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‘Non-compliaucc 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 prescribed time 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 literature review.

Clinical Therapeurics, 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  [Belt 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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noses," to _non-invasively nonitor conpliance. The invention further
i ncl udes aP8HB%ting system capabl e of tracking conpliance (renote or

proxi mate) and Recvdifileherdie a NEUSS B b féHlaFhdifod BRAPRLO BRI dofplishcBWniAl ect
of the present invention to detect marker substances as a mg.asure of

patient cdiprifessEeplemoniaringakmedieationdasine whigh in Ben-jnvasives inteitive andrsauitary.
technol ogy (e.g., silicon chip technology) to non-invasively nonitor
conpliance of patients to prescribed drug reginens. It is a further object
of thd3present invention to pBusfStenmary efibeInventien/st em capabl e of tracking
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~ for monitoring drug compliance by detecting markers, such as odors, upon exhaiation by a
patient after medication is'taken, wherein such markers result either directly from the medication
itself or from an additive combined with the medication. In the case of olfactory markers, the
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 patientcompliance by methods including, but not limited to, sen;sor technology (e.g.,
silicon chip technology) to non-invasively monitor compliance of patfents to prescribed drug
regimens,
It is a further object of the presenf invention to provide a reporting system éapable of
tracking compliance and alerting patients, healthcare personnel, and/or in some instances health
30 officials of non-compliance.
The invention wili 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. AH patents, patent applications, provisional applications, and publications referred to
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that is detcect@chnbycaeans aobmptie Phyekidaks vioswmakaenduaalipr operti es as an
i ndication that the patient has taken the nedication. This includes the use
of the medication itself as its own narker. The marker substance is then

detect ¢l by devices includi pgtabed Qmj;mn'm'ﬂ;@!ntvmtmnect roni ¢ noses,

spectrophotorrete‘[s to detect the, marker or visible absorbance or

fl uor escence, hepissent yeqtiog pravidesa P’Sthﬂéf"ldﬁp PRIRLYS fg mojtoring drug compliance

by detecting markers released for detection upon exhalation afier medication is taken by a
patient. The detected markers are derived either directly from the medication itself or from a
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 compbunds 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 including but not limited to electronic noses, spectrophotometers to detect the marker's
IR, UV, or visible absorﬁance or fluorescence, or mass spectrometers to detect the marker's
characteristic mass display.
Gas Sensor Technology

30 | The invention preferably utilizes gas sensor technology, 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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20  US5605612 to Park et al., entitled “Gas sensor and manufacturing method of the same™;

LiS5756879to }hmdgishi et al,, entitled “Volatile organic compound sensors”; US5783154 to

Althainz et al., entitled “Sensor for reducing or oxidizing gases™; and US5830412 to Kimura et

al., entitled “Sensor device, and disaster prevention system and electronic equipment each

having sensor device incorporatedtherein,” all of which are incorporated herein by reference in
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  present invention includes transcutaneous/transdermal detection, such as that disclosed in U.S.
Patent No. 5,771,890to Tamada 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 herein by reference. Marker

detection of the present invention through body fluids as known in the art such as sweat, saliva,
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- 1o room tenper alpyfyeneric gas sensors can be built into an array of sensors, where each sensor 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 cﬁemical analyte. SAW devices are described in numerous patents

and publications, including U.S. Patent No. 4,312,228 to Wohitjen 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 exposure
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. Asa result, 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 spinnihg, spraying, or dfpping 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 contamination and morphologicalinhomogeneities in the fiim 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 separate techniques like photolithographyor chemical vapor deposition are needed

to transform these films into microdevices. Other technigues such as thermat evaporation and
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(MAPLE) , hqy,%re preferred in the present invention to monitor the exhaled breath from a patient to detect

medication dosing. These devices offer minimal cycle time, can detect multiplé odors, can work
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 determ iﬁc if a patient has taken the prescribed drug at the
appropriate 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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t 0 a procC@sgiGlaindarker being sensed. The electronic nose of the present invention is preferably a self-

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 simultaﬁeous thin-film depositioﬁ wave detection and obtain opti.mum

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 mouthpiece 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 electronic nose should be similarwhen the same patient exhales directly into the device
and when the exhaled gases are allowed to dry before they are sampied by the electronic nose.

The humidity 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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patient does not have to wait to perform the test after taking the drug.

However, there may be instances where detection after excretion from the lungs is

preferable. This may be the case when an marker or olfactory marker is added to a medication
25  thatis given by the intravenousroute, Under these circumstances, excretion may occur rapidly
since intravenously injected medications pass rapidly to the lungs and can be excreied.

Thus, when a drug is ingested by a patient, the preferred embodiment of the invention
detects the presence of that drug almost 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 i)ill or in a separate fast dissolving compartmeit 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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the intravenous_route. Under these circunstances, excretion nmay occur
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coat i ng of isoprepybéykciohexank3-al) s meathal and sipha-Rina®Ry 6, OtriIRABILYBRAL3,1,M-2-he
pril or t hheepﬁegcla)qtpii:%? T‘u.!:sfe ngar}l?ers are preferred since they are used in the food industry as flavor
ingredients and are permitied 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, 1o 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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volatilit )éoﬁgﬂarﬂginetﬁgﬁ\%&dl, l]gsptonSblc(albeitoccasionaliyforgetful) individuals, there is a small

minority of patienis who intentionélly do not take their medications, or whose failure to take

“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 practicesto "fool" the sensors

25  (ie. 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 restrictorcan 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 deceptionmay be likely (i.e. institutionsand 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
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swal | owed, Td&tallops gelivery dirgetiyia theaffnetetasgan (the fyngkloanditdacessidedefbica eomirion

il ' ' ' | fic.drugs cl asses, of
g A BRI AR, M) R QBT LS o b5 55
drugs of f @elives madigatiomby thivgate. FBeceathardyy pawdar prhblessniavetigcdife indlasigglgn

i bi oti ' . antj-reflux drug. QOne
o ker _couPIPal AL (D BTOL R Be SUEH prondtifls Mo CRcs; Petpnunis B Ter
ant i bi ot i cémplicatédl mswerssritey asthned attacksNaO ek fas MBHIK@TE 160 Wz6hedRyHS SOyl Rhwer

anti hypert i ves .10 cl.ass, or, for specgifjc_ subc|asses of
ant i hiBer t Zﬂlé*eﬁseagf a 5%@7{“%%5"6 g‘?’@f‘@ﬁ]@ﬁ‘&ﬁ’ﬁé’ﬁﬂﬂ“&'&’&‘f@ onlyrhy othereutesosict ape
true for theubmipeptidaf,ladd hekideges. Furt her nore, conbi nati ons of marker

substapces coul d.be used allowi ng a rather snmall nunber of markers to
specifttally i d(gﬁfaFtPV 'Ha"g%{“ﬁ‘g"é' tﬁﬁi’%@l‘omﬁﬁedﬁwwd?tpmﬁ@.WQM@?]Qelﬁéﬁdtwmwegr
drugs coat gekigied tb V@ G181 % HeSufthchal e dru . are
di sgol ved iGningﬁ_ae m)ﬁt hﬁ{(eormélt%il]gbgstez)cllll i%ﬁ@@%@%ﬁ?%ﬁﬁ%fﬁ%ﬁ% O'g%d{ &
| ungs, et cte devipgandahexpatiens nied anbysaheeback Heongli dteatevice foe doamieatatibn Roctdie

drugs or drugs . when t he patient exhal es

(Fi gures 2 -g4) Q%%ng%%e%?ﬁe%ﬁgﬁ%%ﬁgd%?%g lf:%'r"im% ihe sg)foufe-gLUETgNe  gose
basi's. Thelseffiettsed forpationtovithevirat i Gotichsanalecgic rlhhﬂﬁ‘sslﬁitﬁj lhdii%hiﬂaﬁeéb_il’igetfb&@d) f rom
h | eng., i i n ur.poses. 20 WiiJe the primary goal o
e Pofs ©efor Rk R 0L BRTRAS e S0 e BT 00l

not i vat ed, intetberedevibdscor ¢l patiént cancexhsle hirdigh the hosedBit dettlcion Betinthei@lsenshiider e 1s
a snmall rrg %rity of patients who intentionally do not take their

medi cationg{gt Or whose failure to take their medication can result in a

public heal th cThedlectiohicRdseafi@orzBmPater cOmnidnitBig@frSlititFigh G EGIIRTLEY:  AS
-a further guarantee th hese individual s do not use deceptive practices
to "fool " ﬁglegigﬂ§8]ﬁémg‘}or tLe patient to any lrregt_llantles in dosing, dangerous drug interactions,
20 and the ﬁike. This system will enable determination as to whether a patient has taken the
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 Communication System |
A further embodiment of the invenﬁon 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 telef)hone line (or other communication means) the data coliected 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 data transmitted from the home can also be downloadedto 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.




25 (d-.e. dissolving the tablet or capsules in a small anmount of water to
rel ease the marker), a pressure sensor can be incorporated i rgﬂm\ﬂg 4
detector .to docunent that the patient is actually exhaling throug Pﬂe
device. A flow restrictorcan be incorporated which increases the resistance
"to exhalation. By the sinple addition ofrg pressure transducer to the
system a pressure change from baseline “tan be neasured during exhal ation

Additionally, a nu r.,of detectors are 30 available (i.e. end-tidal carbon
di oxi de moni t or s_?t sgtﬂ)'gf! bgé.'ﬁgeéﬁ" : @dhim sd’_ﬁaﬁﬁ‘ °‘%‘B‘P$"l§_§85°?"ﬁe hesein asisent s
wher e decepillusifative pulpsdsi dad srd(thatSaribisSthbditAtRAS oABIANREY R AR thaRdf bWilfbe
consequences severe. Additiaqgnal enbodi nentsare al so envisioned herein.

Pul nonary oRW8BSAtsdyo pRrsans skillediin the art apdiargq e ingleded withinshe sniigapd puvieweod dhis i ons
such as ast ' '

e Lo aougReand affﬂ"égi”é’ pe B4 fdEideli S %ﬁ%ﬁﬂ%&%ﬁﬁp‘%ﬁ%&ﬁ&h@ B
corti cost erthe gresensinyentionds intgnded to coxendetetivrnng pefy dwoughghe exhalaonby @ patient

bulized : | s i t i tly.into th
Mings. - Thi WHEFPERE el AR AB bRyl APl st el s an
reduces si dgs eh!fuemtograpbymnnscutaheolnslemtsde:aial deeaioh, sdmlicondiictive i ik, ARSE
i, 1 out eresritir TR ET ah it fERErettaesispbampisty The Mgpipn a0
popul ar, -asinéliéds melokdd ditet@iot énly iRouphar matiefs RIRNdPBEfh VAERsAGrddhSweat,

Propel [ ants have been - inpljcated in worsening asthma attacks, as well as
depl et i’ﬂg tAH Vo PEPR THugOHSy haigynails, dages, and ﬁh%[lt@ﬂgy dischargeof thegmatientused f or

drugs that were previously given only by other routes, such as insulin,
pepti des, and hornones. to A factory markers can be added to these delivery
systens as well. Since the devices are designed to deliver nedication by
the pul nonary route, the sensor array can be incorporated into the device.
and the patient need only exhal e back through the device for documentation
to occur. Lastly, devices are available to deliver nmedicati.on by the
intranasal route. This route is often used forpatientswith viral
infections.or allergic rhinitis, but is being increasing used to 15
del i ver peptides and hornones as well. Again, it would be sinple to

i ncorporate a sensor array into these devices, or, the patient can exhal e

t hrough the. nose for detecti-on by an marker sensing system The

el ectroni cnose and/ or conputer communicating therew th(Figure4) can al so
notify the nmedical staff and/or the patient to any irregularities in

dosi ng, dangerous drug interactions,




20 and the like. This systemw || enable determ nation as to whether a .

patient has taken the prescribed drug at the appropriate ti mesa vbhobhe

prescrlmlggmge The device could also alert the pati e? /3dgbz 1S tine
I'r "medi cati ons. Renobte Conmmuni cation System A further

to tak

enbodi ment of* t he i nvention includes a comunications device in the home 25
(or other renote location) that will beadinterfaced to the el ectronic nose.
The hone conmuni cations device will be able to transmt imediately or at

prescribed intervals directly or oveClamstandard tel ephone |ine (or other
communi cati on neans) the data collected by the conpliance nonitoring

devi ce. The conmmuni cation of the data will allow the physician to be able
to remptely very wmke{hoabﬁd&&mnﬁngpamkc&m.aﬁéeeé&ﬁ R drug at the
prescribed time and dose. he"data transmtted fromthe hone can al so be

downl c&ded to a’f@‘éﬁpmeﬁdm@wm%dftﬁ@@d? mpekgr tochedigken byithapaticrt. andored in a
dat abage, and bd

regi maa% woul d %g‘ysggf%hgﬁa@%ﬁ%m €1E lgglgeﬁ Eehs't'é) °5Wa{r“§f&§§'§°t% ﬁgpﬁg ﬂ(#gang are
nurse 4oukithstiel tekihgnfsaid hedigmibhent and i nquire about the reasons for
deviating fromthe prescribed drug reginen.. 5 MAY 2004 13 It should be
understood that the exanples and enbodi nents described herein are for
illustrative purmaeesetdl of A4ith 1 Referali ticotiediemidh fiiself cbMPrised lsaiddeR@@blei N
light thereof will be suggested to persons skilled in the art and are to
be i nc? ud8#KEt hi n t he spirit and purview of this application and the
scope of the appended clains. Specifically, the marker detection nethod of
5 the present invention is intended to cover detection not only through the
exhal a{) i on by &-Phamethed ofiglaim hwhergingle mesker is ph gdarpuscupHpfice: nose

technol ogy, but al so other suitable technol ogies, such as gas

chromat ogr aphy, transcutaneous/transdernmal detection, sem conductive gas
sensork, nass 4sﬂ"bcm@h®t@’r@am RVd‘lerGLNﬂGrPa&!P!stl sbreathris phalpredde enefem the

- spectr photorret ers: . The . nyen | n S rker. n only
t hr ou % pa neg Of f sszjudex arljer g@b%egg @t n% oggI %&)e%&ﬁr%%hégucoq?&&& ga% seF?oE'
urine, 3 MU eghitlogya conduntivel (] yrsaraas seramdedmhblgyhﬂctutfgcechcsudmwgﬁegﬁs teher

‘pati ey 5h MAY 2004 WO 01/34024 PCT1US00130692 14 Clains 1 1. A nethod of
~ det ernf ni If§ 198Yent conpl i ance, conprising
1 5. The method of'claim 4 wherein the sensor technology produces a unique electronic

2 fingerprintto characterizethe marker such that the presence and concentration of the marker is

'3 determined.

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; Butyl isobutyrate (n-butyl 2, methjil propanoate) - pineapple; Cinnamaldehyde (3-
phenylpropenal) - cinnamon; Citral (2-trans-3, 7-dimenthyl-2, 6-octadiene-1-al) - citrus;

Menthol (I-methyl-4-isopropylcyclohexane-3-o0l) - menthol; and alpha-Pinene (2, 6, 6-

(- TR, TR -~ P R &

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

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.




2 providing a nedication with a detectable marker to be taken by the
patient, and 3 subsequently anal yzing the patient's breath togzm\}%ggj’ he
presence: of said marker and 4 thus the taking of said nedication. . Th
met hod of claim1 wherein the nmedication itself conprises.said detectable

2 marker. 1 3. The nethod of claim|l wheyin the marker is an odorous
substance. 1 4. The nethod of claim3 wherein the patient's breath is

anal yzed to confgr e .saj d I sor .technal ogy

sel ect egl from sedr‘ﬁ %%E'ﬁe&%dr nglgﬁ'ggn‘g%pmﬁghﬁ ee ﬁgl?goﬁlg?{ddé@%d%c bl"%f’g “rr)’g\ @'grer
gas sensor niedidhnial. ogy, or surface acoustic wave gas sensor 4 technology. 1
S. The nethod of claim4 wherein the sensor technol ogy produces a uni que
electronic 2 fingerprint to characterize the marker such that the presence
and concentration of the marker is 3 determned. 1 6. The nethod of claim
1 wherejn the r’rﬁrkﬁ;q is.a fhév_or iﬁgr_edLent sel ected fromtrans- 2 Anethole
(1- met hbxy- 4- pr dfehRa meBAd ehelgim 1 whereiw. thesmarkar ig argaiinscpdbeprdicalipieny de) -
bitter 3 alnond; Butyl isobutyrate (n-butyl 2, methyl propanoate) -

pi neappl e; G nnanmal dehyde (3- 4 phenyl propenal) - cinnanmon; G tral
(2-trank-3, 7-dildeHeiysthod ofglaimilavhersind substynce tastimulpte saligatiop istivedided with
(1-nethyl - -cirﬁigpgrppyl cycl ohexane-3-0l) - nenthol; and al pha-Pi nene (2, 6,

6- 6 trinmethylbicyclo-(3,1,1)-2-heptene) - pine. 1 7. The nethod of claim1
wherein the patient's breath is analyzed to confirmthe 2 presence of said
mar ker by a spegtr-aph feo: 1 The, nmet hod of  claiml wherein the

pati ent]' S breat ﬁﬁl @%arﬁéatﬁg‘};éﬁd?'ﬁn lcgir'ﬁrfnp %etrﬁgeruerz's bﬂfé@gﬁg@l 8f‘q'§'§f"§d'ﬁ%tf‘°l?tar by a
mass spectronmeter. 5 MAY 2004 15 1 9. The nethod of claim|l wherein the

marker is an addjtjve conpined with the 2 nedjcation. .1 10. The net hod of
clai m ! wher ei n%‘rié‘etﬁ‘?q{‘gf"fi“ iy T whapeiny eHﬁ"ieﬁé“ﬁ’ﬂH‘?egaW'fhcﬁ‘E“"P“fﬂd ¥eedret hod
of cl aigm 1Qewlatdml N a substance to stinulate salivation is included with 2

the marker. 1 12. The nethod of claim| wherein the marker is included with
a liquid nmedication. 1 13. The method of claim| wherein the marker is

includgd with ajpuridiahyd SIS Bk rein the marker is included with an intranasal delivered

2 medication.

-

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.

17.  The method 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 medi cation. 14. The method of claim| wherein the marker is included wth .
an intranasal delivered 2 fredication. 1 15. The nethod of cl aignia gqgin
the mar kgp ghBqg29C! uded with intravenously delivered 2 ”E(#éﬁ%&cﬂfio& .
The nethod of claim1 further conprising the step of recording data
resulting from 2 analysis of the patient's breath. 1 17. The method of
claim| further conprising the step of tdansmtting data resulting 2 from
anal ysis of the patient's breath. 1 18. The nmethod of claim 1l wherein the
anal ysils of the2(pdieerethod dfchin h8 wherkindbs pre@tamined signgtutengofilidf aspesifised in
t he pat,ient. iy L) e ermned signature profile of 3 a
specif?c ﬂ%?‘8§5§§$Q5¥5¥ﬁ3%ﬁ§?ﬁgﬁkﬁF-C|ain118 wherei n the predeterm ned
signature profile of a specific 2 marker is associated with a specific
dr ug. MAY 2004 . 0154024' PCT/ US00/ 30692 16 1 20. The method of claim
18 wherein the %H‘ngnsﬁ'ﬁf? ﬂéf!a'g‘i IfHEhes cemprisie thesster of captiiang the patient'siready | s
associ gt ednWvesePprior &fmaffsisdr ugs. 1 21. The nethod of claim| further
conprising the step of capturing the patient's breath 2 in a vessel prior
to analysis. 1 22. The method of claim| further conprising the step of .
dehum qi fying t o ' Bolad ' is..k .23, Th t hod
of cl aiqlm I \/\/neri(;,ki?r'{ﬂ ?ﬁg%rrgro %’?l%} ??@E'P%Ozgﬁ trfsg{n&nh%hﬁ%ra]d{é?rﬁe@mp#"f' %g]-epﬁilﬁ FBrit's 2
mout h €0 Deeatfepriarttepiadysisi 24. The met hod of claim | wherein the marker
first reacts with acids in the patient's 2 stomach to be detectable. 1 25.
The met hod of claim| wherein the marker is absorbed in the patient's 2
gast roitnt est i na?3. Theatthadel oisier etheskin the ket firsgsactshvifenzyihes ifgicademfs cl ai m
| whergin tQ@Edq;gﬁgps ting fromanalysis of the patient's 2 breath

fo ResKteER

i ncl udés M ation and, thus, nedication concentration. 1 27.
The method of claiml| further conprising the step of identifying a baseline:
mar ker . .

I 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.

-

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

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

1 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 ofthe 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 med‘ication.

30. A method of determining patient compliance, comprising

[ %]

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




2 spéctrumfor the patient prior to the patient's taking of the nedication.
28. The nethod of claim 1l wherein said analysis further incl u%m,@p?g@&i ng
exhal ation of the patient's breath with a sensor. 1 29. A nethod o
determ ning patient conpliance, conprising 2 providing a nedication with a
detectabl e marker to be taken by the patiizent, and 3 subsequently anal yzi ng
the patient utilizing transdermal detection to confirmthe 4 presence of
sai d maBker and subseyubdty ahalicingthe baeat ViiliBRg rvaist Rdtophorelis doelontO otfm .
det erm ni nqh‘gatl entefo_gjol i ance, conprising 2 providing a nedication with a
det ect abl e haPressnce of i parkenand ghus the tldng fispid medisationidy 2004 17 3

subsequent|ly analyzing the patient utilizing reverse iontophoresis
detection to confirm the presence of said marker and thus the taking of

sai d medli cation.3lt Aimethodeft prodicofz medidtion whichdddaetibian fortpatiénticemplieinee,t abl e
for pat'ﬁentcmq]gH%h' ance, 2 conprising 3 identifying a detectable marker
subst ance, an %roduci ng a medi cation conbined with said detectable

mar ker 3ubst anceadtmifiag b détectatily matket substiprkj Mt wher eby subsequent anal ysi s
of the patient's breath will .confitmthe presen of said 6 marker

subst an%e and t Hﬁgél{"ﬁ@ ampdicationgombisiedy wn%aﬁ'%%tqﬁfe marker subgtangeytochedaken by or
rapi dl y5 det/pationtddheRBY sibBdquemtaRdly sSHF the Phtidhe §Bdhdh Hill O8lHirm3AM Shesefice of said

medi cat i ons havi ng marker substances associated therewth, conprising 3 (a)
a sensdt harkeg substanes addhusithetaking phsaidymedicativent ' s breath and conprising a
material 4 selectively absorptive of a group of chem cal substances of

whi ch said marker substance is a 5 nenber, 6 (b) analysis neans, coupled
to the gensor, f3@r AR ' : i i iadicative .7 .0f th
presence of sai 5’9@?@2{%@%&% é@?gﬁ&@?m#ﬁe i%gg%‘?@%ﬁggo tlhc %lllcrar'flgrfj Sﬂier ein
t he and ysmsdications hayiag markensubstapres ssspojated there@ithiaomprising t he appr oxi mat e
concentration of the marker substance. 1 34. The apparatus of claim 33,
wherei 3 t he senfoma sexwphavings sarfawetmsel tadeymtiént’s\weanch and @aipriSg a Inadkial AN

appar atus ée%cti(rglgIagéééptgv%to?grgrorypn c e%gi!:a? Q&bs&gggg Iolf %'?xlcc% s\é\edt£arﬁgrdgugg§|:cg E]ssé sai d
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 patieat 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.




2 medi cations havi ng mar ker substances associ ated therewith conprising: 3

(a) neans for receiving air exhaled by the patient; and 4 (b) 5@9(\16 bg&
heasuring the marker substance concenggation in said exhaled air. g MVAY

2004 36. The apparatus of claim 35 wherein said nmeans for neasuring the
mar ker subst ' l.ect.ed..f rom semi conduct or
gas sensor t?ﬁﬁ%ﬁ’ §8y ‘??ﬁ?ﬁwe'%@%@%&%@&%%%F‘&eﬂlﬁ?&‘rfa langg -
surf ace aeomprisdsisensantechnpdogyselested fipacienutondycioras séhiser teahinbogy, ebndicfid |
wherein the marker is ingluded wth transdermally delivered nedication.
38, A Fats st echiolosie i sReORCORRIO VS ERs SRSl EBRTISBh: | anal ysi hg t he
patient's breath to detect the presence of a predeterm ned market, and

i denti fyingt di catiop.in the patient which i s associated with the

det ect ed mar Bgr %gyeﬁﬂd BE‘?’?‘E\E‘ W'b?‘gaélt%%?fgs intfudedmaddrpasdegnally dslivesdance,
wher ei n Gidakafiost ance i's conbined with an additive, said device
conprising: a sensor capable of providing a distinct response when exposed
to the additive in expired breath; a processor for conparing the response

with the respgnaemohod p&%h b¥icARASH L 85 gﬁ@]rg- f the additive -

i ndi cating the pr esencg an @%ﬁcént rati oz’gc')?&t ad@i tive which correl ates
to the presensdysingithc padentis brathdn detectithepresdped effageedetttnint madeyviaag of claim
39 wherein sajd. ance i.S a i ' havin redet erm neq dosage
regi ment . 41.'&%@}#%2@? @%ﬁg}mg I"'aglﬁgrr:‘j’ﬂ&"ta?E \(;\vﬁgch & %s%cgalt% ‘é'ﬁhﬁif?%‘s"‘%m ¢l factory

‘mar ker conbined w th said nedication. 42. The device of claim4l wherein -
t he ol f act or y3%mar Keduvics famcisciingdbespreenieoiadubsthice, Fhereihake sbsiafecdd ai m 41
wherein | avor ingredient, 44. The devi ce of

|.f act . Kk i f
claim 4%%%%%ﬂ@%‘ﬁﬂ“ﬁﬁ%@ﬁ‘?‘%&”@@f@ﬂg: is selected fromtrans- Anethole

it rer ! e B o AT an AR SRR IR o PERRLGRE) Y

pi neappl expired bioghipl dehydo (3- phenyl propenal ) - cinnanon; G tral
(2-trans-3, 7-dinenthyl-2, 6-octadiene-1-al) - citrus; Menthol
~ (1- et hyl - 4- igoavesipy foe yarhsifiay #Reespofie vith (YRR of @ pRvRufY melivR@ne (2, 6,
6- trimnet ‘h}/kbl cyclo-.(3, %%t), 2- heptene) - pine., .

sample of the additive indicating the presence and congentration of the additive which

correlates to the presence and concentration of the substance.

40. The device of claim 39 wherein said substance is a medication having a

predetermined doségc regiment.

41, The device of claim 40 wherein said additive is an olfactory marker combined
with said medication. '

'42. The device of claim 41 wherein the olfactory marker is an odorous compound.
43. The device of claim 41 wherein the olfactory marker is a flavor ingredient,

44. The device of claim 43 whercin said flavor ingredieﬁt is sclected from trans-

. Anelhble (1-methoxy-4-propenyl benzene) - anise; Benzaldehyde (benzoic aldehyde) - bitter
almond; Brutyl isobutyrate (n-butyl 2, methyl propancate) - pincapple; Cinnamaldehyde (3-
phenylpropenal) - cinnamon; Citral (2-trans-3, 7-dimenthyl-2, G-octadicne-1-al) - citrus;
Menthol (lchihyl-4«i50propylcyclohéxane—3-ol) ~ menthol; and aIp‘ha-Piﬁene (2,6, 6-
trimethylbicyelo-(3,1,1)-2-heptenc) - pine.



5 MAY 2004 19 45, The device of claim 34 wherein the sensor is selected
fromthe group consisting of: sem conductor gas sensor technog Ay 2004
conductive polymer gas sensor technol ogy; or surface acoustic wave gas
sensor technol ogy. 46. A nethod of preparing a nedicanent for a patient
conpliance reginme, conprising obtaining a nedicanment; conbining said

medi canent with an additive wherein saitPadditive is detectable in expired
breath by a sensor. 47, The nmethod of claim46 wherein said additive is an
ol factory marker. 48. The nethod of claim47 wherein the sensor is selected

fromthe grou p45<; bhsievidcogelaiin 3Gehdrein Iﬂﬁ:LsGﬁ_is@f is 8981 TR DMhe hn%‘ﬁ@?(l‘ﬂlgﬂ

conductlve as sens {ﬁ’chnolo ; or surface acou

sensor . te%lh "ég‘%"f g@“‘*ﬁﬂé“ﬁ@? 8y conpduchivg palyracr\gavscasan techualegier autﬁimll ve is
combi ned WOhhucavﬂE@&&c%ruBiﬁmo%?rrents defining a class of medicaments. 50.
A nedi canent prepared according to claim46 for use in determ ning patient
conpliance, wherein upon ingestion of the nedicanent, the additive coats

the patient's t i.s readil|ly detectabl.e by the sensor. 51, A
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conpl i anC@,p[r&ma{;ﬁhB hlg)é?lgorl ngestion of the nedicanent, the additive is
absorbed in the gastr0| ntestinal tract, excreted in the lungs, and is

~thereafter detectable by the sensor,
47. The method of claim 46 whereln said additive is an ol factory marker.,

48. The method of claim 47 wherein the sensor is selected from the group consisting of:
semiconducior gas sensor technology; conductive polymer gas sensor technology; or surface
acoustic wave gas sensor technology.

49. The method of claim 46 wherein the same additive is combined with a graup of

medicaments defining a class of medicaments.

50. A medicament prepared according to claim 46 for use in determining patient
_compliance. wherein upon ingestion of the medicament, the additive coats the patient’s mouth
and is readily detectable by the scnsor.

S1. A medicament prepared according to claim 46 for use in delermining patient
compliance, wherein upon ingestion ofthe medicament, the additive reacts in the patient’s mouth
and is thercafter detectable by the sensor.

52. A medicament preparcd according fo claim 46 for use in defermining patient
compliance, wherein upon ingestion of the medicament, the additive is absorbed in the

gastrointestinal tract, exereted in the Jungs, and is thereafier detectable by the sensor,




