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(57) Abregée/Abstract:

A method Is provided for predicting a property of a matter of biological origin, such as biological fluid, containing water, where the
biological matter may be approximated to contain two compartments where one compartment has a proportionally larger or
smaller amount of water than the other compartment having the property of interest. The method involves establishing a training
set in the near-infrared (NIR) region with independent quantification of the property of the matter using known techniques. The
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(57) Abréege(suite)/Abstract(continued):

training set Is mathematically analyzed according to a correlation developed by regression analysis after employment of a pre-
processing technique. The result Is a mathematical transformation equation which quantitatively relates spectral intensities at
specific wavelengths to the property of interest. This transformation equation may be applied to unknown samples so as to
predict their properties, thereby eliminating need for the reference method, except for validation and recalibration. The method
provides rapid and accurate prediction of the property of the unknown sample, which may be the property of hematocrit or
hemoglobin concentration in whole animal blood. The pre-processing technigue may be the transformation of the spectra using

a multiple derivative calculation, such as computing the second derivative of the several spectra of known and unknown
samples.
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ABSTRACT

A method is provided for predicting a property
of a matter of biological origin, such as biological
fluid, containing water, where the biological matter may
be approximated to contain two compartments where one
compartment has a proportionally larger or smaller amount
of water than the other compartment having the property
of interest. The method involves establishing a training
set in the near-infrared (NIR) region with independent
quantification of the property of the matter using known
technigques. The training set is mathematically analyzed
according to a correlation developed by regression
analysis after employment of a pre-processing technique.
The result is a mathematical transformation equation
which guantitatively relates spectral intensities at
specific wavelengths to the property of interest. This
transformation equation may be applied to unknown samples
so as to predict their properties, thereby eliminating
need for the reference method, except for validation and
recalibration. The method provides rapid and accurate
prediction of the property of the unknown sample, which
may be the property of hematocrit or hemoglobin
concentration in whole animal blood. The pre-processing
technique may be the transformation of the spectra using
a multiple derivative calculation, such as computing the
second derivative'of the several spectra of known and
unknown samples.
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CHARACTERIZING MATTER OF BIOLOGICAL
ORIGIN USING NEAR INFRARED SPECTROCOPY

Field of the Invention

The present invention relates to the analysis
of a sample of matter of biological origin using the
near-infrared (NIR) spectrum of that biological matter
having a water content. The method permits prediction of
a property of interest because the biological matter may
be approximated to contain two compartments where one
compartment has a proportionally larger or smaller amount
of water than the other compartment having the property
of interest. Analysis of an unknown sample is achieved
by use of mathematical techniques developed using a NIR
spectral training set of known samples and independent
quantification of the property of interest in the known
samples in that training set,.

Background of the Invention

Presence of water in an organism is the common

- denominator of life. The corpus of an organism is

compartmentélized,with each compartment capable of being
distinguished by the amount of water it_confaihs.--The '
processes_of'osmosis and reverse osmosis in an orgahism
act to stabilize this compartmentalization.

Determination of the volume fraction or
percentage concentration of components other than water
in'the various compartments of biological matter, such as

‘tissue or blood, is often critical to the determination

0£ the well-being or homeostasis of the organism.
Whether in-the'bOtanical, medical, zoological orx
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veterinary arts, because the circulation of biological
fluid or existence of certain biologlical tissue in an

organism is necessary for life, the diagnosis of such
biological matter provides an excellent medium to assess
the homeostatic condition of the organism.

Blood of animals circulates essential nutrients
of life. Erythrocytes, red blood cells, flowing in the
blood plasma carry oxygen to all other cells of the
organism. Hematocrit is the volume fraction of
agglomerated erythrocytes in whole blood. Hemoglobin is
the chemical molecule in the erythrocytes which
transports oxygen to the cells. Hemoglobin may take
several forms depending on the presence or absence of
oxvgen or other chemicals which may be bonded to active
sites in the hemoglobin molecule. Hematocrit in whole
blood has been found to have a suitable direct
mathematical correlation to the concentration of
hemoglobin, providing the blood has few or no lysed
erythocytes.

Water 1s omnipresent in whole blocod.
Hemoglobin is dissolved in the erythrocytes while plasma
is principally water. But the amount of water in which
hemoglobin is dissolved, and hence in erythrocytes, 1is
comparatively less than the amount of water in the
plasma.

Clinical analysis of an organism requires
monitoring of the status of or the changes in condition.
As a result of injury or illness or other deleterious
biological conditions, the hematocrit or the
concentration of hemoglobin in erythrocytes available for
oxygen transport to the cells of the organism may be
diminished below healthy levels even to the point of
critical life sustaining levels. Also, analysis of
various types of anemia is vital to continuing successful
treatment of a patient, especially in critical care
facilities such as emergency rooms, operating rooms, or
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intensive care units, including neo-natal units. Less
traumatic but just as vital, most blood donors must
undergo hematocrit testing to assure that their blood to
be donated has appropriate hemoglobin levels for later
use.

Several types of techniques have been known for
the analysis of blood during patient care. Hemoglobin
concentrations are measured traditionally using lengthy
and complicated procedures which require the
preconditioning, i.e., chemical modification or component
separation, of a blood sample withdrawn from the body.
The traditional methods destroy the blood, preventing its
return to the body.

One popular method for the determination of
hemoglobin involves (1) lysing the red blood cells by
hypotonic shock or sonification, (2) removal of the red
blood cell membranes to produce a clear solution, (3)
addition of a cyanide ion reagent to normalize or convert
the various forms of hemoglobin to a single form
hemoglobin {(e.g., cyanomet hemoglobin), and (4)
spectrophotometric analysis to derive the hemoglobin
concentration of the normalized sample.

Because of the complicated chemical procedure
for determination of hemoglobin concentration, and
because of the known direct correlation between
hematocrit and hemoglobin concentration, methods for
independently determining hematocrit have been developed.

The most common methods for measurement of
hematocrit can be divided into two categories:
centrifugal attribution in a test tube of specific
diameter and Coulter counting.

Centrifugal attribution involves centrifuging
of blood withdrawn from the body in a tube of specific
diameter at pre-selected centrifugal forces and times
that serve to separate the blood into two portions. The
heavier portion is the agglomeration of erythrocytes in
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the whole blood. The lighter portion is plasma dominated
by water. The ratio of the volume of theerythrocytes to
the total volume of the blood sample in the centrifuge
tube is the hematocrit.

Coulter counting determines hematocrit by
physical counting of red blood cells and a determination,
through the size of each cell on a cell-by-cell basis,
the volume of each. After a predetermined number of
blood cells are counted, the hematocrit is determined by
the number of red blood cells counted multiplied by the
mean volume of the blood cells for a given blood sample.

As may be understood by considering such
current methods, considerable manipulation and laboratory
analysis is necessary for each individual blood sample
drawn from the body of the patient. Whether measuring
hematocrit or hemoglobin concentration, the blood sample
is withdrawn from the patient and inevitably taken from
the immediate vicinity of the patient for analysis using
expensive, stationary instrumentations that require
preconditioning of the sample in order to analyze 1it.

Efforts to spectrally analyze blood samples for
hematocrit or hemoglobin concentration have been
attempted. U.S. Patent 4,243,883 describes a monitor of
a flowing stream of blood using a discrete near-infrared
wavelength. U.S. Patent 4,745,279 describes a dual path
NIR spectral analysis at discrete wavelengths of flowing
whole blood. U.S. Patent 4,805,623 describes a NIR
spectral method and apparatus using multiple wavelengths
to determine the concentration of a dilute component of
known identity in comparison with a reference component
of known concentration.

The near-infrared (NIR) spectral region of
electromagnetic radiation, from about 680 nanometers to
2700 nanometers, contains absorbance peaks for the
various forms of hemoglobin and water. Prior spectral
analytical efforts have focused on the measurement of the
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diffuse transmission or reflectance of near infrared
light through blood samples. However, light scattering
in the samples and other properties which interfere with
accurate measurement cause variances in the specific
spectrum taken. As a result, even using measurements
taken with sensitive instrumentation is not satisfactory.
Moreover, the choice of specific wavelengths in
near-infrared spectra for which whole blood samples may
bhe best monitored is not straightforward due to variances
in the broad peaks of water and various forms of
hemoglobin in such NIR spectra.

Even with the best monitoring wavelengths being
chosen, one must address the variability caused by the
effective path length that the transmitted or reflected
near-infrared radiation takes between excitation and
detection through the blood sampling. Prior efforts to

employ NIR spectral analysis have either discounted the
importance of determining effective path length or

required procedures to establish the effective path
length prior to completing the spectral analysis. 1In the
former case, reproducible precision suffers; in the
latter case, a complicated methodology is employed.

Thus, what is needed is a method for accurately
determining through NIR spectral analysis a property of a
sample of biological matter which is rapid, inexpensive,
accurate, precise, and which takes into account such
spectroscopic variabilities as effective path length of
the reflected or transmitted light or where =
instrumentation may be using either a continuous
measurement of absorbance wavelengths across a NIR
spectra or at discrete wavelengths thereof.
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Summary of the Invention

The present invention provides a method for
rapidly, inexpensively, and accurately characterizing the
properties of matter of biological origin containing
water by analyzing the near-infrared spectrum of the
biological matter using techniques useful with NIR
spectral instrumentation and predicting the properties
without sample preconditioning. The techniques seek to
minimize the effect of light scattering and use
mathematical regression analysis to permit transforming
the observed spectrum into a prediction of the property
to be analyzed.

The method of the present invention avoids
chemical alteration or physical separation of the
components in the sample of biological matter. The
method also avoids inaccuracies caused by irrelevant
variations in samples and instrumental noise in
measurement technigues.

The method of the present invention is founded
on the principle that the biological matter may be
considered to consist of essentially two compartments:
one compartment which has a proportionally different
(larger or smaller) amount of water than the other
compartment related to or having the property to be
analyzed. The present invention is also founded on the
principle that identification of the volume or weight
fraction or concentration of water in the biological
matter will serve as the basis for calculation of the
property to be analyzed. The method of the present
invention is further founded on the principle that the
establishment of a training set of the combination of NIR
spectra of several samples of the biological matter and
the independent quantification of the property to be
analyzed in each sample provides a source of mathematical
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comparison for accurately predicting the property to be
analyzed 1n an unknown additional sample by using such

mathematical comparison.

Thus, there 1s provided a method for analyzing a
property of biological matter having a water content, the
biological matter comprising a first compartment related to the
property to be analyzed and a second compartment having a

proportionally larger or smaller amount of water than the first

compartment, the method comprising: (a) irradiating with near

p=ray

infrared light multiple samples of bioclogical matter; (b)

detecting the near infrared spectrum of each of said multiple

samples; (c) applying a pre-processing technigue to the

spectrum of each of said multiple samples; (d) independently

quantifying the property to be analyzed for each of said
multiple samples; (e) establishing a training set from said

near 1nfrared spectra of said multiple samples; and (f)

statistically i1dentifying the nature of a mathematical
correlation between the property to be analyzed in the first

compartment and the water content in the biological matter.

When the biological matter is whole blood,

predication of the hematocrit or hemoglobin concentration is

achieved by obtaining near-infrared spectra of a statistically

g
p—

sufficient number of samples of whole blood to establish a

training set for mathematical comparisons against individual
additional unknown samples of other whole blood. Further the

property to be analyzed i1in the whole blood, e.g., hematocrit or

hemoglobin concentration, 1s independently quantified by using
an 1ndependent known technicque: lysing and chemical alteration
for hemoglobin and Coulter counting or centrifuging for

hematocrit.

Having established a training set of NIR spectra and

independently quantified the hematocrit or hemoglobin
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concentration in each sample in the training set, the nature of
the i1nter-relationship between the hematocrit or hemoglobin and

the water content 1is statistically correlated to establish the

source of comparison when predicting unknown samples.

To minimize variability when establishing the
training set and when predicting the properties of the
compartment beling analyzed in the unknown sample, a pre-

processing technique 1s employed.

A pre-processing technique of the present invention
utilizes a multiple derivative transformation of the training
set spectra and the unknown sample’s spectrum to minimize the

p—
p—

effect of light scattering and other instrumental noise on the

various spectra, 1n order to allow a mathematical correlation
using the multiple derivative of the spectral intensity at a
single wavelength to accurately predict the property of the

compartment being analyzed in the unknown sample.

gr—tu
——

For purposes of full disclosure, a different and

g

useful type of pre-processing technique invented by the

applicant and another 1s known. A ratio pre-processing

technique using two wavelengths of spectra is disclosed in
European Patent Publication 419,222A2, which 1s based on an
application claiming priority from U.S. Patent Application

Serial Number 07/408,746 (U.S. Patent 5,706,208 issued January

6, 1988), and European Patent Publication 419,223A2, which is

based on an application claiming priority from U.S. Patent

Application Serial Number 07/408,890 (U.S. Patent 5,729,333
1ssued March 17, 1988).

In the case of hematocrit or hemoglobin concentration
determinations, through mathematical regression analysis, it

has been found that use of the absorbance peak of water

appearing 1n NIR spectra in the range of from about 1150 to

apbout 1190 nanometers (nm) provides an accurate and
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reproducible peak for multiple derivative transformation pre-
processing techniques, notwithstanding a known decrease in

detector efficiency using silicon detectors in this range of

wavelengths. This peak of absorbance of water in the 1150-1190

nm range 1s largely isolated from the absorbance of hemoglobin
elther in its oxygenated state or in its deoxygenated state.
The absorbance peak of water in this region is primarily the

p—re

result of simultaneous excitation of the symmetric O-H stretch,

the O-H bending mode, and the antisymmetric O-H stretch of the
water molecule, whether existing in the biological matter as

free water, bound to other molecules, or other forms.

Gathering the training set spectral data for the
samples of the bioclogical matter depends on the type of
instrumentation to be employed. To establish the training set,
1in one embodiment, the biological matter is withdrawn from the

body of the organism.

For purposes of full disclosure, a different and
useful method of gathering spectral data employing a blood loop
1s disclosed 1n European Patent Publication 419,223A2 which is
based on an application claiming priority from U.S. Patent

Application Serial Number 07/408,890 (U.S. Patent 5,729,333

1ssued March 17, 1988). In that instance, the blood is

diverted from the body of the organism and returned.
Additionally, the biological matter may be measured within the

body of the organism.

However, to provide the independent quantification of
the property to be analyzed from the training set samples, a
sample of the biological matter must be withdrawn from the
organism and often cannot be returned to the organism because
of chemical alteration or physical separation of the

compartment 1n the matter.
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Obtaining the unknown sample spectral data for

analysis also depends on ths type of instrumentation to be

employed. In an embodiment of the present invention, the
unknown sample is withdrawn in the same manner as the samples

of the biological matter comprising the training set.

Processing and instrumentation variabilities are
dependent upon the method by which the training set is
established and the method by which the unknown samples are

analyzed. In the case of in vitro (NIR) spectral analysis, the

biological fluid is stationary when being spectrally analyzed,

a static condition.

When the biological fluid is whole blood and the
nematocrit or the concentration of hemoglobin is desired, after
the training set 1s established and the pre-processing
technique has been used to minimize sample and instrumentation
variability, a sample of whole blood is withdrawn from a

patient and spectrally analyzed in a stationary configuration

elither using transmission detection or reflectance detection.
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The method of detection employed must be the
same for both the establishment of the training set and
the investigation of the unknown sample. Because of the
use of the pre-processing technique, variations due to
sampling techniques and instrumentation factors such as
effective path length are minimized.

The NIR spectrum of the unknown sample is
obtained from either continuous or discrete wavelength
measuring instrumentation. After the spectrum is
obtained and subjected to the pre-processing, the
property of interest may be predicted by a mathematical
correlation to the training set spectra.

In the case of the measurement of hematocrit or
hemoglobin concentration in an unknown sample of whole
blood, after the NIR spectrum of the unknown sample is
obtained and subjected to pre-processing, application of
mathematical techniques comparing the training set
spectral data for the hematocrit or the hemoglobin
concentration with the unknown sample’s spectra allows
prediction of the hematocrit or the hemoglobin
concentration in the unknown sample.

For an additional appreciation of the scope of
the present invention, a more detailed description of the
invention follows, with reference to the drawings.

Brief Description of the Drawings

FIG. 1 is a schematic block diagram of the
instrumentation useful in a method carried out in
accordance with the present invention.

FIG. 2 is a schematic flow chart of the methods
to mathematically minimize variability of spettral data
and establish the mathematical correlation between known
samples and the training set spectra, in order to permit
the prédicting of the property of interest in an unknown
sample by comparison with the mathematical correlation.
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FIG. 3 is a graphic representation of typical

whole blood spectra indicating the effects of typical

light scattering variances and other instrumental noise
variances.

FIG. 4 is a graphic representation of the same

whole blood spectra as in FIG. 3 after the application of

the second derivative transformation to minimize the

effects of typical light scattering variances and other
instrumental noise variances.

FIG. 5 is a correlation plot of correlation
coefficient versus wavelength for hematocrit after the

spectra data were second derivative pre-processed and

regression analysis of the spectral data was performed
against hemoglobin.

FIG. 6 is a correlation plot of correlation
coefficient versus wavelength for hemoglobin after the
spectra data were second derivative pre-processed and

regression analysis of the spectral data was performed
against hemoglobin.

FIG. 7 is a graph showing the accuracy of
prediction of hematocrit using the methods of the present

invention compared with actual hematocrit determined by
prior art methods.

Embodiments of the Invention

One embodiment of the present invention is the
analysis of hematocrit in whole blood. Another embodiment

of the present invention is the analysis of hemoglobin

concentration in whole blood. There are occasions when

either analysis may be preferred. But generally, it is
recognized that the determination of hematocrit is an

excellent correlation to the concentration of hemoglobin

in whole blood. However for versatility of the system,

it should be recognized that one or more methods of
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independent quantification of the property to be analyzed
may be used to provide alternative clinical diagnosis of
the condition of the patient.

It should also be recognized that the property
of the biological matter to be analyzed must have some

.correlation either positively or negatively with the

water content in order to develop a mathematical
correlation therefor in accordance with the present
invention. That may not preclude the presence of other
components in de minimus volume fractions or
concentrations. For example, in whole blood, the
presence of white blood cells, platelets,
hydrocarbonaceous lipids, and the like are not present in
sufficient quantity at the desired level of precision to
destroy the validity of the mathematical correlation
found.

FIG. 1 identifies the schematic block diagram
of spectral instrumentation useful in establishing the
training set initially and thereafter predicting the
property of the compartment to be analyzed in one or more
unknown additional samples.

FIG. 1 illustrates a typical instrumentation
system available which can be used for obtaining the near
infrared spectrum of a biological fluid, such as whole
blood. Specifically, FIG. 1 identifies a Model 6250
spectrophotometer manufactured by Near Infrared Systems
of Silver Spring, Maryland, formerly known as Model 6250
made by Pacific Scientific. The radiation from a .
tungsten lamp 100 is concentrated by a reflector 101 and
lens 102 on the entrance slit 103 of the monochromator
and thereafter passed through an order sorting filter 104
before illuminating a concave holographic grating 105 to
disperse the radiation from the tungsten lamp 100 onto
the sample 113 in a cuvette, optical blood loop or in the
body of the organism. The grating 105 is where the
waveléngth dispersion occurs. The grating is scanned

Al
 §
$
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through the desired wavelength range, typically 680 to
1235 nanometers, by the rotating cam bearing 106, which
1s coupled to the grating by linkage assembly 107. The
selected wavelength passes through exit slit 108 and is
guided through the sample 113 by mirror 109, iris 111,
and lenses 110 and 112. After passing through the
sample, the remaining radiation is converted to an
electrical signal by detector 114,

Other types of instrumentation are also
acceptable for use with the methods of the present
invention. Monochromators such as Model HR 320 available
from Instruments S.A. are useful. Polychromators such as
the Chemspec Model 1008 available from American Holograph
or Model JY320 also available from Instruments S.A. may
be used to gather the spectral data to establish the
training set.

Detection means may employ either diffuse
transmittance detection devices or reflectance devices
available commercially. The Model 6250 spectrophotometer
may be configured to detect either diffuse transmittance
or diffuse reflectance. Depending on factors such as
cost, wavelength range desired, and the like, the
detector 114 may be a silicon detector, a gallium
arsenide detector, a lead sulfide detector, an indium
gallium arsenide detector, a selenium detector or a
germanium detector. .

Whichever detector is chosen, it is preferred
to be consistent in the usage of same detection means for
establishing the training set spectra and for measuring
the unknown sample’s spectrum. '

Alternately, polychromatic analyzers using a
reversed beam geometry may be used to disperse the
transmitted or reflected light into its spectral
components and photodiode arrays may be used to detect or

measure the dispersed light at different positions along
the output spectral plane. '



10

15

20

25

30

35

2025329

~14-

Other types of array detectors include charge
coupled devices, charge injection devices, silicon target

vidicons, and the like. Desirably, the polychromatic
analyzer should include an entrance slit that defines the
bandwidth of light which is consistent with the spectal
resolution desired. One commercially available
photodiode array useful with the present invention is
Model 1024S photodiode array available from Reticon,
Inc., which consists of 1024 diodes of 25 micron width
and 2.5 millimeters height. That photodiode array may be
used in a complete spectral detection system such as
Model ST120 available from Princeton Instruments.

One can also use interference filters as
spectroanalyzers, for example, by passing a series of
discrete wavelength interference filters one at a time
before a suitable detector. It is also possible to use
interferometers or a Hadamard transform spectrometer to
analyze the diffuse light.

The above detection means are based on
detection of spectra from a broad band light source.
However, 1f narrow band sources of NIR light are to be
used, such as tungsten lamps with interference filters,
light emitting diodes, or laser (either a single tunable
laser or multiple lasers at fixed frequencies), other
detection technigues may be used. For example, the input
signal can be multiplexed -either in time, (to sequence
each wavelength), or in wavelength (using sequences of
multiple wavelengths), and thereafter modulated and the
collected signals demodulated and demultiplexed to
provide individual wavelength signals without the need

-for optical filtering.

Regardless of the instrﬂmentation selected, it
is preferred to use a computer connected to the
instrument to receive the spectral data, perform the
analysis described below, and provide a printout or
readout of the value of the property predicted. When
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using spectrometric instruments such as the Model 6250
Spectrameter described above, a personal computer such as
a "PS/2" Model 50 computer from IBM of Boca Raton,
Florida is used and preferred.

FIG. 2 1s a schematic flow chart of the
multiple derivative transformation pre-processing
technique employed to minimize sample and instrumentation
variability and the regression analysis to identify the
nature of the mathematical correlation between the
property to be analyzed in the first compartment and the
water content in the biolcgical matter, in order to
predict the property of the compartment to be analyzed in
an unknown sample.

The schematic flow of the processing steps
involved in determining the property of interest in the
biological matter, such as hematocrit or hemoglobin
concentration, can be broadly divided into two parts:
steps 120 to 127 which comprise the training phase of the
analysis and steps 128 to 132 which comprise the
prediction of the property of an unknown sample.

The training or calibration development phase
consists of obtaining a series of blood samples 120 by
obtaining the samples from one or more animals of the
same specles, by withdrawing the samples from the
organisms. Each training sample is analyzed on two
parallel paths.

The first path consists of independent
quantification of the property of interest, step 121. It
1s important that the independent quantification be done
accurately. The accuracy of the method of the present
invention is dependent upon the accuracy of the
independent quantification step 121 because validation of
the mathematical correlation is based on the
independently quantified value of the property of
interest.

*['rade-mark
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The second path consists of irradiating the
samples with infrared light and detecting the near
infrared spectrum for each sample, step 122, and then
computing the second derivative of the spectra, step 123.
It should be understood that reference to detecting the
near infrared spectrum involves both the measurement of
diffusely transmitted or reflected spectrum and the
transformation of that spectrum to an absorbance
spectrum. The transformation is based on having taken
spectrum of the cell containing only air for calibration
purposes.

When the near infrared spectrum has been
detected on a Near Infrared Systems model 6250
spectrophotometer, the near infrared spectrum from 680 to
1235 nanometers consists of 700 individual absorbance
measurements. The second derivative transformation
preprocessing step computes less than the total 700
measurements because some transformations are not
available at the edges of the spectra. When using
software such as "Near Infrared Spectral Analysis"
commercially available from Pacific Scientific, now known
as Near Infrared Systems of Silver Spring, Maryland, one
may compute an approximated derivative by using finite
difference approximations. Different approximations may
vield different derivative spectra and different
transformation equations. In such software, different
approximations may be obtained by varying the segment of
the spectrum being measuted and the gap between segments
being measured. Using different derivative
approximations may result in a different set of
regression coefficients, which may affect the accuracy or
precision of the prediction of the property being
analyzed. It is therefore prudent to evaluate a wide
range of segments and gaps in order to ascertain which

selection is best for the particular analysis

contemplated.
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The preprocessed spectra for the set of
training samples subjected to second derivative
transformation, step 123, are correlated with the values
obtained during the independent guantification step 121
by using a mathematical regression technique, step 124,
such as linear regression. The second derivative value
providing the best correlation of calculated value to
actual value is generally the single wavelength chosen
for the mathematical correlation.

One of the outputs of this regression step is a
correlation plot, step 125, which graphically shows the
wavelength of the spectrum where the highest correlation
is found. The best transformed wavelength, step 126, is
selected by identifying the peak of optimum correlation.
The regression coefficients corresponding to the selected
wavelength are saved, step 127, for future application to
the analysis of individual samples to predict the
property of interest.

The steps 128 to 132 in FIG. 2 show the
procedure to be followed for predicting hematocrit
(abbreviated as HCT in FIG. 2) or hemoglobin {(abbreviated
as HB in FIG. 2) concentration in an individual unknown
sample. A blood sample of unknown hematocrit or
hemoglobin concentration, step 128, is obtained and the
near infrared spectrum of this sample is detected, step
129,

While the near infrared spectrum of additional
unknown samples may also be detected on exactly the same
instrument as the training samples were detected or
measured and from which the training set is prepared, it
is also acceptable to use a simpler instrument which will
provide the absorbance at only the three minimal
wavelengths necessary to compute a second derivative
transformation of the best wavelength.
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The second derivative intensity for the best
wavelength determined in step 126 is computed for the
unknown sample, step 130. Then the regression
coefficients contained in the mathematical correlation,
determined during the training procedure and saved in
step 127, are applied to the second derivative wavelength
obtained for the additional individual unknown blood
sample 131, in order to yield the predicted hematocrit or
hemoglobin concentration, step 132.

The pre-processing technique of multiple
derivative transformation serves to eliminate the
variances of spectral data caused by scatter in each of
the various samples of both the training set and each
unknown sample. This scatter would otherwise disrupt the
accuracy of the detection of the training set and its
ability to predict the property of the unknown sample.

If the near infrared spectrum consists of N
individual wavelengths, computing the second derivative
transformation provides N spectral features less the loss
of features at the edges of the spectrum. 1In FIG. 2,
such computation is shown at step 123. The best
wavelength must be chosen from the myriad of N
transformed wavelengths using regression mathematical
techniques, as is shown in FIG. 2 at step 124, depicted
in a correlation plot at step 125, and selected at step
126 for use to determine the best possible regression
coefficients in step 127 and for use with each unknown
sample in step 130.

“Any of a number of regression techniques; such
as, linear regression, multiple linear regression,
stepwise regression, partial least squarés regression, or
principal component regression can be used to develop a
statistical correlation between the spectral'features and
the value of the property being quantified. Such
regression techniques are available by reference to such

literature as Draper and Smith, Applied Regression
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Analysis, Wiley and Sons, New York, 1982 and Geladi and
Kowalski, Analytica Chimica Acta, Volume 185, pp 1-17 and

19-32, 1986.

5 In order to determine the best wavelength for a
given application, regression models are computed against
all of the possible N transformed wavelengths.

Each regression mocdel is evaluated by using an
accepted statistical measure. For example, one useful

10 Mmeasure is the simple correlation coefficient computed
from the actual hematocrit value obtained from the
independent quantification and the predicted hematocrit
value obtained from the regression model, as is shown in
FIG 2 at step 126.

15 A correlation plot can be constructed to
visually show which wavelength provides the highest
correlation, as is shown in FIG. 2 at step 125. A
representative correlation plot for hematocrit appears as
FIG. 5 and a representative plot for hemoglobin appears

20 as FIG. 6. It is important to consider both high
correlation and also the sensitivity of the correlation
obtained to measure small changes in the actual
wavelengths.

Use of the spectral analytical instrumentation

25 described above and depicted in FIG. 1 and the
mathematical methods described above and depicted in FIG.
2 permit the analysis of the property of interest in the
biological matter which contains water, so long as it is
possible to develop a mathematical correlation between

30 that property and water when establishing the training
set through independent quantification of the property,
spectra of the samples and use of pre-processing
techniques to minimize variability.

The determination of the mathematical
35 correlation or model is founded on the linear functional
relationship of the multiple linear regression equation:
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Bo+BI(A1)+BJ(AJ)+...Bn(An)-C where B, is the
intercept, B is the regression coefficient for the nth
independent variable, A is the nth independent variable
and C is the value of the property of interest to be
analyzed. Solving this eguation depends upon the
determination of regression coefficient(s) including the
intercept and providing the values of the independent
variable(s).

when the linear functional relationship is less
complex, the equation is more often expressed as the
linear regression equation: Y = mx + b, where Y is the
value of the property of interest to be analyzed, m is
the regression coefficient indicating the slope of the
line, b is the intercept of the line and x is the single
independent variable. Thus, the mathematical correlation
endeavors to yield a linear relationship between the
single independent variable, which i1s the multiple
derivative transformed intensity and the property of
interest to be measured.

Once the mathematical correlation 1is
established, it is validated. The accuracy in formation
and performance is reviewed to assure reproducibility.
The accuracy and precision of the mathematical
correlation can be validated by physical interpretation
of the selected spectral features or using additional
samples analyzed by independent quantification, Step 121,
and then subjecting those samples to Steps 128-132 as if
the samples were unknown. Statistical methods may then
be used to compare the value of the predicted property,
Step 132, and the value determined by independent |
gquantification, Step 121, to confirm reproducibility.
Other validation may be also performed such as cross
validation for internal consistency, and double blind

assessment.
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Standard error of calibration measures
precision of the model of the spectra, i.e., how well the
regression analysis performs with the data used to
construct the training set. The standard error of

calibration (SEC) can be calculated from the following
equation:.

SEC = 172

where N, 1s the number of training samples, n is the
number of absorbance terms in the regression technique
employed, where éi is the hematocrit or hemoglobin value
of the ith sample as calculated during linear regression
and C. is the hematocrit or hemoglobin value of the ith
sample as independently determined. The smaller the SEC,

the more precise the model mathematical correlation has
been formed.

More importantly, the standard error of
prediction (SEP) measures the assurance of reproducible
performance, i.e., a test to identify quantitatively the
accuracy and precision of the prediction results obtained
using the method of the present invention with the actual
value for the property determined by independent
guantification using known and accepted technigques and
may be used in conjunction with a confidence limit to
quantitatively express the accuracy of the prediction of
the property being analyzed. Mathematically, the

standard error of prediction can be calculated from the
following equation:

SEP = 1/ 2

~C, )

mmmmmm | L (Ci i
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where N, is the number of validation samples, C, 1is the
independently quantified value for the ith validation
sample, éi is the value for the ith validation sample
obtained using the mathematical correlation of step 131.
Also, the smaller the SEP, the more accurate and precise
the prediction.

Bias measures the extent of deviation of all
points within a given data set in the solved mathematica.
equation from the line of exact correlation between
predicted and actual values. Qualitatively, a low bias
indicates the presence of a robustness of the training
set spectra to tolerate possible error. 1In other words,

the robustness of the training set sampling anticipates

‘the variety of sampling possibilities for the unknown

sample and minimizes its effect.

Wwithout being limited thereto or thereby, the
following examples illustrate the methods of the present
invention used to analyze hematocrit and hemoglobin in
whole blood.

Example 1

On five separate occasions, a number of whole
blood samples were withdrawn from different individuals
and subjected to NIR spectra irradiation using
instrumentation described with reference in FIG. 1 to
obtain the absorbance spectrum of each sample. Also, a
blank reference spectrum was obtained using an empty
cell., The diffusely transmitted light was gathered after
traveling through the each sample in a cuvette 113. All
of the measurements were taken at room temperature, which
fluctuated randomly over a range of about 3 degrees C.

The individual sessions are identified in Table
I below as sets A~-E and the number of samples analyzed
are identified as the number of spectra obtained, which
varies from 36 to 45 samples per set. A representative
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group of samples from set E were graphed in FIG. 3 to
indicate the possible ranges of variability of the
spectral data against which mathematical correlations
would otherwise be attempted to be calculated.

Through the use of Coulter counting, the
hematocrit for each of the five sets was expressed in
Table I below as a range varying from as low as 17
percent to as high as 50 percent. Similarly, except with
respect to set A for which no values were obtained, the
hemoglobin concentration range in each of the sets was
determined by cell lysing, reaction with cyanide, and
spectral measurement of cyanomet hemoglobin. The range
for sets B~E of hemoglobin was from about 6.7 to about
17.0 grams per deciliter (g/dL).

Table I below further identifies the
correlation of hematocrit to hemoglobin which
demonstrated correlation for the spectra obtained in each
of the five sets.

TABLE 1
Sets of Samples Spectrally Analyzed and Independent
Quantification Ranges of Hematocrit and Hemoglobin

No. of Hematocrit/
Spectra Hematocrit Hemoglobin Hemoglobin

Sets Obtained Range (Vol %) Range (g/dL) Correlation

A 36 17.6 - 45.1% NoO Values -

B 45 20.7 - 45.5% 7.3 - 15.7% 0.994
c 40 18.9 - 41.7% 6.7 - 14.1 0.992
D 42  23.0 - 50.2% 7.7 - 17.0 0.993
E 43 20.7 - 49.4% 7.3 - 16.1 0.994

* One hemoglobin value was unavailable, leaving 44
values to determine the range.
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while 206 individual samples and spectra were
obtained in five sets for this example, generally, it is
possible to develop a training set with independent
quantification from as few as 25 samples to as many as an

infinite number of samples.
The purpose of establishing a training set for

comparisons and prediction purposes was to attempt to
anticipate sampling differences which may exist 1in
various individuals at various times. 1In other words,
the training set spectra should be as broad as possible
to include as many variances within each of the factors

affectxng the measurement of the property of interest.
Ideally, the training set includes samples that

represent all of the different kinds of changes in the
hematocrit and hemoglobin concentration over a full range
of values likely to be encountered in an unknown sample
as well as all of the other kinds of changes within each

factor likely to affect blood sampling, e.g.,
temperature, amount of liquids, details of light

5

10

15

scattering, presence of other components, and

physiological condition of the patient.
Notwithstanding such ranges of hematocrit and

20

hemoglobin in these sets, 1t was seen that the
correlation between hematocrit and hemoglobin is precise
it over 0.99 in all cases.

Having established training sets A-E and
independently quantifying the hematocrit and hemoglobin
ranges within each of those sets, the mathematical
analysis depicted in FIG. 2 1s now performed. First, the
second derivative pre-processing technique and linear

30
regression to select the best wavelength and regression
coefficients were performed against each of the five sets
using ~ a computer software commercially available
from Pacific Scientific, now known as Near Infrared

35 Systems of Silver Spring, Maryland, and offered under the

name "Near Infrared Spectral Analysis”". While the Near

e T e, e i R e WA R S s A e e e e
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Infrared Spectral Analysis software may be used to
perform all of the analysis steps shown in FIG. 2, 1in
these examples, steps 132 and 131 and computation of the
SEC, SEP, and bias for validation purposes used software:
"VAX IDL Interactive Data Language" available from
Research Systems, Inc. (copyright 1982-1988) with a
computer. In these Examples the approximated sécond
derivative spectra obtained was based on the use of

segment of 20 datapoints and a gap of O datapoints.
Thus, each point for purposes of calculating the second

derivative was a band 20 datapoints or 15.8 nm wide
without any gap between the bands.

] The representative group of spectra in FIG. 3
were re-depicted in FIG. 4 after the second derivative
pre-processing has been performed. As may be readily
seen, the variations in absorbances as caused by baseline
offsets and other variances from spectrum to spectrum
were minimized, permitting better attempted mathematical
correlation.

The second derivative pre-processing technique
computed a transformed absorbance value for all of the
wavelengths in order to find the best correlation. Table
ITI below identifies the best wavelength for each of the

five sets and the corresponding multiple correlation
coefficient, regression coefficients, and SEC for each

set file models.
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TABLE I1
Hematocrit -~ Each Set Determined Individually

Data

Set Wavelength 1Intercept Slope Multiple R SEC

A 1162 nm 18.78 452.1 0.952 1.97%
B 1161 20.88 471.7 0.989 0.93%
C 1162 20.40 453.2 0.992 0.70%
D 1160 24.91 501.2 0.979 1.48%
E 1165 19.70 395.8 0.977 1.59%

For each of the five sets, the best wavelength
selected correlated to a strong absorbance peak for

water. The values of the intercept and slope to form the
linear functional equation for each data set were also

provided. The standard error was excellent, within the
percentage standard error which could be expected for
determination of hematocrit by centrifugation. Thus,
applying the multiple derivation transformation
pre~processing technique, variability was minimized when
using a wavelength corresponding to the absorbance of the
water in whole biood.

It is important to note that the multiple _
correlatlon coefficient for each of five data sets is at
least 0.95, wh1ch perm1tted at least qualltatzve
confirmation of the hypotheszs that there is near llnear
correlatlon between the predlctlon of hematocrlt and the.

actual values to be measured using more expensive, 1ess
rapid technlques,

- Example 2

The data'in Table I were subjected to the same

second derivative transformation pre-processing technique

as that used in”Examp1e'1, except that all five data sets
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A-E were combined for determining the best wavelength.
Such pre-processing technique yielded a number of
possibilities equal to the number of spectral datapoints,
and mathematical regression analysis such as that
described with reference to FIG. 2 must be employed to
determine the best absorbance wavelength and to establish
the mathematical correlation to which the unknown
sample’s spectra may be compared. The following
mathematical correlation equation was derived to
establish the training set spectra for comparison of
unknown samples of whole blood where hematocrit was
desired to be measured:

% Hematocrit = 20.33 + 419.8 * (Second Derivative of
spectral intensity at 1163nm)

The overall correlation coefficient for the
combined sets A-E was 0.945 and standard error of
calibration (SEC) was 2.20 percent. Thus, qualitatively,
use of the combined sets A-E permits confirmation of the
hypothesis of correlation of near linearity of
relationship between analyzed values and actual values
determined by other known methods. Further,
quantitatively, the standard error established that the
correlation was a good model for use in predicting
unknown samples, i.e., within two and one-half percent of
the actual values measured by a known method.

Graphically, the correlation of the wavelength
was developed using the Near Infrared Spectral Analysis
software described above or other software such as that
available from Research Systems Inc., copyright 1982-1988
entitled "VAX IDL, Interactive Data Language". FIG. 5
identifies a correlation plot produced from the latter
software which combined all datasets of this example and
measured the range of correlation for the square of the
multiple correlation coefficient for the various
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wavelengths determined by the second derivative
transformation pre-processing technique. The highest
peak or trough appeared around 1160-65 nm, indicating
graphically the best mathematical correlation for second
derivative transformation appeared at a strong water
absorbance peak.

In this example, another area of correlation
was observed, around 890 nm. However, absorbance at this
wavelength is largely due to oxyhemoglobin, only one of
several forms of hemoglobin. It is known at around 890
nm that depending upon the oxygen saturation of the
samples, hemoglobin may absorb both in the form of
oxyhemoglobin and deoxyhemoglobin. By choosing to
concentrate on the water absorbance peak around 1160-65
nm, where there is far less absorbance of either form of

hemoglobin, the mathematical correlations achieved were
more accurate.

Examgle 3

The same spectral data was used to compare
with independent quantification of the concentration of
hemoglobin. Because set A had no independent
quantifications of hemoglobin, sets B-E were subjected
to the same steps of analysis as for hematocrit in
Examples 1 and 2. Table III shows the analysis of each
set B-E modeled 1nd1vxdua11y |

. TABLE III
"Hemoglobin -~ Each Set Determined Individually

Data' | |
Set Wavelength Intercept Slope Multiple R SEC

B 1162 6.48  158.5  0.990  0.30g/dL
c 1162 7.04  147.0  0.986  0.30
D 1161 - 7.53  158.4  0.977 0.55

E

1164 7.19 150.0  0.986  0.44
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Sets B-E were then combined and subijected to
second derivative transformation and the same regression
analysis to determine the best wavelength for the
mathematical correlation between actual and predicted
hemoglobin, The result of the regression analysis to
determine the best wavelength yielded 1163 nm, again in
the area of the strong absorbance peak of water.

The mathematical correlation was developed:

Concentration of Hemoglobin = 6.84 + 148.0 * (Second
Derivative of the spectral intensity at 1163 nm)

The overall correlation coefficient for the
combined sets B-E was 0.952 and the standard error of
calibration (SEC) was 0.73 g/dL. Both results showed the
presence of a model as accurate as the mathematical
correlation for percent hematocrit of Example 2. FIG 6.
is a correlation plot of the concentration of hemoglobin
using the multiple correlation coefficients obtained from

this Example. An overlay of the plots of FIGS. 5 and 6
demonstrated the correlation of the hematocrit and

concentration of hemoglobin using the methods of the
present invention.

Example 4

In order to simulate the prediction of an
unknown sample, each of the five sets was treated as an
unknown set and compared to the training set spectra of
the combination of all five data sets. Applying the
second derivative transformation pre-processing
teéhniques and regression analysis of Example 2 as
depicted in FIG. 2, i.e., using the mathematical equation
described in Example 2 above, Table IV below shows the
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results for predicting the hematocrit for each of the

five data sets as compared with the combined data sets of
all five,.

TABLE IV
Second Derivative Pre-Processing Technique And
Prediction Correlations For Each Set
Against The Combination Of All Sets

at 1163 nm
Sets Multiple R SEC Bias
A 0,951 2.85% 1.99%
B 0.989 1.45% 1.05%
C 0.992 0.97% 0.60%
D 0.978 1.59% ~-0.39%
E 0.976 3.46% -2.95%

As may be seen by comparing the results of the
multlple correlation coefficient for each set in Tables

II and IV, the correlation coefficients were very similar
and in some cases identical. ,
The standard error of calibration (SEC) was

within 3.5 percent, demonstratang quantitatively that
correlation between predzcted values and actual values
measured by known methods yielded a correlatlon
coefflclent greater than 0.95 in all cases.

| Here, the bias ranged from a -2. 95 to 1. 99
percent, demonstrat1ng that variabllity due to |
znstrumentatzon or sampllng dlfferences was nearly
eliminated by use of the pre- processing technique as
described wlth.reference to FIG. 2 on a robust number of
training-samples having a brbad.tange of hematocrit
percentages. -
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From this data, it was determined that the
pre~-processing technique in combination with the
regression mathematical analysis depicted in FIG. 2

established an acceptable spectral analytical method for
determining of hematocrit.

Example 5

As counterpoint to the prediction in Example {
of the data of Example 2, this example performed the same
prediction for the hemoglobin Example 3. The results
shown in Table V were comparable to hematocrit.

TABLE V
Second Derivative Pre-Processing Technique and
Prediction Correlations for Each Set B-E
Against the Combination of All Sets B-E

at 1163 nm
Sets Multiple R SEC(g/dL) Bias(g/d4dL)
B 0.990 0.66 0.57
C 0.986 0.47 0.34
D 0.977 0.55 0.07
E 0,986 1.10 -0.97
Example 6

As further evidence of the ability of the
method of the présent invention to establish a training
set of spéCtral data for comparison with an unknown
sample, each of the five sets were analyzed individually
as training sets for the purposes of predicting some or
all of the other sets simulated as unknown samples. The
same second derivative pre-processing £echnique and
regression mathematical analysis as used for Examples 2
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and 4 were employed in this Example. The equation used
in each prediction was the second derivative at 1163 nm
times the applicable slope, added to the applicable
intercept as seen in Table VI below.

Table VI identifies the prediction results
which demonstcates Standard Errors of Prediction for
unknown set E as small as under 6 percent and bias less
than 6 percent, with the other SEP’s under 3.5 percent
and bias under 3 percent. These results were a better
indication than the results of Example 4 to demonstrate
the ability of the method of the present invention to
predict hematocrit in unknown whole blood because the
data sets were segregated for the purposes of

establishing the training set spectra and simulating the
unknown sampling.

TABLE VI
Second Derivative Pre-Processing Technique and Prediction
Correlations For Each Set As A Known Set Against
Other Set({s) As Unknown Samples--Hematocrit at 1163 nm

Known Multiple Unknown

Set R SEC Slope Intercept Set SEP Bias
A* 0.951 1.97% 452.08 18.78

1.37% -0.97%
1.73% -1.54%
0 2.92% -2.41%
5.41% ~5.04%
2.21% 0.97%
0.91% 0.59%
2.55% 1.58%
1.13% 0.59%
3.11% -2.56%
3.15% 2.66%

0.989 0.94% 451.07 19.81
0.992 0.71% 453.21 20.40

0.978  1.54% 419.39  20.73
0.976  1.64% 442.11  22.59

O = 0P MmO O W

* This set is graphically represented in FIG. 7.
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The results of Example 6 seen in Table VI
demonstrated the ability of the second derivative
transformation pre-processing technique and mathematical
regression analysis to predict hematocrit in an unknown
sample of blood. The SEP results demonstrated consistent
accuracy within less than six percent, with any effect of
bias as less than six percent either direction from

linear correlation.

Example 7

As further evidence of the ability of the
method of the present invention to establish a training
set of spectral data for comparison with an unknown
sample, each of sets B-E were analyzed individually as a
training set spectra for the purposes of predicting some
or all of the other sets simulated as unknown samples.
The same derivative pre-processing technique and
regression mathematical analysis as used for Examples 3
and 5 were employed in these Examples. The eguation used
in each prediction was the second derivative at 1163 nm
times the applicable slope, added to the applicable
intercept as seen in Table VII below,.

Table VII identifies the prediction results
which demonstrate Standard Errors of Prediction as small
as less than two g/dL and bias less than 1.6 g/dL using
the second derivative value at 1163 nm‘waveléngth. These
results were a better indication than the results of
Example 5 to demonstrate the ability of the method of the
present invention to accurately predict hemoglobin in
unknown whole blood because the data sets were segregated
for the purposes of establishing the training set spectra

and simulating the unknown sampling.
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Known Multiple SEC

Set R {g/dL) Slope 1Intercept Set (g/dL) (g/dL)
B 0.990 0.30 158.45 6.48 C 0.42 ~0.26
D 0.76 -0.50

E 1.66 -1.56

C 0.986 0.30 147.02 7.04 B 0.38 0.19
D 0.64 -0,32

E 1.46 -1.33

D 0.977 0.55 145.68 6.85 B 0.60 0.50
C 0.42 0.29

E l.16 -1.03

E 0.986 0.44 156.21 7.56 B 1.64 1.658
C 1.36 1.29

D 1.25 1.08

2025329
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TABLE VII
Second Derivative Pre~Processing Technique and Prediction
Correlations For Each Set As A Known Set Against

Other Set(s) As Unknown Samples--Hemoglobin

1163 wavelength

Unknown SEP

Bi1Las

Embodiments of the invention have been
described using examples. However, it will be recognized

that the scope of the invention is not to be limited
thereto or thereby. ' '
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CLAIMS :
1. A method for analyzing a property of biological

matter having a water content, the biological matter comprising

a first compartment related to the property to be analyzed and

5 a second compartment having a proportionally larger or smaller
amount of water than the first compartment, the method

comprilising:

(a) irradiating with near i1infrared light multiple

samples of biological matter;

10 (b) detecting the near i1infrared spectrum of each of

sald multiple samples;

(c) applying a pre-processing technique to the

spectrum of each of said multiple samples;

(d) independently quantifying the property to be

15 analyzed for each of said multiple samples;

(e) establishing a training set from said near

infrared spectra of said multiple samples; and

(f) statistically i1dentifying the nature of a
mathematical correlation between the property to be analyzed in
20 the first compartment and the water content in the biological

matter.

2. A method according to Claim 1, further comprising the

t 1

steps OI:

(g) 1rradiating an unknown sample of the biological

25 matter with near infrared light;

(h) detecting the near infrared spectrum of said

unknown sample;
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(1) applying said pre-processing technique to said

spectrum of said unknown sample; and

() predicting the property to be analyzed in said
unknown sample by utilizing said mathematical correlation

obtained in said statistically identifying step (f).

3. A method according to Claim 1 or 2, wherelin said

statistically identifying step (f) uses linear regression
analysis, multiple linear regression analysils, stepwilise

regression analysis, or partial least squares regression

analysis.

4 . A method according to Claim 1, 2 or 3, wherein said
mathematical correlation in said statistically identifying step
(f) comprises a linear function related to a near infrared

absorbance peak of water in the absorbance spectra of said

multiple samples subjected to said pre-processing technique.

5. A method according to any one of Claims 1 to 4,

wherein said pre-processing technique comprises transforming
said spectra of said multiple samples of said training set

spectra by computing a multiple derivative of said multiple

samples.

6 . A method according to Claim 5, wherein said multiple

derivative 1sg the second derivative.

7. A method according to Claim 4, whereln said near
infrared absorbance peak of water is attributable to
combinations of the symmetric O-H stretching, the antisymmetric

O-H stretching and the O-H bending mode in a molecule of water.

8 . A method according to any one of Claims 1 to 7,
wherein the biological matter is whole blood and the property
of the first compartment to be analyzed 1s hematocrit or

hemoglobin concentration in the whole blood.
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9. A method according to Claim 4, 6, 7 or 8, wherein the

biological matter is whole blood and said absorbance peak of

water occurs in the near infrared spectra from about 1150 to

about 1190 nanometers.

10. A method according to Claim 5, wherein the biological

matter is whole blood and said absorbance peak of water occurs

in the near infrared spectra from about 1150 to about 1190

nanometers.

11. A method according to any one of Claims 2 to 10,
wherein said detecting step (b) and said detecting step (h) use
spectral analysis instrumentation which records said absorbance

spectra of said multiple samples and said unknown sample 1n a

statlic condition.

12. A method according to Claim 2, wherein the property

to be analyzed is hematocrit and said mathematical correlation

solves the equation:

pur—

Y=b+m* (Second Derivative of

the spectral intensity
at wavelength X) where Y is the Hematocrit; b ranges from about

18 to about 23; m ranges from about 419 to about 454; and X

ranges from about 1160 to apbout 1165 nm.

13. A method according to Claim 2, wherein the property
to be analyzed is concentration of hemoglobin and said

mathematical correlation solves the equation:

p—v

Y=b+m* (Second Derivative of the spectral intensity

of wavelength at X) where Y is the Concentration of Hemoglobin;
b ranges from about 6.45 to about 7.6; m ranges from about 145

to about 159; and X ranges from about 1160 to about 1165.
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14 . A method according to Claim 1, 2 or 3, whereiln said
mathematical correlation statistically identified in step (f)

indicates a complementary relationship between the property tO

be analyzed and the water content.

15. A method according to any one of Claims 1 to 7 or 11,

wherein said multiple samples are of at least one known

organism of a given biological species.

16. A method according to Claim 15, further comprising

the steps of:

(1) obtaining additional samples of biological matter

from an organism of said given species;

(2) performing steps (a), (b), (c), and (d) with

respect to said additional samples;

(3) predicting the property to be analyzed 1n said
additional samples by utilizing said mathematical correlation

obtained in said statistically identifying step (f); and

(4) validating said mathematical correlation by
comparing the property predicted 1n step (3) to the property
independently quantified in step (d).

17. A method for the analysis of a biological fluid

having a water content, comprising:

gathering near-infrared spectral data of multiple

p—

samples of a biological fluid of at least one organism, where

the biological fluid may be approximated to comprise two
compartments where one compartment has a proportionally
different amount of water than the other compartment which has

a property of 1interest;

. e s V‘Mmt .6.“4'-}':' e N E LTS aSd ] M R L L E T . - ' - . . . S I Rt s o e s Lo b Ll BETETE ST ] .
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determining the best absorbance detection point comprising an
absorbance peak of the water content in the near infrared spectrum of each of
said multiple samples;

independently measuring the property to be analyzed in each of said

multiple samples;

identifying a mathematical correlation of the property to be analyzed
and the water content in the biological fluid.

18. A method according to Claim 17, further comprising:
analyzing an unknown sample of the biological fluid to predict the
property to be analyzed in said unknown sample by applying said mathematical

correlation to a near infrared spectrum of said unknown sample.

19. A method according to Claim 18, wherein said determining further
comprises transforming the absorbance peak of the water content of each
spectrum of each of the samples by computing a multiple derivative of each
spectrum and wherein said analyzing further comprises transforming the near

infrared spectrum of said unknown sample by computing a multiple derivative of
the spectrum of the unknown sample.
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