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DESCRIPTION

[0001] The present invention relates to a method for determining an organ function in a
subject, comprising the steps of: providing a first concentration-time curve obtained by
transcutaneously measuring in a body fluid at a first position background fluorescence in at
least one first time point and fluorescence of an indicator compound in at least a second, a
third, a fourth, a fifth, and a sixth time point; providing a second concentration curve obtained
by transcutaneously measuring in a body fluid at a second position background fluorescence in
at least one seventh time point and fluorescence of an indicator compound in at least a eighth,
a ninth, a tenth, an eleventh, and a twelfth time point; fitting the first and the second
concentration curve into a kinetic model representing at least four diffusion compartments; and
thereby determining an organ function in a subject. The invention further relates to a device for
determining an organ function according to the method of the present invention, said device
comprising a first sensor for transcutaneously measuring fluorescence of an indicator at a first
position, a second sensor for transcutaneously measuring fluorescence of an indicator at a
second position; and a data processing unit for fitting the values obtained by the sensors into a
kinetic model of one of the preceding claims. The present invention also relates to a kit
comprising a device of the present invention and an indicator compound, as well as to a
computer or computer network comprising at least one processor, wherein the computer or
computer network is adapted to perform the method according to the present invention.

[0002] In the clinical and preclinical field, determining various organ functions is accorded
great importance since, for example, corresponding therapies or medications can be controlled
in accordance with said organ functions. The invention is described hereinafter substantially
with regard to the kidney function. In principle, however, other applications are also
conceivable in which the function of a particular organ can be detected by means of the means
and methods described herein. Thus, in principle, it is possible to use any desired exogenous
or endogenous substances in the blood as indicator substances.

[0003] In kidney diagnostics, the quantitative and qualitative functional testing of the kidneys is
of great significance. One indicator of the kidney function is the so-called glomerular filtration
rate (GFR) which indicates the amount of primary urine produced by the glomeruli of the
kidneys per unit time.

[0004] For quantifying the GFR, several methods are known from the prior art and medical
practice. One class of methods, into which the present invention may also be classified, is
based on the use of one or a plurality of indicator substances, which are at least predominantly
removed from the blood on account of the kidney function. This means that the indicator
substance is removed from the body at least predominantly by the filtration effect of the
glomeruli, in which case substantially neither tubular secretion nor resorption from the primary
urine takes place. Clearance is generally designated as that amount of plasma in milliliters
which is freed of the indicator substance per minute.
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[0005] Various exogenous and/or endogenous indicator substances are known for determining
the glomerular filtration rate. Examples of endogenous indicator substances are creatinine or
cystatin C. Various exogenous indicator substances are also known from the prior art. More
particularly, saccharides, e.g. polyfructosans, can be used as indicator substances. Examples
of suitable indicator substances are disclosed in WO2001/85799 or W0O2006/32441. It is
generally possible to have recourse to this prior art in the context of the present invention as
well.

[0006] From a metrological standpoint, one of the challenges consists, in particular, in
determining the concentration profile of the indicator substance and thus the clearance thereof.
Numerous different methods by means of which the clearance can be detected metrologically
are compiled in WO 99/31183. Thus, some of the methods are based on the fact that blood
and/or urine samples are taken at regular or irregular intervals, and the concentration of the
marker substance is determined analytically, for example by means of enzymatic detection
methods. Other methods are based on the use of radioactive indicator substances and/or X-
ray contrast media. The acceptance of such indicator substances by the patient is generally
low, however. Methods based on determining the renal clearance by means of chemical or
biochemical analysis or on the use of radioactive indicator substances are generally complex
and burdened with high errors. In routine clinical practice, therefore, in many cases the kidney
function is estimated on the basis of approximation formulae, which, however, are likewise very
inaccurate and can have error tolerances in the range of 30 to 40%.

[0007] The prior art therefore likewise discloses methods based on the use of fluorescent
markers. In this case, use is made of indicator substances marked with dyes that can be
detected optically. By way of example, these can be fluorescent markers which are admixed
with the indicator substances or bonded to the indicator substances, for example by covalent
bonding. Examples of marked indicator substances are described in W02001/85799 or
WO02006/32441, in which case it is possible to have recourse to these marked indicator
substances, for example, in the context of the present invention.

[0008] In the latter methods mentioned, therefore, an optical signal is used as a measure of
the concentration of the indicator substance. In this case, the respective concentration of the
indicator substance can be deduced for example from a known relation between the optical
signal and the concentration. Said known relation can be, for example, of an empirical, semi-
empirical or analytical nature, for example a relation determined by means of calibration
measurements. Thus, in DE 100 23 051 A1, for example, the indicator substance used is
sinistrin  marked with fluoresceinisothiocyanate (FITC). In this case, a noninvasive,
transcutaneous measurement of the FITC fluorescence signal by means of a noninvasive
measuring head is described, inter alia. Said measuring head is configured as a fiber-optic
measuring head in which an external light source, via an optical fiber, illuminates the skin and
excites the FITC-sinistrin molecules contained therein. The fluorescent light emitted by the
FITC is in turn picked up by means of optical fibers and forwarded to an external detector.

[0009] However, the measurement of the fluorescence signals as described in DE 100 23 051
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A1 is extremely complex in terms of apparatus technology. This is because it is necessary to
provide complex spectrographs in order to evaluate the measurement signals. Moreover, a
fiber-optic system is required which, on account of the associated losses of excitation light,
necessitates the use of highly intensive light sources, more particularly lasers. The fiber-optic
system, together with the complex light sources and lasers, has the effect, however, that a
measurement of the renal clearance cannot be carried out in an ambulant manner or by
means of portable equipment, but rather practically exclusively in optical laboratories
specifically designed for this purpose.

[0010] Similar indicator substances as described above have also been disclosed in
WQ02010/020673. However, in this document a simplified method of measurement is
described, using a portable sensor e.g. in the form of a plaster.

[0011] Numerous further analysis systems which, in principle, are also suitable for portable
equipment are generally known from other fields of medical diagnostics. Thus, US
2004/0210280 A1, for example, describes a plaster-like system which can be used for
transdermal therapy and diagnosis. Said document proposes, inter alia, that the system
independently collects and takes up fluid samples from the skin. In A. Pais et al.: High-
sensitivity, disposable lab-on-a-chip with thin-film organic electronics for fluorescence
detection, Lab Chip, 2008, 8, 794-800, a disposable lab-on-a-chip test element is proposed.
The latter is based on an organic light-emitting diode and an organic photodetector. The test
element is configured as a microfluidic test element and is able to analyze liquid samples by
means of fluorescence detection. DE 10 2004 048 864 A1 describes an analytical test element
with wireless data transmission which is used for determining the concentration of an analyte
from a body fluid. Said document proposes configuring at least a portion of the electrical
components of the system on the basis of polymer electronics. US 2006/020216 A1 describes
a portable health management apparatus that can be used, in particular, for a blood pressure
measurement. Said document proposes, inter alia, measuring the movement of the blood
within a blood vessel by means of light absorption of light incident transdermally.

Generally, for kidney function testing in the prior art, recourse is regularly made to inulin as the
gold standard. In this case, the inulin measurement is usually effected enzymatically in a serum
or urine sample. Noninvasive methods using fluorescence-marked inulin yielded ambiguous
results (W02001/85799). FITC sinistrin was established as the standard for fluorescence-
based GFR determinations (W02001/85799; Pill 2005, Anal Bioanal Chem 382: 59-64; Pill
2005, Europ J Medicinal Chem 40: 1056-1061), wherein here as well the measurements were
predominantly effected in isolated samples.

However, these last-mentioned methods and devices known from the prior art either require
sampling of blood and/or urine samples, which decreases acceptance by the patient, or they
do not allow to directly determine the GFR or a parameter proportional thereto. For this
reason, many methods determine plasma clearance of an indicator compound as an
approximation (reviewed in Frennby et al. (2002), Eur. Radiol 12: 475).

[0012] US 2011/230739 A1 discloses a method for determining a measurable parameter
indicating the function of an organ in a subject using concentration-time curves obtained by
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transcutaneously measuring in a body fluid at several positions.

[0013] Consequently, one object of the present invention is to provide devices and methods for
determining organ functions, more particularly a kidney function, which avoid the
disadvantages of known devices and methods. More particularly, the intention is to provide a
method of determining the GFR of a subject. This object is achieved by means of the invention
with the features of the independent claims. Advantageous developments of the invention,
which can be realized individually or in combination, are presented in the dependent claims.

[0014] Accordingly, the present invention relates to a method for determining an organ function
in a subject, comprising the steps of:

1. a) providing a first concentration-time curve obtained by transcutaneously measuring in
a body fluid at a first position (i) background fluorescence in at least one first time point
and (ii) fluorescence of an indicator compound in at least a second, a third, a fourth, a
fifth, and a sixth time point,

2. b) providing a second concentration-time curve obtained by transcutaneously measuring
in a body fluid at a second position (i) background fluorescence in at least one seventh
time point and (ii) fluorescence of an indicator compound in at least a eighth, a ninth, a
tenth, an eleventh, and a twelfth time point,

3. c) fitting the first and the second concentration-time curve into a kinetic model
representing at least four diffusion compartments, and

4. d) thereby determining an organ function in a subject.

[0015] As used in the following, the terms "have", "comprise" or "include" or any arbitrary
grammatical variations thereof are used in a non-exclusive way. Thus, these terms may both
refer to a situation in which, besides the feature introduced by these terms, no further features
are present in the entity described in this context and to a situation in which one or more
further features are present. As an example, the expressions "A has B", "A comprises B" and
"Aincludes B" may both refer to a situation in which, besides B, no other element is present in
A (i.e. a situation in which a solely and exclusively consists of B) and to a situation in which,
besides B, one or more further elements are present in entity A, such as element C, elements
C and D or even further elements. From this, it is understood by the skilled person that the
method of the present invention may, e.g., comprise obtaining more than two concentration-
time curves.

[0016] Further, as used in the following, the terms "preferably", "more preferably”, "most
preferably”, "particularly”, "more particularly”, "specifically”, "more specifically" or similar terms
are used in conjunction with optional features, without restricting alternative possibilities. Thus,
features introduced by these terms are optional features and are not intended to restrict the
scope of the claims in any way.

As used herein, the term "subject” relates to an animal, preferably a mammal, more preferably

a farm or companion animal. Most preferably, the subject is a human.
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The term "organ function", as used herein, relates to the activity of an organ of a subject of
mediating and/or controlling passage of compounds to or from blood. Thus, preferably, the
term relates to brain-blood barrier function, intestinal wall barrier function, lung function, liver
function, or pancreas function. More preferably, the term relates to kidney function. It is
understood by the skilled person that the term "determining organ function", as used herein,
preferably relates to determining a measurable parameter indicating, preferably being
proportional, to the function of the respective organ. It is also understood by the skilled person
that an organ may have more than one function and that distinct parameters may be
measured in order to determine distinct functions of an organ. Thus, preferably, determining
renal function relates to determining the GFR.

As used herein, the term "providing a concentration-time curve" relates to making available a
concentration-time curve as detailed herein below. Preferably, providing a concentration-time
curve relates to obtaining a measuring curve according to the present invention. Thus, more
preferably, providing a first concentration-time curve is obtaining a first concentration-time
curve by transcutaneously measuring in a body fluid at a first position (i) background
fluorescence in at least one first time point and (ii) fluorescence of an indicator compound in at
least a second, a third, a fourth, a fifth, and a sixth time point, and wherein providing a second
concentration-time curve in step b) is obtaining a second concentration-time curve by
transcutaneously measuring in a body fluid at a second position (i) background fluorescence in
at least one seventh time point and (ii) fluorescence of an indicator compound in at least a
eighth, a ninth, a tenth, an eleventh, and a twelfth time point. As indicated above, for both
concentration-time curves fluorescence is measured in at least one time point before
administering the indicator substance to measure the background signal (baseline). It is
understood by the skilled person that the term may include further steps, e.g., preferably,
contacting a subject to a measuring device, recording measurement values, and the like.

[0017] The term "“indicator compound", as used herein, relates to a compound emitting
photons at an emission wavelength upon or after irradiation with photons at at least one
excitation wavelength. It is understood by the skilled person that, preferably, the emission
wavelength is non-identical to the excitation wavelength. More preferably, the emission
wavelength is shorter than the excitation wavelength ("up-conversion"). Most preferably, the
emission wavelength is longer than the excitation wavelength. In principle, compounds
providing for all kinds of luminescence are suitable for the method of the present invention.
However, compounds emitting light within a short time after irradiation are preferred; thus,
preferably the indicator compound re-emits absorbed radiation on average within less than one
s, more preferably within less than one ms, even more preferably within less than a ys. Thus,
most preferably, the indicator compound of the present invention is a fluorescent compound.

[0018] Preferably, the indicator compound of the present invention is an endogenous
compound, i.e. a compound present in and/or produced in the body of the subject. More
preferably, the indicator compound is an exogenous compound, i.e. a compound not normally
found in the body of said subject. It is understood by the skilled person that an endogenous
compound may be administered to a subject in order to increase its concentration in the blood.
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[0019] Preferably, the indicator compound comprises a fluorescent low-molecular weight
compound covalently bound to a hydrophilic compound. Preferably, the indicator compound
has a molar mass of less than 20 kg/mol, more preferably less than 10 kg/mol, even more
preferably less than 5 kg/mol, and most preferably less than 3 kg/mol. Preferably, the indicator
compound is a zwitterionic or an acidic compound; more preferably, the indicator compound is
a neutral compound, most preferably, the indicator compound is a basic compound. Preferably,
the hydrophilic compound is selected from the list consisting of oligo- and polysaccharides,
oligo- and polyalcohols, and oligo- and polyethers. Preferably, the oligosaccharide is a
cyclodextrin, a fructan, or a dextran. Also preferably, the oligoalcohol is oligovinylalcohol and
the polyalcohol is polyvinylalcohol. Also preferably, the polyether is polyethylenglycol (PEG).
Preferably, the indicator compound is a pharmacologically acceptable compound or can be
provided in a pharmacologically acceptable preparation.

[0020] The indicator compound is applied to the subject by any method suitable to ensure
distribution in the blood of the subject. Thus, preferably, orally available indicator compounds
may be used. More preferably, the indicator compound is administered to the blood stream of
the subject, preferably intraarterially or intravenously. Preferably, the indicator compound is
administered as a continuous infusion. More preferably, the indicator compound is
administered as a bolus injection.

[0021] As used herein, the term "measuring fluorescence" relates to determining fluorescence
of the indicator compound comprised in a subject semiquantitatively or, preferably,
quantitatively. Methods of measuring fluorescence are well-known in the art and generally
include irradiating an indicator compound with photons having an excitation wavelength and
detecting photons emitted by the indicator compound as a result of excitation irradiation.
Suitable means for irradiating and detecting are described herein below. Preferably, measuring
fluorescence is achieved by one of the sensory devices described in WO2010/020673.

[0022] Preferably, fluorescence at a first position is measured at at least six non-identical
points in time, i.e. at a first, a second, a third, a fourth, a fifth, and a sixth point in time, wherein
at the first point in time, background fluorescence is determined. Thus, a first data set is
provided consisting of at least six data pairs of a point in time, each correlated with a value of
fluorescence of the indicator compound. It is understood by the skilled person that said first
data set corresponds to the change of concentration of the indicator compound in the body
fluids relevant for measurement at said first position. Thus, this data set can be used to
establish a concentration-time curve corresponding to the concentration change of the
indicator compound in the tissue under said first position. Preferably, the value measured as
background fluorescence at the first point in time is subtracted from the values measured at
the second to sixth points in time to provide corrected measurement values.

[0023] Also preferably, fluorescence at a second position is measured at at least six non-
identical points in time, i.e. at a seventh, an eighth, a ninth, a tenth, an eleventh, and a twelfth
point in time. Thus, a second data set is provided consisting of at least six data pairs of a point
in time, each correlated with a value of fluorescence of the indicator compound. It is
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understood by the skilled person that said second data set corresponds to the change of
concentration of the indicator compound in the body fluids relevant for measurement at said
second position. Thus, this second data set can be used to establish a concentration-time
curve corresponding to the concentration change of the indicator compound in the tissue under
said second position. Preferably, the value measured as background fluorescence at the
seventh point in time is subtracted from the values measured at the second to sixth points in
time to provide corrected measurement values.

[0024] Preferably, the time frame encompassed by the first to sixth points in time overlaps with
the time frame encompassed by the seventh to twelfth point in time. More preferably, said time
frames overlap by at least 50% of the duration of the shorter time frame. Most preferably, said
time frames are the same. Preferably, the first to sixth and the seventh to twelfth point in time
are evenly spaced over the respective time frame encompassed. Preferably, measuring at the
at least two positions is performed alternatingly, i.e., a measurement at a first position is
followed by a measurement at a second position and vice versa. More preferably, measuring
fluorescence of an indicator compound at a first and a second position is done simultaneously,
i.e. measuring at the first and the seventh point in time is performed at the same point in time,
i.e. simultaneously, measuring at the second and the eighth point in time is performed at the
same point in time, and the like.

[0025] Preferably, the points in time of measuring are selected such that the first and seventh
point in time lie before application of the indicator compound, such that at least one of the
second to fifth and of the eighth to eleventh points in time lies such that the concentration of
the indicator compound in blood is increasing with time, and such that at least one of the third
to sixth and of the ninth to twelfth points in time lies such that the concentration of the indicator
compound in blood is decreasing with time. As will be appreciated by the skilled person, such
selection of time point is preferably achieved by obtaining measurement values at regular
intervals and by selecting the relevant points in time as described above afterwards.
Preferably, the selection of time points as described above is assisted by an appropriate
algorithm. It is understood by the skilled person that the concentration of the indicator
compound may be unchanged or essentially unchanged between two adjacent points in time,
e.g. in case the GFR is measured and the subject is afflicted with renal failure. Thus, most
preferably, the points in time are selected such that the concentration of the indicator
compound is first increasing then decreasing with time in a healthy reference subject.

[0026] Thus, in case the organ function is renal function or the GFR, preferably, the first and
seventh point in time of measurement are selected 0 to 1 hour before administration of the
indicator compound and the later points in time of measurement are selected in the range of 0
to 24 hours after administration of the indicator compound. More preferably, the first and
seventh point in time of measurement are selected 0 to 0.5 hour before administration of the
indicator compound and the later points in time of measurement are selected in the range of 0
to 12 hours after administration of the indicator compound. Most preferably, the first and
seventh point in time of measurement are selected 0 to 0.25 hour before administration of the
indicator compound and the later points in time of measurement are elected in the range of 0
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to 6 hours after administration of the indicator compound. Preferably, in such a case all points
in time of measuring are within 8 hours, more preferably within 6 hours, even more preferably
within 4 hours, or, most preferably, within 2 hours. It is, however, understood by the skilled
person, that especially in the case of impaired organ function, longer measurement intervals
may be required and that in such case the measurement period may extend beyond 8 hours.
Thus, in a preferred embodiment, the method of the present invention comprises a step of first
determining the concentration of the indicator compound at two non-identical points in time,
and, based on the result of said measurements, deciding on the interval of measurement.

[0027] The term "concentration-time curve" is understood by the skilled person and,
preferably, relates to a mathematical correlation of the change in concentration of an indicator
compound in a body fluid of a subject with time. Thus, the concentration-time curve may
comprise a plurality of concentration values acquired at different points in time. The
concentration values may be acquired at a constant rate and/or at predetermined or known
points in time. Specifically in case a constant acquisition rate is used, the measurement curve
may simply contain a sequence of concentration values. The measurement curve, additionally,
may comprise time information for each concentration values. Thus, as an example, the
measurement curve may contain value pairs, each value pair comprising a concentration value
and time information regarding acquisition time of the respective concentration value.
Accordingly, a concentration-time curve is, preferably, obtained by determining at least six
concentration values at non-identical points in time and correlating the time/concentration pairs
thus obtained mathematically, e.g. in a concentration over time graph or in a database.

[0028] Since in dilute solutions the fluorescence of an indicator compound is proportional to
the concentration of said indicator compound, the skilled person understands that a
concentration-time curve may also be represented by a mathematical correlation of the change
in fluorescence of an indicator compound in a body fluid of a subject with time.

[0029] The terms "transcutaneous" and "transcutaneously”, as used herein, relate to a mode
of measurement wherein at least one of providing photons for illuminating the indicator
compound present in the blood, preferably the interstitial fluid of a subject, and detecting light
emitted by said indicator compound is performed on the body surface of a subject. Preferably,
both providing photons for illuminating the indicator compound and detecting light emitted by
the indicator compound are performed on the body surface of a subject. The term "body
surface" relates to all outer or inner surfaces of a body connected to the surrounding
environment. Thus, preferably, the body surface of the present invention is a part of the body
accessible without performing a surgical measure like, e.g. incision, or cutting the skin.
Preferably, the body surface is mucosa or a skin, more preferably a non- or moderately hirsute
section of the skin. Preferably, the body surface is the skin of a finger or toe, of an arm or leg,
or of the torso, or a fingernail or a toenail.

[0030] The terms "interstitial fluid" and "interstitium", as used herein, relate to the intrabodily
liquid surrounding cells of a subject outside of blood vessels. As appreciated by the skilled
person, the term preferably excludes fluid within epithelial lined body cavities, like, e.g.



DK/EP 3060098 T3

cerebrospinal fluid, joint fluid, and bladder urine.

[0031] The term "position", as relating to measurement at a specific position, relates to a point
on the body surface of a subject. Preferably, the position is selected as to enable reliable and,
more preferably, unobstructive measurement. According to the present specification, the first
position and the second position are non-identical, meaning that at least one of the light path
between light source and indicator compound molecules and the light path between indicator
compound molecules and the detector are non-identical for said two positions. More
preferably, both the light path between light source and indicator compound molecules and the
light path between indicator compound molecules and the detector are non-identical for said
two positions. In a preferred embodiment, the first position is different from the second
position, meaning that the first position is separated by at least 0.001 m from the second
position; more preferably the first position is separated by at least 0.005 m from the second
position, even more preferably by at least 0.01 m, most preferably by at least 0.1 m.

[0032] The term "kinetic model", as used herein, relates to a kinetic model of concentration
change of a compound in a diffusion compartment. Such models are, in principle, known from
the prior art and are discussed in detail in the Examples of the present invention.

[0033] The same mathematical basis can be applied to models describing two- or more
compartment models. Preferably, the kinetic model of the present invention is a three-
compartment model. Preferably, in case the organ function is renal function, the four-
compartment model is based on the following assumptions: (i) the four compartments relevant
for distribution of the indicator compound are plasma, interstitial fluid, the local interstitium at
the position of measurement, and a distribution compartment, corresponding to the container
containing the indicator compound before application to the body of the subject; (ii) the
indicator compound is eliminated only from plasma, not from the other compartments; (iii) the
indicator compound is distributed from the distribution compartment into plasma (iv) the
indicator compound is distributed between plasma and interstitial fluid in both directions; (v) the
concentration of the indicator compound in the distribution compartment at time 0 is maximal,
(vi) the time required for distribution of the indicator compound from the distribution
compartment is > 0, meaning that the plasma concentration of the indicator compound at the
time of application is not the maximal concentration obtainable; (vii) the local interstitium
exchanges indicator compound with the plasma compartment, and (viii) exchange with the
small volume of the local interstitum does not change the concentration of the indicator
compound in plasma, or the interstitial fluid, respectively.

[0034] Preferably, in case the organ function is renal function, the concentration-time curves
obtained are fitted into said four compartment model. Preferably, a result of said fitting is the
GFR per plasma volume of the subject. More preferably, the GFR is calculated from the
aforementioned result by multiplication of said result with the plasma volume of the subject. It is
understood by the skilled person that the aforementioned calculation of the GFR from the
result of the curve fit may also be included as a further calculation step after fitting the
concentration-time curves, such that the GFR is issued directly as the result. Preferably, fitting
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is performed by processing the data underlying the concentration-time curves with a data
processing unit, e.g., preferably, a computer or computer network.

[0035] It is understood by the skilled person that, based on the above assumptions, a kinetic
model can be established and that the concentration-time curves obtained by measuring the
concentration at a first and a second position at at least six points in time, respectively, can be
fitted into the aforementioned kinetic model, as disclosed herein in the Examples. Preferably,
fitting is performed by estimating the optimal values of the relevant parameters, e.g. GFR/VP,
the exponentials lambda1...lambda3, R3,L/VI,L using a suitable mathematical method, e.g.
Reduced Chi-Square. Preferably, fitting is performed by processing the data underlying the
concentration-time curves with a data processing unit, e.g., preferably, a computer or computer
network.

[0036] Preferably, the plasma volume of a subject is determined by one of the methods known
to the skilled person as explained e.g. in Margouleff (2013) Clin Nucl Med. 38(7):534-7 or in
Wang et al. (2010) Am J Physiol Renal Physiol. 299(5):F1048-55.More preferably, the plasma
volume of the subject is determined from the body mass of the subject according to empirical
data available e.g. from Probst et al. (2006), Journal of the American Association for
Laboratory Animal Science: JAALAS, 45(2):49.

[0037] In another preferred embodiment, fitting the first and the second concentration-time
curve into a kinetic model representing at least four diffusion compartments comprises fitting
said first and second concentration-time curve into a three-compartment model followed by
incorporating a fourth compartment into the results of said fitting.

[0038] Preferably, the method of the present invention is modified or complemented by one or
more of the following further steps:

Preferably, before obtaining a concentration-time curve, fluorescence of an indicator
compound in a body fluid is measured at at least two points in time and it is determined
whether said two fluorescence values differ significantly, and the intervals between the first to
fifth and the sixth to tenth points in time are adjusted depending on the result of said
determination.

[0039] Also preferably, data sets for concentration-time curves are obtained continuously and
a quality control algorithm is applied to the fitting of the concentration-time curves, and a signal
is provided when the data permit determination of an organ function within a predefined
significance range. It is understood by the skilled person that said signal may e.g., preferably,
be termination of measuring fluorescence.

[0040] Advantageously, it was found in the work underlying the present invention that an organ
function, preferably renal function, more preferably the GFR, can be determined by measuring
the change of concentration of an indicator compound in a subject transcutaneously. In
particular, it was found that by applying suitable mathematical models and by recording two
concentration-time curves at two distinct positions on the skin of a subject, local parameters
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can be eliminated from the calculations, such that as a direct result of curve fitting the GFR per
plasma volume of the patient is obtained. Since the method of the present invention is also
applicable in cases where the marker is applied in a bolus injection, the GFR can be
determined without any further incision of the body surface of the subject. Where suitable orally
applicable markers are used, the whole determination can be accomplished non-invasively.

[0041] The definitions made above apply mutatis mutandis to the following. Additional
definitions and explanations made further below also apply for all embodiments described in
this specification mutatis mutandis.

[0042] The present invention also relates to a device for determining an organ function
according to the method of the present invention, said device comprising a) a first sensor for
transcutaneously measuring fluorescence of an indicator at a first position, b) a second sensor
for transcutaneously measuring fluorescence of an indicator at a second position; and c) a
data processing unit for fitting the values obtained by the sensors into a kinetic model
according to the present invention.

[0043] The term "device", as used herein, relates to a system of means comprising at least the
aforementioned means operatively linked to each other as to allow the determination.
Preferred means for transcutaneously measuring fluorescence of an indicator compound, and
means for carrying out the fitting are disclosed herein above in connection with the method of
the invention and below in connection with disclosure related to data processing. How to link
the means in an operating manner will depend on the type of means included into the device.
For example, where means for transcutaneously measuring fluorescence of an indicator
compound are applied, the data obtained by said transcutaneously measuring fluorescence of
an indicator compound can be processed by, e.g., a computer program in order to obtain the
desired results. Preferably, the means are comprised by a single device in such a case. Said
device may accordingly include two sensor units for transcutaneously measuring fluorescence
of an indicator compound and a computer unit for processing the resulting data for the
evaluation.

As used herein, the term "sensor" relates to a device or part thereof enabling the detection of
photons emitted by an indicator compound upon irradiation with an excitation light. Preferably,
the sensor unit additionally comprises a source of excitation light. The person skilled in the art
will realize how to link the means without further ado. Preferred sensors are disclosed e.g. in
WQ2010/020673, e.g. a sensor in the form of a sensor plaster. Preferably, two sensors, e.g.
sensor plasters, are operatively linked in that the data processing unit of the system brings
together the results of the measurements performed by the sensors and fits the data into the
kinetic model. The sensors may appear as separate devices in such an embodiment and are,
preferably, packaged together as a kit. It is, however, also envisaged that two sensor units may
be comprised in one casing, preferably in cases where the distance between the first and the
second measurement position is short. In another preferred embodiment, one source of
excitation light is arranged in such a way that the indicator compound at two different
measurement positions is irradiated. Preferred devices are those which can be applied without
the particular knowledge of a specialized clinician. The results may be given as output of raw
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data which need interpretation by the clinician. Preferably, the output of the device is, however,
processed, i.e. evaluated, raw data the interpretation of which does not require a clinician.

[0044] Preferably, the device further comprises a data storage unit comprising at least
reference values of total plasma volume correlated to body mass. As described herein above,
in case the organ function is the GFR and in case the body mass of the subject is provided, the
device may directly calculate the GFR from the result of fitting the concentration-time curves to
the kinetic model in combination with the plasma volume estimate derived from the body mass
of said subject.

[0045] Moreover, the present invention relates to a kit comprising a device of the present
invention and an indicator compound.

[0046] The term "kit", as used herein, refers to a collection of the aforementioned compounds,
means or reagents of the present invention which may or may not be packaged together. The
components of the kit may be comprised by separate units (i.e. as a kit of separate parts).
Moreover, it is to be understood that the kit of the present invention is to be used for practicing
the method referred to herein above. It is, preferably, envisaged that all components are
provided in a ready-to-use manner for practicing the method referred to above. Further, the kit
preferably contains instructions for carrying out said method. The instructions can be provided
by a user's manual in paper or electronic form. Preferably, the manual comprises instructions
for interpreting the results obtained when carrying out the aforementioned method using the kit
of the present invention. Alternatively or in addition, the manual preferably comprises reference
values of plasma volume in dependence of the body mass of a subject.

[0047] Also, the present invention relates to a computer program, wherein the computer
program is adapted to perform the method according to one of the preceding claims relating to
a method while the program is being executed on a computer.

[0048] Thus, the invention further discloses and proposes a computer program including
computer-executable instructions for performing the method according to the present invention
in one or more of the embodiments enclosed herein when the program is executed on a
computer or computer network. Specifically, the computer program may be stored on a
computer-readable data carrier. Thus, specifically, one, more than one or even all of method
steps a) to d) as indicated above may be performed or assisted by using a computer or a
computer network, preferably by using a computer program. Specifically, method steps c) and
d) may fully or partially be performed by using a computer or computer network. Method steps
a) and/or b) may fully or partially be embodied by using a computer or a computer network,
such as by providing the first and second concentration-time curves by the computer or
computer network. Thus, generally, "obtaining" the first and second measurement curves may
also imply providing the measurement curves, such as by providing the measurement curves
as stored in a data memory or data base, for processing in steps c) and d).

[0049] The invention further discloses and proposes a computer program product having
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program code means, in order to perform the method according to the present invention in one
or more of the embodiments enclosed herein when the program is executed on a computer or
computer network. Specifically, the program code means may be stored on a computer-
readable data carrier.

[0050] Further, the invention discloses and proposes a data carrier having a data structure
stored thereon, which, after loading into a computer or computer network, such as into a
working memory or main memory of the computer or computer network, may execute the
method according to one or more of the embodiments disclosed herein.

The invention further proposes and discloses a computer program product with program code
means stored on a machine-readable carrier, in order to perform the method according to one
or more of the embodiments disclosed herein, when the program is executed on a computer or
computer network. As used herein, a computer program product refers to the program as a
tradable product. The product may generally exist in an arbitrary format, such as in a paper
format, or on a computer-readable data carrier. Specifically, the computer program product
may be distributed over a data network.

[0051] Finally, the invention proposes and discloses a modulated data signal which contains
instructions readable by a computer system or computer network, for performing the method
according to one or more of the embodiments disclosed herein.

[0052] Preferably, referring to the computer-implemented aspects of the invention, one or
more of the method steps or even all of the method steps of the method according to one or
more of the embodiments disclosed herein may be performed or assisted by using a computer
or computer network. Thus, generally, any of the method steps including provision and/or
manipulation of data may be performed by using a computer or computer network. Generally,
these method steps may include any of the method steps, typically except for method steps
requiring manual work, e.g. certain aspects of performing the actual measurements.

[0053] Specifically, the present invention further discloses:

« A computer or computer network comprising at least one processor, wherein the
processor is adapted to perform the method according to one of the embodiments
described in this description,

e a computer loadable data structure that is adapted to perform the method according to
one of the embodiments described in this description while the data structure is being
executed on a computer,

e a computer program, wherein the computer program is adapted to perform the method
according to one of the embodiments described in this description while the program is
being executed on a computer,

e a computer program comprising program means for performing the method according to
one of the embodiments described in this description while the computer program is
being executed on a computer or on a computer network,

e a computer program comprising program means according to the preceding
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embodiment, wherein the program means are stored on a storage medium readable to
a computer,

e a storage medium, wherein a data structure is stored on the storage medium and
wherein the data structure is adapted to perform the method according to one of the
embodiments described in this description after having been loaded into a main and/or
working storage of a computer or of a computer network, and

e a computer program product having program code means, wherein the program code
means can be stored or are stored on a storage medium, for performing the method
according to one of the embodiments described in this description, if the program code
means are executed on a computer or on a computer network.

Figure Legends

[0054]
Fig. 1:

1. A: A graphical representation of the 2-compartment model for renal function
measurement.
2. B: Fitting of an example measurement with the resulting 2-compartment-model equation.

Fig. 2:

1. A: A graphical representation of the 3-compartment model for renal function
measurement.
2. B: Fitting of an example measurement with the resulting 3-compartment-model equation.

Fig. 3:

1. A: A graphical representation of the 4-compartment model for renal function
measurement.

2. B: Example measurement with four simultaneously recorded concentration-time curves.

3. C: Measurement of bolus injection followed by constant infusion until steady state is
reached.

Fig. 4: An exemplary device according to the present invention, comprising a first sensor 110, a
second sensor 120 and a data processing unit 130.

List of reference symbols
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t
time in minutes

nsig

normalized signal
D

device
H

distribution compartment
P

plasma compartment
I

interstitial compartment
I,L

local interstitial compartment
R

diffusion rate x interfacial area
M

measured data points
FC

fitted curve
110

first sensor
120

second sensor
130

data processing unit
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[0056] The following Examples shall merely illustrate the invention. They shall not be
construed, whatsoever, to limit the scope of the invention as defined in the claims.

Example 1: Two-compartment model

[0057] A graphical representation of the two-compartment model for renal function

measurement known in the art is shown in Fig. 1A.

Example 2: Three-compartment model

[0058] A graphical representation of the three-compartment model for renal function



measurement is shown in Fig. 2A.

Kinetic model:
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[0059] As shown in E.L. Cussler. Diffusion: Mass transfer in fluid systems. Cambridge

university press, 1997:

(amo-zmt of mass) 5 (antffr facial

transferred area

)

concentrati on)

dif ference

Since the interfacial area is unknown, it is summarized:

H=% (mfﬁ"" f fmmi)

ared

[0060] The mass changes over time in the model of Fig 2A can be represented as:

dmy

o = Raen

dm P
dt

dm;

"'EE"=R2'CP"R3'CI

(0.1)

=Ry-chy—Ri-cp—Ra-cp+Rs-c

(0.3)

Since the signal is proportional not to the mass m; but the concentration ¢, in the interstitium,

the equations 0.1 to 0.3 need to be transformed with eq. 0.5:

_ e
TV
de 1ldm
dt  V dt
with V: Volume
dcy Ry
—_— = . —
dt L7
dep B Rt Ry
a TV PV
dcy Ry R3
—— =Cp> — Cp
¢ v W,
Equation 0.6 can be solved directly:
_B
CH = CHmaz "€ "H
from eq. 0.8:
Vi de Ry

— ==

P R & "R

(0.4)
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de V] d2 Cy R3 dC]
dep _ Vi 4o, s dop 0.1
&t R, da® "R, dt (0.11)

[0061] Using eq. 0.10, 0.9 and 0.11 in eq. 0.7:

Vi d' Ry dep Ry ovat _ Rt Ry (Vi ode Ry Ry

R, dt2 "Ry, dt  Vp Hmer'€ Vo R, @& "R, )TV,
dQC] dey Ri-Vi+Ry-Vi+Ry-Vp Ri- Ry RQ'R,; .

— . . — . eV

I + T ( VoV, ) cy <VP'VI> VoV, CHmazr-€ "8 (0.12)

[0062] Equation 0.12 is an inhomogeneous differential equation of 2nd order with constant

coefficients.

Homogeneous Solution

[0063]
y;,'+y;,-a+yh-b=0

Py, dyy (Ry-Vi+Ry-Vi+Rs-Vp Ry - Ry

W-’_W( VeV )+yh.<VP'VI)=O (013

[0064] The solution of 0.13 is:
yh — 11 . eAl-t + Cl2 . e).g-t

with

Ma= -2/ b

2= 75 3
A __Rx'VJ+RQ'VI+RS'VPi (Rx'W+RQ'W+Rs'VP)2_Rx‘Ra (0.14)
L2 2. Vp - Vi 1.V V2 Ve -V :

Inhomogeneous Solution

[0065]
(@) = o B
TN

“CHmaz * A (0.15)

R,
yp=Cy-e " (0.16)
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, Ry ~ gt
Yp= T Cy-e " (0.17)
. R i
yp'—v—é»C;;-erft (0.18)
H

Yy +a-yp+b-y,=g(z)

Rj

sy Bi-Vi+Ry-Vi+Ry-Vp Ry oy Ry Ry ~fa. Ry Ry o
E.C"?‘.c _ VP - ‘/I -‘/}I.Ca.c + - ‘/I ‘C3'C Vi — ‘/ - ‘/] ‘CH,max e
(0.19)
RZ'R4 * CH,maz f

Cy=— : - 0.20

3 Rl'R4'%+R2’R4‘%+R3'R4'¥5—Rg'y‘%g;;v‘L—Rl'Rg ( )
General Solution - linear combination of the homogenous and inhomogeneous
solution
[0066]
cr(t) =yn+ 9 (0.21)
C](t) =y 6)““ +Cy- 6A2't +Cs - CA” (0.22)
with
cr(0) =0 (0.23)
can be simplified:
0=C1+Cy+0Cs
A=-Cy
B =-C;3
C;=A+B
Interstitial Concentration c,
[0067]
c;=(A+B)-eMt—A. Mt — B .M (0.24)
with

Ry-Vi+Ry-Vi+ Ry Vp (Ri-Vi+Ry-Vi+R3-Vp)2  Ry- Ry
Ao = — + T - (0.25)
2.-Vp-Vp 4-V5-V; Vp- Vi



Ry - Ry - cHmae

= ‘V ,_‘{L . ,YF. Q.V'V
Ri-Ry v+ Ry Ry v-+ Ry Ry 75 — Ry —%"rL—RrRs

[0068] With 0.8:

dey B & R;
T A 7
CP(O) = 0
C](O) =0
dcr(0)
=0
dt

[0069] For the first derivative of eq. 0.24:

dc;t(t) = /\1 . (A + .B) - GA"t — /\2 . A . 6)‘2't —_ /\3 . B ’ e’\"‘
d‘:(’iio) =0=XA (A+B)—X-A—)X3-B
AL — A3
A=B- FY—
Plasma Concentration cp
[0070] With eq. 0.8 cpis
) ' Vi der Ry

(0.27)

cp=(A+B)-¢ 7 A- R, B R,
[0071] Another form for eq. 0.29 is:
cp=DB"-[(As = X3) - (Vi Ay + Ry) - M

(0.30)

— (M = A) - (V7= Ag + Ry) - !

LAY - . - N Ynita
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(0.28)
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= (Ag = A1) - (V- Ag+ H3) - €™
with

B
B*

RO 30

Example 3: four-compartment model

[0072] A graphical representation of the four-compartment model for renal function
measurement is shown in Fig. 3A.

Local Interstitiumc,_

[0073] Due to local variations in the skin qualities there are differences in simultaneously
measured excretion curves. To address this problem, a compartment 'Local Interstitium' is
introduced. Two simultaneous measurements are used to eliminate the local differences.

[0074] The differential equation for ¢, is:

d
n;t”' =—CIL" R3,L +cp- R2yL (0.32)
dey g, R3yp Ry
3" = —C , Y + Cp * — 0.33
di I,L L,I,L P VI,L ( )

[0075] Since the local interstitium is very small compared to the rest of the system, the
assumption that the plasma marker concentration is not altered by the tiny mass flow dm. /dt

is made. So for cp equation 0.30 can be used:

de R
#’- =-—CrL" Vil-'- + B*. {(/\2 it )\3) . (V[ <A+ Rg) . e’\“"
1L (0.34)
— (M= A3) - (V- A+ Ra) - €™ — (Mg — Xy) - (Vi - Mg + Rg) - €]

with

R
B*=B".2t (0.35)

Vi
Homogenous solution
[0076]
der . Rs

@ T, (0.36)



R3 I,

ere = K(t) e 7"

Inhomogeneous solution
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(0.37)

[0077]
g(t) = B*. [(A}! - AS) f (‘/I . A} + R3) . e}-x-t — (A1 —_ AS) . (W B AQ + R3) . et\et (0 38)
~(he— M) (Vi- A3+ Ry) - ™} :
Rap,
K(t) = /g( )€ dt+ G (0.39)
K(t) =B | (A2 = A3) - (V:2 A1+ Rj) -J"H%)”
Mty
(’\1 - 3) : (VI X2 + Rg) (,\2_,,;1.5)4
€ 1L
/\2 + f}j:: (0.40)
/\3 + V; .
General solution
[0078]
o A Vi-A+Rs
crn(t) =B ez As) - (R“ ).,
At 3
(=) (Vz Az L 0.41)
Ay + VIL ( Al
_(2 o (;IGLQ—*. 3) '\3‘]+G e Vizt
Ag + VI:L

[0079] With ¢, (0)=0

(A2 — A3) - (Vi - At + Rg)

G=__Btt'[

-()\1 ) (VI ;\2+R3)

Rar
Ao+,

C(a=A)-(Vi-ds+ Ry

(0.42)

Ry,
A3+ V’L-

]
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leading to:
— . . R,
CIL(t) = B*. [ (’\2 ’\3) (‘/I /\1 + R3) . (ez\rt . 6-"1.14 t)
» A+ R3.1,
ViL
(A —A3) - (Vi- A+ R _Bap,
_( 1 3/3 -E— ;33.1_ 2 x 3) . (e’\Tt —€ Y.L t) (0.43)
27TV,
M—=X)-(Vi- X3+ Rs) 5,0  —pokut
s T )
3T VL

Measured Signal cy

[0080] The measured signal is a combined signal from the local interstitiumc;,. and a very

diminished signal from the plasma (vessels near the sensor). The plasma signal is strongly
diminished through absorption of the green wavelength in the hemoglobin.
em=a-(erL+z-cp) (0.44)

aeR
amplification factor due to electronic components

reR
diminishing factor 0 < x < 1
facg =z -a

facs =a

for the measured curve cy:

cu(t) = facy - ep(t) + facy - cp 1(t) (0.45)
with

D = B*"- fac (0.46)
E=B". fac (0.47)

em(t) =D [(Ag = A3) - (Vi - Ay + R3) - Mt
~(A1 = A3) - (Vi da + Ry) - &2
—(Mo=A1) - (V- A3+ R3) -]

yp (Pem X VMt Ra) e Tty
A1+ %TL (0.48)
(A —A3) - (Vi- M+ Rs) (er2t — g'%“)
A RJ,L ’
2+ Vit

(Ao = M) - (Vi-As+ Rs)

Aot —piekiig
Ao 4 Ba (¥ —e L)
Q@ -




Ve

Simplification: R; = R3
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[0081] For the diffusion between plasma and interstitium the diffusion constants forth and

backwards should be equal:
Ry =R3=Ro;

(0.49)

thus, equation 0.25 simplifies to:

A ____Rl'VI’Fst'(VlJrVP)i (Rl'VH"st'(VHLVP))?_Rl'Rza (0.50)
1.2 2.Vp -V, 4. VEV? Ve Vi '
_ 1{Ri Ry Rx 1(R Ry  Ru\® Ri Ry .
/\152— §(VP+VP+T/F>:&\/Z(—VM};+W+—V]_—> ‘*“—/“;—"‘;l_ (Ool)

R1 Ry
M A= — 0.52
=g (0.52)
Ry Ry Ros
M+y=-—+—7—+— 0.53
1+ A (VP A + 7 (0.53)
[0082] Equation 0.52 can be transformed to:
Vi-Vo-Xp- A
Ry

[0083] Fit Function

[0084] Equation 0.54 can be used to replace Ry3 in equation 0.48:

em(t)=D-[(Aa—A3) -\ -V

—(A1—A3)- X Vg

Vp
Ry

Vp
-(1+§l“

AL+ 5 Ag) - M

. Al) . e’\z't

\%
—(/\2—/\1)"/1'(/\34-5#}:')\1'/\2)"3’\3”

Vv
SRS SO
A + Ra.r
i Vi
Ou-d ViU d) L e
A +R:s_l,
2T Vi
Vp
__(/\2 A1) Vi-(As+ R-}x <A1+ Ag) ‘ (e>‘3't _e_?’?—.f't)}
As + Dk



which can be simplified with:

D*=D-V (0.55)

E'=E-V, (0.56)
to

em(t) =D - [(Aa— A3) - (M + Ar - Ag) -t

Rl
VP ot
—(Ar—A3) - (A2+E-/\1'/\2)'€2

V,
~Qa=A) Qs+

— ‘ Ve . 6
+E"'-[(/\2 Az) + (M _;“ At AQ)-(e"“‘—e Y
At +V1L
(/\1~)\)~(/\2+-—E--)\1~/\2) ] _Bar
— ° e p—
/\2+V11

(/\2—1\1)'(/\3+R—')\1')\2)

Nt —BL,
1 . (6 3t _ o Vi )]
/\3+ Ra

ViL

“Ap - Ag) et
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(0.57)

Function 0.57 is used to fit data of two simultaneous measurements with parameters being

either global (same value for both curves) or local - see Table 1:

Table 1: Global and local parameters of fit function 0.57

Parameter global local Range
M3 v <0
v >0
Vp
Ry
v >0
Ry 1,
Vi
D* v >0
E* v >0

[0085] In function 0.57 only quotients of R and V can be directly determined. When the
quotient of Vp/R1 is determined, the plasma volume Vp is needed to get to R1. Vp becomes an

input parameter and can be determined by an independent experiment or from literature
values, e.g. Probst et al., (2006), Journal of the American Association for Laboratory Animal

Science: JAALAS, 45(2):49.

d .
—%nt—P = =Ry-cp+ Rog- (CJ = CP) + Min (0'58)
dm
dtl R23 (CP ey CI) (059)
can be expressed as
dCP RQS mm

(0.60)

— =—C -—%--%-(c —cp)-
a Pyt Ve ' Vp



dor _ Ry

ZTV (cp—cy)
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(0.61)

yields the following differential equation:

dey de (Ru R Ry
dt? dt Vi Vo Vp
for c;and cp:

alt)= A g Bty
1

o BBy . Ry
Vi Ve

. 0.6
m Viive (0:62)

(0.63)

cplt) = A-eMt. (1 + V’R' )‘1) + Bt (1 + M) i (0.64)

23

[0086] For the steady state:
min

1

¢ps = limep =
t—>00

Relation between Ry and GFR

[0087]
GFR - Viglom. Filtrat

MMarker,glom. Filtrat = MMarker,Harn
MMfarker,Harn = M Marker,in
CMarker.glom.Filtrat — CMarker,Plasma

CMarker,Plasma * ‘/glom.F itrat

CMarker,Harn * VH arn

Rys Ry

(0.65)

(0.66)

(0.67)
(0.68)

(0.69)

t —

GFR = CMarker,Harn ° VHarn
t: CMarker,Plasma

mﬁl arker,in

CMasker,Plasma

GFR =

ml\l arker,in
Ry = [MMarkerin
CMarker,Plasma

Ry =GFR

t

(0.74)

(0.70)

(0.71)

(0.72)

(0.73)
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[0088] Thus, R4 equals the GFR.

Example 4: Experimental validation

1 Introduction

1.1 Purpose

[0089] The pharmacokinetic model was validated by the following experiment. The distribution
and excretion kinetic of the marker is determined by fluorescence measurement on the skin
after an i.v. bolus injection in laboratory animals using four NIC-Kidney devices. After 120 min,
when most of the marker is excreted, a constant infusion with the same marker is started until
a steady state is reached. In this state blood samples are taken to determine the plasma
concentration of the marker. The constant infusion experiment is accounted as gold standard
method for GFR assessment and allows validation of the results of GFR assessment of the
bolus experiment combined with the novel pharmacokinetic model (Schock-Kusch et al. (2012)
Kidney Int. 82(3):314-20).

1.2 Equipment

[0090]

¢ One NIC-Kidney device with radio frequency unit (RF-Device) for real-time data
observation (Mannheim Pharma& Diagnostics GmbH, Mannheim Germany)

e Three NIC-Kidney devices with internal memory (Mannheim Pharma & Diagnostics
GmbH, Mannheim Germany)
Infusion pump

e Equipment for blood sampling and fluorescence measurement in plasma as described
elsewhere (Kidney International 2011 Jun;79(11): 1254-8).

1.3 Animals

[0091] Male Sprague-Dawley(SD) rats with a body weight of 300 - 350 g. The measurements
are conducted on awake animals. Number of animals n=6.

1.4 Drugs
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[0092]

¢ Injection solution bolus: FITC-Sinistrin 40 mg/ml(Mannheim Pharma& Diagnostics
GmbH, Mannheim Germany)

* Injection solution constant infusion: FITC-Sinistrin 15 mg/ml

e Bolus dose: 5 mg/100g b.w.

* Flow rate of pump during constant infusion: 0.01 ml/min

¢ Isofluran(Baxter Deutschland GmbH)

2 Protocol

2.1 Treatment

[0093] The animals undergo the standard preparations of catheterization and shaving as
described by Schock-Kusch et al. (Kidney International 2011 Jun;79(11):1254-8). To attach the
devices the animals are anaesthetized with Isofluran.

[0094] After the devices are attached they should be switched on 10 min prior to injection. One
blood sample has to be taken before the injection.

2.2 Bolus Part

[0095] After the FITC-Sinistrin injection at t=0 the bolus experiment lasts for t=120 min (Kidney
International 2011 Jun;79(11):1254-8). During this period all 4devices record data.

2.3 Constant Infusion Part

[0096] At t >120min the infusion pump is switched on and the fluorescence level is monitored
via the RF-device. After reaching a plateau 2 blood samples are taken in a 10 min interval. The
FITC-Sinistrin concentrations in the

plasma of these samples are determined by fluorescence measurement as described
elsewhere (Nephrol Dial Transplant. 2009 Oct;24(10):2997-3001).

2.4 Data Processing:
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[0097] From the gained data the GFR is assessed according to the constant infusion
technique (Kidney Int. 2012 Aug;82(3):314-20), and from combinations of pairs of the four
excretion kinetics assessed during the bolus experiment (6 pairs total) using the novel
pharmacological model.

2.5 Sample Curve

[0098] See Fig. 3

2.6 Results

[0099] Fitting pairs of device combinations with eq. (0.57)
Device Combination 1&2 {1&4 {(1&3 {2&4 {2&3 {4&3

GFR/\/P [1/min] {0.12 {0.14 {0.11 0.10 {012 {0.13

[0100] The animal (healthy SD rat) had a body weight of m=309g. With a plasma volume per
body weight rate of 0.0412 ml/g (R.J. Probst, J.M. Lim, D.N. Bird, G.L. Pole, A.K. Sato, and J.R.
Claybaugh. Gender differences in the blood volume of conscious Sprague-Dawley rats. Journal
of the American Association for Laboratory Animal Science: JAALAS, 45(2):49, 2006) the
plasma volume is VP=12.7 ml.

Device Combination 1&2 {1&4 i1&3 {2&4 {2&3 {4&3
GFR [Mml/min] 1.50 1.78 1.46 1.30 1.50 1.62

[0101] The blood samples taken during the following constant infusion experiment showed an
average marker concentration of 0.093 mg/ml. With a mass flow marker into the animal of 0.15
mg/min the GFR results in GFR=1.61 ml/min (see equation (0.65)).
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Krav

1. En computerimplementeret fremgangsmadde til bestemmelse af en malbar parameter, der angiver

funktionen af et organ i et individ, omfattende trinnene:

a) tilvejebringelse af en forste koncentrations-tidskurve opndet ved transkutan méling i en
kropsvaeske ved en fgrste position af (i) baggrundsfluorescens ved mindst et farste tidspunkt og (i)
fluorescens af en indikatorforbindelse ved mindst et andet, et tredje, et fjerde, et femte og et sjette
tidspunkt,

b) tilvejebringelse af en anden koncentrations-tidskurve opndet ved transkutan mdling i en
kropsvaeske ved en anden position af (i) baggrundsfluorescens ved mindst et syvende tidspunkt og
(i) fluorescens af en indikatorforbindelse ved mindst et ottende, et niende, et tiende, et ellevte og
et tolvte tidspunkt,

¢) kurvetilpasning af den fgrste og den anden koncentrations-tidskurve ind i en kinetisk model, der
repraesenterer mindst fire diffusions-kompartments, og

d) derved bestemmelse af en organfunktion i et individ,
hvor diffusions-kompartments repraesenterer et applikations-kompartment (H), plasma (P),
interstitium (I) og et lokalt interstitium (I, L), der tildeles parametre enten globalt eller lokalt,
hvor den farste position er forskellig fra den anden position, hvor méling af fluorescens af en
indikatorforbindelse ved en fgrste og en anden position udfgres samtidigt, og hvor koncentrationen
af indikatorforbindelsen pd tidspunktet t (cw(t)) i den kinetiske model, der repraesenterer fire

diffusions-kompartments, er beskrevet ved ligning (0.57):

Vi
exr(t) = D" - [(Aa— da) - (A + = - Ay - Ag) - e

# R!
Ve Agt
~(/\1Wf\3)'(/\2~%~f1—g'&'32)'€2
R/ .
== A) (g + «é’—j Mg Ag) €]
JTRD RN OYE =B e ¥ M
+E‘~{(’ 2 )\3}; xﬁj‘; 1+ Ag) eI
tt v
=k ak ) SR
Mt
e N Gur A d) e
N+

hvor A1.3 09 Vp/R: er globale parametre, og Rs./ViL, D* og E* er lokale parametre, og R1 er

indikatoren for et organs funktion.
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2. Fremgangsméde ifalge krav 1, hvor tilvejebringelse af en farste koncentrations-tidskurve i trin a)
er opndelse en farste koncentrations-tidskurve ved transkutant maling i en kropsvaeske ved en farste
position af (i) baggrundsfluorescens ved mindst et fgrste tidspunkt og (ii) fluorescens af en
indikatorforbindelse ved mindst et andet, et tredje, et fijerde, et femte og et sjette tidspunkt, og hvor
tilvejebringelse af en anden koncentrations-tidskurve i trin b) er opndelse af en anden
koncentrations-tidskurve ved transkutant mdling i en kropsveeske ved en anden position af (i)
baggrundsfluorescens ved mindst et syvende tidspunkt og (ii) fluorescens af en indikatorforbindelse

ved mindst et ottende, et niende, et tiende, et ellevte og et tolvte tidspunkt.

3. Fremgangsmdde ifglge krav 1 eller 2, hvor den kinetiske model er en kinetisk model, som

repraesenterer fire diffusionskompartments.

4. Fremgangsmdde ifglge et hvilket som helst af kravene 1 til 3, hvor organfunktionen er den

glomeruleere filtreringshastighed (GFR).

5. Fremgangsmadde ifglge et hvilket som helst af kravene 1 til 4, hvor resultatet af kurvetilpasningen

er GFR pr. plasmavolumen i individet.

6. Fremgangsmdde ifalge krav 5, hvor den numeriske veerdi tildelt den totale plasmavolumen i

individet bestemmes ud fra individets kropsmasse.

7. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 6, der yderligere omfatter trinnet med
administration af en indikatorforbindelse i individet, hvor administrationen af en indikatorforbindelse

finder sted efter det fagrste og syvende tidspunkt.

8. Fremgangsmaéde ifglge et hvilket som helst af kravene 1 til 7, hvori minds det andet og det ottende

tidspunkt ligger hgjst to timer efter administration af indikatorforbindelsen.

9. Fremgangsmdde ifglge et hvilket som helst af kravene 1 til 8, hvor indikatorforbindelsen omfatter
en fluorescerende lav-molekylvaegt-forbindelse kovalent bundet til en hydrofil forbindelse, hvor den
hydrofile del fortrinsvis er valgt fra listen bestdende af oligo- og polysaccharider, oligo- og

polyalkoholer, og oligo- og polyethere.

10. Et computerprogram, hvor computerprogrammet er indrettet til at udfere fremgangsmaden

ifglge krav 1, medens programmet udfgres pd en computer.
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11. En computer eller et computernetvaerk omfattende mindst en processor, hvor computeren eller

computernetvaerket er indrettet til at udfgre fremgangsmdden ifglge krav 1.
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Fig. 2A
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Fig. 3A
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Fig. 3C
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