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1
PHASE MODULATED SPECTROPHOTOMETRY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is related to co-pending applications,
Ser. No. 266,166, filed Nov. 2, 1988, in the name of
Britton Chance, entitled, “Optical Coupling System for
Use in Monitoring Oxygenation State Within Living
Tissue”, which is hereby incorporated by reference as if
fully set forth herein; Ser. No. 266,019, filed Nov. 2,
1988, in the name of Britton Chance, entitled, “A User-
Wearable Hemoglobinometer For Measuring the Meta-
bolic Condition of a Subject”, which is hereby incorpo-
rated by reference as if fully set forth herein; and Ser.
No. 287,847, filed Dec. 21, 1988, in the name of Britton
Chance, entitled, “Methods and Apparatus For Deter-
mining the Concentration of a Tissue Pigment Of
Known Absorbance, In Vivo, Using the Decay Charac-
teristics of Scattered Electromagnetic Radiation”,
which is hereby incorporated by reference as if fully set
forth herein.

BACKGROUND OF THE INVENTION

The application of the basic dual wavelength princi-
ple to detect hemoglobin and myoglobin changes in
tissue began with the work of G.A. Millikan in his stud-
ies of the cat soleus muscle, and the work of Millikan
and Pappenheimer who detected hemoglobin deoxy-
genation in the human ear lobe. Multiwavelength in-
struments have been developed; these instruments use
either a multiwavelength laser diode light source or a
time shared filter technique, in which high precision is
sought through various algorithms which deconvolute
background signals, oxidized and reduced cytochrome
signals, and oxy- and deoxyhemoglobin signals. Such
instruments are oxy-complex and often have difficulty
obtaining light sources with wavelengths appropriate to
the algorithms that have been developed, or they have
such low light levels that photon counting is necessary.
They are generally in the price range of $80,000 and
have produced much experimental data in the literature
on neonates and adults. The basic problem of such
methods is that the optical pathlength is not known ab
initio but is calculated by reference to animal models
where the hemoglobin can be removed and cytochrome
directly studied. Transferability of such data from the
animal model to the human is one difficulty that had to
be overcome prior to the invention of time-resolved
spectroscopy, where the pathlength is measured di-
rectly. See U.S. Pat. Application Ser. No. 266,166, filed
Nov. 2, 1988, “Optical Coupling System for Use in
Monitoring Oxygenation State Within Living Tissue,”
fully referenced above.

Continuous wave spectroscopy (CWS) of tissue he-
moglobin has the demonstrated advantages of great
simplicity and sensitivity, as well as affording an “early
warning” of tissue hypoxia. The application of picose-
cond-pulse time-resolved spectroscopy (TRS) to tissue
in order to determine optical pathlengths, quantify the
changes in hemoglobin concentration, and determine
the actual concentration values of hemoglobin and cy-
tochrome has great applicability to clinical studies of
tissue hypoxia. Moreover, time-resolved spectroscopy
used in conjunction with continuous light spectropho-
tometry offers a means of calibrating the optical path-
length which photons travel as they migrate through
tissue. While trend indication can be of great value in
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many situations, the capability to quantify hemoglobin
concentration for both continuous and pulsed light
techniques greatly extends their applicability to clinical
studies. See U.S Pat. Application Ser. No. 266,166, filed
Nov. 2, 1988, “Optical Coupling System for Use in
Monitoring Oxygenation State Within Living Tissue”;
and U.S. Application Ser. No. 287,847, filed Dec. 21,
1988, “Methods and Apparatus For Determining the
Concentration of a Tissue Pigment Of Known Absor-
bance, In Vivo, Using the Decay Characteristics of
Scattered Electromagnetic Radiation”, both of which
are fully referenced above.

SUMMARY OF THE INVENTION

It has now been found that the principles of dual
wavelength spectrophotometry may be applied to time-
resolved spectrophotometry choosing a carrier fre-
quency at a value in which the time characteristic is
compatible with the time delay of photon migration
from input to output through a scattering medium.

The present invention provides methods and appara-
tus whereby a modulated waveform is transmitted to a
scattering medium and detected after migration there-
through. The detected waveform will have been altered
and may thus be compared to the initial waveform. For
example, a waveform is phase shifted by the delay in
migration through the scattering medium. Thus, in a
preferred embodiment, the phase of the waveform is
modulated and the phase shift is detected. The differ-
ence in phase shift between two waveforms of emitted
electromagnetic radiation having different, known
wavelengths can then be processed to determine the
concentration of an absorptive constituent such as he-
moglobin.

It is an object of the present invention to provide
methods and apparatus for studying photon migration
using signal modulation techniques such as time, fre-
quency and phase modulation. It is a specific object of
the present invention to provide methods and apparatus
whereby phase modulated spectrophotometry (PMS)
may be utilized in conjunction with continuous wave
spectrometry (CWS) to determine the critical value of
an absorptive pigment such as hemoglobin, at the point
the PCr/Pyratio begins to decrease. It is another object
of the present invention to provide as a specific embodi-
ment, a dual wavelength phase modulation system
which will allow the clinical application of the advan-
tages of time resolved spectroscopy in an economical
and commercially feasible embodiment.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1A illustrates a simplified single wavelength
phase modulated spectrophotometer made in accor-
dance with the present invention.

FIG. 1 is a block diagram of another embodiment of
a single wavelength phase modulated spectrophotome-
ter made in accordance with the present invention.

FIG. 2 is a block diagram of another embodiment of
a phase modulated spectrophotometer made in accor-
dance with the present invention.

FIG. 3 is a block diagram of the preferred embodi-
ment of the spectrophotometer of the present invention.

FIG. 4 is a block diagram of an alternate embodiment
of the spectrophotometer of the present invention.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




