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IMPROVED NON-INVASIVE NEAR-INFRARED

QUANTITATIVE MEASUREMENT INSTRUMENT

Background of the Invention

Cross-Reference to Related Application
5 This application is a continuation-in-part of co-

pending application Serial No. 07/565,302, filed on
August 10, 1990, which is a continuation-in-part of
application Serial No. 07/544,580, U.S. Patent No.
5,077,476.

10 Field of the Invention

This invention relates to instruments for the non-

invasive quantitative measurement of constituents in
blood, such as blood glucose levels. Specifically,

this invention relates to an improved analysis

15 instrument utilizing a removable insert which
facilitates positioning of an individual user’s finger
and improves the internal Eleanliness of the
instrument.
Description of the Background Art

20 7 Information concerning the chemical composition of
'blood is widely used to assess the health
characteristics of both people and animals. For
example, analysis of the glucose content of blood
provides an indication of the current status of

25 metabolism. Blood analysis, by the detection of above
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or below normal levels of various substances, also
provides a direct indication of the presence of certain
types of diseases and dysfunctions.
A current type of blood glucose analytical

5 instrumentation is available for the specific purpose
of determining blood glucose levels in people with
diabetes. This technology uses a small blood sample
from a finger poke which is placed on a chemically
treated carrier and is inserted into a portable battery

L4

10 operated instrument. The instrument analyzes the blood
sample and provides a blood glucose level reading in a
short period of time.

A different class of blood glucose analytical
instruments is the near-infrared quantitative analysis

15 instrument which noninvasively measures blood glucose,
such as the type described in U.S. patent No. 5,077,476
(Rosenthal). The noninvasive blood glucose measurement
instrument analyzes near-infrared energy following
interactance with venous or arterial blood, or

20 transmission through a blood-containing body part. The
instrument measures a change in light absorption that
occurs, in part, due to the glucose content of the
blood stream.

Non-invasive measurement instruments of this type

25 have broad applications for the diabetic community.

For example, people with diabetes have wide changes in
their blood glucose content during the day which often
require multiple measurements per day for good disease
control. The ability to make these near-infrared blood

30 glucose level measurements noninvasively means that
more measurements will likely be made per day than
would be made using the more painful blood drawing
approach.

An example of a non-invasive measurement
35 instrument is disclosed in the 1476 patent wherein an
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individual user places the most distal portion of his
or her finger within a "jaws" type arrangement. Light
is then impinged upon the surface of the finger and a
detector is placed axial with the light beam on the

5 opposite side of the finger to receive any light
emerging therefrom. A microprocessor receives the
signal from the detector and calculates the user’s
blood glucose level.

Another analysis instrument is disclosed in

10 copending application Serial No. 07/565,302 which
comprises a chamber formed in the instrument housing
into which a user inserts his or her finger. The
user’s finger must be correctly placed within the
chamber so that proper exposure to the near-infrared

15 energy and detection can occur. In addition, this type
of analysis instrument may measure the individual’s
skin temperature and use this measurement in
calculating the blood analyte concentration. As a
result, the individual’s finger must properly be in

20 contact with a skin temperature sensor to acquire the
temperature measurement. .

A possible limitation of the above-described
instruments is that the instruments’ optical systems
can be damaged by the measurement of a person,

25 especially children, having extremely dirty or wet
fingers. Moreover, moisture and foreign matter can
degrade optical transmission of the near-infrared
energy thereby resulting in inaccurate blood glucose
level measurements.

30 Another potentiai limitation associated with these
instrumenté involves obtaining inaccurate blood glucose
measurements resulting from a failure to properly and
securely position a user’s finger, which may vary
widely in size, inside the instrument. This limitation

35 is particularly applicable to taking measurements on a



WO 93/13402 PCT/US92/11371
4

child’s finger. Also, proper connection with a skin
temperature sensor may not occur if an individual’s
finger is improperly positioned within the instrument’s
chamber.

5 Thus, there is a great need for an improved near-
infrared analysis instrument having means for insuring
the internal cleanliness of the instrument and means
for more securely positioning an individual user’s
finger, which vary widely in size, inside the

10 analytical instrument.

Summary of the Invention
In accordance with the present invention, a near-

infrared quantitative analysis instrument for measuring
a blood analyte comprises means for introducing near-

15 infrared energy into a body part of a subject, means
for detecting near-infrared energy emerging from the
subject and processing means for converting an
electrical signal corresponding to the detected energy
into a readout indicative of the blood analyte present

20 in the blood of the subject. The analysis instrument
is constructed having a housing means for housing at
least the introducing means and the detecting means and
a chamber means for permitting the body part to be
exposed to the near-infrared energy. Also, an insert

25 means is utilized for receiving the subject’s body part
and accurately placing the body part within the chamber
means of the analysis instrument. The insert means
removably engages the housing means and is aligned with
the analysis instrument’s optical system.

30 | In accordance with another aspect of the
invention, the insert means is semi-permanently and
removably mounted into the chamber means of the
analysis instrument. Thus, the individual user’s body
part is placed into the insert means which is already
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mounted inside the instrument’s chamber. Utilizing the
insert means according to the present invention will
protect the instrument’s cleanliness and assure proper
positioning of body parts for different sized patients,
i.e. child, average adult or large adult.

Brief Description of the Drawings
FIG. 1 illustrates a non-invasive glucose

measurement instrument according to one embodiment of
the present invention;

FIG. 2 is a cross-sectional view of the insert
means according to one embodiment of the present
invention;

FIGS. 3A and 3B are each an end view of an insert
means and illustrate the constant diameter and variable
inner diameter of the insert means;

FIG. 4 is an end view of the analysis instrument
having an insert means positioned inside its chamber
and illustrates the channel means for properly
positioning the insert means therein; and

'FIG. 5 illustrates a noninvasive near-infrared
glucose measurement instrument according to a second
embodiment of the present invention. '

FIG. 6 illustrates an insert means according to
another embodiment of the present invention.

Detailed Description of the Preferred Embodiments
' According to one embodiment of the invention,

near-infrared light energy at bandwidths centering on
one or more wavelengths'of interest is transmitted

'through a blood containing portion of the body of a

test subject. The near-infrared energy emerges from

the test shbject, generally opposite from the near-

infrared source, and is detected by a detector.
Following amplification of the detector generated
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signal, the amplified output is processed into an
output signal indicating the amount of blood analyte,
such as blood glucose level, in the subject’s blood.

FIG. 1 illustrates a noninvasive near-infrared
quantitative analysis instrument 1 which is designed to
measure a blood analyte using near-infrared
transmission through a test subject’s body part, such
as a finger. The analytical instrument 1 contains an
introducing means including at least one near-infrared
energy source for introducing near-infrared energy into
the test subject’s finger. In one embodiment of the
present invention, the introducing means comprises up
to six or more near-infrared point sources (near-
infrared IRED’s). IREDs 5 and 6 are shown for
illustrative purposes in FIG. 1. In a preferred
embodiment, the IREDs emit energy in the range of
approximately 600 nanometers to approximately 1100
nanometers.

The analytical instrument also utilizes detector
8 for detecting near-infrared energy emerging from the
test subject’s body part. Detector 8 is electrically
connected to data processing means 10 which, according
to its programming, processes the signal produced by
the detector 8 into a signal indicative of the guantity
of blood analyte present in the test subject’s blood,
which is displayed on display 3. The analytical
instrument 1 calculates the quantity of blood analyte
present in the test subject’s blood substantially as
disclosed in U.S. Patent No. 5,077,476, incorporated
herein by reference.

Illustrative IREDs 5 and 6 are separated by light
baffle 4 and are positioned so that the near-infrared
energy is directed through window 14, which may be
light scattering, and onto the test subject’s skin.
Window 14, however, is an optional component and is
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provided as a preferred embodiment. Optical filters,
illustrated at 12 and 13, are positioned between each
IRED and the window 14 for filtering the near-infrared
light, thereby optimizing the band of near-infrared

5 light striking the subject.

As illustrated in FIG. 1, the IREDs 5 and 6,

detector 8 and processing means 10 are contained in a
housing means which, preferably, is a light-weight
hand-held housing unit 11. Housing means 11 further

10 comprises a chamber means 18 for enabling the
individual user’s body part to be exposed to the near-
infrared energy. The IREDs 5 and 6 and the detector 8
are positioned about the chamber means 18 forming an
optical axis. During operation, the IREDs expose the

15 subject’s body part with near-infrared energy and
detector 8 detects any energy emerging therefrom.

Also, temperature sensor 7 is positioned about chamber
means 18 such that it senses the user’s skin
temperature and produces a signal representative

20 thereof. In one embodiment, temperature sensor 7 comes
into actual contact with the user’s skin. The measured
skin temperature signal is input into the processing
unit 10 which may be used in the calculation of the
individual’s blood glucose level.

25 However, as discussed above, potential errors in
blood analyte concentration measurements may be caused
by improper positioning of an individual’s body part or
by foreign m&tter degrading optical transmission.

Thus, in accordance with an important aspect of

30  the present invention, FIG. 2 illustrates an insert
‘means 20 for properly positioning an individual’s body
part inside the analysis instrument 1. In one
embodiment, insert means 20 receives the test subject’s
body part, e.g. a finger, which are both then inserted

35 into the chamber means 18 of the analysis instrument 1.
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As shown in FIG 2, the insert means 20 comprises means
for securely holding the individual‘s finger in place
which insures its proper positioning within the
analysis instrument’s optical axis. The means for
securely holding the individual’s finger can be any
suitable structure, such as foam rubber lining 22 or
the like. Insert means 20 also includes a finger stop
23 which additionally facilitates finger positioning.

To enable the blood analyte measurements, insert
means 20 includes a window means through which the
near-infrared energy emitted from the IREDs 5 and 6 can
impinge upon the test subject’s finger and be detected
by the detector 8. 1In one embodiment, the window means
comprises first and second open portions in the insert
means which are positioned to permit the near-infrared
energy to be transmitted from the IREDs to the
detector. 1In a preferred embodiment, the window means
comprises openings 24 made of a material transparent to
near-infrared energy, such as polystyrene, as shown in
FIG. 2. The near-infrared openings can also be a ring-
shaped structure formed around the insert means, Or can
be any other structure suitable for enabllng the near-
infrared energy to be transmitted therethrough. Except
for the near-infrared transmission openings, the insert
means is preferably formed of an opaque material, such
as PVC, which will protect against interference caused
by external light.

Insert means 20 further comprises a conduction
means 25 for conducting the heat from the individual’s
finger to the temperature sensor 7. Upon proper
insertion, the conduction means 25 and the temperature
gsensor 7 will be in physical contact which will permit
acquisition and utilization of the temperature signal
by the processor 10. The conductor means 25 can be
made of any suitable material such as brass.
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As described above, the insert means enables the
proper positioning of user’s fingers which may vary
widely in size. This is accomplished by constructing
the insert means with a constant outer diameter and by
providing a inner diameter dimensioned to accommodate
fingers of varying sizes, as illustrated by FIGS. 3A
and 3B. Furthermore, constructing the insert means
with a constant outside diameter and a choice of inside
diameters, depending on finger size, will allow
significant cost savings in the design of the
analytical instrument. Other types of near-infrared
analytical instruments have attempted to accommodate
different finger sizes by loading a finger retainer,
including a portion of the system optics, against the
user’'s finger. Providing an insert with a constant
outside diameter, however, will eliminate the need for
movable optics.

In another aspect of a preferred embodiment, light
shielding means for blocking out unwanted impinging
sunlight, or any other type of optical radiation, is
provided. If the near-infrared measurements are made
in bright sunlight, the finger acts as a "fiber optic"
equivalent and transmits light to the most distal
portion where the glucose is attempted to be measured.
To avoid this problem, the light shielding means is
provided which can be any suitable structure for
preventing stray light from interfering with blood
glucose level measurements. For example, FIG. 2 shows
an optically opaque bellows arrangement 26 attached to
the insert means 20 and covering the finger portion

which is external to the instrument. The light

shielding means could be connected to the instrument
housing as well. The bellows arrangement 26 blocks out
impinging sunlight or any other type of optical
radiation which can improve measurement accuracy.
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Properly using the insert means 20 with the
analytical instrument 1 according to a first embodiment
of the present invention will be described hereinafter.
The individual user slides his or her body part to be
measured, e.g. finger, into the insert means 20. The
individual’s finger will be securely positioned within
the insert means by lining 22 and finger stop 23.
After the finger is positioned within the insert, the
insert is aligned and entered into the chamber means
18. As shown in FIGS. 3A, 3B and FIG. 4, alignment
rails 27 are provided on the insert means to insure
that it is properly inserted within the chamber 18.
Thus, the insert means 20 enables the individual’s
finger to be securely fit and properly aligned within
the analytical instrument. Blood analyte concentration
measurements can then be performed as described above.

According to a second embodiment of the present
invention, the insert means 20 is initially installed
into chamber 18 of the analytical instrument 1 before
receiving the user’s finger, as illustrated in FIG. 5.
Using this approach, the individual user’s finger is
placed into the insert means which is already in the
jnstrument. This construction is advantageous in that
the insert means is semi-permanently, removably,
engaged by the instrument and is not a "loose piece"
which can be lost. Also, the optical path for empty
chamber measurement and for the finger measurement is
consistent; both contain the insert. '

Oover a period of time, the insert means may become
dirty, damaged or worn out due to multiple finger

insertions. Thus, in accordance with another aspect of

the invention, the analytical instrument is provided
with a protection means for preventing the insert means
from being used if it has been damaged or is otherwise
unable to permit accurate blood glucose measurements.
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In one embodiment, the insert means 20 is'provided with
a safety device which informs the user to replace the
insert after a predetermined number of days or uses.
For example, the insert means shown in FIG. 5 is '
provided with a safety device 28 including means for
completing an electrical circuit which enables the
instrument to make blood glucose measurements. The
means for completing the electrical circuit can be any
suitable means known in the art. For example, safety
device 28 comprises a filament which forms part of a
circuit between a voltage source and processor 10.
Voltage is applied to the filament while the instrument
is taking blood glucose measurements. After the
filament is expended, the time for which is selected to
coincide with the desired useful life of the insert
means, the instrument will be inactivated and will no
longer perform measurements.

The processor 10 can perform the inactivation in
any suitable way. For example, the signal from the
filament can be to one input of an AND gate while the
other AND gate input is from the instrument ON/OFF
signal. After} the instrument becomes inactivated, the
individual user will then have to replace the insert
means before additional blood glucose measurements can
be taken.

' In a second embodiment, the protection means uses
the analytical instrument’s optical system to determine
when the insert means must be replaced. The optical
system makes an initial measurement when the insert is
first placed into the chamber 18 which is then stored
in the instrument’s memory. This initial measurement
is made with an empty insert, i.e. no finger would be

in place at that time. Over a period of time, empty

insert measurements are made and the values obtained
are compared with the initial Log 1/T values. If
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significant changes from the initial value are
detected, such as a Log 1/T value of approximately 0.1,
then the analytical instrument will not perform any
further measurements until the insert means has been
replaced. The protection means will insure that the
instrument user will change the insert means to insure
its cleanliness and, thus, enable more accurate blood
glucose measurements.

In still another aspect of the present invention,
the insert means is used to provide an optical standard
to test the instrument performance. The purpose of the
optical standard is to satisfy the requirement that a
measurement be made on an artificial substance to
establish that the instrument is working properly. As
shown in FIG. 6, insert means 20 is provided with a
first optical filter 30 and a second optical filter 31,
each located at 90 to the near-infrared transparent
windows 24. Filters 30 and 31 can be made of any
suitable material, such as plastic, ceramic or formed
by vapor deposition on glass. The filters are arranged
so that a pair of them can provide reading at two
separate points in the spectrum. Thus, the optical
standardization is performed by rotating the insert
means such that optical filters 30 and 31 are in the
instrument’s optical axis and performing a first
measurement reading. A second measurement is then
taken after rotating the insert means 180 degrees. The
two measurement points are slightly different because
the light enters the filters in opposite ways, thus
enabling the standard readings to be made. Finger
measurements can be made by returning the insert to the
original position.

In this embodiment, the insert means is
constructed having the alignment rails only on a distal
portion thereof. Also, the housing means comprises
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channel means for receivihg the alignment rails which
extend only partially along the length of the chamber
means. When the insert means is positioned to perform
blood glucose measurements, the alignment rails and the
channel means are engaged and prevent the insert means
from being rotated. However, the housing means
comprises means for receiving the insert means an
additional distance which frees the alignment rails

- from the channel means which permits the insert means

10

15

to be rotated. The means for receiving the insert
means an additional distance can be any suitable
structure, such as.ﬁ\spring loading the back wall of
the chamber means.

Although the invention has been described in
connection with preferred embodiments, it is not
limited to them. Modifications within the scope of the
following claims will be apparent to those skilled in
the art.
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We claim:
1. A near-infrared quantitative analysis

instrument for non-invasive measurement of a blood
analyte present in a body part of a subject, said
analysis instrument comprising:

(a) introducing means including a near-
infrared energy source for introducing near-infrared
energy into blood present in a body part of a subject;

(b) detecting means for detecting near-
infrared energy emerging from the body part;

(c) a housing means for housing at least
said introducing means and said detecting means, said
housing means comprising a chamber means for enabling
said body part of said subject to be exposed to said
near-infrared energy, said introducing means and said
detecting means being positioned about said chamber
means such that near-infrared energy emitted by said
introducing means is receivable by said detecting

means;
(d) an insert means for receiving said body

part of said subject and for engaging said chamber
means, said insert means comprising window means for
permitting said near-infrared energy emitted from said
introducing means to pass through said insert means and
to be receivable by said detecting means; and

| (e) processing means for calculating an
electrical signal from said detection means into a
signal indicative of the quantity of said blood analyte
present in the blood of the subject.

2. The near-infrared analysis instrument as set
forth in claim 1, wherein said insert means removably
engages said chamber means.

3. The near-infrared analysis instrument as set
forth in claim 2, wherein said insert means is

disposable.
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4, The near-infrared analysis instrument as set
forth in claim 1, wherein said window means comprises
at least one optical opening which is transparent to
near-infrared energy.

5. The near-infrared analysis instrument as set
forth in claim 4, wherein said window means comprises
two optical openings which are transparent to near-
infrared energy.

6. The near-infrared analysis instrument as set
forth in claim 1, wherein said housing means comprises
a temperature sensing means for sensing the temperature
of the subject’s body part.

7. The near-infrared analysis instrument as set
forth in claim 6, wherein said insert means comprises a
conduction means for transferring energy representative
of the subject’s body part temperature to said
temperature sensing means.

8. The near-infrared analysis instrument as set
forth in claim 1, wherein said insert means has a
constant outside diameter and an inner diameter

- selected to securely engage the subject’s body part.

9. The near-infrared analysis instrument as set
forth in claim 1, wherein said analysis instrument
further comprises a light protection means for
shielding stray light from interfering with blood
ahalyte calculations.

10. The near-infrared analysis instrument as set
forth in claim 9, wherein said light protection means
comprises a light opaque bellows which covers a portion
of the subject’s body part which extends outside the
analysis instrument.

11. The near-infrared analysis instrument as set
forth in claim 10, wherein said bellows is mounted on

said housing means.
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12. The near-infrared analysis instrument as set
forth in claim 10, wherein said bellows is mounted on
said insert means.

13. The near-infrared analysis instrument as set
forth in claim 1, wherein said insert means comprises

an alignment means for guiding the insert means into

said chamber means.
14. The near-infrared analysis instrument as set

forth in claim 32, wherein said alignment means

comprises alignment rails positioned on said insert

means.
15. The near-infrared analysis instrument as set

forth in claim 1, wherein said analysis instrument
further comprises a safety means for inactivating the
analysis instrument after said insert means has been
operated for a predetermined period of use.

16. The near-infrared analysis instrument as set
forth in claim 15, wherein said safety means comprises
an electrical circuit connecting at least a useful life
regulation means inside said insert means with a means
for controlling operation of the instrument.

17. The near-infrared analysis instrument as set
forth in claim 16, wherein said useful life regqulation
means comprises a filament which expends after a

predetermined period of use.
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