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FIG. 1

(57) Abstract: The present invention relates to an apparatus (100) and, a method and a computer program for optical analysis of an
associated tissue sample (116), the apparatus being adapted to determine a concentration of collagen and/or elastin with two inde -
pendent methods. With two independent methods, the concentrations determined with each method may be held up against the other,
and if the difference is too large a user may be informed that at least one of the measured values is not reliable. In a particular em -
bodiment, the two independent methods are Ditfuse Retlectance Spectroscopy (DRS) and fluorescence spectroscopy, and the ab-
sorption and scattering determined with DRS may be used when interpreting the fluorescence spectroscopy spectra so as to be able
to obtain quantitative information regarding concentration of collagen and elastin from both methods. According to a specific em-
bodiment, the apparatus further comprises an interventional device (112).
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An apparatus for optical analysis of an associated tissue sample

FIELD OF THE INVENTION

The present invention relates to an apparatus for optical analysis of an
associated tissue sample, and more specifically to an apparatus, a method and a computer
program for determination of a first and second parameter indicative of a biomolecule in the

associated tissue sample.

BACKGROUND OF THE INVENTION

During interventions in the field of oncology it is important to be able to
discriminate pathology tissue from normal tissue in order to know that the treatment is
performed on the correct location. For instance ablation of a small tumor lesion requires
accurate placement of the ablation needle tip. Image guidance by for instance X-ray or
ultrasound can provide valuable feedback but these navigation means do not provide real
time tissue feedback from the tip of the needle. This makes targeting small lesions difficult
with these techniques.

Determination of physiological parameters, such as composition of a given
tissue sample may be of benefit when determining the type of a tissue or when discriminating
between tissues. However, in everyday situations, such as in laboratories and clinics, the
accuracy of measurements may be limited for various reasons and the discrimination between
tissues is consequently impeded or may even be erroncous.

An apparatus which could aid in discriminating tissue types and/or avoid
erroneous assignment of a tissue type to a given tissue sample would thus be advantageous.

US 2004/0044287 A1 discloses a method for optically identifying human
tissue type and comprises the steps of: illuminating a surface area of tissue to be identified
with a source of white light and gathering diffuse reflectance light returned from the
illuminated tissue area; illuminating the surface area of the tissue to be identified with a
source of monochromatic light and gathering autofluorescent light emitted by the tissue area
in response to the monochromatic light illumination, the illumination and gathering of the
diffuse reflectance light and the autofluorescent light occurring in either order; generating a

first ratio combination including a value of intensity of the diffuse reflectance light gathered
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from the illuminated tissue area and a value of intensity of the autofluorescent light gathered
from the illuminated tissue area; and using the first ratio combination to identify the type of
tissue of the area illuminated. The reference appears not to provide measures for conditions
where a risk of inaccuracies in the measured data is present.

Hence, an improved apparatus which could aid in discriminating tissue types
and/or avoid erroncous assignment of a tissue type to a given tissue sample would thus be

advantageous.

SUMMARY OF THE INVENTION

It is a further object of the present invention to provide an alternative to the
prior art.

In particular, it may be seen as an object of the present invention to provide an
apparatus for optical analysis of an associated tissue sample that solves the above mentioned
problems of the prior art with lack of accuracy and/or reliability in the determination of the
physiological parameter, in particular in determination of a concentration of collagen and/or
clastin.

Thus, the above described object and several other objects are intended to be
obtained in a first aspect of the invention by providing an apparatus for optical analysis of an
associated tissue sample, the apparatus comprising:

- a spectrometer for obtaining a first set of measured data representative of an
optical spectrum of the associated tissue sample and a second set of measured data
representative of an optical spectrum of the associated tissue sample, the spectrometer
comprising:

- a light source, and

- an optical detector, and

- a processor arranged for:

- receiving the first set of measured data and the second set of
measured data,

- determining a first parameter being indicative of a
concentration of a biomolecule in said associated tissue sample from the first set of measured
data, and

- determining a distortion parameter being representative of
scattering and absorption in the associated tissue sample from the first set of measured data,

- determining a second parameter being indicative of a
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concentration of said biomolecule in said associated tissue sample from the second set of
measured data and the distortion parameter,

wherein the biomolecule is chosen from the group comprising:
collagen and elastin.

The invention is particularly, but not exclusively, advantageous for
determining a concentration of collagen and/or elastin based on at least two independent
methods so as to enable a user to assess based on the two measurements and subsequent
determinations how reliable the measurements are. For example, in a situation where both
determinations result in similar values, then both determinations may be assumed to be
reliable. In the opposite situation, where one value differs significantly from the other, then
the conclusion may be drawn that at least one of the two values is not reliable. For conditions
where a risk of inaccuracies in the measured data is present, the present invention may thus
be advantageous in that two independent measurements may be used to validate if similar or
— in the opposite case — be used to obtain information that the information derived from the
measurements, such as assignment of a tissue type, is of less reliable character. It may be
seen as a basic idea of the invention that information (such as information related to
absorption and scattering) derived from the first set of measured data may be utilized for
deriving the second parameter from the second set of measured data (using the distortion
parameter), where the first and second parameter are both related to the same biomolecule
which may appear in relatively low concentrations. In this way information in the first set of
measured data, which may have appeared not to be beneficial for improving reliability, is
utilized for assessing and/or improving reliability by exploiting its usefulness in connection
with the second set of measured data.

Light is to be broadly construed as electromagnetic radiation comprising
wavelength intervals including visible, ultraviolet (UV), near infrared (NIR), infra red (IR),
X-ray. The term optical is to be understood as relating to light.

An optical spectrum is understood to be information related to a plurality of
wavelengths of light, such as an intensity parameter, an absorption parameter, a scattering
parameter or a transmission parameter given for a plurality of wavelengths of light. A
continuous spectrum represents spectral information, but it is further understood, that
information related to light at discrete wavelengths may represents an optical spectrum.

A spectrometer is understood as is common in the art. It is understood, that the
spectrometer comprises means for selecting wavelengths, such as transmission filters or

gratings. Alternatively, wavelength specific light sources, such as light emitting diodes or
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LASERSs, may be used or wavelength specific optical detectors may be used. A spectral
filtration may occur at different places in the system, for instance it may occur between the
second light source and the interventional device, it may occur in the interventional device, or
it may occur between the interventional device and the optical detector.

In the present context ‘distortion parameter’ is understood to depend on the
contribution from scattering and absorption, and to be representative of scattering and
absorption. It will be readily understood that the ‘distortion parameter’ is not limited to being
a single number, but may be described as a number, a vector, a matrix, a table or a
mathematical function, so as to enable the ‘distortion parameter’ to describe the distortion
contributions from scattering and absorption for a number of constituents, such as
biomolecules, across a number of wavelengths. It is noted that a possible advantage of
knowing the distortion parameter may be that it renders it possible to take the distortion
parameter into account, such as the distortion parameter determined from the first set of
measured data enables removal of the effects of scattering and absorption from the second set
of measured data. For example, an algorithm for disentangling contributions from scattering,
absorption and fluorescence in a fluorescence spectrum of one or more different optically
active constituents, such as chromophores, in a sample may not be able to correctly
disentangle the contributions and correctly quantify the constituents if distortion (such as
scattering and absorption) is present in the sample, unless the algorithm determines the
distortion parameter and takes it into account. The distortion parameter may be a parameter
enabling determination of intrinsic fluorescence in a fluorescence spectroscopy spectrum
where the intrinsic fluorescence is entangled with the effects of scattering and/or absorption.
In the present context ‘intrinsic fluorescence’ is defined as the fluorescence that is due only
to fluorophores, without interference from the absorbers and scatterers that may be present in
the associated tissue sample. In a particular embodiment the distortion parameter is based on
any one of: scattering, absorption, a probe specific constant and the anisotropy parameter of
the associated tissue sample.

In an embodiment, the first set of measured data is representative of an optical
reflectance spectrum, such as a diffuse reflectance spectroscopy spectrum, and the distortion
parameter is based on the reflectance spectrum. In a particular embodiment, the distortion
parameter relates intrinsic fluorescence to measured fluorescence. An example of using such
a distortion parameter to recover the intrinsic fluorescence is described in “Turbidity-free
fluorescence spectroscopy of biological tissue”, by Qingguo Zhang, Markus G. Miiller, Jun
Wu, and Michael S. Feld in Optics Letters, Vol. 25, No. 19, October 1, 2000, page 1451,
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which is hereby incorporated in entirety by reference and hereafter referred to as
[Zhang2000]. Notice particularly that Eq. (4) in [Zhang2000] can be used to extract an
intrinsic fluorescence excitation—emission matrix (EEM) from an experimentally measured
fluorescence EEM. When the medium contains multiple fluorophores, one need only replace
every occurrence of [lg Oxm in Eqgs. (2) and (3) with a summation of this quantity over all
fluorophores. Doing so will result in the same expression as in Eq. (4).

The first and second parameter may in some embodiments be understood each
to be indicative of a concentration of either collagen or elastin, and in some embodiments the
first and second parameter may be understood each to comprise a set of concentrations so as
to be indicative of a concentration of both collagen and elastin.

In the present context, collagen is understood to be pure collagen, such as pure
mammalian collagen or more specifically human collagen. When referring to concentration
of collagen, it is understood that the concentration of collagen is to be measured relative to
pure collagen, such as pure collagen type 1, such as pure human collagen type 1 or pure
bovine collagen type 1. An example of reference collagen could be type I collagen from
bovine achilles tendon (Sigma-Aldrich C9879). In other words, pure human collagen is our
reference. Hence 100 vol% (volume percentage) collagen means pure collagen. It is
understood that there are further types of collagen, however, their spectral properties are
similar. It is understood that collagen may be a sum of different types of collagen, such as
partially collagen type I and partially collagen type II. Collagen type I is a protein which may
be identified by UniProt ID: P02452 (alpha I) or P08123 (alpha II).

Elastin is understood to be pure elastin, such as pure mammalian elastin or
more specifically human elastin. When referring to concentration of elastin, it is understood
that the concentration of elastin is to be measured relative to pure elastin, such as pure human
elastin or pure bovine elastin. An example of reference elastin could be elastin from bovine
neck ligament (Sigma-Aldrich E1625). In other words, pure elastin is our reference. Hence
100 vol% (volume percentage) elastin means pure elastin. Elastin is a protein which may be
identified by UniProt ID: P15502 (human elastin).

The invention can be used in the field of oncology, or other healthcare
applications where the determination of tissue type is relevant. The apparatus may be
applicable for real-time intra-operative needle localization and ablation monitoring to
improve ablation efficacy and disease free survival. It is noted, that collagen and elastin
concentrations can be indicative for discriminating pathology tissue from normal tissue. As

other examples of applications where embodiments of the present invention may be used
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include applications any field where accurate determination of collagen and/or elastin is
important. It may thus be used in fields where the determination of a quality parameter of
food or skin is relevant.

According to another embodiment of the invention, there is provided an
apparatus wherein the apparatus is arranged so as to obtain a Diffuse Reflectance
Spectroscopy spectrum as the first set of measured data.

According to another embodiment of the invention, there is provided an
apparatus wherein the apparatus is arranged so as to obtain a fluorescence spectroscopy
spectrum as the second set of measured data.

According to another embodiment of the invention, there is provided an
apparatus wherein the processor is arranged for disentangling the contributions from
scattering and absorption from the intrinsic fluorescence by means of the distortion parameter
and the fluorescence spectroscopy spectrum so as to obtain a spectrum representative of
intrinsic fluorescence of the associated tissue sample.

According to another embodiment of the invention, there is provided an
apparatus wherein the intrinsic fluorescence is disentangled from the scattering and
absorption by dividing the fluorescence spectroscopy spectrum with the distortion parameter.
In a particular embodiment, the distortion parameter is given as:

L F ‘a m
fﬂ* “““ 1 ¢ R{}xH{}m. y 12 R‘ ( Rm + )
} R.{h‘. . R{}m Ema

axd ( €xEm

This equation corresponds to equation (4) in [Zhang2000] where indices x and
m denoted evaluation of the corresponding quantities at excitation frequency vy and emission
frequency V. fxm corresponds to the intrinsic fluorescence, Fym corresponds to the second set
of measured data corresponding to the (measured) fluorescence spectroscopy spectrum, e
corresponds to a scattering parameter, Ry, corresponds to a reflectance spectrum, Ro
corresponds to reflectance spectrum in the absence of absorption, / corresponds to a measure
of thickness of a measured part of the associated tissue sample, € corresponds to a parameter
being dependent on a probe specific constant S and the anisotropy parameter g of the
associated tissue sample.

According to further, specific embodiment of the invention there is provided
an apparatus wherein the spectrometer is arranged to measure the second set of measured

data by:
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- illuminating the associated tissue sample with light having relatively high
intensity in a first wavelength region corresponding to wavelengths below lambda 1, and
having relatively low intensity in a second wavelength region above the wavelength
lambda 1,

- detecting light emitted from the associated tissue sample in the second
wavelength region.

The illumination of the associated tissue sample with light having relatively
high intensity in a first wavelength region corresponding to wavelengths below lambda 1,
and having relatively low intensity in a second wavelength region above the wavelength
lambda 1 may be carried out with, for example a LASER emitting in frequencies below
lambda_1, or with a broad band source equipped with a filter cutting of frequencies above
lambda 1.

Methods based on determining these concentrations on autofluorescence are
possible but not always reliable. To accurately determine the collagen and/or elastin it is here
proposed to combine autofluorescence measurements with diffuse reflectance measurements
in the near-infrared. The inventors of the present invention have made the insight that
absorption in the near-infrared (wavelength >1000nm) also allow discriminating these tissue
constituents.

There are various chromophores that can have a significant influence on the
light reaching the collection fibers and that could be used to discriminate pathology tissue
from normal tissue. For instance blood will have strong absorption features at wavelength
around 550 nm while lipids have strong absorption features around 1200 nm. Furthermore,
some substances generate typical fluorescence signals when excited at wavelengths lower
than 450 nm. Examples are collagen and elastin that in turn are parameters for oncology. A
problem with the fluorescence signals is that they are obscured by the scattering and
absorption of the tissue sample. As a result the fluorescence measured is not the intrinsic
fluorescence as described in [Zhang2000] or the reference “Model-based spectroscopic
analysis of the oral cavity: impact of anatomy”, by S. McGee, J. Mirkovic, V. Mardirossian,
A. Elackattu, C-C. Yu, S. Kabani, G. Gallagher, R. Pistey, L. Galindo, K. Badizadegan, Z.
Wang, R. Dasari and M.S. Feld, in J. Biomed. Opt. 13 (2008) p064034-1-15, which reference
is hereby incorporated by reference, and hereafter referred to as [McGee2008]. Consequently,
the measured fluorescence cannot be directly compared with the native fluorescence of the
fluorophores on themselves. Algorithms are required to remove first the scattering and

absorption effects from the measured fluorescence. This makes the extraction of the
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concentrations of the fluorophores difficult and less accurate. However these chromophores
like collagen and elastin are known to be important in the discrimination of tumors.
Therefore, a more reliable determination of the collagen and elastin concentration is required.

From measurements in the near infrared, i.c., between 900 nm and 1800 nm
the inventors of the present invention have found that elastin and collagen show distinct
absorption features in the diffuse reflectance spectra in the near infrared (see FIGS 5-6).
These features in the spectrum allow determination of the concentration of these
chromophores. Since the main absorption peaks of elastin and collagen overlap with the
absorption peaks of water and lipid in specific wavelengths ranges (i.e. from 900 to 1000 nm
and 1150 to 1250 nm), it is therefore difficult to accurately estimate the concentration of
clastin and collagen based on the reflectance spectra only. Our invention is a device capable
of detecting the autofluorescence of tissue sample in the visible spectrum and capable of
detecting the near infrared diffuse reflectance spectra. The algorithm which the processor
may be adapted to run is capable of determining the collagen and elastin concentration based
on the autofluorescence data as well as from the absorption features in the near infrared
spectrum.

According to another embodiment of the invention, there is provided an
apparatus wherein the processor is further arranged for calculating a reliability parameter
based on the first parameter and the second parameter. By correlating the two measurements
an accuracy parameter can be derived that allow the physician to make a better decision on
whether tissue sample is abnormal or not. In a specific embodiment, the processor is arranged
with an algorithm that compares the concentrations of collagen and elastin based on the two
independent measurements. When the concentrations are in agreement with each other or
when a change in concentration due to advancing the probe is in agreement with each other,
the concentrations are displayed with a high reliability label indicating that the measurement
can be trusted. When both are not in agreement, both concentrations are displayed with a low
reliability label indicating that care should be taken by the doctor when interpreting the data.

According to a particular embodiment of the invention, the first and second
parameter may after being determined be transmitted to a display unit where they are
displayed, such as displayed together with an accuracy indicator, such as an accuracy value.
The accuracy value may for instance be derived from a statistical test such as the Students t-
test resulting in a p-value indicative for the statistical correlation of the two measured
independent values. A further improvement can be achieved by also giving a weighting factor

to each of the results from each of the at least two independent methods, such as according to
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the diffuse reflectance prediction and the fluorescence prediction. In this case even when both
methods show a deviation with respect to each other the prediction with the highest reliability
so as to enable that the first or second parameter with the best accuracy can then be used.

According to another embodiment of the invention, there is provided an
apparatus further comprising an interventional device, the interventional device comprising:

- a first guide for guiding photons from the light source to an exit position on a
distal end of the interventional device, the photons being emittable from the exit position, and
- a second guide for guiding photons from an entry position (220) on the distal
end of the interventional device and to the optical detector (106).

It is understood that in one particular embodiment, the first guide and the
second guide may be one guide, such as the first guide is identical to the second guide. In
another particular embodiment, the first guide and the second guide are two separate guides.
An interventional device is generally known in the art, and may include any one of an
endoscope, a catheter, a biopsy needle. Integrating optical fibers in the interventional device
allows inspection of the optical characteristics of the tissue sample and may allow
discrimination of pathology tissue from normal tissue. In a particular embodiment, there is
provided an interventional device being suited both for Diffuse Reflectance Spectroscopy
(DRS) and/or fluorescence spectroscopy. It is noted that the constraint that the interventional
device should be applicable for fluorescence spectroscopy puts some additional constraints
on the interventional device. For instance the fibers used for fluorescence spectroscopy must
not produce too much autofluorescence themselves and the separation between fiber ends for
the fibers respectively connected to source and detector may be shorter compared to the same
distance for DRS.

In another embodiment according to the invention, the exit position and the
entry position are spatially separated and spatially oriented so that the entry position is not
intersected by ballistic photons emitted from the exit position, when the distal end of the
interventional device is placed adjacent the associated sample. It is understood that the entry
position is not intersected by ballistic photons emitted from the exit position, at least from a
practical point of view. For all practical purposes, the number of ballistic photons hitting the
entry position is non-zero but negligible.

Ballistic photons are construed as photons which move in straight lines
without being scattered more than once, such as a photon used for imaging which is scattered

once on the imaged object.
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Diffusive photons are photons which experience multiple, scattering events,
such as multiple random scattering events. The scattering events may be elastic, such as
Rayleigh scattering, or inelastic, such as Raman scattering. Absorption of photons emitted at
the exit position may take place at certain wavelengths giving rise to particular absorption
bands being visible in the spectrum of the diffusive photons being collected at the entry
position.

By arranging the entry and exit positions as described, a large majority of
photons collected at the entry position will be diffusive photons which have traversed a
relatively long and non-straight path between the exit and entry position. In total, when using
a large number of photons, as will generally be the case, the information collected together
with the photons collected at the entry position will be dependent on a second region, the
second region being traversed by the diffusive photons emitted at the exit position, and the
second region being larger than the imaged first region.

In yet another embodiment of the system, the photons emittable at the exit
position and subsequently collectable at the entry position are diffusive photons. An
advantage of collecting diffusive photons may be that in general they have traversed a larger
region, compared to ballistic photons.

According to another embodiment of the invention, there is provided an
apparatus wherein the processor is arranged for
- receiving the first set of measured data, wherein the first set of data comprises
long wavelength measured data corresponding to data measured at wavelengths above 1100
nm,

- determining the first parameter based on the long wavelength measured data.

The inventors of the present invention have found that elastin and collagen
show distinct absorption features in the diffuse reflectance spectra in the near infrared (see
FIGS 5-6). Thus, it may be advantageous that the first set of data comprises long wavelength
measured data corresponding to data measured at wavelengths above 1100 nm, such as above
1150 nm, such as within 1100-1300 nm, such as within 1150-1250 nm.

According to another embodiment of the invention, there is provided an
apparatus wherein the apparatus further comprises any one of: a light source for providing
therapeutic light and/or an ultrasound unit. A possible advantage of providing a therapeutic
light source is that it enables therapy using light. An advantage of providing an ultrasound

unit may be that it enables ablation, such as radio frequency ablation or imaging.
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According to another embodiment of the invention, there is provided an
apparatus wherein the processor is further arranged for determining from the first parameter
and/or the second parameter a third parameter being indicative of tissue type.

According to another embodiment of the invention, there is provided an
apparatus wherein the exit position of the first guide and the entry position of the second
guide are spatially separated and spatially oriented so that, upon positioning the distal end of
the interventional device adjacent to the associated tissue sample, an average spectral
information of a region of the associated tissue sample is obtainable from photons collectable
at the entry position. An advantage of this may be that photons emitted at the exit position of
the first guide and collected at the entry position of the second guide may have travelled a
distance outside of the interventional device, such as in the associated tissue sample.

According to another embodiment of the invention, there is provided an
apparatus wherein the photons exiting the first guide at the exit position are non-focused. A
possible advantage of this is that the energy of the photons is divided over a broader area of
the associated tissue sample due to the defocusing, and as a result there is less risk of
damaging the adjacent tissue.

According to another embodiment of the invention, there is provided an
apparatus wherein the apparatus further comprises a database, the database being operably
connected to the processor. In a particular embodiment, the processor is further arranged to access a
database comprising information regarding various tissue types, and identify which tissue type or
tissue types the sample is most likely to comprise, and wherein the identification is based on
concentration of collagen and/or ¢lastin. An advantage of this may be that valuable information
regarding the tissue type might be obtained this way.

According to another embodiment of the invention, there is provided an
apparatus wherein the database comprises predetermined data representative of an optical
spectrum. Having predetermined data representative of an optical spectrum stored in the
database may be beneficial for determining from the measured data, such as from the first set
of measured data and/or from the second set of measured data, a first parameter respectively
a second parameter being indicative of a concentration of a biomolecule in the associated
tissue sample. The predetermined data may be representative of spectra of a tissue type, or
the predetermined data may be representative of an optical spectrum of a chromophore
expected to be in the associated tissue sample, which may be useful, e.g., as an input
parameter in a mathematical model. The predetermined optical spectra may include spectra

which have been calculated theoretically, such as by mathematical models, or spectra which
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have been measured on phantoms, such as samples prepared by mixing constituents expected
to be in the associated tissue sample. Multivariate analysis is commonly known in the art and
understood to include Principal Components Analysis (PCA) and least squares discriminant
analysis.

According to another embodiment of the invention, there is provided an
apparatus wherein the predetermined data is representative of an optical spectrum of any one
optical spectrum chosen from the group of: an optical spectrum of collagen and an optical
spectrum of elastin. This may be beneficial, e.g., for disentangling the contributions to the
measured data from different chromophores. This may also be beneficial for enabling
determination of a quantitative estimate of a concentration of collagen and/or elastin in the
associated tissue sample.

According to a second aspect of the invention, the invention further relates to a
method for optically analyzing an associated tissue sample 116, the method comprising the
steps of:

- obtaining S1 a first set of measured data representative of an optical spectrum
of the associated tissue sample,

- obtaining S2 a second set of measured data representative of an optical
spectrum of the associated tissue sample,

- determining S3a from the first set of measured data a first parameter being
indicative of a concentration of a biomolecule in said associated tissue sample,

- determining S3b from the first set of measured data a distortion parameter,

- determining S4 from the second set of measured data and the distortion
parameter a second parameter being indicative of a concentration of the biomolecule in said
associated tissue sample,

wherein the biomolecule is chosen from the group comprising: collagen and
clastin.

This aspect of the invention is particularly, but not exclusively, advantageous
in that the method according to the present invention may be implemented using an apparatus
according to the first aspect of the invention.

The may be carried out in the order listed, however, the order in which the
steps are listed or carried out is not important. The method does not require interactions with
a patient’s body nor does it require involvement of a medical practitioner.

The method does not require interaction with a patient’s body or involvement

of a medical practitioner. In general, the invention is not about providing a diagnosis or
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treating a patient, but the invention provides a technical solution for assisting a physician in
reaching a diagnosis or treating a patient.

In a further embodiment the invention relates to a method for optical analysis
of an associated tissue sample, wherein the determination of the first parameter includes any
one of fitting S5a the measured data to a mathematical model, performing S5b multivariate
statistical analysis, such as PCA or partial least squares discriminant analysis, and assessing
S5¢ a look-up-table comprising predetermined optical spectra, such as predetermined optical
spectra generated from phantoms.

In one embodiment a method for optical analysis of an associated tissue
sample is provided, wherein the determination of the first parameter includes fitting the
measured data to a mathematical model. A mathematical model is in the present context
understood to be a theoretical expression which for a given set of input parameters having
influence on the optical spectrum, for example quantities of chromophores present and
amount of scattering may as output yields data representative of an optical spectrum. Fitting
is understood to be the process of adjusting the input parameters so as minimize a difference
between a measured optical spectrum and a theoretically given optical spectrum. An
advantage of fitting is that fitting may be used to quantitatively estimate the input parameters.

According to a third aspect of the invention, the invention further relates to a
computer program product being adapted to enable a computer system comprising at least
one computer having data storage means associated therewith to operate a processor arranged
for carrying out the method according to the second aspect of the invention.

The first, second and third aspect of the present invention may each be
combined with any of the other aspects. These and other aspects of the invention will be

apparent from and elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

The apparatus for optical analysis of an associated tissue sample and
corresponding method and computer program product according to the invention will now be
described in more detail with regard to the accompanying figures. The figures show one way
of implementing the present invention and is not to be construed as being limiting to other
possible embodiments falling within the scope of the attached claim set.

FIG 1 shows a schematic of an embodiment of the invention,

FIG 2 shows a schematic of an interventional device,

FIG 3 shows absorption spectra for blood, water and lipid,



WO 2012/127378 PCT/IB2012/051247
14

FIG 4 shows absorption spectra for collagen and elastin,

FIG 5 shows absorption spectrum of water, lipid and collagen,

FIG 6 shows absorption spectrum of water, lipid, collagen and elastin,

FIG 7 shows measured optical spectra on various tissue types and fitting
results with and without collagen absorption taken into account,

FIG 8 shows measured optical spectra on various tissue types and fitting
results with and without collagen absorption taken into account,

FIG 9 is a flow-chart of a method according to the invention.

FIG 10 is an example of using disentangling distortion intrinsic fluorescence
from a fluorescence spectroscopy spectrum using a distortion parameter obtained from a DRS

spectrum.

DETAILED DESCRIPTION OF AN EMBODIMENT

FIG 1 shows a schematic of an embodiment of the invention by showing an
apparatus according to an embodiment of the invention comprising a spectrometer 102
comprising a light source 104, an optical detector 106 and an interventional device 112,
where the interventional device 112 has one or more guides, such as optical elements, such as
optical waveguides, capable of guiding light from the light source 104 to a distal end of the
interventional device so as to emit the light at the distal end of the interventional device, and
furthermore capable of guiding light back from the distal end of the interventional device to
the optical detector 106. The light guides enable light to enter an associated tissue sample 116
and the light guides further enable light exiting the associated tissue sample to be collected
and led to the optical detector. The apparatus thus enables procurement of measured data
representative of an optical spectrum of the associated tissue sample 116. The optical detector
106 may be controlled by processor 110 so as to acquire the measured data. The processor
may have access to a database 114. In a specific embodiment, the apparatus is further
arranged to access the database 114, where the database comprises predetermined data
representative of an optical spectrum, such as an optical spectrum of a biomolecule, such as
collagen and/or elastin, such as a plurality of optical spectra of different chromophores. This
may enable the processor to better determine any one of the first parameter, the distortion
parameter and the second parameter.

In the specific embodiment shown there is also a second light source 108. In
this embodiment the first light source 104 is a lamp suited for Diffuse Reflectance
Spectroscopy (DRS) and the second light source 108 is a LASER suited for fluorescence
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spectroscopy. In an alternative embodiment, there may be only a single light source, such as a
single lamp which may then used in combination with a switchable filter serving to limit the
range of frequencies emitted and thereby narrowing the bandwidth and thereby obtaining an
appropriate bandwidth for doing fluorescence spectroscopy.

FIG 2 shows a perspective illustration of an embodiment of an interventional
device 112, which interventional device comprises a first guide 219, a second guide 221, a
third guide 223 and a fourth guide 225. The figure shows an exit position 219 on distal end of
the first guide and an entry position 221 on a distal end of the second guide. Similarly, there
is shown an exit position 223 on distal end of the third guide and an entry position 225 on a
distal end of the fourth guide. The drawing is not to scale. The first, second, third and fourth
guide are understood to be light guides, such as optical fibers, such as optical waveguides.
Furthermore is indicated the distance d1 between an exit position 219 on the first guide 218
and an entry position 221 on the second guide 220. Still further is shown a distance d2
between an exit position 223 on the third guide 222 and an entry position 225 on the fourth
guide 224. Note that in a particular embodiment the interventional device may be constructed
so as to optimize d1 for Diffuse Reflectance Spectroscopy. In another particular embodiment
the interventional device may be constructed so as to optimize d2 for fluorescence
spectroscopy.

In a specific embodiment there is provide an optical probe, such as the
interventional device 112, is a needle with optical fibers 218, 220, 222, 224 that can be
connected to an optical console, such as the spectrometer 102. The optical console contains a
light source 104 enabling light to be provided via one of the fibers to the distal end of the
optical probe. The scattered light is collected by another fiber and is guided towards the
detector 106. The optical console may also contain a LASER source 108 with a wavelength
lower than 450 nm in order to induce autofluorescence in the tissue sample. The obtained
data, such as the first and/or second set of measured data are processed by processor 110
using a dedicated algorithm. For instance light is coupled out of the distal tip through at least
one fiber, which serves as a source, and the wavelength is swept from e.g. 500-1600 nm or a
broadband light source is used. The corresponding wavelength-dependent reflection is
measured by at least one other fiber, which is spatially separated from the source, such as a
distance d1 of at least 0.5, such as at least 1, such as at least 2 mm apart, such as at least 5
mm apart. The amount of reflected light measured at the “detection” fiber, is determined by
the absorption and scattering properties of the probed structure (e.g. tissue sample). From this

signal we can deduce the concentration of the chromophores such as collagen and elastin.
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The autofluorescence is measured through a fiber that is in close vicinity with the excitation
fiber, such as within a distance d2 being less than 5 mm, such as less than 2 mm, such as less
than 1 mm, such as less than 0.5 mm, such as less than 0.25 mm.. The measured
autofluorescence is corrected for scattering and absorption such that the estimated intrinsic
fluorescence is obtained. From this the concentration of collagen and elastin can be
measured.

In a specific embodiment, the apparatus comprises a light source 104 in the
form of a halogen broadband light source with an embedded shutter, an interventional device
112 with four guides and an optical detector 106 that can resolve light across a span of
wavelengths, such as substantially in the visible and infrared regions of the wavelength
spectrum, such as from 400 nm to 1700 nm. The apparatus may furthermore comprise a filter
that rejects light for wavelengths below 465 nm which filter may be mounted in front of the
optical detector 106 to reject second order light at the optical detectors during diffuse
reflectance spectroscopy. The interventional device 112 has a first guide connected to the
light source, the second guide connected to the optical detector 106. The centre-to-centre
distance separation d1 between the exit position 219 on the first (emitting) guide 218 and the
exit position 221 on the second (collecting) guide 220 may be in the millimeter range, such as
at least 1 mm, such as at least 2 mm, such as 2.48 mm. All guides may be low-OH fibers of
core diameters in the micron range, such as core diameter of 200 microns. Fibers containing
low—OH, sometimes also called VIS-NIR fibers, are typically suitable for the visible (VIS)
and near infrared (NIR) part of the optical spectrum.

In an alternative embodiment a plurality of optical detectors are applied, such
as two optical detectors that can resolve light in different length regions, such as substantially
in the visible and infrared regions of the wavelength spectrum respectively, such as from 400
nm to 1100 nm and from 800 nm to 1700 nm respectively.

In a particular embodiment diffuse reflectance spectroscopy is used for
obtaining the first set of measured data representative of an optical spectrum and
fluorescence spectroscopy is used for obtaining the second set of measured data
representative of an optical spectrum. Other optical methods can be envisioned, such as
fluorescence spectroscopy measurements, diffuse optical tomography by employing a
plurality of optical fibers, differential path length spectroscopy, or Raman spectroscopy.

Preferably, the optical console allows for the fluorescence excitation
wavelength to be changed. This could be accomplished with multiple sources that are

switched or multiplexed (e.g. frequency modulated) or with a tunable source. Measuring
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different fluorescence emission spectra at different excitation wavelengths would provide
information that is potentially relevant for differentiating collagen and elastin (and
additionally different types of collagen).

Two-photon fluorescence excitation could also be utilized. This may have the
benefits of deeper penetration depth relative to one-photon excitation. The volumes probed
with two-photon fluorescence measurements may be more similar to the volumes probed for

diffuse reflectance measurements in the infrared.

Algorithm

In the following an algorithm for extracting information from Diffuse
Reflectance Spectroscopy spectra is described. The inventors of the present application have
participated in developing an algorithm that can be used to derive optical tissue properties
such as the scattering coefficient and absorption coefficient of different tissue chromophores:
¢.g. hemoglobin, oxygenated haemoglobin, water, lipid, collagen and elastin from the diffuse
reflectance spectra. These properties may be different between normal and pathologic tissues.

In more detail the algorithm can be described as follows. The spectral fitting
will be performed by making use of an analytically derived formula for reflectance
spectroscopy which has recently been described in a scientific article featuring the inventors
of the present application as authors “Estimation of lipid and water concentrations in
scattering media with diffuse optical spectroscopy from 900 to 1600 nm”, Nachabé et al.,
Journal of Biomedical Optics 15(3), 1 (May/June 2010), the article is hereby incorporated by
reference in entirety and hereafter referred to as [Nachabé2010]. The diffuse reflectance
model is described in section 2 of [Nachabé2010], more particularly in section 2.3. The

reflectance distribution R is given by

Rp)=[Rp.2)0(z, /1)
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In this formula the three macroscopic parameters describing the probability of
interaction with tissue are: the absorption coefficient |1, and the scattering coefficient s both
in cm™ as well as by g which is the mean cosine of the scattering angle. Furthermore, we
have the total reduced attenuation coefficient i;’ that gives the total chance for interaction

with tissue

w'=u,+un,d-g) (2)

The albedo a’ is the probability of scattering relative to the total probability of

interaction

a'=p,/u," (3)

We assume a point source at a depth zy=1/JL;" and no boundary mismatch

hence z,=2/(3;"). Furthermore, we assume that the scattering coefficient can be written as
-b
LW '(A)=al™ (4)

where A is the wavelength and a and b fixed parameters. The main absorbing
constituents in normal tissue dominating the absorption in the visible and near-infrared range
are blood (i.e. hemoglobin), water and lipid.

The total absorption coefficient is a linear combination of the absorption
coefficients of chromophores in a probed sample, for instance blood, water and lipid as
depicted in FIG. 3. Hence for each component the value of that shown in FIG 3 must be
multiplied by its volume fraction. By fitting the above formula while using the power law for
scattering it is possible to determine the volume fractions of chromophores present, for
example blood, water, lipid, collagen and elastin as well as the scattering coefficient. With
this method it is thus possible to translate the measured spectra in physiological parameters
that can be used to discriminate different tissues.

It is noted that the measurement of the first and second set of measured data
representative of optical spectra can be carried out in various ways, such as by means of
various filter systems in different positions of the optical path, one or more light sources
emitting in one or more delimited wavelength bands, or detectors for different delimited
wavelength bands. This is understood to be commonly known by the skilled person. It is also
possible to modulate the various wavelength bands with different modulation frequencies at
the source and demodulate these at the detector, (this technique is described in the published

patent application W02009/153719 which is hereby incorporated by reference in its entirety).
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Various other modifications can be envisioned without departing from the scope of the
invention for instance using more than one detector or using more than one light source with
different wavelength band, such as Light Emitting Diodes (LEDs) or LASER sources.

FIG 3 shows absorption spectra for blood, water and lipid. The graph shows
absorption coefficients of the chromophores from deoxygenated haemoglobin (Hb) 324,
oxygenated haemoglobin (HbO2) 326, water 328 and lipid 330 as a function of the
wavelength. Note that blood dominates the absorption in the visible range, while water and
lipids dominate in the near infrared range. The graph has on its first, horizontal axis, the
wavelength (A, lambda) given in nanometer (nm), and on its second, vertical axis, the
absorption coefficient [, (mu_a) given in reciprocal centimeters (1/cm).

FIG 4 shows absorption spectra for collagen and elastin. The graph shows
absorption coefficients of collagen 432 and elastin 434 as a function of the wavelength. The
measured collagen corresponds to type I collagen from bovine achilles tendon (Sigma-
Aldrich C9879). In human breast tissue, collagen type I represents 70% of the total collagen
content and the rest corresponds to collagen type III. The measured elastin corresponds to
clastin from bovine neck ligament (sigma-aldrich E1625). For a measurement the collagen, or
respectively elastin, were packed as much as possible so as to constitute pure collagen or
clastin. Both biological substances were measured using an optical spectrophotograph with a
large diameter integrating sphere (a highly diffuse reflecting sphere also known as an
Ulbricht sphere). The absorption measurement can be separated from the scattering by
placing thin cuvettes (sub-millimeter thickness) inside the integrating sphere far away from
the detector. The detector measures a certain fraction of the light flux filling the sphere.
When a sample is mounted inside the sphere, the loss of light compared to the sample inside
the cuvette is mainly due to absorption by the sample related to the absorption coefficient.
When the forward transmitted light can escape out of an exit port in the back end of the
sphere, the scattered light from the sample mounted inside the sphere is measured, and the
scattering coefficient can be determined.

FIG 5 shows absorption spectra of water, lipid and collagen. The graph shows
absorption coefficients of water (H,O) 528, lipid 530 and collagen 532 as a function of the
wavelength.

FIG 6 shows absorption spectra of water, lipid, collagen and elastin. The graph
shows absorption coefficients of water (H,0) 628, lipid 630, collagen 632 and elastin 634 as

a function of the wavelength.
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FIGS 5-6 show that the absorption coefficients in the near infrared (NIR) of
the water, lipid, collagen and elastin are all different. The differences enable determination,
such as quantification within a certain accuracy, of these chromophores with optical analysis,
such as Diffuse Reflectance Spectroscopy (DRS) measurements.

The total absorption coefficient is a linear combination of the absorption
coefficients of the present chromophores, such as blood, water, lipid, collagen and elastin
(hence for each component the value of that shown in FIGS 3-6 must be multiplied by its
volume fraction). By fitting the above formula (1) while using the power law for scattering it
is possible to determine the volume fractions of the blood, water, lipid, collagen and elastin
as well as the scattering coefficient. With this method it is thus possible to translate the
measured set data, such as optical spectra, into physiological parameters such as a
concentration of collagen and/or elastin. A possible advantage of determining physiological
parameters is that they can be used to discriminate between different tissues.

FIGS 7A-B show measured optical spectra on various tissue types and fitting
results with and without collagen absorption taken into account. In each of FIGS 7A-B there
is shown a set of measured data 736, a fit 738 to the set of measured data without taking
collagen into account, the residual 740 between this fit and the set of measured data, a fit 742
to the set of measured data which does take collagen into account and the residual 744
between this fit and the set of measured data. The legend in FIG 7B applies to FIG 7A as
well. As can be observed in FIGS 7A-B the effect of collagen on the diffuse reflectance
spectroscopy spectrum is small but present. Accurate determination of collagen from the
diffuse reflectance spectroscopy spectrum is possible. However, it is also noted that it
requires accurate measurements and that uncertainties in the measurements may propagate
through the calculations and result in an uncertainty in the determination of the physiological
parameters. As a result an independent method in conjunction to that of this method could be
advantageous for obtaining robustness in the determination of the physiological parameter,
such as the determination of a concentration of collagen and/or elastin.

Although fitting has been described above as a way to discriminate differences
in spectra, other ways to do so are understood to be encompassed by the present invention.
An example of another way to discriminate differences in spectra is making use of
multivariate statistical analysis methods, such as for example principal component analysis or
partial least squares discriminant analysis which renders classification of differences in
spectra and thus allows discrimination between tissues. Yet another alternative to fitting with

an analytical model and using statistical classification is to create a table of spectra generated
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from measurements of phantoms with different concentrations of the chromophores of
interest that can be used as vector space for regression of an acquired spectrum in tissue. The
reference Rajaram N, Nguyen TH, Tunnell JW., “Lookup table-based inverse model for
determining the optical properties of turbid media”, Journal of Biomedical Optics
13(5):050501, 2008, describes this approach and is hereby incorporated by reference.

FIGS 8A-C show measured optical spectra on various tissue types and fitting
results with and without collagen absorption taken into account. FIGS 8 A-C show optical
spectroscopy measurements on normal (FIG 8A), glandular (FIG 8B) and tumor (FIG 8C)
tissues. Measurement values are represented by dotted curves. A fit was applied to the three
measurements in order to extract the concentration of chromophores. The gray line 842
shows the fit taking collagen into account and the black line 838 is the fit without taking into
account the absorption profile of collagen.

Table I compares the estimated parameters of water, lipid and collagen for the
three different types of tissue in FIGS 8A-C (where the number between brackets correspond

to the estimation of parameters when collagen is not taken into account).

Normal (FIG 9) Gland (FIG 10) Tumor (FIG 11)
Water 7% (71%) 56% (53%) 86% (93%)
Lipid 83% (93%) 20% (37%) 0% (7%)
Collagen 10% (0%) 25% (0%) 14% (0%)
Table I

The results of this table show that the concentration of collagen is highest in
glandular tissue and lowest in normal tissue. The differences between spectra of different
tissues, which differences can be attributed to different concentrations of the respective
chromophores, entails that knowing the physiological parameters may aid in discriminating
between the different tissue types.

The second set of measured data may be obtained with fluorescence
spectroscopy. Deducing the intrinsic fluorescence (autofluorescence) from the measured
fluorescence is not straightforward. It is hampered by the effects of scattering and absorption
in turbid media such as tissue. Various ways may be employed in order to determine the
autofluorescence but all rely on certain assumptions that influence the accuracy. Examples of
extraction of the intrinsic fluorescence is described in the references [McGee2008] and

[Zhang2000]. The reference shows that the difference between the various fluorophores is
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small and the determination can be done with a certain accuracy. The more absorbing
chromophores are present in the tissue the less accurate the method becomes.

FIG 9 is a flow-chart of a method for optically analyzing an associated tissue
sample comprising the steps of obtaining (S1) a first set of measured data representative of an
optical spectrum of the associated tissue sample, obtaining (S2) a second set of measured
data representative of an optical spectrum of the associated tissue sample, determining (S3a)
from the first set of measured data a first parameter being indicative of a concentration of a
biomolecule in said associated tissue sample, determining (S3b) from the first set of
measured data a distortion parameter, determining (S4) a second parameter from the second
set of measured data and the distortion parameter, the second parameter being indicative of a
concentration of the biomolecule in said associated tissue sample, wherein the biomolecule is
chosen from the group comprising: collagen and elastin. The steps of determining (S3a) the
first parameter from the first set of measured data, determining (S3b) the distortion parameter
from the first set of measured data and determining (S4) the second parameter from the
second set of measured data may each comprise any one of fitting (S5a) the measured data to
a mathematical model, performing (S5b) multivariate statistical analysis, such as PCA or
partial least squares discriminant analysis, and assessing (S5¢) a look-up-table comprising
predetermined optical spectra, such as predetermined optical spectra generated from
phantoms. In a specific embodiment, the method may further comprise a step of calculating
(S6) a reliability parameter based on the first and the second parameter. In another specific
embodiment, the method comprises transmitting (S7) a third parameter representative being
indicative of a concentration of a biomolecule in said associated tissue sample. The third
parameter may be based on the first and second parameter, such as being the first or the
second parameter or being a weighted average, such as a weighted average dependent on the
reliability parameter. In another embodiment, the reliability parameter is also transmitted.
The reliability parameter may in a particular embodiment be the discrepancy between the
first and second parameter such at the absolute discrepancy or the relative discrepancy.

FIGS 10A-D show an example where the first set of data depicted in FIG 10A
is representative of an optical diffuse reflectance spectroscopy spectrum of an associated
tissue sample. The distortion parameter is based on the diffuse reflectance spectroscopy
spectrum of FIG 10A. FIG 10B shows a second set of data which in the present example are
representative of a measured fluorescence spectroscopy spectrum of the associated tissue
sample. FIG 10C shows intrinsic, known fluorescence spectra of the fluorophores collagen

1032, elastin 1034, NADH 1046 and FAD 1048. In the present example the distortion
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parameter relates intrinsic fluorescence to measured fluorescence, thus the intrinsic
fluorescence of the associated tissue sample can be determined and is depicted in FIG 10D in
which figure are shown the thus derived intrinsic fluorescence 1050 and a fit 1052, where the
fit enables quantification of the fluorophores present in the associated tissue sample. In all
FIGS 10A-D the horizontal axis represents wavelength and spans from 400 nm at the left end
to 800 nm at the right end. The vertical axis represents intensity (Int.) measured in arbitrary
units (arb.).

To sum up the present invention relates to an apparatus 100 and, a method and
a computer program for optical analysis of an associated tissue sample 116, the apparatus
being adapted to determine a concentration of collagen and/or elastin with two independent
methods. With two independent methods, the concentrations determined with each method
may be held up against the other, and if the difference is too large a user may be informed
that at least one of the measured values is not reliable. In a particular embodiment, the two
independent methods are Diffuse Reflectance Spectroscopy (DRS) and fluorescence
spectroscopy, and the absorption and scattering determined with DRS may be used when
interpreting the fluorescence spectroscopy spectra so as to be able to obtain quantitative
information regarding concentration of collagen and elastin from both methods. According to
a specific embodiment, the apparatus further comprises an interventional device 112.

Although the present invention has been described in connection with the
specified embodiments, it should not be construed as being in any way limited to the
presented examples. The scope of the present invention is set out by the accompanying claim
set. In the context of the claims, the terms “comprising” or “comprises” do not exclude other
possible elements or steps. Also, the mentioning of references such as “a” or “an” etc. should
not be construed as excluding a plurality. The use of reference signs in the claims with
respect to elements indicated in the figures shall also not be construed as limiting the scope of
the invention. Furthermore, individual features mentioned in different claims, may possibly
be advantageously combined, and the mentioning of these features in different claims does

not exclude that a combination of features is not possible and advantageous.
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CLAIMS:

1. An apparatus (100) for optical analysis of an associated tissue sample (116),
the apparatus comprising:
- a spectrometer (102) for obtaining a first set of measured data representative of
an optical spectrum of the associated tissue sample and a second set of measured data
representative of an optical spectrum of the associated tissue sample, the spectrometer
comprising:

- a light source (104), and

- an optical detector (106), and

- a processor (110) arranged for:

- receiving the first set of measured data and the second set of
measured data,

- determining a first parameter being indicative of a
concentration of a biomolecule in said associated tissue sample from the first set of measured
data, and

- determining a distortion parameter being representative of
scattering and absorption in the associated tissue sample from the first set of measured data,

- determining a second parameter being indicative of a
concentration of said biomolecule in said associated tissue sample from the second set of
measured data and the distortion parameter,

wherein the biomolecule is chosen from the group comprising:

collagen and elastin.

2. An apparatus according to claim 1, wherein the apparatus is arranged so as to

obtain a Diffuse Reflectance Spectroscopy spectrum as the first set of measured data.

3. An apparatus according to claim 1, wherein the apparatus is arranged so as to

obtain a fluorescence spectroscopy spectrum as the second set of measured data.
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4. An apparatus according to claim 3, wherein the processor is arranged for
disentangling the contributions from scattering and absorption from the intrinsic fluorescence
by means of the distortion parameter and the fluorescence spectroscopy spectrum so as to

obtain a spectrum representative of intrinsic fluorescence of the associated tissue sample.

5. An apparatus according to claim 4, wherein the intrinsic fluorescence is
disentangled from the scattering and absorption by dividing the fluorescence spectroscopy

spectrum with the distortion parameter.

6. An apparatus according to claim 1, wherein the processor (110) is further
arranged for:
- calculating a reliability parameter based on the first parameter and the second

parameter.

7. An apparatus according to claim 1, further comprising an interventional device
(112), the interventional device comprising:

- a first guide (218) for guiding photons from the light source to an exit position
(219) on a distal end of the interventional device, the photons being emittable from the exit
position, and

- a second guide (220) for guiding photons from an entry position (221) on the

distal end of the interventional device and to the optical detector (106).

8. An apparatus according to claim 1, wherein the processor (110) is arranged for
- receiving the first set of measured data, wherein the first set of data comprises
long wavelength measured data corresponding to data measured at wavelengths above

1100 nm,

- determining the first parameter based on the long wavelength measured data.

9. An apparatus according to claim 7, wherein the exit position (219) of the first
guide (218) and the entry position (221) of the second guide (220) are spatially separated and
spatially oriented so that, upon positioning the distal end of the interventional device (112)
adjacent to the associated tissue sample (116), an average spectral information of a region of

the associated tissue sample is obtainable from photons collectable at the entry position.
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10. An apparatus according to claim 1, wherein the apparatus (100) further

comprises a database (114), the database being operably connected to the processor (110).

11. An apparatus according to claim 10, wherein the database (114) comprises

predetermined data representative of an optical spectrum.

12. An apparatus according to claim 11, wherein the predetermined data is
representative of an optical spectrum of any one optical spectrum chosen from the group of:

an optical spectrum of collagen and an optical spectrum of elastin.

13. A method for optically analyzing an associated tissue sample (116), the
method comprising the steps of:
- obtaining (S1) a first set of measured data representative of an optical
spectrum of the associated tissue sample,
- obtaining (S2) a second set of measured data representative of an optical
spectrum of the associated tissue sample,
- determining (S3a) from the first set of measured data a first parameter being
indicative of a concentration of a biomolecule in said associated tissue sample,
- determining (S3b) from the first set of measured data a distortion parameter,
- determining (S4) from the second set of measured data and the distortion
parameter a second parameter being indicative of a concentration of the biomolecule in said
associated tissue sample,

wherein the biomolecule is chosen from the group comprising: collagen and

elastin.

14. A method according to claim 13 for optical analysis of an associated tissue
sample, wherein the determination of the first parameter includes any one of:

- fitting (S5a) the measured data to a mathematical model,

- performing (S5b) multivariate statistical analysis, such as PCA or partial least
squares discriminant analysis, and

- assessing (S5¢) a look-up-table comprising predetermined optical spectra, such

as predetermined optical spectra generated from phantoms.
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15. A computer program product being adapted to enable a computer system
comprising at least one computer having data storage means associated therewith to operate a

processor (110) arranged for carrying out the method of claim 13.
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