferably at least 80 millimeters.

It is not necessary that the volume filling device is elon-
gated. In the embodiment shown in FIG. 3¢, the volume filling
device 10 is essentially spherical or ball-shaped. In order to
fill out the stomach, two or more such volume filling devices
may be combined to achieve the desired decrease of the food
cavity of the patient’s stomach.

It has been mentioned that the volume filling device is
secured by the stomach-to-stomach sutures or staples. In
order to further improve the fixation, the volume filling device
may be provided with a waist portion having smaller diameter
that the maximum diameter of the volume filling device. Such
volume filling device having a waist portion 10a is shown in
FIG. 34.

The volume filling device 10 may consist of at least two
interconnectable portions so that each portion is easier to
insert into the stomach and further through a hole in the
stomach wall. Thus, FIG. 3e shows a volume filling device
comprising two more or less spherical sub-parts 105, 10¢
interconnected by a portion with which preferably has
smaller diameter. The portion with smaller diameter may
comprise an interconnection means with a reversible function
allowing subsequent disconnection of the two interconnected
sub-parts 105, 10c. Such means may comprise a bayonet
socket, a screw connection or the like, designated 10d in the
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figure. Alternatively, the portion with smaller diameter may
comprise a fixed interconnection, such as resilient locking
hooks provided on one of the sub-parts 105, 10c and engaging
the rim of a hole provided in the other one of the sub-parts
105, 10c.

The configuration of the volume filling device 10 is not
limited to one waist portion 10a. Thus, in FIG. 3f'a volume
filling device with two waist portions is shown.

In order to facilitate positioning of the volume filling
device, an attachment means in the form of a handle or the like
may be provided on the outer surface of the volume filling
device. One example thereof is shown in FIG. 3g, wherein
also a detail view of a handle 10e is shown. In a preferred
embodiment, the attachment means is provide at an end por-
tion of the volume filling device 10. In order to avoid protrud-
ing portion on the surface of the volume filling device 10, the
handle 10e is provided flush with the outer surface of the
volume filling device 10 and a recess 10f'is arranged to allow
a gripping tool or instrument (not shown in FIG. 3g) to
achieve fit in gripping around the handle 10e.

The volume filling device may comprise a tube for filling or
emptying the volume filling device of a fluid or gel. By
injecting fluid or gel into the volume filling device 10, the
volume filling device is inflated to an inflated state, as will be
described below. The size of the volume filling device can
also be adjusted by moving fluid or gel therefrom to a differ-
ent reservoir.

Avolume filling device 10 adapted for this is shown in FIG.
3/.A tube 10g is fixedly attached to the volume filling device.
This tube can be attached to a suitable instrument (not shown)
or an injection port, which will be explained in detail below.

Instead of having a fixedly attached tube, the volume filling
device 10 may comprise an inlet port 10/ adapted for con-
nection of a separate tube (not shown in this figure).

It is important that the implanted volume filling device is
firmly kept in place in the stomach wall in which it is invagi-
nated. To this end, the volume filling device can be provided
with one or more through holes adapted for receiving sutures
or staples used for fixation of the invagination. Such an
embodiment is shown in FIG. 3j, where the volume filling
device 10 is provided with a row of holes 10i provided on a
protruding flange-like protrusion on the volume filling
device. In this embodiment, the row of holes extend along the
longitudinal axis of the volume filling device.

FIG. 3k llustrates how sutures 14 are provided so that they
run through the stomach wall 124 and through the holes 10i.
In this way, the volume filling device is fixed in place in the
pouch created from the stomach wall and will thus be pre-
vented from sliding.

Although a plurality ofholes is illustrated in the FIG. 3j, it
will be appreciated that one single hole is sufficient to obtain
improved fixation of the volume filling device 10.

FIG. 3millustrates a volume filling device provided with an
inlet port 10/2. The volume filling device is invaginated in the
stomach wall and the inlet port 10/ is available for connection
to a tube or the like from the abdominal area of the patient.

FIG. 3# illustrates an invaginated volume filling device
wherein, instead of an inlet port, a fixed tube 10g extends into
the abdominal area of the patient.

FIG. 3p is a figure similar to FIG. 3m but also illustrating
tunneling of a connection tube 10g in the stomach wall
between the inlet port 10/ and the volume filling device 10.

It has been shown that the shape of the volume filling
device can take many different forms. It will be appreciated
that also the material of the volume filling device can vary. It
is preferred that the volume filling device is provided with a
coating, such as a Parylene, polytetrafluoroethylene (PTFE),
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or polyurethane coating, or a combination of such coatings,
i.e.,a multi-layer coating. This coating or multi-layer coating
improves the properties of the volume filling device, such as
its resistance to wear.

In one embodiment, the volume filling device comprises an
inflatable device expandable to an expanded state. In this
case, the inflatable device is provided with an inlet port for a
fluid and is adapted to be connected to a gastroscopic instru-
ment. This embodiment will now be described in detail with
reference to FIGS. 4a-4d.

An inflatable volume filling device in its non-expanded
state is shown in FIG. 4a. It is essentially a balloon-like,
deflated device 10 having an inlet port 10/%. In this state, the
inflatable device has a diameter of a few millimeters at the
most, allowing it to be inserted into the stomach through the
esophagus ofthe patient by means of a gastroscopic, tube-like
instrument 600, depicted in FIG. 4b. The instrument com-
prises an outer sleeve 600a and an inner sleeve 6005 which
can be displaced longitudinally relatively to the outer sleeve.
The inner sleeve is provided with a cutter in the form of a
cutting edge 615 at the distal end thereof. This cutting edge
can be used for cutting a hole in the stomach wall, as will be
explained in detail in the following.

When the instrument reaches a stomach wall, see FIG. 4c,
the inner sleeve is brought forward from its position in the
outer sleeve and into contact with the stomach wall 12a. The
cutting edge 615 of the inner sleeve then cuts a hole in the
stomach wall so as to allow subsequent insertion of the vol-
ume filling device 10 into and through this hole, see FIG. 44.
In order to push the volume filling device through the hole, a
piston 602 may be provided in the instrument. Thus, the
instrument further comprises a piston 602 adapted for push-
ing a deflated volume filling device 10 out from a position in
the inner sleeve, this position being shown in FIG. 45, to a
position outside of the inner sleeve, this being shown in FIG.
4d.

In order to protect the deflated volume filling device 10
from the cutting edge 615 of the inner sleeve, a further pro-
tective sleeve (not shown) can be provided around the volume
filling device.

An intraluminar method of invaginating a volume filling
device 10 on the outside of the stomach wall 12a will now be
described with reference to FIGS. 5a-i. Initially, an instru-
ment 600, preferably a gastroscopic instrument, is inserted
into the mouth of the patient, see FIG. 5a. The instrument
comprises an injection device 601, 602 for injecting either
fluid or a device into the stomach of the patient. The instru-
ment 600 further comprises a control unit 606 adapted for
controlling the operation of the instrument. To this end, the
control unit 606 comprises one or more steering devices, in
the embodiment shown in the figure in the form of two joy-
sticks 603 and two control buttons 604. A display 605 is
provided for displaying the image provided by an optical
device for viewing inside the stomach, such as a camera (not
shown) arranged at the outer end of the elongated member
607, see FIGS. 5¢-i. The camera, which may comprise con-
necting electrical wires extending along the elongated mem-
ber, may be assisted by a light source (not shown) placed
distally on the elongated member for illuminating the inside
of the stomach. The optical device may also comprise optical
fibers placed along the elongated member and leading out
from the patient’s body for external viewing of the inside of
the stomach.

The instrument is further inserted into the esophagus and
into the stomach of the patient, see FIG. 55. By means of the
instrument 600, a hole 125 is created in the wall of the stom-
ach 12. To this end, the instrument is provided with one or
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more cutters 615 at the distal end thereof, for example in the
way described above with reference to FIGS. 4a-d. These
cutters can of course be designed in different ways, such as a
toothed drum cutter rotating about the center axis of the
tube-like instrument.

After cutting a hole in the stomach wall, the distal end of
the instrument 600 is inserted into and through the hole 124 so
that it ends up outside the stomach wall 12q. This is shown in
FIG. 5¢, showing a side view of the stomach 12, and FIG. 54,
which is a sectional view through the stomach of FIG. 5¢
taken along the lines Vd-Vd.

The instrument 600 is adapted to create a “pocket” or
“pouch” on the outside of the stomach 12 around the hole 125
in the stomach wall. Such an instrument and the method of
providing the pouch will now be described.

FIGS. 5¢-i show a gastroscopic or laparoscopic instrument
for invaginating a volume filling device 10 in the stomach
wall 12a of the patient by creating a pouch of stomach wall
12a material in which the volume filling device is placed. The
instrument, generally designated 600, and which may com-
prise the features described above with reference to FIGS.
4a-d, comprises an elongated member 607 having a proximal
end and a distal end, the elongated member 607 having a
diameter less than that of the patient’s esophagus and being
flexible such as to allow introduction of the flexible elongated
member 607 with its distal end first through the patient’s
throat, esophagus and into the stomach 12 to the stomach wall
12a.

The stomach penetration device or cutter 615 is provided
on the elongated member 607 at the distal en thereof for
penetrating the stomach wall 12¢ so as to create a hole in the
stomach wall 12a, to allow introduction of the elongated
member 607 through the hole. The stomach penetration
device 615 could be adapted to be operable for retracting said
stomach penetration device 615 after the stomach fundus wall
12a has been penetrated, for not further damaging tissue
within the body. The instrument further comprises a special
holding device 609 provided on the elongated member 607 on
the proximal side to the penetration device 615.

The elongated member further comprises an expandable
member 611 which is adapted to be expanded after the elon-
gated member has penetrated the stomach wall 12a¢ and
thereby assist in the creation of a cavity or pouch adapted to
hold the volume filling device 610. The expandable member
611 may comprise an inflatable circular balloon provided
circumferentially around the distal end portion of the flexible
elongated member 607.

The method steps when invaginating the volume filling
device will now be described in detail. After the instrument
600 has been inserted into the stomach 12, the stomach pen-
etration device 615 is placed into contact with the stomach
wall 124, see FIG. Se. The stomach penetration device or
cutter 615 is then brought to create the hole 124 in the stom-
ach wall, whereafter at least the expandable member 611 is
brought through the hole 124 in the stomach wall. The special
holding device 609 is in this step brought to a holding state
wherein it expands radially so as to form an essentially cir-
cular abutment surface to the stomach wall 12a, see FIG. 5f.
In this way, the insertion of the stomach penetration device
615 and the expandable member 611 through the hole 12a in
the stomach wall is limited to the position shown in FIG. 5

The expandable member 611 is then expanded. In the case
the expandable member comprises a balloon or the like, air or
other fluid is injected into it.

The part of the elongated member 607 comprising the
expandable member 611 is then retracted in the proximal
direction, as indicated by the arrow in FIG. 5¢, thereby pull-
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ing the stomach wall 612 into a basket or cup like structure
created by the special holding device 609.

A suturing or stapling device 608 is further provided, either
as a device connected to the elongated member 607 or as a
separate instrument. The suturing or stapling member com-
prises a suturing or stapling end 613 which is adapted to close
the cavity or pouch by means of stomach to stomach sutures
or staples 14.

In a further step, illustrated in FIG. 54, an inflatable volume
filling device 10 is placed in its deflated state in the cup like
structure. The volume filling device 10 is then inflated to its
inflated or expanded state, see FIG. 5i. This inflation of the
volume filling device 10 can be accomplished by injecting a
fluid or a gel into the deflated volume filling device. Itcan also
be accomplished by injecting a material which is allowed to
cure, thereby forming a solid device 10. Thus, the volume
filling device 10 shown in FIGS. 5/ and 5/ can illustrate either
a balloon-like device which is subsequently filled with fluid
or gel or alternatively a material which is simply injected into
the cup like structure formed by the stomach wall 12a.

The fluid which is used to fill the volume filling device 10
could be any suitable fluid suitable to fill the inflatable device
10, such as a salt solution. In another embodiment, when this
fluid is a fluid which is adapted to be transformed into solid
state, the fluid could be liquid polyurethane.

In order to minimize or entirely eliminate leakage, the fluid
is iso-tonic, i.e., it has the same osmolarity as human body
fluids. Another way of preventing diffusion is to provide a
fluid which comprises large molecules, such as iodine mol-
ecules.

The stomach-to-stomach sutures or staples are preferably
provided with fixation portions exhibiting a structure, such as
anet like structure, adapted to be in contact with the stomach
wall to promote growth in of human tissue to secure the long
term placement of the volume filling device attached to the
stomach wall.

After the inflatable device 10 has been inflated, partly or
fully, the inlet port 10/ (not shown in FIGS. 5% and 5i) of the
volume filling device 10, is sealed and the instrument 600 is
retracted from the hole 124, which is subsequently closed in
some suitable way, such as by means of the instrument 600.
The instrument is then removed from the stomach 600 and the
inflatable device 10 in its inflated or expanded state is invagi-
nated by a stomach wall portion of the patient on the outside
of the stomach wall. This reduces the inner volume of the
stomach, thereby affecting the patient’s appetite.

During one or more of the above described steps, the stom-
ach may be inflated with gas, preferably by means of the
gastroscopic instrument.

The volume filling device 10 described above with refer-
ence to FIGS. 5a4-i has been described as an inflatable volume
filling device. It will be appreciated that is also can be an
elastic volume filling device with an elasticity allowing com-
pression so as to be inserted into a gastroscopic instrument
and which expands to an expanded state after leaving the
instrument.

An altermative embodiment of an apparatus for treating
obesity will now be described with reference to FIGS. 6a and
6b, showing a sectional view of a stomach in which a volume
filling device is invaginated in the stomach wall on the outside
thereof together with a system for regulating the size of the
volume filling device. The volume filling device is an inflat-
able device as described above with reference to FIGS. 5a-#
and thus comprises a fluid. The inflatable device 10 thus
forms a fluid chamber, in which fluid is allowed to flow. The
inflatable device thereby forms an expandable chamber that
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can change the volume it occupies in the stomach wall,
thereby forming a hydraulically or pneumatically regulated
inflatable device.

InFIG. 6a, aninjection port 16 for fluids is connected to the
inflatable volume filling device 10 by means of a conduit 18
in the form of a tube. The inflatable device 10 is thereby
adapted to be regulated, preferably non-invasively, by mov-
ing liquid or air from the injection port 16 to the chamber
formed by the inflatable device. By using a hypodermic
needle or the like, the amount of fluid in the inflatable device
10 can thus be adjusted, thereby adjusting the size of the
adjustable device. The injection port 16 can also be used
simply for refilling the volume filling device 10.

The regulation reservoir 17 can be regulated in several
ways. In an alternative embodiment, the regulation reservoir
17 is regulated by manually pressing a regulation reservoir. In
other words, the regulation reservoir is regulated by moving a
wall of the reservoir. It is then preferred that the regulation
reservoir is placed subcutaneously and non-invasive regula-
tion is thereby achieved.

A similar embodiment is shown in FIG. 6b. However, in
this embodiment the injection port 16 has been replaced by an
adjustable regulation reservoir 17 in fluid connecting with the
volume filling device 10 via a tube 18. When the regulation
reservoir 17 is pressed, the volume thereof decreases and
hydraulic fluid is moved from the reservoir to the chamber
formed by the inflatable device 10 via the conduit or tube 18,
enlarging or expanding the inflatable device 10. In this way,
the volume filling device is non-invasively adjustable postop-
eratively.

It will be appreciated that instead of hydraulic operation,
pneumatic operation can be used, wherein air instead of
hydraulic fluid is moved between the regulation reservoir and
the chamber formed by the inflatable device 10. Preferable
the regulation reservoir has a locking position to keep it in the
desired position. If the patient compresses the reservoir it
preferably stays compressed and releases after pressing
again.

Any kind of hydraulic solution may be used for the inflat-
able device. The hydraulic solution may be driven by both
mechanically and be powered with any motor or pump as well
as manually.

In another embodiment, shown in FIG. 7, a motor 40 is
adapted to move a wall of the regulation reservoir 17. The
powered regulation reservoir 17 is then preferably placed in
the abdomen of the patient. In this embodiment, a wireless
external remote control unit forming part of the external
energy transmission device 34 can be provided to perform
non-invasive regulation of the motor via an energy transform-
ing device 30, which is adapted to supply an energy consum-
ing operation device, in the present example the motor 40,
with energy via a power supply line 32.

The remote control may comprise a wireless energy trans-
mitter, whereby the non-invasive regulation is performed by
the energy transmitter. When the regulation is performed by
means of a remote control an internal power source for pow-
ering the regulating device is provided. The internal energy
source can for example be a chargeable implanted battery or
a capacitor or a device for receiving wireless energy trans-
mitted from outside the body of the patient. Different ways of
regulating the inflatable device 10 will be described below
with reference to FIGS. 22-41.

In yet an alternative embodiment, shown in FIG. 8, the
apparatus for treating obesity comprises a pump 44, wherein
the reservoir is regulated by the pump 44 pumping fluid or air
from the reservoir to the chamber formed by the inflatable
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device. Different configurations of this pump will be
described below with reference to FIGS. 22-41.

Yet an alternative embodiment of an apparatus for treating
obesity will now be described with reference to FIG. 9, which
shows a stomach 12 of a patient who is treated for obesity.
This embodiment is similar to the one described above with
reference to FIG. 7 and the apparatus comprises a volume
filling device in the form of an inflatable device 10 which is
invaginated in the wall 12a ofthe patient’s stomach 12. How-
ever, in this case the invagination has been performed in the
fundus, i.e., the upper portion of the stomach, where the
number of receptors in the stomach wall is large, and the
inflatable device functions as a stretching device for part of
the stomach fundus wall.

A regulation reservoir 17 for fluids is connected to the
inflatable device by means of a conduit 18 in the form of a
tube. The inflatable device 10 is thereby adapted to be regu-
lated, preferably non-invasively, by moving liquid or air from
the regulation reservoir 17 to the chamber formed by the
inflatable device 10. The regulation of the inflatable device 10
preferably comprises a reversed servo, 1.e., a small volume is
actuated for example by the patient’s finger and this small
volume is in connection with a larger volume, i.e., the regu-
lation reservoir 17.

Thus, the inflatable device 10 is placed outside the stomach
wall and is adapted to stretch a part of the stomach fundus
wall, thereby affecting the patient’s appetite. By enlarging the
size of the stretching device, the stomach fundus wall 12a
surrounding the inflatable stretching device 10 is stretched
since the circumference of the inflatable stretching device 10
is increased. By this stretching, the receptors in the stomach
wall indicate that the stomach is full, thereby creating a feel-
ing of satiety to the patient. Correspondingly, when the
stretching device 10 is contracted, the receptors indicate that
the stomach is not full, thereby returning the feeling of hun-
ger. It will be appreciated that this embodiment combines the
effects of both reducing the volume of the stomach food
cavity and stretching part of the stomach wall, thereby
increasing the treatment effect.

The expansion and contraction of the stretching device 10
can be performed under direct control of the patient. Alterna-
tively, the expansion and contraction can be performed
according to a pre-programmed schedule.

In a preferred embodiment, shown in FIG. 10, a sensor 19
is provided at a suitable position, such as at the esophagus.
The volume filling device 10 in the form of the inflatable
stretching device is similar to the one shown in FIG. 9. By
providing one or more sensors, the apparatus for treating
obesity can be automated in that the size of the volume filling
device 10 in the form of the inflatable stretching device is
adjusted depending on the amount of food entering the food
cavity ofthe stomach. The fluid is thereby moved between the
inflatable volume filling device 10 and a fluid reservoir 15.

The apparatus for treating obesity can have the additional
functionality of treating reflux. An embodiment having this
fanction is shown in FIG. 11, wherein the volume filling
device 10 is invaginated in the stomach wall close to and at
least partially above the patient’s cardia 26 when the patient is
in a standing position and is fixed to a position above the
cardiaarea 26 by a fixation, such as sutures or staples 14a. For
example a direct or indirect fixation to the diaphragm muscle
or associated muscles may be provided. As an alternative a
direct or indirect fixation to the esophagus above and close to
the angle of His can be provided. In this alternative embodi-
ment, the volume filling device 10 rests in a position against
stomach wall of the fundus when implanted and which also
fills a volume above the cardia area 26 between the cardia and
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the diaphragm muscle so that the cardia is prevented from
slipping up into the thorax cavity, whereby reflux disease is
prevented.

Such a volume filling device 10 may be used for keeping
electronics and/or an energy source and/or hydraulic fluid.
Hydraulic fluid from that device may be distributed to several
smaller inflatable device areas to vary the stretching area from
time to time avoiding any possible more permanent stretching
effect ofthe stomach wall. Even mechanically several stretch-
ing areas may be used.

In an alternative embodiment, which is shown in FIG. 12,
the volume of an inflatable volume filling device 10 may be in
fluid connection with one or more preferably smaller inflat-
able devices or chambers 50. These chambers are adapted to
communicate with fluid or air being moved between the
chambers.

Thus, the large chamber 10 is adapted to, with its main
volume to be a volume filling device for reducing the size of
the food cavity and for treating reflux disease and the one or
several small chambers are adapted to function as the inflat-
able devices to treat obesity, wherein the main chamber is
adapted to communicate with fluid or air to the small cham-
bers causing a stretching effect in the stomach wall thereby
further treating obesity.

In FIGS. 13-16, different embodiments embodying a com-
bination of a volume filling device invaginated in the central
or lower portion of the stomach and a stretching device
invaginated in the upper portion or fundus of the patient’s
stomach. Thus, in FIG. 13 there is shown an adjustable vol-
ume filling device 10, which is invaginated in the stomach
wall of a patient’s stomach 12. Additionally, an adjustable
stretching device 50 with the previously described function is
invaginated in the stomach fundus wall of the patient. It is
preferred that the volume filling device 10 is substantially
larger than the stretching device 50.

The volume filling device 10 and the stretching device 50
are in fluid communication with each other via a fluid com-
munication device comprising a first fluid tube 52, in which a
pump 54 is provided. The pump 54 is under the control from
an energy transforming device 30, which is adapted to supply
the pump 50 with energy via a power supply line 56. The
energy transforming device 30 is also connected to a sensor
19 provided in the esophagus of the patient so that food intake
can be detected.

The volume filling device 10 and the stretching device 50
are also in fluid communication with each other via a second
fluid tube 58, which preferably has a smaller cross-sectional
area than the first fluid tube 52.

The operation of this arrangement is as follows. The vol-
ume filling device 10 functions as in the above described
embodiments, i.e., it reduces the size of the food cavity of the
patient’s stomach 12. Additionally, when the stretching
device 50 is enlarged by pumping fluid from the volume
filling device 10 and to the stretching device 50 by means of
the pump 54, the stomach fundus wall is stretched, creating a
feeling of satiety for the patient. Thus, for example when food
intake is detected by means of the sensor 19, fluid is auto-
matically pumped into the stretching device 50 to increase the
feeling of satiety and thereby limit the food intake.

When fluid has been injected into the stretching device 50,
the internal pressure therein is higher than the internal pres-
sure in the volume filling device 10. This difference in pres-
sure will create a flow of fluid in the second, preferably
narrower tube 58 from the stretching device 50 to the volume
filling device 10. The flow rate will be determined by among
other things the difference in pressure and the cross-sectional
area of the second tube 58. It is preferred that the second tube
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is so dimensioned, that the pressures in the volume filling
device 10 and the stretching device 50 will return to equilib-
rium after 3 hours after fluid has been injected into the stretch-
ing device 50 to create the feeling of satiety.

In this embodiment, the function ofthe second tube 58 is to
allow fluid to return from the stretching device 50 to the
volume filling device 10. It will be appreciated that this func-
tion also can be performed by the pump 54 in the first tube 52
and that the second tube 58 then can be omitted.

FIG. 14 illustrates an embodiment similar to the one illus-
trated in FIG. 13. Thus, there is provided an adjustable vol-
ume filling device 10, which is invaginated in the stomach
wall of a patient’s stomach 12. Additionally, an adjustable
stretching device 50 with the previously described function is
invaginated in the stomach fundus wall of the patient. It is
preferred that the volume filling device 10 is substantially
larger than the stretching device 50.

The volume filling device 10 and the stretching device 50
are in fluid communication with each other via a first fluid
tube 52, and a second fluid tube, which preferably has a
smaller cross-sectional area than the first tube. However,
instead of a pump, there is provided a non-return valve 60 in
the first fluid tube 52 instead of an energized pump. This
non-return valve 60 allows fluid to flow in the direction from
the volume filling device 10 and to the stretching device 10
but not vice verse. This means that this embodiment may be
entirely non-energized. Instead, it operates according to the
following principles.

When the food cavity of the stomach 12 is essentially
empty, there is a state of equilibrium between the internal
pressure of the volume filling device 10 and the stretching
device 50. In this state, the stretching device is ina non-stretch
state, 1.e., it does not stretch a part of the stomach fundus wall
and thus does not create a feeling of satiety.

When the patient starts to eat, food will enter the food
cavity of the stomach 12. This will create increased pressure
on the stomach wall in which the volume filling device 10 is
invaginated and the internal pressure therein will increase.
Also, the stomach wall muscles will begin to process the food
in the food cavity by contraction, which also contributes to an
increased internal pressure in the volume filling device 10.

Since the internal pressure in the stretching device 50 will
remain essentially unchanged, because it is located in the
upper part of the stomach 12 where no food is exerting a
pressure on the stomach wall, a fluid flow will be created
through the first and second fluid tubes 52, 58 in the direction
from the volume filling device 10 and to the stretching device
50. This in turn will increase the volume of the stretching
device 50, which, by stretching the stomach fundus wall, will
provide a feeling of satiety to the patient.

A fluid flow from the stretching device 50 to the volume
filling device 10 through the second tube 58 will return the
pressure of these devices to equilibrium as described above
with reference to FIG. 13.

FIG. 15 illustrates an embodiment, which is similar to the
one shown in F1G. 14 but with the addition of an injection port
16, which is used for refilling the fluid system comprising the
volume filling device 10 and the stretching device 50 or
alternatively for actively adjusting the size thereof.

Similarly, FIG. 16 illustrates an embodiment wherein the
stretching device 50 can be actively regulated by manually
pressing an adjustment reservoir which is provided subcuta-
neously below the patient’s skin, similar to the embodiment
shown in FIG. 9. Thus, a regulation reservoir 17 for fluids is
connected to the inflatable device by means of a conduit 18 in
the form of a tube. The stretching device 50 is thereby adapted
to be regulated, non-invasively, by moving liquid or air from
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the regulation reservoir 17 to the chamber formed by the
inflatable device. The regulation of the stretching device 50
preferably comprises a reversed servo, i.e., a small volume is
actuated for example by the patient’s finger and this small
volume is in connection with a larger volume.

An alternative placement of the volume filling device 10 is
shown in FIGS. 174 and 174, wherein FIG. 175 shows a
sectional view through the stomach shown in FIG. 17a along
the line XVIIb-XVIIb. There, the volume filling device 10 is
adapted to be placed inside the wall of the stomach 12, such as
via a gastroscope or similar intraluminar instrument, and
resting against the inside of the stomach wall 12a. The inflat-
able device can be kept invaginated by means of sutures or
staples 14, like in the embodiment of FIGS. 2¢ and 2. In this
embodiment, no hole is required in the stomach wall. Instead,
amethod of providing the volume filling device 10 can com-
prise the following steps, which will be explained with refer-
ence to FIGS. 184-% showing an invagination instrument

The invagination instrument, generally designated 630,
comprises an elongated tube member 632 similar to the elon-
gated member 607 described above with reference to FIGS.
5a-i. Thus, it can be connected to a control unit 606, see FIG.
5a. The invagination instrument 630 further comprises a pet-
forated suction portion 634, which preferably is elongated.
The suction portion 634 exhibits a plurality of small holes
636, into which air will be sucked by providing suction in the
tube member 632. This suction effect will be used to create a
“pocket” or “pouch” in a part of a stomach wall, generally
designated 12a.

In other words, when the tip of the suction portion 634 is
pressed against the stomach wall 12q, see FIG. 18a, a small
recess will be formed therein. When the suction portion 634 is
further pressed against the stomach wall 12a, see FIG. 18, a
larger recess will be formed. The part of the stomach wall 124
that forms the recess will, due to the suction effect, adhere to
the suction portion 634 ofthe invagination instrument 630. As
the suction portion 634 is further pressed into the stomach
wall 12a, see FIG. 18c¢, a deeper recess will be formed until
the entire suction portion 634 is embedded in the recess, see
FIG. 184.

The rim of the recess will at this stage be fixated by means
of fixation elements 638 and the suction portion be removed
from the instrument, see FIG. 18e. A compressed elastic
volume filling device 10 will subsequently be inserted into the
recess, see FIG. 18f, for example in the way described above
with reference to FIG. 44. This compressed volume filling
device is then expanded to its final shape, see FIG. 18g, where
after the pouch is sealed by suturing or stapling by means of
the fixations elements, see FIG. 18%.

All the alternatives described above with reference to
FIGS. 2-16 are also applicable to the embodiment described
with reference to FIGS. 17 and 18, i.e., to the embodiment
where the volume filling device is invaginated on the inside of
the stomach wall.

FIGS. 194+ show an instrument for use in a method of
engaging a volume filling device 10 to the stomach wall 12 of
a patient. The instrument is adapted to be inserted through a
narrow tube shaped object such as a gastroscope, used in an
intraluminar procedure, or a laparoscopic trocar used in a
laparoscopic procedure. The instrument comprises an elon-
gated member 650 which is adapted to be flexible by means of
a construction comprising multiple ring shaped members,
however it is equally conceivable that said elongated member
650 is adapted to be flexible by means of said elongated
member 650 being made of a flexible or adjustable material.
The elongated member 650 is inserted into the body and
placed in proximity to the stomach wall 12 of the patient, from
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the outside or inside thereof. The elongated member 650 has
a special holding device 651 adapted to hold the stomach by
means of mechanical grabbing members or vacuum. The
special holding device 651 comprises a first joint 652 and a
second joint 653, which enable the special holding device 651
be operable in relation to the elongated member 650 and
thereby place the part of the holding device 651 comprising
the mechanical grabbing members or vacuum elements into
contact with the stomach wall 12 of the patient. FIG. 194
shows the special holding device 651 when placed in contact
with the stomach wall 12 of the human patient, after which the
special holding member 651 connects to the stomach wall 12,
for holding the stomach wall 12. FIG. 19¢ shows the instru-
ment when the step of advancing a pushing rod 654 from the
elongated member 650 is performed. The pushing rod 654
pushes the stomach wall 12 to create a cavity or pouch
thereof. FIG. 19d shows the instrument turned 90° in relation
to FIGS. 19a-c. This view shows the special holding members
651a,b operably attached to two sides of the elongated mem-
ber 650 and being in contact with the stomach wall 12, hold-
ing the stomach wall 12 as the pushing rod 654 pushes to
create a cavity or pouch. When the pushing rod 654 has
pushed the stomach wall 12 to a desired position the special
holding devices 651a,b moves towards the pushing rod 654
and thereby closes the cavity or pouch.

After the cavity or pouch has been created it needs to be
sealed. FIG. 19f shows the advancement of a suturing or
stapling device 655 from the elongated member 650. The
suturing or stapling device 655 is positioned in connection
with the stomach wall after which the suturing or stapling
device commences with the suturing or stapling of the stom-
ach wall 12, creating a seal of stomach to stomach sutures or
staples 14. The instrument is moved along the stomach wall
12 of the patient and thereby a cavity or pouch is created and
sealed using the instrument, as shown in FIGS. 19¢ and 194.
When a cavity or pouch or desired size has been created and
sealed an inserting member 656 is advanced from the elon-
gated member 650. The inserting member 656 is adapted to
inserta volume filling device 10 being inflatable, as described
earlier in this application. After the inserting member 656 has
been positioned in the cavity or pouch the volume filling
device 10 is inserted through the inserting member 656 and
into the cavity or pouch by means of a pressurized fluid or gas,
or amechanical advancement member pushing said inflatable
volume filling device 10 into the cavity or pouch. The inser-
tion member then inflates the inflatable volume filling device
with a fluid or gas and seals of the final section of the pouch
using stomach to stomach sutures or staples 14. The embodi-
ment described explains the process of inserting an inflatable
volume filling device, however it is equally conceivable that
the volume filling device 10 is expandable by means of the
volume filling device 10 being made of an elastic material.

FIGS. 20a-f show an instrument for use in a method of
engaging a volume filling device 10 to the stomach wall 12 of
a patient. The instrument is adapted to be inserted through a
narrow tube shaped object such as a gastroscope, used in an
intraluminar procedure, or a laparoscopic trocar used in a
laparoscopic procedure. The instrument comprises an elon-
gated member 660 which is adapted to be flexible by means of
a construction comprising multiple ring shaped members,
however it is equally conceivable that said elongated member
660 is adapted to be flexible by means of said elongated
member 660 being made of a flexible or adjustable material.
The elongated member 660 is inserted into the body and
placed in proximity to the stomach wall 12 ofthe patient, from
the outside or inside thereof. The elongated member 660 has
multiple special holding devices 661 adapted to hold the
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stomach by means of mechanical grabbing members or
vacuum. The special holding devices 661 are locked in a
position alongside the elongated member 660 by means of a
locking ring 662. The special holding devices are made of a
flexible material end pre-bent to expand into a funnel-shaped
device when said locking ring 662 is removed. The special
holding device in its funnel shaped expandable state is shown
in FIG. 2056. FIG. 205 further shows the special holding
device 661 when placed in contact with the stomach wall 12
of the human patient, after which the special holding member
661 connects to the stomach wall 12, for holding the stomach
wall 12. FIG. 20¢ shows the instrument when the step of
advancing a pushing rod 664 from the elongated member 660
is performed. The pushing rod 664 pushes the stomach wall
12 to create a cavity or pouch thereof. When the pushing rod
664 has pushed the stomach wall 12 to a desired position the
special holding devices 661 moves towards the pushing rod
664 and thereby closes the cavity or pouch.

After the cavity or pouch has been created it needs to be
sealed. FIG. 204 shows the advancement of a suturing or
stapling device 665 from the elongated member 660. The
suturing or stapling device 665 is positioned in connection
with the stomach wall 12 after which the suturing or stapling
device 665 commences with the suturing or stapling of the
stomach wall 12, creating a seal of stomach to stomach
sutures or staples 14. Thereafter an inserting member 656 is
advanced from the elongated member 660 and the special
holding devices 661 are retracted. The inserting member 656
is adapted to insert a volume filling device 10 being inflatable,
as described earlier in this application. After the inserting
member 656 has been positioned in the cavity or pouch the
volume filling device 10 is inserted through the inserting
member 656 and into the cavity or pouch by means of a
pressurized fluid or gas, or a mechanical advancement mem-
ber pushing said inflatable volume filling device 10 into the
cavity or pouch. The insertion member 656 then inflates the
inflatable volume filling device with a fluid or gas and seals of
the final section of the pouch using stomach to stomach
sutures or staples 14. The embodiment described explains the
process of inserting an inflatable volume filling device 10,
however it is equally conceivable that the volume filling
device 10 is expandable by means of the volume filling device
10 being made of an elastic material. FIG. 20 f shows the
volume filling device 10 as the volume filling device 10 is
invaginated in the stomach wall 12, in a cavity or pouch sealed
with stomach to stomach sutures or staples 14.

FIG. 21a shows an instrument used in a method of engag-
ing the volume filling device according to any of the embodi-
ments of the application to the stomach wall 12. The instru-
ment comprises an elongated member 670 which is adapted
to be flexible by means of a construction comprising multiple
ring shaped members, however it is equally conceivable that
said elongated member 670 is adapted to be flexible by means
of said elongated member 670 being made of a flexible or
adjustable material.

The elongated member 670 is inserted into the body and
placed in proximity to the stomach wall 12 of the patient, from
the inside thereof. A stomach penetrating member 672 is
placed in the distal end of the elongated member 670, retrac-
tably fixated to a protective sleeve 673 adapted to protect the
tissue of the body from the sharp penetrating member 672 or
cutter 672 after the cutting operation has been performed.

FIG. 215 shows the instrument comprising the elongated
member 670 after the cutting operation has been performed
and the stomach penetrating member or cutter 672 has been
retracted into the protective sleeve 673. A guiding wire 671 is
pushed through the elongated member 670, through the hole
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made in the stomach wall 12 and out through the abdomen
and placed on the inside of the patients skin, which is pen-
etrated from the outside to enable the guiding wire 671 to exit
the abdomen. The guiding wire 671 can then be used to guide
aconduit 18 or a lead attached to the volume filling device 10
being placed in the stomach from the inside thereof. The
volume filling device 10 with the conduit 18 or electrical lead
being a volume filling device 10 according to any of the
embodiments of this application. The guiding of the conduit
18 or electrical lead enables the attachment of the conduit 18
or electrical lead to a control unit 42 placed subcutaneously in
the patient from the outside of the abdomen.

FIG. 22 illustrates a system for treating a disease compris-
ing an apparatus 10 comprising a volume filling device of the
present invention placed in the abdomen of a patient. An
implanted energy-transforming device 1002 is adapted to
supply energy consuming components of the apparatus with
energy via a power supply line 1003. An external energy-
transmission device 1004 for non-invasively energizing the
apparatus 10 transmits energy by at least one wireless energy
signal. The implanted energy-transforming device 1002
transforms energy from the wireless energy signal into elec-
tric energy which is supplied via the power supply line 1003.

The implanted energy-transforming device 1002 may also
comprise other components, such as: a coil for reception
and/or transmission of signals and energy, an antenna for
reception and/or transmission of signals, a microcontroller, a
charge control unit, optionally comprising an energy storage,
such as a capacitor, one or more sensors, such as temperature
Sensor, pressure sensor, position sensor, motion sensor etc., a
transceiver, a motor, optionally including a motor controller,
a pump, and other parts for controlling the operation of a
medical implant.

The wireless energy signal may include a wave signal
selected from the following: a sound wave signal, an ultra-
sound wave signal, an electromagnetic wave signal, an infra-
red light signal, a visible light signal, an ultra violet light
signal, a laser light signal, a micro wave signal, a radio wave
signal, an x-ray radiation signal and a gamma radiation sig-
nal. Alternatively, the wireless energy signal may include an
electric or magnetic field, or a combined electric and mag-
netic field.

The wireless energy-transmission device 1004 may trans-
mit a carrier signal for carrying the wireless energy signal.
Such a carrier signal may include digital, analogue or a com-
bination of digital and analogue signals. In this case, the
wireless energy signal includes an analogue or a digital sig-
nal, or a combination of an analogue and digital signal.

Generally speaking, the energy-transforming device 1002
is provided for transforming wireless energy of a first form
transmitted by the energy-transmission device 1004 into
energy of a second form, which typically is different from the
energy of the first form. The implanted apparatus 10 is oper-
ableinresponseto the energy of the second form. The energy-
transforming device 1002 may directly power the apparatus
with the second form energy, as the energy-transforming
device 1002 transforms the first form energy transmitted by
the energy-transmission device 1004 into the second form
energy. The system may further include an implantable accu-
mulator, wherein the second form energy is used at least
partly to charge the accumulator.

Alternatively, the wireless energy transmitted by the
energy-transmission device 1004 may be used to directly
power the apparatus, as the wireless energy is being transmit-
ted by the energy-transmission device 1004. Where the sys-
tem comprises an operation device for operating the appara-
tus, as will be described below, the wireless energy
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transmitted by the energy-transmission device 1004 may be
used to directly power the operation device to create kinetic
energy for the operation of the apparatus.

The wireless energy of the first form may comprise sound
waves and the energy-transforming device 1002 may include
a piezo-electric element for transforming the sound waves
into electric energy. The energy of the second form may
comptise electric energy in the form of a direct current or
pulsating direct current, or a combination of a direct current
and pulsating direct current, or an alternating current or a
combination of a direct and alternating current. Normally, the
apparatus comprises electric components that are energized
with electrical energy. Other implantable electric components
of the system may be at least one voltage level guard or at least
one constant current guard connected with the electric com-
ponents of the apparatus.

Optionally, one of the energy of the first form and the
energy of the second form may comprise magnetic energy,
kinetic energy, sound energy, chemical energy, radiant
energy, electromagnetic energy, photo energy, nuclear energy
or thermal energy. Preferably, one of the energy of the first
form and the energy of the second form is non-magnetic,
non-kinetic, non-chemical, non-sonic, non-nuclear or non-
thermal.

The energy-transmission device may be controlled from
outside the patient’s body to release electromagnetic wireless
energy, and the released electromagnetic wireless energy is
used for operating the apparatus. Alternatively, the energy-
transmission device is controlled from outside the patient’s
body to release non-magnetic wireless energy, and the
released non-magnetic wireless energy is used for operating
the apparatus.

The external energy-transmission device 1004 also
includes a wireless remote control having an external signal
transmitter for transmitting a wireless control signal for non-
invasively controlling the apparatus. The control signal is
received by an implanted signal receiver which may be incor-
porated in the implanted energy-transforming device 1002 or
be separate there from.

The wireless control signal may include a frequency,
amplitude, or phase modulated signal or a combination
thereof. Alternatively, the wireless control signal includes an
analogue or a digital signal, or a combination of an analogue
and digital signal. Alternatively, the wireless control signal
comprises an electric or magnetic field, or acombined electric
and magnetic field.

The wireless remote control may transmit a carrier signal
for carrying the wireless control signal. Such a carrier signal
may include digital, analogue or a combination of digital and
analogue signals. Where the control signal includes an ana-
logue or a digital signal, or a combination of an analogue and
digital signal, the wireless remote control preferably trans-
mits an electromagnetic carrier wave signal for carrying the
digital or analogue control signals.

FIG. 23 illustrates the system of FIG. 22 in the form of a
more generalized block diagram showing the apparatus 10,
the energy-transforming device 1002 powering the apparatus
10 via power supply line 1003, and the external energy-
transmission device 1004, The patient’s skin 1005, generally
shown by a vertical line, separates the interior of the patient to
the right of the line from the exterior to the left of the line.

FIG. 24 shows an embodiment of the invention identical to
that of FIG. 23, except that a reversing device in the form of
an electric switch 1006 operable for example by polarized
energy also is implanted in the patient for reversing the appa-
ratus 10. When the switch is operated by polarized energy the
wireless remote control of the external energy-transmission
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device 1004 transmits a wireless signal that carries polarized
energy and the implanted energy-transforming device 1002
transforms the wireless polarized energy into a polarized
current for operating the electric switch 1006. When the
polarity of the current is shifted by the implanted energy-
transforming device 1002 the electric switch 1006 reverses
the function performed by the apparatus 10.

FIG. 25 shows an embodiment of the invention identical to
that of FIG. 23, except that an operation device 1007
implanted in the patient for operating the apparatus 10 is
provided between the implanted energy-transforming device
1002 and the apparatus 10. This operation device canbe inthe
form of a motor 1007, such as an electric servomotor. The
motor 1007 is powered with energy from the implanted
energy-transforming device 1002, as the remote control of the
external energy-transmission device 1004 transmits a wire-
less signal to the receiver of the implanted energy-transform-
ing device 1002.

FIG. 26 shows an embodiment of the invention identical to
that of FIG. 23, except that it also comprises an operation
device is in the form of an assembly 1008 including a motor/
pump unit 1009 and a fluid reservoir 1010 is implanted in the
patient. In this case the apparatus 10 is hydraulically operated,
i.e. hydraulic fluid is pumped by the motor/pump unit 1009
from the fluid reservoir 1010 through a conduit 1011 to the
apparatus 10 to operate the apparatus, and hydraulic fluid is
pumped by the motor/pump unit 1009 back from the appara-
tus 10 to the fluid reservoir 1010 to return the apparatus to a
starting position. The implanted energy-transforming device
1002 transforms wireless energy into a current, for example a
polarized current, for powering the motor/pump unit 1009 via
an electric power supply line 1012.

Instead of a hydraulically operated apparatus 10, it is also
envisaged that the operation device comprises a pneumatic
operation device. In this case, the hydraulic fluid can be
pressurized air to be used for regulation and the fluid reservoir
is replaced by an air chamber.

In all of these embodiments the energy-transforming
device 1002 may include a rechargeable accumulator like a
battery or a capacitor to be charged by the wireless energy and
supplies energy for any energy consuming part of the system.

As an alternative, the wireless remote control described
above may be replaced by manual control of any implanted
part to make contact with by the patient’s hand most likely
indirect, for example a press button placed under the skin.

FIG. 27 shows an embodiment of the invention comprising
the external energy-transmission device 1004 with its wire-
less remote control, the apparatus 10, in this case hydrauli-
cally operated, and the implanted energy-transforming device
1002, and further comprising a hydraulic fluid reservoir 1013,
a motor/pump unit 1009 and an reversing device in the form
of a hydraulic valve shifting device 1014, all implanted in the
patient. Of course the hydraulic operation could easily be
performed by just changing the pumping direction and the
hydraulic valve may therefore be omitted. The remote control
may be a device separated from the external energy-transmis-
sion device or included in the same. The motor of the motor/
pump unit 1009 is an electric motor. In response to a control
signal from the wireless remote control of the external
energy-transmission device 1004, the implanted energy-
transforming device 1002 powers the motor/pump unit 1009
with energy from the energy carried by the control signal,
whereby the motor/pump unit 1009 distributes hydraulic fluid
between the hydraulic fluid reservoir 1013 and the apparatus
10. The remote control of the external energy-transmission
device 1004 controls the hydraulic valve shifting device 1014
to shift the hydraulic fluid flow direction between one direc-
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tion in which the fluid is pumped by the motor/pump unit
1009 from the hydraulic fluid reservoir 1013 to the apparatus
10 to operate the apparatus, and another opposite direction in
which the fluid is pumped by the motor/pump unit 1009 back
from the apparatus 10 to the hydraulic fluid reservoir 1013 to
return the apparatus to a starting position.

FIG. 28 shows an embodiment of the invention comprising
the external energy-transmission device 1004 with its wire-
less remote control, the apparatus 10, the implanted energy-
transforming device 1002, an implanted internal control unit
1015 controlled by the wireless remote control of the external
energy-transmission device 1004, an implanted accumulator
1016 and an implanted capacitor 1017. The internal control
unit 1015 arranges storage of electric energy received from
the implanted energy-transforming device 1002 in the accu-
mulator 1016, which supplies energy to the apparatus 10. In
response to a control signal from the wireless remote control
of the external energy-transmission device 1004, the internal
control unit 1015 either releases electric energy from the
accumulator 1016 and transfers the released energy via power
lines 1018 and 1019, or directly transfers electric energy from
the implanted energy-transforming device 1002 via a power
line 1020, the capacitor 1017, which stabilizes the electric
current, a power line 1021 and the power line 1019, for the
operation of the apparatus 10.

The internal control unit is preferably programmable from
outside the patient’s body. In a preferred embodiment, the
internal control unit is programmed to regulate the apparatus
10 according to a pre-programmed time-schedule or to input
from any sensor sensing any possible physical parameter of
the patient or any functional parameter of the system.

Inaccordance with an alternative, the capacitor 1017 in the
embodiment of FIG. 28 10 may be omitted. In accordance
with another alternative, the accumulator 1016 in this
embodiment may be omitted.

FIG. 29 shows an embodiment of the invention identical to
that of FIG. 23, except that a battery 1022 for supplying
energy for the operation of the apparatus 10 and an electric
switch 1023 for switching the operation of the apparatus 10
also are implanted in the patient. The electric switch 1023
may be controlled by the remote control and may also be
operated by the energy supplied by the implanted energy-
transforming device 1002 to switch from an off mode, in
which the battery 1022 is not in use, to an on mode, in which
the battery 1022 supplies energy for the operation of the
apparatus 10.

FIG. 30 shows an embodiment of the invention identical to
that of FIG. 29, except that an internal control unit 1015
controllable by the wireless remote control of the external
energy-transmission device 1004 also is implanted in the
patient. In this case, the electric switch 1023 is operated by the
energy supplied by the implanted energy-transforming device
1002 to switch from an off mode, in which the wireless
remote control is prevented from controlling the internal con-
trolunit 1015 and the battery is not in use, to a standby mode,
in which the remote control is permitted to control the internal
control unit 1015 to release electric energy from the battery
1022 for the operation of the apparatus 10.

FIG. 31 shows an embodiment of the invention identical to
that of FIG. 30, except that an accumulator 1016 is substituted
for the battery 1022 and the implanted components are intet-
connected differently. In this case, the accumulator 1016
stores energy from the implanted energy-transforming device
1002. In response to a control signal from the wireless remote
control of the external energy-transmission device 1004, the
internal control unit 1015 controls the electric switch 1023 to
switch from an off mode, in which the accumulator 1016 is
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not in use, to an on mode, in which the accumulator 1016
supplies energy for the operation of the apparatus 10. The
accumulator may be combined with or replaced by a capaci-
tor.

FIG. 32 shows an embodiment of the invention identical to
that of FIG. 31, except that a battery 1022 also is implanted in
the patient and the implanted components are interconnected
differently. In response to a control signal from the wireless
remote control of the external energy-transmission device
1004, the internal control unit 1015 controls the accumulator
1016 to deliver energy for operating the electric switch 1023
to switch from an off mode, in which the battery 1022 is not
in use, to an on mode, in which the battery 1022 supplies
electric energy for the operation of the apparatus 10.

Alternatively, the electric switch 1023 may be operated by
energy supplied by the accumulator 1016 to switch from an
off mode, in which the wireless remote control is prevented
from controlling the battery 1022 to supply electric energy
and is not in use, to a standby mode, in which the wireless
remote control is permitted to control the battery 1022 to
supply electric energy for the operation of the apparatus 10.

It should be understood that the switch 1023 and all other
switches in this application should be interpreted in its broad-
est embodiment. This means a transistor, MCU, MCPU,
ASIC, FPGA or a DA converter or any other electronic com-
ponent or circuit that may switch the power on and off. Pref-
erably the switch is controlled from outside the body, or
alternatively by an implanted internal control unit.

FIG. 33 shows an embodiment of the invention identical to
that of FIG. 29, except that a motor 1007, a mechanical
reversing device in the form of a gear box 1024, and an
internal control unit 1015 for controlling the gear box 1024
also are implanted in the patient. The internal control umt
1015 controls the gear box 1024 to reverse the function per-
formed by the apparatus 10 (mechanically operated). Even
simpler is to switch the direction of the motor electronically.
The gear box interpreted in its broadest embodiment may
stand for a servo arrangement saving force for the operation
device in favour of longer stroke to act.

FIG. 34 shows an embodiment of the invention identical to
that of FIG. 40 except that the implanted components are
interconnected differently. Thus, in this case the internal con-
trol unit 1015 is powered by the battery 1022 when the accu-
mulator 1016, suitably a capacitor, activates the electric
switch 1023 to switch to an on mode. When the electric switch
1023 is in its on mode the internal control unit 1015 is per-
mitted to control the battery 1022 to supply, or not supply,
energy for the operation of the apparatus 10.

FIG. 35 schematically shows conceivable combinations of
implanted components of the apparatus for achieving various
communication options. Basically, there are the apparatus 10,
the internal control unit 1015, motor or pump unit 1009, and
the external energy-transmission device 1004 including the
external wireless remote control. As already described above
the wireless remote control transmits a control signal which is
received by the internal control unit 1015, which in turn
controls the various implanted components of the apparatus.

A feedback device, preferably comprising a sensor or mea-
suring device 1025, may be implanted in the patient for sens-
ing a physical parameter of the patient. The physical param-
eter may be at least one selected from the group consisting of
pressure, volume, diameter, stretching, elongation, extension,
movement, bending, elasticity, muscle contraction, nerve
impulse, body temperature, blood pressure, blood flow, heart-
beats and breathing. The sensor may sense any of the above
physical parameters. For example, the sensor may be a pres-
sure or motility sensor. Alternatively, the sensor 1025 may be



US 9,375,213 B2

25

arranged to sense a functional parameter. The functional
parameter may be correlated to the transfer of energy for
charging an implanted energy source and may further include
at least one selected from the group of parameters consisting
of; electricity, any electrical parameter, pressure, volume,
diameter, stretc, elongation, extension, movement, bending,
elasticity, temperature and flow.

The feedback may be sent to the internal control unit or out
to an external control unit preferably via the internal control
unit. Feedback may be sent out from the body via the energy
transfer system or a separate communication system with
receiver and transmitters.

The internal control unit 1015, or alternatively the external
wireless remote control of the external energy-transmission
device 1004, may control the apparatus 10 in response to
signals from the sensor 1025. A transceiver may be combined
with the sensor 1025 for sending information on the sensed
physical parameter to the external wireless remote control.
The wireless remote control may comprise a signal transmit-
ter or transceiver and the internal control unit 1015 may
comprise a signal receiver or transceiver. Alternatively, the
wireless remote control may comprise a signal receiver or
transceiver and the internal control unit 1015 may comprise a
signal transmitter or transceiver. The above transceivers,
transmitters and receivers may be used for sending informa-
tion or data related to the apparatus 10 from inside the
patient’s body to the outside thereof.

Where the motor/pump unit 1009 and battery 1022 for
powering the motor/pump unit 1009 are implanted, informa-
tion related to the charging of the battery 1022 may be fed
back. To be more precise, when charging a battery or accu-
mulator with energy feed back information related to said
charging process is sent and the energy supply is changed
accordingly.

FIG. 36 shows an alternative embodiment wherein the
apparatus 10 is regulated from outside the patient’s body. The
system 1000 comprises a battery 1022 connected to the appa-
ratus 10 via a subcutaneous electric switch 1026. Thus, the
regulation of the apparatus 10 is performed non-invasively by
manually pressing the subcutaneous switch, whereby the
operation of the apparatus 10 is switched on and off. It will be
appreciated that the shown embodiment is a simplification
and that additional components, such as an internal control
unit or any other part disclosed in the present application can
be added to the system. Two subcutaneous switches may also
be used. In the preferred embodiment one implanted switch
sends information to the internal control unit to perform a
certain predetermined performance and when the patient
press the switch again the performance is reversed.

FIG. 37 shows an alternative embodiment, wherein the
system 1000 comprises a hydraulic fluid reservoir 1013
hydraulically connected to the apparatus. Non-invasive regu-
lation is performed by manually pressing the hydraulic res-
ervoir connected to the apparatus. Alternatively, the hydraulic
fluid reservoir 1013 is adapted to work with an injection port
for the injection of hydraulic fluid, preferably for calibration
of hydraulic fluid.

The system may include an external data communicator
and an implantable internal data communicator communicat-
ing with the external data communicator. The internal com-
municator feeds data related to the apparatus or the patient to
the external data communicator and/or the external data com-
municator feeds data to the internal data communicator.

FIG. 38 schematically illustrates an arrangement of the
system that is capable of sending information from inside the
patient’s body to the outside thereof to give feedback infor-
mation related to at least one functional parameter of the
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apparatus or system, or related to a physical parameter of the
patient, in order to supply an accurate amount of energy to an
implanted internal energy receiver 1002 connected to
implanted energy consuming components of the apparatus
10. Such an energy receiver 1002 may include an energy
source and/or an energy-transforming device. Briefly
described, wireless energy is transmitted from an external
energy source 1004a located outside the patient and is
received by the internal energy receiver 1002 located inside
the patient. The internal energy receiver is adapted to directly
or indirectly supply received energy to the energy consuming
components of the apparatus 10 via a switch 1026. An energy
balance is determined between the energy received by the
internal energy receiver 1002 and the energy used for the
apparatus 10, and the transmission of wireless energy is then
controlled based on the determined energy balance. The
energy balance thus provides an accurate indication of the
correct amount of energy needed, which is sufficient to oper-
ate the apparatus 10 properly, but without causing undue
temperature rise.

In FIG. 38 the patient’s skin is indicated by a vertical line
1005. Here, the energy receiver comprises an energy-trans-
forming device 1002 located inside the patient, preferably
just beneath the patient’s skin 1005. Generally speaking, the
implanted energy-transforming device 1002 may be placed in
the abdomen, thorax, muscle fascia (e.g. in the abdominal
wall), subcutaneously, or at any other suitable location. The
implanted energy-transforming device 1002 is adapted to
receive wireless energy E transmitted from the external
energy-source 10044 provided in an external energy-trans-
mission device 1004 located outside the patient’s skin 1005 in
the vicinity of the implanted energy-transforming device
1002.

As is well known in the art, the wireless energy E may
generally be transferred by means of any suitable Transcuta-
neous Energy Transfer (TET) device, such as a device includ-
ing a primary coil arranged in the external energy source
1004a and an adjacent secondary coil arranged in the
implanted energy-transforming device 1002. When an elec-
tric current is fed through the primary coil, energy in the form
ofavoltage is induced in the secondary coil which can be used
to power the implanted energy consuming components of the
apparatus, e.g. after storing the incoming energy in an
implanted energy source, such as a rechargeable battery or a
capacitor. However, the present invention is generally not
limited to any particular energy transfer technique, TET
devices or energy sources, and any kind of wireless energy
may be used.

The amount of energy received by the implanted energy
receiver may be compared with the energy used by the
implanted components of the apparatus. The term “energy
used” is then understood to include also energy stored by
implanted components of the apparatus. A control device
includes an external control unit 10045 that controls the exter-
nal energy source 1004a based on the determined energy
balance to regulate the amount of transferred energy. In order
to transfer the correct amount of energy, the energy balance
and the required amount of energy is determined by means of
a determination device including an implanted internal con-
trol unit 1015 connected between the switch 1026 and the
apparatus 10. The internal control unit 1015 may thus be
arranged to receive various measurements obtained by suit-
able sensors or the like, not shown, measuring certain char-
acteristics of the apparatus 10, somehow reflecting the
required amount of energy needed for proper operation of the
apparatus 10. Moreover, the current condition of the patient
may also be detected by means of suitable measuring devices
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or sensors, in order to provide parameters reflecting the
patient’s condition. Hence, such characteristics and/or
parameters may be related to the current state of the apparatus
10, such as power consumption, operational mode and tem-
perature, as well as the patient’s condition reflected by param-
eters such as; body temperature, blood pressure, heartbeats
and breathing. Other kinds of physical parameters of the
patient and functional parameters of the device are described
elsewhere.

Furthermore, an energy source in the form of an accumu-
lator 1016 may optionally be connected to the implanted
energy-transforming device 1002 via the control unit 1015 for
accumulating received energy for later use by the apparatus
10. Alternatively or additionally, characteristics of such an
accumulator, also reflecting the required amount of energy,
may be measured as well. The accumulator may be replaced
by a rechargeable battery, and the measured characteristics
may be related to the current state of the battery, any electrical
parameter such as energy consumption voltage, temperature,
etc. In order to provide sufficient voltage and current to the
apparatus 10, and also to avoid excessive heating, it is clearly
understood that the battery should be charged optimally by
receiving a correct amount of energy from the implanted
energy-transforming device 1002, i.e. not too little or too
much. The accumulator may also be a capacitor with corre-
sponding characteristics.

For example, battery characteristics may be measured on a
regular basis to determine the current state of the battery,
which then may be stored as state information in a suitable
storage means in the internal control unit 1015. Thus, when-
ever new measurements are made, the stored battery state
information can be updated accordingly. In this way, the state
of the battery can be “calibrated” by transferring a correct
amount of energy, so as to maintain the battery in an optimal
condition.

Thus, the internal control unit 1015 of the determination
device is adapted to determine the energy balance and/or the
currently required amount of energy, (either energy per time
unit or accumulated energy ) based on measurements made by
the above-mentioned sensors or measuring devices of the
apparatus 10, or the patient, or an implanted energy source if
used, or any combination thereof. The internal control unit
1015 is further connected to an internal signal transmitter
1027, arranged to transmit a control signal reflecting the
determined required amount of energy, to an external signal
receiver 1004¢ connected to the external control unit 10045.
The amount of energy transmitted from the external energy
source 1004¢ may then be regulated in response to the
received control signal.

Alternatively, the determination device may include the
external control unit 10045. In this alternative, sensor mea-
surements can be transmitted directly to the external control
unit 10045 wherein the energy balance and/or the currently
required amount of energy can be determined by the external
control unit 10045, thus integrating the above-described
function of the internal control unit 1015 in the external
control unit 10045. In that case, the internal control unit 1015
can be omitted and the sensor measurements are supplied
directly to the internal signal transmitter 1027 which sends
the measurements over to the external signal receiver 1004¢
and the external control unit 10045. The energy balance and
the currently required amount of energy can then be deter-
mined by the external control unit 10045 based on those
sensor measurements.

Hence, the present solution according to the arrangement
of FIG. 38 employs the feed back of information indicating
the required energy, which is more efficient than previous

20

25

35

40

45

60

65

28

solutions because it is based on the actual use of energy that is
compared to the received energy, e.g. with respect to the
amount of energy, the energy difference, or the energy receiv-
ing rate as compared to the energy rate used by implanted
energy consuming components of the apparatus. The appara-
tus may use the received energy either for consuming or for
storing the energy in an implanted energy source or the like.
The different parameters discussed above would thus be used
if relevant and needed and then as a tool for determining the
actual energy balance. However, such parameters may also be
needed per se for any actions taken internally to specifically
operate the apparatus.

The internal signal transmitter 1027 and the external signal
receiver 1004¢ may be implemented as separate units using
suitable signal transfer means, such as radio, IR (Infrared) or
ultrasonic signals. Alternatively, the internal signal transmit-
ter 1027 and the external signal receiver 1004¢ may be inte-
grated in the implanted energy-transforming device 1002 and
the external energy source 1004a, respectively, so as to con-
vey control signals in a reverse direction relative to the energy
transfer, basically using the same transmission technique.
The control signals may be modulated with respect to fre-
quency, phase or amplitude.

Thus, the feedback information may be transferred either
by a separate communication system including receivers and
transmitters or may be integrated in the energy system. In
accordance with the present invention, such an integrated
information feedback and energy system comprises an
implantable internal energy receiver for receiving wireless
energy, the energy receiver having an internal first coil and a
first electronic circuit connected to the first coil, and an exter-
nal energy transmitter for transmitting wireless energy, the
energy transmitter having an external second coil and a sec-
ond electronic circuit connected to the second coil. The exter-
nal second coil of the energy transmitter transmits wireless
energy which is received by the first coil of the energy
receiver. This system further comprises a power switch for
switching the connection of the internal first coil to the first
electronic circuit on and off, such that feedback information
related to the charging of the first coil is received by the
external energy transmitter in the form of an impedance varia-
tion in the load of the external second coil, when the power
switch switches the connection of the internal first coil to the
first electronic circuit on and off. [n implementing this system
in the arrangement of FIG. 38, the switch 1026 is either
separate and controlled by the internal control unit 1015, or
integrated in the internal control unit 1015. [t should be under-
stood that the switch 1026 should be interpreted in its broad-
est embodiment. This means a transistor, MCU, MCPU,
ASIC FPGA or a DA converter or any other electronic com-
ponent or circuit that may switch the power on and off.

To conclude, the energy supply arrangement illustrated in
FIG. 38 may operate basically in the following manner. The
energy balance is first determined by the internal control unit
1015 of the determination device. A control signal reflecting
the required amount of energy is also created by the internal
control unit 1015, and the control signal is transmitted from
the internal signal transmitter 1027 to the external signal
receiver 1004c. Alternatively, the energy balance can be
determined by the external control unit 10045 instead
depending on the implementation, as mentioned above. In
that case, the control signal may carry measurement results
from various sensors. The amount of energy emitted from the
external energy source 10044 can then be regulated by the
external control unit 10045, based on the determined energy
balance, e.g. in response to the received control signal. This
process may be repeated intermittently at certain intervals
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during ongoing energy transfer, or may be executed on amore
or less continuous basis during the energy transfer.

The amount of transferred energy can generally be regu-
lated by adjusting various transmission parameters in the
external energy source 1004, such as voltage, current, ampli-
tude, wave frequency and pulse characteristics.

This system may also be used to obtain information about
the coupling factors between the coils in a TET system even
to calibrate the system both to find an optimal place for the
external coil in relation to the internal coil and to optimize
energy transfer. Simply comparing in this case the amount of
energy transferred with the amount of energy received. For
example if the external coil is moved the coupling factor may
vary and correctly displayed movements could cause the
external coil to find the optimal place for energy transfer.
Preferably, the external coil is adapted to calibrate the amount
of transferred energy to achieve the feedback information in
the determination device, before the coupling factor is maxi-
mized.

This coupling factor information may also be used as a
feedback during energy transfer. In such a case, the energy
system of the present invention comprises an implantable
internal energy receiver for receiving wireless energy, the
energy receiver having an internal first coil and a first elec-
tronic circuit connected to the first coil, and an external
energy transmitter for transmitting wireless energy, the
energy transmitter having an external second coil and a sec-
ond electronic circuit connected to the second coil. The exter-
nal second coil of the energy transmitter transmits wireless
energy which is received by the first coil of the energy
receiver. This system further comprises a feedback device for
communicating out the amount of energy received in the first
coil as a feedback information, and wherein the second elec-
tronic circuit includes a determination device for receiving
the feedback information and for comparing the amount of
transferred energy by the second coil with the feedback infor-
mation related to the amount of energy received in the first
coil to obtain the coupling factor between the first and second
coils. The energy transmitter may regulate the transmitted
energy in response to the obtained coupling factor.

With reference to FIG. 39, although wireless transfer of
energy for operating the apparatus has been described above
to enable non-invasive operation, it will be appreciated that
the apparatus can be operated with wire bound energy as well.
Such an example is shown in FIG. 39, wherein an external
switch 1026 is interconnected between the external energy
source 1004¢ and an operation device, such as an electric
motor 1007 operating the apparatus 10. An external control
unit 10045 controls the operation of the external switch 1026
to effect proper operation of the apparatus 10.

FIG. 40 illustrates different embodiments for how received
energy can be supplied to and used by the apparatus 10.
Similar to the example of FIG. 38, an internal energy receiver
1002 receives wireless energy E from an external energy
source 10044 which is controlled by a transmission control
unit 10045. The internal energy receiver 1002 may comprise
aconstant voltage circuit, indicated as a dashed box “constant
V> in the figure, for supplying energy at constant voltage to
the apparatus 10. The internal energy receiver 1002 may
further comprise a constant current circuit, indicated as a
dashed box “constant C” in the figure, for supplying energy at
constant current to the apparatus 10.

The apparatus 10 comprises an energy consuming part 10a,
which may be a motor, pump, restriction device, or any other
medical appliance that requires energy for its electrical opera-
tion. The apparatus 10 may further comprise an energy stor-
age device 105 for storing energy supplied from the internal
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energy receiver 1002. Thus, the supplied energy may be
directly consumed by the energy consuming part 10a, or
stored by the energy storage device 105, or the supplied
energy may be partly consumed and partly stored. The appa-
ratus 10 may further comprise an energy stabilizing unit 10¢
for stabilizing the energy supplied from the internal energy
receiver 1002. Thus, the energy may be supplied in a fluctu-
ating manner such that it may be necessary to stabilize the
energy before consumed or stored.

The energy supplied from the internal energy receiver 1002
may further be accumulated and/or stabilized by a separate
energy stabilizing unit 1028 located outside the apparatus 10,
before being consumed and/or stored by the apparatus 10.
Alternatively, the energy stabilizing unit 1028 may be inte-
grated in the internal energy receiver 1002. In either case, the
energy stabilizing unit 1028 may comprise a constant voltage
circuit and/or a constant current circuit.

It should be noted that FIG. 38 and FIG. 40 illustrate some
possible but non-limiting implementation options regarding
how the various shown functional components and elements
can be arranged and connected to each other. However, the
skilled person will readily appreciate that many variations
and modifications can be made within the scope ofthe present
invention.

FIG. 41 schematically shows an energy balance measuring
circuit of one of the proposed designs of the system for
controlling transmission of wireless energy, or energy bal-
ance control system. The circuit has an output signal centered
on 2.5V and proportionally related to the energy imbalance.
The derivative of this signal shows if the value goes up and
down and how fast such a change takes place. If the amount of
received energy is lower than the energy used by implanted
components of the apparatus, more energy is transferred and
thus charged into the energy source. The output signal from
the circuit is typically feed to an A/D converter and converted
into a digital format. The digital information can then be sent
to the external energy-transmission device allowing it to
adjust the level of the transmitted energy. Another possibility
is to have a completely analog system that uses comparators
comparing the energy balance level with certain maximum
and minimum thresholds sending information to external
energy-transmission device if the balance drifts out of the
max/min window.

The schematic FIG. 41 shows a circuit implementation for
a system that transfers energy to the implanted energy com-
ponents of the apparatus of the present invention from outside
of the patient’s body using inductive energy transfer. An
inductive energy transfer system typically uses an external
transmitting coil and an internal receiving coil. The receiving
coil, L1, isincluded in the schematic FIG. 24; the transmitting
parts of the system are excluded.

The implementation of the general concept of energy bal-
ance and the way the information is transmitted to the external
energy transmitter can of course be implemented in numerous
different ways. The schematic FIG. 41 and the above
described method of evaluating and transmitting the informa-
tion should only be regarded as examples of how to imple-
ment the control system.

Circuit Details

InFIG. 41 the symbols Y1,Y2,Y3 and so on symbolize test
points within the circuit. The components in the diagram and
their respective values are values that work in this particular
implementation which of course is only one of an infinite
number of possible design solutions.

Energy to power the circuit is received by the energy
receiving coil L1. Energy to implanted components is trans-
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mitted in this particular case at a frequency of 25 kHz. The
energy balance output signal is present at test point Y1.

Those skilled in the art will realize that the above various
embodiments of the system could be combined in many dif-
ferent ways. For example, the electric switch 1006 of FIG. 24
could be incorporated in any of the embodiments of FIGS.
27-33, the hydraulic valve shifting device 1014 of FIG. 27
could be incorporated in the embodiment of FIG. 26, and the
gear box 1024 could be incorporated in the embodiment of
FIG. 25. Please observe that the switch simply could mean
any electronic circuit or component.

The embodiments described in connection with FIGS. 38,
40 and 41 identify a method and a system for controlling
transmission of wireless energy to implanted energy consum-
ing components of an electrically operable apparatus. Such a
method and system will be defined in general terms in the
following.

A method is thus provided for controlling transmission of
wireless energy supplied to implanted energy consuming
components of an apparatus as described above. The wireless
energy E is transmitted from an external energy source
located outside the patient and is received by an internal
energy receiver located inside the patient, the internal energy
receiver being connected to the implanted energy consuming
components of the apparatus for directly or indirectly supply-
ing received energy thereto. An energy balance is determined
between the energy received by the internal energy receiver
and the energy used for the apparatus. The transmission of
wireless energy E from the external energy source is then
controlled based on the determined energy balance.

The wireless energy may be transmitted inductively from a
primary coil in the external energy source to a secondary coil
in the internal energy receiver. A change in the energy balance
may be detected to control the transmission of wireless
energy based on the detected energy balance change. A dif-
ference may also be detected between energy received by the
internal energy receiver and energy used for the medical
device, to control the transmission of wireless energy based
on the detected energy difference.

When controlling the energy transmission, the amount of
transmitted wireless energy may be decreased if the detected
energy balance change implies that the energy balance is
increasing, or vice versa. The decrease/increase of energy
transmission may further correspond to a detected change
rate.

The amount of transmitted wireless energy may further be
decreased if the detected energy difference implies that the
received energy is greater than the used energy, or vice versa.
The decrease/increase of energy transmission may then cor-
respond to the magnitude of the detected energy difference.

As mentioned above, the energy used for the medical
device may be consumed to operate the medical device, and/
or stored in at least one energy storage device of the medical
device.

When electrical and/or physical parameters of the medical
device and/or physical parameters of the patient are deter-
mined, the energy may be transmitted for consumption and
storage according to a transmission rate per time unit which is
determined based on said parameters. The total amount of
transmitted energy may also be determined based on said
parameters.

When a difference is detected between the total amount of
energy received by the internal energy receiver and the total
amount of consumed and/or stored energy, and the detected
difference is related to the integral over time of at least one
measured electrical parameter related to said energy balance,
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the integral may be determined for amonitored voltage and/or
current related to the energy balance.

When the derivative is determined over time of a measured
electrical parameter related to the amount of consumed and/
or stored energy, the derivative may be determined for a
monitored voltage and/or current related to the energy bal-
ance.

The transmission of wireless energy from the external
energy source may be controlled by applying to the external
energy source electrical pulses from a first electric circuit to
transmit the wireless energy, the electrical pulses having lead-
ing and trailing edges, varying the lengths of first time inter-
vals between successive leading and trailing edges of the
electrical pulses and/or the lengths of second time intervals
between successive trailing and leading edges of the electrical
pulses, and transmitting wireless energy, the transmitted
energy generated from the electrical pulses having a varied
power, the varying of the power depending on the lengths of
the first and/or second time intervals.

In that case, the frequency of the electrical pulses may be
substantially constant when varying the first and/or second
time intervals. When applying electrical pulses, the electrical
pulses may remain unchanged, except for varying the first
and/or second time intervals. The amplitude of the electrical
pulses may be substantially constant when varying the first
and/or second time intervals. Further, the electrical pulses
may be varied by only varying the lengths of first time inter-
vals between successive leading and trailing edges of the
electrical pulses.

A train of two or more electrical pulses may be supplied in
a row. wherein when applying the train of pulses, the train
having a first electrical pulse at the start of the pulse train and
having a second electrical pulse at the end of the pulse train,
two or more pulse trains may be supplied in a row, wherein the
lengths of the second time intervals between successive trail-
ing edge of the second electrical pulse in a first pulse train and
leading edge of the first electrical pulse of a second pulse train
are varied.

When applying the electrical pulses, the electrical pulses
may have a substantially constant current and a substantially
constant voltage. The electrical pulses may also have a sub-
stantially constant current and a substantially constant volt-
age. Further, the electrical pulses may also have a substan-
tially constant frequency. The electrical pulses within a pulse
train may likewise have a substantially constant frequency.

The circuit formed by the first electric circuit and the exter-
nal energy source may have a first characteristic time period
or first time constant, and when effectively varying the trans-
mitted energy, such frequency time period may be in therange
of the first characteristic time period or time constant or
shorter.

A system comprising an apparatus as described above is
thus also provided for controlling transmission of wireless
energy supplied to implanted energy consuming components
of the apparatus. In its broadest sense, the system comprises
a control device for controlling the transmission of wireless
energy from an energy-transmission device, and an implant-
able internal energy receiver for receiving the transmitted
wireless energy, the internal energy receiver being connected
to implantable energy consuming components of the appara-
tus for directly or indirectly supplying received energy
thereto. The system further comprises a determination device
adapted to determine an energy balance between the energy
received by the internal energy receiver and the energy used
for the implantable energy consuming components of the
apparatus, wherein the control device controls the transmis-



US 9,375,213 B2

33

sion of wireless energy from the external energy-transmission
device, based on the energy balance determined by the detet-
mination device.

In one embodiment at least one battery may be a part of or
replace the energy-transforming device 1002 to supply
energy to the apparatus 10 over a power supply line. In one
embodiment the battery is not rechargeable. In an alternative
embodiment the battery is rechargeable. The battery supply
may of course be placed both remote to and incorporated in
the device.

Further, the system may comprise any of the following:

A primary coil in the external energy source adapted to
transmit the wireless energy inductively to a secondary
coil in the internal energy receiver.

The determination device is adapted to detect a change in
the energy balance, and the control device controls the
transmission of wireless energy based on the detected
energy balance change

The determination device is adapted to detect a difference
between energy received by the internal energy receiver
and energy used for the implantable energy consuming
components of the apparatus, and the control device
controls the transmission of wireless energy based on
the detected energy difference.

The control device controls the external energy-transmis-
sion device to decrease the amount of transmitted wire-
less energy if the detected energy balance change
implies that the energy balance is increasing, or vice
versa, wherein the decrease/increase of energy transmis-
sion corresponds to a detected change rate.

The control device controls the external energy-transmis-
sion device to decrease the amount of transmitted wire-
less energy if the detected energy difference implies that
the received energy is greater than the used energy, or
vice versa, wherein the decrease/increase of energy
transmission corresponds to the magnitude of said
detected energy difference.

The energy used for the apparatus is consumed to operate
the apparatus, and/or stored in at least one energy stor-
age device of the apparatus.

Where electrical and/or physical parameters of the appa-
ratus and/or physical parameters of the patient are deter-
mined, the energy-transmission device transmits the
energy for consumption and storage according to a
transmission rate per time unit which is determined by
the determination device based on said parameters. The
determination device also determines the total amount
of transmitted energy based on said parameters.

When a difference is detected between the total amount of
energy received by the internal energy receiver and the
total amount of consumed and/or stored energy, and the
detected difference is related to the integral over time of
at least one measured electrical parameter related to the
energy balance, the determination device determines the
integral for a monitored voltage and/or current related to
the energy balance.

When the derivative is determined over time of a measured
electrical parameter related to the amount of consumed
and/or stored energy, the determination device deter-
mines the derivative for a monitored voltage and/or cur-
rent related to the energy balance.

The energy-transmission device comprises a coil placed
externally to the human body, and an electric circuit is
provided to power the external coil with electrical pulses
to transmit the wireless energy. The electrical pulses
have leading and trailing edges, and the electric circuit is
adapted to vary first time intervals between successive

10

20

25

30

40

45

50

60

65

34

leading and trailing edges and/or second time intervals
between successive trailing and leading edges of the
electrical pulses to vary the power of the transmitted
wireless energy. As a result, the energy receiver receiv-
ing the transmitted wireless energy has a varied power.

The electric circuit is adapted to deliver the electrical
pulses to remain unchanged except varying the first and/
or second time intervals.

The electric circuit has a time constant and is adapted to
vary the first and second time intervals only in the range
of the first time constant, so that when the lengths of the
first and/or second time intervals are varied, the trans-
mitted power over the coil is varied.

The electric circuit is adapted to deliver the electrical
pulses to be varied by only varying the lengths of first
time intervals between successive leading and trailing
edges of the electrical pulses.

The electric circuit is adapted to supplying a train of two or
more electrical pulses in a row, said train having a first
electrical pulse at the start of the pulse train and having
asecond electrical pulse at the end of the pulse train, and

the lengths of the second time intervals between successive
trailing edge of the second electrical pulse in a first pulse
train and leading edge of the first electrical pulse of a
second pulse train are varied by the first electronic cir-
cuit.

The electric circuit is adapted to provide the electrical
pulses as pulses having a substantially constant height
and/or amplitude and/or intensity and/or voltage and/or
current and/or frequency.

The electric circuit has a time constant, and is adapted to
vary the first and second time intervals only in the range
of the first time constant, so that when the lengths of the
first and/or second time intervals are varied, the trans-
mitted power over the first coil are varied.

The electric circuit is adapted to provide the electrical
pulses varying the lengths of the first and/or the second
time intervals only within a range that includes the first
time constant or thatis located relatively close to the first
time constant, compared to the magnitude of the first
time constant.

FIGS. 42-45 show in more detail block diagrams of four
different ways of hydraulically or pneumatically powering an
implanted apparatus according to the invention.

FIG. 42 shows a system as described above with. The
system comprises an implanted apparatus 10 and further a
separate regulation reservoir 1013, a one way pump 1009 and
an alternate valve 1014.

FIG. 43 shows the apparatus 10 and a fluid reservoir 1013.
By moving the wall of the regulation reservoir or changing the
size of the same in any other different way, the adjustment of
the apparatus may be performed without any valve, just free
passage of fluid any time by moving the reservoir wall.

FIG. 44 shows the apparatus 10, a two way pump 1009 and
the regulation reservoir 1013.

FIG. 45 shows a block diagram of a reversed servo system
with a first closed system controlling a second closed system.
The servo system comprises a regulation reservoir 1013 and a
servo reservoir 1050. The servo reservoir 1050 mechanically
controls an implanted apparatus 10 via a mechanical inter-
connection 1054. The apparatus has an expandable/con-
tactable cavity. This cavity is preferably expanded or con-
tracted by supplying hydraulic fluid from the larger adjustable
reservoir 1052 in fluid connection with the apparatus 10.
Alternatively, the cavity contains compressible gas, which
can be compressed and expanded under the control of the
servo reservoir 1050.
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The servo reservoir 1050 can also be part of the apparatus
itself.

In one embodiment, the regulation reservoir is placed sub-
cutaneous under the patient’s skin and is operated by pushing
the outer surface thereof by means of a finger. This system is
illustrated in FIGS. 464-c. In FIG. 464, a flexible subcutane-
ous regulation reservoir 1013 is shown connected to a bulge
shaped servo reservoir 1050 by means of a conduit 1011. This
bellow shaped servo reservoir 1050 is comprised in a flexible
apparatus 10. In the state shown in FIG. 46a, the servo reser-
voir 1050 contains a minimum of fluid and most fluid is found
in the regulation reservoir 1013. Due to the mechanical inter-
connection between the servo reservoir 1050 and the appara-
tus 10, the outer shape of the apparatus 10 is contracted, i.e.,
it occupies less than its maximum volume. This maximum
volume is shown with dashed lines in the figure.

FIG. 465 shows a state wherein a user, such as the patient
in with the apparatus is implanted, presses the regulation
reservoir 1013 so that fluid contained therein is brought to
flow through the conduit 1011 and into the servo reservoir
1050, which, thanks to its bellow shape, expands longitudi-
nally. This expansion in turn expands the apparatus 10 so that
it occupies its maximum volume, thereby stretching the stom-
ach wall (not shown), which it contacts.

The regulation reservoir 1013 is preferably provided with
means 1013a for keeping its shape after compression. This
means, which is schematically shown in the figure, will thus
keep the apparatus 10 in a stretched position also when the
user releases the regulation reservoir. In this way, the regula-
tion reservoir essentially operates as an on/off switch for the
system.

An alternative embodiment of hydraulic or pneumatic
operation will now be described with reference to FIGS. 47
and 48a-c. The block diagram shown in FIG. 47 comprises
with a first closed system controlling a second closed system.
The first system comprises a regulation reservoir 1013 and a
servo reservoir 1050. The servo reservoir 1050 mechanically
controls a larger adjustable reservoir 1052 via a mechanical
interconnection 1054. An implanted apparatus 10 having an
expandable/contactable cavity is in turn controlled by the
larger adjustable reservoir 1052 by supply of hydraulic fluid
from the larger adjustable reservoir 1052 in fluid connection
with the apparatus 10.

An example of this embodiment will now be described
with reference to FIG. 48a-c. Like in the previous embodi-
ment, the regulation reservoir is placed subcutaneous under
the patient’s skin and is operated by pushing the outer surface
thereof by means of a finger. The regulation reservoir 1013 is
in fluid connection with a bellow shaped servo reservoir 1050
by means of a conduit 1011. In the first closed system 1013,
1011, 1050 shown in FIG. 484, the servo reservoir 1050
contains a minimum of fluid and most fluid is found in the
regulation reservoir 1013.

The servo reservoir 1050 is mechanically connected to a
larger adjustable reservoir 1052, in this example also having
a bellow shape but with a larger diameter than the servo
reservoir 1050. The larger adjustable reservoir 1052 is in fluid
connection with the apparatus 10. This means that when a
user pushes the regulation reservoir 1013, thereby displacing
fluid from the regulation reservoir 1013 to the servo reservoir
1050, the expansion of the servo reservoir 1050 will displace
a larger volume of fluid from the larger adjustable reservoir
1052 to the apparatus 10. In other words, in this reversed
servo, a small volume in the regulation reservoir is com-
pressed with a higher force and this creates a movement of a
larger total area with less force per area unit.
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Like in the previous embodiment described above with
reference to FIGS. 46a-c, the regulation reservoir 1013 is
preferably provided with means 10134 for keeping its shape
after compression. This means, which is schematically shown
in the figure, will thus keep the apparatus 10 in a stretched
position also when the user releases the regulation reservoir.
In this way, the regulation reservoir essentially operates as an
on/off switch for the system.

One single volume filling device has been described as
invaginated in the stomach wall. Alternatively, two or more
volume filling devices 10 may be invaginated to obtain the
desired reduction of the food cavity. One such example is
illustrated in FIG. 48, wherein three ball-shaped volume fill-
ing devices 10 are invaginated in the wall of the patient’s
stomach 12.

It has been described how the volume filling device 10 is
invaginated in the stomach wall by means of a gastroscopic
instrument. It will be appreciated that abdominal operation
methods can be used as well. Such methods will now be
described in detail with reference to FIGS. 494 and 495.

In a first alternative embodiment, the volume filling device
is implanted using a laparoscopic method instead of the
intraluminal method described above. According to this
embodiment, a needle or a tube-like instrument is inserted
into the abdomen of the patient’s body, and said needle or
tube-like instrument is then used to fill the patient’s abdomen
with gas. Subsequently, at least two laparoscopic trocars are
inserted into the patient’s body; and a camera is inserted
through one of said at least two laparoscopic trocars. Then, at
least one dissecting tool through one of said at least two
laparoscopic trocars, and an area of the stomach is dissected.
The volume filling device is then introduced into the abdomi-
nal cavity, and placed on the outside of the stomach wall. A
pouch in the stomach wall for the device is created, and the
device invaginated in said pouch by providing sutures or
staples to the stomach wall, thereby positioning the volume
filling device so that the volume of the food cavity is reduced
in size by a volume substantially exceeding the volume of the
volume filling device.

The above first alternative preferably further comprises
affixing the device to the stomach wall by providing sutures or
staples.

The above embodiment preferably further comprises pro-
viding an apparatus for regulating the obesity treatment
device from the outside of the patient’s body; and operating
said apparatus to regulate the obesity treatment device. Fur-
ther, regulation of the obesity treatment device includes
changing the volume of a filling body of the volume filling
device when implanted.

The above embodiment preferably further comprises pro-
viding an injection type syringe comprising a fluid for injec-
tion into an implanted filling body; and injecting volume of
fluid into said filling body.

According to an embodiment, the device is enclosed in the
pouch or partially enclosed in that the pouch is left at least
partly open. Further, the pouch can be designed to exhibit
only one opening. Alternatively the pouch is designed to
exhibit two openings and to extend non-circumferentially
around the stomach.

Preferably the pouch has a volume of more than 15 milli-
liters.

In a second alternative, also using a laparoscopic method
instead of the intraluminal method, the initial steps are the
same as described in the first alternative, but following dis-
section of the stomach, a hole is created in the stomach wall
and a volume filling device introduced into the abdominal
cavity and through said hole into the stomach. The device is
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placed on the inside of the stomach wall, and a pouch is
created on the outside of the stomach cavity for the device
placed on the inside of the stomach wall, and the device is
invaginated in the pouch by providing sutures or staples to the
stomach wall, thereby positioning the volume filling device
so that the volume of the food cavity is reduced in size by a
volume substantially exceeding the volume of the volume
filling device.

The above embodiment preferably further comprises affix-
ing the device to the stomach wall by providing sutures or
staples. According to one embodiment, the stomach wall is
affixed to the lower part of the patient’s esophagus by pro-
viding sutures or staples.

The above second alternative preferably further comprises
providing an apparatus for regulating the obesity treatment
device from the outside of the patient’s body; and operating
said apparatus to regulate the obesity treatment device. Fur-
ther, regulation of the obesity treatment device includes
changing the volume of a filling body of the volume filling
device when implanted.

The above embodiment preferably further comprises pro-
viding an injection type syringe comprising a fluid for injec-
tion into an implanted filling body; and injecting volume of
fluid into said filling body.

According to an embodiment, the device is enclosed in the
pouch or partially enclosed in that the pouch is left at least
partly open. Further, the pouch can be designed to exhibit
only one opening. Alternatively the pouch is designed to
exhibit two openings and to extend non-circumferentially
around the stomach.

Preferably the pouch has a volume of more than 15 milli-
liters.

A third alternative involves a surgical incision instead of
the either the intraluminal or the laparoscopic method. Here,
an opening in the patient’s abdominal wall is made by surgi-
cal incision, and an area of the patient’s stomach is dissected.
The volume filling device is introduced through said abdomi-
nal incision, and attached to the stomach wall, thereby posi-
tioning the volume filling device so that the volume of the
food cavity is reduced in size by a volume substantially
exceeding the volume of the volume filling device.

In an alternative embodiment of the above, third alterna-
tive, the initial steps are the same including the dissection of
an area of the stomach. Following this, a pouch in the stomach
wall is created for the device, and the device invaginated in the
pouch by providing sutures or staples to the stomach wall,
thereby positioning the volume filling device so that the vol-
ume of the food cavity is reduced in size by a volume sub-
stantially exceeding the volume of the volume filling device.

In yet another alternative embodiment of the above, third
alternative, the initial steps are the same including the dissec-
tion of an area of the stomach. Following this, a hole in the
stomach wall is created and the volume filling device intro-
duced through the hole and into the stomach. The device is
then placed on the inside of the stomach wall, and a pouch on
the stomach wall created for the device. The device is then
invaginated in the pouch by providing sutures or staples to the
stomach wall, thereby positioning the volume filling device
so that the volume of the food cavity is reduced in size by a
volume substantially exceeding the volume of the volume
filling device.

The above embodiments of the third alternative further
comprise affixing the device to the stomach wall by providing
sutures or staples.

The above embodiment preferably further comprises pro-
viding an apparatus for regulating the obesity treatment
device from the outside of the patient’s body; and operating
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said apparatus to regulate the obesity treatment device. Fur-
ther, regulation of the obesity treatment device includes
changing the volume of a filling body of the volume filling
device when implanted.

The above embodiment preferably further comprises pro-
viding an injection type syringe comprising a fluid for injec-
tion into an implanted filling body; and injecting volume of
fluid into said filling body.

According to an embodiment, the device is enclosed in the
pouch or partially enclosed in that the pouch is lefi at least
partly open. Further, the pouch can be designed to exhibit
only one opening. Alternatively the pouch is designed to
exhibit two openings and to extend non-circumferentially
around the stomach.

Preferably the pouch has a volume of more than 15 milli-
liters.

A fourth alternative embodiment is a method comprising
the steps of inserting a needle or a tube-like instrument into
the abdomen of the patient’s body; using said needle or tube-
like instrument to fill the patient’s abdomen with gas; placing
at least two laparoscopic trocars in the patient’s body; insert-
ing a camera through one of said at least two laparoscopic
trocars into the patient’s abdomen; inserting at least one dis-
secting tool through one of said at least two laparoscopic
trocars; dissecting an area of the stomach; creating a pouch
from the stomach wall for the device; closing the pouch by
providing sutures and staples; introducing a injecting mem-
ber comprising an injectable filling material; and injecting the
filling material into the pouch, thereby creating a filling body
that fills a volume in the patient’s stomach, reducing the food
cavity in size by a volume substantially exceeding the volume
of the volume filling device.

Instead of the above disclosed laparoscopic method, a sur-
gical incision or opening is cut in the skin to enter the patients
abdomen; an area of the stomach dissected; a pouch created
from the stomach wall for the device; and said pouch closed
by providing sutures and staples. An injecting member com-
prising an injectable filling material is then introduced; and
the filling material injected into the pouch, thereby creating a
filling body that reduces the food cavity in size by a volume
substantially exceeding the volume of the volume filling
device.

According to an alternative embodiment of the above, the
pouch is created on the outside of the stomach wall, with the
filling body placed against the inside of the stomach wall.

The method according to either of the two previous
embodiments comprises creating a hole in the stomach wall
wherein the pouch is created on the inside of the stomach
wall, with the filling body placed against the outside of the
stomach wall.

The method according to either of the two previous
embodiments may further comprise affixing the stomach wall
to the lower part of the patient’s esophagus by providing
sutures or staples or affixing the stomach wall to the patient’s
diaphragm muscle or associated muscles.

Preferably the pouch has a volume of more than 15 milli-
liters.

In a method according to either of the two previous
embodiments the filling material is preferably capable of
undergoing a curing process from a fluid state to a semi-solid
or solid state. Preferably said curing process is triggered by an
increase in temperature from ambient temperature to body
temperature.

The invention also makes available a method of treating
obesity in a patient by implanting a volume filling device that,
when implanted in a patient, reduces the food cavity in size by



US 9,375,213 B2

39

a volume substantially exceeding the volume of the volume
filling device, the method comprising the steps of:

inserting a needle or a tube-like instrument into the abdomen
of the patient’s body;

using said needle or tube-like instrument to fill the patient’s
abdomen with gas;

placing at least two laparoscopic trocars in the patient’s body;
inserting a camera through one of said at least two laparo-
scopic trocars into the patient’s abdomen;

inserting at least one dissecting tool through one of said at
least two laparoscopic trocars;

dissecting an area of the stomach;

creating a hole in the stomach wall;

introducing a device into the abdominal cavity;

introducing the device through the hole and into the stomach;
placing the device on the outside of the stomach wall;
fixating the device placed on the outside of the stomach wall,
and

thereby creating a filling body that reduces the food cavity in
size by a volume substantially exceeding the volume of the
volume filling device.

In the above method, the device is preferably affixed to the
stomach wall by providing sutures or staples.

The invention also comprises a laparoscopic instrument for
providing a volume filling device to be invaginated in the
stomach wall of a human patient to treat obesity, suitable for
use with any of the laparoscopic methods described above,
the instrument comprising:
an elongated member having a proximal end and a distal end,
the elongated member having a diameter less than that of a
laparoscopic trocar to be introduced into the patients abdo-
men during a laparoscopic operation;

a stomach pushing device for pushing the stomach wall to
create a tube-like shaped portion of the stomach wall protrud-
ing into the normal stomach cavity, said pushing device com-
prising the volume filling device to be invaginated by the
stomach wall in the tube-like shaped portion thereof;
wherein the pushing device comprises a vacuum device to
suck the stomach fundus to assist the instrument in forming
the tube-like shaped portion of the stomach wall together with
the pushing device, and wherein the vacuum device com-
prises a vacuum passageway leading from the proximal to the
distal end of the instrument and at the end portion of the
instrument, which includes the pushing device, said vacuum
passageway is divided up in multiple small openings adapted
to suck the stomach wall portion to become adherent to the
pushing device to further form the tube-like stomach wall
portion; and

wherein the instrument comprises an insertion device adapted
to introduce the volume filling device into the tube-like
shaped stomach portion.

This instrument preferably comprises at least one clamping
device for holding the opening of the tube-like portion sub-
stantially closed by clamping together stomach to stomach in
said opening, wherein the instrument is adapted to place the at
least one clamping device at the opening in such a way that it
allows later suturing of the opening.

Further, the instrument preferably comprises an inflation
device for inflating the volume filling device before or after
the suturing. Further still, the instrument preferably com-
prises a suturing device adapted to suture the opening of the
tube-like portion with stomach to stomach sutures for creat-
ing at least partly a closed space enclosing the volume filling
device, wherein the instrument is adapted to be withdrawn
leaving the volume filling device at least partly invaginated in
the stomach wall.
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Said suturing device preferably comprises a first and sec-
ond suture positioning member provided on the elongated
member situated in the stomach at the distal end thereof, and
wherein the instrument further comprises an operation device
adapted to adjust the first and second suturing member in a
position in which the first and second suture positioning
members are in front of each other with the stomach wall on
both sides of the open end of the cup like portion, and adapted
to suture the open end of the cup like portion of the wall with
arow of stomach to stomach sutures.

Preferably said suturing device comprises an operable re-
loadable multi-suturing device, which is reloadable with
sutures from outside of the patient’s body and which is
adapted to suture the open end of the cup like portion of the
wall with said row of stomach to stomach sutures, wherein the
row of sutures comprises two or more sutures or staples to be
sutured simultaneously.

More preferably, said suturing device comprises multiple
sutures for suturing two or more sutures simultaneously.

It is understood that a skilled person is in the position of
combining steps, changing the order of steps, and combining
elements of the different embodiments of the invention with-
out inventive effort, and without departing from the scope of
the invention as defined in the description and claims.

The invention claimed is:

1. A method for treating obesity in a patient having a
stomach with a food cavity by implanting a volume filling
device that, when implanted in a patient, reduces said food
cavity in size by a volume substantially exceeding the volume
of said volume filling device, the method comprising the steps
of:

inserting a needle or a tube-like instrument into the abdo-

men of the patient’s body;

using said needle or tube-like instrument to fill the patient’s

abdomen with gas;

placing at least two laparoscopic trocars in the patient’s

body;

inserting a camera through one of said at least two laparo-

scopic trocars into the patient’s abdomen,

inserting at least one dissecting tool through one of said at

least two laparoscopic trocars;

dissecting an area of the stomach;

introducing the volume filling device into the abdominal

cavity;

placing the volume filling device on the outside of the

stomach wall;
creating a pouch in the stomach wall, sealed from the
stomach cavity, from the outside of the stomach wall,
wherein the pouch is created from the tissue of the stom-
ach wall and adapted for the volume filling device; and

completely enclosing the volume filling device by invagi-
nating and sealing the volume filling device in the pouch
by providing stomach to stomach sutures or staples to
the stomach wall from the outside of the stomach wall,
thereby positioning the volume filling device so that the
volume of the food cavity is reduced in sire by a volume
substantially exceeding the volume of the volume filling
device, and

introducing a non-invasive regulation apparatus for non-

invasively regulating the volume filling device from the
outside of the patient’s body.

2. The method according to claim 1, further comprising
affixing the volume filling device to the stomach wall by
providing sutures or staples reaching from the volume filling
device to the stomach wall.
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3. The method according to claim 1, further comprising
affixing the stomach wall to the lower part of the patient’s
esophagus by providing sutures or staples.

4. The method according to claim 1, further comprising
affixing the stomach wall to the patient’s diaphragm muscle
or associated muscles.

5. The method according to claim 1, further comprising
operating said apparatus to non-invasively regulate the vol-
ume filling device.

6. The method according to claim 5, wherein regulation of
the volume filling device includes changing the volume of a
filling body of the volume filling device when implanted.

7. The method according to claim 6, comprising providing
an injection type syringe comprising a fluid for injection into
the implanted filling body; and

injecting volume of fluid into said filling body.

8. The method according to claim 1, wherein the pouch has
a volume of more than 15 milliliters.

9. A method of treating obesity in a patient having a stom-
ach with a food cavity by implanting a volume filling device
that, when implanted in a patient, reduces said food cavity in
size by a volume substantially exceeding the volume of the
volume filling device, the method comprising the steps of:

inserting a needle or a tube-like instrument into the abdo-

men of the patient’s body;

using the needle or tube-like instrument to fill the patients

abdomen with gas;

placing at least two laparoscopic trocars in the patient’s

body;

inserting a camera through one of said at least two laparo-

scopic trocars into the patient’s abdomen;

inserting at least one dissecting tool through one of said at

least two laparoscopic trocars;

dissecting an area of the stomach;

creating a hole in the stomach wall;

introducing a volume filling device into the abdominal

cavity;

introducing the Volume filling device through the hole and

into the stomach;

placing the volume filling device on the inside of stomach

wall;

creating a pouch from tissue of the stomach wall, sealed

from the stomach cavity, on the outside of the stomach
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cavity for the device placed on the inside of the stomach
wall, and completely enclosing the volume filling device
by invaginating and sealing the volume filling device in
the pouch by providing stomach to stomach sutures or
staples from the outside of the stomach wall, thereby
positioning the volume filling device so that the volume
of the food cavity is reduced in size by a volume sub-
stantially exceeding the volume of the volume filling
device.

10. The method according to claim 9, further comprising
affixing the volume filling device to the stomach wall by
providing sutures or staples reaching from the volume filling
device to the stomach wall.

11. The method according to claim 9, further comprising
affixing the stomach wall to the lower part of the patient’s
esophagus by providing sutures or staples.

12. The method according to claim 9, further comprising
affixing the stomach wall to the patient’s diaphragm muscle
or associated muscles.

13. The method according to claim 9, further comprising
providing an apparatus for regulating the volume filling
device from the outside of the patient’s body.

14. The method according to claim 13, wherein regulation
of the volume filling device includes changing the volume of
as filling body of the volume filling device when implanted.

15. The method according to claim 14, comprising provid-
ing an injection type syringe comprising a fluid for injection
into the implanted filling body; and

injecting volume of fluid into filling body.

16. The method according to claim 13, further comprising
the step of operating said apparatus to regulate the volume
filling device.

17. The method according to claim 13, wherein the step of
providing an apparatus for regulating the volume filling
device from the outside of the patient’s body, comprises pro-
viding a non-invasive regulation apparatus for non-invasively
regulating the volume filling device.

18. The method according to claim 17, further comprising
the step of operating said apparatus to non-invasively regulate
the volume filling device.

* ok % k&



patsnap

EREW(OF) SAT7 BRI 75 £ ML
DFH(RE)S US9375213 NIF(AEH)A 2016-06-28
BiES US12/864718 RiEH 2009-01-29

FRIEE(EFR)A(GR) BERPETER
i (E R AGR) BE/RPETER

HETHFEIAGE) EER, PETER

[#R1 &% BB A FORSELL PETER
KA FORSELL, PETER
IPCo S AB61M29/00 A61F2/04 A61B17/068 A61B1/273 A61B1/04 A61B1/313 A61B17/064 A61B17/32 A61B17

/34 A61F5/00 A61B17/04 A61B17/08 A61B17/00 A61B17/30

CPCH¥S A61B17/08 A61B1/04 A61B1/2736 A61B1/3132 A61B17/0469 A61B17/064 A61B17/068 A61B17
/320016 A61B17/3423 A61B17/3474 A61F2/04 A61F5/003 A61F5/004 A61F5/005 A61F5/0033 A61F5
/0036 A61F5/0043 A61F5/0046 A61F5/0069 A61F5/0073 A61F5/0086 A61F5/0089 A61B2017/00278
A61B2017/00561 A61B2017/00818 A61B2017/00827 A61B2017/081 A61B2017/306 A61B2017/308
A61F2002/045 A61F2005/002 A61F2005/0016 A61F2005/0023 A61F2250/0001 A61F2250/0004 A61F5
/0063 A61B17/00234 A61B17/0682 A61F5/0003 A61F5/0013 A61F5/0026 A61F5/0076 A61F5/0079
AG61N1/36007 A61B17/00 A61B17/30 A61F2002/044

1£ %1% 0802138 2008-10-10 SE
H A0 FF Sk US20100312047A1

I EheE Espacenet USPTO
BEGR)

REESRBIEAGRIETRENRETT BELEBNFRIERSE , A
RERERREEFEAZERAN , BYEAX LBEEFRRBRIERRKE
HERNERFR D EMENOR Y. BATF T —FERESEM , ATR
HBEREARBEBRINBIRETRELUAST EHE.



https://share-analytics.zhihuiya.com/view/aa4852f2-d122-4dbd-ad97-cd8efc31af53
https://worldwide.espacenet.com/patent/search/family/040913034/publication/US9375213B2?q=US9375213B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=9375213.PN.&OS=PN/9375213&RS=PN/9375213

