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(57) ABSTRACT

Methods and apparatus for in vitro detection of an analyte in
a body fluid sample using low resolution Raman spectros-
copy are disclosed. The body fluid analyzer includes a
disposable strip for receiving a sample of body fluid on a
target region, the target region including gold sol-gel to
provide surface enhanced Raman scattering. A light source
irradiates the target region to produce a Raman spectrum
consisting of scattered electromagnetic radiation that is
separated into different wavelength components by a dis-
persion element. A detection array detects at least some of
the wavelength components of the scattered light and pro-
vides data to a processor for processing the data. The results
of the processed data are displayed on a screen to inform a
user about an analyte within the body fluid sample.
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HANDHELD RAMAN BODY FLUID ANALYZER
BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to methods
and apparatus for testing biological samples, and in particu-
lar, to systems for in vitro testing of body fluid samples for
analytes, such as glucose.

[0002] The ability to monitor an analyte within a blood
sample has greatly improved the diagnosis and treatment of
diseases such as diabetes. For example, home monitors
allow diabetics to test glucose levels by pricking their finger
and applying a small sample of blood to a test strip. Based
on the glucose reading, diet and/or insulin dosage can be
adjusted.

[0003] Generally, these home glucose monitor systems use
an electrochemical detection technique based on glucose
oxidase reactions. The system can include a disposable strip
having electrodes and the glucose oxidase enzyme. When a
blood drop is applied to the target area of the electrode, the
glucose oxidase catalyzes the oxidation of glucose in the
drop to produce gluconic acid. During the reaction, electrons
are transferred by an electrochemical mediator to the elec-
trode surface. This in turn generates a current that is mea-
sured by the sensor. The amount of current generated is
proportional to the amount of glucose present in the blood
drop, thus giving an accurate reading of the blood glucose
concentration.

[0004] While the ease of use and the low cost of these
home monitor systems have proven helpful for regular blood
sugar monitoring, they are limited by the amount of infor-
mation that can be provided using a glucose oxidase reac-
tion. Information on other substances within the blood is not
readily available without incorporation of additional
reagents and assays.

[0005] Spectroscopic approaches to glucose monitoring
have also been suggested. In one such approach, laser light
is directed through or into a portion of a patient’s skin and
reflectance or scattered light is captured by a detector. A
spectroscopic measurement of the blood glucose level is
then obtained from the detected light. This method has met
with limited success because of the cost, complexity, and
difficulty of transdermal monitoring.

[0006] For these reasons, there continues to exist a need in
this art for better devices and methods for testing blood and
other body fluid samples.

SUMMARY OF THE INVENTION

[0007] The present invention provides methods and appa-
ratus for in vitro detection of analytes in a body fluid sample
using Raman spectroscopy, such as low resolution Raman
spectroscopy. The apparatus may, for example, be a low-
resolution Raman spectroscopy system that employs a mul-
timode laser source for radiating a sample and producing a
Raman spectrum consisting of scattered electromagnetic
radiation. The radiation is then separated into different
wavelength components by a low resolution dispersion
element and detected by a detection array. Data from the
array is processed by a processor to provide information
about one or more analytes.

[0008] In one aspect of the invention, the handheld Raman
analyzer can provide information about multiple analytes.
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For example, the analytes can include glucose plus at least
one additional analyte selected from the group consisting of
insulin, hemoglobin, cholesterol, electrolytes, antioxidants,
nutrients, and other body fluid components. Other analytes
that can be detected and/or monitored with the present
invention include, but are not limited to, drugs such as
therapeutic drugs (prescription or over-the-counter) or drugs
of abuse (such as illicit drugs), metabolites of drugs (such as
therapeutic drugs or drugs of abuse), alcohol, poisons,
disease markers and other body fluid components.

[0009] In another aspect, a system is disclosed including a
disposable test strip that provides surface enhanced Raman
Scattering (SERS). In one embodiment, the test strip can
include a metallic surface or a surface that includes metallic
(e.g., silver or gold) particles. One embodiment is a test strip
with a sample-receiving region that includes gold nanopar-
ticles stabilized in a porous sol-gel silicate.

[0010] In another aspect, the present invention includes a
method for analyzing body fluid samples including provid-
ing a disposable strip for receiving a sample of body fluid on
a target region and depositing the sample on the target region
ofthe disposable strip. The target area is then irradiated with
a laser to produce a Raman spectrum consisting of scattered
electromagnetic radiation which is separated into different
wavelength components using a low resolution dispersion
element. At least some of the wavelength components are
detected using a detection array and the resulting data is
processed by a processor to asses an analyte within the body
fluid sample. Results from the processor may optionally be
displayed on a screen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention will be more fully understood from
the following detailed description taken in conjunction with
the accompanying drawings:

[0012] FIG. 1 is a top view of a handheld Raman body
fluid analyzer according to the present invention;

[0013] FIG. 2 is a schematic illustration of another
embodiment of the present invention;

[0014] FIG. 3 is a schematic illustration of yet another
embodiment of the present invention; and

[0015] FIG. 4 is a test strip of the present invention
including a surface enhanced Raman spectrometry material.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] The present invention generally relates to a system
for in vitro detection of one or more analytes in a body fluid
sample, such as blood, urine or saliva, using Raman spec-
troscopy, such as low resolution Raman spectroscopy. The
system may include a disposable strip for receiving a sample
of' body fluid on a target region and a laser for irradiating the
target region to produce a Raman spectrum consisting of
scattered electromagnetic radiation. For low-resolution
Raman spectroscopy, a low resolution dispersion element,
positioned to receive the scattered radiation, preferably
separates the radiation into different wavelength compo-
nents, and at least some of the wavelength components are
then detected by a detection array. Data from the detection
array is passed to a processor for processing the data to
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evaluate an analyte within the body fluid sample. The system
can also evaluate multiple analytes within the body fluid
sample.

[0017] While conventional glucose monitors have
improved home monitoring of blood glucose levels, such
electrochemical devices fail to inform the user about other
important substances within the blood. Testing of other
analytes can be performed in medical laboratories, but at
significant time and expense. The present invention over-
comes these drawbacks by using Raman spectroscopy, such
as low resolution Raman spectroscopy, in a handheld device,
to detect analytes within a body fluid sample. The handheld
device of the present invention provides a cost eflicient
method for testing multiple analytes in a single sample.

[0018] FIG. 1 illustrates one embodiment of the handheld
Raman device 10 of the present invention including a
sampling area 12 containing a target area 16, on test strip 14,
for receiving a body fluid sample. Spectroscopic compo-
nents 18, preferably positioned within device 10, produce
radiation and provide spectroscopic measurements of the
body fluid sample. Results from the spectroscopic analysis
can be shown on screen 20.

[0019] A more detailed example of spectroscopic compo-
nents 18 is provided in FIG. 2, which shows a low-
resolution Raman spectroscopy apparatus that includes a
multi-mode laser source 22 and optical fiber 24 connected to
the laser source for carrying laser light to the sampling site.
Relay optics 26 can optionally be used with the optical fiber
to focus and direct the radiation. A person skilled in the art
will appreciate that optical fiber 24 may include a variety of
optical fibers and light carrying materials that can collect
and direct radiation.

[0020] Light is preferably directed by optical fiber 24 to
the sampling area 12, and after encountering the body fluid
sample, is returned in a second optical fiber 28. The returned
radiation is directed through dispersion element 30 that
serves to disperse the scattered light into different wave-
length components. The dispersed scattered light is detected
by photodetector array 32 that, in this case, consists of a
photodiode array or a charged-coupled device (CCD) array.
The signals generated by detector array 32 in response to the
scattered light are then sent to a microprocessor 34 for
analysis.

[0021] The present invention allows specific spectral
bands of interest to be measured at low resolution to obtain
the integrated band intensities. These bands can be narrow
ones. The resolving power of the dispersion device 30
determines the position of specific wavelengths in the diode
array in such a way that the signal from a particular diode in
the array will typically correspond to the same (or a similar)
narrow range of wavelengths. This combination of the
low-resolution dispersion device 30 and the diode array
photodetector 32 thus form a spectrometer. The micropro-
cessor 34 selects a particular diode (or diodes) of the array
32 according to the property to be measured. The integrated
signals lying in the two ranges can be arithmetically divided
to form intensity ratios. The microprocessor 34 compares
these ratios with known values or a correlating function to
obtain an estimate of the chemical constituent or property of
interest. In addition, the microprocessor can analyze mul-
tiple analytes within a single sample in a single test. In one
embodiment, the procedure is repeated for a second analyte
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by choosing the appropriate diode(s) for the additional
analyte. The processor can also run these calculations in
series using stored information from the diodes.

[0022] The terms “radiation”, “laser” and “light” are
herein utilized interchangeably. In particular, the term
“light” can refer to radiation having wavelength components
that lie in the visible range of the electromagnetic spectrum,
or outside the visible range, e.g., the infrared or ultraviolet
range of the electromagnetic spectrum. In certain embodi-
ments of Raman spectroscopy, the preferred excitation
wavelengths will range from about 700 nanometers to 2.5
micrometers. Although this portion of the electromagnetic
spectrum is commonly known as infrared (IR) radiation, the
term “light” will be used as a shorthand expression in
describing the path of this radiation as well as the various
wavelengths of radiation induced by Raman scattering and
collected for analysis.

[0023] Advances in the field of solid-state lasers have
introduced several important laser sources into Raman
analysis. For high-resolution Raman systems the laser lin-
ewidth must be severely controlled, often adding to the cost
of the excitation source and the system as a whole. For low
resolution Raman spectroscopy (LRRS), however, the strat-
egy of relinquishing resolution details in favor of empha-
sizing essential identifying spectral features, allows the use
of a low cost, high energy multi-mode laser and a low
resolution dispersion element. A multi-mode laser which can
be used with a LRRS system, according to one embodiment
of the present invention, is available in higher power ranges
(between 50 mw and 1000 mw) than is available with a
traditional single mode laser (<150 milliwatts). The higher
power of a multi-mode laser increases the amount of scat-
tered radiation available to the spectrometer system and the
sensitivity of the LRRS system increases at least linearly
with laser power.

[0024] A low resolution dispersion element can provide
greater transmission of scattered radiation to the detector
array. For example, a low resolution diffraction grating with
wider slits than a typical diffraction grating can be used,
providing greater transmission of incident scattered radia-
tion to the detector array. Thus, the combination of a low
cost, high energy multi-mode laser and a low loss dispersion
element provides an inexpensive LRRS system with a high
intensity signal.

[0025] 1In a typical LRRS application the need for feature
separation is much like that encountered in mid-IR spec-
troscopy. The use of multi-mode lasers causes degradation in
the resolution of the spectrometer. The resolution of the
LRRS system decreases primarily because the width of the
laser line used to excite the sample is much larger with
multi-mode lasers than it is with a single mode laser. A
multi-mode laser may have a linewidth of about 2-3 nanom-
eters, generally on the order of one or more nanometers. In
comparison, a single mode laser has a linewidth of a fraction
of a nanometer. However, one rarely requires single wave-
number resolution to find a spectral fingerprint feature that
allows identification and quantification of a sample under
analysis. Similarly, in LRRS, since the approach uses fun-
damental frequencies, even if not fully resolved, in the
spectral analysis, a broader band laser source may suffice for
the Raman analysis. In this case inexpensive, multi-mode
solid-state laser sources are both sufficient for the task and
provide cost effective high power.
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[0026] Since a Raman measurement is the difference in
wavelength between the scattered light and the excitation
line, an excitation line that has a larger spectral FWHM
causes a proportional loss of resolution in the resulting
Raman measurement. However, this reduction of resolution
is offset by the advantages of lower cost and increased signal
intensity. The increased signal intensity is a result of a higher
energy laser source and wider slits in the diffraction grating
allowing more light into the detector array. Since the spec-
trometer system resolution has been substantially reduced by
the use of a multi-mode laser, the width of the slits can be
increased with a negligible effect on resolution. In addition,
a CCD detector array can be matched to the lower resolution
laser source and the dispersion element by reducing the
number of elements in the array. For example, instead of
4096 array elements, one can use 2048 larger elements.

[0027] Thus, a complete LRRS spectroscopic system can
consist of an inexpensive multi-mode laser diode operating
at a higher power (between 50 mw and 1000 mw output)
than traditional single-mode Raman sources and a low
resolution monochromator matched to a simple CCD detec-
tor, with Rayleigh filtering provided by edge or notch filters
capable of removing the excitation source background.

[0028] Various multi-mode laser components can be used
with the device of the present invention. For example, the
B&W Tek multi-mode laser BWF-OEM-785-0.5, available
from B&W Tek, Inc., of Newark, Del., can be used as the
multi-mode laser. The optical fibers utilized in the present
invention apparatus of the invention are preferably multi-
mode fibers, which are available from several commercial
sources including, for example, Fiberguide, Inc. of Sterling,
NJ. Their diameters may range from 1 pwm to 1000 pm,
preferably from about 100 pm to about 400 pm, and more
preferably from about 100 um to about 200 pm. Single fibers
and fiber bundles can also be utilized in the present inven-
tion. In addition, various low resolution monochromators
can be used as detector arrays. For example, Ocean Optics
S-1000 and S-2000 monochromators are commercially
available from Ocean Optics of Dunedin, Fla. Optical filters
can be used to eliminate the Rayleigh line.

[0029] The microprocessor used with the device of the
present invention can include any computer with sufficient
storage capacity and processing capability to house a library
of body fluid components for matching and quantifying. An
exemplary microprocessor is the Compaq iPAQ from the
Hewlett-Packard Company.

[0030] The device of the present invention can include a
number of other features that can assist with analyzing
samples in the sampling area. In one embodiment, sampling
area 12 includes an optical assembly 40 as illustrated
schematically in FIG. 3. Optical assembly 40 directs the
light received from spectroscopic components 18 into posi-
tion for contacting the sample, collects the scattered radia-
tion, and returns the collected radiation for analysis.

[0031] Excitation radiation enters optical assembly 40 via
optical fiber 24. The beam from the input fiber is passed
through lens 42, which serves to collimate or otherwise
project the incoming radiation along beam path 44 with
minimal dispersion. The radiation from lens 42 then passes
through an optional safety switch including chamber 46 and
through one or more optional filters 48, e.g., a low-pass
filter.
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[0032] The filtered incoming light is then reflected by
dichroic beam-splitter 50 (which is designed to reflect nearly
all of the excitation light) and directed toward target area 16.
A second lens 52 can be disposed to focus the excitation
radiation to a particular point or region within a sample 54.
Preferably, lens 52 focuses the light on target area 16.

[0033] Returning radiation 56 passes through lens 52,
which now serves to collimate the scattered radiation and
convey it to collection fiber 28. From lens 52, the collected
radiation travels along beam path 58, passing through dich-
roic beam-splitter 50 and, optionally, a mid-pass or long-
pass filter 60 and lens 62. Lens 62 serves to focus the
collected radiation into output fiber 28. (It should be appre-
ciated that the lens elements of the present invention can be
simple or compound lens assemblies and that the functions
that these optical elements perform—directing excitation
radiation into a sample and collecting scattered radiation for
analysis—can be achieved by various equivalent structures,
such as those known to ones skilled in the art.)

[0034] Optical assembly 40 can further include a “beam
dump”64 to capture and absorb incoming radiation that is
not reflected by dichroic beam-splitter 50. Beam dump 64
can comprise a chamber that has been coated with suitable
radiation absorbing material or otherwise formed or shaped
to ensure that the radiation that is not directed into the
sampling tube is captured and dissipated as heat.

[0035] Safety switch 66 is formed by a protective shutter,
as shown in FIG. 3, that is disposed in chamber 46. Chamber
46 intersects incoming beam path 44. Plunger 68 is disposed
within chamber 46 and operatively connected to spring 70
and solenoid 72. In an activated state, solenoid 72 pulls
plunger 68 out of light beam path 44, thereby allowing the
multimode radiation to pass through optical assembly 40 and
to sample 54. In a deactivated state, (“laser blocking”
position), the solenoid releases plunger 68, which moves
into light beam path 44 and prevents the multimode radia-
tion from passing to the outside environment. Thus, safety
switch 66 ensures that the probe remains in a “normally-off”
state should a malfunction or power loss occur.

[0036] The handheld Raman device of the present inven-
tion can additionally include a disposable test strip 14. Test
strip 14, pictured in FIG. 1, preferably provides an area to
deposit a body fluid sample onto which the laser radiation is
directed, and even more preferably, includes features to
enhance spectroscopy. In one embodiment, the test strip can
include a substance for surface enhanced Raman spectros-
copy (SERS), such as a roughened metallic surface and/or
SERS-active metallic particles. The SERS-active metallic
particles may, for example, be solid metallic particles or
particles that are at least partially coated with a SERS-active
metal.

[0037] SERS techmiques enhance Raman spectroscopic
signals and allow more effective differentiation of spectro-
scopic signatures by placing the sample to be analyzed in
contact with SERS material (usually an appropriately pre-
pared metal surface). Two mechanisms are considered
responsible for the improvement. The primary contribution
is an enlargement of the local electromagnetic field, due to
the excitation of a localized surface plasmon, while the other
mechanism results from a charge transfer-state between the
surface complex of the adsorbed molecule and the metal
surface.
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[0038] Preferably, a SERS test strip includes SERS-active
material, such as, for example silver, gold, nickel, copper
and/or cadmium. FIG. 4 illustrates one exemplary embodi-
ment of SERS active test strip 80 including a support
substrate 82 and a roughened metal surface layer 84 having
a degree of roughness sufficient to induce the SERS effect.
Layer 84 may include a microparticle or microstructure
layer 86 on the upper surface of support substrate 82 and a
metal layer 88 containing silver, gold, nickel, copper and/or
cadmium.

[0039] In one embodiment, a coating 90 can be applied to
roughened surface layer 84 to sorb analytes which are not
easily adsorbed by the roughened surface and which are
capable of either penetrating into the coating or being
attached to the coating. The analytes are thereby “adsorbed”
and become positioned in the vicinity of the roughened
surface and exhibit the SERS effect.

[0040] In one embodiment, the SERS active material is
positioned only in target area 16 of the test strip. In use, a
sample is deposited on the SERS-active material in the target
area and light is directed toward the sample for spectro-
scopic analysis. A person of skill in the art will appreciate
that the choice of SERS-active material will depend on the
desired analyte and the chosen radiation spectrum. In one
embodiment, the SERS-active materials include a porous
sol-gel containing gold microcollooid particles where the
laser radiation is about 785 nm. SERS techniques and
materials are described in U.S. Pat. Nos. 5,400,136 and
5,864,397 to Vo-Dinh, which are incorporated herein by
reference in their entirety.

[0041] In one embodiment, the device of the present
invention additionally includes a lancet, which can puncture
a user’s skin, typically on the user’s finger, to draw a blood
sample. The lancet preferably includes a sharpened tip and
a mechanism for propelling the metal tip into a user’s skin.
An exemplary lancet is the BD Ultra-Fine™ Lancet avail-
able from BD Consumer Healthcare, Ontario, Canada.

[0042] Where the device of the present invention investi-
gates multiple analytes within a single sample during a
single analysis it may be particularly advantageous to test
analytes related to a single condition of interest. For
example, when a patient arrives for a check-up, instead of
running two diagnostic tests related to one condition, e.g.,
one for blood sugar, one for hemoglobin Alc, the present
invention allows simultaneous testing. The result is a cost
effective and almost immediate analysis. Thus, one embodi-
ment of the invention provides for the analysis of multiple
analytes that are related to a single preselected condition or
to the health status of a preselected organ or tissue system.

[0043] Other groups of analytes can include a blood
chemistry profile (a test for levels of two or more of: urea,
creatinine, uric acid, bilirubin, phosphorous, alkaline
P-Tase, total protein, albumin, globulin, glucose, calcium,
calcium ionized, magnesium, iron, sodium, potassium, chlo-
ride, carbon dioxide, T-3 uptake, T-4 RIA, free thyroxine
index, TSH-ultra sensitive cholesterol, triglycerides, HDL,
LDL, VLDL, iron, iron saturation, and ferritin).

[0044] In another embodiment, mineral and heavy metal
assessments may be desirable to reveal the levels of ben-
eficial elements and toxic elements that commonly occur in
humans as the result of lifestyle and toxic exposures. Pre-
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ferred analytes include mercury, iron, calcium, phosphorous,
magnesium, and lead. Such a test may be desirable for
persons concerned with health hazards in their living or
work space.

[0045] In yet another embodiment, analytes may be cho-
sen which focus on a certain preselected health condition.
For example, testing for analytes related to cardiac health
may be desirable during a regular check-up or as part of a
heart health screening. Such analytes may, for example,
include two or more of cholesterol (total, LDL, HDL),
triglycerides, C-reactive protein, and homocysteine.

[0046] Inan additional embodiment, it may be desirable to
screen for a group of drugs, and in particular illegal drugs or
drugs of abuse, such as but not limited to narcotics, amphet-
amines and hallucinogens. As an example, analytes could
include two or more of marijuana (including but not limited
to active substance THC), amphetamines, barbiturates,
methamphetamines, opioids (such as but not limited to
morphine, heroin and synthetic opioids), and PCP.

[0047] The Raman methods and apparatuses of the inven-
tion may be used to monitor pharmacotherapy in human or
animal subjects. The quantification of a preselected drug
and/or its metabolites in a sample obtained from a patient
may be used to determine whether the active species of the
drug is/are present at a desired concentration in the patient,
and if not, the cause of the problem. The activity of many
therapeutic drugs is at least partially dependent on their
metabolism to one or more active forms within the body. For
example, buproprion (Zyban™, Wellbutrin™) is extensively
metabolized into three active metabolites. Activity of the
antihypertensive angiotensin I-converting enzyme (ACE)
inhibitors benazepril, enalapril, moexipril, and quinapril is
due to the active metabolites benazeprilat, enalaprilat, moex-
iprilat, and quinaprilat, respectively. The antihistamine ter-
fenadine is metabolized to an active metabolite fexofena-
dine. Determining the relative concentration of parent drug
to active metabolite(s) in a patient, according to the inven-
tion, provides an indication of whether drug metabolism is
normal and/or whether an abnormality in metabolism that
interferes with the pharmacotherapy may be present, for
example due to a metabolic insufficiency in the patient.
Determining the concentration(s) of parent drug and/or
metabolites thereof in a patient can provide information as
to whether there is a problem in drug absorption/adminis-
tration or a patient’s compliance therewith, if the desired
level of drug or metabolites is not achieved.

[0048] One embodiment of the invention provides a
method for monitoring pharmacotherapy of a subject that
includes the steps of: obtaining a sample of a body fluid,
such as blood, urine or saliva, from a subject; irradiating at
least a portion of the sample with monochromatic light to
produce a Raman spectrum consisting of scattered electro-
magnetic radiation; detecting at least some of the wave-
length components of the Raman spectrum that are associ-
ated with a preselected drug, such as a therapeutic drug,
and/or one or more metabolites of the drug; and determining
the concentration of the drug and/or one or more metabolites
in the body fluid based on the detected wavelength compo-
nents. In one variation, the subject has previously received
the drug via a route of administration at least once. Another
variation of the embodiment includes the further steps of:
detecting at least some of the wavelength components of the
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Raman spectrum for one or more analytes that are associated
with the state of a condition treated by the drug; and
determining the concentration of the one or more analytes in
the body fluid based on the detected wavelength components
of the Raman spectrum for the one or more analytes. A test
strip apparatus as described herein may, for example, be
used to implement the embodiment and its variations.

[0049] The present invention provides the ability to moni-
tor a variety of analytes using a test simple enough for use
at home and sophisticated enough to provide valuable infor-
mation about select analytes.

[0050] The results determined by the processor can be
displayed on screen 20. Depending on the particulars of the
analyte and the user’s needs, the displayed results can be
provided in a variety of forms. For example, where glucose
is tested, the results can be displayed quantitively (120
mg/dl) or relatively (Normal). With other analytes, it may be
desirable to display results indicating only the presence (or
absence) of an analyte (e.g., the presence of poisons).

[0051] The term “body fluid” as used herein includes, but
is not limited to, blood, urine and saliya. Other body fluids
include, for example, lymph and cerebrospinal fluid.

[0052] General background information on Raman spec-
tral analysis can be found in U.S. Pat. No. 5,139,334, issued
to Clarke and incorporated herein by reference in its entirety,
which teaches a low resolution Raman analysis system for
determining certain properties related to hydrocarbon con-
tent of fluids. The system utilizes a Raman spectroscopic
measurement of the hydrocarbon bands and relates specific
band patters to the property of interest. See also, U.S. Pat.
No. 6,208,887 also issued to Clarke and incorporated herein
by reference in its entirety, which teaches a low-resolution
Raman spectral analysis system for determining properties
related to in vivo detection of samples based on a change in
the Raman scattered radiation produced in the presence or
absence of a lesion in a lumen of a subject. Additionally,
U.S. application Ser. No. 10/367,238 (U.S. Pub. No.
20040160601) entitled “Probe Assemblies for Raman Spec-
troscopy” describes devices for analyzing samples with
Raman spectroscopy and is incorporated herein by reference
in its entirety. U.S. Pub. No. 20040174520 entitled “Low
resolution surface enhanced Raman spectroscopy on sol-gel
substrates,” U.S. Pub. No. 20040204634 entitled “Raman
spectroscopic monitoring of hemodialysis,” and U.S. Pub.
No. 20050171436 entitled “Raman spectroscopy for moni-
toring drug-eluting medical devices” are each also incorpo-
rated by reference herein in their entireties.

[0053] One skilled in the art will appreciate further fea-
tures and advantages of the invention based on the above-
described embodiments. Accordingly, the invention is not to
be limited by what has been particularly shown and
described, except as indicated by the appended claims. All
publications and references cited herein are expressly incor-
porated herein by reference in their entirety.

1. A system for in vitro detection of an analyte in a body
fluid sample using low resolution Raman spectroscopy com-
prising:

a disposable strip for receiving a sample of body fluid on
the target region;
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a light source for irradiating the target region to produce
a Raman spectrum consisting of scattered electromag-
netic radiation;

a low resolution dispersion element positioned to receive
and separate the scattered radiation into different wave-
length components;

a detection array, optically aligned with the dispersion
element for detecting at least some of the wavelength
components of the scattered light, and

a processor for processing data from the detector array
and calculating information about an analyte within the
body fluid sample.

2. The system of claim 1, wherein the processor calculates
information about multiple analytes within the body fluid
sample.

3. The system of claim 2, wherein the multiple analytes
further comprise at least one body fluid component.

4. The system of claim 2, wherein the multiple analytes
further comprise at least one drug.

5. The system of claim 2, wherein the multiple analytes
further comprise at least one disease marker.

6. The system of claim 2, wherein the multiple analytes
further comprise at least one poison.

7. The system of claim 1, wherein the concentration of the
analyte within the body fluid sample is calculated.

8. The system of claim 1, wherein the disposable strip
comprises a SERS-active material.

9. The system of claim 8, wherein the disposable strip
comprises a gold sol-gel strip to provide surface-enhanced
Raman scattering.

10. The system of claim 1, wherein the light source is a
multi-mode laser.

11. The system of claim 1, wherein the processor includes
a library of spectral properties of analytes for comparing
with spectral information obtained from the body fluid
sample.

12. The system of claim 1, including a screen for dis-
playing information related to the analyte detected within
the body fluid sample.

13. The system of claim 1, wherein the analyte is selected
from the group consisting of urea-based compounds, ammo-
nium-based compounds, uric acid based compounds, nitro-
gen-based compounds, and combinations thereof.

14. The system of claim 1, wherein the detected analyte
in the body fluid sample is selected from the group consist-
ing of cardiac enzymes, cardiovascular stent coatings, poi-
sons, therapeutic drugs, drugs of abuse, hormones, steroids,
and combinations thereof.

15. The system of claim 1, including a lancet to puncture
a patient’s skin.

16. A system for in vitro detection of an analyte in a body
fluid sample using low resolution Raman spectroscopy com-
prising:

a strip for receiving a sample of body fluid on a target
region, the target region including a material to provide
surface enhanced Raman scattering;

a laser for irradiating the target region to produce a Raman
spectrum consisting of scattered electromagnetic radia-
tion;
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a low resolution dispersion element positioned to receive
and separate the scattered radiation into different wave-
length components;

a detection array, optically aligned with the dispersion
element for detecting at least some of the wavelength
components of the scattered light; and

a processor for processing data from the detector array
and calculating glucose concentration and information
about at least one other analyte within the body fluid
sample.

17. The system of claim 12, wherein the at least one other

analyte includes hemoglobin Alc.

18. The system of claim 11, wherein the test strip target
region includes gold.

19. The system of claim 11, wherein the test strip target
region includes a sol-gel.

20. A method for in vitro detection of an analyte in a body
fluid sample using low resolution Raman spectroscopy com-
prising:

providing a disposable strip for receiving a sample of
body fluid on a target region;

depositing a sample of body fluid on the target region of
the disposable strip;

irradiating the target region with a laser to produce a
Raman spectrum consisting of scattered electromag-
netic radiation;

receiving and separating the scattered radiation into dif-
ferent wavelength components using a low resolution
dispersion element;

detecting at least some of the wavelength components of
the scattered light using a detection array;

processing data from the detector array and calculating
information about an analyte within the body fluid
sample with a processor; and

displaying information related to the analyte detected

within the body fluid sample on a screen.

21. The system of claim 2, wherein the multiple analytes
comprise at least two analytes related to a single preselected
condition.

22. The system of claim 21, wherein the single preselected
condition is a single preselected health condition.

23. The system of claim 2, wherein the multiple analytes
comprise at least two analytes related to cardiac health.

Oct. 26, 2006

24. The system of claim 1, wherein the analyte is a
therapeutic drug.

25. The system of claim 1, wherein the analyte is a
metabolite of a therapeutic drug.

26. The system of claim 2, wherein the multiple analytes
comprise a therapeutic drug and one or more metabolites of
the drug.

27. A method for monitoring pharmacotherapy of a sub-
ject, comprising the steps of:

obtaining a sample of a body fluid from a subject;

irradiating at least a portion of the sample with mono-
chromatic light to produce a Raman spectrum consist-
ing of scattered electromagnetic radiation;

detecting at least some of the wavelength components of
the Raman spectrum that are associated with a thera-
peutic drug and/or one or more metabolites of the drug;
and

determining the concentration of the drug and/or one or
more metabolites in the body fluid based on the
detected wavelength components.

28. The method of claim 27, wherein the subject has
previously received the drug via a route of administration at
least once.

29. The method of claim 27, further comprising the steps
of

detecting at least some of the wavelength components of
the Raman spectrum for one or more analytes that are
associated with the state of a condition treated by the
drug; and

determining the concentration of the one or more analytes
in the body fluid based on the detected wavelength
components of the Raman spectrum for the one or more
analytes.

30. The method of claim 27, wherein

the step of detecting comprises detecting at least some of
the wavelength components of the Raman spectrum
that are associated with the therapeutic drug and at least
one of the metabolites of the drug; and

the step of determining comprises determining the con-
centration of the drug and at least one of the metabolites
of the drug in the body fluid based on the detected
wavelength components.

* * Ed Ed *
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