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The great chemical specificity
of in vitro measurement by
Kromoscopic analysis has
been independently confirmed
and published elsewhere. The
authors present here, for the
first time, a demonstration of
noeninvasive in vivo
measurement not only of
intrinsic glucose, but also of
water by Kromoscopic

f analysis.

Y now some of the advantages
(1-4) of Kromoscopic analysis over
Spectroscapy have been indepen-
dently confirmed (5-9) for in vitro

‘Mmeasurement; however, Kromo- .

scopic analysis was primarily invented for
in vivo measurement (10). Just as FTIR
was invented to achieve jts multiplex ad-
vantage for detector-noise-limited mea-
surement, so Kromoscopic analysis was
invented to achieve its advantages in sam.
ple-noise-limited Ineasurement. This is
not to diminish the value of Kromoscopic
in vitro easurement where jtg chemica)

. selectivity and sensitivity advantage is

demonstrable, but to caution that the ful]
power of Kromoscopic analysis is re-

vealed only in sample-noise-limited — for _

example, in vivo — measurement,

* As an indication of what can’ be
achieved with in vive Kromoscopic advan.
tages, we present the following brief de.
scription of the results of our neastre-
ments of water and glycoge, Al the
results reported are for transmission
through a finger in the spectral range
0.8-1.7 yum. The instrument consisted of

Group, Carlsbad, CA), and 3 standard
four-channe] Kromoscope {Optix, Lp
with 5-mm InGaAs detectors (Hama-
matsy, Bridgewater, NJ]). The spectral re-
Sponses of the four filters used in the ex-
Periments are shown in Figure 1.

Data were taken during a six-month pe-
riod using a simple glucose tolerance test
(GTT) protocol for each data set. For
each GTT, 30 mip of preingestion data
were obtained, followed by the ingestion
of glucose. At Jeast 25h of postingestion
data were thep collected for total test

time of 3-3.5 1. Reference measurements

were taken every 15 min using two Fast-
Take glucometers (Lifescan, Milpitas,
CA). Approximately nine data runs are
taken between each reference measyre-
ment. Each data rup consisted of 30 s of
data taken at 1000 Hz simultaneous}y on
four channels,

For each GTT, the Subject ingested ap-
proximately 100 g of glucose, either dry
or mixed with 450 m] of water. Three wa-
ter tests were done substituting a differ-
ent amount of bure water (without glu-
cose) for each test, in 0.5, 1.0+, and 154,
amounts,

In vitro experiments were done with
the same set of filters (11) that were used
for the in vivo experiments, Deuterium
oxide (D,0) was used in the in vitro ex-
petiments to obtain the direction for the
Kolor of water absorbtion. The in vitro
glucose Kolor direction was obtained by

=
&
8
}72)
k4
&
o
=

800 1000 1200 1400 1g0g 1800
Wavelength {nm})

' Figure 1. Filter Spectra. The numbers répre-
sent the filters’ center waveliengths. Two fil-
ters have Secondary peaks between 800
and 1100 nm.
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tor orthogonal o the in vitro water Kolor vector and dimensional reductions.

" subtracting the water displacement Kolor
vector from the glucose solution Kolor
vector. .

The measurement of the effect of wa-
ter ingestion was first reported in 1994
(2). Water is important not only as a ma-
jor interferent in the noninvasive mea:
surement of blood glucose but as @ good
indicator of system performance for the
measurement of glucose.

To the best of our knowledge, no other
investigators have yet reported 2 noninva-
sive measurement of the effect of the in-
gestion of water. . ‘

The signal consists of a small modula-
fion due to the cardiac pulse on top ofa
much larger unmodulated component.
The unmodulated component for each
data run can be plotted in 2 four-
dimensional signal Kolor space along
with the in vitro data. The axes of this
Kolor space can be rotated to align the

/92 SPECTRASCOPY 15(11) NOVEMBER 2000

fourth axis with the Kolor of any particu-
lar feature (water displacement, tempera:
ture, correlated variance, of other inter-
ferent). “Looking down” this fourth axis :
by simply subtracting the fourth dimen-
sion reveals a three-dimensional Kolor
space where the effect of the feature that
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Figure 3. Water tests. Change in data along
in vivo water Kolor direction versus the
amount of water ingested.

was aligned with the fourth axis is

minimized. This can be repeated in the
three-dimensional space with a resulting
two-dimensional plane that has had two

" features or interferents removed.

For the three water tests, the four axes
have been rotated to an arbitrary vector
orthogonal to the in vitro water vector.
This is done again for the three-
dimensional space. Figure 2 shows the

© resulting two-dimensional plane. The in
" vitro and in vivo Kolor directions are the

same within the in vitro experimental er-
ror. Figure 3 shows the preingestion—
postingestion difference along the in vivo
water Kolor direction plotted against the
amount of water consumed.

A similar procedure can be used for
the data sets where glucose was ingested.
The four-dimensional axis can be rotated
to the correlated variance associated with
pathlength changes during the data run.
The remaining three-dimensional axes

ave been eliminated.
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Figure 4. Glucose tolerance
{ated variance and water by rotation and
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tests. Axes represent Kalor space after the glimination of cotre-
dimensional reduction.

of temperature — thus, reducing the data

to a three-dimensional space in which - .

temperature effects have been elimi-
nated. Thus, internal temperature can ei-
ther be measured (providing a sensitive,

noninvasive thermometer capable of mea-

suring internal temperature to 0.05 °C)
or, if preferred, it can be eliminated, just

as any 'u_xterfering substance, using the -
great specificity of Kromoscopic analysis. :

Further, temperature effect elimination is
also achieved when we measure the put-

satile component hecause the tempera-

ture has a negligible yariation from pulse
to pulse. :

We have shown that at our present
level of specificity, scattering effects are
not seen in vivo. Kolors of substances
measured in vitro are used as predictors
of their in vivo Kolor. This result is pri-
marily caused by Kromoscopic overlap.

Finally, there is a common misconcep-
tion that Kromoscopic analysis is merely

broadband filter radiometry. The role of
Kromoscopy’s simultaneous gpectral
overlap seems not to be easily under-
stood. It is overlap that enables the
Hirschfeld advantage (3) of broadband
measurement to be used when interfer-
ences spectrally overlap the spectrum of
the analyte. It is simultaneous overlap
that produces the very high specificity ‘or
resolution of Kromoscopic analysis. It is
the simultaneous cotrelation of the over-
lapped channels that distinguishes Kro-
moscopic analysis from spectroscopy-
The essence of spectroscopy is that its
measurement code is a set of orthonor-
mal functions to avoid spectral overlap,
thus enabling spectral identification. The
results of in vivo Kromoscopic analysis
cannot be derived from any spectrometer
that measures a spectrum as a function of
time, whether itisa scanning FT-IR or fil-
ter photometer. A major reason is that the
sample limited noise of in vivo measure-
ment varies in time. As for the spatial

" variation of sample noise, Kromoscopy's

congruent ) sampling ensures that
each measurement channel simultane-

-ously measures the same portion of the

sample through the same angles. In sum-
mary, Kromoscopic analysis trades away
spectroscopy’s ability of spectral identifi-
cation for greater sensitivity and speci-
ficity in the quantitation of a known ana-
lyte in a sample noise-limited — for
example, in vivo — measurement.
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Figure 5. Clarke error grid. GTT 10/27/99 (black) is the calibration set,
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