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Non-compliance of patients to drug regimens prescribed by their physicians results in

excessive healthcare costs estimated to be around $100 billion per year through lost work days,

- 20  increased cost of medical care, higher complication rates, as well as drug wastage. Non-

compliance refers to the failure to take the prescribed dosage at the prescribedtime which results

in undermedication or overmedication. In a survey of 57 non-compliance studies, non-

compliance ranged from 15% to as high as 95% in all study populations, regardless of

medications, patient population characteristics, drug being delivered or study methodology

25  [Greenberg RN: Overview of patient compliance with medication dosing: A litcrature review.
Clinical Therapeutics, 6(5):592-599, 1984].

The sub-optimal rates of compliance reported by various studies becomes of even

greater concern as the American populace ages and becomes more dependent on drugs to fight

the illnesses accompanying old age. By 2025, over 17% of the US population will be over 65

30  [Bell JA, May FE, Stewart RB: Clinical research in the elderly: Ethical and methodological

considerations. Drug Intelligence and Clinical Pharmacy, 21: 1002-1007, 1987] and senior

citizens take, on average, over three times as many drugs compared to the under 65 population

[Cosgrove R: Understanding drug abuse in the elderly. Midwife, Health Visitor & Community

Nursing 24(6):222-223, 1988]. The forgetfulness that sometimes accompanies old age also
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20  invention preferably utilizes electronic sensor technology, such as the commercial devices

referred to as “artificial noses” or “electronic noses,” to non-invasively monitor compliance.
The invention further includes a reporting system capable of tracking compliance (remote or
proximate) and providing the necessary alerts.
Therefore, it is an object of the present invention to detect marker substances as a
25  measure of patient compliance by methods including, but not limited to, sensor technology (e.g.,
silicon chip technology} to non-invasively monitor compliance of patients to prescribed drug
regimens.
It is a further object of the present invention to provide a reporting system capable of
tracking compliance and alerting patients, healthcare personnel, and/or in some instances health
30 officials of non-compliance.
The invention will now be described, by way of example and not by way of limitation,
with reference to the accompanying sheets of drawings and other objects, features and
advantages of the invention will be apparent from this detailed disclosure and from the appended

claims. All patents, patent applications, provisional applications, and publications referred to
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novel additive combined with the medication (referred to herein as “markers™). Such markers

20  preferably include olfactory markers (odors) as well as other substances and compounds which
may be detectable by various methods, as described in more detail herein. Throughout this
disclosure the marker or marker substance is defined as a substance added to the medication or
taken with the medication (i.e., as the coating on a pill) that is detected by means of its physical
or chemical properties as an indication that the patient has taken the medication. This includes

25  the use of the medication itself as its own marker. The marker substance is then detected by
devices inclnding but not limited to electronic noses, spectrophotometers to detect the marker's
IR, UV, or visible absorbance or fluorescence, or mass spectrometers to detect the marker's
characteristic mass display.
Gas Sensor Technology

30 The invention preferably utilizes gas sensortechnology, such as the commercial devices
referred to as “artificial noses” or “electronic noses,” to non-invasively monitor compliance.
Electronic noses have been used mostly in the food, wine and perfume industry where their
sensitivity makes it possible to distinguish between grapefruit oil and orange oil and identify

spoilage in perishable foods before the odor is evident to the human nose. There has been little
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25  their entirety.

Numerous methods for the detection of marker substances as known in the art may be
utilized in the method of the present invention. For example, gas chromatography, which
consists of a method of selective detection by separating the molecules of gas compositions, may
be used as a way of monitoring markers. Another example of detection contemplated by the

30  presentinvention includes transcutaneous/transdermal detection, such as that disclosed inU.S.
Patent No. 5,771,890 to Tanada and U.S. Patent No. 5,954,685 to Tierney and the commercial
device utilizing reverse iontophoresis sold by Cygnus, Inc. under the trademark
“GlucoWatch®,” the disclosures of which are incorporated hercin by reference. Marker

detection of the present invention through body fluids as known in the art such as sweat, saliva,



Althainz eta]., entitled "Sensor for reduci ng or oxidizing gases"; and
us5830412 t g Kj aet al., entitled "Sensor device, an

prevention ‘&/’gi’ %and el ectronic equi pnent each having gpe(?llls@r (]‘g _

i ncorporated therein,” all of which are incorporated herein by ref erence in
25 their entirety. Numer ous net hods f or she detection of marker substances
as known in the art may be wutilized in the nethod of the present

i nvention. Fourirenawpilsebairgmls,aéarsoMtodgrlaaphydisc\hkr'gche alm)miempmed)heranmeg hod of
sel ective det i onQQ:hQrkl edi ﬁ%ﬁﬁtc!) QEaQi%mgﬂlos?a}.' ?rgéuc gtsﬁl e%ggf?uslfisan treatm g1 be

used as a way O ers.
cont enpl at ed Bjth bihdzmmgemaeé esagenisiforeator wnctlomcsbuﬂewﬂtometers and the like). Recent

{.
Patent No. 5. 750 RRSACRTRL nAEbARILAY ociifidy ARpbigl L ERRREe| Briiao, o)) ana
t he commer &i aFemi@@WC@ée @es $qniqrsngnqswech'@nqtmtlaphoﬂ&svrswsbﬂeobrl:ﬂ'uoeyqnm I nc.
under the tradeRiKotom &%ryc?i(é’itxﬁﬁ(e?)s t&n'@é‘s glha%gCQl?éJre?eﬁ?'@Jlhé\‘g%emsaf)ie the

i ncorporated herein by reference. tion
i nvention t hr Rjepngustpys by makisg ﬂ@lrmmﬂllwﬁlsﬁdﬂee ¥ary. agd dlhe menswoment of thebe va,

i WO 01/ 3402446 SEAM%QQA&Q 8d@mime tHércblﬂzgntraﬁde? Hﬁrkepﬁlbgtanc&aﬁleﬁ méthRS Snd and

other bodily discharge are also contenplated herein (e.g., via ion
exchange di psePreretus pred Brestecting markerisvhstangenss 2 priatvely ibriefalgiestion tip,| of aopriy

fluids andgtr @aéw Sdond¥i doRphbd @i th@e 286Mby gmmroﬁ.aﬂg.%}@ fvRikh faﬂés%nr §&R&hLI on,
spect rophot onet er s, and tﬁe | i ke). Recen devel opments in the field of

detection of MaPkeste ?uﬁ%'t*ﬁl‘l’éegth?"rf&‘leﬁto?és SERERF ‘%EP'E—?'W cortempniated 't"dhe pyesent

sem conduct i Veénwendisn ﬁﬂﬁt&@ﬁ;ﬁratdiBﬁ&g&&ﬁiﬁ&tfv@-ﬂﬁ?ﬂér@as—sE:Box@{'“p&Mn&I’c”)ﬁh&ipﬁfhﬁu@r

fl uorescence Joect roghot onet er é%\{he mar ker substances change t

el ectrical prBPEESIEEe-afoufvave FRUSEIBTs by nmking their el ectrical
resi stance vary, aTig cbidactivegslymerneiiendfs(ilfve&erredtass ‘alidnmi’eilsaa}si’)(héﬁed :Dgfh to
determ ne ,the c entralono t hods an

appar at us Eseﬂm a&"é‘fi YeHYTROY %Sreﬂsét?ve§°dﬁes?‘i??8]§§§f?§%r°‘§S'i’éﬁaﬁctef'ggﬂl“aﬁ‘i‘”g‘f
detection ti nmehe mfecuﬂcscthmedr&raISfaGWOﬁﬁemdﬁschﬂ@mm&dndaﬂlrdnhﬁmmgiva\l'ﬁﬁoxby gas
chromat ogr apth thm1zs J&hge gﬁesf t'i'lg Q?Jn%?en rgtliq% otf thé og Bs?ances 1o EJea cll %{%E‘rﬁi Q her

recent gas sensor technol ogres con he preseh
i ncl ude appar atvasiageg{ihisqyrs ofistnsr isimt p@lnyums gaen;smssrcku@é' oodymempaityrand

apparat us haanganseh'Jofo%ﬁﬁl Q&:gﬁi?‘g le& MR er(d%Aéy l&%o'l epscﬁ)fq'e?ent segg ivities

llf
conduct i ve- pol yner gas- sensor I'so re chem)res Istors 5" have a
fi-lm 15 Rfde detcting Eifferentedorous splhstapeess sen5|t|ve to t he nol ecul es of odorous

substances. On conp@gheri dab sensors can be built into an array of sensors, where each scnsor is

designed to respond differently to different gases and augment the selectivity of the odorous
substances.

The surface-acoustic-wave (SAW) gas-sensors generally include a substrate with

25  piezoelectric characteristics covered by a polymer coating which is able to selectively absorb

the odorous substances. The variation of the resulting mass leads to a variation of its resonant

frequency. This type of sensor allows for very good mass-volume measures of the odorous

substances. In the SAW device, the substrate is used to propagate a surface acoustic wave

between sets of interdigitated electrodes. The chemoselective material is coated on the surface

30  ofthe transducer. When a chemical analyte interacts with a chemoselective material coated on

the substrate, the interactionresults in a change in the SAW properties such as the amplitude of

velocity of the propagated wave. The detectable changes in the characteristics of the wave

indicates the presence of the chemical analyte. SAW devices are described in numerous patents

and publications,including U.S. Patent No. 4,312,228 to Wohltjen and U.S. Patent No. 4,895,017
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with the same sensitivity, but also that the coating on a single device be uniform across the
active area of the substrate. If a coating is non-uniform, the response time to analyte exposurc
and the recovery time after analyte exposure are increased and the operating performance of the
sensor is impaired. The thin areas of the coating respond more rapidly to an analyte than the

25  thickareas. As aresult, the sensor response signal takes longer to reach an equilibrium value,
and the results are less accurate than they would be with a uniform coating.

Most current technologies for creating large area films of polymers and biomaterials
involve the spinning, spraying, or dipping of a substrate into a solution of the macromolecule
and a volatile solvent. These methods coat the entire substrate without selectivity and

30  sometimes lead to solvent contaminationand morphological inhomogeneities in the film due to
non-uniform solvent evaporation. There are also techniques such as microcontact printing and
hydrogel stamping that enable small areas of biomolecular and polymer monolayers to be
patterned, but separatetechniqueslike photolithographyor chemical vapor deposition are needed

to transform these films into microdevices. Other techniques such as thermal evaporation and
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in almost any environment without special sample preparation or isolation conditions, and do
not require advanced sensor design or cleansing between tests.

25 Other technologiesand methods are contemplated herein for detection of markers. For
example, a patient's breath can be captured into a container (vessel) for later analysis at a central
instrument such as a mass spectrometer.

The present invention will determine if'a patient has taken the prescribed drug at the
appropriatc time and at the prescribed dosage by monitoring and analyzing the exhaled gases

30  with the electronic nose. In a preferred embodiment, the device of the present invention is
designed so that patients can exhale via the mouth or nose directly into the device. The device
is designed to detect the presence of medications and/or harmless olfactory markers added to

medication (discussed hereinafter).
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20  calibrating polymer system suitable for liquid or gas phase biological solutions for a variety of

medications simultaneously.

The electronic nose of the present invention might include integrated circuits (chips)
manufactured in a modified vacuum chamber for Pulsed Laser Deposition of polymer coatings.
It will operate the simultaneous thin-film deposition wave detcction and obtain optimum

25  conditions for high sensitivity of SAW sensors. The morphology and microstructure of
biosensor coatings will be characterized as a function of process parameters.

The electronic nose used in the present invention will preferably be modified so that
patients can exhale directly into the device. For example, a mouthpicce or nosepiece will be
provided for interfacing a patient with the device to readily transmit the exhaled breath to the

30 sensor (See, e.g., U.S. Patent No. 5,042,501). The output from the neural network of the
modified electronicnose should be similar when the same patient exhales directly into the device
and when the exhaled gases are allowed to dry before they are sampled by the electronic nose.

The bumidity in the exhaled gases represents a problem for certain electronic nose

devices (albeit not SAW sensors)which only work with “dry” gases. When using such humidity
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preferable. This may be the case when an marker or olfactory marker is added to a medication
25  thatis given by the intravenousroule. Under these circumstances, excretion may occur rapidly
since intravenously injected medications pass rapidly to the lungs and can be excreted.

Thus, when a drug is ingested by a patient, the preferred embodiment of the invention
detects the presence of that drug aimost immediately in the exhaled breath of the patient (or
possibly by requesting the patient to deliberately produce a burp) using the electronic nose.

30  Certain drug compositions might not be detectable in the exhaled breath. Others might have a
coating to prevent the medication from dissolving in the stomach. In both instances, as an
alternate embodiment, a non-toxic olfactory marker (e.g., volatile organic vapors) added to the
coating of the pill or in a separate fast dissolving compartmént in the pill or the solution (if the

medication is in liquid or suspension form) will provide a method to determine if the drug was
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ci r cunst b cegnnagep; gl ég“ﬁﬁ;ﬁ Zyéwpthyl&‘)pp-gptydlene- -al) - citrus; Menthol (1-methyl-4-

isopropylcyclohexane-3-ol) - menthol; and alpha-Pinene (2, 6, 6-trimethylbicyclo-(3,1,1)-2-
heptene) - pine. These markers are preferred since they are used in the food industry as flavor
ingredients and are permitted by the Food and Drug Administration as indicated in the Code of
Federal Regulations, Chapter 21, et. sec. Moreover, these markers are classified “generally

25  recognized as safe” by the Flavor and Extract Manufacturer's Association. These markers are
also all natural products and single individual compounds, not mixtures, to enhance detection
and represent a variety of chemical structures to enhance differentiation in detection devices.
They are generally poorly soluble in water which enhances their volatility and detection in the
breath.

30 Obviously, the number of marker substances that could be used is vast (Reference:
Fenaroli's Handbook of Flavor Ingredients, 3 edition, CRC Press, Boca Raton, 1995) and use
of such other applicable markers is contemplated herein.

To effectively use the olfactory markers, preferably, the medication (e.g., capsules,

tablets, gel-caps) is coated with a known marker substance along with rapidly dissolving glucose
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properties, whISERasifodhe sigsirons arse eagaeqged and ot H@S'ﬁ’ééhe e isensed ft@mhﬁ patigntst s own
mar ker. Pr ef es,amﬁ,rmﬁ.magpdrmgsude but are not limted to, the follow ng:
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(benzoi ¢ & dehyde) Whilpihe tPé'P’a’é(I &?6’ nef; thefpvgstion ‘%E?b’UtPW&ta ferument yredizatiopet hy|
propanoate) - ccﬁﬂ;ih@r&smn&xtnvﬁ&ﬂ%@}ﬁﬁdnﬂé@lﬁﬁﬁocéa%roﬁh%h@ﬁug RARNRIls, thefd i€4 HRATON;
QGtral (2-tr ammon’iy o? patlents w‘m };xtentmnal? x? CrEo?'ga g f?\gﬂ' Im_c cgtlons, grl \Ehrolsjesf'axlul\r/sg)ttgkcél
(1- net hyl - 4-
their medication can result in a public health crisis (i.e. the spread of drug resistant tuberculosis).
As a further guarantee that these individuals do not use deceptive practices to "fool" the sensors
25  (i.e. dissolving the tablet or capsules in a small amount of water to release the marker), a
pressure sensor can be incorporated into the detector to document that the patient is actually
exhaling through the device. A flow restrictor can be incorporated which increases the resistance
to exhalation. By the simple addition of a pressure transducer to the system, a pressure change
from baseline can be measured during exhalation. Additionally, a number of detectors are
30  available (i.e. end-tidal carbon dioxide monitors) that can be added to the device for use in
environments where deception may be likely (i.e. institutions and prisons) and the consequences
severe.
Additional embodimentsare also envisioned herein. Pulmonary delivery of medications

is well known, especially for conditions such as asthma and chronic obstructive pulmonary



I sopropyl cycl ohexane-3-0l) - nmenthol; and al pha-Pi nene (2, 6,
6-trinmethyl bicyclo-(3,1,1)-2- heptene) - pine. These preferred
since the Oéﬂ’é%%ed in the food industry as flavor -i rrlrglie |s§(r)1/§dsﬁ§2and are
permtted by the Food and Drug Administration as indicated in the Code of
Federal Regul ations, Chapter 21, et. sé&Z. Mreover, these markers are
classified "generally 25 recognized as safe" by the Flavor and Extract
Manuf act ur erdissasAsls Gheseinstanres, merisation fi: kastiopsteroids, bepnshodidaters, metichelencreissoduct s
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represent a vdriety o nem cal structures to enhance differentiation in
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number of marker substanceS that coul d be used is vast (Reference;
Fenarol i 'Ss dghivepasticasion by shivrouten feeantle Afypowder igliglers; hoke bespie pcrsasinglygoca
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herein. To effectively use the ol fé&ctory mar ker referably, t

A S, .P he
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PCT/ US00/ 30692 . 11 and/aor sucrose (i.e., the pill is coated with the marker

in air-fl ocdbei@ePtdesyad bermeBEss| s) | This would stinulate salivation and
serve tojespread i0Mactom makers 8dn®e Bdlled foehesrdalivepaystdms as eelhSiree thgddvivesard | f et i ne
in the cavity.. Since.the throat and esoph s are also caated w.th the
marker as t HESETSRIRIEANE Befipiontyficpy eryragtg’glgts?"gﬁa%ycﬂretlﬁcéjfpog\égﬁggoced. 5
Pref erabl y tthededievind ehepaticht naéd dnlyzghabrbackabreughithedeviesifolatwrreatatimed ackwrs  of
speci fic drugs, ,clas of . dr : ; L Site. TR rdRY Kers
coul d be used forLagg'é‘?:e??fscarefS'ﬁ%agEcg? @gérr%egéﬂogggﬁgf%%gé. err éxarrpl e, a
pati ent may ibeftenased fig patientawith Yirabinfectionser alengit rhinjtisehut is heing/iacreagsgused tand an
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for subcl'asses o0 antibrotics, such as erythronycins. Another marker could
be used for iawthespdodiresonthe patisntgan exhalethronghdke nogpforfdgiectiop by armagkes Bt sses of
anti hypertengiugs, such as cal ciumchannel blockers. The sanme would be
true for the anti-reflux drug. Furthernore, conbinatigns of nrr;gr ker

subst ances coul Fhpelerenignose Indirr segputercammupicatingtherewith (figire Yeangisp pANL ¢ o
speci fi cal | yih¢ gledidal staff and/bahgRtidhu 58y irre@flaritiedih desingpdusigerdB drug ii@actionsgs or
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prescribed drug at the appropriatetime and at the prescribed dosage. The device could also alert

the patient that it is time to take their medications.

Remote Communicati ste

A further embodiment of the invention includes a communications device in the home
25 (or other remote location) that will be interfaced to the electronic nose. The home
communicationsdevice will be able to transmit immediately or at prescribed intervals directly
or over a standard telephone line (or other communication mcans) the data collected by the
compliance monitoring device. The communication of the data will allow the physician to be
able to remotely verify if the patient took the prescribed drug at the prescribed time and dose.
30  The datatransmitted from the home can also be downloaded to a computer where the prescribed
drug regimen is stored in a database, and any deviations within limits from the prescribed drug
regimen would be automatically flagged (e.g., alarm) so that a home care nurse could telephone

the patient and inquire about the reasons for deviating from the prescribed drug regimen.



15 are dissolved in the nouth (or digested in the stomach, transmtted to

t he | ungs, etcB) The electronic nose can then detect tq% Hﬁiﬁﬁsnfronlthe
drugs or dPGH@ 44t ed wi'th 'sel ected markers when the patlen

(Figures 2 - 4) to confirmthat the nedication was taken on a dose by dose
basis. The el ectronic nose can record angd!or transmt the data sensed from
the patient's breath for nonitoring purposes. 20 Wiile the primry goal of
the invention is tloshopidriewedestgd trecthereamplepaideatbbdimentc dusqyibedineen hre for
notivated, re ' I eI there IS
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a further gua ntee that these i hdiVv 0 no use deceptive practices
to "fool "the HheprswpgnyEatigjis letemiﬂd@swevd#ﬂgtmmt anéyshronghdhe axbalatioh by a patieat snal |
amount of wat #ith 4 &vfc@htﬁﬁﬁ@ elgaﬁnmsgfe&)nolo ?sﬁ%{'ﬁ r%uﬁa%ﬁsc%n&@é?es, §ach as
incorporated into the detector to docune e patient 15 actually
exhal i ng t hr o8§rhremaiogarhy cleanscptaepws/iranssgrmal éqt@rloraeﬁmlmducnmapsﬁmmr%mawhu ch

i ncreases t hege@RimtleA B8 or U0 PX¥1Blea: fRbrescEYee tspe%trédhmnaeédﬁie :hw%ﬂné?]f alfd
pressure transducer to the system a pressure change from baseline can be
neasur ed dur i iefudsr markst degrstionmgtienly Breugh apatients ebpled bistth. dutalsethypughgveat,30

avai | abl e1i . iive el indedus, ORI, hiQXdnd Sth &Ry iR harfd R ihepaibne added to the
device for use in environnents where deception may be likely (i.e
institutions and prisons) and the consequences severe. Additional

enbodi ments are al so envi sioned herein. Pulnonary delivery of medications
is well known, especially for conditions such as asthma and chronic
obstructive pul nonary WO 01/ 34024 PCT/ US00/ 30692 12 di sease. In these

i nstances, nedication (i.e. corticosteroids, bronchodilators,
anticholenergics, etc.) is often nebulized or aerosolized and inhal ed
through the nmouth directly into the lungs. This allows delivery directly
to the affected organ (the lungs) and reduces side effects comon wth
enteral (oral) delivery. Metered dose inhalers (MDIs) or nebulizers are
commonly used to 5 deliver nedication by this route. Recently dry powder

i nhal ers have becone increasingly popular, as they do not require the use
of propellants such as CFCs. Propellants have been inplicated in worsening
asthma attacks, as well as depleting the ozone |layer. Dry power inhalers
are al so being used for drugs that were previously given only by other
routes, such as insulin, peptides, and hornones.




10 A factory markers can be added to these delivery systens as well. Since
the devices are designed to deliver nedication by the ﬁgll F&W route, the
sensor ar WAPMBHR4 be i ncorporated into the device and t @ P8t need onl y
exhal e back through the devic or documentationto occur. Lastly, devices
are avail able t m‘“ﬁ“‘ﬁ"j\l on byi4 he intranasal route. This route i's
often used for gmm:“ s al infections or allergic rhinitis, but is
bei ng i ncreasi ng used to "15 del i ver qgpki des and hornones as wel | . Again,
it would be sinple to incorporate a sensor array into these devices, or the
pati ent can exhal e through the nose for detection by an marker sensing
system The el ectr amicthot) 6Rtcamding patieftrpriplancec@mptising cat i ngt herewi th (Fi gure
4) can also notify ..the dical .staff d/qr the patient to an
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prescribed dru .the appropriate tinme and at the prescri bed dosage. The
devi ce coul g"“ﬁﬂ‘fg‘}kﬁ’lgé’?fa'do'&?’ec%oé'ti ent that it is time to take their

medi cati ons. Renpte Conmuni cation System A further enbodi nent of the

i nvention includgs [ [ ey] . : : er renote
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comuni cdt i emeskedevi ce will be able to transmt imediately or at prescribed
intervals directly or over a standard tel ephone |ine (or other

comuni cati on neans) the data collected by the conpliance nonitoring

devi ce. The conmiriheatethodoffaim thavherginsheparker igiap edrqui sibSARESi ci an to be able
to renotely verify if the patient took the prescribed drug at the
prescribed time and dose. 30 The data transmtted fromthe hone can al so be

downl oaddd to a doRsuneheindcdain Revisreins e pricats Wraly israaghyerd e FOfER fifed in a

dat abasey a%s&\@é’ ofl 8¥H GhariRP By Wedsbrl Rclnboldhy Seldcied Nfrdnh €erpit @A GdtorDgEl sehisorg
regi nren woul d_be aut onmat.i calf, flagg o€ at a hone care

ed .g., alarm so.th
nurse codl d eanUesXofPRductivrePolysier &435eTEPfd h‘lﬁ%yr%rsﬁ'%?fﬁfmt“ﬁg WS EB A or
devi ating f remndide. prescribed drug reginen. 111 WO 01/34024 PCT1US00/ 30692
13 It should be understood that the exanples and enbodi nents descri bed
herein are for illustrative purposes only and that various nodifications
or changas in | i ghrheirediodof claivh 4 iwhirein tissgrgarsecboblegy ppainess manigieiclebtedici n t he
art and are o _be |ncl 1.t hi j L] ' | Bar i
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1 6. The method of claim 1 wherein the marker is a flavor ingredient selected from trans-
Anethole (1-methoxy-4-propenyl benzene) - anise; Benzaldehyde (benzoic aldehyde) - bitter
almond; Buty! isobutyrate (n-butyl 2, methyl propanoate) - pineapple; Cinnamaldehyde (3-
phenylpropenal) - cinnamon; Citral (2-trans-3, 7-dimenthyl-2, 6-octadiene-1-al) - citrus;

Menthol (1-methyl-4-isopropylcyclohexane-3-0l) - menthol; and alpha-Pinene (2, 6, 6-

A W W N

trimethylbicyclo-(3,1,1)-2-heptene) - pine.

1 7. The method of claim 1 wherein the patient’s breath is analyzed to confirm the

2 presence of said marker by a spectrophotometer.

1 8. The method of claim 1 wherein the patient’s breath is analyzed to confirm the

2 presence of said marker by a mass spectrometer.



5 the present invention is intended to cover detection not only through the

exhal ati on ‘%“f’ﬁ?“ 1 pce utilizing el ect ron}&mﬁgoﬁgz
technol ogy, but a sjmﬂnﬂmg I;‘N ﬁmgechnol ogi es, such as gas
chromat ography, tra c ermal detection, sem conductive gas

sensors, mass spectroneters, IR or UV or5visible or fluorescence
spectrophotoneters. The invention also includes marker detection not only
through a batient'% dhhalethdd bf daimh] wherein aheswarkérr is @y RdditveatombindD withlthiev a,
urine, nMuCPUSpedladibn. Nails, tears, and other bodily discharge of the

pati ent. WO 01/34024 PCT/US00/30692 14 1~~~1~~\\\\I{11li 14\ ' s C*
Clains 1 1. A nethod of determ ning patient conpliance, conprising 2
providing a nedication with a detectable marker to be taken by the patient,
and 3 subsequently anal yzi ngt he patient's breath to confirmthe presence of
sai d markel and 4% Rrsmethad of glrimnlgwhereinsthe markerds e epatingren the mediciigs. net hod of
claim1 wherein the nedication itself conprises said detectable 2 marker.
1 3. The nethod of claim| wherein the marker is an odorous substance. 1 4.
The met hod! of cl ai hh 3hafprthodptridimdO phereiamsubstanse ostimulpts salivatioyis éngludest vabnf i r m
the 2 presengenmafkesai d marker by sensor technol ogy sel ected from

sem conduct or gas sensor 3 technol ogy, conductive pol ynmer gas sensor

t echnol ogy, or surface acoustic wave gas sensor 4 technology. 1 5. The

met hod of rl ai m 4 1hehanéhddReclsiaimSierdiPBOMAKOTY inPILQRA WG 3 liguill Hle@itkRion.
electronic 2 fingerprintto characterize the marker such that the presence
and concentration of the marker is 3 determned. 1 6. The nethod of claim
| wherein the nmar ki Thesnaholofalain 1 iwhereialieamirkes &ligtidedwith OpolhémRarliverdnet hol e
(1- et hoxys 4- BE&’Pa%EQ/' benzene) - ani se; Benzal dehyde (benzoic al dehyde) -
bitter 3 alnond; Butyl isobutyrate (n-butyl 2, nethyl propanoate) -

pi neappl e; G nnanal dehyde (3- 4 phenyl propenal) - cinnanon; Ctral
(2-trans-3; 7-di mept - 4 adl -] - = .chtrus.. 5 Menthol.

(1- net hyl - 4-iso " qu %ég%g%dg);gg'@ngl%ﬁ" tbe rﬁ%?r(ﬁr sch;IUdgln‘aﬁha‘}"ﬁﬁtgp?éfwgh‘@“&, 6,
6- 6 trimef hympdieajien.o- (3,1, 1)-2-heptene) - pine. 1 7. The nethod of claim1
wherein the patient's breath is analyzed to confirmthe

1 15. The method of claim 1 wherein the marker is included with intravenously delivered

2  medication.

1 16. The method of claim 1 further comprising the step of recording data resulting from
2  analysis of the patient’s breath.

1 17. Themethod of claim 1 further comprising the step of transmitting data resulting

2 from analysis of the patient’s breath.

1 18. The method of claim 1 wherein the analysis of the patient’s breath includes
2 comparing the marker sensed in the patient’s breath with a predetermined signature profile of

3 aspecific marker.

1 19. The method of claim 18 wherein the predetermined signature profile of a specific

2 marker is associated with a specific drug.



2 presence of said marker by a spectrophotoneter. 1 8. The rret hod of claim
| wherein the patmm m ﬁm” anal yzed to confirmthe gresence of

sai d mar kB0 B34y H ﬁ fm WO 01/3402' | 1111 |‘i'qT"|’§°P’ 2 Vit v
Il 1111 PCT/US00/3b692 'C M Ms 15 1 9. The nethod of claim 1 wherein the
marker is an additive conbined with thg 2 nmedication. 1 10. The nethod of -

claiml wherein the marker is a coating on the nedication. | 11. The nethod

of clai m10 wherm. Them&htdSF elfime] Stwheini i hrétfeRmiinddisigaitin® Profife of Begetiied With 2
t he rrarkgr 1.12. The get od Ofﬁéfl aim!| wherein the nmarker is included wth

a |i qui d? meBPEETLE FPcatlrd 141 a ¢SS of 8 of claim | wherein the marker is
included with a pulmonary delivered 2 nedication. 1 14. The nethod of

claiml erein jhe mark cluddvvtt nLrana red 2
reai cati o 3 1ot TR SRt he 3 bEA GRS eIk BRIF D odi ¢
intravenzusin)avdsshhpmexrtednalyz:srredl catl on. 1 16. The nmethod of claim]l further
conprising the step of recording data resulting from 2 analysis of the
patient's breath. 1 17. The method of claiml further conprising the step
of transhitting 2Pa¥le metimdiof clag 1 frtler compainiag ths step oﬁdehthédibéﬂgitmati@t‘br eath. 1

18. The t wherein the analysis of the pat| ent's breath
i ncl udesg13 Q'%g}r]rg‘]:m%ﬁbl?%}e mar ker sensed in the patient's breath with a

predeterm ned signature profile of 3 a specific marker. 1 19. The nethod

of claim18 whergy ﬂ,cm%oasm?Wraﬁ%eﬁag@ﬁiranaapam4&%@&&@9&.@5f' c 2
marker is associated with a specific drug. 34( s e £ f f 111

L11Lff f1 71| mpthfobedeteqtabls. USO0/ 30692 M S 16 1 20 The rret hod of claim 18
wherein the predeterm ned signature profile of a specific

1 24. The method of claim 1 wherein the marker first reacts with acids in the patient’s

2  stomach to be detectable.

1 25. The method of claim 1 wherein the marker is absorbed in the patient’s

2  gastrointestinal tract and excreted in the lungs.

] 26. The method of claim 1 wherein the data resulting from analysis of the patient’s

2 breath includes marker concentration and, thus, medication concentration.

I 27. The method of claim 1 further comprising the step of identifying a baseline marker

2 spectrum for the patient prior to the patient’s taking of the medication.

1 28. The method of claim 1 wherein said analysis further includes detecting exhalation

2  of the patient’s breath with a sensor.

1 29. A method of determining patient compliance, comprising

2 providing a medication with a detectable marker to be taken by the patient, and

3 subsequently analyzing the patient utilizing transdermal detection to confirm the
4  presence of said marker and thus the taking of said medication.

—

30. A method of determining patient compliance, comprising

2 providing a medication with a detectable marker to be taken by the patient, and



2 marker is associated with a class of drugs. 1 21. The net hod of clai m |
further corg%l §| ng the step of turing the patient's brf%t

vessel prior & a ‘ ““ ﬁ \B‘ﬁe met hod of claiml fur corrpr|5| ng
the step of dehumuw ent's 2 breath prior to analysis. 1 23.
The method of claim | twhéreln the marker1first reacts wth enzynmes in the
patient's 2 nouth to be detectable. 1 24. The nethod of claiml wherein
the marker3first rehesguenilyanalyziog tispatient ttilzinga¢viesa ton®phaZesitdenaioh to confixen
detect abl e | mar ker is absorbed in
t he pati en? Stt%%reg%@ﬁ%?iﬁ?%&ef’%}gﬁlu? #hg}:at%mgﬂﬁ;agx"gerd é:ht?od‘ in the lungs. | 26.
The nmethod of claim| wherein the data resulting from anal ysis of the
patient's 12 breathyli i gation
concentration. | 221 :?'ﬁxlle&?r’g?ﬁg%&%?{gc afl%%t‘?hﬁc?'t Ee%t&%gﬁpé{%ﬁ%né% St ep of
|dent|fy| ng ac‘®BEBi"Bne marker 2 spectrumfor the patient prior to the

patient's gaking Ofdeﬁthﬁné@@e'l&éﬁl'e%keﬁsugéance-r method of claim) wherein
sai d anal ysis further 1ncludes detecting exhalation 2 of the patient's

breath witf a sensBpducingg 9’ed‘ﬁ?‘%f‘mﬁ’ﬂ’e@)‘fvlﬂd%tdé‘ﬁtﬁﬁ?hlwrmﬁque todapakerabc e,
conpri sings2 [HeQuicdi wi@reBy %%%ﬁdﬂﬂ?ﬂé’ﬁf e pﬁleﬁitestb?&ﬂﬁml SonfiBh #ﬁgg redeflceRfsal 2k en by

the patient, and 3 subsequently anal ¥ZI ng the patient uti i ng transder nal
detection fo EBH‘FTSr"hﬁt‘t“ﬁ%a“d&h“ﬁF"@é"é‘ﬁ@é Wfd medicgtionar ker and thus the taking of
said nedication. 1 30. A nethod of determ ning patient conpliance,
conprising 2 providing a nedication with a detectable marker to be taken by
the patien, and ~32.|AnlappdratidGoF 1R/ BR6SIing Paickdl domplidifkd Wit nkdidations) dald  \ \ 1\ |
H* LS 17 311'%”1@3%%%%0%{; anl%na:yys%anneg ﬁssf)%&tpda[béég“ﬂhlcu‘:l kg1 ng reverse

i ont ophor edi s deract enne Bake M2 d marker and t hus

t he taki ng of said, thé%@ﬁd 0 sk hod o medi cation which

; f:

i s detecta | e fOI’_ I ) (\:logpls a eexposecgigg atlen Preé?}dancd prlsmgamaterlaln
selectively absorptive of a group of chemical substances of wh1ch said marker substance is a

5  member;
6 (b) analysis means, coupled to the sensor, for producing an electrical signal indicative
7  of the presence of said marker substance.

33. The apparatus of claim 32, wherein the analysis means are further operative to

2 determine the approximate concentration of the marker substance.

\

1 34. The apparatus of claim 33, wherein the sensor comprises a surface acoustic wave
2 device.

1 35. An apparatus for rapidly determining patient compliance with medications, said
2 medications having marker substances associated therewith comprising:

3 (2) means for receiving air exhaled by the patient; and

4 (b) means for measuring the marker substance concentration in said exhaled air.



3 identifying a detectable marker substance, and 4 produci nga nedi cation
conbined with said detectable marker substance to be taggf Q t he
e

pati ent V\A’f\é‘?@by” HHHH' “MHI&SI s of the patient's br confirm
t he presence of ubstance and thus the taking of said

medi cation. 1 32. An appara us’ for rapijgl y determ ning patient conpliance -
with nmedications, said 2 nedications having marker substances associ at ed
therew th, corrpr i35j'mng afbafati} of&:la&iﬁBlSﬁferehﬁédidmgaan& fSﬂtﬁeﬁaﬁl@lﬁg i paketubstanth e

patient's breath an teri.al . 4 selectiv absorpt.ive of a -
b oup. of Thamedies St Faelsay iecl o Sehifaposely it otpPadledr FRARne S, 2108,
6 (b) ana}l yspog/mmgmsmsurwmw,toosdrfaaa santsowsve garseporaethindlopy. an el ectri cal
signal indicative 7 of the presence of said nmarker substance. 1 33. The
apparatus of claim 32, wherein the analysis nmeans are further operative to
2 deternilne the &ppTiemetat of daimt whereiathe markedfis indleledwitikieansdemipdly delicged 1 1 34.
The apparat ulgedg)c m&l aim 33, wherein the sensor conprises a surface acoustic
wave 2 dévice 135, An apparatus for rapidly determ ning patient
conpliance with nmedications, said 2 nedications having marker substances
associ at egd t her ewgt ! iving air exhal ed by
the pati gnt andw?l l(qb %gﬁ%@%’gnﬁgggﬁpl nagﬂmﬁﬁgwﬁﬁ? subst ance

concentr & i on i nansysingahetpaticats bregth to\dgleqthe-pres¢nce ofjajpredetermiined yiarker; pad | | | |
11 PCT/ 3U8001306&gnﬁ/ingthle miedi ’:atxMxﬁtﬂe%atleLt which 1I%o%@nﬁﬁl%eﬂ&etﬁ1ﬁkép 35
wherein said neans for nmeasuring the marker substance 2 conprises sensor
technol ogy sel ected from sem conduct or gas sensor technol ogy, conductive 3
pol ymer gas sensor technol ogy, or surface acoustic wave gas sensor
technology. 1 37. The nethod of claiml wherein the marker is included with
transdernmal | ydelivered 2 nedication. 1 38. A nethod of detecting

medi cation in a patient conprising: 2 analysing the patient's breath to
detect the presence of a predeterm ned marker; and 3 identifyingthe

medi cation in the patient which is associated with the detected marker.



