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APPARATUS AND METHOD FOR DETECTING FLUORESCENCE

TECHNICAL FIELD

The present disclosure relates generally to detecting fluorescence
of a sample. More specifically, the present disclosure relates to an
apparatus for detecting fluorescence of a sample comprising one or more
fluorophores; and to methods for detecting fluorescence of a sample

comprising one or more fluorophores.

BACKGROUND

Fluorescence inducing photodynamic substances, such as 5-
aminolevulinic acid (5-ALA), are increasingly used in surgical procedures
for tumors such as grade 3-4 gliomas. Fluorescent markers and
fluorophores, when excited at a certain wavelength, generate
characteristic fluorescence that, for example, assist a surgeon in defining
the infiltration zone between tumor cells and healthy tissue. With current
methods, the detection is based on the fluorescence seen by the
surgeon’s eyes and the average tumor removal rate is 80 %. It has been
shown that the best benefits are associated for patients with at least 98
% tumor removed and no functionally important brain tissue damaged.
The tumor is mechanically removed using various techniques,
predominantly by removal of the tissues with an ultrasonic aspirator or
surgical suction device after manual detachment of the tumor. Using the
currently available surgical removal techniques, the resection rate is not
sufficient, and the assessment of the healthy tissue border is unreliable.

Neurosurgeons utilize the drug 5-ALA, being e.g. 5-ALA or a salt,
e.g. the hydrochloride salt, thereof, in fluorescence guided surgeries
(FGS) of certain glioma-type brain tumors. Before the surgery, the

patients are orally administered with the 5-ALA drug. 5-ALA is a
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compound in the porphyrin synthesis pathway; it is converted in human
to protoporphyrin IX (PpIX), a fluorescent substance (a fluorophore), and
further to heme by ferrochelatase. Therefore, 5-ALA may also be
considered a prodrug of PpIX. Cancer cells lack or have reduced
ferrochelatase activity and this, among other potential reasons, results in
accumulation of PpIX in cancer cells. During FGS, the surgical cavity is
exposed to PpIX exciting blue light, generating fluorescence at a peak
wavelength of ca. 635 nm, generated by PpIX, of the cancer cells of the
tumor that helps to delineate the tumor for its removal. The fluorescence
of PpIX (at a peak wavelength of ca. 635 nm) is not visible in white light,
but under blue excitation light the tumor comprising PpIX stands out
compared to other. Therefore, in FGS, to see fluorescence, surgeons
change the light, which the microscope emits, from white to blue.
However, when the surgical cavity is exposed to PpIX exciting blue light,
the contrast between other tissues (excluding tumor) is significantly
reduced. Thus, during the time the cavity is emitted with blue light, it is
difficult for the surgeon to distinguish vital or important tissue not to be
removed. Therefore, while tumor removal occurs mainly using white light,
its identification is performed using blue excitation light.

Fluorescence detection is thus limited to the surgeon’s vision. The
contemporary FGS techniques predominantly depend on subjective
assessment of perceivable fluorescent traces, which is believed to lead to
susceptibility for both type 1 and type 2 errors. In parallel to the required
manual configurations of the light sources, the utilization of
contemporary FGS slows down operative performance. Furthermore,
during the tumor removal, the visual performance is limited by, among
other things, the limited field of view of the surgical microscope and the
invisible remains and angles. Due to technical limitations, removal
strategies depend on the recollection of observed fluorescence deposits
and, in some cases, on optically filtered video recording. Also, the human

visual system lack sensitivity to detect clinically relevant concentrations
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of fluorophores, e.g. PpIX, and the visual specificity is limited. Exposing
samples comprising fluorophores to excitation light causes fluorescence
to fade over time due to photobleaching, which is dependent on both the
excitation time and intensity of the excitation light. Photobleaching is
caused e.g. by reactions between the fluorophore and surrounding
molecules, thus limiting the use of fluorophores.

Several other experimental optical imaging techniques such as
Raman spectroscopy, optical coherence tomography (OCT) and diffuse
reflectance spectroscopy (DRS) have been developed in search of
neurosurgical indications. Most of the described optical imaging methods
have been described to be suitable for neurosurgical tumor demarcation
and functional measuring in the present scientific literature, however,
their contemporary intraoperative applications predominantly require
separate, bulky sensors and intricate visualization methods that impair
the surgeon’s proficiency.

Therefore, in light of the foregoing discussion, there exists a need
to overcome the aforementioned drawbacks associated with detecting
fluorescence of a sample comprising one or more fluorophores and

representing a disease or condition.

BRIEF DESCRIPTION

According to an aspect, there is provided the subject matter of the
independent claims. Embodiments are defined in the dependent claims.
The scope of protection sought for various embodiments of the invention
is set out by the independent claims. The embodiments, examples and
features, if any, described in this specification that do not fall under the
scope of the independent claims are to be interpreted as examples useful
for understanding various embodiments of the invention.

The present disclosure seeks to provide an apparatus for detecting

fluorescence of a sample obtained from an object, the sample comprising
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one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent
conduit. The present disclosure also seeks to provide a method for
detecting fluorescence of a sample method for detecting fluorescence of
a sample obtained from an object, the sample comprising one or more
fluorophores and representing a disease or condition, and the sample
being transported away from the object in a transparent conduit. The
present disclosure seeks to provide a solution to the existing problems of
detecting fluorescence of a sample comprising one or more fluorophores,
especially of detecting fluorescence of a sample comprising one or more
fluorophores during fluorescence guided surgery. An aim of the present
disclosure is to provide a solution that overcomes and improves at least
partially the problems encountered in prior art.

In one aspect, an embodiment of the present disclosure provides
an apparatus for detecting fluorescence of a sample obtained from an
object, the sample comprising one or more fluorophores and representing
a disease or condition, and the sample being transported away from the
object in a transparent conduit, the apparatus comprising:

- a housing being adapted to surround at least a part of
the transparent conduit, the housing comprising:

- one or more light sources operable to emit light
towards the sample being transported in the transparent con-
duit, and

- one or more light receivers operable to detect flu-
orescence generated by one or more fluorophores comprised
in the sample being transported in the transparent conduit,
- a computing device, the computing device comprising

computing means for:

- receiving a first signal from at least one of the

one or more light receivers, the first signal being proportional
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to the detected fluorescence by the at least one of the one or
more light receivers;

- comparing the first signal to a predefined thresh-
old for the first signal; and

- outputting a first information indicating compari-
son result.

In another aspect, an embodiment of the present disclosure
provides a method for detecting fluorescence of a sample obtained from
an object, the sample comprising one or more fluorophores and
representing a disease or condition, and the sample being transported
away from the object in a transparent conduit, the method comprising:

i) transporting a sample, comprising one or more fluoro-
phores and representing a disease or condition, in a transparent
conduit away from the object;

i) emitting light towards the sample being transported in
the conduit;

iii) detecting fluorescence generated by one or more fluor-
ophores comprised in the sample being transported in the conduit;

iv) generating a first signal being proportional to the de-
tected fluorescence;

V) comparing the first signal to a predefined threshold for
the first signal; and

vi)  outputting a first information indicating comparison re-
sult.

In another aspect, an embodiment of the present disclosure
provides a use of an apparatus as disclosed in the present disclosure in a
method selected from the group consisting of an invasive medical
treatment method, a detection method of a diseased tissue or a diseased
body fluid comprising one or more fluorophores and representing a

disease or condition, a detection method of a tumor and in the diagnosis
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of cancer. Preferably, the diagnosis of cancer is in vitro or ex vivo
diagnosis of cancer.

In another aspect, an embodiment of the present disclosure
provides a kit-of-parts of an apparatus as disclosed in the present
disclosure combined with a transparent conduit.

In another aspect, an embodiment of the present disclosure
provides a method of surgery, a method of treatment of a disease or a
condition, or an in vivo diagnosis of a disease or a condition using an
apparatus as disclosed in the present disclosure.

In another aspect, an embodiment of the present disclosure
provides a method for detecting fluorescence of a sample comprising one
or more fluorophores and representing a disease or condition, using an
apparatus as disclosed in the present disclosure.

In another aspect, an embodiment of the present disclosure
provides an apparatus as disclosed in the present disclosure for carrying
out a method as disclosed in the present disclosure.

Embodiments of the present disclosure substantially eliminate or at
least partially address the aforementioned problems in the prior art of
conventional apparatus and methods of fluorescence detection and
embodiments of the present disclosure enable detecting visually invisible
(to the human eye) low concentration traces of fluorescence.

Additional aspects, advantages, features and objects of the present
disclosure would be made apparent from the drawings and the detailed
description of the illustrative embodiments construed in conjunction with
the appended claims that follow.

It will be appreciated that features of the present disclosure are
susceptible to being combined in various combinations without departing
from the scope of the present disclosure as defined by the appended

claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

The summary above, as well as the following detailed description
of illustrative embodiments, is better understood when read in
conjunction with the appended drawings. For the purpose of illustrating
the present disclosure, exemplary constructions of the disclosure are
shown in the drawings. However, the present disclosure is not limited to
specific methods and apparatuses disclosed herein. Moreover, those
skilled in the art will understand that the drawings are not to scale, if not
indicated otherwise. Wherever possible, like elements have been
indicated by identical numbers.

Embodiments of the present disclosure will now be described, by
way of example only, with reference to the attached drawings, in which:

Figure 1 is a block diagram of an apparatus, in accordance with an
embodiment of the present disclosure;

Figures 2, 3, 4, and 5 are examples of apparatuses, in accordance
with embodiments of the present disclosure;

Figure 6 is an example of the photocurrent I (mA) (indicated with
a black line) as a function of time t (ms) received by a computing device
from at least one light receiver, with a predefined threshold indicated with
a dotted line, in accordance with an embodiment of the present
disclosure; and

Figure 7 illustrates a method for detecting fluorescence of a sample,
in accordance with an embodiment of the present disclosure.

In the accompanying drawings, an underlined number is employed
to represent an item over which the underlined number is positioned or
an item to which the underlined number is adjacent. A non-underlined
number relates to an item identified by a line linking the non-underlined
number to the item. When a number is non-underlined and accompanied
by an associated arrow, the non-underlined number is used to identify a

general item at which the arrow is pointing.
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DETAILED DESCRIPTION OF SOME EMBODIMENTS

The following detailed description illustrates embodiments of the

present disclosure and ways in which they can be implemented. Although

some modes of carrying out the present disclosure have been disclosed,

those skilled in the art would recognize that other embodiments for

carrying out or practising the present disclosure are also possible.

In one aspect, an embodiment of the present disclosure provides

an apparatus for detecting fluorescence of a sample obtained from an

object, the sample comprising one or more fluorophores and representing

a disease or condition, and the sample being transported away from the

object in a transparent conduit, the apparatus comprising:

- a housing being adapted to surround at least a part of

the transparent conduit, the housing comprising:

- one or more light sources operable to emit light
towards the sample being transported in the transparent con-
duit, and

- one or more light receivers operable to detect flu-
orescence generated by one or more fluorophores comprised
in the sample being transported in the transparent conduit,

- a computing device, the computing device comprising

computing means for:

- receiving a first signal from at least one of the
one or more light receivers, the first signal being proportional
to the detected fluorescence by the at least one of the one or
more light receivers;

- comparing the first signal to a predefined thresh-
old for the first signal; and

- outputting a first information indicating compari-

son result.
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Therefore, an apparatus of the present disclosure enables detection
of fluorescence of a sample obtained from an object and being
transported away from the object, particularly enabling near-real time
detection of the sample. The terms “near-real time detection” as used
herein and hereafter refers to the time between obtaining the sample
from the object and the outputting of the first information indicating
comparison result of the comparison of the first signal (the signal being
proportional to the detected fluorescence by the at least one of the one
or more light receivers) to a predefined threshold for the signal. The near-
real time is less than 10 s, preferably less than 5 s, more preferably less
than 2 s, even more preferably less than 1 s, still even more preferably
less than 0.1 s, most preferably less than 0.05 s. An advantage of an
apparatus of the present disclosure for detection of fluorescence of the
sample is near-real time feedback to the user of fluorescence of
fluorophores comprised in the sample obtained from the object. Another
advantage of an apparatus of the present disclosure is detection of
otherwise visually undetectable fluorophores, i.e. the fluorophore
concentrations being too low for visual detection (a clinically relevant
amount of the fluorophore being too low for visual detection) or the
wavelength(s) of the fluorescence of the fluorophores being at a
wavelength not detectable by human eyes. In particular, an apparatus of
the present disclosure enables guidance to a surgeon, during FGS, to
remove less vital or important tissue of the object (human or animal),
since after the surgical cavity of the object has been emitted with light
that excites fluorophores (e.g. blue light when exciting PpIX), in order to
visually detect parts to be removed in the surgical cavity due to the
fluorescence of the generated fluorescence, the surgeon may switch the
wavelength of the light source to white light and remove a sample
comprising one or more fluorophores and representing a disease or
condition. In the case the surgeon removes a sample generating

fluorescence less than a predefined threshold value of fluorescence (e.qg.
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tissue not representing a disease or condition), the surgeon is given
feedback by the apparatus via the outputted information. Subsequently,
the surgeon may stop removing further samples from the surgical cavity
thus saving vital tissue of the patient. Therefore, an apparatus of the
present disclosure enables identifying non-fluorescent areas of the
surgical cavity to minimize damage to healthy tissue. In addition, an
apparatus of the disclosure enables near-real time detection of
fluorescence during surgery and fastens up the operative performance of
the surgeon.

Furthermore, since the apparatus of the present disclosure emits
light that excites one or more fluorophores of the sample being
transported away from the object in the transparent conduit, excitation
light emitted towards the surgical cavity can be reduced, thus reducing
photobleaching of the fluorophores and subsequently increasing the
surgery time.

The benefits and technical effects of using detection based on
fluorescence in the current invention compared to other detection
methods can be summarised as, increased sensitivity, accuracy and
speed of detection. Increased sensitivity means that the detection based
in fluorescence is highly sensitive and can detect even small amounts of
fluorescence in the sample. Increased accuracy again means that the
detection is very specific to detect only samples where the specific
fluorescence is induced. Fluorescence in form of fluorophores is induced
to the sample, such as cancer tissue, before detection. Therefore, it is
only the detectable tissue or sample, which is fluorescent, and the
detection is therefore very specific to the sample or tissue of interest. The
speed of the detection is again of essence since it enables fast reaction
due to changes in the detected fluorescence.

More specifically, the accuracy and speed of the detection of the
current invention enables analyses of flowing tissues, both laminar and

turbulent, and not only aerosols or vapours. The sensitivity of
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fluorescence enables that targeted fluorophores can be detected from
deeper inside a solution. The detection is not affected by the composition
of the sample to be analysed (detected) and the apparatus is also suitable
for analysing samples such as mixtures of liquids, tissues and aerosols.
In addition, all samples, including macroscopic and microscopic,
transported in the transparent conduit are analysed and detected for
fluorescence, not only some specific samples, such as aerosols.

It is relevant to understand, that fluorescence is not a specular
reflection of light, and light is not only a waveform phenoma, but a
particle. Using fluorescence as opposed to specular reflections or
absorbance, and photons as opposed to waveform patterns, enables both
higher sensitivity and flexibility of the current invention, when analysing
the tissues within the conduit. The higher sensitivity is contributed by the
aforementioned insight, that fluorescence is essentially a light source
within the conduit, which can be detected from any unobstructed
direction - as opposed to reflections or absorbance. Furthermore, the
fluorescence causes secondary effects such as heat and vibration, which
may be detected with e.g., waveform detectors. It can be declared, that
combining the information from photon and waveform detectors can lead
to increased sensitivity on specific conditions, and one does not rule out
the other. It is relevant to understand, that in this concept, utilization of
sensors other than those sensitive to photons at specific wavelengths,
such as waveform photoacoustic imaging or Raman spectrometry, can
supplement the analysis by detecting the secondary effects referred to as
the 'fluorescence interference' - especially heat generation and
vibrations. Also, the fluorescence is characterized by its half-time referred
to as 'fluorescence decay', which in addition to the fluorescence peak
wavelength, can be altered by the mixtures features such as
temperature, pH, and subtle tissue components.

An added benefit is, that the components of the mixture can be

altered to increase the sensitivity of the detector according to the
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invention, the alteration can be performed for example by modifying the
tissue irrigation liquid. These subtle features associated to fluorescent
makes it much more flexible in terms of medical applications than those
depending on non-fluorescent light.

In this invention, the differences between fluorescence lifetime can
be detected due to the laminar flow-model and sample flow within the
conduit, as opposed to a stand-alone probe placed on a tissue. Analysing
the samples fluorescent features within the conduit, as opposed to a
probe from one angle, allows much higher sensitivity as the amount of
light excitation and emission can be achieved higher - up to levels that
could be harmful if applied on living tissues. The 360-degrees of freedom
for placement of both the light sources and the detectors on any angle
around the conduit minimizes lights obstruction, for excitation and
emission, to and from the target. In addition, the black box design,
enabled by the postresection design, yields better noise-to-signal ratio as
opposed to probes utilized on non-resected living tissues, that are
contaminated by other light sources.

The invention is based on detection of fluorescence, i.e. fluorescent
emission, fluorescent interference or fluorescent decay, originating from
a targeted tissue where the specific fluorophores have been induced. This
enables very specific and accurate tissue specific detection. In addition,
there is no need for “learning the system”, since the fluorescence is based
on a pre-determined fluorophore, with known fluorescent properties.
There is not a need for any data-base or the like for signals or outputs
for various tissue. Thereby, the detection is not dependent on the tissue
per se, but the pre-determined fluorophore induced to the target tissue.
Since the detection is fluorophore specific compared to tissue specific,
there are no disturbance from the environment or other tissues than the
target tissue. The detection is not disturbed by contaminants,
disturbances, or other tissue as they are not specified as monitored

characteristics. However, even if the detection does not necessary need
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“learning” or comparison to a database, since the fluorophore is pre-
determined, learning based on a database can further enhance the
performance.

The invented apparatus can be integrated to existing surgical ap-
paratus, such as an ultrasonic aspirator or a surgical suction device, with-
out disrupting their conventional use. In addition, the apparatus can be
integrated to surgical systems for monitoring in- and outflow of fluores-
cent probes. Such information can be used for optimizing timing, effec-
tiveness or detection of adverse events related to the fluorescent target
molecules, which may represent a disease or a health condition.

The apparatus does not necessarily need any additional extra
equipment, such as suction tips or specific forceps, or in vivo probes,
substances or solutions etc. for detection. Instead, the apparatus itself
is a stand-alone apparatus that complements surgical workflow.

Since the housing of the apparatus of the present disclosure is
adapted to surround at least a part of the transparent conduit wherein
the sample is being transported away from the object, a drawback of
using conventional, separate, bulky or handheld apparatus for detecting
fluorescence is overcome, in particular during FGS, since the apparatus
may be attached to the conduit. An apparatus of the present disclosure
may be located very close to the object from where the sample is
obtained, e.g. 1-100 cm from the object, or may locate at a distance
further away from the object, e.g. 1-10 m from the object. The distance
between the housing of the apparatus and the object is not limited, as
long as the sample is being transported in the transparent conduit. Where
near-real time detection is required, the distance from the housing to the
object is preferably short enough to enable near-real time feedback to
the user of the apparatus and the housing does not severely negatively
interfere with the users work. Preferably, the housing is surrounding the
transparent conduit 0.01-10 m from the object from which the sample is

obtained, preferably 0.3-10 m from the object, more preferably 0.3-3 m
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from the object, even more preferably 0.3-1 m from the object.
Therefore, an apparatus of the present disclosure is not restricted to only
short distances from the object.

Specifically, the apparatus of the disclosure increases the surgeon’s
ability to identify cancer tissue in a way that reduces the technical limi-
tations currently affecting FGS, with detection based not only on the hu-
man eye, but also on the utilization of spectral analysis, e.g. by compar-
ing detected fluorescence to threshold values or determined values. Stud-
ies throughout have shown that computational machine-based classifica-
tion between healthy and diseased tissue is more sensitive and better
than the subjective performance of the human eye. Optic spectral analy-
sis, with a method of the present disclosure, can exceed the physiological
limitations of the human eye and recognize visually undetectable wave-
lengths (such as ultraviolet, near-infrared, infrared) of light, also.

Therefore, an apparatus of the present disclosure for detecting flu-
orescence of samples, being transported in e.g. surgical suction waste,
has the advantage of improving patient care, slowing down and reducing
tumor recurrence, and increasing patient safety. An apparatus of the pre-
sent disclosure enables fluorescence detection of a sample comprising
one or more fluorophores and representing a disease or a condition (e.g.
a tumor), which is visually undetectable by a human eye. Therefore, re-
duction in postoperative complications adjacent to damage in eloquent
brain areas, and reoperations lead to lower healthcare costs.

The term “fluorescence” as used herein and hereafter refers to the
emission of light by an atom, molecule, nanostructure, fluorophore,
substance, or a sample that has absorbed light or other electromagnetic
radiation. It is to be understood that fluorescence is a form of
luminescence. In fluorescence, in many cases, the emitted light has a
longer wavelength, and therefore lower energy, than the absorbed
radiation. Fluorescence occurs when a molecule, atom, nanostructure,

fluorophore, substance, or sample has absorbed light or other
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electromagnetic radiation and is excited, and subsequently relaxes to a
lower energy state through emission of one or more photons. Fluorescent
atoms, molecules, nanostructures, substances, and samples are
fluorophores. It is to be understood that different fluorescent molecules
(fluorophores) and atoms may be excited with different wavelengths of
light and fluorescent molecules (fluorophores) and atoms may emit light
of different wavelength.

The term “sample” as used herein and hereafter refers to a part or
piece obtained from an object. Examples of samples include, but is not
limited to, tissue such as connective tissue, muscle tissue, nervous tissue,
and epithelial tissue; tumors such as brain tumors such as glioma-type
tumors and diffuse cancer types such as carcinomatosis and
sarcomatosis; body fluids of intracellular and extracellular fluids such as
cerebrospinal fluid, urine, and blood; blood cells, and extracellular
vesicles.

The terms “represent a disease or condition” as used herein and
hereafter refer to a sample obtained from an object and the object has a
disease or a condition, wherein the sample comprising one or more
fluorophores is an indication for the disease or the condition. Therefore,
it is to be understood that if said sample comprises one or more
fluorophores said sample may represent a disease or condition. Examples
of diseases and conditions include, but is not limited to, cancers such as
glioma, non-functional pituitary adenoma, carcinomatosis, sarcomatosis,
benign neoplasm, in situ neoplasm, malignant neoplasm, bacterial
infection such as caused by E. Coli; viral infection, deoxygenation,
leakage of cerebrospinal fluid, contamination of body fluid by a harmful
or toxic compound, and accumulation or systemic clearance of drug. It is
to be understood that fluorescence may be generated by one or more
fluorophores comprised in a sample representing a disease or condition
due to e.g. at least one of the one or more fluorophores originating from

a drug (e.g. indocyanine green, Gliolan i.e. 5-ALA hydrochloride), prodrug
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(e.g. a methyl ester of 5-ALA, dipeptide derivatives of 5-ALA), precursor
or any suitable compound, which may function as a fluorophore, or
autofluorescence of a fluorophore (e.g. NAP(P)H, FAD, flavins, collagen,
vitamins such as vitamin A; and B, Bs, and By, indolamines),
mitochondria, or lysosomes comprised in said sample.

The term “object” as used herein and hereafter refers to a human
or animal. Therefore, “a sample obtained from an object” refers to a
sample obtained from a human or animal by e.g. surgery or invasive
medical treatment.

The term “fluorophore” as used herein and hereafter refers to a
fluorescent molecule, atom, nanostructure, fluorophore, or substance
that can re-emit light upon light excitation, i.e. fluorescence. A
fluorophore may or may not be covalently attached by one or more
chemical bonds to a sample. Examples of fluorophores include, but are
not limited to, PpIX and salts and derivates thereof, indocyanine green
and salts thereof, methylene blue, fluorescein and salts thereof (such as
fluorescein sodium); cyanines (such as Cy5.5, Cy7, Cy7.5), T700, T800,
BLZ-100, GB119, IRDye800CW conjugate, IRDye700DX conjugate,
EC17, LUMO15, AVB-620, folate-fluorescein isothiocyanate (FITC),
OTL38, gGlu-HMRG, green fluorophore conjugates, fluorescently labelled
peptides, fluorophore conjugated antibodies, fluorescent nanoparticles,
activatable fluorescent probes, endogenous fluorophores, NAP(P)H, FAD,
flavins, collagen, vitamins such as vitamin A; and B2, Be, and Beg;
indolamines, mitochondria and lysosomes, and derivatives, isomers and
salts thereof, or combinations thereof. It is to be understood that one or
more fluorophores comprised in a sample may originate from a drug,
prodrug, precursor, or any suitable compound, which may function as a
fluorophore, that may be or may not be converted, e.g. in biosynthesis
or with a reaction, to a fluorophore. Therefore, said drug, prodrug,
precursor or any suitable compound, which may function as a

fluorophore, may be converted to different derivatives of the fluorophore.
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An example of a precursor/drug converted to a fluorophore is the
fluorescence inducing photodynamic substance 5-ALA and salts thereof,
preferably the hydrochloride salt thereof, which is converted in the
human body to fluorescent PpIX and derivatives thereof. A fluorescent
marker or tag may also be a fluorophore.

The terms “sample obtained from an object” in combination with
the terms “being transported away from the object in a transparent con-
duit” as used herein and hereafter refers to a sample obtained from a
human or animal, e.g. by surgery or an invasive medical treatment
method, which may simultaneously with being obtained, or instantane-
ously or immediately after being obtained, be transported away from said
object in a transparent conduit. The term “being transported” as used
herein and hereafter refers to the movement of the sample away from
the object by e.g. negative pressure using e.g. a suction device such as,
but not limited to, an ultrasonic aspirator or a surgical suction device.
Gravity may also cause the sample being transported away from the ob-
ject. Therefore, it is to be understood that an apparatus for detecting
fluorescence of a sample disclosed herein and hereafter may detect fluo-
rescence of a sample while being transported away from the object, i.e.
a moving sample, in a transparent conduit. The terms “transparent con-
duit” as used herein and hereafter refers to a conduit, which allows light
to pass through the material of the conduit. Examples of conduits include,
but is not limited to, a pipe, tube such as a suction tube, surgical suction
tube, medical tube, hygienically sensitive tube; catheter, cannula, suction
tip. The outer diameter of the conduit is not limited as long as the conduit
may be used in surgery to transport the sample away from the object,
e.g. the outer diameter of the conduit may be 1 mm (Fr 3) - 60 mm (Fr
180), preferably 1 mm (Fr 3) - 20 mm (Fr 60), more preferably 1 mm
(Fr 3) = 16 mm (Fr 48), even more preferably 2 mm (Fr 6) - 16 mm (Fr
48), even more preferably the outer diameter of a surgical suction tube

or medical tube of 2.67 mm (Fr 8) - 16 mm (Fr 48). The inner diameter
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of the conduit with said outer diameter may be anything that allows the
sample to be transported in the conduit and allowing the conduit to be
used in methods of medical treatment, e.g. the inner diameter of the
conduit may be 0.75 mm - 15.75 mm. An example of a sample obtained
from an object and being transported away from the object in a trans-
parent conduit is a piece of a tumor removed from a human with an ul-
trasonic cavitation device (an ultrasonic aspirator) and simultaneously
with the removing being moved from the human into a medical tube and
further away from the human.

The term "housing" as used herein and hereafter relates to an
arrangement comprising one or more light sources and one or more light
receivers (detector), arranged in horizontal, vertical or angular position
in said housing, and the housing is being adapted to surround at least a
part of a transparent conduit, wherein the one or more light sources may
be arranged and operable to emit light towards a sample being
transported in the transparent conduit and wherein the one or more light
receivers may be arranged and operable to detect fluorescence generated
by one or more fluorophores comprised in the sample being transported
in the transparent conduit. Optionally, the housing comprises, in addition
to the one or more light sources and one or more light receivers, an at
least partially closed compartment, having a top section, a bottom
section, and openings at opposite longitudinal ends of the housing being
adapted to surround at least a part of the transparent conduit. The
housing may reduce external light from reaching the light receiver and
may reduce the light source and light receiver from becoming dirty. In
addition, the housing adapted to surround the transparent conduit
enables the housing to be detachably fixed to the conduit, thus enabling
the user to fix the housing to the conduit and use one’s hands for
something else, and to remove the housing from the conduit when the
apparatus is not used. The housing may further comprise attaching

means, such as a nail and clip, a vacuum suction cup, a screw, a hook, a
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bolt and nut combination, a bracket, lock, tape, snap lock, hinge, seal,
one or more magnets and so on, for attaching one or more parts that the
housing may be formed of and/or for locking the one or more parts and/or
for attachment externally to the conduit. It is to be understood that the
term “surround” as used herein and hereafter refers to the housing at
least partially surrounding the conduit or fully surrounding the conduit,
preferably the housing fully surrounds the conduit, i.e. encloses the whole
perimeter of the conduit. The terms “at least a part of the transparent
conduit” as used herein and hereafter refers to the housing surrounding
a part of the conduit or the whole conduit, i.e. in respect of the
longitudinal axis of the conduit. Furthermore, it is to be understood that
the housing may be detachably adapted to surround at least a part of the
transparent conduit. Moreover, the housing may be adapted to be
detachably fixed to the conduit, with e.g. seals at opposite longitudinal
ends of the housing or by the housing squeezing against the conduit. In
an embodiment, the housing comprises at least one of the top sections,
the bottom section, openings, at least one bore, a switch, and so forth.
Furthermore, the switch is operable to cause the one or more light
sources of the housing to emit light when in operation or in an ON mode.
The at least one bore allows access into the housing, such as by a power
supply arrangement, operations, data transfer, and the like. In an
example, the housing includes a power supply arrangement, arranged via
the at least one bore, for supplying power to the housing. The power
supply arrangement may supply power using conventional methods,
including, but not limited to, solar power, electrical energy, chemical
energy, batteries, rechargeable batteries, fuel-based energy,
hydropower, and so on. In another example, the housing may include a
power supply arrangement, arranged via at least one power receiver, for
supplying power to the housing. The power receiver may extract
wirelessly power from an electromagnetic field generated by a transmitter

device, driven by electric power from a power source, i.e. power is
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supplied to the housing by means of a wireless power transmission
system. It is to be understood that the computing device may be provided
in the housing or outside the housing.

The term “light source” as used herein and hereafter refers to
device that emits light. The housing may comprise one or more, e.g. one,
two, three or four, or more, light sources. Each light source may emit
same or different wavelength, or ranges of wavelengths, of light.
Specifically, the light source is operable to emit light towards the sample
being transported in the transparent conduit. The light source may emit
light at a predefined range of wavelengths. Examples of light sources
include, but are not limited to, light emitting diode (LED), laser diode,
halogen lamp, incandescent lamp, fluorescent lamp, and LED in
combination with quantum dots, or combinations thereof. In a preferred
embodiment, at least one of the light sources is an LED, but it can be any
other suitable light source, i.e. a light source capable of emitting light at
a required narrow wavelength region and required intensity, such as a
laser diode. In an embodiment, the housing includes a plurality of light
sources, preferably LEDs, for example at least two LEDs, electrically
coupled with a power supply arrangement arranged within the housing.

The term “light receiver” as used herein and hereafter refers to a
light detector that detects light. The one or more light receivers are
operable to detect fluorescence generated by one or more fluorophores
comprised in the sample being transported in the transparent conduit.
Specifically, the light receiver may be operable to detect light at a
predefined wavelength or range of wavelengths. Examples of light
receivers include, but are not limited to, image sensors, such as charge-
coupled device (CCD) sensors (e.g. BT-CCD image sensor, CCD leaner
image sensor) and metal-oxide-semiconductor (MOS) sensors (e.g. MOS
linear image sensor, complementary MOS (CMOS) sensor); photodiodes
such as avalanche photodiode (APD); and phototransistors, or any

combination thereof.
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The term “computing device” as used herein and hereafter refers
to devices, comprising computing means, including, but not limited to, a
mobile station (mobile phone), smartphone, personal digital assistant
(PDA), handset, device using a wireless modem (alarm or measurement
device, etc.), laptop and/or touch screen computer, tablet, game console,
notebook, and multimedia device. It should be appreciated that a com-
puting device may also be a nearly exclusive uplink only device, of which
an example is a laptop loading data (corresponding to one or more signals
received from at least one of the one or more light receivers) to a net-
work. A computing device may also be a device having capability to op-
erate in Internet of Things (IoT) network which is a scenario in which
systems are provided with the ability to transfer data over a network
without requiring human-to-human or human-to-computer interaction.
In addition, or alternatively, a computing device may be a device com-
prising computing means for carrying out at least some of the described
methods as disclosed herein and hereafter. Some example computing
means for carrying out the processes may include at least one of the
following: data acquisition unit, processor (including dual-core and mul-
tiple-core processors), digital signal processor, current-to-voltage con-
verter, analog-to-digital converter, amplifier, opto-isolator, controller,
data receiver, data transmitter, encoder, comparator, decoder, memory,
RAM, ROM, software, firmware, display, user interface, sound means such
as a loud speaker, LED, augmented reality interface, user interface, dis-
play circuitry, user interface circuitry, user interface software, display
software, circuit, antenna, antenna circuitry, and circuitry. It is to be un-
derstood that the computing device may be external to the housing or
may be comprised by the housing, preferably in the housing. Further-
more, it is to be understood that the computing means may also comprise
or may be operatively connected to outputting means via which infor-
mation may be outputted to a user. Examples of outputting means in-

clude, but are not limited to, display, user interface, sound means such
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as a loud speaker, LED, augmented reality interface, user interface, dis-
play circuitry, user interface circuitry, user interface software, display
software, circuit, antenna, antenna circuitry, and circuitry.

The term “information” as used herein and hereafter refers to
sound, text, light, change in pressure, and data for a computing means,
or combinations thereof. Information is outputted by an outputting
means operatively connected to the computing means.

In one preferred embodiment the apparatus is adapted for near-
real time detecting fluorescence of a sample obtained from an object, the
sample comprising one or more fluorophores and representing a disease
or condition, and the sample being transported away from the object in
a transparent conduit.

In one preferred embodiment the one or more light sources and the
one or more light receivers are in the housing. This makes the apparatus
easier to use since one can avoid the use of external light sources and
light receivers making the apparatus more complex while in use. In
addition, the housing protects the one or more light sources and the one
or more receivers from getting dirty.

In one embodiment the computing device further comprises means
for measuring a level of the fluorescent light, and wherein the outputting
indicates the level of the detected fluorescence.

In one preferred embodiment the computing device is connected,
preferably communicably coupled, to the housing. In one preferred
embodiment, the computing device is communicably coupled to at least
one of the one or more light sources and/or one of the one or more of
the light receivers by a wire connection or by a wireless connection. In
one specific embodiment the computing device is communicably coupled
to the one or more of the light receivers comprised in the housing.

In one embodiment the housing comprises:
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- one or more light sources operable to emit light
towards the sample being transported in the transparent con-
duit,

- one or more light receivers operable to detect flu-
orescence generated by one or more fluorophores comprised
in the sample being transported in the transparent conduit,
and

- the computing device, being communicably cou-
pled to at least one of the one or more light sources and/or
one of the one or more of the light receivers, the computing
device comprising computing means for:

- receiving a first signal from at least one of
the one or more light receivers, the first signal being
proportional to the detected fluorescence by the at
least one of the one or more light receivers;

- comparing the first signal to a predefined
threshold for the first signal; and

- outputting a first information indicating
comparison result.

Therefore, it is to be understood that the computing device is
provided in the housing.

In one embodiment, the angle between a longitudinal centre axis
of the at least one of the one or more light sources and a longitudinal
centre axis of the at least one of the one or more light receivers is
selected from 0 - 180 °. In one embodiment, the angle is selected from
15 - 180 °. In one embodiment, the angle is selected from 90 - 180 °,
preferably 90 °. Different angles enable the one or more light sources
and the one or more light receivers to be positioned at different locations
in the housing.

In one embodiment the height of the housing is from about 10 mm

to about 100 mm and the width of the housing is from about 10 mm to
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about 150 mm. In one embodiment the height of the housing is from
about 50 mm to about 70 mm and the width of the housing is from about
80 mm to about 130 mm. It is to be understood that the dimension of
the housing is not limited as long as the housing may be adapted to
surround at least a part of the transparent conduit.

In one preferred embodiment the computing device comprises
means for outputting, in response to the first signal exceeding or being
equal to the predefined threshold, a first information on the first signal;
and outputting, in response to the first signal failing to exceed or be equal
to the predefined threshold, a second information on the first signal.

In one embodiment the housing is adapted to enclose the whole
perimeter of the transparent conduit. This may enable minimum external
light (i.e. light from the surrounding, outside the housing) from reaching
the one or more light receivers thus improving the detection of
fluorescence.

In one embodiment the housing is formed of one or more parts
being attached to each other with attaching means.

In one embodiment the housing is formed of two parts being
attached to each other with attaching means. In one preferred
embodiment the attaching means is/are each independently selected
from the group consisting of nail and clip, vacuum suction cup, screw,
hook, bolt and nut combination, bracket, lock, tape, snap lock, hinge,
seal, and one or more magnets. It is to be understood that the attaching
means is/are for attaching the two or more parts that the housing is
formed of and/or for at least partially enclose the perimeter of the
transparent conduit and/or for attachment externally to the conduit.

In one embodiment, the computing device is connected, preferably
communicably coupled, to at least one of the one or more light sources
and/or one of the one or more of the light receivers. Preferably, the
computing device is communicably coupled to the to at least one of the

one or more light sources and/or one of the one or more of the light
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receivers by a wire connection or by a wireless connection. In one
preferred embodiment the computing device is communicably coupled to
the one or more of the light receivers comprised in the housing.

In one preferred embodiment, the housing comprises:

- one or more light sources operable to emit light
towards the sample being transported in the transparent con-
duit,

- one or more light receivers operable to detect flu-
orescence generated by one or more fluorophores comprised
in the sample being transported in the transparent conduit,
and

- the computing device, being communicably cou-
pled to at least one of the one or more light receivers, the
computing device comprising computing means for:

- receiving a first signal from at least one of
the one or more light receivers, the first signal being
proportional to the detected fluorescence by the at
least one of the one or more light receivers;

- comparing the first signal to a predefined
threshold for the first signal; and

- outputting a first information indicating
comparison result.

Therefore, it is to be understood that the computing device,
comprised in the apparatus, is in the housing comprised by the
apparatus.

In one embodiment, the housing additionally comprises one or
more seals for sealing the housing against the transparent conduit. The
seal may also decrease or prevent external light from entering the
housing.

In one preferred embodiment, the housing comprises seals at

opposite longitudinal ends of the housing for sealing the housing against
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the transparent conduit. The seals may be adjustable seals adapted for
sealing the housing against different sizes of transparent conduits when
the housing surrounds the conduit, e.g. conduits with an outer diameter
of 1 mm (Fr 3) - 20 mm (Fr 60), preferably the outer diameter of a
surgical suction tube or medical tube with an outer diameter of 2.67 mm
(Fr 8) - 16 mm (Fr 48). The housing may comprise e.g. 1, 2, 3, 4, 5, 6,
7, or 8 seals.

In one embodiment the one or more light sources are operable to
emit, independently from each other, light of one or more fluorescence
excitation curve wavelengths of the one or more fluorophores comprised
in the sample. In one preferred embodiment, the one or more light
sources are operable to emit, independently from each other, light of the
peak wavelength of the fluorescence excitation curve, or a range of
wavelengths comprising the peak wavelength of the fluorescence
excitation curve, of the one or more fluorophores comprised in the
sample. In one preferred embodiment, the one or more light sources are
operable to emit, independently from each other, light of one or more
wavelengths each independently selected from the group consisting of
wavelengths from 350 nm to 430 nm, wavelengths from 600 nm to 700
nm and/or wavelengths from 750 nm to 850 nm. In one preferred
embodiment the one or more light sources are operable to emit,
independently from each other, light of the peak wavelength(s) of the
fluorescence excitation curve of a fluorophore selected from the group
consisting of PpIX, indocyanine green, methylene blue, fluorescein, and
salts thereof; cyanines, T700, T800, BLZ-100, GB119, IRDye800CW
conjugate, IRDye700DX conjugate, EC17, LUMOL15, AVB-620, folate-
fluorescein isothiocyanate (FITC), OTL38, gGlu-HMRG, green fluorophore
conjugates, fluorescently labelled peptides, fluorophore conjugated
antibodies, fluorescent nanoparticles, activatable fluorescent probes,
endogenous fluorophores, fluorescent bacteria, fluorescent virus,

NAP(P)H, FAD, flavins, collagen, vitamins such as vitamin A: and B2, Bs,
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and Bo; indolamines, mitochondria and lysosomes, and derivatives,
isomers and salts thereof, or combinations thereof, preferably selected
from PpIX and derivatives thereof, indocyanine green, methylene blue,
fluorescein sodium salt. In one preferred embodiment the one or more
light sources are operable to emit, independently from each other, light
of about 405 nm and/or about 633 nm wavelengths. The housing may
comprise one, two, three, four, or more light sources operable to emit,
independently from each other, light of one or more fluorescence
excitation curve wavelengths of the one or more fluorophores comprised
in the sample.

In one embodiment the one or more light receivers are operable to
detect, independently from each other, fluorescence at one or more
wavelengths of one or more fluorescence emission curves of the one or
more fluorophores comprised in the sample. In a preferred embodiment
the one or more light receivers are operable to detect, independently
from each other, fluorescence of the peak fluorescence emission
wavelength of the one or more fluorophores comprised in the sample. In
a preferred embodiment the one or more light receivers are operable to
detect, independently from each other, fluorescence of one or more
wavelengths each independently selected from the group consisting of
wavelengths from 600 nm to 655 nm, wavelengths from 650 nm to 695
nm, wavelengths from 700 nm to 790 nm and/or wavelengths from 790
nm to 840 nm. In one preferred embodiment the one or more light
receivers are operable to detect, independently from each other,
fluorescence generated from one or more fluorophores selected from the
group consisting of PpIX, indocyanine green, methylene blue, fluorescein,
and salts thereof; cyanines, T700, T800, BLZ-100, GB119, IRDye800CW
conjugate, IRDye700DX conjugate, EC17, LUMOL15, AVB-620, folate-
fluorescein isothiocyanate (FITC), OTL38, gGlu-HMRG, green fluorophore
conjugates, fluorescently labelled peptides, fluorophore conjugated

antibodies, fluorescent nanoparticles, activatable fluorescent probes,
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endogenous fluorophores, fluorescent bacteria, fluorescent virus, NAP(P)H,
FAD, flavins, collagen, vitamins such as vitamin A; and Bz, Bs, and Bo;
indolamines, mitochondria and lysosomes, and derivatives, isomers and
salts thereof, or combinations thereof, preferably selected from PpIX and
derivatives thereof, indocyanine green, methylene blue, fluorescein
sodium salt. The housing may comprise one, two, three, four, or more
light receivers operable to detect, independently from each other,
fluorescence at one or more wavelengths of one or more fluorescence
emission curves of the one or more fluorophores comprised in the sample.
In is to be understood that the fluorescence generated by the one or more
fluorophores may vary depending on factors such as pH and temperature
of the sample.

In one preferred embodiment, the one or more light sources are
operable to emit light of the peak wavelength(s) of the fluorescence
excitation curve of PpIX or derivatives thereof, and the one or more light
receivers are operable to detect fluorescence generated by PpIX or
derivatives thereof. It is to be understood that a sample comprising PpIX
may represent cancer and PpIX comprised in the sample may originate
from 5-ALA,or a prodrug thereof, or another drug administered, e.g.
orally, to the object before obtaining the sample, e.g. 1-24 h before
obtaining the sample.

Additionally, or alternatively, each of the one or more light sources
further comprise one or more emission light filters and/or each of the
light receivers comprise one or more incoming light filters. In a preferred
embodiment each of the one or more emission light filters is
independently selected based on the light source and the one or more
peak wavelengths of the fluorescence excitation curve of the one or more
fluorophores, and each of the one or more incoming light filters is
independently selected based on the light receiver and the one or more

peak fluorescence emission wavelengths of the one or more fluorophores.



10

15

20

25

30

WO 2022/162277 PCT/F12022/050055

29

The term “light filter” as used herein and hereafter refers to a de-
vice that selectively transmits light of different desired wavelengths, im-
plemented e.g. as a glass plane or plastic device in the optical path. The
optical properties of light filters are described by their frequency re-
sponse, which specifies how the magnitude and phase of each frequency
component of an incoming light is modified by the filter. Examples of light
filters include, but are not limited to, absorptive, dichroic, monochro-
matic, infrared-passing, infrared cut-off, bandstop, longpass, band-pass,
shortpass and ultraviolet filters. It is to be understood that a light filter
may be emission and incoming light filters, i.e. emission light filters are
used to alter the wavelength and/or intensity of the light emitted by the
light source, and incoming light filters are used to alter the wavelength
and/or intensity of the light received by the light receiver.

In one embodiment the one or more fluorophores comprised in the
sample are each independently selected from the group consisting of
PpIX, indocyanine green, methylene blue, fluorescein, and salts thereof;
cyanines, T700, T800, BLZ-100, GB119, IRDye800CW conjugate,
IRDye700DX conjugate, EC17, LUMO15, AVB-620, folate-fluorescein
isothiocyanate (FITC), OTL38, gGlu-HMRG, green fluorophore
conjugates, fluorescently labelled peptides, fluorophore conjugated
antibodies, fluorescent nanoparticles, activatable fluorescent probe,
endogenous fluorophore, or combinations thereof.

In one embodiment the at least one of the one or more light sources
is located before the one or more light receivers in respect of the
transport direction of the sample being transported in the transparent
conduit. This arrangement of the at least one of the one or more light
sources and the one or more light receivers enables more effective
excitation of the one or more fluorophores.

Additionally, or alternatively, the housing comprises at least a first
light source and the one or more light receivers comprise at least a first

light receiver and a second light receiver, positioned so that a distance
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from the first light receiver to the first light source is less than the
distance from the second light receiver to said first light source, and
wherein the computing means is further configured to verify a
fluorescence detection of the first light receiver from two or more light
receivers by:

- receiving the first signal from the first light re-
ceiver, the first signal being proportional to the detected flu-
orescence by the first light receiver;

- determining, in response to the receiving the first
signal, a verifying value for the second signal;

- receiving a second signal from the second light
receiver, the second signal being proportional to the detected
fluorescence by the second light receiver;

- comparing the second signal to the verifying
value;

- outputting, in response to the second signal ex-
ceeding or being equal to the verifying value, a first infor-
mation on the second signal; and

- outputting, in response to the second signal fail-
ing to exceed or be equal to the verifying value, a second
information on the second signal.

It is to be understood that different fluorophores may have different
fluorescence induction speeds and fluorescence decays. Due to excitation
light, fluorescence of a fluorophore may be induced after a certain time,
i.e. the fluorescence induction speed. Fluorescence decay refers to the
time the fluorophore emits fluorescence after being excited by excitation
light. When receiving a first signal a computing means may determine
what the value of the second signal should be (verifying value for the
second signal), taking into account one or more of the distances between
the first light source, the first light receiver and the second light receiver,

and the fluorescence induction speed and/or fluorescence decay of the
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fluorophore. If the second signal received by the second light receiver
exceeds or is equal to the verifying value, an outputted first information
of the second signal may be different from an outputted second
information due to the second signal received by the second light receiver
fails to exceed or being equal to the verifying value.

Using at least two light receivers may improve the sensitivity
and/or the specificity of the fluorescence detection.

Additionally, or alternatively, the housing comprises at least a first
light source and the one or more light receivers comprise at least a first
light receiver and a second light receiver, wherein a distance between the
at least a first light receiver and a second light receiver is selected from
one or more distances based on a fluorescence induction speed,
fluorescence decay, and fluorescence intensity, or a combination thereof,
of the sample comprising one or more fluorophores.

It is to be understood that locations of the one or more light sources
and the light receivers may be positioned at different locations of the
housing. Depending on the fluorescence induction speed, fluorescence
decay, and fluorescence intensity of the fluorophore comprised in the
sample, a distance between a first light receiver and a second light
receiver may be chosen. For example, if the fluorescence induction speed
is low (short) and/or the fluorescence decay is long, the distance may be
bigger than if the induction speed is high (long) and/or the fluorescence
decay is short. Furthermore, if the fluorescence intensity is high, the
distance may be bigger, since the fluorescence may be detected for a
longer time. Additionally, or alternatively, a computing means for
calculating a flow speed of the sample being transported in the
transparent conduit may be comprised in the computing device. To
calculate the flow speed, the distance between a first light receiver to a
second light receiver may be divided by the difference in time of a first

signal received from a first light receiver and a second signal received
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from a second light receiver. The calculated flow speed may be used in
the calibration of the apparatus.

In one embodiment the housing is surrounding the transparent
conduit 0.01-10 m from the object from which the sample is obtained,
preferably 0.3-10 m from the object, more preferably 0.3-3 m from the
object, even more preferably 0.3-1 m from the object. It is to be
understood that the distance between the housing of to the object is not
limited, as long as the sample is being transported in the transparent
conduit. This enables the apparatus to be used in e.g. surgery. Where
near-real time detection is required, the distance from the housing to the
object is preferably short enough to enable near-real time feedback to
the user of the apparatus and the housing does not severely negatively
interfere with the users work. The housing may be detachably adapted to
surround at least a part of the transparent conduit. Therefore, an
advantage of the apparatus is that it may be removed from the
transparent conduit if not used and the distance from the housing to the
object may be chosen depending on how much space there is around the
object.

In one embodiment the computing device is provided in the
housing.

In an embodiment, at least one processor, memory, computer
program code and user interface form computing means of the computing
device.

In one embodiment, the housing further comprises an
ON/OFF switch and means for outputting information such as a user
interface, augmented reality interface, sound means, display, LED).
Additionally, the housing may further comprise at least one of LED for
indicating status of the apparatus, successful calibration, positive
detection, and/or battery level and a charging and/or data port.
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In an embodiment, the computing device is communicably cou-
pled to at least one of the one or more light receivers, the computing
device comprising:

- at least one processor; and

- at least one memory including computer program
code, said at least one memory and computer program code
configured to, with said at least one processor, cause per-
forming:

- receiving a first signal from at least one of
the one or more light receivers, the first signal being
proportional to the detected fluorescence by the at
least one of the one or more light receivers;

- comparing the first signal to a predefined
threshold for the first signal; and

- outputting a first information indicating
comparison result.

In another aspect, an embodiment of the present disclosure
provides a method for detecting fluorescence of a sample obtained from
an object, the sample comprising one or more fluorophores and
representing a disease or condition, and the sample being transported
away from the object in a transparent conduit, the method comprising:

i) transporting a sample, comprising one or more fluoro-
phores and representing a disease or condition, in a transparent
conduit away from the object;

i) emitting light towards the sample being transported in
the conduit;

iii)  detecting fluorescence generated by one or more fluor-
ophores comprised in the sample being transported in the conduit.

In one embodiment the method further comprises:

iv) generating a first signal being proportional to the de-

tected fluorescence;
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V) comparing the first signal to a predefined threshold for
the first signal; and

vi)  outputting a first information indicating comparison re-
sult.

In one embodiment the method further comprises, before i) or ii),
preferably before i), adapting a housing to surround at least a part of the
transparent conduit, the housing comprising:

- one or more light sources operable to emit light towards the
sample being transported in the transparent conduit,

- one or more light receivers operable to detect fluorescence
generated by one or more fluorophores comprised in the sample being
transported in the transparent conduit, and optionally

- a computing device comprising computing means for per-
forming steps v) and vi).

Additionally, or alternatively, a method as disclosed in the present
disclosure is a method for near-real time detecting fluorescence of the
sample.

In one embodiment, the sample is transported away from the
object by negative pressure. It is to be understood that negative pressure
is a pressure that is less than the surrounding pressure. A negative
pressure may be achieved with e.g. an ultrasonic aspirator or a surgical
suction device.

In one embodiment the method further comprises a step of
emitting light towards the object before the sample is obtained and being
transported away from the object in the conduit. Preferably, the light
excites one or more fluorophores comprised in the sample.

In one embodiment, the method further comprises a calibration
step, wherein the sample is a calibration composition comprising a
fluorophore of known fluorescence and concentration. Preferably, the

calibration step is before step i).
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Additionally, or alternatively, the method further comprises
verifying a fluorescence detection, the verifying a fluorescence detection
comprises the steps:

- detecting a second fluorescence generated by

5 one or more fluorophores comprised in the sample being
transported in the conduit;

- generating a second signal being proportional to
the detected second fluorescence;

- determining, in response to the generated first

10 signal, a verifying value for the second signal;

- comparing the second signal to the verifying
value;

- outputting, in response to the second signal ex-
ceeding or being equal to the verifying value, a second infor-

15 mation on the second signal; and

- outputting, in response to the second signal fail-
ing to exceed or be equal to the verifying value, a third infor-
mation on the second signal.

Additionally, or alternatively, the method further comprises a step

20 for determination of the flow speed, wherein the sample is a calibration
composition comprising a fluorophore of known fluorescence and
concentration, the determination of the flow speed comprises the steps:

- calculating, in response to generating the first
signal and the second signal, a first time value based on the

25 difference in time between generating the first signal and the
second signal;

- calculating, in response of calculating the first
time value, a flow speed value based on dividing a predefined
distance value with the first time value; and

30 - outputting a fifth information indicating calcula-

tion result of the flow speed value.
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In one embodiment of the present disclosure is provided a method
for detecting fluorescence of a sample obtained from an object, the
sample comprising one or more fluorophores and representing a disease
or condition, and the sample being transported away from the object in
a transparent conduit, the method comprising:

i) removing a sample, preferably a part of a tumor, from
an object, preferably from a human,

i) transporting the sample, comprising one or more fluor-
ophores and representing a disease or condition, in a transparent
conduit away from the object;

iii) emitting light towards the sample being transported in
the conduit;

iv)  detecting fluorescence generated by one or more fluor-
ophores comprised in the sample being transported in the conduit;

V) generating a first signal being proportional to the de-
tected fluorescence;

vi)  comparing the first signal to a predefined threshold for
the first signal; and

vii)  outputting a first information indicating comparison re-
sult.

In another aspect, an embodiment of the present disclosure
provides a use of an apparatus as disclosed in the present disclosure in a
method selected from the group consisting of an invasive medical
treatment method, a detection method of a diseased tissue or a diseased
body fluid comprising one or more fluorophores and representing a
disease or condition, a detection method of a tumor and in the diagnosis
of cancer. Preferably, the diagnosis of cancer is in vitro or ex vivo
diagnosis of cancer.

In another aspect, an embodiment of the present disclosure
provides a kit-of-parts of an apparatus as disclosed in the present

disclosure combined with a transparent conduit. In one embodiment the
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perimeter of the conduit is such that the housing can enclose the whole
perimeter of the conduit. In one embodiment the outer diameter of the
conduit is 1 mm (Fr 3) - 60 mm (Fr 180), preferably 1 mm (Fr 3) - 20
mm (Fr 60), more preferably 1 mm (Fr 3) - 16 mm (Fr 48), even more
preferably 2 mm (Fr 6) - 16 mm (Fr 48), even more preferably the outer
diameter of a surgical suction tube or medical tube of 2.67 mm (Fr 8) -
16 mm (Fr 48). The inner diameter of the conduit with said outer
diameter may be anything that allows the sample to be transported in
the conduit and allowing the conduit to be used in methods of medical
treatment, e.g. the inner diameter of the conduit may be 0.75 mm -
15.75 mm. In one embodiment the kit-of-parts further comprises a leaflet
of information of how to use the apparatus.

In another aspect, an embodiment of the present disclosure
provides a method of surgery, a method of treatment of a disease or a
condition, or an in vivo diagnosis of a disease or a condition using an
apparatus as disclosed in the present disclosure. In one embodiment the
disease is cancer. In one embodiment the method of surgery comprises
surgery of cancer.

In another aspect, an embodiment of the present disclosure
provides a method for detecting fluorescence of a sample comprising one
or more fluorophores and representing a disease or condition, using an
apparatus as disclosed in the present disclosure.

In another aspect, an embodiment of the present disclosure
provides an apparatus as disclosed in the present disclosure for carrying
out a method as disclosed in the present disclosure.

EXPERIMENTAL SECTION

In an exemplary implementation, experiments were conducted in a
microsurgical research and training centre. The experiments describe a
method disclosed in the present disclosure for detecting fluorescence of

samples. The samples comprise PpIX with concentrations representing



10

15

20

25

30

WO 2022/162277 PCT/F12022/050055

38

active gliomas, wherein the samples can be detected by the fluorescence
of PpIX as good or better than persons skilled in the art. Fluorescence of
samples, comprising fluorophores, was detected from a surgical resection
fluid flowing through a suction tube, i.e. samples being transported away
from an object in a transparent conduit.

Homological PpIX samples were prepared according to in vivo PpIX
concentration range in grade IV gliomas documented during resection as
described in Johansson et al. (Johansson, Ann, et al. "5-Aminolevulinic
acid-induced protoporphyrin IX levels in tissue of human malignant brain
tumors." Photochemistry and photobiology 86.6 (2010): 1373-1378), the
PpIX samples representing the disease or condition. The samples were
suctioned (i.e. transported away) with a surgical suction pump system
and fluorescence was detected with an apparatus as disclosed herein.
Placenta tissue debris and fluid simulating blood were suctioned together
with the PpIX samples, also separately in between the PpIX samples, to
simulate surgery during resection of active glioma cells and surrounding
healthy nervous tissues.

Fluorescent PpIX solutions were prepared in a histochemical
laboratory according to Taniguchi et al. (Taniguchi, Hiroki, et al.
"Improving convenience and reliability of 5-ALA-induced fluorescent
imaging for brain tumor surgery." International Conference on Medical
Image Computing and Computer-Assisted Intervention. Springer, Cham,
2015). Normal saline (B. Braun, Melsungen AG, Germany) was heated to
+100 °C, gelatin (#G2500, Sigma-Aldrich Company, St. Louis, MO, USA)
was added and the mixture was allowed to cool to +37 °C. PpIX disodium
salt (#258385, Sigma-Aldrich, 2.02 mg) was dissolved in dimethyl
sulfoxide (DMSO, #D4540, Sigma-Aldrich, 20 ml) to give a PpIX solution.
To achieve PpIX samples with predetermined PpIX concentrations, either
1.33 ml of the PpIX solution or DMSO (1.33 ml) was combined with 34.7
ml of the gelatin-saline-mixture prior to mixing with 4.0 ml of Intralipid

solution 20 % (fat emulsion comprising soya oil (20 %, w/v), egg lecithin,
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glycerol, sodium hydroxide and water; Fresenius Kabi AB, Uppsala,
Sweden). The formed gelatinous PpIX samples were solidified and stored
at a constant temperature (+4 °C). PpIX samples were prepared
according to equation (1), in which D = concentration of PpIX as free acid
in the PpIX sample (mol/l), C~ 3.0 x 10°® mol/l, kK = 0 or 2.00:

D =kC (1)

The PpIX samples were imputed to two concentration groups; the
first concentration group comprising three 2C PpIX samples and the sec-
ond concentration group comprising eight control samples (D = 0C) ac-
cording to visual detection by human (in brackets), as determined by
expert surgeons:

1. OC PpIX (control samples, no PpIX, no fluorescence)

2. 2C PpIX +++ (true positive samples; ca. 6.0 x 106 mol/l PpIX,
fluorescence representative of active grade IV glioma cells and visible to

expert eye)

3D printed testing platforms containing hexagon shaped slots (di-
ameter 1 cm) and matching lids, to protect the samples from light expo-
sure, were manufactured with Zmorph 2.0 SX -3D printer and from pol-
ylactid acid (PLA). The platforms were designed with Autodesk Fusion 360
(v.2.0.6037) and made to ensure that the suction of the samples could
be performed swiftly as in glioma surgery. Therefore, the slots represent

the object of the present disclosure, from which the sample is obtained.

A surgical suction pump (Medela Dominant Flex) was set at availa-
ble constant maximum vacuum of -80 kPa equivalent to the flow rate of
50 I/min. Suction handle (Mediplast 6066500400BP) (diameter 4.0 mm,
length 80 mm) made from stainless steel, equipped with a round hub,
was applied to transparent, sterile, PVC suction tube (CH25, diameter
5.8/8.3 mm, length 3.5 m). The other end of the tube was connected to

a 1 litre suction waste container. Identical suction tubes and suction
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waste containers are used in the operating theatre environment. For the
samples to resemble the size and composition of extracted tumor tissue,
they were suctioned via the metal suction handle. The apparatus for de-
tecting fluorescence was surrounding the PVC suction tube at the length
of 1/3 of the PCV suction tube from the suction handle, i.e. about 1.17 m
from the suction handle and about 1.25 m from the tip of the suction
handle (i.e. about 1.25 from the object).

Blood simulating fluid was prepared by adding red dye (Dr Oetker
Red colouring) to water in a ratio of 1:20 (e.g. 5 ml red dye and 100 ml
water). To add noise to the fluorescence detection and to verify the reli-
ability of the method, bits of biological tissue debris was added amongst
the PpIX samples prior to suction. The analysis took place in a room de-
signed for surgical and spectral experiments, enabling the elimination of
background lighting.

Narrow band LED (M405L2 UV (405 nm), Mounted LED, 1000 maA,
410 mW (Min), Thorlabs) was used as fluorescence excitation light source
to emit light towards the sample being transported in the conduit. Hama-
matsu PMA-11 spectrometer (Model C7473-36, light receiver, connected
to a computer (computing device)) was used to detect fluorescence gen-
erated by fluorophore comprised in the sample being transported in the
conduit. The light source and light receiver located perpendicularly to the
conduit, i.e. the angle between a longitudinal centre axis of the light
source and a longitudinal centre axis of the light receiver was about 90
°, The excitation light source induced fluorescence of the PpIX samples
comprised in the surgical drainage fluid and fluorescence was detected
near-real time with the spectrometer. Experiments were performed using
excitation and emission narrow band-pass filters. The blue light from the
excitation light source was filtered using Semrock 414/46 -Brightline sin-
gle-band filter to eliminate other than the desired excitation light. Sem-
rock 632/22 -Brightline single-band filter (incoming light filter) was at-
tached to the spectrometer to filter out background lighting.
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The detection and analysis were conducted using the same suction
rate (50 I/min) and exposure time (80 ms) of the spectrometer for both
the 2C and OC PpIX samples in three different test-run variations: in slots
were placed i) PpIX sample (2C or 0C) + water, ii) PpIX sample (2C or
0C) + blood simulating fluid, or iii) PpIX sample (2C or 0C) + blood sim-
ulating fluid + placenta tissue debris. Every second slot was filled with
control fluid (water) that was used to clean the detection site and to im-
itate physiological saline which is also suctioned during glioma surgery.
The spectrometer was set to conduct 100 fluorescence detection meas-
urements which, with the exposure time of 80 ms, took 8 seconds. The
exposure time corresponds to the amount of time that the detector is
exposed to light.

All three test-run variations were performed using the two PpIX
sample concentrations (2C and 0C) and without PpIX samples, represent-
ing background noise. Before the test-run variations, the 2C and 0C PpIX
samples were cut to cube-shaped bits of lengths 2-4 mm. Similarly,
pieces of placenta tissue were cut to cube-shaped pieces of lengths 2-4
mm. During the i) first test-runs; three bits of 2C PpIX samples were
placed with 1 ml water to three slots, and three bits of OC PpIX samples
were placed with 1 ml water to three slots, i.e. totally six slots comprising
three bits of either 2C or OC PpIX samples in each slot. In the ii) second
test-runs; three equally prepared bits as in the first run were placed with
1 ml blood simulating fluid to three slots. For the iii) third test-runs, three
equally prepared bits as in the first test-run were placed to three slots
together with 1 mL blood simulating fluid and three pieces of placenta
tissue per slot, to test whether random suctioned leftover tissue affects
the fluorescence detection and spectrometer analysis. This resulted in
total 9 bits of both 2C and OC for each test-run variation analysis.

The background noise was determined using the identical suction

rate and exposure time as with the sample measurements and in total
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three test-run variations were conducted without including PpIX samples.
The background noise was recorded as the number of photon counts rec-

orded by spectrometer.

During the fluorescence detection of the PpIX samples, PpIX sam-
ples were considered to be detected if fluorescence at 630 nm exceeded
a predefined threshold. In the method, the predefined threshold was de-
termined to the average background noise level plus 40 % of the back-
ground noise level. The average background noise level was equal to 560
photon counts (per 80 ms) and therefore, the predefined threshold was
784 photon counts. The photon counts correspond to the photocurrent
(signal) received from the light receiver of the spectrometer by the com-
puting means of the computing device.

For each test-run variation the number of fluorescence signal peaks
whose photo count (photocurrent, proportional to the fluorescence de-
tected by the light receiver) exceeded the predefined threshold was
counted, corresponding to the number of detected PpIX samples. In ad-
dition, the average of the photon counts (of light of 630 nm wavelength)
at the signal peaks (i.e. the average of the maximum photocurrents) of
each fluorescence signal peak whose photo count exceeded the prede-
fined threshold was calculated. Therefore, the signal proportional to the
detected fluorescence was generated and compared to the predefined
threshold. Table 1 illustrates the averaged fluorescence intensity values
and the number of detected fluorescence intensity peaks for each con-

ducted test-run variation.
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Number of | Averaged pho-
Sample
Test-run variations ! | detected ton count per
group
peaks 2 peak 3
1) water 6 1992
2C 2) blood simulating fluid 7 2864
3) blood simulating fluid +
placenta 5 2450
4) water 0 -
oc 5) blood simulating fluid 1 812
6) blood simulating fluid +
placenta 0 -

Table 1. Summary of measurement results. ! Test-run variations 1-
3 comprised each nine 2C PpIX samples and test-run variations 4-6 com-
prised each nine OC PpIX samples (2C ~ 6.0 uM, 0C = no PpIX), placenta
= placenta tissue debris. 2 The number of fluorescence signal peaks
whose photo count exceeded the predefined threshold. 3 The calculated
averaged photon count at the signal peaks of each fluorescence signal
peak whose photo count exceeded the predefined threshold (at 630 nm)
with exposure time of 80 ms. Predefined threshold for positive detected
peaks was set at 784 photon counts (background noise x 1.4).

The experiments demonstrated that fluorescence of 2C PpIX sam-
ples, the samples simulating grade IV glioma cells, was reliably detected
as the observed photon counts (fluorescence) exceeded the photo counts
of the control samples and the predefined threshold 3-4 times i.e. infor-
mation indicating comparison result was outputted. Fluorescence and the
2C samples were detected even when blood simulating fluid (red dye +
water) and/or other biological samples (placenta tissue debris), repre-

senting random surgical suction debris, was present. In total 18 out of
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the 27 2C PpIX samples were detected separately and 9 were not; there-

fore at least 66 % of the maximum number of 2C PpIX samples were

detected in overall. Some of the non-detected 2C PpIX samples may have

been detected among the detected ones, since the samples were of var-

5 ious size (2-4 mm) and the light detector may have detected fluorescence

of several samples at the same time. One false positive count for the 0C

was detected, however, the photo count exceeded the predefined thresh-

old level only by 28 photon counts. As the photon count of all of the

detected 2C PpIX samples were significantly higher than the photon count

10 of the OC samples and the background noise, the false positive count

could be safely excluded by increasing the predefined threshold to e.g.
813 photon counts.

Near-real time detection of fluorophore comprised in the sample

being transported in the transparent conduit was achieved in circa 0.04

15 seconds and calculated according to equation (2), in which Q = flow rate

(m3/s), V1 = suction handle volume (m3), V> = cylinder volume (m3), A

= suction handle area (m?), A2 = cylinder area (m?), d1 = suction handle

length (m), d> = cylinder length (m), r = suction handle radius (m) and

r> = cylinder radius (m):

20
0= VitVe _ Anda+Axdy _ ar?dy + my?ds o= ri?dy +192dy) 2)
t t t Q
. 10-3m\ > L 4n=3..02
,,((W) .80+ 10-%m + (W) .%.3,5,71)
t = IS = 0.0381972 s ~ 38.2ms
60s
25 The viability of a method disclosed in the present disclosure was

demonstrated successfully; fluorescence at one or more wavelengths of
one or more fluorescence emission curves of the one or more fluoro-

phores comprised in a sample were detected according to the method,
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wherein the sample was comprised in a fast-flowing fluid being trans-
ported in a transparent conduit, in a novel manner that has not been
previously described. The results of the fluorescence detection method
was outputted with information that e.g. indicated if photon counts (pho-
tocurrent being proportional to the detected fluorescence) exceeded,
were equal or failed to exceed or be equal compared to a predefined
threshold, in near real-time. The results demonstrated that a method of
the present disclosure can be used in clinical practice. In respect to the
sensitivity to detect clinically relevant concentrations of PpIX; the method
also enabled outputting information of the exact fluorescence intensity
(photon counts of signal peaks) which an expert is not capable of.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 shows a block diagram of an apparatus 100 for detecting
fluorescence of a sample obtained from an object, the sample comprising
one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent
conduit, in accordance with an embodiment of the present disclosure. The
apparatus 100 comprises a housing 101, a computing device 180, one
or more light sources 110 and one or more light receivers 120. The
computing device 180 may be connected to at least one of the one or
more light receivers comprised in the housing 101. The connection may
be realized by a wire connection or by a wireless connection. In one
embodiment, the computing device 180 may be connected to the housing
101. The computing device 180 may be provided in the housing 101 or
outside the housing 101.

Figure 2 shows an embodiment of an apparatus 100 for detecting
fluorescence of a sample obtained from an object, the sample comprising
one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent

conduit, in accordance with an embodiment of the present disclosure. The
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apparatus 100 comprises a housing 101 comprising one or more light
sources (not shown) and one or more light receivers (not shown), and a
computing device (the computing device is not shown). The housing 101
may be adapted to surround at least a part of a transparent conduit 131,
or the housing 101 may be adapted to surround fully the transparent
conduit 131. The housing 101 may enclose a part or the whole perimeter
of a transparent conduit 131, which may be attached to a suction unit
attaching means 141 for a suction unit, and the transparent conduit 131
may be attached a tube connector 161, which may be attached to a
suction tip 151. The suction unit may be operable to produce a negative
pressure for removing and/or transporting the sample from an object (the
suction unit and object are not shown). The one or more light sources
and the one or more light receivers comprised in the housing 101 are not
shown. The computing device (not shown) may be connected to at least
one of the one or more light receivers comprised in the housing 101. The
connection may be realized by a wire connection 190 or by a wireless
connection.

Figure 3 shows an embodiment of an apparatus 100 for detecting
fluorescence of a sample obtained from an object, the sample comprising
one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent
conduit, in accordance with an embodiment of the present disclosure. The
apparatus 100 comprises a housing 101 and a computing device (the
computing device is not shown). The housing 101 may comprise one or
more light sources 110 and one or more light receivers 120. The
computing device (not shown) may be connected to the housing 101.
The connection may be realized by a wire connection 190 or by a wireless
connection to at least one of the one or more light receivers 120. The
computing device 180 may be provided in the housing 101 or outside
the housing 101. The figure shows a cross-section of a transparent

conduit 131. The housing 101 may be adapted to surround at least a
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part of the conduit 131. The housing 101 may enclose the whole
perimeter of the transparent conduit 131. Light 191 may be emitted by
the light source 110 towards samples 118, 119 obtained from an object
and being transported away from the object (not shown). Samples 118
may comprise one or more fluorophores and representing a disease or
condition. Samples 119 may not be fluorescent or may not comprise one
or more fluorophores. An emission light filter 115 may be used in
connection with the light source 110 in order to filter the emitted light.
The wavelength(s) of the emitted light by the one or more light sources
and the wavelength(s) of the filtered light by the emission light filter 115
may be different. The emitted light and the filtered light by the emission
light filter 115 are indicated in Figure 3 with the dashed arrow 191. The
one or more light sources 110 may be operable to emit light 191 towards
the conduit 131 and the samples 118, 119 in the conduit 131 while the
samples 118, 119 are being transported in the conduit 131. Excited
fluorophores comprised in a sample 118 may emit fluorescence 192. The
fluorescence 192 may be detected by the light receiver 120. The
wavelength(s) of the emitted light 191 and the fluorescence 192 may be
different. An incoming light filter 125 may be used in connection with the
light receiver 120 in order to filter wavelengths of the emitted
fluorescence 192. The wavelength(s) of the emitted fluorescence by the
sample 118 and the wavelength(s) of the filtered fluorescence by the
incoming light filter 125 may be different. The fluorescence and the
filtered fluorescence are indicated in Figure 3 with the arrow 192. The
direction of the transportation (i.e. the flow direction) of the samples 118
and 119 from the object (not shown) in the transparent conduit 131 is
indicated by a bold arrow 132. As shown in Figure 3, at least one of the
one or more light sources 110 may be located before the one or more
light receivers 120 in respect of the transport direction of the sample

being transported in the transparent conduit 131.
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Figure 4 shows an embodiment of an apparatus 100 for detecting
fluorescence of a sample obtained from an object, the sample comprising
one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent
conduit, in accordance with an embodiment of the present disclosure. The
apparatus 100 comprises a housing 101 and a computing device 180,
wherein the computing device 180 may be provided in the housing 101
or outside the housing 101. The housing 101 further comprises one or
more light sources 110 and one or more light receivers 120, 121 in the
housing 101. The computing device 180 may be communicably coupled
to at least one of the one or more of the light receivers 120, 121 and/or
to at least one of the one or more light sources 110. The coupling may
be realized by a wire connection or by a wireless connection (not shown).
The one or more light sources 110 may further comprise an emission
light filter 115 and each of the one or more light receivers 120, 121 may
further comprise an incoming light filter 125. The housing 101 may be
formed of one or more parts. The housing 101 may comprise attaching
means 103, 104a, 104b, 105a, 105b for attaching the one or more
parts that the housing 101 may be formed of (e.g. with a hinge as
attaching means 103) and/or for locking the one or more parts (e.g. with
magnets as attaching means 104a, 104b, 105a, 105b) and/or for
attachment externally to the conduit (not shown). It is to be understood
that the housing 101 may be detachably adapted to surround at least a
part of the transparent conduit and may enclose the whole perimeter of
the transparent conduit (not shown). Therefore, the housing 101 may be
in an “open position”, in a “closed position”, or in a position between the
“opened position” and the “closet position”. In a “closed position”, the
housing 101 may enclose the whole perimeter of the transparent conduit
and the attaching means 104a, 104b, 105a, 105b may be arranged to
lock the one or more parts to a “closed position”. Further, the housing

101 may comprise openings 106a-d at opposite longitudinal ends of the
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housing. The housing 101 may comprise one or more seals 107a-d for
sealing the housing 101 against the transparent conduit (not shown).
The seals may be adjustable seals. Further, the housing 101 may
comprise a power supply arrangement 108. The power supply
arrangement may comprise one or more components 108a-h and each
component 108a-h may be the same or different and connected
(electrically coupled) to the one or more light sources 110, the one or
more light receivers 120, 121 and/or the computing device 180
(connection not shown). Furthermore, the housing 101 may comprise
one or more indication marks 109a-f for indicating an installation
orientation of the housing 101 around the conduit. The one or more
indication marks 109a-f may show the transport direction of the sample
being transported away from the object in the conduit (sample, object,
and conduit are not shown). At least one of the one or more light sources
110 may be located before the one or more light receivers 120, 121 in
respect of the transport direction of the sample being transported in the
transparent conduit.

Figure 5 shows an embodiment of an apparatus 100 for detecting
fluorescence of a sample obtained from an object, the sample comprising
one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent
conduit, in accordance with an embodiment of the present disclosure. The
apparatus 100 comprises a computing device (not shown) and a housing
(not shown), which may be adapted to surround at least a part of the
transparent conduit 131. The housing comprises one or more light
sources 110 and one or more light receivers 120. The computing device
(not shown) may be communicably coupled to at least one of the one or
more of the light receivers 120. A sample 118 comprising one or more
fluorophores and representing a disease or condition and a sample 119
not being fluorescent, or not comprising one or more fluorophores, are

shown. Furthermore, the figure shows a cross-section of a transparent
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conduit 131, which the housing 101 is being adapted to surround at least
a part of. An angle 134 between a longitudinal centre axis 133 of the at
least one of the one or more light sources 110 and a longitudinal centre
axis 135 of the at least one of the one or more light receivers 120, may
be in the range of 0 - 180 °. In one embodiment, the angle 134 may be
in the range of 15 - 180 °. In one embodiment, the angle may be in the
range of 90 — 180 ©°, preferably 90 °.

Figure 6 shows an example of the photocurrent I (mA)
(corresponding to one or more signals, indicated with a black line) as a
function of time t (ms) received by a computing device 180 from at least
one of one or more light receivers 120. A predefined threshold Al of the
photocurrent (signal) is indicated with a dotted line. Fluorescence 192
generated by a one or more fluorophores comprised in a sample 118 may
be detected by one or more light receivers 120. The computing device
180, which may be communicably coupled to the at least one light
receiver 120, may receive a signal from the light receiver 120. The signal
may correspond to the photocurrent I and may be proportional to the
detected fluorescence by the at least one light receiver 120. The
computing device 180 may compare the signal (photocurrent) to the
predefined threshold Al for the signal (photocurrent). Also shown are
two signal peaks P1 (with photocurrent I1 at time t1) and P2 (with
photocurrent I2 at time t2) corresponding to maximum photocurrents.
The two signal peaks P1,P2 may be proportional to the maximum
fluorescence generated by one or more fluorophores comprised in two
samples 118a and 118b detected by at least one of the one or more
light receivers 120, wherein the samples 118a-b were obtained from an
object and transported away from the object in a transparent conduit
131. The two fluorescent samples 118a-b passed by the at least one of
the one or more light receivers 120 at two different points in time (t1
and t2). P1 may correspond to the maximum fluorescence generated by

the first sample 118a, which passed by the at least one of the one or
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more light receivers 120 at time t1 and P2 may correspond to the
maximum fluorescence generated by the second sample 118b, which
passed by the at least one of the one or more light receivers 120 at time
t2. Both signal peaks (photocurrents) P1 and P2 may exceed the
predefined threshold Al1. The figure also shows a photocurrent (signal)
B1 (with photocurrent I3 at time t3) received by the computing device
180 from the at least one of the one or more light receivers 120. The
photocurrent (signal) B1 may be proportional to a detected fluorescence
generated by one or more fluorophores comprised in a third sample 118c¢
by the at least one of the one or more light receivers 120. B1 may fail to
exceed or be equal to the predefined threshold A1. The computing device
180 may output information indicating comparison result of e.g. the
signals (photocurrents) P1, P2 and/or B1.

Figure 7 shows an embodiment of a method for detecting
fluorescence of a sample obtained from an object, the sample comprising
one or more fluorophores and representing a disease or condition, and
the sample being transported away from the object in a transparent
conduit. The method illustrated in the Figure may be carried out by an
apparatus comprising a housing being adapted to surround at least a part
of a transparent conduit, and a computing device, in accordance with an
embodiment of the present disclosure. The sample comprising one or
more fluorophores and representing a disease or condition may be
obtained from an object. The sample comprising one or more
fluorophores is being transported in block 501 away from the object in a
transparent conduit. Specifically, the transportation may be achieved by
negative pressure using a surgical suction device, an ultrasonic aspirator,
or the like. The same suction device, an ultrasonic aspirator, or the like,
or a different device may be used to remove the sample from the object.
In block 510, the sample being transported away from the object in the
transparent conduit may be emitted by light by one or more light sources.

In block 520, fluorescence generated by one or more fluorophores
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comprised in the sample being transported in the conduit may be
detected by one or more light receivers. In block 530, a first signal,
corresponding to a photocurrent I (mA) and being proportional to the
detected fluorescence, may be generated. The generated first signal may
be received by a computing means, comprised in a computing device,
which may be connected to the fluorescence assembly, from at least one
of the one or more light receivers. The generated first signal in block 530
may be compared in block 540 to a predefined threshold for the first
signal. In block 550, a first information indicating the comparison result
may be outputted. The outputting of the first information may be
performed via a user interface of the computing device, such as via a
sound means, a display, a LED, haptic feedback such as tremble, or
combinations thereof. The first information may be outputted as one or
more detection sounds, comprising different volumes, tones, and/or
durations, or combinations thereof, or as one or more detection lights,
comprising different colours, brightness’s, and/or durations, or
combinations thereof, or as a combination of one or more detection
sounds and one or more detection lights. If the comparison result of the
comparison in block 540 is that the first signal exceeds or is equal to the
predefined threshold, the outputted first information in block 550 may
be different from the outputted information if the comparison result of
the comparison in block 540 is that the first signal fails to exceed or be
equal to the predefined threshold.

Additionally, or alternatively, block 540 may comprise a first and a
second predefined threshold for the first signal. If the comparison result
of the comparison in block 540 is that the first signal both exceeds the
first predefined threshold and exceeds or is equal to the second
predefined threshold, the outputted information in block 550 may be
different from the outputted information in block 550 if the comparison
result of the comparison in block 540 is that the first signal fails to exceed

or be equal to at least one of the first and second predefined threshold.
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Modifications to embodiments of the present disclosure described
in the foregoing are possible without departing from the scope of the
present disclosure as defined by the accompanying claims. Expressions
such as “including”, “comprising”, “incorporating”, “have”, “is” used to
describe and claim the present disclosure are intended to be construed in
a non-exclusive manner, namely allowing for items, components or
elements not explicitly described also to be present. Reference to the

singular is also to be construed to relate to the plural.



54

CLAIMS

1. An apparatus (100) for near-real time detection of fluorescence
of a sample, characterised by the sample comprising one or more fluor-
ophores and representing a disease or condition, the sample being a part
or piece removed from a human or animal by surgery during fluorescence
guided surgery, the part or piece including tissue, tumors, diffuse cancer
types, and intracellular and extracellular body fluids, , and the sample
being transported away from the human or animal during fluorescence
guided surgery in a transparent conduit (131) by a pressure less than the
surrounding pressure, the apparatus comprising:

- a housing (101) being adapted to surround at least a
part of the transparent conduit (131), the housing (101) compris-
ing:

- one or more light sources (110) operable to emit
light towards the sample being transported in the transparent
conduit (131), and

- one or more light receivers (120) operable to detect
fluorescence generated by one or more fluorophores
comprised in the sample being transported in the transparent
conduit (131),

- the one or more light sources (110) and one or
more light receivers (120) being arranged in horizontal, ver-
tical, or angular position in said housing (101),

- wherein the housing (101) comprises at least a
first light source (110) and the one or more light receivers
(120) comprise at least a first light receiver (120) and a sec-
ond light receiver (120), wherein a distance between the at
least a first light receiver (120) and a second light receiver

(120) is selected from one or more distances based on a flu-
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orescence induction speed, fluorescence decay, and fluores-

cence intensity, or a combination thereof, of the sample com-

prising one or more fluorophores,

- a computing device (180), the computing device (180)
comprising computing means for:

- receiving a first signal from at least one of the
one or more light receivers (120), the first signal being pro-
portional to the detected fluorescence by the at least one of
the one or more light receivers (120);

- comparing the first signal to a predefined thresh-
old for the first signal; and

- outputting a first information indicating
comparison result, the apparatus providing near-real time
detection of fluorescence of the sample during fluorescence
guided surgery.

2. The apparatus (100) according to claim 1, wherein the housing
(101) is adapted to enclose the whole perimeter of the transparent
conduit (131).

3. The apparatus (100) according to claim 1 or 2, wherein the
housing (101) is formed of two parts being attached to each other with
attaching means.

4. The apparatus (100) according to any one of the preceding
claims, wherein the housing (101) comprises seals at opposite longitudi-
nal ends of the housing (101) for sealing the housing against the trans-
parent conduit (131).

5. The apparatus (100) according to any one of the preceding
claims, wherein the one or more light sources (110) are operable to emit,
independently from each other, light of one or more fluorescence
excitation curve wavelengths of the one or more fluorophores comprised

in the sample.
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6. The apparatus (100) according to any one of the preceding
claims, wherein the one or more light receivers (120) are operable to
detect, independently from each other, fluorescence at one or more
wavelengths of one or more fluorescence emission curves of the one or
more fluorophores comprised in the sample.

7. The apparatus (100) according to any one of the preceding
claims, wherein each of the one or more light sources (110) further
comprise one or more emission light filters (115) and/or each of the light
receivers (120) comprise one or more incoming light filters (125).

8. The apparatus (100) according to any one of the preceding
claims, wherein the one or more fluorophores comprised in the sample
are each independently selected from the group consisting of PpIX,
indocyanine green, methylene blue, fluorescein, and salts thereof;
cyanines, T700, T800, BLZ-100, GB119, IRDye800CW conjugate,
IRDye700DX conjugate, EC17, LUMO15, AVB-620, folate-fluorescein
isothiocyanate (FITC), OTL38, gGlu-HMRG, green fluorophore
conjugates, fluorescently labelled peptides, fluorophore conjugated
antibodies, fluorescent nanoparticles, activatable fluorescent probe,
endogenous fluorophore, or combinations thereof.

9. The apparatus (100) according to any one of the preceding
claims, wherein at least one of the one or more light sources is located
before the one or more light receivers in respect of the transport direction
of the sample being transported in the transparent conduit.

10. The apparatus according to any one of the preceding claims,
wherein the housing (101) comprises at least a first light source (110)
and the one or more light receivers (120) comprise at least a first light
receiver (120) and a second light receiver (120), positioned so that a
distance from the first light receiver (120) to the first light source (110)
is less than the distance from the second light receiver to said first light

source (110), and wherein the computing means is further configured to
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verify a fluorescence detection of the first light receiver (120) from two
or more light receivers (120) by:

- receiving the first signal from the first light re-
ceiver (120), the first signal being proportional to the de-
tected fluorescence by the first light receiver (120);

- determining, in response to the receiving the first
signal, a verifying value for the second signal;

- receiving a second signal from the second light
receiver (120), the second signal being proportional to the
detected fluorescence by the second light receiver (120);

- comparing the second signal to the verifying
value;

- outputting, in response to the second signal ex-
ceeding or being equal to the verifying value, a first infor-
mation on the second signal; and

- outputting, in response to the second signal fail-
ing to exceed or be equal to the verifying value, a second
information on the second signal.

11. The apparatus (100) according to any one of the preceding
claims, wherein the computing device (180) is provided in the housing
(101).

12. A kit-of-parts of an apparatus for detecting fluorescence of a
sample obtained from a human or animal by surgery during fluores-
cence guided surgery and comprising one or more fluorophores and
representing a disease or health condition according to any of claims 1
to 10 combined with a transparent conduit (131) of an ultrasonic aspi-

rator or a surgical suction device.



