A 00 O O O

0 03/016865 A2

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

27 February 2003 (27.02.2003) PCT WO 03/016865 A2
(51) International Patent Classification’: GOIN [US/US]; 882 El Pintado Road, Danville, CA 94526 (US).
SMITH, Heidi, M. [US/US]; 32931 Monrovia Street,
(21) International Application Number: PCT/US02/26190 Union City, CA 94587 (US). CORTELLA, Julian, M.

(22) International Filing Date: 15 August 2002 (15.08.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/313,082
10/015,932

UsS
Us

16 August 2001 (16.08.2001)
2 November 2001 (02.11.2001)

(71) Applicant (for all designated States except US): OPTIS-
CAN BIOMEDICAL CORPORATION [US/US]J; 1105
Atlantic Avenue, Suite 101, Alameda, CA 94501 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BRAIG, James, R.
[US/US]; 280 Mountain Avenue, Piedmont, CA 94611
(US). RULE, Peter [US/US]; 24183 Hillview Road, Los
Altos Hills, CA 94024 (US). STERLING, Bernhard, B.

[US/US]; 2720 San Jose Avenue, Alameda, CA 94501
(US). GABLE, Jennifer, H. [US/US]; 2204 LaSalle Drive,
Walnut Creek, CA 94598 (US).
(74) Agent: ALTMAN, Daniel, E.; Knobbe, Martens, Olson &
Bear, LLP, 2040 Main Street, 14th Floor, Irvine, CA 92614
(US).
(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ (utility model), CZ, DE (utility model), DE, DK (utility
model), DK, DM, DZ, EC, EE (utility model), EE, ES, FI
(utility model), FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,,
IN, IS, JP, KE, KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, OM,
PH, PL, PT, RO, RU, SD, SE, SG, SI, SK (utility model),
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, 7ZW),

[Continued on next page]

(54) Title: CALIBRATOR

100
IR DETECTOR
107 SYSTEM
114
110 108 11z
__________________________ i
{
122 ANALYSIS BLOOD :
PORTION WITHDRAWAL | !
120 PORTION 118 1 L~
1

(57) Abstract: A method calibrates a monitor (100) that comprises a non-invasive blood constituent monitor (102) and a traditional
measurement system (116). The non-invasive blood constituent monitor includes a thermal gradient inducing element (110) an
analyzer window (108). A traditional monitor output representing a property of a blood constituent is generated by the traditional
measurement system. A non-invasive monitor output representing the property of the whole blood constituent is generated by the
non-invasive constituent monitor. The traditional monitor output and the non-invasive monitor output are compared to estimate an
amount of error. The non-invasive monitor output is corrected by the amount of error.



wO 03/016865 A2 NN 00V 0 OO 0 O

Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Published:

European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, —  without international search report and to be republished
ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, upon receipt of that report

TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).
For two-letter codes and other abbreviations, refer to the "Guid-

Declaration under Rule 4.17: ance Notes on Codes and Abbreviations" appearing at the begin-
—  of inventorship (Rule 4.17(iv)) for US only ning of each regular issue of the PCT Gazette.



10

15

20

25

30

35

WO 03/016865 PCT/US02/26190

CALIBRATOR

Background of the Invention

Field of the Invention

This invention relates generally to determining analyte concentrations within living tissue.
Description of the Related Art
Millions of diabetics are forced to draw blood on a daily basis to determine their blood glucose levels.

A search for a non-invasive methodology to accurately determine blood glucose levels has been substantially

expanded in order to alleviate the discomfort of these individuals.

Summary of the Invention

A significant advance in the state of the art of non-invasive blood glucose analysis has been realized
by an apparatus taught in U.S. Patent No. 6,198,949, fitled SOLID-STATE NON-INVASIVE INFRARED
ABSORPTION SPECTROMETER FOR THE GENERATION AND CAPTURE OF THERMAL GRADIENT |

"SPECTRA FROM LIVING TISSUE, issued March 6, 2001; and by methodology taught in U.S. Patent No.

6,161,028, tiled METHOD FOR DETERMINING ANALYTE CONCENTRATION USING PERIODIC
TEMPERATURE MODULATION AND PHASE DETECTION, issued December 12, 2000; and in the
Assignee’s U.S. Patent Application Serial No. 09/538,164, tited METHOD AND APPARATUS FOR
DETERMINING ANALYTE CONCENTRATION USING PHASE AND MAGNITUDE DETECTION OF A
RADIATION TRANSFER FUNCTION. Additional information relating to calibration of such non-invasive blood
analysis is taught in US. Patent No. 6,049,081, filed SUBSURFACE THERMAL GRADIENT
SPECTROMETRY, issued April 11, 2000; and by U.S. Patent No. 6,196,046 B1, tiled DEVICES AND
METHODS FOR CALIBRATION OF A THERMAL GRADIENT SPECTROMETER, issued March 6, 2001. The
entire disclosure of all of the above mentioned patents and patent applications are hereby incorporated by
reference herein and made a part of this specification.

U.S. Patent No. 6,198,949 discloses a spectrometer for non-invasive measurement of thermal
gradient spectra from living tissue. The spectrometer includes an infrared transmissive thermal mass,
referred to as a thermal mass window, for inducing a transient temperature gradient in the tissue by means of

conductive heat transfer with the tissue, and a cooling system in operative combination with the thermal mass

~ for the cooling thereof. Also provided is an infrared sensor for detecting infrared emissions from the tissue as

the transient temperature gradient progresses into the tissue, and for providing output signals proportional to
the detected infrared emissions. A data capture system is provided for sampling the output signals received
from the infrared sensor as the transient temperature gradient progresses into to the tissue. The transient
thermal gradients arising due to the intermittent heating and cooling of the patient's skin generate thermal

spectra which yield very good measurements of the patient's blood glucose levels.
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Although the apparatus taught in the above-mentioned U.S. Patent No. 6,198,949 has led to a
significant advance in the state of the art of non-invasive blood glucose analysis, one possible source of error
in such analysis arises due to physiological variation across the patient population. This variation, as well as
other factors, can introduce systematic error into the measurements being performed.

In accordance with one embodiment, there is provided a method for calibrating a monitor comprising
a non-invasive blood constituent monitor connected to a traditional measurement system via a data link. An
amount of whole blood is withdrawn from a patient. A blood constituent in the amount of whole blood is
analyzed with the traditional measurement system. A traditional monitor output representing a property of the
blood constituent is generated. The thermal gradient inducing element of the non-invasive blood constituent
monitor is placed in contact with a portion of the skin of the patient. The blood constituent in blood within the
patient is analyzed by detecting thermal radiation at selected wavelengths. A non-invasive monitor output
representing the property of the blood constituent is generated. The traditional monitor output and the non-
invasive monitor output are compared to estimate an amount of error. The non-invasive monitor output is
corrected based on the error.

In accordance with another embodiment, there is provided a blood constituent monitor that
comprises a non-invasive blood constituent monitor that includes a thermal gradient inducing element. The
non-invasive blood constituent monitor also includes an analyzer window. The blood constituent monitor also
comprises a traditional measurement system that has a whole blood withdrawal portion and an analysis
portion. The blood constituent monitor also comprises a data link that transfers data between the non-
invasive blood constituent monitor and the traditional measurement system. The non-invasive blood
constituent monitor and the traditional measurement system are permanently connected.

In accordance with another embodiment, there is provided a method for calibrating a non-invasive
blood constituent monitor connected to a traditional measurement system via a data link. The operator
determines whether there is a restricted period in effect. An on-site or an off-site measurement location is
selected based on whether the restricted period is in effect. A traditional measurement of a blood constituent
is performed at the selected measurement location using the traditional measurerﬁent system. A fraditional
monitor output representing a property of the blood constituent is generated. The analyzer window of the
non-invasive blood constituent monitor is placed in contact with the skin of the patient. The blood constituent
is analyzed with the non-invasive blood constituent monitor. A non-invasive monitor output representing the
property of the blood constituent is generated. The traditional monitor output and the non-invasive monitor
output are compared to estimate an error. The non-invasive monitor output is corrected based on the error.

In accordance with another embodiment, there is provided a blood constituent monitor that
comprises a traditional measurement system configured to withdraw an amount of whole blood from a patient.
The blood constituent monitor is also configured to analyze a blood constituent in the amount of whole blood

to generate a traditional monitor output representing a property of the blood constituent. The blood
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constituent monitor also comprises a non-invasive monitor that has a thermal gradient inducing element
configured to be placed in contact with the skin of the patient. The non-invasive monitor is configured to
analyze the blood constituent in the patient to produce a non-invasive monitor output by detecting thermal
radiation emitted by the blood constituent. The blood constituent monitor also comprises a data link
connected to the traditional measurement system and connected to the non-invasive monitor. The data link is
‘conﬁgured to transmit the output of the traditional measurement to the non-invasive monitor. The blood
constituent monitor is configured to compare the traditional monitor output and the non-invasive monitor
output.

All of these embodiments are intended to be within the scope of the invention herein disclosed. These
and other embodiments of the present invention will become readily apparent to those skilled in the art from the
following detailed description of the preferred embodiments having reference to the attached figures, the

invention not being limited to any particular preferred embodiment(s) disclosed.

Brief Description of the Drawings

Having thus summarized the general nature of the invention, certain preferred embodiments and
modifications thereof will become apparent to those skilled in the art from the detailed description herein
having reference to the figures that follow, of which:

FIGURE 1 shows a pictorial representation of a monitor that includes a non-invasive detection unit
and a traditional measurement system.

FIGURE 2 shows a process flow for calibrating the monitor of FIGURE 1.

FIGURE 2A shows a variation of the process flow of FIGURE 2 wherein a restricted period may be
applied after the subject eats.

FIGURE 3A shows a top view of a whole blood adapter.

FIGURE 3B shows a cross-sectional view of the whole blood adapter of FIGURE 3A.

FIGURE 4A shows a top view of a variation of the whole blood adapter.

FIGURE 4B shows a cross-sectional view of the whole blood adapter of FIGURE 4A.

FIGURE 5A shows a top view of another variation of the whole blood adapter.

FIGURE 5B shows a cross-sectional view of the whole blood adapter of FIGURE 5A.

FIGURE 6A shows a top view of another variation of the whole blood adapter.

FIGURE 6B shows a cross-sectional view of the whole blood adapter of FIGURE 6A.

Detailed Description of the Preferred Embodiment

A method and device for reducing measurement error in a noninvasive monitor for measuring the
concentration of an analyte, e.g., glucose, in the tissue of a patient is disclosed. The method involves
measuring properties of the analyte in blood withdrawn from the patient. The method can also involve using

the analyte property measurements to reduce patient-specific calibration etror of the noninvasive monitor. In
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another variation, the noninvasive monitor, in combination with a whole blood adapter, measures analyte
concentration in the patient's withdrawn blood, i.e., a makes a “whole blood” measurement. An apparatus for
calibrating the noninvasive monitor measurement is also disclosed.

Monitor calibration error can arise from several sources, including physiological variation across the
patient population. Patient-specific monitor calibration error can arise from, for example, the skin condition or
the physical condition of the patient. This error can be estimated and corrected by performing a traditional,
whole blood measurement of analyte concentration in each patient, comparing the resuilt to a measurement
by the non-invasive monitor, and correcting the monitor for any observed differences between the two
measurements. In one embodiment, the traditional analyte concentration measurement is performed on
blood withdrawn from the patient by using, for example, a needle, laser, lancet, finger-stick, or any other
practical blood-withdrawal device. The traditional measurement selected is any of a number of highly
accurate techniques well known to those skilled in the art. For example, an optical or colorimetric technique
can be used. Other variations include using an amperometric technique, or a coulombometric technique.

As shown in Figure 1, the monitor 100 comprises a noninvasive detection unit 102 and a traditional
measurement system 116. In the illustrated embodiment, the noninvasive detection unit 102 comprises an
analyzer window 108, a thermal element 110 capable of inducing a thermal gradient at the surface of the
patient's skin 112, and an infrared radiation detector system 114 capable of measuring radiation emitted from
the patient's skin or body at wavelengths selected to highlight or isolate the absorptive effects of the analyte
of interest, for example, at one or more analyte absorbance wavelength peaks and at one or more reference
wavelengths. However, one of skill in the art will appreciate that the noninvasive detection unit 102 can
comprise any instrument which determines the concentration of an analyte of interest in a subject’s tissue
without withdrawal of blood from the subject.

In one embodiment, the traditional measurement system 116 has a blood-withdrawal portion 118 and
an analysis portion 120. The traditional measuremerit system 116, via the analysis portion 120, is capable of
analyzing blood withdrawn from the patient with the withdrawal portion 118 and providing a value or data to
the monitor indicating analyte concentration in the blood withdrawn. Generally, the blood-withdrawal portion
118 comprises a needle, laser, lancet, finger-stick, etc., as well as any supporting hardware used for holding a
withdrawn blood sample and/or placing the sample on or in the analysis portion 120.

In one embodiment, shown in FIGURE 1, the analysis portion 120 is a separate unit connected to the
noninvasive detection unit 102 through a data communication line 122 to facilitate communication of analyte-
concentration information to the noninvasive detection unit 102. The analysis portion 120 can also be made
as an integral component of the monitor 100. In one preferred variation of the monitor 100, the analysis
portion 120 of the traditional measurement system 116 is an electro-chemical monitor. In this embodiment,

the monitor 100 is configured to receive a conventional whole blood electro-chemical test strip with blood
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added thereto. The analysis portion 120 of the traditional measurement system 116 can then perform the
electro-chemical analyte measurement.

Both the integral construction of the monitor 100 and the use of the data link 122 advantageously
gliminate human transcription, which would otherwise be a source of human transcription error. Human
transcription involves the manual entry, using an input device, such as a dial, keyboard, or other similar
manual input device, of a value into a measurement device, such as the monitor 100. The transcription error
avoided by the construction of the monitor 100 would occur if the user entered a wrong value using the input
device. Such errors, which would cause all subsequent measurements to be inaccurate, would otherwise be
very difficult to eliminate.

Advantageously, at least the blood withdrawal portion 118 of the device 116 may be configured as a
single use item. In one embodiment, the blood withdrawal portion 118 of the device 116 is a single use
device, i.e., one configured to be used only once.

FIGURE 2 is a flow chart of a method of operation of the monitor 100. In one embodiment of this
method, the unit 102 comprises a thermal element 110 capable of inducing a thermal gradient at the surface
of the patient's skin 112, as described above. The method may comprise switching the monitor 100 to a
patient calibration mode in a step 210. Then in a step 212, the operator performs a traditional measurement
using the analysis device 116. This is done by withdrawing a blood sample from the patient and analyzing the
blood sample in the device 116 to determine the analyte concentration of the blood sample. In another
embodiment, the step 212 comprises performing multiple measurements to produce a series of data. These
data can be manipulated to yield numerical values relating to the analyte concentration of the blood.

In a step 216, the operator uses the noninvasive detection unit 102 to measure the analyte
concentration of the blood. In one embodiment of the method shown in FIGURE 2, the step 216 comprises
placing the thermal gradient inducing means of the monitor 100 in contact with the patient's skin 112 at a
measurement site, inducing a thermal gradient in the patient's skin, and performing an analyte measurement
by detecting and analyzing thermal radiation at selected wavelengths. As in the step 212, another
embodiment of the step 216 comprises performing multiple measurements to produce a series of data
representing the analyte concentration of the blood. As mentioned above, one of skill in the art will appreciate
that the noninvasive detection unit 102 can comprise any instrument which determines the concentration of an
analyte of interest in a subject’s tissue without withdrawal of biood from the subject.

Next in a step 220, the analyte measurements performed in the step 212 and the step 216 are
compared to estimate the calibration error. Finally, in a step 222 the measurement output of the monitor is
corrected using the calibration error estimated in step 220 to correct for the patient-specific monitor calibration
error.

FIGURE 2A is a flow chart of another variation of the method of operation of the monitor 100. This

variation addresses where and when measurements are to be taken. More particularly, the method involves
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the choice of a location on a subject's body at which to take the analyte measurement, preferably based on
the amount of time that has elapsed since the last time the subject ate. A restricted period commences after
the subject eats. This restricted period is characterized by a restriction on where the subject may take analyte
measurements; specifically, the subject is restricted to taking measurements “on-site” (on a finger or fingertip,
or alternatively, anywhere distal of the wrist) during a restricted period.

In contrast, when no restricted period is in effect (i.e., the designated time interval has elapsed since
the last time the subject ate) the subject may take analyte measurements either on-site or at an off-site
measurement location such as, for example, the forearm. It is to be understood, however, that an “off-site”
measurement location refers to any location other than the on-site locations.

The method shown in FIGURE 2A may comprise switching the monitor 100 to a patient calibration
mode in a step 250. Then in a step 252, the operator determines whether there is a restricted period in effect.
In one embodiment, the restricted period lasts from about 0.5 to about 3 hours after the subject eats. In
another embodiment, the restricted period lasts from about 1.0 to about 2 hours. In another embodiment, the
restricted period lasts from about 1.5 to about 2 hours. In a presently preferred embodiment, the restricted
period lasts about 2 hours. If there is a restricted period in effect, then in a step 254, the operator performs a
traditional measurement “on-site” using the analysis device 116. This is done by withdrawing a blood sample
from the patient and analyzing the blood sample in the device 116 to determine the analyte concentration of
the blood sample.

Then in a step 256, the noninvasive detection unit 102 measures the analyte concentration of the
blood on-site. The step 256 may comprise placing the thermal gradient inducing means of the monitor 100 in
contact with the patient's skin 112 at a measurement site, inducing a thermal gradient in the patient's skin,
and performing an analyte measurement by detecting and analyzing thermal radiation at selected
wavelengths. As mentioned above, ~however, one of skill in the art will appreciate that the noninvasive
detection unit 102 can comprise any instrument which determines the concentration of an analyte of interest
in a subject's tissue without withdrawal of blood from the subject.

Next in a step 260, the analyte measurements performed in the step 254 and the step 256 are
compared to estimate the calibration error. Finally, in a step 262 the measurement output of the monitor is
corrected using the calibration error estimated in step 260 to correct for the patient-specific monitor calibration
error.

If no restricted period in effect, then in a step 274, the operator performs a traditional measurement
at an off-site measurement location using the analysis device 116. As mentioned above, the traditional
measurement at the off-site measurement location is done by withdrawing a blood sample from the patient
and analyzing the blood sample in the device 116 to determine the analyte concentration of the blood sample.

In a step 276, the noninvasive detection unit 102 measures, at an off-site measurement location, the
analyte concentration of the blood. As above, the step 276 may comprise placing the thermal gradient
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inducing means of the monitor 100 in contact with the patient's skin 112 at a measurement site, inducing a
thermal gradient in the patient's skin, and performing an analyte measurement by detecting and analyzing
thermal radiation at selected wavelengths. Again, the noninvasive detection unit 102 can comprise any
instrument which determines the concentration of an analyte of interest in a subject’s tissue without
withdrawal of blood from the subject.

Next in a step 280, the analyte measurements performed in the step 274 and the step 276 are
compared to estimate the calibration error. Finally, in a step 282 the measurement output of the monitor is
corrected using the calibration error estimated in step 280 to correct for the observed patient-specific monitor
calibration error.

In any of the methods described herein, calibration can also be performed by using the noninvasive
monitor to analyze analyte concentration in withdrawn blood. In this embodiment, the analysis portion 120 of
the analysis device 116 would be omitted. Instead, the monitor 100 performs the analyte concentration
measurement on a blood sample withdrawn from the patient. This is called whole blood analysis.

FIGURES 3A and 3B depict a whole blood adapter 300 which can be used to facilitate whole blood
analysis by any noninvasive monitor having a window, lens, or other opening for passing or receiving energy
to or from a sample or living tissue. In one embodiment the adapter 300 comprises a base material 310. The
material 310 is preferably a hydrophobic material, e.g., Kapton. The adapter 300 is configured to be applied
to the analyzer window 108 of the monitor 100 and sized to cover a large portion of the window 108. The
adapter 300 also has a whole blood accommodating volume 314 configured to receive a small amount of
blood that extends between openings positioned on opposite sides of the base material 310.

In another embodiment, the adapter 300 also comprises an adhesive backing 312. The adhesive
hacking 312 is selected from materials that do not give any analyte absorption signature, i.e., those materials
that do not emit thermal radiation in the same spectra as the analyte. This has the effect of “passivating” the
portions of the window covered by the adhesive 312.

In operation, the adapter 300 is applied to the analyzer window 108. Then a drop of blood is placed
in the whole blood accommodating volume 314. Once the blood is applied to the whole blood
accommodating volume 314, the analyte concentration of the blood is measured in the usual manner. After
the monitor 100 performs the measurement, the adapter 300 is removed from the window 108 of the monitor
100, and any blood left on the window is removed. This can be done using a sterilizing solution, such as
isopropyl alcohol or other well known sterilizing solutions.

In one variation shown in FIGURES 4A and 4B, an adapter 400 similar to the adapter 300 has a
wicking medium 420 that captures the blood using capillary forces. Capillary forces cause the blood to be
drawn into the wicking medium. In operation, after the adapter 400 is removed from the window 108 of the

monitor 100, the blood remains captured in the wicking material 420. This reduces the amount of blood



10

15

20

25

30

35

WO 03/016865 PCT/US02/26190

remaining on the window 108 after the adapter 400 is removed. Thus, a simple wipe with an alcohol soaked
pad is sufficient to clean the window.

In another embodiment shown in FIGURES 5A and 5B, an adapter 500 comprises a thin optically
transparent material layer 530 to prevent the blood from coming into contact with the analyzer window 108.
Suitable materials for the layer 530 include mylar, vinyl, and polypropylene. After the measurement is made
the adapter 500, including the thin layer 530, is removed and discarded. There is no need to clean the
window 108 as blood did not contact the window. In the embodiments illustrated in FIGURES 3A-5B, a
column of blood is captured in the whole blood accommodating volume having an outer diameter
approximately equal to the diameter of the opening in the base material and a height approximately equal to
the thickness of the base material. The amount of the blood sample required is limited by the diameter of the
opening in the base material.

In yet another embodiment shown in Figure 6, an adapter 600 is configured to further limit the
amount of the blood sample by further reducing the height of the blood column and by reducing the diameter
of the opening in the base material. As a result, the whole blood accommodating volume is reduced. Under
normal operating conditions the noninvasive analyzer disclosed in US Patent No. 6,198,949 will sense an
analyte to a depth of several hundred microns in the whole blood or noninvasive sample. If the height of the
whole blood sample is reduced, the measurement will be made on only the available height. Such a
measurement can be performed by incorporating a neutral absorption material 640 such as polyethylene, or
silicon into the adapter 600. The material 640 is positioned in the adapter 600 so that when the blood is within
the adapter 600 and when the adapter is positioned on the window 108, the blood is between the material 640
and the window 108. The material 640 must not absorb infrared energy in the wavelength ranges absorbed
by the analyte, the blood, or the normal body tissues.

Whole blood analysis can also be performed under the measurement location protocol described
above. As discussed above, the whole blood adapters will be used in conjunction with blood withdrawn either
from the on-site location or from the off-site location. The blood withdrawal location will preferably be based
on the amount of time that has elapsed since the last time the subject ate. As discussed above, during the
restricted period, which commences after the subject eats, the subject is restricted to withdrawing blood “on-
site.” In contrast, when no restricted period is in effect (i.e., the designated time interval has elapsed since the
last time the subject ate) the subject may withdraw blood either on-site or at an off-site location such as, for
example, the forearm. As above, it is to be understood, however, that the “off-site” location refers to any
location other than the on-site locations.

Although this invention has been disclosed in the context of certain preferred embodiments and
examples, it will be understood by those skilled in the art that the present invention extends beyond the
specifically disclosed embodiments to other alternative embodiments and/or uses of the invention and obvious

modifications and equivalents thereof. Thus, it is intended that the scope of the present invention herein
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determined only by a fair reading of the claims that follow.
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WHAT IS CLAIMED IS:
1. A method for calibrating a non-invasive blood constituent monitor connected to a traditional

measurement system via a data link, the method comprising:

withdrawing an amount of whole blood from a patient;

analyzing a blood constituent in the amount of whole blood with the traditional measurement
system and generating a traditional monitor output representing a property of the blood constituent;

placing a thermal gradient inducing element of the non-invasive blood constituent monitor in
contact with the skin of the patient;

analyzing the blood constituent in blood within the patient by detecting thermal radiation at
selected wavelengths and generating a non-invasive monitor output representing the property of the
blood constituent;

comparing the traditional monitor output and the non-invasive monitor output to estimate an
error; and

correcting the non-invasive monitor output based on said error.

2. The method of Claim 1, further comprising correcting subsequent non-invasive monitor
outputs based on said error.

3. The method of Claim 1, wherein analyzing a blood constituent in the amount of whole blood
with the traditional measurement system comprises generating a traditional monitor output representing the
concentration of blood glucose.

4. The method of Claim 1, wherein analyzing a blood constituent in the amount of whole blood
with the traditional measurement system comprises performing an electro-chemical analysis of the whole
blood.

5. A blood constituent monitor comprising:

a traditional measurement system configured to withdraw an amount of whole blood from a
patient, and configured to analyze a blood constituent in the amount of whole blood to generate a
traditional monitor output representing a property of the blood constituent;

a non-invasive monitor having a thermal gradient inducing element configured to be placed
in contact with the skin of the patient, the non-invasive monitor configured to analyze the blood
constituent in the patient to produce a non-invasive monitor output by detecting thermal radiation
emitted by the blood constituent; and

a data link connected to the fraditional measurement system and connected to the non-
invasive monitor, the data link configured fo transmit the output of the traditional measurement to the
non-invasive monitor;
wherein the blood constituent monitor is configured to compare the traditional monitor output and the

non-invasive monitor output.
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6. The monitor of Claim 5, wherein the non-invasive monitor is configured to correct
subsequent non-invasive monitor outputs based on the error.

7. The monitor of Claim 5, wherein the traditional measurement system is capable of
performing an electro-chemical analysis of the amount of whole blood withdrawn.

8. The monitor of Claim 5, wherein the traditional measurement system further comprises a
whole blood withdrawal portion that comprises a needle.

9. The monitor of Claim 5, the traditional measurement system further comprises a whole
blood withdrawal portion that comprises a laser.

10. The monitor of Claim 5, wherein the traditional measurement system further comprises a
whole blood withdrawal portion that comprises a lancet.

1. The monitor of Claim 5, wherein the traditional measurement system further comprises a
whole blood withdrawal portion that comprises a finger-stick.

12. A blood constituent monitor comprising:

a non-invasive blood constituent monitor;
a traditional measurement system; and
a data link that transfers data between the non-invasive blood constituent monitor and the

traditional measurement system;

wherein the non-invasive blood constituent monitor and the traditional measurement system are
permanently connected.

13. The blood constituent monitor of Claim 12, wherein the non-invasive blood glucose monitor
further comprises a thermal gradient inducing element and an analyzer window.

14. The blood constituent monitor of Claim 12, wherein the non-invasive blood constituent
monitor and the traditional measurement system are configured to be portable.

15. The blood constituent monitor of Claim 12, wherein the traditional measurement system
comprises a whole blood withdrawal portion and an analysis portion.

16. The blood constituent monitor of Claim 15, wherein the whole blood withdrawal portion
comprises a heedle.

17. The blood constituent monitor of Claim 15, wherein the whole blood withdrawal portion
comprises a laser.

18. The blood constituent monitor of Claim 15, wherein the whole blood withdrawal portion
comprises a lancet.

19. The blood constituent monitor of Claim 15, wherein the whole blood withdrawal portion

comprises a finger-stick.

11



10

15

20

25

30

WO 03/016865 PCT/US02/26190

20. A method for calibrating a non-invasive blood constituent monitor connected to a traditional
measurement system via a data link, the non-invasive monitor having an analyzer window, the method
comprising:

determining whether there is a restricted period in effect;

selecting an on-site or an off-site measurement location based on whether a restricted
period is in effect;

performing a traditional measurement of a blood constituent at the selected measurement
location using the traditional measurement system;

generating a traditional monitor output representing a property of the blood constituent;

placing the analyzer window of the non-invasive blood constituent monitor in contact with
the skin of the patient;

analyzing the blood constituent in blood within the patient with the non-invasive blood
constituent monitor;

generating a non-invasive monitor output representing the property of the blood constituent;

comparing the traditional monitor output and the non-invasive monitor output to estimate an
error; and

correcting the non-invasive monitor output based on said error.

21. The method of Claim 20, wherein placing the analyzer window of the non-invasive blood
constituent monitor in contact with the skin of the patient comprises placing the analyzer window in contact
with the skin of the patient on-site or off-site based on whether a restricted period is in effect,

22. The method of Claim 20, wherein placing an analyzer window of the non-invasive blood
constituent monitor in contact with the skin of the patient further comprises placing a thermal gradient inducing
element of said non-invasive blood constituent monitor in contact with the skin of the patient.

23. The method of Claim 20, further comprising correcting subsequent non-invasive monitor
outputs based on said error.

24, The method of Claim 20, wherein performing a traditional measurement comprises:

withdrawing an amount of whole blood from the patient, and
analyzing the blood constituent in the amount of whole blood with the traditional
measurement system.

25. The method of Claim 20, wherein generating a traditional monitor output representing a
property of the blood constituent comprises generating a traditional monitor output representing the
concentration of blood glucose.

26. The method of Claim 20, wherein performing a traditional measurement comprises

performing an electro-chemical analysis of the whole blood withdrawn.

12
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27. The method of Claim 20, wherein determining whether there is a restricted period in effect

comprises measuring an amount of time since a subject has eaten.
28. The method of Claim 27, wherein the amount of time measured is from about .5 hour to

about 3 hours.
29. The method of Claim 27, wherein the amount of time measured is from about 1 hours to

about 2 hours.
30. The method of Claim 27, wherein the amount of time measured is from about 1.5 hours to

about 2 hours.
3. The method of Claim 27, wherein the amount of time measured is about 2 hours.
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