Green Plasma Disappearance Rate in Critically Ill Patients.” Chest 122: 1715-20, 2002.

A number of public domain systems exist that utilize a single irradiation source, such as
a fiber optic cable connected to a laser and an associated separate detector, such as a CCD
camera or spectrophotometer. The laser emitter and fluorescence detector have been further
associated with endoscopic devices. Even simpler densitometric systems have likewise existed
for some time, with such systems relying on the absorption of ICG in the 805-810 nm range. An
ear densitomster produced by the Waters Co. of Rochester, Minnesota is advertised as being
capable of in vivo measurement of ICG absarbance, but in the aforementioned higher doses.

In light of the marginally useful devices available for continuous monitoring of liver or other
organ function using a circulating analyte, the present disclosure provides the advantages of a
useful non-invasive system. Thus, in application for United States Patent Serial No. 12/418,866,
to which priority is claimed, a generally non-invasive technique for screening for measuring the
concentration of a circulating analyte is disclosed. The present disclosure provides advantages
that will be apparent. This results in one or more intensity versus time curves, representing an
analyte concentration resulting from metabolism of the indicator through the circutatory system,
i.e. by the lungs, brain, kidney or other organs.

Implementation of the transcutaneous detection system for accurate detection of a
circulating indicator allows monitoring of the decay of a circulating indicator in the blood, and
thus allows for monitoring of organ function with relatively low doses of indicator.

BRIEF SUMMARY

——frGeOFAING-to-a-first-aspest-of-the-present-invention;-there-is-a-system-for-measuring-the
soncentration-ot-a-liver-activity-analyte-thatis-predeminantly-removed-from-the-cireulating-bleed
by-the-liver-and-that-contains-a-fluerescent-meiety-that-can-be-exsited-to-emit-flucrescence
through-irradiation-by-excitation-phetons-in-wavelength-range -known-to-induce-fluerescence-in
said-fluoressent-melety-of-a-liver-activity-indicator-analyle,—comprising-providing-ap-indicator

sommunication-with-the-heart-providing-at-surface-of-the-skin-of-a-human-subjest-ene-or-mere
sources—of -excitation-phelons—in-wavelength-range-known-—to-induce-fluorescense -in-said
fluorescent-component-of-liver-astivity-indicator;-providing-at-the-surface-of the-skin-of-a-human
subject-and-in-alignment-with-a-fraction-el-the-emitled-flusrescence-photons-excited-by-the
source—of-excitation-pholons—one—ar—more-detestors—to-measure-the—intensity--of-emitied
fluorescence—photons—rom—the—liver—activity—indicater—and-providing—a—monitor/controller
responsive-te-said-ene-er-mora-detectors-to-record-the Hime-varying-relative-concentration-of-the
liver—ashvity—indicator—-by-—recerding—the—time-varying—fluorescense—signal--level—a—sensor
somprising—a—phetodicde—emitter—energizable-{o-generate-light—-at—the—exsitation—radiation
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wavelength—and-a—pholodetector-which—is-filleredfor—response—substantially—only—to—the
fluorescence-emission—providing-a-transmissive-sensorpositionable-to-sense-the-presense-of-at
least-a-portien-of-the-bloed-bore-indicator-{flowing-within-a-blood-vessel-at-arderial-vaseulature
of-one-or-mere-symmetically-paired-distal-locations-of-the-patient-and-having-one-or-more
outpuls-corresponding-with-the-instanianeous-concentration-of-indicator-at-such-bloed-vessel
vasculature;-providing-a-monitor/contreler-having-a-display-and-respensive-to-said-actuation-fe
sommence-measuring-the—relative-concentration—of-bloed-sonsentration-of —a—liver-activity
indicator-in-the-blood,—responsive-to-a-sensor-outpul-to-display-ene-er-more-melrics—reflecting
indicater concentralions-to-determine-the nature-of-liver-tunclion:
According to a first aspect of the present invention, there is provided a non-invasive system

for _assaying the liver function of a mammalian patient using an analyte that is predominantly

removed from the circulating blood by the liver and that contains a fluorescent moiety that can be

excited to emit flucrescence through irradiation by excitation photons in an appropriate wavelenath

range, comprising: an analvie delivery assembly having an outlet locatable in a blood vessel of the

patient and in blood flow communication with the heart; at least one non-invasive optical sensor

positionable along a skin surface of the patient to detect the presence of at least a portion of the

analyte as it flows through underlving arterial vasculature, the at least one non-invasive optical

sensor comprising a plurglity of laser diode emitters located along one side of a tissue location of

the patient and energizable o emil light at a first wavelength that will ranscutaneously excite the

analvie, and a like number of photodetectors located along an opposile side of the tissue for

detecting the concentration-indicating intensity of fluorescing photons that will be emitted by the

analyte at a second wavelength as a result of excitation light from the emitters being transmitted

through the subiject tissue and underlving vasculature: one or more sensor oulputs corresponding

with the instantaneous concentration of analyte flowing through said vasculature at the sensor

location; and a monitor/controller having a display, the monitor/controller programmed: to cue

actuation of the indicator delivery assembly; to _measure, after a predetermined dwell period, the

time-varying relative concentration of analyte in the blood over some length of time by repeatedly

recording a_lime-varying analvte fluorescence signal level to calculate an analyte exponential

decay coefficient using the recorded analyte concentration vs. time data; and to determine and

indicate the quality of liver function using at least the calculated analyte exponential decay

coefficient.
Ascording-to-the-second-aspest-et-the-present-invention;-there-is-a-sensing-array-apparatus
eomprising-ta;-a-pluralib-of-sources-of excilation-photons-and-photodetector- pairs-for-measuring
the-Hluorescence-emitied-by-a-fluorescent-moiety-of aliveractivity indicator-analyter b)-said-sources
of-excitation-photons-providing-an-execitalion-light source-emitting-a-firstwavelength-for-excitation-of
a-liver-activity-indicator-within-the-fissues-ol-a-patient-body;-said-emitters-transmitting-the-excitation
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light-through-a-collimaterlens-having-a-collimaling-channel-aligned with-an-eptical-path-interference
filtor—said-collimating-channeland-intederence-filler-located-intermediale-betweesn-said-sources-of
exsitation-phetens-and-photodetestor-and-{e}-said-photodetactors-providing -for-measuring-the
intensity-of-the-flusreseent-ight- emitted-at-a-second-wavelength-from-the-fluoressent-molety-of-the
liver-activite-indicator-analyterand,—{d)r-a-support-system--ob-a-plurality--of-array--suppert-arms;
wherein-the-aray-support-arms—of-the-suppert-system-—allow—positioning-of-the-sensing-array
apparatus-en-the-axerior-of-the-patient-body,-whereupen-astivation-ol-one-orere-of-the-seurces
of-excitation-pholons-transmit-exsitation-light-threugh--Hissue-of-the-patient;-thereby-exsiting-liver
activib-indisater-analyte-present-in-said-tissue-said-photodetestors-thercby-measuring-the-intensity
oflight-emitted-by-oxsited-liver-activity-indisatoranalyle-

According fo a second aspect of the present invention, there is provided a kit of

consumable materials for use by a non-invasive system for assaying the liver function of a

mammalian patient, the kit comprising: an indicator delivery tubing system including a valve,

syringe connectors, a flow sensor and a sterile intravenous iniector: one or more doses of liver

activity indicator reagent as a shell stable material; a diluent for preparing the dose of liver activity

indicator reagent for iniection or for delivering an indicator bolus; and a dose of nonreactive blood

compatible clearing reagent for completing the injeclion.
Accerding—te—the—third—aspect-of-the-present—invention,—there—is—a—kit-supplying
consumable--materals-necessary--for-guantibving—liver-lunction—comprising:-a)-an-indicater

delivery—tubing—system—providinga-—valve,—syringe—connectors,—aflow-—sensor—and-—sterile
intravenous-iniecter-b)-one-or-more-doeses-of-liver-activity-Indisatorreagent-as-a-shelf-stable
material-6)-a-dilvent-for-preparing-the-dese-of-liver-astivity-indicatorreagent-for-injection-orfor
delivering-an-indicator-bolus;-and-d)-a dose-ol-nonreastive-blood-compatible-clearing-reagent-for
completing-the-injection:
Agcording-to-the-fourth-aspect-of-the present-invention; there-is-a-method for-measuring
the-relative-concentration-over-time-of-a-liver-activity-indicator-in-the-cirsulating-blood-stream;
compHsing-the-slops:-a)-selesting-a-liveractivity- indicater-analyte-that-ls-predominantly-removed
from-circulating-blood-by-the-liver-said-analyte-further-comprising-a-flusrescent-meieby-that-gan
be-excited-to-emit-fluorescence-through-irradiation-by-excitation-phetens-in-wavelength-range
known-to-induce-fluorescensce-in-said-analyte-b)-positioning-abeut the-skin-of-a-human-subject
one-or-mere-emitter/detector-arrays-for-emitting-excitation-phetons-in-a-given-wavelength-range
knewn-to-induse-tiuoressence-in-said-fluorescent-meiety-of-the-liver-activity-indicator-analyte;
said-emitter-in-alignment-with-ene-or-more-detectors—configured-to-measure-the-intensity—of
emitted-fluorescence-pheotons-from-the-liver-activiby-indicator-analvte—c)-recording-the-relative

stream—elb-a—human—subject—by—fecording—time-varving—flusrescence—signalJevel—and—d)
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saloulating-a-liver-activitk-melric-according-to-Formula-dwhereby the-relative-liver-activibr-ofthe
93&%@%%&@45@%&@!@@4%&@9@@&
According 1o a third aspect of the present invention, there is provided a non-invasive

method for assaving the relative concentration over time of a liver activily analvle in e a

circulating blood stream, comprising the steps: providing an analyie delivery assembly having

an outlet locatable in a blood vessel of a patient and in blood flow communication with the heart:

positioning at least one non-invasive optical sensor along a skin surface of the patient to detact

the presence of at least a portion of the analyte as it flows through underlving arterial

vasculature, the at least one non-invasive optical sensor comprising a plurality of laser diode

emilters located along one side of a tissue location of the patient and energizable to emit light at

a_first wavelength that will transcutaneously excite the analvie, and a like number of

photodetectors located along an opposite side of the tissue for detecting the concentration-

indicating _intensity_of fluorescing photons that will be emitted by the analvle at a second

wavelength as a result of excitation light from the emitlers being fransmitted throuah the sublect

fissue and underlying vasculature: providing one or more sensor outpuls corresponding with the

instantaneous concentration of analyte flowing through said vasculature at the sensor location;

and providing a monitor/controller having a display, the monitor/controller is programmed for:

cueing actuation of the indicator delivery assembly: commencing measurement, after a

predetermined dwell period, the ime-varying relative concentration of analyte in the blood over

some length of time by repeatedly recording a time-varying analyte fluorescence signal level:

calculating an analvle exponential decay coefficient using the recorded analvte concentration

vs. time data; and determining and indicaling the quality of liver function using at least the

calculated analvte exponential decay coefficient.

The present system discloses using a transcutaneous detection system to measure the
quantity of a circulating detection agent in the blood, and thereby measure the decay of
concentration due to liver function. The present system utilizes a variation of the previously
disclosed system, method and apparatus for detecting and quantifying right-to-left pulmonary
shunts. The preferred indicator, which is employed, is indocyanine green (ICG) dye, which will
fluoresce when exposed to an appropriate wavelength of higher energy light, for example, a
laser in the near infrared region. The procedure is under the control of a monitor/controlier
having a visual display and capable of providing a cue to the operator. A vein access catheter is
employed in connection with a peripheral vein
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We-slaim:CLAIMS

1. A non-invasive system for measuring-the—cenecentration—-of-a-assaying the liver
function of a mammalian patient using an astivity-analyte that is predominantly removed

from the circulating blood by the liver and that contains a fluorescent moiety that can be
excited to emit fluorescence through irradiation by excitation photons in an_appropriate
wavelength range-known--to-induce-fluorescence—in-said--fluoresecent-moiety--of-a-liver
astivity-indicator-analyte, comprising:

providing-an indicater-analyte delivery system-assembly having an outlet located
locatable in a blood vessel of the patient and in blood flow communication with the heart;

providing—at-surface—of-the—skin—of-a—-human-subject-one—or-mere-sources—of
excitation-phetons-in-wavelength-range-known-to-induce-fluorescence-in-said-fluoresecent
component-of-liver-activity-indicator:

providing-at-the-surface-of-the-skin-of-a-human-subject-and-in-alignment-with-a
fraction-ef-the-emitted-fluoreseensce-pholons-exsiled-by-the-source-of-excitation-photons
one-or-moere-detectors-to-measure-the-intensity-of-emitted-fluorescence-photons-from-the
liver-activity-indicatorand

al least one non-invasive optlical sensor positionable along a skin surface of the

patient to detect the presence of at least a portion of the analvie as it flows through

underlying arterial vasculature, the at least one non-invasive optical sensor comprising a

plurality of laser diode emitters located along one side of a tissue location of the patient

and energizable 1o emit light at a first wavelength that will transcutaneously excite the

analyte, and a like number of photodetectors located along an opposite side of the lissue

for detecting the concentration-indicating intensity of fluorescing photons that will be

emitied by the analyte at a second wavelength as a result of excitation light from the

emitters being transmitted through the subject tissue and underlving vasculature:

one or more sensor outputs corresponding with the instantaneous concentration of

analyte flowing through said vasculature at the sensor location: and

providing-a—monitor/fcontrollerresponsive-to-said-one-or-moere-detectors-to-recerd
the-time-varying-relative-concentration-ef-the-liver-activity-indisator-by-recording-the-time-
varying-fluoressence-signal-level

a-senser-comprsing-a—phelodiode-emitier-energizable-to-generate-light-at-the
excitation—radiation—wavelength—and—a—pheotlodetestor—which—is—filtered—for—response
substantially-onby-te-the fluerescence-emission:
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providing-a-transmissive-sensor-positionable-to-sense-the -presence-of-at-least-a
portion-of-the-bloed-borne-indicator-flowing-within-a-bloed-vessel-at-arterial-vaseulature-of
one-er-mere-symmetrically-paired-distal-Hosalions-of-the-patient-and-having-ene-or-mere
outputs-corresponding-with—the—instantaneous—conecentration-of-indicator-at-such-bloed
vessel-vasculature:

previding—a monitor/controller having a display, and-responsive—to—said—ihe
monitor/controller programmed:

(1) to cue actuation of the indicator delivery assembly;

(2) to sommence measure, after a predetermined dwell period,measuring the
time-varying relative concentration of bloed—econcentration—of-a—liver—activity—indicator

analyte in the blood_over some length of time by repeatedly recording a time-varying

analvle fluorescence signal level;-responsive-to-a-sensoroutput;

(3) to calculate an analyte exponential decay coefficient using the recorded

analyte concentration vs. time data; and

(4) to determine and indicate the nature-guality of liver function_using at least the

calculated analyte exponential decay coefficient.

2. The system of claim 1 wherein the skin-surfase-is-at least one sensor is adapted for

location on one or more of the ear, the finger of the hand, the neck, the leg, or the arm_of
the patient.

3.  The system of claim 1 wherein the skin-surface-is—at-paired-distal-at least one
sensor is adapted for location comprising-on both ears, paired fingers, paired locations on

the hands, paired toes, paired locations on the feet, paired locations on the legs, or paired
locations on the arms _of the patient.

4. The system of claim 3 1 wherein the paired—distal—location—is—the
earsmonitor/controller is further programmed fo calculate one or more liver activity metrics

selected from the group of plasma disappearance rate and residual fractional analvie

conceniration, using the calculated analyte exponential decay coefficient.

5. The system of claim 1 in—which-wherein the monitor/controller publishes—the-is
further programmed to display a measure of relative indicator concentration decay as a

multitude of function of time curves-and-the-derived-exponential-decay-coefficientplasma
disappearance-rate—and-residual-relative-concentration-at-16-minutes-afterinjection-of-the
indicator.
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6. The system of claim 1 in—which—information—is—desired--concerning—a—patient

soncerning—wherein one or more of the derived analyte exponential decay coefficient,

plasma disappearance rate, and residual relative concentration are calculated for a

patient having a medical condition comprising one or more of poisoning, trauma, sepsis,

pre-operative-screening-poest-operative-recovery-cirrhosis, hepatitis, or for the purpose of

pre-operative screening, post-operative recovery, or organ transplant.

7. The system of claim 1 in which the liver activity indicater-analyte is indocyanine

green dye.

8.  The system of claim 1 in-which-the-sensor-further-comprises-a-sensor-array-with
trapnsmission-meode-sensing-in-whish-the-sensor-array-somprises-two-or-mere-pairs-of
emitters-of-excitation-pheotons-and-fluerescence-deleclors—ef-the-fluorescent-analyte-of
liver-activibe-wherein the monitor/controller is programmed to characterize a given liver as

normal when the calculated plasma disappearance rate is equal {o or greater than 15%

per minute, and to characterize a given liver as diseased or otherwise compromised when

the calculated plasma disappearance rate is between 4% and 10% per minute.

9. The system of claim 8-—further—comprising—1_wherein _said emitters and

photodetectors eptionally-are energizable in a sequence of sush-emitter-detector pairs or
are energizable simultaneously, and wherein the monitor/controller is responsive

programmed to elect one or more ef-that-emilter-detector pair exhibiting an average

detection signal output of highest intensity.

10. The system of claim 4_4 in-which-the-light-path-of-excitation-phetons-is-arranged
with-an-aspheric-collimating-lens,-and-the-light-path-of-emitted-fluerescent-photons-to-the
photodetestor-is—-arranged-with-a-eollimator—plate—and-an-interference-filterwherein _the
monitor/controller_is further programmed to determine and indicate the quality of liver

function using one or more of the calculated plasma disappearance rate and the residual

fractional analvte concentration.

11. The system of claim 1 wherein the excitation-source-emits-photons-in-a-wavelength
range-of-from-about-750-to-820-nanometersmonitor/controller is further programmed to

display one or more of the derived analyte exponential decay coefficient, plasma

disappearance rate, and residual fractional analyte concentration at a time 15 minutes

after injection of the analvte.
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12. The system of claim 3-whereby-1 wherein the at least one non-invasive optical

sensor array-positionable-at-paired-distal-locations—further-comprises-two-fluorescence
sensing-array-fixtures-with-sensing-array-arms;-is removeably attached to a headband.

13. The system of claim 1 wherein the apparatus-of-the-system-is-configurable-for-use
with—a-subject-that-is—a—laboratery—apnimal—a—zoelogical-specimen,—a—cat—a-dog,—an
elephant—an—ape—a-horse—or-a-human_predetermined dwell period is belween two

minutes and three minutes.

14. The system of claim 1 in-whish wherein:

the indicator delivery assembly comprises a flexible elongate delivery tube
extending between proximal and distal ends, an auxiliary catheter coupled in fluid transfer
relationship with the distal end defining the outlet, a_an indicator flow initiation-detector
coupled in fluid transfer relationship with the proximal end and adapted to_derive signals

corresponding with the commencement and termination of fluid flow through the system,

and a three-way valve connected upstream to the sensor, a first indicator containing
syringe coupled in indicator flow relationship with the valve and actuateable to cause
indicator to flow through the valve, and a second isotonic saline fluid containing syringe
coupled in fluid flow relationship with the valve and actuateable to cause isotonic saline to

flow through the valve.

15. The system of claim 1 wherein the length of time over which the monitor/controller

measures the time-varyving relative concentration of analyte in the blood is between 10

minutes and 20 minutes. A-sensing-array-apparatus-comprising

{a)—a—plurality—ef—sources—of--execitation—photons—and-photodetector—pairs—for
measuring-the-fluoreseence-emitted-by-a-fluoreseent-molety-of-a-liver-astivity-indicator
analyte;

b)-said-sources-ef-excitation pholons-providing-an-exeitation-light source-emitting-a
first-wavelength-{for-exsitation-of-a-liver-astivity-indicatorwithinthe-tissues-of-a-patient
body,-said-emitlers—transmitting—the-exscitation-light-through—a-sellimater-lens-having—a
collimating-channel-aligned-with-an-optical-path-interference-filter;-said-cellimating-channel
and-interferencefilterlocated-intermediate-between-said-sources-of -excitation-phetens
and-pholodetector:-and

{e)-said-photodetectors-providing—for-measuring-the-intensity-of-the-fluorescent
light-emitted-at-a—second-wavelength—trom-the-flusrescent-melety—of-the liver—activity
indicatoranalyter-and;
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{d)y-a-support-system-of-a-plurality-of-array-suppert-arms;

wherein-the-array-suppert--arms—of-the-support-system—allow-positioning-of-the
sensing-array-apparatus-on-the-exterior-ef-the-patient-body-whereupen-astivation-ol-one
or-more-of the-sources-of-excitation-photons-transmit-excitation-light- through-tissue-of-the
patient—thereby—exeiting—liver—astivity—indicator—analyte—present—in-said -lissue;—said
phetodelectors-thereby-measuring-the—intensityof-light-emitted-by-exsited liver-astivity
indicateranalyte:

16. The sensing-array-apparatus-system of claim 15 wherein the plurality-of-sources-of
exgcitation—photons—and-—photodetestor—pairs—are—three—laser—disdo-—emilter—and
phetedetestor-pairs_monitor/controller measures the fime-varying relative concentration of

analyte in the blood at five second intervals.

17. The system of claim 48 5 wherein said-sensor-assembly-further-comprises:-a-first
collimater—having—a—collimating—ehannel—aligned—with—an—optical—path—and-—located
intermediate-the-other-surface-ef-the-scaphoid-fossa-of-the-ear-and-an-interference-filter;
and-a-second-collimater-having-a—collimating—channel-aligned-with-an-optical-path-and
located-betweean-the-interference-filter-and-the-phetodetector the slope of a given function

of time curve indicates the level of liver enzvmatic aclivity for a corresponding given

period of time.

18. A kit supplying-of consumable materials necessary-for quantifying-use by a non-
invasive system for assaying the liver function of a mammalian patient, the kit comprising:

a) an indicator delivery tubing system providing—including a valve, syringe
connectors, a flow sensor and a sterile intravenous injector;

b) one or more doses of liver activity indicator reagent as a shelf stable material;

c) a diluent for preparing the dose of liver activity indicator reagent for injection or
for delivering an indicator bolus; and

d) a dose of nonreactive blood compatible clearing reagent for completing the
injection.

19. The kit of claim 18 further comprising a-an _indicator flow initiation-senser-detector
that-further-comprises-an-capable of detecting indicator flow initiation senserwith-a-circuit

that-in-communication-and of communicating with a meniter-contreller-monitor/controller

of the non-invasive system, the indicator flow detector adapted respends—to a-guery
determining-report the number of indicator injections a-flow-initiation-sensor-has—cued
detected thereby and thatis-to become automatically disabled for repeat use after a some
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testing—procedure—predetermined time period_or_predetermined number of detected

indicator injections.

20. A non-invasive method for measuringassaying the relative concentration over

time of a liver activity indicateranalyte in the_a circulating blood stream, comprising the

steps:

a)selesting-a-liver-activity-indicator-analyte-that-is-predominantly-remeoved
from-cireulating-blood-by-the-liver-said-analyte-further-comprising-a-fluereseent
phelens-inwavelength-range-knowne-induce-fluorescence-in-said-anabde;
B} pesiioning—abeut—the—skip—of—a—human—subjest—ene—or-more
emitter/detector-arrays-for—emitting—excitation—photons-in—a-given-wavelength
range-known-to-induce-fluorescence-in-said-fluorescent-moiety-of the-liver-astivity
indicator-analyte;said-emitter-in-alignment-with-one-or-mere-detectors-cenfigured
to-measure—the-intensity-eb-emitted-flusrescense—photens-from-the-liver-astivity
e} FEGOFING - the—relative—concentration—over—time—ef-the-Jiver—activity
indicator—analyte—that-has—been—injected-inte—the—bloed-stream—of-a-human
subject-by-recerding-time-varying-fluorescensce-signal-leveland
————)-caleulating-a-liver-activity-metric-according-to-Fermula-1;
whereby-the-relative-liver-achivity-ofHhe patient-is-displayed-in-a-repert
providing an analyte delivery assembly having an outlet locatable in a blood vessel

of a patient and in blood flow communication with the heart;

positioning at least one non-invasive optical sensor along a skin surface of the

patient to detect the presence of at least a portion of the analyie as it flows through

underlying arterial vasculature, the at least one non-invasive optical sensor comprising a

plurality of laser diode emitters located along one side of a tissue location of the patient

and energizable to emit light at a first wavelength that will {ranscutaneocusly excite the

analyte, and a like number of photodetectors located along an opposite side of the tissue

for_detecting the concentration-indicating intensity of fluorescing photons that will be

emitted by the analyle at a second wavelength as a result of excitation light from the

emitters being transmitted through the subject tissue and underlying vasculature;

providing one or _more sensor outputs corresponding with the instantaneous

concentration of analyte flowing through said vasculature at the sensor location: and
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providing a monitor/controller _having a display, the monitor/controller is

programmed for:

(1) cueing actuation of the indicator delivery assembly:

(2) commencing measurement, after a predetermined dwell period, the tfime-

varying relative _concentration _of analyte in the blood over some length of time by

repeatedly recording a time-varving analyte fluorescence signal level:

(3) calculating an analyte exponential decay coefficient using the recorded analyte

concentration vs. ime dala; and

(4) determininq and indicating the quality of liver function using at least the

calculated analyte exponential decay coefficient.
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