REMOTE MONI TORI NG AND ADJUSTMENT OF A FOOD | NTAKE RESTRI CTI ON DEVI CE [ 0001]
Field of the Invention The present invention relates to an inplanted
restrictive opening device and, nore particularly, to a bi-directional
comuni cation systemfor renptely nonitoring physiological paranmeters
related to an inplanted food intake restriction device and prescribing

adj ustnents for the device froma renote |ocation. [0002] Background of the
I nvention [0003] Obesity 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. Mrbid
obesity, in which a person is 100 pounds or nore over ideal body weight, in

particul ar poses signi REMOTE VONITORINGVAND ABNUSTMENDIOENMS. Accordingly,

a great deal of attenti onAlFQOP INTAREUWESTRICTIORDEVICGDESEe patients. One
met hod of treating norbid obesity is to place a restrictive opening device,

such as an el ongated band, about the upper portion of the stomach. The band
is placed so as to forma snall gastric pouch above the band and a reduced

st ona &ﬁ_ﬂigﬁﬁ@gihggpé%gggch. The effect of the band is to reduce the
avai | 4878 st YHE%4nd, thus, the amount of food that can be consuned
before becomng "full". Restrictive gastric bands have typically conprised
a fluid-fill ebheeprasanpmerentiorhadlatente amamplaritek eestrentirp epenisg tdewice endimetees t he
stomach just inferipr to the.esophagQ-gastri. punction. VWien fluid. is
infused into Qaﬁtéc%aé&r c}8n’jl tflhdéregtédra?ﬁﬁg:%lgnn lscaggg%isksé{f: I%t hoé regfoég c%‘?ﬁll(%ﬁnélﬁti ng
the restrictighysiologida paiamieted related tesi aasianted foddeintdkie dbdtHtidnndévite andt omach,
fluid is renmoved fromthe band. [0004] Restrictive opening devices have al so
conpri sed mechigsTiOmE adiusHneids fop the deuige Fomperemots 1664400 y encircl e the upper
portion of the stomach. These bands include any nunber of resilient

mat er ifadG2]or B&kpionfid dethedesenties wel | as drive nenbers, for adjusting the
END5281USNP - | bands. Adjustabl e bands have al so been devel oped t hat

I ncl “‘{806%? th 8¥£Et9% ib%ccﬁﬁ'lqg a growing concern, particularly in the United States, as the

number of obese people continues to increase, and more is learmed 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 treating morbid obesity is to place a restrictive opening
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”.
Restrictive gastric bands have typically comprised a fluid-filled elastomeric balloon
with fixed endpoints that encircles the stomach just inferior to the esophago-gastric
junction. When fluid is infused into the balloon, the band expands against the
stomach, creating the restriction in the stomach. To decrease the restriction in the

stomach, fluid is removed from the band.

[0004]  Restrictive opening devices have also comprised mechanically adjustable bands that
similarly encircle the upper portion of the stomach. These bands include any number

of resilient materials or gearing devices, as well as drive members, for adjusting the
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mechani cal drive el enents. An exanple of such an adjustable band is
disclosed in U S Patent No. 6,067,991, entitled "Mechani cal Food I ntake
Restriction Device" which issued on May 30, 2000, and is incorporated
herein by reference, It is also known to restrict the avail able food vol une
in the stomach cavity by inplanting an inflatable elastoneric balloon
within the stomach cavity itself. The balloon is filled with a fluid to
expand agai nst the stomach wall and, thereby, decrease the available food
volune within the stonmach. [0005] Wth each of the above-described types of
restrictive opening devices, safe, effective treatnent requires that the
device be regularly nonitored and adjusted to vary the degree of

restriction aapds efdjustabloasdsOhne hisoWdeh develehiedghsteinilaes bothlg dessit ah€ pouch
above the band will substanti al |g{ll ncrease in size followng the initial

i npl ant at i on.mechgriedl dirivglelementie Ar sxemRIpehiskeh dhadingatle baed i diedeseddftial |y
be made | ar gq; eNBLGH NbOGBBAIHE dilfeRPMcERIniP FoBE Thisfe FUSHIALE Hildes L1 on

whil e the stonac apts tot andi ng devi ce. gastric pouch
i ncreases i n vdiigeissdedeorbiagt 305 2600, Lant 6l irtcorpoaatgd hérbm syt meferesdez elt id also

addition, it is often desjrable tq vary the stona size in. order to
acconmodat e CRAWHLS T§SHIG the ?)Véflialélﬁgo%‘eﬁ‘}éﬂ?eé’? ersé%ffl?'f’é‘n‘fav}t&??'rf’é‘?[a&mg A'a nore

urgent case,pflfaiiekla§¥ReAb bR Withih Wb AmSAVEH Ry SSOPhAEE Bh1IcHn! g ¥i@ikd ON.
[ 0006] Schedul ed physician visits have been required to adjust restrictive

openi ng devi oath a fipgr forgypanteagainst dietséomachevalhangd, thesebyu dessease Wigppadabie c
needl e and sy e patient's skin and add or renove saline
fromthe bal I)fé)é)yn%?ﬁ{%?g%r%@gg%%ﬁ?ami npl ant abl e punps have been devel oped
whi ch enabl e non-invasive adjustnments to the band. These punPs are

A

cont r BY008H exXVish sedh) of the abpverdsearkadiimes pbtesEGHYRIPRDHZAeVIGRS.tsAte; plieciep usi ng
e ! i e I

hand- hel 3 portEienppdiftes tabitd Bic BENANG ndithudo o pBINR K SRyRRECES °
transm ts powegreaonfirestivtiamdpiednalis stamdche Witpbanirdiguivey . thel gestrpuponch adj ust s

A HERE T EN I T e R G S R
Accordingly, the stoma opening in the stomach must initially be made large enough
to enable the patient to receive adequate nutrition while the stomach adapts to the
banding device. As the gastric pouch increases in size, the band is adjusted to vary
the stoma size. In addition, it is often 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.

[0006] Scheduled physician visits have been required to adjust restrictive opening devices.
During these visits, the physician uses a hypodermic needle and syringe to permeate
the patient’s skin and add or remove saline from the balloon. More recently,
implantable pumps have been developed which enable non-invasive adjustments to
the band. These pumps are controlled extemnally by a programmer that communicates
with the pump using telemetry command signals. During a scheduled visit, a
physician places a hand-held portion of the programmer near the intake restriction
implant and transmits power and command signals to the implanted pump. The pump
adjusts the fluid levels in the band in response to the commands, and transmits

diagnostic data to the programmer.
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[0007] In addition to adjustnments, it is desirable to regularly nonitor
physi ol ogi cal paraneters related to the restrictive opening device to

eval uate the efficacy of the treatnment. Fluid pressure within the band is
of particular inportance to nonitor to determ ne the degree of restriction
within the patient's stomach. A pressure reading above normal |evels may
indicate a bl ockage or infection, while a pressure reading below nornal

| evel s may indicate | eakage fromthe balloon. Commonly assigned, co- pending
U S. Patent application nunber 11/065,410, entitled "Non-invasive
Measurenent of Fluid Pressure in a Bariatric Device", which is incorporated
herein by reference, describes nethods for neasuring fluid pressure within
an i ntjebay] remt aiditib®nodedjuamen®, detierdssiredld he igalarlpf mohors physiolegiedli ng.
The fluid pressure neasurenent i s comunicated to an external progranmer

pl aced over thAEATRier delated toghe Festrictive opgning deyige &9 eyaluate g sticacyrplethsr essur e

measur enent f%%gg%ﬁi\%ﬁﬁ%id}@ss x%rbvilﬁﬁn Sl 8@'%&&%&9%&6&%&@@&&&0&8

adj ustnment. | e I nplanted punps an ressure asuring systens have
great |y enhandetsimireathe degriee of restiichremiwithan the Ipetient’'s dtamhidchc eA piessure agading

one-on-one interaction,between.the i ent and sicl.an has still. been
necessary to aﬁﬁ?ﬁ‘? PB?nagﬁﬁvejfd?lﬁ% fr?c{;‘f‘?ée 53@)10@%%6_ ordlfegﬂ%/'?’r?@gﬁeaa greadt™ Hedingnce
separat es t hepdidly 5beratleveR Gnaddhdigitt leaRGeaEsh tHidtballfon. E@&BMShNasdif@dedo-f Or
adj ustments. The need to schedule an office visit thus increases the

conpl exi ty ofpendiagt Aot rRatent aprlicayqs crmber r 8506%.41G. nentitded nd¥ontisyasig and
adj ustnents t i >cordL:ngl I § ol i vi de a
method Tor 1 Oumpient 8 IR PRy BF CHAREDe e SnREHL IABIrL O RIS .
restrictive opeméftr@nce]eddscrébes | methddd foromeasuring Sfluldspiesdure withiprany intktkea

bi -directional physicgian to patient integface that enables a physician to
remotel y nonirfﬁfflc%‘?mg%f’d‘f%?td e fhectirs, 8f Bi5etiomp opa%lvs-cﬁ%ﬁw&%?ﬁswﬁe

interface, thgeRfieat AcoMuRYALdR! & EEmE fbs@mneRTpidcBe over BRIIRM: sand
prescri be adjustnents to be executed by a clinician, or the patient

hi nsel f, at askdi infthe wiginityod she implanth&he pressufeameassreaising Fomabe deviel cagrgsi s of

treat nent pn%gégpﬁﬁm%ﬁne Eheging?ﬁﬁﬁ%&&nSChedU|ed adj ustments such as, for
exanple, to preven esophageal ditaration or to allow for nightly rnucus

drainage fromthe gastric pouch. .
[0008] While implanted pumps and pressure measuring systems have greatly enhanced

bariatric treatment, a scheduled office visit and one-on-one interaction between the
patient and physician has still been necessary to monitor and adjust the device.
Oftentimes a great distance separates the physician and patient, necessitating
extensive travel for adjustments. The need to schedule an office visit thus increases
the complexity of the treatment, and typically results in less monitoring and
adjustments than may be desired. Accordingly, it is desirable to provide a method for
remotely monitoring the physiological parameters of an implanted restrictive opening
device. In addition, it is desirable to provide a bi-directional physician to patient
interface that enables a physician to remotely monitor and adjust a restrictive opening
device. Through the interface, the physician may evaluate the efficacy of the
treatment and prescribe adjustments to be executed by a clinician, or the patient
himself, at a different location. The interface enables faster diagnosis of treatment
problems, as well as regularly scheduled adjustments such as, for example, to prevent

esophageal dilatation or to allow for nightly mucus drainage from the gastric pouch.
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END5281USNP - 3 [0009] Sunmary of the Invention The present invention

provi des a bi-directional conmunication systemfor use with a restrictive
openi ng device inplanted within a patient. The systemincludes a sensor for
measuring an operational paraneter within the restrictive opening device.
The system further includes a neans for conmuni cati ng a neasured paraneter
data from the sensor neans to a local unit external to the patient. The
system further includes a base unit at a renote |ocation fromthe patient,
the base unit including user interface neans for evaluating the neasured
paranmeter data. And, a communication link between the |ocal and base units
for transmtting data between the units, the transmtted data including the

measuiegbopar Bwhmary ddttR. In{&RidA] Bri ef Description of the Draw ngs [00111
Wil e the specification concludes with clains particularly pointing out and

di stinctly ai n he .pr invent Lt is helieyved t e, Wl be
better unders hoeopde%gt ﬁl?lgr}tg’rn Eﬁ%ﬂﬁ?soan%llhdg}ef @%a(l)\%é nﬁlléusl ggttl:érnl Sﬁ’? t:gglnﬂ,%?tu aken |wn

conj Iu_nfc_ti gn Wef;chctﬁ\fe_eop@g@lgrﬁéaﬁyiil:cﬁglanﬁdazvilithri‘lgs,pgiiéht.V\ll‘Iih_e BystfBAddyddslaGendori s a
and a bi i r BT FORUE G R0l P 6 B St HBP AR B BeuEe and a
remote monit afkig Mithés inélQ8s3 mBAde folcd imnifRing ad8bAUlAbardfitGRAG fryR Vi ew
of an inplantable portion of the food intake restriction device shown in

FI G 1; [0014he nSpr 18edns taa $oadbynipenternall tb yhesmatiento rlehg systeny fottherheclides act i on
port shown in FIG. 2: [0015] Fl.G .4 i Si tiognal view taken along
The A A of Mees it & ¢ 1Y ackion ' BBt e BRELLEIR bRt dARRRE I P

fluid pressurfedns fohevalbitaigetheembdsufedi gpatameten e OAnd| £&5.coimuin@@diéd 1inkG 5 i's
a sinplified schematic of a variable resistance circuit for the pressure
sensor showberweer| the lpcaleppsh dasq amits fgr transmitting data between the units, the

transmitted data including the measured parameter data.

[0010]  Brief Description of the Drawings

[0011] While the specification concludes with claims particularly pointing out and distinctly
claiming the present invention, it is believed the same will be better understood by
reference to the following description, taken in conjunction with the accompanying

drawings, in which:

[0012] FIG. 1 is a simplified, schematic diagram of an implanted restrictive opening device
and a bi-directional communication system between the implanted device and a

remote monitoring unit;

[0013] FIG. 2 is a more detailed, perspective view of an implantable portion of the food

intake restriction device shown in FIG. 1;
[0014] FIG. 3 is a side, partially sectioned view of the injection port shown in FIG. 2;

[0015] FIG. 4 is a side, sectional view, taken along line A-A of FIG. 3, illustrating an
exemplary pressure sensor for measuring fluid pressure in the intake restriction

device of FIG. 2;

[0016]  FIG. 5 is a simplified schematic of a variable resistance circuit for the pressure sensor

shown in FIG. 4;
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[0017] FIG 6 is a cross-sectional view of an alternative bi-directional
infuser for the food intake restriction device of FIG 2; [0018] FIG 7A is
a schematic diagram of a nechanically adjustable restriction device
incorporating a pressure transducer; [0019] FIG 7B is a cross-sectional
view of the mechanically adjustable device of FIG 7A taken along |ine B-B;
[0020] FIG 8 is a block diagramof the major internal and external
conponents of the intake restriction device shown in FIG 1; [0021] FIG 9
is a schematic diagramillustrating a nunber of different conmmunication
links between the local and renote units of FIG 1; [0022] FIG 10 is a

fl ow di agram of an exenpl ary communi cati on protocol between the |ocal and

r enot oM t s FIQr 6 ds ArFossiskitiond] viswaltlaa altesdative bi-directiondl dafus¢rOo2 e fobds 11 is
a flow di agram of an exenplary_conmuni cati on protocol between the |ocal and
renote units Migke 1gsty m%w%ﬂé-t?am e restriction device; [0024] FIG 12 is
a flow di agram of an exenpl ary comruni cati on protocol in which

comu00ddj i ofFIGs 7Anist & ackemdric diagrapabf anteciaBd2Bby aljustable3ressictormsidepice f i ed
schemati c diagran1of a data Ig@gfr for recording pressure neasurenents from
the i npl ant ed"PRAFNEA IFSHRAHIFB026] FIG 14 is a bl ock diagram
illustrating the maj or conponents of the data |ogger shown in FIG 13; and
[ 0027]00FPIG. T3Gi EBas grcaphisedionalepew of theamednnehllynadjustible glewse of EIGreas ur enent
fromthe senﬁﬁ{ §h03% 'nBFIG. 4, as conmuni cated through the system of the
present inverti®BA.O"F EET Detai |l ed Description of the Invention END5281USNP
-5 [0029] Referring nowto the drawings in detail, wherein |like nunerals

i ndi c#10201 he HB@n® is ableckedingramafsheaior int¢raaland sterrRl mponsnis\of thesinake
simplified, schemati Lagram a,. bi-directional conmunication system 20
for transn1tf?%%&%%fgvgggﬁﬁghmgﬁGihplanted restrictive opening device and a

renotely |located nonitoring unit. Through . S
[0021] FIG. 9 is a schematic diagram illustrating a number of different communication links

between the local and remote units of FIG. 1;

[0022]  FIG. 10 is a flow diagram of an exemplary communication protocol between the local

and remote units for a manually adjustable restriction device;

[0023]  FIG. 11 is a flow diagram of an exemplary communication protocol between the local

and remote units for a remotely adjustable restriction device;

[0024] FIG. 12 is a flow diagram of an exemplary communication protocol in which

communication is initiated by the patient;

[0025] FIG. 13 is a simplified schematic diagram of a data logger for recording pressure

measurements from the implanted restriction device;

[0026]  FIG. 14 is a block diagram illustrating the major components of the data logger
shown in FIG. 13; and

[0027] FIG. 15 is a graphical representation of a fluid pressure measurement from the sensor

shown in FIG. 4, as communicated through the system of the present invention.

[0028]  Detailed Description of the Invention
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comuni cati on system 20, data and conmand signals may be transmtted between
the i nplanted device and a renotely | ocated physician for nonitoring and
affecting patient treatnment. The conmuni cati on system of the invention
enabl es a physician to control the restrictive opening device and nonitor
treatnment wi thout neeting face-to- face with the patient. For purposes of
the disclosure herein, the terns "renote" and "renotely |ocated" are
defined as being at a distance of greater than six feet. In FIG 1 and the
foll owi ng disclosure, the restrictive opening device is shown and descri bed
as being a food intake restriction device 22 for use in bariatric treatnent.
The use of a food intake restriction device is only representative however,

and t hgo291 es aRuferring oMt toothend¥widgs i idefazle hhedetohliké hemefalsprdicafe thephast ed
restrictive opening devices, wthout departing fromthe scope of the

i nvention. [ Goaugntsabropghoyt thevieps FIG. 1 providesta sipplifiesh sohemgticidinesgop of a
restriction dgvies; b S b ERERY: Rt : b 2kt £ lh€ a
second porti ﬁ\éﬁfg&}oé ll%o?:%t g@k%&t e ?]tg toﬁjt Ergﬂs plgtﬁdlgg% Eet?lélbnflgl %ﬁﬁgﬂﬁ?ed
portion 24 caoegpnétsesopenizgljdgsicabind aesndtely i lwoatbd do@®ringatinit.i s Thruighnt ed

about the gastrointestinal tract, for the treatnent of rbid obesjty. In
Thal appti CareBRiERon B Ta e 2ad i is g e R RIURY bR Ui FarTeeh
stomach 30 t ghe ghflaited dedtO BRI DRSNREN 196ht sicRAURR mbaiteAfl and A&ftinpouch 34
of the stomach. Adjustable band 28 nay include a cavity made of silicone

rubber, or arfgiepdrtreptsat oThe earymupipaiontsyeemwf die ivention ghablestd phyvsisiandoar dl y

agai nst sto - £ W Eh. | ui Y \ 28 may
compri se o menush ERFHickis bEhil A0V anl odlor CLLAERHNEE! heollMloc

experi ences [ieswitli ehecgasinnte SFonipulpobesndt thel jigslosmrea hereim) theatermoiemoal’ iaad

hydr aul i ¢/ meghani cal. adj yst abl and.. [ 003 An injectipn port 36, ich
will be descr ir%’é‘bteliyﬁo‘ij’f at?Et g‘ﬁﬁ’?&ﬁ? gﬂ@é 8\ %t@n‘fen‘tfréé?ﬁtféc}g‘?‘hgﬁfe%o&r‘:%gi on
accessi bl e f or;aagekaidwinE8ikéifze, ARk R8RS FeNing BRI iE SowiNandi dB@Ibad | N

t he enbodi ment shown, injection port 36 fluidly comunicates with adjustable
band END52813skping @ fo@l iniake gestrintiontdeyicel2? fonusaindedatrindieatyent. t Thausawfa

per menent |y izip| apbyl NESBLIONGRAEL is 30y Nl LG B! deuRblesat 11
order to perform-adjustinments o e food ’'ntake
invention may be utilized with other types of implanted restrictive opening devices

without departing from the scope of the invention.

[0030] As shown in FIG. 1, a first portion 24 of intake restriction device 22 is implanted
beneath a patient’s skin 27, while a second portion 26 is located external to the
patient’s skin. Implanted portion 24 comprises an adjustable restriction band 28 that
is implanted about the gastrointestinal tract for the treatment of morbid obesity. In
this application, adjustable band 28 is looped about the outer wall of a stomach 30 to
create a stoma between an upper pouch 32 and a lower pouch 34 of the stomach.
Adjustable band 28 may include a cavity made of silicone rubber, or another type of
biocompatible material, that inflates inwardly against stomach 30 when filled with a
fluid. Alternatively, band 28 may comprise a mechanically adjustable device having
a fluid cavity that experiences pressure changes with band adjustments, or a

combination hydraulic/mechanical adjustable band.

[0031] An injection port 36, which will be described in greater detail below, is implanted in a
body region accessible for needle injections and telemetry communication signals. In

the embodiment shown, injection port 36 fluidly communicates with adjustable band
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restriction or stoma. Injection port 36 is typically inplanted in the

| ateral, subcostal region of the patient's abdonen under the skin and

| ayers of fatty tissue. Alternatively, the surgeon may inplant injection
port 36 on the sternumof the patient. [0032] FIG 2 illustrates adjustable
band 28 in greater detail. In this enbodinent, band 28 includes a variable
vol unme cavity 42 that expands or contracts against the outer wall of the
stomach to forman adjustable stoma for controllably restricting food intake
into the stomach. A physician may decrease the size of the stonma openi ng by
adding fluid to variable volune cavity 42 or, alternatively, may increase
the stoma size by wthdrawing fluid fromthe cavity. Fluid may be added or

Wi t hdr awn by 28Rrg£4 tdthderd40. na&dlrg%oh fda§ pokities badperpanéntFamplneinfdctibal psmy be,
but is not restrlcted to, percent saline saqlution. g;OOBB] Ret ur ni ng
now to FI G le&@eemeahodwfttbeopat@et wrordettaiperfpes pdjugimegts ofdhe &odoiptakenpr i ses

a hand-hel d "% ﬁ?&ﬂ)ﬂ o'i_’%to%{aechgé&@hb%ncﬁrl@%&ﬂ%rQx‘gglahiéldﬁn WQQ&MB?&&@ an

el ectrical e assenb to'a l'ocal”'unit 60. Electrical cable assenbly
56 may be deegcrhadfﬂ yhecmaneutseabdmndnomaderumet skd end alay@mnaf Sty gishaci | it ate
cl eani ng, L ena usa and st e. of ext on 26.. Loca

i 1600 s NHERGRT ot SR ARV ottt dRisriar P o SR iSRS i

i npl ant ed deghﬁ@nZZ and a renote unit 170, as mnll be descri bed furt her

bel ow. Through antenna 54, local unit 60 non-invasively comunicates wth

PR |G 0L 0B SAT38B e oBETSE SR TR o

signal s to i npctedes @rvapiable véhimd &3¢ 12 Thut rakmdmomcdrﬁraEds@galasth@tbr delpl cts a
si de, partlally sectloned vi ew of an exenpl ctlon shown

in FIG 3, iMfdea stemepbia form dopdipgtale steme; igr aorﬁmliggwgre?t@c g q#gmahe annul ar
flange 72 confgim ﬁ&ngc}plN'bﬁirdl&Xn Blay AbLrBfB RN\ RS sthhafo(ﬁEnmé 85L8MhHg the

injection port to tissue in a patient. A surgeon nmay attach |njection port
END5281USNP flnid® vasiableevdlume gavitys4i: br, alemnhavelya sedyaincrease tha gtema sibelbyri nal

miscle, usi n%viglra}/angge ﬂ?lfd from the cavity. Fluid may be added or withdrawn by inserting a
needle into injection port 36. The fluid may be, but is not restricted to, a 0.9 percent

saline solution.

[0033]  Returning now to FIG. 1, external portion 26 of intake restriction device 22 comprises
a hand-held antenna 54 electrically connected (in this embodiment via an electrical
cable assembly 56) to a local unit 60. Electrical cable assembly 56 may be
detachably connected to local unit 60 or antenna 54 to facilitate cleaning,
maintenance, usage, and storage of external portion 26.  Local unit 60 is a
microprocessor-controlled device that communicates with implanted device 22 and a
remote unit 170, as will be described further below. Through antenna 54, local unit
60 non-invasively communicates with implanted injection port 36. Antenna 54 may
be held against the patient’s skin near the location of injection port 36 to transmit

telemetry and power signals to injection port 36.

[0034] Tuming now to FIG. 3, which depicts a side, partially sectioned view of an exemplary
injection port 36. As shown in FIG. 3, injection port 36 comprises a rigid housing 70
having an annular flange 72 containing a plurality of attachment holes 74 for

fastening the injection port to tissue in a patient. A surgeon may attach injection port
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numer ous surgical fasteners including suture filanents, staples, and clips.
Injection port 36 further conprises a septum 76 typically nmade of a
silicone rubber and conpressively retained in housing 70. Septum 76 is
penetrable by a Huber needle, or a simlar type of injection instrunent,
for adding or wwithdrawing fluid fromthe port. Septum 76 self-seals upon
w t hdrawal of the syringe needle to naintain the volunme of fluid inside of
injection port 36. Injection port 36 further conprises a reservoir 80 for
retaining the fluid and a catheter connector 82. Connector 82 attaches to
catheter 40, shown in FIG 2, to forma closed hydraulic circuit between
reservoir 80 and cavity 42. Housing 70 and connector 82 nmay be integrally
nol ded fr om a86bioche mpat] huck as piad fap@s coveringnsatabdahed] muecte aisimet aly swal as

titaniumor stainless steel. [0035] ,lnjecti ort 36 al sqQ conpri.ses a
br casur 6 SendUeISRFS R A RGP RR g spiiee SRFERE.FERER 6 THb, MUE toThe
pressure neasydreds iR Nsiprdds GOJehREPIBApicAl RerdansruNtsilRbone rES8er iaglli ON
applied by band 28 to the patient's stonacﬂ or other body cavity. The

pressure measempmssivelygetpingd snhausing 10r Sepwenois peaetiablel bycaHubafineedle ofi a
tel emetry SIagsrllffflllilgr tu?% Qﬁglaenc&igr? E]I?Str?lll 'entl,‘9ocr%|dd1{ﬂgloti' V\Qt%d{ 1n§g§1%| 1%%’111 ftlgé’r f;&% and/ or

transmt the press?f Sur emnen O a renote nonitoril uni

eval uation, @eptink 76 bdf-skaBaipoh Sdthdiatvalof the sheinge hediiid @naihnair the veRpRdf ment
shown in FIG _3, pressure sensor. 84 is. positioned at the bottomof fluid
reservoir 80 fd Hisklebineqtignport 38 eiectionipel 36dyrhersgmpasisATaeraBbIL%Pr essur e

sensor 84 to SURSIARE m}a %ﬁ@ﬁ%ﬁ%&ﬁ&t&%@?Qfonﬁwt&‘?@eat{aﬁﬁéi‘to CREgEVAl I 80,

and protect the sensor from nee penetration. Retaining cover 86 may be
made of a cershowo imEl@r2,ab femc h chosed hydradicagipsug betwegnireservonhd@ and eviitst s

needl e penetyatj,on.yet does not. interfere. wth, electraqni onmuni_cati ons
between bress eHOBLNE g9 485 Taftiuch B2 iy Bty B 3L o AR B
vent 90 that milyresrtonstdcted ivimdemetal iRk as ii@hiunBé) stainledsaeel.0 and i npact upon
the surface of pressure sensor 84. [0036] FIG 4 is a side, sectional view

o o R851 35350, By SbUELeAHANES bBafs el B on e P SUAGHOH",
hermeti cal | y wigteh @tk déivicel Mha phasige agadded by gneore8atcobrlestords tof the bimatmtred and
e ect 10 U 1e, SRS ed by 15 SR phi LA o il S35 81 RS B
i ncl udes a PP y p y ty
pressure measurement is transmitted from sensor 84 to local unit 60 via telemetry
signals using antenna 54. Local unit 60 may display, print and/or transmit the
pressure measurement to a remote monitoring unit for evaluation, as will be described
in more detail below. In the embodiment shown in FIG. 3, pressure sensor 84 is
positioned 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

sensor 84 and antenna 54. Retaining cover 86 includes a vent 90 that allows fluid

inside of reservoir 80 to flow to and impact upon the surface of pressure sensor 84.

[0036]  FIG. 4 1s a side, sectional view of pressure sensor 84, taken along line A-A of FIG. 3,
illustrating an exemplary embodiment for measuring fluid pressure. Pressure sensor
84 is hermetically sealed within a housing 94 to prevent fluid infiltrating and

effecting the operation of the sensor. The exterior of pressure sensor 84 includes a
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END5281USNP - 8 di aphragm 92 having a defornmable surface. D aphragm 92 is
formed by thinning out a section of the bottomof titaniumreservoir 80 to
a thickness between 0.001" and 0.002". As fluid flows through vent 90 in
reservoir 80, the fluid inpacts upon the surface of diaphragm 92, causing
the surface to nechanically displace. The nechanical displacenent of

di aphragm 92 is converted to an electrical signal by a pair of variable
resi stance, silicon strain gauges 96, 98. Strain gauges 96, 98 are attached
to di aphragm 92 on the side opposite the working fluid in reservoir 80.
Strain gauge 96 is attached to a center portion of diaphragm 92 to neasure
the displacenent of the diaphragm The second, matched strain gauge 98 is

att ached neadiaphfa@mOB efvirgdefoimatiequifiod NDRABhraGinrad is feraiedes tRbning®utay be
attached to di aphragm 92 by afdhesi ves, or may be djffused into the
di aphr agm st RUEEHANEO! the boftyinptfHaum teserygit B9 fo pAhigkaess Peiyeen QY98 abde

surface of diyaph# a&g}ﬂﬁ%%mrtﬂﬁugpv% SOWredrvdiP 80, RO MbackeSRh RS I 80.

The def ormation of aphragm 92 produces a resistance change in the center
strai n gauge s@face[ 60 d7dphragms P8ywraising-Ithe sBrfacet tmimechanigaly d6plaed f dhen t he

top two resistance elenents of . hal f - ensated, \Weat stope br,i,dge
Py 160, Tngted ot Rett it 52T RENHEL o A SRR SRR s o
di aphragm 92 pafr g vaHaleirBdsthRel Sliosic srh ghilees GBUOE.  Sthan @ased v, Peteat i al

across the top portion of the bridge circuit. Strain gauge 98 is  matched to
strai n gauge au&had do shiaphragm 92 g theesidgnerposiio the werkdege flyid sy reservoir 80.

Dfferential lpfi.ers 10 re d hri dgeqgci i to
measur o the SHRAGLERr oot e ofnceRRP RREIcE of BubhiagRler s tiaurt e
vari abl e r esidsphneser tof dierdiapheagge sThed secqml; machbdstraind pdifeero8ns atsdchedmsdar f i er

102 t h | t h ] i i rcuit, ., whi.l
Qi ttorontt o Baeredss O SASHRRE PoS Erbeters 35 oihar b Stchit dinden  he
strai n gauge obalfadaésitsi 6l98af bé QHfiuked Bifo thERBaphERA Gfudulte. Nsfed prisdué

between the stiain gauge voltages, for a fixed voltage across the bridge,

t he greater ththin parnsls2Rflactates, dhe peréace of dippbragaud2 deformns ywp curdsemsaitthel

Wheat st one bridge circuit. ul | s0o._he u t.0. 1N e itivity

and accuracy b8€g’rph°gJ rﬁ?eer‘éoslﬁ(rég' Sg}hes g?f%gﬁglolnn&ggaphmgmszesl%%&eg a PRt
change in the center strain gauge 96.

[0037] As shown in FIG. 5, strain gauges 96, 98 form the top two resistance elements of a
half-compensated, Wheatstone bridge circuit 100. As strain gauge 96 reacts to the
mechanical displacements of diaphragm 92, the changing resistance of the gauge
changes the potential across the top portion of the bridge circuit. Strain gauge 98 is
matched to strain gauge 96 and athermalizes 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 sensor 84. 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. 4.
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fully conpensated bridge circuit, four strain gauges are attached to the
surface of diaphragm 92, rather than only two strain gauges as shown in
FIG 4. END5281USNP -9 [0038] Returning to FIG 4, the output signals from
differential anplifiers 102, 104 are applied to a mcrocontroller 106.

M crocontroller 106 is integrated into a circuit board 110 wi thin housing
94. A tenperature sensor 112 neasures the tenperature wthin injection port
36 and inputs a tenperature signal to microcontroller 106. Mcrocontroller
106 uses the tenperature signal from sensor 112 to conpensate for

variations in body tenperature and residual tenperature errors not accounted
for by strain gauge 98. Conpensating the pressure neasurenent signal for
vari at[0e883 i Retixady toeRjer 4t the e)uitpm rsmabsfnbrhediﬁaemieﬂcgnpﬁﬁemeoprmi}saree
sensor 84. Add| i onal | a TET/t nﬁ 114 is. |l ocated w thin. housing
o0 Coi | 114 eliedmectibernr éﬁ?)ac (Fbecriiplien 06 isime ralFois ar<eity ou ¢

for recei vi ng, RRIMTo HARE ﬁd?@ln%r@nsmtfeﬁlbé}gturéj&){@éroi 1@%@@5&@%@&&&9&%' ng the
measured fluid pressure, to |ocal unit |l ustrate one

exenpl ary enbwithimanjectiay pc@aﬁjamdwgm‘umadelpp@s@m elgmlt m mieracantiodkre 106.

dascr i bed | n Thcescopuplict oG IRR WETRARAAER Suld e B TRN, M outhribeRsf Tl 2l

Measur enent Ofarikfitisdn P&roeﬁ SéiﬁlﬁbratﬁreaanB&Eslldﬂaﬂ tengpatineeerrorh hethacbamtdiefon by
i ncorporated herein ference. [0039] As an alternati V? to .injection
port 36, i rrpl-‘érﬁt“e@%r ro ODRERSAYNG HIS| RIGBUE Brasugsmedt siegalafor Vﬁf‘ﬁ%‘%’ls Hor

varying the fﬂgﬂg%&lge%ré"d&&b&st@@ﬁ%‘d}a‘&to?'%eepk?sﬁ}é $nkdiOgh. bﬁﬁ&ﬁtngtﬁall YVth an

i nfuser, flui added or wthdrawn from band 28 via tel erretry comand
signals, wit hTiiiE/tdldmetryeedl il &4 iinbeated avigyr hogeng Bi4.o(ghl ﬂl]%lqoeanneaed $ skin and

into the pOI‘t se 0SS ctional vi ew

nfuser 15e. cREohBNH 1 el ek BREIPRS 1is%iig phed m A FERERIBRY: oo
general ly as ph?;&olofgwal ddi®Nnd 1A méeheasﬁrr'e@ﬂaqu;régsa@ {d a4 ulnntso @GOW-50f the
band in response to telemetry conmmand signals. g{\/o 118 is _encased within a

cylindrical ollesrtnersexegplap enmbadimgpt L ramﬁml@g flaisl/piessppe) withineidintgkeacr oss
a top porti Or}estfa‘ct?o(?ll 13084 P & DGl mbodiments for measuring fluid pressure are

described in U.S. patent application no. 11/065,410 entitled “ Non-invasive
Measurement of Fluid Pressure in a Banatric Device” which has been incorporated

herein by reference.

[0039] As an alternative to injection port 36, implanted portion 24 may include a bi-
directional infuser for varying the fluid level within the adjustable restriction band 28.
With an infuser, fluid can be added or withdrawn from band 28 via telemetry
command signals, without the need to insert a syringe through the patient’s skin and
into the port septum. FIG. 6 is a cross-sectional view of an exemplary infuser 115.
As shown in FIG. 6, infuser 115 includes a pump, designated generally as 118, for
non-invasively transferring fluid into or out of the band in response to telemetry
command signals. Pump 118 is encased within a cylindrical outer housing 120
having an annular cover 121 extending across a top portion. A collapsible bellows
122 is securely attached at a top peripheral edge to cover 121. Bellows 122 is
comprised of a suitable material, such as titanium, which is capable of repeated
flexure at the folds of the bellows, but which is sufficiently rigid so as to be

noncompliant to variations in pressure. A lower peripheral edge of bellows 122 is
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122 is securely attached at a top peripheral edge to cover 121. Bellows 122
is conprised of a suitable material, such as titanium which is capabl e of
repeated flexure at the folds of the bellows, but which is sufficiently
rigid so as to be nonconpliant to variations in pressure. A |ower

peri pheral edge of bellows 122 is END5281USNP 10 secured to an annul ar

bell ows cap 123, which translates vertically wthin punp 118. The

conbi nati on of cover 121, bellows 122 and bell ows cap 123 defines the vol une
of a fluid reservoir 124. A catheter connector 119 attaches to catheter 40
(shown in FIG 2) to forma closed hydraulic circuit between the band and
fluid reservoir 124. The volune in reservoir 124 may be expanded by novi ng
bel | ows cap I&lrédtosan ahpuhandelibva ¢apcit2B pwhichwaysliteo rertioalr witRih. puAsp Hel | ows

cap 123 descends, the folds of | | ows 122 are stretched,.creati a vacuum

to pull flui gfhrerce tREOHahEP Vet h%ﬁf?@howﬁ?héa@?eﬁaws am?&ﬂ?@@ﬁ & wolgme ang

I nto reservoigr o kRAd reskiVblrabhy A ElRetOoHREtd N 197 REE N W bathedr ARYshBEn GECT eased

by novi ng bel | ows cgp 123 in an upward direction towards cover 121, thereby
9

conpr essi ng tfhe. 2otodermfa dhesed hwdrasd cisgwit Hetwesinrthe band ahd fluidiresenvoir EXler voi r

t hrough catheter 40 and connectgor 119 and int.o band. 28, .[ 0040 | | ows cap
123 i ncl udes an ‘fonlfnéegrl%lr?‘c’)?wfogr {rr%dmla%goﬁ esx@?%‘%dgb rmoghngﬁ%{(’t“ﬁa%ab f(?éelrnazf’i vel y
engages a natdelvnhigrd difeetioh, avag feamh conbiilcal ABWelldwd capl 23 Gescends, the feldsf er ence
of nut 126 is secure{g attached to an axial bore of .a rotary drive plate

127. A cyl i n@f pedawsit3Aase sirpigheds greping & Vet fid £198Ltheibaed.glitoseh annul ar
edge of 1Ot 3bedlf 4¥Snd &%ﬁe&%ﬁlhdg;ﬁlg]ig@ e P 10L At Ginkiafy 2. Aiue if ' N9 128

are all securely attached toget y any suitabl e neans orm an
assenbl y t hatresenboat B4 msy he dedreasedbypuovamg bellosvsfaap m2d ibbyn sipmewd giosctiomn 125.

A bushing frame 129 en ses TET and .tele y Goi.ls t own) fo

O e 21 o SuEs caye Tals Gereby bR Besuteine oldiatitlions 12 nd AAARE A | 0041
Drive ring 12&ni thehr@ehlbathiough caBétel)) MdRofecttd €9 RhEBEShAERI ¢ har moni ¢
motors. In the enbodi ment shown in FIG 6, two harnonic npbtors 131 are

posi tpned sl Ay §50 M0 L8aGRIR Oorkibal ol L OBHio OfFsher W £ 1
operatively engages a matching thread on a cylindrical nut 126. The outer
circumference of nut 126 is securely attached to an axial bore of a rotary drive plate
127. A cylindrical drive ring 128 is in turn mounted about the outer annular edge of
rotary drive plate 127. Nut 126, drive plate 127 and drive ring 128 are all securely
attached together by any suitable means to form an assembly that rotates as a unit
about an axis formed by screw portion 125. A bushing frame 129 encloses TET and

telemetry coils (not shown) for transmitting power and data signals between antenna

54 and pump 118.

[0041] Drive ring 128 1s rotatably driven by one or more piezoelectric harmonic motors. In
the embodiment shown in FIG. 6, two harmonic motors 131 are positioned so that a
tip 113 of each motor is in frictional contact with the inner circumference of drive
ring 128. When motors 131 are energized, tips 113 vibrate against drive ring 128,
producing a “walking” motion along the inner circumference of the ring that rotates
the ring. A microcontroller (not shown) in pump 118 is electrically connected to the
TET and telemetry coils for receiving power to drive motors 131, as well as receiving
and transmitting data signals for the pump. To alter the fluid level in band cavity 42,

an adjustment prescription is transmitted by telemetry from antenna 54. The
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ring 128. When notors 131 are energized, tips 113 vibrate against drive ring
128, producing a "wal king" notion along the inner circunference of the ring
that rotates the ring. A mcrocontroller (not shown) in punp 118 is

el ectrically connected to the TET and telenetry coils for receiving power
to drive notors 131, as well as receiving and transmtting data signals for
the punp. To alter the fluid |level in band cavity 42, an adjustnent
prescription is transmtted by telemetry fromantenna 54. The END5281USNP -
11 telemetry coil in infuser 115 detects and transmts the prescription
signal to the mcrocontroller. The mcrocontroller in turn drives notors
131 an appropriate anpunt to coll apse or expand bellows 122 and drive the
desired amoundlefébtry lcbildn ihfiséd 019 l38fREks 28d thAGMAL thd) pedsBEptidnOsiBRASHT Be
pressure variations within infuser 115, and, thus, the size of the stom
openi ng, a preissgeniradlensofhe inberogenitediehyn puEcRrigs’ motoss j13¢| d 8BPTRPHAE n
bel l ows 122. u R L t Q. ar . scri bed
above.  As t namonie BLEMBENEPeaity teflofy Tz By B EE S BA0N f AF
peristaltic po/esibraad2Bom swallowi ng, the fluid in band 28 experiences
pressure changes. These pressure changes are conveyed back through the

fluid éd 2fat hebfder @niegs&)ﬁb}eg e Vartationd Githfl AREEAOM bild RAES MY E-S6NHQT 84
S e urd W th

def | ect n response to t pressure changes in bellows 122. The
di aphr agm defstoatt opensigaa presoune sertser inditatedayy @lbelc 84’ cainclaephwithini betlbwat i ve of

th l'i ed inth : .d i bed ab L th. t ot FIGS. 4
and 5. The priddsareswrqraorsd FritHist b Rhoure R0 S HEP R Aiosr) & Hi ch

transmts thergs@sSapamst ®add DBNAsI Bigk ¥d)i for EekaipR| peridtaltite pRAdUre Honyi @ t he
telemetry coil. Additional details regarding the operation_of

bi - di r ect i onamallewingethel flgidniny band 2§ supriiengescefesiyr yhangss gnidyse peespendi ng

U. S. Patent j i , - ent | 1 i pv.asive

Measur enment %p Bié’leg?%jé g&gg%&ﬁg@%&é&@ﬁ;ﬁ%@ Hdg éa{tlllheg%"“wgﬁﬁd%a? 'eg}ﬁe

i ncor por at ed diephenigm bypresher eenew. 84° @eflddts il ESpondd\tatie fABd pegsswre changes
reating a food,.intake restriction in

The abdomen’ ot pelftneri?. neeAmAbean AR o8 deta) gied juBan sbolicel i
indicative of the applied pressure in the manner described above with respect to
FIGS. 4 and 5. The pressure signal is input to the infuser microcontroller, which
transmits the pressure to a monitoring unit external to the patient via the telemetry
coil. Additional details regarding the operation of bi-directional infuser 115 may be
found in commonly-assigned, co-pending U.S. Patent application number 11/065,410

entitled “ Non-invasive Measurement of Fluid Pressure in a Bariatric Device” which

has been incorporated herein by reference.

[0043] FIGS. 7A and 7B depict a mechanically adjustable band 153 for creating a food
intake restriction in the abdomen of a patient. Mechanical band 153 may be used as
an alternative to hydraulically adjustable band 28 for creating a stoma. Mechanically
adjustable band 153 comprises a substantially circular resilient core 133 having
overlapping end portions 135, 137. Core 133 is substantially enclosed in a fluid-filled
compliant housing 139. A releasable and lockable joint 149 of core 133 protrudes
from the ends of housing 139 to enable the core and housing to be placed around the
esophagus or stomach of a patient to form a stoma. An implanted motor 141 is
spaced from core 133 to mechanically adjust the overlap of the core end portions 135,

137 and, accordingly, the stoma size formed by the core. Motor 141 adjusts the size
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an alternative to hydraulically adjustable band 28 for creating a stona.
Mechani cal |y adjustable band 153 conprises a substantially circul ar
resilient core 133 having overlapping end portions 135, 137. Core 133 is
substantially enclosed in a fluid-filled conpliant housing 139. A

rel easabl e and | ockable joint 149 of core 133 protrudes fromthe ends of
housing 139 to enable the core and housing to be placed around the

esophagus or stomach of a patient to forma stona. An inplanted notor 141 is
spaced fromcore 133 to nechanically adjust the overlap of the core end
portions 135, 137 and, accordingly, the stoma size forned by the core.

Mot or 141 adjusts the size END5281USNP -12 of core 133 through a drive shaft

143 that is adroeci38chicdgh adiriveghathe4d thandtcofwetd)to avdriviei whdaD@mt sipwh3 9.
Mot or 141 is npl.ded together with a renote- co trol | ed power Tpply unit 145
in a body 147Vitdmpeisnglst Materclsd 5 togfrt efitth 8 rerdpigrqogfrolledenayyer 5 |

[0044] As ”Dtsﬁﬁplglr‘ti'nltc N2N9RS bh& Sih?‘eco?lfpn%tf 8t 3idRon L ABLA &P SMbfePkinkilke 1 uid

wi thin housin 39 varies. To neasure the pressure variations, a pressure
sensor, srnthammmd that described above, is placed in communication with
the fluid of housing 139. The pressure sensor may be placed w thin housing

139, g504aNOWRPHoRE 94K cBihges 82 S2230f cotd1 €33 'ﬂ%sﬁrklfsﬁrevé’ﬂ' ﬁl@tﬂ'uﬁi"%tmntﬂyuﬁn% he
st ona openi ng are transferred through the fluid in housing 139 to t

di aphr agm of I3Revasiensdio. meesmusotheguressurearasiatonss atfvessdesf $easari smylaofto thate

di aph [ I ] d
extornal " uniesgiRe EP g PHRRET RER Rl il hE dul S ph DERSHY 144 e &0

alternative gg&sakisensol ey w;ﬁs&drxeltlﬁﬁrhswlngmw fae shd e &9 bledkiB4™’, & ¢hat
i npl anted not or body 147, as Hg ated by block 84"', and fLurd y. .connect ed
to housing 13ke preasUe VAIEONS Witaigy RAIORY CheBigSreiBansiireddniqygh dhe lgd ms | uj d

pressure variggsihg 1 59 #Sthe Yiabh tgﬁ'lU&” th®sdAs&rS %éhf‘oé%ﬂag%§law‘§‘tﬁé‘déﬂe&%s%ff0 ma

opening, the pressure differenfials are transferred through the fluid in
tube 151 to ghandiephr@g into Sem@emremasurgeﬁerswnels whrchal gatsnitted tosan@rxwlrnal

pati ont o arnibibirarenit T aner dractine MRk i eh HEBPLE Soenht he®
pressure sensor may be placed within the implanted motor body 147, as indicated by
block 84°”’, and fluidly connected to housing 139 via a tube 151 extending alongside
drive shaft 143. As fluid pressure varies in housing 139 due to pressure changes
within the stoma opening, the pressure differentials are transferred through the fluid

29

in tube 151 to sensor 84°””. Sensor 84’ generates an electrical signal indicative of
the fluid pressure. This signal is transmitted from the patient to an external unit in the

manner described above.

[0045] FIG. 8 is a block diagram illustrating the major components of implanted and external
portions 24, 26 of intake restriction device 22. As shown in FIG. 8, external portion
26 includes a primary TET coil 130 for transmitting a power signal 132 to implanted
portion 24. A telemetry coil 144 is also included for transmitting data signals to
implanted portion 24. Primary TET coil 130 and telemetry coil 144 combine to form
antenna 54 as shown. Local unit 60 of external portion 26 includes a TET drive
circuit 134 for controlling the application of power to primary TET coil 130. TET
drive circuit 134 is controlled by a microprocessor 136. A graphical user interface
140 is connected to microprocessor 136 for inputting patient information and

displaying and/or printing data and physician instructions. Through user interface
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[0045] FIG 8 is a block diagramillustrating the maj or conponents of

i npl anted and external portions 24, 26 of intake restriction device 22. As
shown in FIG 8, external portion 26 includes a primary TET coil 130 for
transmtting a power signal 132 to inplanted portion 24. A telenetry coi
144 is also included for transmtting data signals to inplanted portion 24.
Primary TET coil 130 and telenetry coil 144 conbine to form antenna 54 as
shown. Local unit 60 of external portion 26 includes a TET drive circuit
134 for controlling the application of power to primary TET coil 130. TET
drive circuit 134 is controlled by a mcroprocessor 136. A graphical user
interface 140 is connected to m croprocessor 136 for inputting patient

i nformation aad, theipafdrY%k BEnidRAA/c@f tRAdnt b djd@dn BRuebYS kel RYsicag ahdict | ons.
Thr ough user |nterface END5281USNP - 13 146, the patient or clinician can
transmt an abjowstereasonsdeiibs request: Haldpiopslix usar intadacegl4denablesethe patgsions f or

the request. téa‘geqicita{lc?f'@{)&%’toli'x?s?r('{)xcr:rtiii%g{op yg_ %?Sgcr% I{1abl es the patient to read

and respond to T nStructions . '[0046] Local unit 60 al so
includes a primary telenetry transceiver 142 for transmtting interrogation
comuifé6t o diegalr eribioQialsp inslysish fepameny, telemetny drangoaiesis KR faruirapsmpisg sur e,

frominpl ant 1 GLaco rel E SGeL v i gically
connect ed toq%leﬁzr)%%?gc%é@g%d%fg ?@dr rgéﬁbﬁﬁ i¥%s ngr%da%’cgl{c\ln rlé égn%%%ﬁfﬁh&and dat a
si gnal s. Pri ipedsyureyfads ¢@plaated Tdi2rodontuodler 1@, dirhary tensdeived 442 8 eleegr@aly e at a

selected RF cormqui cation frequenc The resonating circuit generates a

downl i nk  al tBREStEENYy FEYPRILFSSYT 6éf°I4‘8p‘EtHﬁ¥ g JHEYIPS OO daflﬂia&"éat 0

inplanted  mgeihoR O @andfer AiJ BF VAL bREWy cbllaB3GEIr%Bhatd 42 RBYctbECEI Ve
telemetry signals transmtted fromsecondary coil 114. The received data

may be store®E reosmmmumaeation fr@@ieneys oc iThe exgseniating nicquetp gerssaienra Kemlipk power

supply 150 supplies enerqy t I | unit 60 .1n order .t ower .int ak
restriction 3@5‘?‘8téng22ma$%¥3n§|elgnﬁ%§r é}éaéu&r%nsng nst Pmlaélg %gac%nle%@%%efo

M Cr opr ocess GhictbdbntrdWef 10Pr ORlGGHMAIvell3 Gratieivet N2 shaynbeivé nelemarbsignals
pressure sensor 152 to adjust the received fluid pressure r‘rgasur enment for
vari ations i aRsHEd Hem secppdasy gl | e Thereceiyed data mavebe siered &t  grE9m

barometric 38 associated with microprocessor 136. A power supply 150 supplies energy to

local unit 60 in order to power intake restriction device 22. An ambient pressure
sensor 152 is connected to microprocessor 136. Microprocessor 136 uses the signal
from ambient pressure sensor 152 to adjust the received fluid pressure measurement
for variations in atmospheric pressure due to, for example, variations in barometric

conditions or altitude.

[0047] FIG. 8 also illustrates the major components of implanted portion 24 of device 22.
As shown in FIG. 8, secondary TET/telemetry coil 114 receives power and
communication signals from external antenna 54. Coil 114 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 114, Additionally, implanted portion 24 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.
The implanted components transmit the temperature adjusted pressure measurement

from sensor 84 to local unit 60 via antenna 54. The pressure measurement may be
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conditions or altitude. [0047] FIG 8 also illustrates the major conponents
of inplanted portion 24 of device 22. As shown in FIG 8, secondary
TET/telenetry coil 114 receives power and conmunication signals from
external antenna 54. Coil 114 forns a tuned tank circuit that is

i nductively coupled with either primary TET coil 130 to power the inplant,
or primary telenetry coil 144 to receive and transmt data. A telenetry
transcei ver 158 controls data exchange with coil 114. Additionally,

i npl anted portion 24 includes a rectifier/power regulator 160,

m crocontrol l er 106 descri bed above, a nenory 162 associated with the

m crocontroller, tenperature sensor 112, pressure sensor 84 and a signal

condi ti oni Ng s&iréd i therdrd 158 FvithiPIocAIMInRGO0L M wal danadisplayowithigoddl 88i680,&rsensor .
The inplanted conponents transmit the tenperature adjusted pressure

neasur ement  tapgRtied irsteal tane fon 1eg0ig momtaring3taipd. ant enna 54. The pressure
measur enment nay be END5281 USNP -14 stored in nmenory 138 within |local unit

60, shoo#g] on A& dempnay heveinabsvel AGaliesirable t®Providle a dondfigiitdtioadyitemifethet i me to
a renote nonitoring station. [0048] As nentioned herejnabove, it js
desirabl e t o TFNE® mensorangnand i ©atrel Al @psiniker istricen deiest e MBFMUEBrihRg and

cont 1ol of  AokhlGbRShsient | PpARIaemafiAHER LNEisoRpHALGR AR 8y St em

a physician may retrieve’a history of fluid pressure neasurenents fromthe
restriction ceessgements duah ub¢ eestitionfdevcady evhluttecthb@ffiGacy iof the beadtrrent .

Addi tional ly, a physigian. downlink instructions.for a deyice :

adj ust ment . APt el g\dﬁgt?ﬁ?l d %%ﬁlﬁaan%yy%ﬂggs “Fﬁ'ﬁ?t&’&f u?éf naerﬁevfce_ .
instructions adhln@h A GembielNidcafl- clidiiddOmh & ctdls tthe! aljusiRtent ildGuéldndi ci an
may inject a syringe into injection port 36 and add or renove saline from

fluid reservdhiougplacal enicefhplsing thiastrensipns dhexeljnicanany Inact 29YREE WPy, t he
patient may %@%&?o% Céjotmgsc} ARt {44 BB 001 8 W ?Qﬁarkseﬁ%lt %f% ?Tcgg%gnsh ey

non-i nvasi vel y exe e Tnstructrons 1n i1 nfuser ni ca
adj ust abl e baledicd 2djussheny akiteemniely4 theRpatlent map Joras sthe enstieksisrteromgh s nay
be uplinked to the .ﬁg%si ci.an during the ad ment for i med at e, feedback

| ust
on the effectl@asunit®Vadinds PARsHIVasIFgly e‘F’?‘?&‘EtIF véﬁy}nsﬂﬁloﬁét e 3 @ ci an
may mechanically adjustable band 153 using antenna 54.  Real-time pressure
measurements may be uplinked to the physician during the adjustment for immediate
feedback on the effects of the adjustment. Alternatively, the patient or clinician may

uplink pressure measurements to the physician after an adjustment for confirmation

and evaluation of the adjustment.

[0049]  As shown in FIG. 1, communication system 20 includes local unit 60 and a remote
monitoring unit 170, also referred to herein as a base unit. Remote unit 170 may be
located at a physician’s office, hospital or other location convenient to the physician.
Remote unit 170 is a personal computer type device comprising a microprocessor
172, which may be, for example, an Intel Pentium® microprocessor or the like. A
system bus 171 interconnects microprocessor 172 with a memory 174 for storing data
such as, for example, physiological parameters and patient instructions. A graphical
user interface 176 is also interconnected to microprocessor 172 for displaying data
and inputting instructions and correspondence to the patient. User interface 176 may
comprise a video monitor, a touchscreen, or other display device, as well as a

keyboard or stylus for entering information into remote unit 170.
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uplink pressure neasurenents to the physician after an adjustnent for
confirmati on and eval uation of the adjustnent. [0049] As shown in FIG 1
comuni cation system 20 includes local unit 60 and a renote nonitoring unit
170, also referred to herein as a base unit. Renote unit 170 may be | ocated
at a physician's office, hospital or other |ocation convenient to the
physician. Renote unit 170 is a personal conputer type device conprising a
m croprocessor 172, which may be, for exanple, an Intel Pentiun(r)

m croprocessor or the like. A systembus 171 interconnects m croprocessor
172 with a nenory 174 for storing data such as, for exanple, physiological
paraneters and patient instructions. A graphical wuser interface 176 is also
i nt er qooBORCt M nuMbsi 6f PeYigheRs Hevicds’ 278 edaydh@phey Hitectigaivih 16¢ad unfipaot for Ng
instructions and correspondence to the patient. User interface 176 may

conprise a vildRutingpliysologicl dap elated @ethe pRjients ﬁ‘@}d“éﬁnsﬁhailplw&ﬂl‘lgécal ﬂ%‘awel | as
a keyboard C}fiz}oysfb)éogg eflOfn UL UnR960 Hnd" ra(%a {on.tré}nétgngﬁne 190! Hu egolaace

END5281USNP A nunber of periphe devi ces 8 may I nt
directl y Wi t hnfeoogdtionrdrtothd data exahapget t Engnnﬂh‘ysf pbm@ﬁecaildedwbsaﬂraelcam éd to the

atient's condi.t Thi s _physio cal tore n |l oc nit 60
Prd upl oaded e ohe Bt nverttn iitiude s Smidl bode, PoM Brestinarorage a
exchange. Exan@hRmetd, $l66d phiesR! m&ﬂwrC&santjwer sredevidel thatz@didbe dked he
present invention include a weight scale, blood pressure nonitor,

t her nomet er, dyksisdsdofn pbwd@ants efficsrto nspvndwlp@t r@ardlwéleoqur@ew@élql%@alcoul d

be used outgj ﬁ&tll&ﬁc afth%g;’ L' (ﬁ%ftf skl fBPeﬁFrﬁ)Yé %Sn I%Bﬁ{calﬁssggﬁﬁh@ ath €

current phy5|o tlon atren
exanpl e, can vat}ewcai gt log s;maﬂmmml@; er metebsly ab@ugh ramtenﬁ{) 5&) tohgenerthte @ct | vy,

or wirelessly h an to ene wej ght. | 0ss record for the
patient. The W&&ﬁ?g r8%°sr %rc F@aE% e&)&éi"sﬁ r’ie‘iﬁ’é‘irg be stereddp MEROAY uni t
60. During a ;sghsedeaninid B0 erHe@R h%ﬂbmué@mﬁogwoh ﬂﬁ%m&é unmm&l cally

at preschedul ed intervals, the wel ght | oss record can ‘be upl oaded b
m cr opr ocessautohggically ateproschedisied intergals, The weeghg Hoss| reeard rcan (bﬁdlpﬂmﬁed)éy stored
in  menory 17rr£111cr%proc%srgc)>¥ 734 % trenligt(e) ulfll 7IO af}(l:ee\SNSng t P(yss trct,]c%r be &Dred in

memory 174 of remote unit 170 until accessed by the physician.

[0051] Also as shown in FIG. 1, a communication link 180 is created between local unit 60
and remote unit 170 for transmitting data, including voice, video, instructional
information and command signals, between the units. Communication link 180 may
comprise any of a broad range of data transmission media including web-based
systems utilizing high-speed cable or dial-up connections, public telephone lines,
wireless RF networks, satellite, T1 lines or any other type of communication medium
suitable for transmitting data between remote locations. FIG. 9 illustrates various
media for communication link 180 in greater detail. As shown in FIG. 9, local and
remote units 60, 170 may communicate through a number of different direct and
wireless connections. In particular, the units may communicate through the Internet
190 using cable or telephone modems 192, 194. In this instance, data may be
transmitted through any suitable Internet communication medium such as, for
example, e-mail, instant messaging, web pages, or document transmission.
Alternatively, local and remote units 60, 170 may be connected through a public

telephone network 196 using modems 200, 202. Units 60, 170 may also
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[ 0051] Also as shown in FIG 1, a communication link 180 is created between
| ocal unit 60 and renpbte unit 170 for transmtting data, including voice,
video, instructional information and command signals, between the units.
Communi cation link 180 may conprise any of a broad range of data
transm ssi on nedi a i ncludi ng web-based systens utilizing high-speed cable
or dial-up connections, public telephone lines, wreless RF networks,

satellite, Ti lines or any other type of comrunication nmedium suitable for
transmtting data between renote locations. FIG 9 illustrates various
media for comunication link 180 in greater detail. As shown in FIG 9,

| ocal and renote units 60, 170 may communi cate through a nunber of

different dir tdush 8SRictRME Gy | J rdid for Enddni may
comuni cat e tcﬁﬁglt}gl?}q%eheg&({u%t glr ng:t 19%&%%&6 élgb e ‘gé ﬁthlg gp %ﬂe dr#oruvd&evr%ﬁss 192,
194. In this 206s2HhceA adatmumerpiohdinktmanslso tbe edtabhshedgha arsptedue 289 1aed

| nternet co nicati on nedi um s,. far,.. exanpl e-nmai. i nst ant.
asenor ng bl kel Rt 246 B oy lisio A8 Peafinks ERribed 50kaRS and
renote units eﬁoisioixzcﬂmmumbe%gmednmisgihﬁ Phidly, haPeR! dither k&JvaPMORE aR & Wor K
196 using nodens 200, 202. Units 60, 170 nmay al so END5281USNP - 16

comuni cat e tWhidugiey sberlater Flgyglepest Rrldagisaeheatibiged (o arovideatie depiresgdamcy
506, 2 T O¥val . | | . .
saterlite posomPiEATHRR 188 MO WPl N30 SOURRL W e hBpdne

| i nks descr i Besbeadfthecinvértions envi si oned that ot her types of transm ssion
nmedia, that are either known in the art or which may be | ater devel oped,

could b tihhi.zed Vi; es) : : j,Cat:an.. ween
| ocal [(gjr?gj)r e(ri% 'elgnllgt%sd%tg,fpcg‘godl%% gﬁt&dg%%rt?rﬂg&?erraoc%g%mgs@o%g&g?&t he
i nvention. [ @mZjunkdafion Pstem A0.dalm thik antethiceign, am mifysiamnemappdewntoddnter act i on
usi ng bi-di re(éti onal communi cati% S stg,m 20. In this int elr action, a

S B‘Pt c

physi ci an mayPoiSRANGREFSHPtoR 4t iy Soanuatly sxecuirg: by sCluigaBiesTE | v

manual Iy execiittegheDatientC| AiHgLidan RABERY the ¥dniudiPRioResEHH betveBYsthit an
initiates the conmuni cati on session between rennote unit 170 and |l ocal unit

60 as shown amitsl7@mngldocal g Geassshomnnatystdpe220ni Theasesgionymay be initiated by
transmitting an e-mail or instant message via the Internet link 190, or through any of
the other communication links described with respect to FIG. 9. During the
communication session, the physician may download instructions to memory 138, or
may upload previously stored data obtained from device 22 or peripheral devices 178,
as shown at step 222. This data may include fluid pressure, a weight history, or a
patient compliance report. After the data is uploaded, the physician may evaluate the
data and determine the need for a device adjustment, as shown at step 234. If an
adjustment is indicated, the physician may download an adjustment prescription
command to local unit 60 as shown at step 224. Local unit 60 stores the prescription
in memory 138 for subsequent action by a clinician, as shown by step 226. With the
patient present, the clinician accesses the prescription from memory 138. The
clinician then inserts a syringe into septum 76 of injection port 36 and adds or
withdraws the fluid volume specified in the prescription. Following the adjustment,
the clinician places antenna 54 over the implant and instructs microcontroller 106 to
transmit pressure measurements from sensor 84 to local unit 60. The pressure
measurements are uploaded by microprocessor 136 in local unit 60 to remote unit

170, as shown at step 230, to provide a confirmation to the physician that the
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transmtting an e-nmail or instant nmessage via the Internet |ink 190, or

t hrough any of the other communication |inks described with respect to FIG
9. During the comunication session, the physician my downl oad
instructions to nenory 138, or may upload previously stored data obtai ned
from device 22 or peripheral devices 178, as shown at step 222. This data
may include fluid pressure, a weight history, or a patient conpliance
report. After the data is upl oaded, the physician may evaluate the data and
determ ne the need for a device adjustnment, as shown at step 234. If an
adjustnment is indicated, the physician my downl oad an adj ust nent
prescription conmand to |ocal unit 60 as shown at step 224. Local unit 60
stores the prafgthdit idfuctiohs WeROENEctEd ahdan snddseign entheaedultidy dffecBorctheni ci an,
as shown by step 226. With the patient present, the clinician accesses the
prescripti on WHgHh AaAse{f-linggdiustaent,dhe RasejugH terpanptesrosmunication withdacalnt o
septum 76 of |.ry ol - Y, L |l Ha 4

speci fied in‘?ﬁéﬁﬁﬁgggrﬁgﬁ%gﬁgmgﬁﬁ?gggEﬁpéﬂgwgﬁﬁﬂggﬁgﬁ%gﬁ‘%ﬁgbc ¥2#%?gn

pl aces ant enr®954r dallxwitg)eederpp|cdirthe @atentt niatar ficinsadyustmentois trrod lihdicat&l Gs t o
transmt pressure as ments from sensor 84 to |local unit 60. The pressure
measur enent s S ?8“8%%852%@ by nicroprocessor 136 in local unit 60 to renote
unit 170, as shown at step 230, to provide a confirmation to the physician
t hat {GRS3ENDIRSIAIBNR tolthe aff-line mdjustment sessioni afrsense?29-23de cupladiciamthann

indication of. the resulting effect,., on the .patjent. | n off-line.
Lo uerrent. kB aEaihe MerfisvE ahigthebh e iRRalei Bh sop 226 M Sider o fifitas,
fol | owi ng t hahépauhoadbndtied béfbe, agiins arntPatter MiesdjidtdehtoNn AR inawe, g | i ne

229, or follomjng,recei?t of the patient data if an adjustnent is not
i ndi cat ed, asPhysRidfomplgads @nsagustment pIescriptiofy @8 SOV 13 StaPe2dh rviijentbe
adj ustnent s I =234 SiaGl: Yeurih Bl Ll Hgale-ti me
interactive j%?h@?%@%?éhggﬁ}%gﬁggggdT%FQE%%%Bé%%ﬁg?ﬁygbgzﬁ&?%&wgﬁFtg# t he
pati ent's condjetticmnpdref36rand atids i ongwisinblaves ther speti@iedd]und froen tesetvioirt 80, sas

i nstance, the,  physici downl oads an adj.ust nent, prescription, as .shown at
Step 237, whiTeWg i SteRat 18e e Crecusy LEAECHPIMN. 2 AGeT e iisrionnibe IVAPER an

inserts a syrihfifRs the eliSieRh Wpihe Stenna 54 over the implant, as shown at step 241, to
transmit fluid pressure measurements from the implant to local unit 60. The pressure
measurements are then uplinked to the physician through link 180, as shown at step
243. The physician evaluates the pressure measurements at step 245. Based upon the
evaluation, the physician may provide further instructions through link 180 to readjust
the band as indicated by line 242. Additionally, the physician may provide
instructions for the patient to take a particular action, such as eating or drinking, to
test the adjustment, as shown at step 244. As the patient performs the test, the
physician may upload pressure measurements from the implant, as shown at step 246,
to evaluate the peristaltic pressure against the band as the food or liquid attempts to
pass through the stoma. If the pressure measurements are too high, indicating a
possible obstruction, the physician may immediately transmit additional command
signals to the clinician to readjust the band and relieve the obstruction, as indicated by
line 249. After the physician is satisfied with the results of the adjustment, the
communication session is terminated at step 232. As shown in the flow diagram,

communication link 180 enables a physician and patient to interact in a virtual
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injection port 36 and adds or withdraws the specified fluid fromreservoir
80, as shown at step 238, to execute the prescription. After the injection,
the physician instructs the clinician to place antenna 54 over the inplant,
as shown at step 241, to transmt fluid pressure neasurenents fromthe
inplant to local unit 60. The pressure neasurenents are then uplinked to

t he physician through Iink 180, as shown at step 243. The physician

eval uates the pressure neasurenents at step 245. Based upon the evaluation,
t he physician may provide further instructions through Iink 180 to readjust
the band as indicated by Iine 242. Additionally, the physician may provide
instructions for the patient to take a particular action, such as eating or

drinking, to ¢dafdntkERBicAtudnEWHIth tHRSKSEIEMA cah pidsefbe?dffustents RBd Rakivent

perforns the test, the physician may Upl oad pressure nmeasurenments fromthe
i npl ant, as shdmefluidipegssura deedback te gralupde theteicage of B dleatmenpr essur e agai nst
the band as the food or liquid attenpts to pass through the stoma. If the

Pr essypES4TeasH £§RBAS eRéplhQOinttrabfion| hdwadhi MG, a1, ﬁ@?ﬂiy@ﬂcﬁn%ﬁﬂlé&l& iagn, the
physician may imedi ately transmt additional comman signals to the
clinician to adistnens prespieptivarf@r amemetelyi adiustableedeyingt pusbtasonfusersl Irdipwat ed by
line 249. Aft.ergih S11G) I S: i.sf 1 ] - I fi:

adj ust nent , t eFIE}Cg'mErPﬂ%ei é:@}fs ?E)hr? 1§gi§age%gﬁ1fsic§91 er Haﬂg{]g%fsgﬁ Lﬂsl{ozlggélggh%gélss hown
in the flow dhaghamtep 220mAIfiérdaitiating conrkuri&idioas)ald gs/swigphypddads prevansly pat i ent
tointeract in a virtuaﬁ EpDSZBlUSNP.-lB t r.eat ment SEs s%ﬂgegurig% Wpich t he
physi ci an cars' QP aup; Peh a3 {THe Rresspee Distarisse rammemprya|38; of facal jupit §0, ldes ur e

feedback to eyglivah@vhiifies el #AL Yndletbifnds QRGN adp OBt 1§ thdicaC omrd
exenplary intefaction, showmn in FIG 11, the physician downl oads an

adj ust ment prthe physptidnoshobsess an oflehms adjystmeljtan adsemerdvcoomand ug fowrdoddel user
115 shown in RlL.G, 6. e _physician initi.ates thi.s.c ni i .5ession
t hrough Ii nk%Slﬁcaésumts 6(;\/%85 0rg énp o i Al? §S’e£rls fnrffll?a'lteat }nnae%?nfgruﬁg’é%t |§18ns, t he

physi ci an uplmedspsresbred $h yhenforp 1 28] titapatients bicis asnviehidhék, pra&sdtitenhisgt or i es,
frommenory 138 of |local unit 60. The physician evaluates the data and
det er m nes wiehie imRlaghpies apgd mitigtes the adiusiment threught lpgal Y S0c pamdicAlsdses an

off-line ad] Hﬁtﬁ?ﬁ"tzss.ami U eMB0 th 0 AR s | Eov@vﬂdoé\qﬁﬁ{and signals to the
implanted microcontroller 106 to execute the adjustment. After the adjustment, the
patient establishes a communication link with remote monitoring unit 170 and
uploads a series of pressure measurements from the implant to the remote unit. These
pressure measurements may be stored in memory 174 of remote unit 170 until

accessed by the physician.

[0055] In an alternative scenario, the patient may perform a real-time adjustment during a
virtual treatment session with the physician. In this situation, the physician
establishes communication with the patient through link 180. Once connected
through link 180, the physician instructs the patient to place antenna 54 over the
implant area, as shown at step 250. After antenna 54 is in position, the physician
downloads an adjustment command to infuser 115 through link 180, as shown at step
252. During and/or after the adjustment is executed in infuser 115, a series of
pressure measurements are uplinked from infuser 115 to the physician through link
180, as shown at step 254. The physician performs an immediate review of the fluid
pressure changes resulting from the adjustment. If the resulting fluid pressure levels

are too high or too low, the physician may immediately readjust the restriction band,
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to local unit 60 and stored in nenory 138, as indicated in step 224. Wth
the prescription stored in nenory 138, the patient, at his conveni ence,

pl aces antenna 54 over the inplant area and initiates the adjustnent
through local unit 60, as indicated in step 233. Local unit 60 then
transmts power and command signals to the inplanted mcrocontroller 106 to
execute the adjustnent. After the adjustnent, the patient establishes a
comuni cation link with renote nonitoring unit 170 and uploads a series of
pressure neasurenents fromthe inplant to the renote unit. These pressure
measurenents may be stored in nmenory 174 of renote unit 170 until accessed
by the physician. [0055] In an alternative scenario, the patient may perform

a real -time adjibgitdstedby dinki238. Thevphytidah rhdyeatdreRiruseRs ipafientitd Peifben a
physician. In this situation, the physician establishes communication with

the patient tHIFtisUER 2P1QRK 1Y, theadistaishin sedhers drinfsinguefheatingiasishown a step
physi cian i nsfguct ttniféla%tehte%t'érfaﬁnsp %es%”ftr?engbﬂy{iéiax?vﬁg%e p%d RisQiE area,

as shown at step enna |s in position ysi cl an
downl oads an metsurstertnt freraminanpredsorel pénssreras 1shownhatostgin 258nko IkBBluatesthshown at

ste 252. Duri.ng, and/or after the adjustnent is executed in infuser 115, a
Sor es o priekadd Sl g k0 Al e eatert URPY Gadies fac pb gyl

physi ci an t hripigph 'tHerg‘Eomz;B@thé‘%re%ElQ%e%ur&h&ﬁs greoo AR, Ii}m(@alnﬁg %o@ﬁm&orms an
i mediate review of the fluid pressure changes resulting fromthe

adj ust nent . wbsw»rélone%lelpﬂlmglam mﬁydrrmeégmlyéranwyaédltlamé cpmamigmls t0oo | ow,

the physici an%ar(ria%t thmggr{éfitn#h}e/el eaq{euc%[stru 1on ?tll{dl&&é(fg% ?Qﬁg grst%?SNP ~19

as indicated I ne ySi Cl an may SO I NS Ien

perform a p6}jh§r!;161uh & saisfiddowith Chetreﬁlllts bhﬂleadjuusﬁemanhe ccsmhmaaldﬁrgefslmmg or

eating, as shown at step  256. As the patient perforns test, the
physi ci an mﬁe'ﬁﬁp%%mﬁ@s@@r dn ﬂ}?é%{gﬁﬁflblﬁﬁ?m@“ﬂ%?ﬁ\“f‘ﬁé%? @s"’i‘tﬂ’r@ess@eﬂ%"(’irto as

shown at st er}egxéé’un'itolﬂ%@lthﬁto‘ﬁlfzhﬁxysfﬁ.{n'éﬁ%ﬁsbﬁb&{ﬁ%‘fﬂérﬂs AR fiSharehrs band as
the patient attenpts to pass f hrough t he 'st oma.

pressure rreaslnc\enwdtfmrraméemﬂmdemlygﬁxpcutmé|adJaLBtlmegtsahqoggls ldghleunitifst r uct | on, t he
physician may imedi ately transmt additional command signals to

[0056] In a third exemplary communication session, shown in FIG. 12, a patient may initiate
an interaction with remote unit 170 by entering a request through user interface 140,
as shown at step 260. This request may be in the form of an e-mail or other electronic
message. At step 262, the patient’s request is transmitted through communication
link 180 to remote unit 170. At remote unit 170, the patient’s request is stored in
memory 174 until retrieved at the physician’s convenience (step 264). After the
physician has reviewed the patient’s request (step 266), instructions may be entered
through user interface 176 and downloaded to local unit 60. The physician may
communicate with the patient regarding treatment or the decision to execute or deny a
particular adjustment request, as shown at step 268. If the physician determines at
step 269 that an adjustment is required, the physician may initiate a communication
session similar to those shown in the flow diagrams of FIGS. 10 and 11. If an
adjustment is not indicated, the base unit terminates the session following the

responsive communication of step 268.

[0057] In addition to the above scenarios, a physician may access local unit 60 at any time to
check on patient compliance with previous adjustment instructions, or to remind the

patient to perform an adjustment. In these interactions, the physician may contact
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readj ust the band and relieve the obstruction, as indicated by |ine 259.
After the physician is satisfied wwth the results of the adjustnent, the
comuni cation session is termnated at step 232. In the present invention,
|l ocal unit 60 is at all tines a slave to renote unit 170 so that only a
physi ci an can prescri be adjustnents, and the patient is prevented from

i ndependent|ly executing adjustnments through local unit 60. [0056] In a third
exenpl ary conmuni cati on session, shown in FIG 12, a patient may initiate

an interaction with renote unit 170 by entering a request through user
interface 140, as shown at step 260. This request may be in the formof an
e-mail or other electronic nessage. At step 262, the patient's request is

transmitted tbeaPusit 66 @TTaNest dlda@Nuipldad Tord 8niogy I S8TRF Gaskimhit a eifindéilto beNDt €
unit 170, the patient's request is stored in nenory 174 until retrieved at

t he physi ci aﬁtgeémemp@nb qnsh digplpgd the mgmetth@patgﬁnymres e lagakunie®l. ened

the patient’ g&hgﬁ%m{%ﬁleﬁ’ @9) n'iff Mé“'lﬁr% afih fgﬁéeﬁ p ?&Biﬁﬁ%ﬂﬁgy‘ém‘?‘{gh user

interface 17 2ded oca ySI Cl an
comruni cat e vpet-fbrnh k@uhaltylsehﬁdufedgdﬁdtmuytst swwhtasdnirnabreléadioneci sion t o execute
or deny a particular adjustment request, as shown at step 268. If the

physi id)o%% ] det &4 MLARRe@hboval &Qnrﬁ@rﬁca&f&ﬂtsyééh@@lcﬁwﬁééh tb ﬁplﬁrﬂPdJ ulﬁ Tes

physician'may initiate a comunication session simlar to %omn in
t he flow di adgnsiony tofrei%lo%umlmartd allbw the physiciadjtosivaieate the ped’ormande odit ed,

t he base unit, termnates the session f.o responsi ve ni cation
of “step 268, USSP T AGHTETAT PEePREoLbolS ColRSrEes ARG o L Patay

access | ocal Hy be 8Rdah caRMndtidMBNHP coriBEKatdR HHeMETS o COBRrésBMCIByaMtibA

previ ous adjustnment instructions, or to remnd the patient to Egéforn1an

adj ust ment . Ita redeeds Buidrpressuret meassrements QyRYa periathofiiiye.c dvstshewn ENBEZ.813, USNP
/20, ocel, Unfeig ABRHRRLLS 8 BB, LMY A e IR
turns on | ocahe pla’tleht ﬁ)Oas to Adddjhcenmai implanitedgmirtiand4 T C(ﬂhZﬁSI’lprbuldes moweal ar m
Stch s i ur ralihe GPEIRH, POHE IPBBB oS raHET G bV ILBHIHPLER PR syst em
20 can be useghihR Helbig fRid prasSrdmERSMRnts, through secondary telemetry coil 114.

The fluid pressure within the restriction band is repeatedly sensed and transmitted to

data logger 270 at an update rate sufficient to measure peristaltic pulses against the

band. Typically, this update rate is in the range of 10-20 pressure measurements per

second. As shown in FIG. 13, data logger 270 may be worn on a belt 274 about the

patient’s waist to position coils 272 adjacent injection port 36 when the port is

implanted in the patient’s abdominal area. Alternatively, data logger 270 can be womn

about the patient’s neck, as shown by device 270°, when injection port 36 is

implanted on the patient’s sternum. Data logger 270 is womn during waking periods

to record fluid pressure variations during the patient’s meals and daily routines. At

the end of the day, or another set time period, data logger 270 may be removed and

the recorded fluid pressure data downloaded to memory 138 of local unit 60. The

fluid pressure history may be uploaded from memory 138 to remote unit 170 during a

subsequent communication session. Altematively, fluid pressure data may be directly

uploaded from data logger 270 to remote unit 170 using communication link 180.

[0059] FIG. 14 shows data logger 270 in greater detail. As shown in FIG. 14, data logger

270 includes a microprocessor 276 for controlling telemetry communications with
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history to renote unit 170 to all ow the physician to evaluate the
performance of device 22 over a designated tine period. FIG 13 illustrates
a data | ogger 270 that rmay be used in conjunction with conmunication system
22 of the present invention to record fluid pressure measurenments over a
period of time. As shown in FIG 13, data |ogger 270 conprises TET and
telemetry coils 285, 272 which may be worn by the patient so as to lie

adj acent to inplanted portion 24. TET coil 285 provides power to the
inplant, while telemetry coil 272 interrogates the inplant and receives data
signals, including fluid pressure neasurenents, through secondary telenetry
coil 114. The fluid pressure within the restriction band is repeatedly

sensed and t rigpfftddtRdick24. AcropkQRABERF 226 B Rhnédfed U dahembAt Bosf fafongnt to
measure peristaltic pul ses against the band. Txglcally, this update rate is

in the range aifer fonctigny; sEsmg Maeshs Sugasyremends from deyececddd. Whie daegen2i0his FI G

13, data | ogger. .2 - I ' ist to
position coi%’efﬁégggﬁég ﬁ?&?%?%%%?%ﬁpﬁg%g%géwaﬁgﬁﬁ%%gﬁﬁggg&kgg%Fﬁﬁ anted in
t he patient' scoaboltadi byalmiatopsocesdbt @7GatMicedprocesktr 2760 glergdzéd byan fwavenor n

about the pat when i njection port 36 is

ient' neck, as shown by device 270
i npl ant ed on spﬂ@ygi%i iﬁtregoriﬂéﬂﬂmﬁs%afnécrm@geéﬁorﬁé igially, prRnsgRifs; qqsgop%ki ng

periods to reeaf g ifdptintbd PSS Avid ATETEI RSB D Nend PETRBH 285t A%tefB! S and
daily routines. At the end of the day, or another set tinme period, data

| ogger 270 meppwse sigarbvaigrepmeresson 7oetcansthetd 4nl intetrqeaties signablsn amdlentetl oaded
to menory 138 of local unit. 6Q. The i.d,pressure hiisio be.upl oaded
from memory - P9 2F SioERms drerider ovh gt RIERREL Sl ot o al v

sessi on. Alt aighal isvaterceptddubyd tereasuesil Upd andrayndagitted te editrgcortpliondes from
data | ogger 270 to renote unit 170 using commrunication |ink 180, [0059] FIG
14 shows dat Micarsgatirolierd 0p sepdsentespongiveaiemperatireAdinpted prassuce readingf9m | ogger

270 i ncl udes i r j I j.cations
Gith Expoes CESs SR RASRERE 124 nd RkofOl) fefind ool & TThE Kt aRE AR P o

to a nenory 28@eckord tlanugigcoib2Teand directeddiystranstavarri§4po esswpscasastenent s

from devi ce . Wile I% ger 270 i oper,ational, fluid reﬁfute is,.read and
stored in ne ],c\lj’opé%(@ss&r g (fé}gsieaﬂ%ﬁtlz(cft%g% gler%{?Séure measurement and 1nitiates the

next interrogation request.

[0060]  When the patient is finished measuring and recording fluid pressure, logger 270 is
removed and the recorded pressure data downloaded to local unit 60, or directly to
remote unit 170. As shown in FIGS. 9 and 14, data logger 270 may comprise a
modem 286 for transmitting the sensed fluid pressure directly to remote unit 170
using a telephone line 288. The patient may connect logger modem 286 to a
telephone line, dial the physician’s modem, and select a “send” button on user
interface 292. Once connected, microprocessor 276 transmits the stored pressure
history through the phone line to microprocessor 172 in remote unit 170.
Alternatively, data logger 270 may include a USB port 290 for connecting the logger
to local unit 60. Logger USB port 290 may be connected to a USB port 198 on local
unit 60 (shown in FIG. 8), and the “send” switch activated to download pressure data
to memory 138 in the local unit. After the pressure data is downloaded, logger 270
may be turned off through user interface 292, or reset and placed back on the patient’s

body for continued pressure measurement.

ENDS5281USNP -22-



controlled by m croprocessor 276. M croprocessor 276 is energized by a power
supply 282. To record fluid pressure, mcroprocessor 276 initially transmts
a power signal to inplanted portion 24 via TET drive circuit 283 and TET
coil 285. After the power signal, mcroprocessor 276 transmts an
interrogation signal to inplanted portion 24 via telenetry transceiver 284
and telenetry coil 272. The interrogation signal is intercepted by
telenetry coil 114 and transmtted to microcontroller 106. M crocontroller
106 sends a responsive, tenperature-adjusted pressure reading from sensor
84 via transceiver 158 and secondary telenetry coil 114. The pressure
reading is received through coil 272 and directed by transceiver 284 to

M Cr OROEEI$S S HIG2TSis a dhsHiON k& & ARlioP IS HBRERHE et NireSdi a8 994 HempPisgRaur e
measurenent and initiates the next interrogation request. [Oogg£¢V%en t he

patient is fibyisshed Sdulusing rengated dntersegation hy Iacalinmit 60 exdatp doggengYboverqo i s
d dt . ] to | it .
Girectly to PORHTE htaeRlD” PUESf Slae B BERE Gidphy Q3R HiniclTued o7

may conpri se iaterfigl B0 X86cdl anhittd0astgrapghlidah gserr ligte S85RSIETS It rtinBteQUInBSINOr €n
directly to renote unit 170 using a tel ephone |inpe 288. The patient nma

connect " | oggehe fTerF 38eWR dn 41G+ bh.ppdived Preswire i Band He iyl I&FPSETGHDdgm
and sel ect a ymenfle phitnt Fstle Ye&fitin rigz?eartéaﬁg;?ré%e &R ef‘s%'ﬂﬁe%ﬁ.t

. xt,
nlcroprocessor_2766Ppansn1ts t'he st pressure history throug the phone
line to mcrouinstessas applied to bemb28 tondecredFO the gfotmer nizg. i Mdinng thet landogger

270 may include USB port 290 fgr connecting the | ggger to lqcal unit 60.
Cooger” ush. parisBett s ste o dl witra o s e H88 Shrssh Gt Rl 6o
(shown in Fl Ghe gaess@@féaaihgs ths@upd the pitleaifls s16h to/REAANItEB00 WY Yo ch e @spHr € dat a
to menory 138 in the local unit. After the pressure data is downl oaded,

| ogger 270 rify1Gel % fuiterrewspre isss Mligningstbe banetadjusipent292  or reset and
pl aced back on the patient's body for continued pressure neasurenent.
END52§044SINP -1 2h¢ @26pl¢ shdvim, tAS phtfend isgiskeditcadink & pigeiiedftenttheadjoftmarit to
exenplary pressure signal 294 as nmeasured by sensor 84 during repeated
i nt errogat i orfhBgk tscagcuragy 1of ghe gdivgiaent | disgie manentodisksg pressure’ sensor 84

continues to measure the pressure spikes due to the peristaltic pressure of swallowing
the liquid. The physician may evaluate these pressure spikes from a remote location
in order to evaluate and direct the patient’s treatment. If the graph indicates pressure
spikes exceeding desired levels, the physician may immediately take corrective action
through communication system 20, and view the results of the corrective action, until
the desired results are achieved. Accordingly, through communication system 20 a
physician can perform an adjustment and visually see the results of the adjustment,

even when located at a considerable distance from the patient.

[0063] In addition to adjustments, communication system 20 can be used to track the
performance of an intake restriction device over a period of time. In particular, a
sampling of pressure measurements from data logger 270 may be uploaded to the
physician’s office for evaluation. The physician may visually check a graph of the
pressure readings to evaluate the performance of the restriction device. Pressure
measurement logs can be regularly transmitted to remote monitoring unit 170 to
provide a physician with a diagnostic tool to ensure that a food intake restriction
device is operating effectively. If any abnormalities appear, the physician may use

communication system 20 to contact the patient and request additional physiological
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sampling tinme period. Pressure signal 294 may be displayed using graphical
user interface 140 of local unit 60 or graphical user interface 176 of
renote unit 170. In the exanple shown in FIG 15, the fluid pressure in
band 28 is initially nmeasured while the patient is stable, resulting in a
steady pressure reading as shown. Next, an adjustnent is applied to band 28
to decrease the stoma size. During the band adjustnent, pressure sensor 84
continues to neasure the fluid pressure and transmt the pressure readings
t hrough the patient's skin to local unit 60. As seen in the graph of FIG
15, fluid pressure rises follow ng the band adjustnment. [0062] In the
exanpl e shown, the patient is asked to drink a liquid after the adjustnent
to check t h&ia&ﬁ@ﬂb@@é’rlt@faﬂ Buasiettst e Pirticdiér, LBRANMAIdEEE sgltéd KD, mBy @esur e
sensor 84 continues to neasure the pressure spikes due to the perlstaltlc
pressure of sitdizedbif driect @O Pregsuredcongtiion pyithin bangh2heydisating flwidtlpakage.
pressure spi kgy ct the
Dat i ont s {1 Careaeh VSRR 26 ekl debcPEEethr B et B Ml behd
desired | evel28, iddivatipgy ik ian:atm;er Mmmedlbaiokhge wakie thostomat iUsemgalotdl mnit

t hrough commu |§Wt|on sy st and view the results of th@lcorrectlve

action, until @aasfg.%a P§¥ p3te pEgsire k9t mgs At hoe ARy e i siGER

comuni cat i ONyi5ASthe B @ssuPé"éh%b? béleQﬁibeE’l?iéa Qh4BNiAE 1ﬁ§'ﬂcét§{gnﬁ@ the@fbruhsual Iy
see the results of the a ust ment, even when |ocat'ed at a consi derabl e

di st ance f r oradiusengraof te eVIE:@oGgrpmunlcaum vysem 2Gbthusihasdhenelifs o5 a dognesticcat i on

system 20 can, e usedito L0aGk; NS08 LOLIBCR a0 0l Ak, LeSt T bgti on
devi ce over erro [g) ar ICU a sarrp I'ng Or pressure

measur enent s d‘ohoeﬂledmaé aflsvg@ueﬁn;ﬂﬁ) infale b@trupb@aiéede 12 theughplonshediedtios of fice
for evaluation. The ﬁSICian an visual |y check a grapq of . the pressure
readi ngs to eVHPRAOSa4 Hidtes qre fraaneabmanitqring and adjustatents ot o devise. pressur e

measurenent | ogs can be regularly transmtted to renote nonitoring unit 170
to precsddie dt pilyseconmereadilytapparditagniest skilledol the art el thiecabiolrainventiondehs i nt ake

restriction device is erati effectively. If anpy abnormalities appear,
the physi ci arfdHally ﬂ%‘cal?fgﬁ’rﬁ?n?tg%t Bes ’é’i‘lg?'ﬁy%e E’Bn Actrappee, Pardsedt and

request addi t,jsonad: MBYRhQE ot FecaFMEBEBIHINNP OneZRich band is described in U.S.
Patent 6,461,292 which is hereby incorporated 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.

[0065]  While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments
are provided by way of example only. Numerous variations, changes, and
substitutions will now occur to those skilled in the art without departing from the
invention. For example, as would be apparent to those skilled in the art, the
disclosures herein have equal application in robotic-assisted surgery. In addition, it
should be understood that every structure described above has a function and such

structure can be referred to as a means for performing that function. Accordingly, it

END5281USNP -24 -



data or prescribe an adjustnent. In particular, comunication system 20 may
be wutilized to detect a no pressure condition within band 28, indicating a
fluid | eakage. Alternatively, system 20 nay be used to detect excessive
pressure spikes within band 28, indicating a kink in catheter 40 or a

bl ockage within the stoma. Using local unit 60, the patient can al so

eval uate pressure readings at hone and notify their physician when the band
pressure drops bel ow a specified baseline, indicating the need for an

adj ust ment of the device. Comrunication system 20 thus has benefits as a

di agnostic and nonitoring tool during patient treatnment with a bariatric
devi ce. The convenience of evaluating an intake restriction device 22

t hrough co i 1 ; : bilal i I j i and
] stent 5 o e S e P R S e, Pose
skilled in thdaimst that the above invention has equally applicability to
ot her types of inplantable bands. For exanple, bands are used for the
tregfo@g]nt of Wagal the NpRBEHtNGRGREMOMRs SHER hlRdaled 86¢SAEdchBR0 NofUs&eral Pat ent
6, 461, 292 which is hereby incorporated herein by reference. Bands can al so
be used to t resmhodiméntaityisingt thetinigptereof e epplirent toaasirictsordinis thepwperitiand U, S.
Patent Appli i Lch is.her | 0C 0 h i n by
ref erence, Basﬁgée 8%3%%%?45“%%%2%3@%%]%%:ﬂtdregaélt kll\gu?r{ ' %r%hé}n%a?}gﬁglgcgé&rgg%l ux.
One such bandndssubsiationgewlilli sccub)tdSthdsatskitikd Gn 40 a® Skitholt dBpartind &ofbihe

i ncorporated hereipn by reference. Bands can al so &e used to treat .

i npot ence. OfSORGhpHNENHQAN. JRRIAPStHISE: the deyies andametapd ohHis  presspt igpention

2003/ 0114729 whinedy jllﬁst'fh?éct?ﬁ}{h I g@&@&héﬂs%ﬁtdﬂg:?n's r@ﬂa%eﬁcﬁﬁ %i\%ﬁlénggﬁék While

preferred enmbodiments o e present I nventi ave been sho
descri bed herreinnte monnuring et. oBloweva, dthet hypse of Kath| realy also tbedramsmittedao such

enbodi nents arg provi.ded, b of exanpl.e.only. Nunerous variations,
changes, and SeRIBEYHERL RGP 2 RinE LT AT et ALY BTl Sps R
Wi t hout deparihiph@it. f A@dibigly, ih\pedibntGivention isetesdTe witkSredeb td alfBodpRAEENt tO
those skilled in the art, fhe di sclosures herein have equal application in

robot i c- assi segwctiy daviog. for barigs treasment; {The presgnidinrntion depett lypided tedhisever y
To as a meandPPiatany ARy Sl o AR AN Syl S Sl Gl Bl il err e
artificial sphincters without departing from the scope of the invention. The structure
of each element associated with the present invention can be alternatively described
as a means for providing the function performed by the element. It will be
understood that the foregoing description is provided by way of example, and that
other modifications may occur to those skilled in the art without departing from the

scope and spirit of the appended Claims.
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END5281USNP -24 is intended that the invention be limted only by the spirit
and scope of the appended clains. [0066] 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 with respect to transmtting

pressure data fromthe inplant to the renote nonitoring unit. However,
other types of data may also be transmtted to enable a physician to
moni t or a pl uMlat is\clgimedlist f erent aspects of the restrictive opening
inplant. Additionally, the present invention is described with respect to a

food i ntake yestyi Gl ' : lal £l t g
nvention s ot Tidbdihef EpfifinlcRlo Bulel kst WAF 'R WG Eee s i 11
ot her restricti ueplaedimitin agatiant theaysterarcompningl sphi ncters wi t hout
departing fromthe scope of the invention. The structure of each el enent

associ ated wi th, t Rgn 3t 63801 f&ﬂ“x‘ﬁ@&hhﬁ? giri@gﬁ‘ﬁoﬁz{l?P%Hh?étérv@ltb{in?ttﬁé\‘;rmééin{?&grg as a

means for providing the function per by the el enent.
under st ood t hat t hpefiogdgaterg description is provided by way of exanple, and
that other nodifications may occur to those skilled in the art w thout

departing from B.h%ea%g %A}\ecgﬁﬂﬁhrﬁ&itiﬁk tnedfurtd'Far2RPENERS HEhAhERensENRZRUYSNP - 25

What is clained is:  bi -directronal commnication systemfor use with a
restrictive openi raochdwunit exteimaploghe patieni;t hi n a patient, the system
conprising: a. sensor nmeans for neasuring an operational paranmeter wthin

the restrictivec QpRRE QM deEY k&Rote focalGRREmIRE pHRMTURE BaYel NSt INEIASIHE GSkr
paranmeter data fromthe sensor neans to a local unit external to the
patient: interface means for evaluating the measured parameter data; and

d. a communication link between the local and base units for transmitting data

between the units, the transmitted data including the measured parameter data.

2. The bi-directional communication system of claim 1, wherein the measured
operational parameter comprises fluid pressure within the restrictive opening

device.

3. The bi-directional communication system of claim 2, wherein the user interface
means further comprises means for entering an adjustment command for the

restrictive opening device.

4. The bi-directional communication system of claim 3, wherein the adjustment
command is transmitted between the base and local units through the

communication link.

5. The bi-directional communication system of claim 4, wherein the communication

link comprises an Internet connection between the local and base units.

6. The bi-directional communication system of claim 4, wherein the communication

link comprises a telephone network.
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c. a base unit at a renote location fromthe patient, the base unit

i ncluding user interface neans for evaluating the neasured paraneter data;
and d. a conmunication |ink between the |ocal and base units for
transmtting data between the units, the transmtted data including the
measured paraneter data. 2. The bi-directional communication system of claim
1, wherein the neasured operational paranmeter conprises fluid pressure
within the restrictive opening device. 3. The bi-directional comrunication
systemof claim2, wherein the user interface neans further conprises neans
for entering an adjustnent conmand for the restrictive opening device. 4.
The bi-directional comrunication systemof claim3, wherein the adjustnent

command is tranghé bigidediehNRBMmiurRahas §ystntof Qi 2 Wihdréin tthe QahudibRing
comruni cation link. 5. The bi-directional comruni cation sgsten1of claim 4,

wher ei n the confgatschifthemcomnrisrs g paitetle data secording dpee eapablecafibsimeb¥emeen t he
| ocal and base i T, =8l : | %ﬁgyﬂi I Y, -claim4,
wherein the co : ﬁ#% gﬁ%ﬁf@fﬁ%&ﬂ%@%%ﬁ%%@%ﬁ%ﬂ%e ep 8%%5%2?%gr@%qgﬁﬁé5%1USNP
-26 7. The bi - dopenirig devade ovemanampdapitiore eyisd.em of claim 2, wherein the
communi cating neans further conprises a portable data recording device

e ot 5% 1 I B Hirebondlf CnfiiiElon +OfienSAUL"Y Ak CRRERTH Reans

measurenents fromthe restrictive open vice over a sa I me
period. 8. The Kir-tdansedttingntlid qoessurei oessucamenyss tizentlyf fromathe Bortdble dhier

conprising nmeans for transm.tting f]uid pressure. npasurenents directly from
the portable dafeﬁordﬁ)’&%ervﬁﬂeﬁglt et\?F%lém{ 'QUER 2 fgEERYeq H?lbugh a communi cati on
link. 9. The bi-directional comunication systemof claim4, further
conprising: & tbahsdifestional spmmuntcanen systemaefjclpmfe fitrtheo pemprabing t he
restrictive opening device; and

a. means for transmitting the adjustment command to the restrictive opening

device; and

b. a control means in the restrictive opening device for adjusting the device in

response to the adjustment command.

10. A method for communicating data between a restrictive opening device implanted
in a patient, and a base unit remotely located from the patient, the method

comprising the steps of:

a. measuring fluid pressure in the restrictive opening device;

b. retrieving fluid pressure measurements from the restrictive opening device;
c. transmitting the retrieved fluid pressure measurements to the base unit; and

d. evaluating the fluid pressure measurements at the base unit to determine the

size of a stoma formed by the restrictive opening device.

11. The method of claim 10, wherein the retrieving step further comprises
transmitting the measured fluid pressure from the restrictive opening device to a

local unit via telemetry.

12. The method of claim 11, wherein the transmitting step further comprises:
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b. a control nmeans in the restrictive opening device for adjusting the
device in response to the adjustnment command. 10. A nethod for

comuni cating data between a restrictive opening device inplanted in a
patient, and a base unit renotely located fromthe patient, the method
conprising the steps of. a. neasuring fluid pressure in the restrictive
openi ng device; b. retrieving fluid pressure neasurenents fromthe
restrictive opening device; <c. transmtting the retrieved fluid pressure
measurenents to the base unit; and d. evaluating the fluid pressure
measurenents at the base unit to determne the size of a stoma fornmed by
the restrictive opening device. 11. The nethod of claim 10, wherein the
retrieving step further conprises transmtting the measured fluid pressure
fromthe restrictive opening device to a local unit via telenetry. 12. The
met hod of claim1l, .\wherejr - ansm.ttin . [ L,Ses;.. END5281
Uone 27 o i b 0L Pt MIERE Bl B i NEK nERIBS URCRgat

bet ween the | ocal andbesehmsts; andi ts; and b. transmitting the nmeasure fluid
pressure through the Internet link. 13. The nethod of claim 11, wherein the
transmtting step L o Lt at | i ace between the
base and | ocal ﬁ'nit{a&s{%@ga&tg %%ﬁ%ﬁgld%ﬁ%s% %trﬂhrg{léa}{r}g‘egﬂe%lr@%ﬁ{sgm tting the
measure fluid pressure through the tel ephone network. 14. The met hod of
claim 11, furk3h&pe BsHorcEFlagn d hevhareip shegrangmitiing sten Rigthaicompifst ment  command
for the restrictive opening device at the base wunit; and b. transmtting

t he adj ust nent sormimating ant ineerfaes thetveden vibe dasediang Ideali wetst via adgleglionehe si ze
of the stoma formed by the restrictive opening device. 15. The nethod of
claim 14, mherein’?ﬂ@xkﬁﬁﬁsnitting t he adj ust nent conmmand step

b. transmitting the measure fluid pressure through the telephone network.
14. The method of claim 11, further comprising the steps of:

a. entering an adjustment command for the restrictive opening device at the base

unit; and

b. transmitting the adjustment command to the restrictive opening device to

adjust the size of the stoma formed by the restrictive opening device.

15. The method of claim 14, wherein the transmitting the adjustment command step

further comprises:

a. transmitting the adjustment command from the base unit to the local unit via a

communications link;
b. accessing the adjustment command through the local unit; and

c. injecting the patient with a syringe and using the syringe to vary fluid levels in
the restrictive opening device an amount specified in the adjustment

command.

16. The method of claim 14, wherein the transmitting the adjustment command step

further comprises:
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further conprises: a. transmtting the adjustnment conmmand fromthe base unit
to the local unit via a communications link; b. accessing the adjustnent
command through the local unit; and c. injecting the patient with a syringe
and using the syringe to vary fluid levels in the restrictive opening

devi ce an anmount specified in the adjustnment command. 16. The nethod of
claim 14, wherein the transmtting the adjustnent command step further
conprises: END5281 USNP -28 a. transmitting the adjustnent comrand to the
restrictive opening device via telenetry; and b. using the adjustnent
command to drive a control neans in the inplanted restrictive opening
device to adjust fluid levels in the device an anount specified in the

adj ust ment  cOM@NGrandhitting) e RjiAe! comtdn® thithe fdtHibBle SRR 8@ he step
of transmtting fluid pressuré neasurenents to the base unit while

adj usting the resttele@eiryi@ndpeni ng device. 18. A systemfor renotely
noni toring and adjusting an inplanted restrictive opening device, the

system conpri si g9 usth tﬁ@%ﬁfstdﬁ@%nfn%d%acﬁﬂfe'2{1901itl'dﬂrﬂed?1%eiﬁ5tﬁé@ Pr&nfebe
restrictive opening device; b. telenetré means for transmtting tluid
&

pressure measur enﬂﬁ‘tﬁéﬂf\’reo?ﬁemﬁ@ deviigs enedigstr Buidr lerels ve thpalevisg @e@m@@tt 0 a
| ocal unit; c. P%‘D’TH&&Q‘% cﬂugtfngrlftct)ﬂl hahf@nsm tting pressure nmeasurenents

fromthe | ocal uni't a renpte distance fromthe patient; and
d. user |nterface means in the base unit for evaluating the fluid pressure

measur ement s. 71 gheTrethed sefeplasp 1), dpfhergconpiising ey pep c‘lfnﬁmﬁlvﬁlﬂ’g igdj nk
conprises an | nblpegﬁ?é measurements to the base unit while adjusting the restrictive opening

device.

18. A system for remotely monitoring and adjusting an implanted restrictive opening

device, the system comprising:
a. sensor means for measuring fluid pressure in the restrictive opening device,

b. telemetry means for transmitting fluid pressure measurements from the

implanted restrictive opening device to a local unit;

c. a communication link for transmitting pressure measurements from the local

unit to a base unit a remote distance from the patient; and
d. user interface means in the base unit for evaluating the fluid pressure
measurements.
19. The system of claim 18, wherein the communication link comprises an Internet
connection between the local and base units.

20. The system of claim 18, wherein the user interface means further comprises:

a. means for entering an adjustment command for the restrictive opening device;

and

b. means for transmitting the adjustment command through the communication

link to the local unit.
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connecti on between the | ocal and base units. 20. The system of claim 18,
wherein the user interface neans further conprises: a. neans for entering an
adj ust ment comand for the restrictive opening device; and b, neans for
transmtting the adjustnment conmand t hrough the communication |ink to the

| ocal unit. END5281USNP -29 21. The systemof claim 18, further conprising a
portabl e data recording device capable of being worn by a patient for

recording fluid pressure nmeasurenents fromthe sensor neans. END5281 USNP
-30

21. The system of claim 18, further comprising a portable data recording device
capable of being worn by a patient for recording fluid pressure measurements

from the sensor means.
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