-1 Device for Non-invasive Measurenegnt of Fluid Pressure in an Adfhstable
Restriction Device [0001] Field of the Invention [0002] The present
invention is related generally to i hplantabl et restriction devices,
particularly fluid filled restriction devices. The present invention has
even further relation to food intake restriction devices for the treatnent
of norbid obesity. [00031 Background of the Invention [00041 Qoesity is
becom ng a growi ng concern, particularly in the United States, as the nunber
of obese people continues to increase, and nore is | earned about the
negative health effects of obesity. Mirbid obesity, in which a person is
100 pounds or nore over ideal body weight, in particular poses significant
risks for severe health problens. Accordingly, a great deal of attention is

bei ng focused on treating_obese _patjents. e_.nethod of treating norbid
obesity has been to pl acel%ﬁ‘fle-%fgrH%ipm??eb{legwmgnbn el ongat ed band,

about the upper por of Fluid Pressurecincain AdjustiabledRestridtiomDexices to form a
smal | gastric pouch above the band and a reduced stoma opening in the
stomach. The effect of the band is to reduce the avail able stomach vol une
and, thus, the amount of food that can be consuned before becomng "full".
Gastric bands have typically conprised a fluid-filled elastoneric ball oon

Wi thddeifd el MSInveaiionCircles the stomach just inferior to the
esophageal -gastric junctton. Wien fluid is infused into the balloon, the

band nds,,agai nst. t he. st.omgch, creating a,f I nt.ake restrictio r

ot omd00RR" ¢ PTHRResRRG i Sism S rtaind eSterity P dwPlandBle PR RS, EAGHDY ¢ o
the band. [ GRAGKIIED eehtrictivhrdevdickONTHE pesft ihavtiom hadevennfuitherc’iaties hafdgdal | y
adj usted bands_that, sim| arl encircle the upper .portion of the stomach.

These bands ntake festEiction, deviges &or the treatmentiof mortudioBesHEUSNP -2 material s or
gearing devices, as well as drive nenbers, for adjusting the bands.

[0003] Background of the Invention

[0004]  Obesity is becoming a growing concern, particularly in the United States, as the number
of obese people continues to increase, and more is learned about the negative health
effects of obesity. Morbid obesity, in which a person is 100 pounds or more over ideal
body weight, in particular poses significant risks for severe health problems.
Accordingly, a great deal of attention is being focused on treating obese patients. One
method of treat\ing morbid obesity has been to place a restriction device, such as an
elongated band, about the upper portion of the stomach. The band is placed so as to form
a small gastric pouch above the band and a reduced stoma opening in the stomach. The
effect of the band is to reduce the available stomach volume and, thus, the amount of
food that can be consumed before becoming “full”. Gastric bands have typically
comprised a fluid-filled elastomeric balloon with fixed endpoints that encircles the
stomach just inferior to the esophageal-gastric junction. When fluid is infused into the
balloon, the band expands against the stomach, creating a food intake restriction or stoma

in the stomach. To decrease this restriction, fluid is removed from the band.

[0005] Food restriction devices have also comprised mechanically adjusted bands that similarly

encircle the upper portion of the stomach. These bands include any number of resilient
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Addi tionally, gastric bands have been devel oped that include both hydraulic
and nechanical drive elenents. An exanple of such an adjustable gastric
band is disclosed in U S. Patent No. 6,067,991, entitled "Mechanical Food
I ntake Restriction Device" which issued on May 30, 2000, and is

i ncorporated herein by reference. It is also knowmn to restrict the
avai l abl e food volune in the stomach cavity by inplanting an infl atable

el astoneric balloon within the stonach cavity itself. The balloon is filled
with a fluid to expand against the stonmach walls and, thereby, decrease the
avai | abl e food volunme within the stomach. 10006] Wth each of the
above-described food restriction devicesy.safe, effective treatnent
requires that the device be regularly nonitored and adjusted to vary the

degree of restriction appljed to the,stomach. Wih bandi devj c t he
gastric poué’ﬁa%%:%é”tgf’@ngga N TR S S S S N °§s§‘ﬂg‘°ﬁm§i g’geﬁdé'ldf'ovm ng
the initial Adipdonallyt pebfric Aafidy GavdIbéen debélopddo it CREINHE ot Hydfautit o4C h
nmust initially be nade |arge enough to enable the ,gat ient to receive,
adequat e nutmechanical drve elempriss Agpaampla@h pich angdivniablsgastrin fargbipidisslosedin ¢ he
gastric poudhsi BRERIRES,067 9917 Enricfel SMRRIAR fobP e ELsRiLibR DRIGK Winst oM
size. In addrtion, it Ts desirable to vary the stoma size In order to
accommodat e isshedge Mayn36,H2000pand snincarpdratiy herein by atfiernce.r #gismiso knowinntoa nor e
urgent case, to . relieve an_obstructi.on,or severe. esophageal dil atatipn.
Traatti onal IctHie SFHIRSIE, ST VAR IR erartoeh ey B e s A AEab G
clinician Vietdstontéit ibaJoot Wwithinahd stomeley ¢hvity e fll Ehebullodi id il Witk @ fhised t o
perneate the patient's skin and add or renmove flujd fromthe balloon, Mre
recently, icxPANdrgaiBstahestamachwalls andethershy: deersess theeveHakls fondevolume withiasi ve
adj ust ment s pf (b sy band. An external programrer communicates with the
i npl anted punp using telemetry to control the punp. During a schedul ed
Vi Si physij ci an pl.aces. a hand- hel ortion of the ogramrer near the
gast 10008) PN ik o e ShPYSINRR ol bRty derigrtaisele, GOEHDE RRAREH | The
inplant in tbfire®dhaiSthe deftel belkdhulaflyemdnitdted Rfd RANRtAN® Virg ®E1 degre® of
response conmmand to the programrer.  END5435USNP

restriction applied to the stomach. With banding devices, the gastric pouch above the

band will substantially increase in size following the initial implantation. Accordingly,
the stoma opening in the stomach must initially be made large enough to enable the
patient to receive adequate nutrition while the storhach adapts to the banding device. As
the gastric pouch increases in size, the band may be adjusted to vary the stoma size. In
addition, it is desirable to vary the stoma size in order to accommodate changes in the
patient’s body or treatment regime, or in a more urgent case, to relieve an obstruction or
severe esophageal dilatation. Traditionally, adjusting a hydraulic gastric band required a
scheduled clinician visit during which a hypodermic needle and syringe were used to
permeate the patient’s skin and add or remove fluid from the balloon. More recently,
implantable pumps have been developed which enable non-invasive adjustments of the
band. An external programmer communicates with the implanted pump using telemetry
to control the pump. During a scheduled visit, a physician places a hand-held portion of
the programmer near the gastric implant and transmits power and command signals to the
implant. The implant in turn adjusts the fluid levels in the band and transmits a response

command to the programmer.
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-3 [0007] During these gastric band adjustnents, it has been difficult to
determ ne how the adjustnent is proceeding, and whet her the adjustnent wl|
have the intended effect. In an attenpt to determ ne the efficacy of an

adj ust ment, sone physicians have utilized fluoroscopy with a Barium swall ow
as the adjustnent is being perfornmed. However, fluoroscopy is both
expensi ve and undesirable due to the radiation doses incurred by both the
physi ci an and patient. O her physicians have instructed the patient to drink
a glass of water during or after the adjustnent to determ ne whether the
wat er can pass through the adjusted stoma. This nethod, however, only
assures that the patient is not obstructizng, and does not provide any
infornation about the efficacy of the adjustnent. Oftentines, a physician

Q r u hei 1, | ence,
and ﬁ%@?k 3?‘%'@'80?“"% gx%ﬁ%s‘%égnén ngnen C)tlQI hlg %g% o‘gféﬁrlgg G fi et?’%‘g% rhgég,ra{ days
| ater, when adfustmentisi prodee@ing canidevifeter memdﬁmmewﬂbhdxreuné intended efifdee Bltammach
caV|ty, or the band jnduces 6&5' on ’gf the stomach tissuye.

008
Accor di ngl y,attempt do fleterming the effigacy, phan Adiustmenty sqre # 1‘/‘3“%&5‘“ ng
an adj ust mejyorifory WRRG B&hﬁkesvwaﬁéws%e qaju&%ehpes Bihg POrfOfmdd MAGNEVeR! Y

after an adjustnent. In particular, it is 'desirable to provide a gastric
restriction ftiovdscepytinhothi expensingsand updesisshle due toethe tadiatign sipsasansurisd birbathur i ng

the Pressur e ichel 8 phah! (e Sl @ o B BTHL0RY unh I GBLOR

size. In ad provi de"a non-1nvasive ne
measuri ng flvitée duiiag ot aftercthié adjgstﬁﬁntadjde&hﬂmatwmﬂﬂr tenwater caf tpassgthidugh feessur e

measurenent to a extern [ 00 Summayy of the | nvention [0010]
I n accor danc"éJ‘W ﬁtqnl’?e ﬁ’éé’%‘ﬁg i%@&ﬁY‘?’o?fg;’tafFé‘Feé '-{‘%t ‘E‘F Bichb i BPtAbSTYatng, on
system suchngoebt Hrd &Y iffotfatidnl dboARE efffe®y JfAhETAd}TstRehte Difenfille®R I N 2

pati ent and non-1I nvasi ve comrunl cati ng pressure data regarding t he
restriction pﬂwsmnn my@mdv adenptiat ‘dry. asTiew go¥ msthodh biagest undadgheir pden expeti¢nge,

device for i gg}ﬂs U laﬁ g?]ﬁ %Hrﬁ %m;t%e d?src&ve?ecf frﬁ'ﬁ rh 81%'09 HaC)Es l;rtgle av%\éﬁ Eh%m

further incl® es por onnec Pestr I'on’devi Cce.
patient experiences a complete obstruction of the stomach cavity, or the band induces

erosion of the stomach tissue.

[0008]  Accordingly, it is desirable to provide an effective method for evaluating an adjustment
of a food intake restriction device during or immediately after an adjustment. In
particular, it is desirable to provide a gastric restriction device that includes a pressure
measuring system for measuring the pressure within the restriction device and,
accordingly, the stoma size. In addition, it is desirable to provide a non-invasive method
for measuring fluid pressure during an adjustment and communicating the pressure

measurement to an external monitor.

[0009] Summary of the Invention

[0010] In accordance with the present invention, there is provided a restriction system, such as
an adjustable gastric band, for forming a restriction in a patient and non-invasively
communicating pressure data regarding the restriction to an external monitor. The
system includes a restriction device for implantation in a patient to form a restriction.
The system further includes an implanted port connected to the restriction device. The
port contains a working fluid for affecting the size of the restriction. The system further
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port contains a working fluid for affecting the size of the restriction. The
system further END5435USNP -4 includes a pressure sensing systemin

comuni cation with the working fluid for neasuring the pressure of the
working fluid and transmtting pressure neasurenent data to an external

nmoni tor. [0011] Brief Description of the Figures [0012] FIG 1 is a
schematic illustration of a food intake restriction device of the present
invention; [0013] FIG 2 is a nore detail ed perspective view of an exenpl ary
i npl antabl e portion for the food intake restriction device of FIG 1;

[0014] FIG 3 is a perspective view of the adjustable gastric band of FIG

2, showi ng the band positioned around tje gastro-esophageal junction of a
patient; [0015] FI G 4 is a secti onal view of the adjustable gastri ¢ band of

Fl GURE 2 sho in flated confi gur ation. 016]. .Fl i onal

Ui ew of -t he e Audres s Bpfte iamolh Epiumicnton i o, whrkRe gt hy
configurati gieasuding tigapressard OMie lwmtrlahgé ﬂuﬂsanﬂltﬁrnmnnng Pledstie mkdsurdmend data Si de,
partially sectioned view of the injection port shown in FIG 2; [0018] FIG
7 is an i soffANSXEmal@PIHOTt he retai ning cover shown in FIG 6; [0019] FIG 8
is an isonetric view of the pressure sensor shown in FIG6; [0020] FIG 9

i s aj0dite sBeiel Desvriptionwfithe Bigurest i ng a first enbodi ment for the pressure
sensing systemof the present invention; [0021] FIG 10 is a sinplified

schegmur_lc of1d.hes X@EHC%Q'U@ 11[1%ﬁ'h§5r?6}%5f08d fn%tresﬁ'fctlbﬂﬁe{'lbé of the'ﬁ‘3 FRGRI ment ;
[0022] FIG 11 is a side, sectional view of a second enbodi nent for the
pressure seinvemtipngystem of the invention; END5435USNP

7.

[0013]  FIG. 2 is a more detailed perspective view of an exemplary implantable portion for the
food intake restriction device of FIG. 1;

[0014]  FIG. 3 is a perspective view of the adjustable gastric band of FIG. 2, showing the band

positioned around the gastro-esophageal junction of a patient;

[0015] FIG. 4 is a sectional view of the adjustable gastric band of FIGURE 2, shown in a
deflated configuration;

[0016]  FIG. 5 is a sectional view of the adjustable gastric band of FIGURE 2, shown in an

inflated configuration to create a food intake restriction;
[0017]  FIG. 6 is a side, partially sectioned view of the injection port shown in FIG. 2;
[0018]  FIG. 7 is an isometric view of the retaining cover shown in FIG. 6;
[0019] FIG. 8 is an isometric view of the pressure sensor shown in FIG.6;

[0020]  FIG. 9 is a side sectional view illustrating a first embodiment for the pressure sensing

system of the present invention;

[0021]  FIG. 10 is a simplified schematic of the variable resistance circuit of the first

embodiment;

[0022]  FIG. 11 is a side, sectional view of a second embodiment for the pressure sensing system

of the invention;

END5435USNP




| -5 [0023] FIG 12 is a block diagramrepresenting a pressure measurenent
system associated with the first and second enbodi nents of the invention;
[00241 FIG 13 is a side, sectional view of a third enbodi nent for the
pressure sensing systemof the invention; [0025] FIG 14 is a bl ock diagram
representing a pressure neasurenent system associated with the third
enbodi nent of the invention; [00261 FIG 15 is a side, sectional view of a
fourth enbodi ment for the pressure sensing system of the invention; [0027]
FIG 16 is a side, sectional view of a fifth enbodi nent of the pressure
sensing systemof the invention; [00281 FIG 17 is a block diagramof a
pressure neasurenent system associated wsh the fourth and fifth

enbodi ments of the invention; and [0029] FIG 18 is a graph indicating a

pres t he essure sensin tem such as may. ear on the
bt oMHZB1 rorHiC ot etk AR AP ARG B T cs TS S OS5 NP | o

Descri pti on (¢ fitshénd SRYSHHE dntiddirRéheslof thefneentiong now to the drawings in detail,
wherein like nunerals indicate the sane elenents throughout the views, FIG

| [t .
i O 2 0 AR B SR 45 B0 NS R s HAAFRRRER 35, 2
34, and a s&h@memimt ion, identified generally as 36, |ocated external to

the patient. Inplanted portion 32 corrpri ses an adjustable gastric band 38

poSi tg d t ddisfunb! e
bandﬁg@gﬁayq?ﬁbrfgé%g&%ad\;%&n%e @%&%ﬁgéars ﬁrbc@ or anoocﬁéer type of
bi oconpat i blthetlﬁzﬂembadunmhafthenfvleamM i nwardl y agai nst stomach 40 when

fill ed vvith a fluid. Alternatively, band 38 nay conprise a nmechanically

EﬂJDg 35 S o e 4yl £LishardeNsecRond] Vied S Vfohith ERBIdIMYMED: BB pRIsRE SRt RySdaNges
of the invention;

[0027]  FIG. 16 is a side, sectional view of a fifth embodiment of the pressure sensing system of

the invention;

[0028] FIG. 17 is a block diagram of a pressure measurement system associated with the fourth

and fifth embodiments of the invention; and

[0029]  FIG. 18 is a graph indicating a pressure signal from the pressure sensing system, such as

may appear on the external monitor display during interrogation by a user.

[0030] Detailed Description of the Invention

[0031] Referring now to the drawings in detail, wherein like numerals indicate the same
elements throughout the views, FIG. 1 illustrates a food intake restriction system 30.
System 30 comprises a first portion, identified generally as 32, implanted inside of a
patient 34, and a second portion, identified generally as 36, located external to the patient.
Implanted portion 32 comprises an adjustable gastric band 38 positioned on the upper
portion of the patient’s stomach 40. Adjustable band 38 may include a cavity made of
silicone rubber, or another type of biocompatible material, that inflates inwardly against
stomach 40 when filled with a fluid. Alternatively, band 38 may comprise a

mechanically adjustable device having a fluid cavity that experiences pressure changes

END5435USNP



-6 with band adjustnents, or a conbination hydraulic/mechanical adjustable
band. An injection port 42, which will be described in greater detai

below, is inplanted in a body region accessible for needle injections
and/or telemetry comruni cation signals. In the enbodinent shown, injection
port 42 fluidly conmunicates with adjustable band 38 via a catheter 44. A
surgeon may position and permanently inplant injection port 42 inside the
body of the patient in order to perform adjustnments of the food intake
restriction or stoma. Those skilled in the art will recognize that the
surgical nmethods for placing gastric band systens such as inplantable
portion 32 have evolved greatly during rgcent years so that the patient may
derive optimal therapeutic effect with mninmal conplications. The surgeon,

for exanple, typically i ants injection rt. 42 in.the .| ral . sybcost al
Fogi onor ¢ et Be abeeiEBial BF % phERa R B icAfshhibalraciisfobfe, . £ ARG o
The surgeon ifiRyticH st 42[phiach wilhbedéscfibeddiardreafer detiltbetovstis implanted id HBody

patient. [00321 FIG 2 illustrates an exenplary adjustable gastric _band in
greater det drgon pecessible fopperdls Hisrtiongandoraiglemstry cameunication signals.y dn thee

cavity 46 t hat, aihaR Sowt, i %ﬁ@h&zﬁg@g%&ﬁﬁmw& &ithW)ustaBe Hah® 38 LAMACh tO

forman adjustable stoma f1 r control restricting food 1ntake into the
stonmach. A platleteciddn rAesurgboomeasposition and permednenthy irsplemteinjeotiem port) 42 ynsidédi ng
fluid to varjable volume.cavity, 46 or,. alternative .increase.t he
Stomm st ze. B RPOh SRPAUST B olF fo Rford AERRGAY BF e 3R Ok SRBEH S

wi t hdr awn bystorhd)S ehokeé) gkifled @@ WheS att Wil febdghidei Bl e Jurgical rAbthedsNfolr gmh%v,
fluid may be transferred in a naon-_invasive manner between band 38 an

i nj ection pdgstrig bapd syrieraesuches implagiehlenertian 3 heve evoliedrgrently dygipgeeceplut | s
not restrict t P t | 4 S [10 ] &S t he
adj ust abl e agl:tsr ?% @gﬂd& 586%%62”&%612&62%& ?éat %bgmre{p? E@ég%fg%cgowﬁ%s@gﬁ@geal
junction of cemplititions.. e singeen, ifor ¢da@ple tyficably iBfplants ingention opts42iin ithel | v

encl oses the_upper. portion of. stonach near_the junction wt saphagus
2. pro o iiaiehlShudRhl iabne Y GRAC APoMeR bndetud SO ndRet pRRBT BRIRS. o
confi gur at i Orhe sufgebiiny ¥is6 Wnplahicifijéctich gt Porthe ktefriuhtof the Patient.ui d, t her eby
maxi m zing the size of the stoma opening into

[0032] FIG. 2 illustrates an exemplary adjustable gastric band in greater detail. In this

embodiment, band 38 includes a variable volume cavity 46 that expands or contracts
against the outer wall of the stomach to form an adjustable stoma for controllably
restricting food intake into the stomach. A physician may decrease the size of the stoma
opening by adding fluid to variable volume cavity 46 or, alternatively, may increase the
stoma size by withdrawing fluid from the cavity. - Fluid may be added or withdrawn by
inserting a needle into injection port 42. Alternatively, fluid may be transferred in a non-
invasive manner between band 38 and injection port 42 using telemetry command

signals. The fluid may be, but is not restricted to, a 0.9 percent saline solution.

[0033] FIG. 3 shows the adjustable gastric band 38 of FIG. 2 applied about the gastro-
esophageal junction of a patient. As shown in FIG. 3, band 38 at least substantially
encloses the upper portion of stomach 40 near the junction with esophagus 48. FIG. 4 is
a sectional view of band 38, showing the band in a deflated configuration. In this view,
band 38 contains little to no flyid, thereby maximizing the size of the stoma opening into
stomach 40. FIG. 5 is a cross-sectional view of band 38 and stomach 40, similar to FIG.

4, showing band 38 in an inflated, fluid-filled configuration. In this view, the pressure of

ENDS5435USNP



stomach 40. FIG 5 is a cross-sectional view of band 38 and stomach 40,
simlar to FIG 4, showing band 38 in an inflated, fluid-filled
configuration. In this view, the pressure of END5435USNP | -7 band 38

agai nst stomach 40 is increased due to the fluid within the band, thereby
decreasing the stoma opening to create a food intake restriction. FIG 5
also schematically illustrates the dilation of esophagus 48 above band 38
to forman upper pouch 50 beneath the di aphragm nuscle 52 of the patient.

[ 00341 Returning nowto FIG 1, external portion 36 of food restriction
system 30 conprises a pressure-reading device 60 electrically connected (in
this enbodi nent via an electrical cabl e_7a_ssenbl y 62) to a control box 64.
Control box 64 includes a display 66, one or nore control switches 68, and
an external control nodule, which will be explained in_further detail

bel ow. Cont rksnd pi$, aginstestorprch 4 s dnpreaged gpe (o dhe flyid Withiny the bang, thereby
physician' s plidhGfs Othe €6t ”«Z;{(ehﬂilg t YRate> A Fod Y take® rBRKEHonC O NETGD! %baes 64

i nclude placenment” upon a desktop, attachment to an exam nation table, or
hangi ng on aschondtixblly illustratesl theGlitation lof lesoph8gusn48, abdvecband 38otef fogn rapcupper
carrying inth sichap s. l.ab coat cket, hol ding by hand, or placing
upon’ t he exa‘?ﬂ“ﬁ%?&gﬂ?@gﬁ%&@ﬂ?ﬂﬂ"}"éﬁlFBZPﬁg’e QF%ht. El ectrical cable
assenbly 62 nmay be detachably connected to control box 64 or pressure-

r eadil0@f4llevi Retumingt now tcFIG. t latexteriab portian 36 rodi foederestristion gystene 30gampsisasraage of

external portion 36, . re- h 0O, GeVy: l.Qvasi vel y
measur os ¢ panesREERRY PG B ichlP Baiebied ST it Vo 3R MepthedE
i nj ection pogabledddsémsbly i6@ptaatcontrdlcoaatdn Contedt boat64! inelntiesow displh§ 66oate ot er S)
2gai nst e BRI SAIOCSEEhES RE=fnd fexEaal raol Brdple; SHSMORIEET EXRRhIY e
patient and QRR&G' d&ail BEloRT, CTIHrEl bSAGU NHay Be CoRMlddd 86 e, f6rOBanMle, AR 64.
Pressure-readi ng device 60 may al so be réenovably attached to the patient,

such as dur i physigiapiscber) et exatainatinn foom, Seme ¢ags tamountenndrol bex 64aneduds her
wel | -

placement upon a desktop, attachment to an examination table, or hanging on a portable
stand. Control box 64 may also be configured for carrying in the physician’s lab coat
pocket, holding by hand, or placing upon the examination table or the reclining patient.
Electrical cable assembly 62 may be detachably connected to control box 64 or pressure-
reading device 60 to facilitate cleaning, maintenance, usage, and storage of external
portion 36 of system 30. Pressure-reading device 60 non-invasively measures the
pressure of the fluid within implanted portion 32 even when injection port 42 is
implanted beneath thick (at least over 10 centimeters) subcutaneous fat tissue. The
physician may hold pressure-reading device 60 against the patient’s skin near the location
of injection port 42 in the patient and observe the pressure reading on display 66 of
control box 64. Pressure-reading device 60 may also be removably attached to the
patient, such as during a prolonged examination, using straps, adhesives, and other well-
known methods. Pressure-reading device 60 operates through conventional cloth or
paper surgical drapes, and may also include a disposal cover (not shown) that may be

replaced for each patient.

[0035]  Turning now to FIG. 6, which depicts a side, partially sectioned view of injection port 42
containing a pressure sensing system for non-invasively measuring the fluid pressure

within implanted portion 32. As shown in FIG. 6, injection port 42 comprises a rigid
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known met hods. Pressure-readi ng device 60 operates through conventi onal
cloth or paper surgical drapes, and nay al so include a disposal cover (not
shown) that nay be replaced for each patient. [00351 Turning now to no. 6,
whi ch depicts a side, partially sectioned view of injection port 42
containing a pressure sensing systemfor non-invasively neasuring the fluid
pressure wthin inplanted portion 32. As shown in FIG 6, injection port 42
conprises a rigid END5435USNP -8 housing 70 having an annul ar flange 72
containing a plurality of attachnent holes 74 for fastening the injection
port to tissue in a patient. A surgeon may attach injection port 42 to the
ti ssue, such as the fascia covering an ahkdom nal nuscle, using any one of
nuner ous surgical fasteners including suture filanments, staples, and clips.

| nj ecti t . 42 furth ' tum 76 typical f
11§ Coner LEsping 10 MELiRE 30 2BRYRY Qe 22 soRmiTes RBtRIRY S sipthiEE ofes 78 for
penetrable bﬁst&i#%ﬂﬁrinjw 1|§brt R tisBucSin' pafient! YA Surgéon mBy 8&dchGfjettivhl gorant ,

for adding or wthdraw ng fluid fromthe port. Septum 76 self-seals wupon
wi t hdrawal dP thaissye,i gk ascthgl Bsqiy cousringanah abdemipal musclgs usingiany| onsi o of

I nj ection . | ' : t e S QL LA for
otaining a BIES suldf Ul BB RRGLRE ol AShefO DI GO AIRS Thkoidy SR
att aches t o 42afuithérecombtises i septurn 176 Fyiically, made offacsilicone chlee dndyamprassively
circuit between reservoir,80,insi .of injectio ort 42 and cayit 4

i i ac) uSEARed BP0 Pt 1B R priskals oy BBy e oAl dasdhng ¢ ne
vol ume  of bapeticibtumeR; fofhddigiér witkindwing fidifrém thdport. eSEpuaH 76 selfséady i ty
46 and retained in _ reservoir 80 in order tqo tenporarily decrease the vol une
of cavity 4ePopdvididrayarof thesyringsredle 4o maintaip thepvolyme e@ﬁwﬁnys%?fdwcww a
bi oconpat i bl : t : : ' :

ot ai nl bos. stn 2 fEieuh pERYS GG Wmpkhall RHFUE 80 TORURiNL A RLHERla

port 42 to nmdsacathetédrecohhectat 82 eSenmeetor 82 tttaches toecathetereld, Byawrainl FIG. @ tocui t
sure wthi.n i nds,to the

arount. of - el Aelovah PG Daer e B s it rion o 42Rd iy
46 within adjustable band 38. Fluid from reservoir 80 may be used to expand the volume
of band cavity 46. Alternatively, fluid may be removed from cavity 46 and retained in
reservoir 80 in order to temporarily decrease the volume of cavity 46. Housing 70 and
connector 82 may be integrally molded from a biocompatible polymer or constructed

|
from a metal such as titanium or stainless steel. |
|

[0036] A pressure sensing system is provided in injection port 42 to measure the fluid pressure
within the closed hydraulic circuit of implanted portion 32. The pressure within the
circuit corresponds to the amount of restriction applied by adjustable band 38 to the
patient’s stomach. Accordingly, measuring the fluid pressure enables a physician to
evaluate the restriction created by a band adjustment. Fluid pressure may be measured
before, during and/or after an adjustment to verify that the band is properly adjusted. In
the embodiment shown in FIG. 6, the pressure sensing system comprises a sensor 84
positionéd at the bottom of fluid reservoir 80 within housing 70. A retaining cover 86
extends above pressure sensor 84 to substantially separate the sensor surface from
reservoir 80, and protect the sensor from needle penetration. Retaining cover 86 may be
made of a ceramic material such as, for example, alumina, which resists needle

penetration yet does not interfere with electronic communications between pressure
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patient's stomach. Accordingly, neasuring the fluid pressure enables a
physician to evaluate the restriction created by a band adjustnent. Fluid
pressure nay be neasured before, during and/or after an adjustnent to
verify that the band is properly adjusted. In the enbodi mrent shown in FIG
6, the pressure sensing systemconprises a sensor 84 positioned at the
bottom of fluid reservoir 80 within housing 70. A retaining cover 86

ext ends above pressure sensor 84 to substantially separate the sensor
surface from reservoir 80, and protect the sensor from needl e penetration.
Ret ai ni ng cover 86 may be nmade of a ceramc material such as, for exanple,
al um na, which resists needle penetrat[gn yet does not interfere with

el ectroni c comuni cati ons between pressure END5435USNP -9 sensor 84 and

pressure-readi ng device 60. Retaining cover 86 includes ent 90 t hat
Bl Tows f1ui GeRE SAEng(PreseuiErmcading deyiceot | Baraimne.sorer %ﬁd&? u&a&]vw 03Fpt ace

of pressure useERid fftidel ARtV §0 13 flow @ ardSRNBALY bifor/ihe Wufthed O AbRLRY
cover 86 illustrating vent 90 in the bottom surface of the cover. FIG 8 is
an i sonetri censoedf.of the exterior of pressure sensor 84. As shown in FIG
8, the exterior of pressure sensor 84 includes a strain el ement having a

def onegs| € UG FCi8- anl BoinbRicevibw MM Binifid @¥ver SN Hlusfratiighvelt STERL the boom

di aphragm 92. Di afphragm 92 mag/_be formed by thinning out a section of a
wal | in tit 2Hifage ofdbe cowsry K@, 8 ipamsamglie aew of $hepextepnrof pressyre SenserBéhr

anot her sim temal | HeluseN st : Rﬂg 02".
Wil e the eré)%sglloarr&rﬁsﬁ (ghgdvtvﬁé;&&?go\éﬁ)rf fgér%agg t zrsgsdftlpglﬁln eftgmrrtggl% I,net ev% gsent

i nventi on nalefornable arfecensin thet aubodivden shavwn,cthel strainradernenitds astiaphragm 82.enent s
to convert fluid pressure to a nechani cal kB displacgnent. anpl es of. gf her
Ui bl o st rPRITERRE G2 Ay e OAdY AR Ut hEOPs ff § BAI i CAH FOFPE LS and
bel | ows as<gBigphra®® 92 Bﬂ?ﬁﬁ%ﬁ.e&ﬂ‘ﬂﬁﬁﬁuﬁﬁr hifothe? lsifildr Gdtérial,Send Hade ¥HidknBssa

housi ng 94 to prevent luid-infiltrating and effecting the operation of the

sensor. Houdterpen .08 "sand @00%°o Peile thesmbpdiments shewpr dipphragihes the siraig
Fluid from tfigndnfl (€ btedbht AV dntid mdy AR BSRsRactiP and practiced using other strain

elements to convert fluid pressure to a mechanical displacement. Examples of other

suitable strain elements include, but are not limited to, Bourdon tubes and bellows
assemblies. Pressure sensor 84 is hermetically sealed within a housing 94 to prevent
fluid infiltrating and effecting the operation of the sensor. Housing 94 is sealed to port
housing 70 to prevent the loss of fluid from the injection port 42. Diaphragm 92 is
hermetically sealed to sensor housing 94 to prevent fluid from passing around the edges
of the diaphragm and into the internal components of the sensing system. As fluid flows
through vent 90 in reservoir 80, the fluid impacts upon the surface of diaphragm 92. The
fluid flow through vent 90 enables diaphragm 92 to respond to fluid pressure changes
within the hydraulic circuit and convert the pressure changes into a mechanical

displacement.

[0038] FIG. 9 is a side sectional view of pressure sensor 84, taken along line A-A of FIG. 8,
illustrating a first embodiment 88 for measuring fluid pressure. In the embodiment
shown in FIG. 9, the mechanical displacement of diaphragm 92 is converted to an
electrical signal by a pair of variable resistance, silicon strain gauges 96, 98. Strain
gauges 96, 98 are attached to diaphragm 92 on the side opposite the working fluid in

reservoir 80. Strain gauge 96 is attached to a center portion of diaphragm 92 to measure
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hernetically sealed to sensor housing 94 to prevent fluid from passing
around the edges of the diaphragmand into the internal conponents of the
sensing system As fluid flows through vent 90 in reservoir 80, the fluid

I npacts upon the surface of diaphragm92. The fluid flow through vent 90
enabl es di aphragm 92 to respond to fluid pressure changes wthin the
hydraulic circuit and convert the pressure changes into a nechanical

di spl acenent. 100381 FIG 9 is a side sectional view of pressure sensor 84,
taken along line A-A of FIG 8, illustrating a first enbodi ment 88 for
measuring fluid pressure. In the enbodiment shown in FIG 9, the nechani cal
di spl acenent of diaphragm 92 is convertegyto an electrical signal by a pair
of variable resistance, silicon strain gauges 96, 98. Strain. gauges 96, 98

are attached t | aphr 92. on_t he si de 14 r ki | wid [N
reservoir 80 & e%tgﬁ?ée é@&?rgérg.t @%g%a'%%? azéhé"g rs\%r%rﬁ g\é\%eﬁ 82‘% a%?clﬁa‘? E%aﬁr agm
92 to neasuilr duNpedgd bSiiaphragil 920 eStrhirs plugec 96 98 miy béattathetu digphraghh 92
second, matched strai n gauge ig.attached near the outer, e of
di aphr agm 9By aghesiyes, @ra%gég’wg&u@? lmﬁsél@mageh@w%e-di%ﬂ\ea@ﬁ&wssw
adhesi ves, QhmitPY¥ardde3sl chdnigs€dhd ShrPack N FAFRRIEHR IR formS ! & dcfivn Wikinf fhei d
pressure wthin band 38 Changes, the surface of diaphragm 92 deforns up or
down wi t hi nsurfase of hotizing94f Thsudsformatian offdiaphragh G2rmredusas afresistansh chapge 92
produces a registance changes.in the center strain gauge 96. 100391 As shown
rgﬁ‘n rﬁergsgram e@ug%%

in FIG 10, "8YF&F 98 formthe top two resistance el enents of a
hal f - conpensat ed, Weatstone bridge circuit 100. As strain gauge 96 reacts

to t H93%echasishewn inElCo A Restraimgauges 21, a8 Horathe 9op, tworresistrnesoflementeet shathce of
e 95w Claigsabhovighasie e SIERY IS AR B8 bR U i
Weat st one deforigations of diaphraginfRethe mhérgingamjkt:aﬂdeexf sthe:lmge &mges_r the pctemiuépt ed
DD 998 o e BB S B SH yB s Bhy bl B 99°
di f f erenti abnd@iNetrhdlRes the Wheatstone bridge circuit. Differential amplifiers 102, 104 are
connected to bridge circuit 100 to measure the change in potential within the bridge
circuit due to the variable resistance strain gauges. In particular, differential amplifier
102 measures the voltage across the entire bridge circuit, while differential amplifier 104
measures the differential voltage across the strain gauge half of bridge circuit 100. The
greater the differential between the strain gauge voltages, for a fixed voltage across the
bridge, the greater the pressure difference. If desired, a fully compensated Wheatstone
bridge circuit could also be used to increase the sensitivity and accuracy of the pressure
sensing system. In a fully compensated bridge circuit, four strain gauges are attached to

the surface of diaphragm 92, rather than only two strain gauges as shown in FIG. 9.

[0040)  The output signals from differential amplifiers 102, 104 are applied to a microcontroller
106. Microcontroller 106 is integrated into a circuit board 110 within housing 94. A
temperature sensor 112 measures the temperature within the implanted port and inputs a
temperature signal to microcontroller 106. Microcontroller 106 uses the temperature
signal from sensor 112 to compensate for variations in body temperature and residual
temperature errors not accounted for by strain gauge 98. Compensating the pressure
measurement signal for variations in body temperature increases the accuracy of the

pressure sensing system. Additionally, a TET/telemetry coil 114 is located within
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102 neasures the voltage across the entire bridge circuit, while
differential anplifier 104 neasures the differential voltage across the
strain gauge half of bridge circuit 100. The greater the differenti al

bet ween the strain gauge voltages, for a fixed voltage across the bridge,
the greater the pressure difference. If desired, a fully conpensated

Wheat stone bridge circuit could also be used to increase the sensitivity
and accuracy of the pressure sensing system In a fully conpensated bridge
circuit, four strain gauges are attached to the surface of diaphragm 92,
rat her than only two strain gauges as shown in FIG 9. [00401 The out put
signals fromdifferential anplifiers 102;;104 are applied to a

m crocontroller 106. M crocontroller 106 is integrated into a circuit board

110 within housin re sen 2 .neasure erature
arenin the (uRaRgs o die RREIGS SRR BT AR RpRT I BirtilB

m crocont rolrh@iwﬂé)ﬁowéﬂﬁvneeﬁ&hamdrﬁcsn 3d)endieanniifiag tRMReSs e i@ suremanas from
sensor 112 to conpensate for variations in body tenperature and residual

t enper at ur e REPsSEEdeading de¥ics @Rt ed for by strain gauge 98. Conpensating the
pressure nmeasurenent signal for variations in body tenperature increases

t he gomuj ac\FIGE 11 v sih, sesionsl viem sintir yFIGe 0) shéddhg 4 secahd ymbadirhent/ 118 lfemet ry
coil 114 ideocat ed within END5435USNP -11 hqusi 94, C0|g£.14 ig

connect ed t dN% PEESRHE {SERANg §y5tamy of dhe present jayenfigny 18 seeond emppdimentc L& jan g

pover from efERfIRhsd?a2b '1.@&03ﬁed Wﬂﬂo%@ﬁ@bﬁ% RadufE thR st haMi6al MBRPHARIFEN tO
pressure reading device 60. [00411 Is a side, sectional view

sinilar to Ffciaghragondiang Btoé'ef@oimjebmgﬂl ml prop@rtiapel tq e pressucauwithinensi ng

system of t ve ﬁi a[g? ; lﬁggsor
120 is pr ovp’?g%{ Fete%&‘d 3§ou‘§ts%aq&92h@8§erer§ggur e ﬁgbrrn% °§‘3#§£F%§ﬁ/§%§a on of
di aphr agm 922and MEMSweﬁsoarn@:I eﬁtchimbér 122 grovdctMEMS sdnenﬁa]l20tand1tx’aﬁsf¢rsdﬁsur e
wi t hin adjust bIeb 38 A il icone oil rowded
bet ween di agh p E"Ggmig?é ﬂﬁ?‘“‘&‘ﬁaﬂﬁgﬁgj rzlép
sensor 120 Eﬁi@tﬁcraﬁ&%f\ﬂrtﬁ rﬁﬁ?ocoﬂ@&i}?rlbé%dlé’dtfvmo@m{lfdspt‘éﬁsu?@ ﬁapREé‘%ﬂ @6 to
t he sensor. MEMS sensor 120 outputs an
Microcontroller 106 inputs the signal from the MEMS sensor 120 and a temperature
signal from temperature sensor 112, and calculates the pressure measurement. The
pressure measurement is transmitted to pressure reading device 60 in external portion 36

using telemetry signals, as will be described in more detail below.

[0042] FIG. 12 is a block diagram of a pressure measurement system for first and second
embodiments 88, 118 of the invention. As shown in FIG. 12, an external control module
126 of the system includes a primary TET coil 130 for transmitting a power signal to the
internal control module, indicated generally as 132. Primary TET coil 130 is located in
pressure reading device 60 shown in FIG. 1. A TET drive circuit 134 controls the
application of a power signal to primary TET coil 130. TET drive circuit 134 is
controlled by a microprocessor 136 having an associated memory 138. A graphical user
interface 140 is connected to microprocessor 136 for controlling the data shown on
display 66. External control module 126 also includes a primary telemetry transceiver
142 for transmitting interrogation commands to and receiving response data, including
fluid pressure readings, from implant control module 132. Primary transceiver 142 is
electrically connected to microprocessor 136 for inputting and receiving command aqd

data signals. Primary transceiver 142 resonates at a selected RF communication
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electrical signal to mcrocontroller 106 indicative of the fluid pressure in
reservoir 80. Mcrocontroller 106 inputs the signal fromthe MEMS sensor
120 and a tenperature signal fromtenperature sensor 112, and cal cul ates
the pressure neasurenent. The pressure neasurenment is transmtted to
pressure reading device 60 in external portion 36 wusing telemetry signals,
as will be described in nore detail below. [00421 FIG 12 is a bl ock diagram
of a pressure neasurenent systemfor first and second enbodinents 88, 118
of the invention. As shown in FIG 12, an external control nodule 126 of
the systemincludes a primary TET coil 130 for transmtting a power signal
to the internal control nodule, indicategd generally as 132. Primary TET
coil 130 is Iocated in pressure reading device 60 showmnm in FIG 1. A TET
drive circui t . ' i . | ] Lery TET
coi | 130, TPty d6 BAeRt® ¢ 35y E Rheriie MRty G010 135 b i ol

havi ng an asmucuoamgﬂhnmmql th3dule A3gr aplpowed supphyr 150 supphésaemrgytlfb exdernal

connected to nmigro C Qr 136 for control ng, the data shown on spl a
Be Bt or OB PBT e 0 oLdE 1 PouSr ML AT, kiR, prestigaensgr 152 &
transcei ver coﬁﬁ?eteﬁiotro ﬁ-n'ic%}ff&és&dr”ﬁ%' ”Nﬁérbﬁt%‘ésh&nlf@ﬁi@a”tﬁé sl@aﬁﬁ@mr &a6ient N9
response data, includin pressure readi ngs, frominplant control

nmodul e 132. PPesS¥raS§nsor égz; tseaqut thmrzre$syre repding farcvatintjonsdn n@mseuen@ressure
m croprocess f [ n

Primary t raﬁ{sBl C é%\%gf eﬁaﬁ@l?%tﬁggﬁsﬂg@tqmg? eﬁ‘% '}r&%(f%&mgﬂn'ﬁ%h?%a@ 35 USNP
- 12- frequenhyadcoragpofthepeessurelmensurnkenal t er nati ng nagnetic field 146 t hat
transmts command data to inplant control m)dul e 132. A power supply 150

supp I[r%(ﬁ% engh@ay 13 s&¥MRkARS 1nt&95'lt Joﬂﬁomg&ﬂlg ?{?ﬂt@& U8dealtPthe ?‘ﬁ?%né’%%ﬁﬁe m 30.

An anbi ent pressure sensor I's connecte Cr oprocesso
M cr opr ocesslés. Iwermakeantioh moslulgriéﬂ if lasated n'btlmnhousp@‘bqf imjestions port 432 Aso

adj ust the RESssur ions in ) sur e to,

For examp o gep MG 12 o hshblar HEAbsRRGy o 66 38 Mlpimal oeT Fipefle o

i ncrease t higcenes powey andf conifuniltRida SighalyERsm! 288l control module 126. Coil 156
forms a tuned tank circuit that is inductively coupled with either primary TET coil 130 to

power the implant, or primary telemetry coil 144 to receive and transmit data. A
telemetry transceiver 158 controls data exchange with coil 156. Additionally, internal
control module 132 includes a rectifier/power regulator 160, microcontroller 106
described above, a memory 162 associated with the microcontroller, temperature sensor
112, pressure sensor 84 and a signal conditioning circuit 164 for amplifying the signal
from the pressure sensor. Internal control module 132 transmits the temperature adjusted
pressure measurement from pressure sensor 84 to external control module 126. In
external module 126, the received pressure measurement signal is adjusted for changes in

ambient pressure and shown on display 66.

[0044]  FIG. 13 is a side, sectional view showing a third embodiment 170 for measuring fluid
pressure in accordance with the invention. In the third embodiment 170, internal control
module 132 is powered by an internal power supply such as, for example, a battery 172.
Battery 172 replaces primary and secondary TET coils 130, 156 for powering
microcontroller 106 and the other internal components. In this embodiment, the pressure
sensing system includes a pair of strain gauges 96, 98 as in first embodiment 88, for

measuring the mechanical deformations of diaphragm 92 corresponding to pressure
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[00431 FIG 12 also illustrates internal control nodule 132 inplanted
beneath the patient's skin 154. Internal control nodule 132 is | ocated

wi thin housing 94 of injection port 42. As shown in FIG 12, a secondary
TET/telenetry coil 156 in internal control nodule 132 receives power and
comuni cation signals fromexternal control nodule 126. Coil 156 forns a
tuned tank circuit that is inductively coupled with either primary TET coi
130 to power the inplant, or primary telenetry coil 144 to receive and
transmt data. A telenetry transceiver 158 controls data exchange with coi
156. Additionally, internal control nodule 132 includes a rectifier/power
regul ator 160, mcrocontroller 106 descijbed above, a nenory 162 associ ated
with the mcrocontroller, tenperature sensor 112, pressure sensor 84 and a

signal condiiionin 164 for j fyi.n n essure
sensor. Int gb bng ?éjn§3a}negaf§? ?érng S ‘%&Wﬁ?@d‘%@a?ﬂ g]dﬁsh

pressure neasmpéiseRd bridgenciztis foirMearigOprefvird difRxdntiaRaVitidnnhe elosabﬂuiue 126.
In external nodule 126, the received pressure nmeasurenent signal is

adj ust ed foP“@HHWBB%“NHm“anblent pressure and shown on di splay 66. 100441
FIG 13 is a side, sectional view showing a third enbodi nent 170 for

meas (0048p f [FiGd 14 [is asklocle dialgram of thia pressuré trieagurement \systemoof theninvértioh h'nr d
enbodi ment 170, _internal can m)du 32 i, eq by.an. |nt power
" supply such 25eordange wé%a‘hf)lﬂe‘r E ‘F‘@?’y °WnE§5tFﬁ§\A§5 ?’2 %’@ﬁﬁ%@% ﬁj Mary
and secondanerhblp &Oérls%Pa@Qs ud&Btol oweR GH@FriaNEontrdl HAGRNT 760kakiRY tHeGa FRE t he
other internal conponents. In this enbodi ment, the pressure sensin system

i ncl udes a pawer sisteny a@mﬁhgﬁcﬁgemb%mege The pawerispwre Erimwlasisdipogiipn

measuring t

or essur o ENCESE 2R BEE AP LR TEY bl #5030 3ekndery S SERAG0H 8‘8*“*"’

i ncor por at ed2i rth ahexethbodimentcshotvhen rF:BBJ 14, smﬂmsm;ﬂmtéﬂ calheSEisrused solélyr

opt ant | b5t pemmupaton, bapgek e i aof e eBEth DO L AR

system Of t R&guldiore1™d RNprovided to control power from battery 172 in order to conserve and
extend the life of the battery.

[0046] FIG. 15 illustrates a fourth embodiment 180 for measuring fluid pressure within
adjustable band 38, in which a passive system is utilized for measuring pressure changes
within the working fluid. In this fourth embodiment 180, a variable capacitance 182 is
attached to diaphragm 92 in order to measure the mechanical deformations of the
diaphragm. Variable capacitance 182 includes a first plate 184 attached near the center
of diaphragm 92 on the side opposite fluid reservoir 80. A second capacitor plate 186 is
fixed in position within housing 94 by a capacitor mount 188. Each of the capacitor
plates 184, 186 is connected to an inductance coil 190, as shown by lines 192, to form a
resonant circuit. When the fluid pressure within reservoir 80 increases or decreases due
to, for instance, changes in the peristaltic pressure against band 38, the position of
capacitor plate 184 varies with the deformation of diaphragm 92. As fluid pressure
increases, diaphragm 92 pushes first capacitor plate 184 closer to second capacitor plate
186, thereby increasing the capacitance and decreasing the resonant frequency. Likewise,
when the hydraulic pressure decreases within the closed implant circuit, first capacitor

plate 184 moves with diaphragm 92 in a direction away from second plate 186, thereby
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accordance with the third enbodi nent 170 shown in FIG 13. |In enbodi nent
170, an internal power supply is used to power internal control nodule 176
rat her than a TET power systemas in the first enbodi nent. The power source
for inplanted portion 32 is battery 172 rather than the TET prinmary coi
130 and secondary coil 156 shown in FIG 12. In the enbodi ment shown in
FIG 14, secondary, inplanted coil 156 is used solely for data

comuni cati on between the internal and external control nodul es. A power
regul ator 174 is provided to control power frombattery 172 in order to
conserve and extend the |life of the battery. [00461 FIG 15 illustrates a
fourth enbodi nent 180 for nmeasuring fluid.pressure wthin adjustable band
38, in which a passive systemis utilized for measuring pressure changes

capact t ance thg el tbdtactdies il M ehofEH” TR hnd Sereidh e e

mechani cal é@equehenti ons of the diaphragm Variable capacitance 182 includes
a first plate 184 attached near the center of diaphragm 92 on the side
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the deformation of diaphragm 92. As fluid pressure 1ncreases, diaphragm 92
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frequency. diaphragm 92 deforms in the direction of coil 200, thereby decreasing the inductance of
coil 200 due to eddy current coupling between the metal diaphragm and coil.
Conversely, when fluid pressure decreases, diaphragm 92 deforms away from coil 200,
thereby decreasing the eddy current coupling and increasing the inductance of the coil.
Accordingly, the inductance of coil 200 is inversely proportional to the pressure of the

working fluid. As the inductance of coil 200 changes, the resonant frequency of the LC

circuit 206 changes.

[0048])  FIG. 17 is a block diagram of a pressure measurement system for the fourth and fifth
embodiments 180, 196 of the invention. In this system, microprocessor 136 controls an
inducing coil circuit 208 and inducing coil 210. Microprocessor 136 varies the frequency
of inducing coil 210 to magnetically couple the coil with LC circuit 206 in implanted
portion 32, as indicated by line 212. The frequency at which the internal and external
coils couple will vary with the resonant frequency of the implanted LC circuit 206. The
resonant frequency of the implanted LC circuit will vary with the fluid pressure within
band 38. The variation in resonant frequency is measured by microprocessor 136 through
inducing coil circuit 208. Once detected, the resonant frequency may be compared to

known pressures at designated frequencies to determine the fluid pressure within band
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[00471 FIG 16 shows a fifth enbodi nent 196 for neasuring fluid pressure in
accordance with the present invention. Fifth enbodinent 196 is an
alternative enbodi nent for a passive pressure sensing system in which a
vari abl e i nductance coil 200 converts the nmechanical deformations of

di aphragm 92 into a pressure neasurenent signal. As shown in FIG 16,

I nductance coil 200 is a flat coil spaced beneath di aphragm 92. A fixed
capaci tance 202 is connected to inductance coil 200, as shown by lines 204,
to forman LC resonant circuit 206. As di aphragm 92 defornms up and down in
response to pressure variations in the working fluid, the inductance of
coil 200 varies. As the fluid pressure iygreases, diaphragm92 deforns in
the direction of coil 200, thereby decreasing the inductance of coil 200
due to eddy.gur e AE i

Conversel vy, 38 A%hﬁgl fe}eg}gﬂ?‘%& g?‘égses Eghlﬁlgrﬂa% E{?%nﬁﬁ’éu'redﬂm
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i nductance of the coil. Accordingly, the inductance of coil 200 is
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adjustment. As the patient drinks, the pressure sensing system continues to measure the
pressure spikes due to the peristaltic pressure of swallowing the liquid, and transmit the
pressure readings to external module 36 for display. By measuring and visually
depicting the loading of the restriction device against the peristaltic motion of the
stomach both during and after an adjustment, the present invention provides the physician
with an accurate, real-time visualization of the patient’s response to the adjustment. This
instantaneous, active display of recorded pressure data enables the physician to perform

more accurate band adjustments. The data may be displayed over time to provide a

pressure verses time history.

[0050] In addition to use during adjustments, the pressure sensing system of the invention may
also be used to measure pressure variations in the restriction device at various intervals
during treatment. Periodic pressure readings enable the pressure sensing system to
function as a diagnostic tool, to ensure that the food intake restriction device is operating
effectively. In particular, the pressure sensing system may be utilized to detect a no
pressure condition within the band, indicating a fluid leakage. Alternatively, the system
may be used to detect excessive pressure spikes within the band, indicating a kink in

catheter 44 or a blockage within the stoma.
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38. A graphical user interface 140 in external nodule 214 displays the
nmeasured fluid pressure on display 66. [0049] FIG 18 is a graphical
representation of a pressure signal 216 fromthe pressure sensing system of
the invention, such as nmay appear on display 66 during interrogation by a
user. 1In the exanple shown in FIG 18, the fluid pressure is initially
nmeasured by pressure reading device 60 while the patient is stable,
resulting in a steady pressure reading as shown. Next, an adjustnent is
applied to band 38 to decrease the stoma size. During the band adjustnent,
the pressure sensing systemcontinues to neasure the fluid pressure and
transmt the pressure readi ngs through t{g.patient's skin to device 60. As
seen in the graph of FIG 18, the pressure reading rises slightly foll ow ng
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agai nst the perl st al fic motton of the stomach during and after an
adj ust ment , tichtmept. eéédmonaﬂbe the; Memrmlddmfom@rmwuread@mgs ahomeand aotfyr at e,

real - time v'ngulag]gél ok Vind B ek SRR Spdfidd Voadl U§nd“%ﬁ;égthzh's

I nst ant aneo recor pressur f es
physi ci an tmeaiefd‘rahrmjumm aﬁthumhee ba?hdpﬁsﬁubesidﬁmgswtaihefd&tmvmwnms

di spl ayed over ti ovide a, pressure verses tine histor

addi tion tohas éeltf?fs jAdipgRostG e and g &95itdag, tasT duriag Reflegy gﬁéme% thhé

i nvention nqmnmﬁhggwgg used to neasure pressure variations in the
restriction device at various intervals during treatment. Periodic pressure

ool 10831 cndtivEt bRG R, Srrafehl i hoby SHARLIT i Lt B BB iiffiighes ©

ef fectivel y.eqhdllyPapplit4bilitdto otHee types BF ihplafitable ibafdss YEdradXaniple, Bﬁlddtdré uge@d to
detect a no pressure condition within the band, indicating a fluid | eakage.

Al t er nat i velfgr theneatmentcof fesalyinsentingngs. + Ongeugl thapg e%éswéecb iedbyy Bateni kes
wi thin the %?4?9,292 ReHioRls Heety 15&&50&11% herein by reference. Bands can also be used to

treat urinary incontinence. One such band is described in U.S. Patent Application
2003/0105385 which is hereby incorporated herein by reference. Bands can also be used
to treat heartburn and/or acid reflux. One such band is described in U.S. Patent 6,470,892
which is hereby incorporated herein by reference. Bands can also be used to treat
impotence. One such band is described in U.S. Patent Application 2003/0114729 which

is hereby incorporated herein by reference.

[0053])  While the present invention has been illustrated by description of several embodiments, it
is not the intention of the applicant to restrict or limit the spirit and scope of the appended
claims to such detail. Numerous other variations, changes, and substitutions will occur
to those skilled in the art without departing from the scope of the invention. For instance,
the device and method of the present invention has been illustrated in relation to
providing the pressure sensor within the injection port. Alternatively, the sensor could be
positioned within a fluid filled portion of the band in order to measure pressure changes
within the band. Additionally, the pressure sensor could be associated with an

elastomeric balloon implanted within the stomach cavity to measure fluid pressure within
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catheter 44 or a blockage wthin the stoma. END5435USNP -16 [0051] The
pressure sensing systemof the invention also enables a patient to track
their owmn treatnment, utilizing an external nonitor, such as external device
36, at home. Using the external device, the patient may routinely downl oad
pressure readings to their physician's office, thereby reducing the nunber
of office visits required to nonitor the patient's treatnent. Additionally,
the patient could performpressure readings at home and notify their
physi ci an when the band pressure drops bel ow a specified baseline,
indicating the need for an adjustnent of the device. The pressure sensing
system of the invention thus has benefj}ﬁ_as both a diagnostic and a
nonitoring tool during patient treatment wth a bariatric device. [0052] It
wi ||l becone readjly parent tqg those skilled in the art that the abqve.

i nvention hadle bai a3 [1e sispetprelicns 9'cment@§wéfatefdym£ﬂmwar HEBANCAB D dls .

For exanpl e ;DR i&cHb&as 4 Rleardsr bfogﬁiz%ﬁ% fRfctiof GRHo RGO (He@knfent. One

d
such band is described in Lf%i Pat ent 92 whi ch i s hereby

i ncor por at edlt maH & nnderstoed thae thecforegaing slescaiption iscprowided by way of example.andnar y
i nconti nenc e I i o U .S, [ i

2003/ 010538 a\Rhgﬁ’c?ﬁ %ﬁ%ﬁé‘ﬁsyﬁ‘?%g%?‘% i g’?%dgkﬂéergé? r@%@% re 8@2%8%‘%%5% Lt

al so be usedcopeand spisit ofthaappended Qlaikior aci d refl ux. One such band is
described in U S. Patent 6,470,892 which is hereby incorporated herein by
reference. Bands can also be used to treat inpotence. One such band is
described in U S. Patent Application 2003/0114729 which is hereby

i ncorporated herein by reference. [0053] While the present invention has

been illustrated by description of several enbodinents, it is not the
intention of the applicant to restrict or Iimt the spirit and scope of the
appended clains to such detail. Nunerous other variations, changes, and
substitutions will occur to those skilled in the art w thout departing from
the scope of the invention. For instance, the device and nethod of the
present invention has been illustrated in relation to
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providing the pressure sensor within the injection port. Aternatively, the
sensor could be positioned within a fluid filled portion of the band in
order to measure pressure changes wthin the band. Additionally, the
pressure sensor could be associated with an elastoneric balloon inplanted
Wi thin the stomach cavity to neasure fluid pressure within END5S435USNP -17-
the ball oon. The structure of each el enent associated with the present
invention can be alternatively described as a neans for providing the
function perforned by the elenent. It will be understood that the foregoing
description is provided by way of exanple, and that other nodifications may
occur to those skilled in the art w thoutedeparting fromthe scope and
spirit of the appended C ai ns. END5435US -18 WHAT IS CLAIMED IS 1. A
restriction systemfor formng a restriction in a patient and non-invasively
comuni cating pressure data regarding the restriction to an external

nonitor, the systemconprising: a. a restriction device for inplantation in
a patWHAT IS CIAJMEBDIS:estriction therein; b. an inplanted port connected to
said restriction device, said port containing a working fluid for affecting

the size of it hg re@BétidnGYiterd: forfafning adesidtivn i & pSRME hitDnonV VAN ¢y _
comuni cation with said working fluid for measuring the pressure of said

wor ki ng fluid eommunigatingipressyrg dptesegarding thasestrintiontnen exdernakmoniter.dhe er nal

monitor. 2. Th ] n systemof claim1, wherein the pressure of said
working fluid ﬁg&ﬁiégﬁgﬁb}bnal to the degree of restriction fornmed. 3. The
restriction systemof clajm 2, wherein said pressure sensing system i ncl udes
a mechani cal | § AdrwicHom deviee forimplantation iy apatiens to forp eestiisiRn Hisreihui d, and
wherein said

b. animplanted port connected to said restriction device, said port containing a

working fluid for affecting the size of the restriction; and

c. a pressure sensing system in communication with said working fluid for
measuring the pressure of said working fluid and transmitting pressure

measurement data to an external monitor,

2. The restriction system of claim 1, wherein the pressure of said working fluid is

proportional to the degree of restriction formed.

3. The restriction system of claim 2, wherein said pressure sensing system includes a
mechanically deformable surface in contact with said working fluid, and wherein said

surface deforms in proportion to the pressure of said working fluid.

4, The restriction system of claim 3, wherein said mechanically deformable surface has
mechanical deformations thereon which are converted into an electrical signal

indicative of the pressure within said working fluid.

5. The restriction system of claim 4, wherein said pressure sensing system comprises
two or more variable resistance elements attached to said deformable surface, the
resistance of the elements vary in response to mechanical deformations of the surface;
and wherein the resistance elements are connected in an electrical circuit, wherein the

output of the circuit provides a measurement of said working fluid pressure.
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surface deforns in proportion to the pressure of said working fluid. 4. The
restriction systemof claim3, wherein said nechanically deformabl e surface
has nechani cal deformations thereon which are converted into an el ectrical
signal indicative of the pressure within said working fluid. 5. The
restriction systemof claim4, wherein said pressure sensing system
conprises two or nore variable resistance elenents attached to said

def ormabl e surface, the resistance of the elenments vary in response to
mechani cal deformations of the surface; and wherein the resistance elenments
are connected in an electrical circuit, wherein the output of the circuit
provides a neasurenent of said working figid pressure. END5435USNP -19 6.
The restriction systemof claiml, mhereln sai d restrlct|on deV|ce is an

adj ust abl e ric.band. 7 |c1|o sten1 cl.ai m Slt¥£ere|n sai d
reasure seffe; HRF PG DRERA A5 T YapFinspe e devict iCapdiee ¢ he
capaci tance of gag@icthafi@paci tor varying in response to pressure changes in

t he worki ng f|UId the variation in the capacitance providing a neasurenent

of said wor r [estr t ion st em of

Of 221 4 vorie g bl SRl o R ESbIA SLERR SUSAERREh SRS, |
restriction devurﬁslelcapamtaioes:ephcitbum capdcitnde of Said tpacitort Vagying iereponicne
restriction. 9. The restricti on s%l 8f clajm4, whereip said pressure
sensi ng syst entoPEEsS\re shangss in the o ‘?GgH‘]fl Jheivasiatien if the sapACHanc PFAVIdINg & d

pressure neas%@dgg{é;neqfa(gpsa;dq”g&ingm%m}& moni tor during an adjustnent of
said restriction device. 10. 1e restri ction systemof claim4, wherein said

(et or mabl o dor TR R DRGTRA TR 4o} ERRP ROy PRUR GG e RBfRERD o

pressure changffd pdit &l sdld&egdieﬁtﬁl cfelviéb‘iin a 18kdd fhAd tivduiitd aff8ct théldwéfaﬂ&e
providing a measurtement of said working fluid pressure.
restriction

9. The restriction system of claim 4, wherein said pressure sensing system measures said
working fluid pressure and transmits said pressure measurement data to said external

monitor during an adjustment of said restriction device.

10. The restriction system of claim 4, wherein said pressure sensing system includes a
variable inductance coil adjacent said deformable surface, the inductance of said coil
varying in response to pressure changes in said working fluid, said variation in

inductance providing a measurement of said working fluid pressure.

11. A restriction system for forming a restriction in a patient and non-invasively
communicating pressure data regarding the restriction to an external monitor, the

system comprising:

a. arestriction device for implantation in a patient to form a restriction therein, said

restriction member having a variable fluid volume for creating a restriction;

b. a control operatively connected to said restriction member for varying the volume

of said restriction member; and

c. apressure sensing system for measuring fluid pressure within said restriction

member and non-invasively communicating the measured pressure to said
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11. Arestriction systemfor formng a restriction in a patient and
non-invasi vely conmunicating pressure data regarding the restriction to an
external nmonitor, the systemconprising: a. a restriction device for
implantation in a patient to forma restriction therein, said restriction
menber having a variable fluid volune for creating a restriction; b. a
control operatively connected to said restriction nenber for varying the
volunme of said restriction nenber; and c. a pressure sensing system for
measuring fluid pressure within said restriction menber and non-invasively
comuni cating the measured pressure to said END5435USNP -20 externa

moni tor, the nmeasured pressure being proggprtional to the degree of
restriction fornmed in the stomach. 12. The restriction systemof claim11,

Surface in cont aetieRl ORRARTHRPRE PRt SindraRareR]  Betathl e

def orns i n propokéstriviioh @orited ik tiRSOMahOof said working fluid. 13. The
restriction systemof claim 12, wherein said nechanically defornable surface

has nechani 1At | . Lch ar | . ctrical
signal i ndilga |€§£t§? ﬁ%@%ﬁ‘e&s%ﬁl@q@w iyﬁ%r%llﬂs? %dﬁrﬁsg%?%ﬁ% g&?‘ﬁ‘?‘ @Ql}ﬂfﬁe
restriction symechanicillydeformabl, surfaer iaicontaetiwithpsagbworkéngsftuid, and whesdiresaid
conprises two o 8é78re vari abl e, resi stance el g?r}lénts .attached to said

def or mabl e surf starms 1p prorortignde thepresyire of sad rodking flyid: 1\ + esponse to

nechani cal deformati'or'\s of the sgrface; .and' V\/nerei_n the resistance el enents
are connect dd. The mstrictiarcsysienadf claimddi whereinesaidimechardcallydefarmable sutfecedias cui t

provi des a neasunenent.of said rking. fluid pressure. 15 .The restriction
Cyatem of "ol a earanenydsPumhbts BB Phichetd nfafR it R clitichl Fably) .
gastric band. ih@icatiVtcofitRspressuid Withifi kil oridhg flbidi m 13, wherein said pressure
sensi ng systemincludes a

14. The restriction system of claim 13, wherein said pressure sensing system comprises
two or more variable resistance elements attached to said deformable surface, the
resistance of the elements vary in response to mechanical deformations of the surface;
and wherein the resistance elements are connected in an electrical circuit, wherein the

output of the circuit provides a measurement of said working fluid pressure.

15. The restriction system of claim 11, wherein said restriction device is an adjustable

gastric band.

16. The restriction system of claim 13, wherein said pressure sensing system includes a
variable capacitance capacitor, the capacitance of said capacitor varying in response
to pressure changes in the working fluid, the variation in the capacitance providing a

measurement of said working fluid pressure.

17. The restriction system of claim 13, wherein said working fluid is transferable between
said port and said restriction device in a closed fluid circuit to affect the size of the

restriction.

18. The restriction system of claim 13, wherein said pressure sensing system measures
said working fluid pressure and transmits said pressure measurement data to said

external monitor during an adjustment of said restriction device.
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vari abl e capacitance capacitor, the capacitance of said capacitor varying in
response to pressure changes in the working fluid, the variation in the
capaci tance providing a neasurenent of said working fluid pressure. 17. The
restriction systemof claim 13, wherein said working fluid is transferable
between said port and said restriction device in a closed fluid circuit to
affect the size of the restriction. 18. The restriction systemof claim 13,
wherein said pressure sensing system neasures said working fluid pressure
and transmts said pressure neasurenent data to said external nonitor
during an adjustnent of said restriction device. END5435USNP  -21 19. The
restriction systemof claim13, wherein gaid pressure sensing system
includes a variable inductance coil adjacent said deformable surface, the
i nduct ance aid coil varyi.ng.in,r anse .to pressure changes jn said
wor ki ng- 1 1 ut s THEAPRHen sy¥eeptEftim 13, FhdReR 684 pResBirePagig REB dhamsRe of “sai
wor ki ng flui d varigble iductalb ¥odidjdobiit said deformable surface, the inductance of said coil

varying in response to pressure changes in said working fluid, said variation in

inductance providing a measurement of said working fluid pressure.
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