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Description

FIELD OF INVENTION

[0001] The invention provides systems and methods
for recording simultaneously visible light image and in-
frared (IR) light image from fluorophores.

BACKGROUND OF THE INVENTION

[0002] In recent years, there has been an interest in
the use of infrared (IR) dyes for detection of tagged tissue
such as tumors and vessels during surgical removal of
tumors in a clinical setting. Infrared dyes are considered
superior tagging dyes for marking tissue due to their high-
er penetration depths, lack of auto-fluorescence in that
region of spectrum that can add noise to the imaging,
and also lack of absorption from hemoglobin (i.e., blood)
and water in that region of the spectrum which can reduce
the fluorescence signal. To utilize these dyes in, for ex-
ample, the clinical operating room environment requires
an IR sensitive imaging system, which is capable of ac-
quiring high resolution images in the normal white light
visible spectrum, while simultaneously acquiring and
overlaying the infrared signal on top of normal visible
spectrum images in order to provide a contrast to a sur-
geon while operating.
[0003] However, due to the general absence of appli-
cations of fluorescent tumor ligands in surgical oncology,
currently there are no imaging systems available com-
mercially that are optimized for near infrared (NIR) fluo-
rescence based resection of tumors. The clinical systems
that do exist were primarily designed to detect unbound
intravascular indocyanine green (ICG), an FDA approved
NIR fluorescent dye. ICG is typically intravenously ad-
ministered in high doses, and imaging is performed 30-60
minutes after injection. The intravascular fluorescent
load achieved with this approach is high, and approved
clinical imaging devices have adequate sensitivity for
these applications. Examples of such systems include a
fluorescent module incorporated into operating micro-
scopes (OPMI Pentero Infrared 800, Carl Zeiss) as well
at the SPY® and Pinpoint® systems (Novadaq), and the
FluoBeam® 800 (Fluoptics) hand-held unit.
[0004] These systems have adequate sensitivity for in-
travascular imaging, but are not practical for use in, for
example, targeted tumor-specific NIR fluorescence. For
example, Fluobeam is hand held device with no overlay
of white light images but is not designed for practical use
as a surgical tool that requires HD quality images in white
light, maneuverability, magnification, illumination, and
automated co-registration of NIR images. One of the rea-
sons for such low sensitivity is due to less fluorescent
photons captured by the imaging system, as such sys-
tems may principally use one (NIR only) or two (NIR and
visible) cameras with a long pass filter. In a simultaneous
visible and NIR capture imaging systems, one camera
captures the image in the visible spectrum and second

camera captures the fluorescent image. This is achieved
by splitting the incident light from the field into two chan-
nels using a beam-splitter. One beam transmits the NIR
fluorescent light to one of the cameras while the other
beam of visible light passes through the beam splitter
into the second camera. As the fluorescent excitation and
emission of NIR dyes such as ICG have a very narrow
stokes shift, the long pass filter causes a significant loss
of fluorescent light (Figure 1), and subsequent detection
sensitivity. Fluorescence imaging of tumors requires a
targeting moiety to attain high specificity, and enable re-
liable differentiation between cancer tissue and sur-
rounding normal tissues. To achieve this, doses are kept
low and the time between drug administration and imag-
ing is quite long (12-48 hours in most cases) to permit
uptake of the probe by the tumor and for the washout of
unbound material from normal tissues. This results in
markedly less fluorescent signal, making currently mar-
keted systems inadequate for detection. Additionally,
these systems can be cumbersome to use in the clinical
setting, due to the fact that there are two camera attach-
ments, and require a complete change in the existing
setup. This inadequacy of the existing systems drives
the need for device innovation to take advantage of the
specificity of these novel imaging agents.
[0005] Accordingly, there is a need for highly sensitive
systems and methods that can record simultaneously vis-
ible light image and infrared light image from fluorescent
dye. The invention described herein meets the unmet
need by providing systems and methods for recording
simultaneously visible light image and infrared light im-
age from fluorophores.

SUMMARY OF THE INVENTION

[0006] The system and method of the invention are
defined in the appended claims. Various embodiments
of the present invention provide an imaging system for
imaging a sample comprising an infrared or near-infrared
fluorophore either alone or attached to a targeting moiety
such as a peptide, protein, nanoparticle, nanoconjugate,
antibody, and nucleic acid (e.g., DNA and RNA strands)
or to any other such biologically specific targeting entity.
The imaging system comprises: an image sensor, a la-
ser, a laser clean-up filter, a notch filter, and a white light
source. The image sensor detects visible light and infra-
red light and generates sensor signals. The laser emits
an excitation light for the infrared fluorophore. The laser
clean-up filter is placed in the light path from the laser to
the sample, and narrows the wavelength band of the ex-
citation light to the peak absorption band of the infrared
or near-infrared fluorophore. The narrowed excitation
light excites the infrared or near-infrared fluorophore at
the peak absorption in the sample to emit an emission
light. The notch filter is placed in the light path from the
sample to the image sensor, and blocks the excitation
light. The white light source emits a light comprising vis-
ible light. In various embodiments, the image sensor is
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without a NIR long pass filter. In various embodiments,
the imaging system further comprises a fast trigger unit.
[0007] Various embodiments of the present invention
provide an imaging system for imaging a sample com-
prising an infrared or near-infrared fluorophore. The sys-
tem comprises: an image sensor, a laser, a notch beam
splitter, a notch filter, and a synchronization module. The
image sensor detects visible light and infrared light and
generates sensor signals. The laser emits an excitation
light for the infrared or near-infrared fluorophore and al-
ternates between on and off statuses. The notch beam
splitter is placed in the light path from the laser to the
sample and in the light path from the sample to the image
sensor. The excitation light is reflected by the notch beam
splitter to the sample; the excitation light excites the in-
frared or near-infrared fluorophore in the sample to emit
an emission light; and the emission light is transmitted
through the notch beam splitter to the image sensor. The
notch filter is placed in the light path from the sample to
the image sensor, and the notch filter blocks the excita-
tion light. The synchronization (trigger) module synchro-
nizes the image sensor with the laser and visible light,
whereby a single sensor signal is synchronized to a single
on or off status of the laser.
[0008] Also provided is a method of imaging a sample.
The method comprises the steps of: providing a sample,
providing an imaging system described herein, and im-
aging the sample with said imaging system.
[0009] While various embodiments of the present in-
vention are described in the context of imaging, diagnos-
ing, and/or treating tumors, it should not be construed
that the present invention is limited to such applications.
In fact, the present invention may find utility in any and
all detection and diagnosis of a tissue difference, i.e.,
normal vs. abnormal, due to any and all reasons including
but not limited to tumor, injury, trauma, ischemia, infec-
tion, inflammation, or auto-inflammation. The present in-
vention provides imaging systems and systems for a wide
range of applications, including but not limited to, imag-
ing, diagnosing and/or treating tumor tissues, injured tis-
sues, ischemic tissues, infected tissue, and inflammatory
tissues. In any situation where a tissue of interest (e.g.,
a cancerous, injured, ischemic, infected, or inflammatory
tissue) is different from the surrounding tissue (e.g.,
healthy tissues) due to physiological or pathological
causes, an infrared or near-infrared fluorophore may be
used to differentially label the tissue of interest and the
surrounding tissue, and those areas may be imaged with
the imaging systems and methods of the present inven-
tion to provide visual guidance for appropriate diagnosis
and treatment. Therefore, the imaging systems and
methods may be used to image, diagnose, and/or treat
subjects with various conditions including but not limited
to tumors, cancers, traumatic brain injury, spinal cord in-
jury, stroke, cerebral hemorrhage, brain ischemia,
ischemic heart diseases, ischemic reperfusion injury,
cardiovascular diseases, heart valve stenosis, infectious
diseases, microbial infections, viral infection, bacterial in-

fection, fungal infection, and autoimmune diseases. The
imaging systems of the present invention may also be
used to image normal tissues in a healthy subject, for
example, to identify vasculatures.

BRIEF DESCRIPTION OF FIGURES

[0010]

Figure 1 depicts, in accordance with various embod-
iments of the present invention, the possible loss of
fluorescent light when using of long pass filter for a
two camera solution.

Figure 2 depicts, in accordance with various embod-
iments of the present invention, the typical sensitivity
of the color sensors.

Figure 3 depicts, in accordance with various embod-
iments of the present invention, the color filter array
over the image sensor.

Figure 4 depicts, in accordance with various embod-
iments of the present invention, an exemplar system
for simultaneously recording visible light image and
infrared light image from fluorescent dye. The sys-
tem comprises a laser 01 with a wavelength of 785
nm, a notch beam splitter @ 785 nm 02, a notch filter
@ 785nm 03, a CCD camera without IR filter 04, and
trigger or synchronization unit 05. The laser can al-
ternate between the on and off statues at a frequen-
cies about half the speed of a CCD camera (for ex-
ample 60 Hz). The CCD camera captures image
frames at a frequency of 120 Hz. The synchroniza-
tion unit synchronizes the CCD image sensor with
the laser to ensure that a single image frame corre-
sponds to a single on or off status of the laser. The
tissue is tagged with an IR (or NIR) fluorophore. A
visible light source 06 illuminates the sample of in-
terest. The wavelength of 785 nm is a non-limiting
example, and other wavelengths can also be used
with this system.

Figure 5 depicts, in accordance with various embod-
iments of the present invention, an exemplar method
for simultaneously recording visible light image and
infrared light image from fluorescent dye. When the
laser is off, the charge coupled device (CCD) camera
captures Frame 1, in which Red- Green Blue (RGB)
pixel sensors detect visible light but no fluorescence
in near infrared range (NIR). When the laser is on,
the CCD camera captures Frame 2, in which RGB
pixel sensors detect both visible light and additional
fluorescence in NIR. The difference of subtracting
Frame 1 from Frame 2 represents the additional flu-
orescence in NIR. This calculated frame of the ad-
ditional fluorescence can be given a false color and
added back to Frame 1, thereby generating a com-
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posite image frame of visible light and infrared light
to be displayed to a surgeon. The process can be
continuously repeated to show and record a real-
time video during surgery.

Figure 6 depicts, in accordance with various embod-
iments of the present invention, a non-limiting exam-
ple of clinical prototype. A) Design and optical spec-
ifications. A laser 01 emits an excitation light for an
infrared or near-infrared fluorophore. The excitation
light travels into the camera and is reflected by a fold
mirror 08 to a laser clean-up filter 07. Through the
laser clean-up filter 07, the excitation light is nar-
rowed to the excitation wavelength of the infrared or
near-infrared fluorophore. The narrowed excitation
light is reflected by a notch beam splitter 02, is re-
flected by another fold mirror 08, passes through a
variety of optical components (for example, a colli-
mating lens 09 and a diffuser 10), and exits a window
11 of the camera toward a sample. The narrowed
excitation light excites the infrared or near-infrared
fluorophore in the sample to emit an emission light.
The emission light travels into the camera through
another window 11, is reflected by a folder mirror 08
to a notch filter 03, and passes the notch filter 03 and
a variety of optical components (for example, a VIS-
NIR lens 12). Through the notch filter 03, any exci-
tation light reflected from the sample is blocked. The
emission light reaches an image sensor (for exam-
ple, a Basler camera) that detects the emission light
and generates a sensor signal. The emission light
generated sensor signal is transferred from the cam-
era via a data link to an image processing unit for
generating an infrared image frame. A white light
source 06 emits a visible light. The visible light travels
into the camera, passes a notch beam splitter 02, is
reflected by a fold mirror 08, passes through a variety
of optical components (for example, a collimating
lens 09 and a diffuser 10), and exits a window 11 of
the camera toward the sample. The sample is illu-
minated by the visible light. The visible light travels
back into the camera through another window 11, is
reflected by another folder mirror 08 to a notch filter
03, and passes the notch filter 03 and a variety of
optical components (for example, a VIS-NIR lens
12). The visible light reaches an image sensor (for
example, a Basler camera) that detects the visible
light and generates a sensor signal. The visible light
generated sensor signal is transferred from the cam-
era to an image processing unit for generating a vis-
ible image frame. B) Field of illumination for the cus-
tom integrated lens and camera solution. In one non-
limiting example, the unit may measure 7.75" x 3.74"
x 2.06" and may weight approximately 3.8 lbs allow-
ing it to be attached to commercial endoscope hold-
ers. In one non-limiting example, with a focal dis-
tance of about 45 cm, it may sit far outside the sur-
gical field and allow instruments and specimen to be

easily passed under it during surgical excision. The
camera output is connected to an image processing
computer and then fed to HD video monitor for dis-
play. C) A scheme of the imaging system. An exci-
tation light for an infrared or near-infrared fluoro-
phore is emitted from a laser, and through the first
light-conducting channel, is cleaned up by a laser
clean-up filter and reaches a sample labeled with the
infrared or near-infrared fluorophore to excite the in-
frared or near-infrared fluorophore. An emission light
is emitted from the excited infrared or near-infrared
fluorophore in the sample, and through the third light-
conducting channel, passes through a notch filter
and reaches an image sensor. A visible light is emit-
ted from a white light source, and through the second
light-conducting channel, reaches and illuminates
the sample. The visible from the illuminated sample,
through the fourth light-conducting channel, reaches
the image sensor. The first, second, third and fourth
channels may include various optical components
including but not limited to optical fibers, optical fil-
ters, optical enhancers, optical attenuators, beam
splitters, condensers, diffusers, windows, holes, mir-
rors, shutters, and lens. They may overlap partially
or completely; they may be separate channels or
combined into one, two, or three channels; and they
may include a device such as endoscope and micro-
scope or a portion of the device. The image sensor
detects the emission light to generate an infrared
light-based sensor signal and detects the visible light
to generate a visible light-based sensor signal. The
image sensor is connected to an image processing
unit and transfers the sensor signals to the image
processing unit. The image processing unit process-
es the sensor signals to generate a composite image
frame of infrared light and visible light and transfers
the composite image frame to an image displaying
unit, which displays a composite image of infrared
light and visible light. The imaging system continu-
ously provides a stream of composite images as a
real-time video, for example, to assist a surgeon with
removing a tumor.

Figure 7 depicts, in accordance with various embod-
iments of the present invention, a non-limiting exam-
ple of filter configuration. The use of very narrow
band laser light to excite ICG at the peak absorption
wavelength of 785 nm aided by use of a clean-up
filter allows for maximum excitation efficiency. In
conjunction a notch filter in front of the camera is
able to remove the excitation light from the image
thus capturing only the fluorescence emission from
the target. This configuration allows for imaging flu-
orescence with maximum efficiency with high SNR.

Figure 8 depicts, in accordance with various embod-
iments of the present invention, a non-limiting exam-
ple of timing details of frame capture. This figure
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shows the timing details of 10 captured frames which
are processed to produce a single displayed frame.
The camera captures frames at 300 frames per sec-
ond, while the video display displays 30 frames per
second. Each captured frame is synchronized with
the white light and NIR laser turning "ON" and "OFF".
The visible or natural light frame is captured when
the laser is "off’ (no fluorescence) and only white light
is "ON". When both light sources are "OFF" then
SIRIS captures the stray light (background). This
background is subtracted from the fluorescence
frame when only the laser in "ON" and the white light
is "OFF". Dividing this frame capture into groups of
5 frames each reduces the ghosting effect during
camera movement.

Figure 9 depicts, in accordance with various embod-
iments of the present invention, a non-limiting exam-
ple of a device or a computer system comprising one
or more processors and a memory storing one or
more programs for execution by the one or more
processors.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Unless defined otherwise, technical and scien-
tific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs. Allen et al., Remington: The
Science and Practice of Pharmacy 22nd ed., Pharma-
ceutical Press (September 15, 2012); Hornyak et al., In-
troduction to Nanoscience and Nanotechnology, CRC
Press (2008); Singleton and Sainsbury, Dictionary of
Microbiology and Molecular Biology 3rd ed., revised ed.,
J. Wiley & Sons (New York, NY 2006); Smith, March’s
Advanced Organic Chemistry Reactions, Mechanisms
and Structure 7th ed., J. Wiley & Sons (New York, NY
2013); Singleton, Dictionary of DNA and Genome Tech-
nology 3rd ed., Wiley-Blackwell (November 28, 2012);
and Green and Sambrook, Molecular Cloning: A Labo-
ratory Manual 4th ed., Cold Spring Harbor Laboratory
Press (Cold Spring Harbor, NY 2012), provide one skilled
in the art with a general guide to many of the terms used
in the present application. For references on how to pre-
pare antibodies, see Greenfield, Antibodies A Laboratory
Manual 2nd ed., Cold Spring Harbor Press (Cold Spring
Harbor NY, 2013); Kohler and Milstein, Derivation of spe-
cific antibody-producing tissue culture and tumor lines
by cell fusion, Eur. J. Immunol. 1976 Jul, 6(7):511-9;
Queen and Selick, Humanized immunoglobulins, U. S.
Patent No. 5,585,089 (1996 Dec); and Riechmann et al.,
Reshaping human antibodies for therapy, Nature 1988
Mar 24, 332(6162):323-7.
[0012] One skilled in the art will recognize many meth-
ods and materials similar or equivalent to those described
herein, which could be used in the practice of the present
invention. Other features and advantages of the invention
will become apparent from the following detailed descrip-

tion, taken in conjunction with the accompanying draw-
ings, which illustrate, by way of example, various features
of embodiments of the invention. Indeed, the present in-
vention is in no way limited to the methods and materials
described. For convenience, certain terms employed
herein, in the specification, examples and appended
claims are collected here.
[0013] Unless stated otherwise, or implicit from con-
text, the following terms and phrases include the mean-
ings provided below. Unless explicitly stated otherwise,
or apparent from context, the terms and phrases below
do not exclude the meaning that the term or phrase has
acquired in the art to which it pertains. The definitions
are provided to aid in describing particular embodiments,
and are not intended to limit the claimed invention, be-
cause the scope of the invention is limited only by the
claims. Unless otherwise defined, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs.
[0014] As used herein the term "comprising" or "com-
prises" is used in reference to compositions, methods,
and respective component(s) thereof, that are useful to
an embodiment, yet open to the inclusion of unspecified
elements, whether useful or not. It will be understood by
those within the art that, in general, terms used herein
are generally intended as "open" terms (e.g., the term
"including" should be interpreted as "including but not
limited to," the term "having" should be interpreted as
"having at least," the term "includes" should be interpret-
ed as "includes but is not limited to," etc.).
[0015] Unless stated otherwise, the terms "a" and "an"
and "the" and similar references used in the context of
describing a particular embodiment of the application (es-
pecially in the context of claims) can be construed to cov-
er both the singular and the plural. The recitation of rang-
es of values herein is merely intended to serve as a short-
hand method of referring individually to each separate
value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated into the
specification as if it were individually recited herein. All
methods described herein can be performed in any suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (for example, "such
as") provided with respect to certain embodiments herein
is intended merely to better illuminate the application and
does not pose a limitation on the scope of the application
otherwise claimed. The abbreviation, "e.g." is derived
from the Latin exempli gratia, and is used herein to indi-
cate a non-limiting example. Thus, the abbreviation "e.g."
is synonymous with the term "for example." No language
in the specification should be construed as indicating any
non-claimed element essential to the practice of the ap-
plication.
[0016] As used herein, the terms "treat," "treatment,"
"treating," or "amelioration" when used in reference to a
disease, disorder or medical condition, refer to both ther-
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apeutic treatment and prophylactic or preventative meas-
ures, wherein the object is to prevent, reverse, alleviate,
ameliorate, inhibit, lessen, slow down or stop the pro-
gression or severity of a symptom or condition. The term
"treating" includes reducing or alleviating at least one ad-
verse effect or symptom of a condition. Treatment is gen-
erally "effective" if one or more symptoms or clinical mark-
ers are reduced. Alternatively, treatment is "effective" if
the progression of a disease, disorder or medical condi-
tion is reduced or halted. That is, "treatment" includes
not just the improvement of symptoms or markers, but
also a cessation or at least slowing of progress or wors-
ening of symptoms that would be expected in the ab-
sence of treatment. Also, "treatment" may mean to pur-
sue or obtain beneficial results, or lower the chances of
the individual developing the condition even if the treat-
ment is ultimately unsuccessful. Those in need of treat-
ment include those already with the condition as well as
those prone to have the condition or those in whom the
condition is to be prevented.
[0017] "Beneficial results" or "desired results" may in-
clude, but are in no way limited to, lessening or alleviating
the severity of the disease condition, preventing the dis-
ease condition from worsening, curing the disease con-
dition, preventing the disease condition from developing,
lowering the chances of a patient developing the disease
condition, decreasing morbidity and mortality, and pro-
longing a patient’s life or life expectancy. As non-limiting
examples, "beneficial results" or "desired results" may
be alleviation of one or more symptom(s), diminishment
of extent of the deficit, stabilized (i.e., not worsening)
state of tumor, delay or slowing of tumor growth, and
amelioration or palliation of symptoms associated with
tumor.
[0018] "Conditions" and "disease conditions," as used
herein may include, but are in no way limited to any form
of malignant neoplastic cell proliferative disorders or dis-
eases (e.g., tumor and cancer). In accordance with the
present invention, "conditions" and "disease conditions,"
as used herein include but are not limited to any and all
conditions involving a tissue difference, i.e., normal vs.
abnormal, due to any and all reasons including but not
limited to tumor, injury, trauma, ischemia, infection, in-
flammation, or auto-inflammation. Still in accordance
with the present invention, "conditions" and "disease con-
ditions," as used herein include but are not limited to any
situation where a tissue of interest (e.g., a cancerous,
injured, ischemic, infected, or inflammatory tissue) is dif-
ferent from the surrounding tissue (e.g., healthy tissues)
due to physiological or pathological causes. Examples
of "conditions" and "disease conditions" include but are
not limited to tumors, cancers, traumatic brain injury, spi-
nal cord injury, stroke, cerebral hemorrhage, brain
ischemia, ischemic heart diseases, ischemic reperfusion
injury, cardiovascular diseases, heart valve stenosis, in-
fectious diseases, microbial infections, viral infection,
bacterial infection, fungal infection, and autoimmune dis-
eases.

[0019] A "cancer" or "tumor" as used herein refers to
an uncontrolled growth of cells which interferes with the
normal functioning of the bodily organs and systems,
and/or all neoplastic cell growth and proliferation, wheth-
er malignant or benign, and all pre-cancerous and can-
cerous cells and tissues. A subject that has a cancer or
a tumor is a subject having objectively measurable can-
cer cells present in the subject’s body. Included in this
definition are benign and malignant cancers, as well as
dormant tumors or micrometastasis. Cancers which mi-
grate from their original location and seed vital organs
can eventually lead to the death of the subject through
the functional deterioration of the affected organs. As
used herein, the term "invasive" refers to the ability to
infiltrate and destroy surrounding tissue. Melanoma is an
invasive form of skin tumor. As used herein, the term
"carcinoma" refers to a cancer arising from epithelial
cells. Examples of cancer include, but are not limited to,
nervous system tumor, brain tumor, nerve sheath tumor,
breast cancer, colon cancer, carcinoma, lung cancer,
hepatocellular cancer, gastric cancer, pancreatic cancer,
cervical cancer, ovarian cancer, liver cancer, bladder
cancer, cancer of the urinary tract, thyroid cancer, renal
cancer, renal cell carcinoma, carcinoma, melanoma,
head and neck cancer, brain cancer, and prostate can-
cer, including but not limited to androgen-dependent
prostate cancer and androgen-independent prostate
cancer. Examples of brain tumor include, but are not lim-
ited to, benign brain tumor, malignant brain tumor, pri-
mary brain tumor, secondary brain tumor, metastatic
brain tumor, glioma, glioblastoma multiforme (GBM),
medulloblastoma, ependymoma, astrocytoma, pilocytic
astrocytoma, oligodendroglioma, brainstem glioma, op-
tic nerve glioma, mixed glioma such as oligoastrocytoma,
low-grade glioma, high-grade glioma, supratentorial gli-
oma, infratentorial glioma, pontine glioma, meningioma,
pituitary adenoma, and nerve sheath tumor. Nervous
system tumor or nervous system neoplasm refers to any
tumor affecting the nervous system. A nervous system
tumor can be a tumor in the central nervous system
(CNS), in the peripheral nervous system (PNS), or in both
CNS and PNS. Examples of nervous system tumor in-
clude but are not limited to brain tumor, nerve sheath
tumor, and optic nerve glioma.
[0020] As used herein, the term "administering," refers
to the placement an agent as disclosed herein into a sub-
ject by a method or route which results in at least partial
localization of the agents at a desired site. "Route of ad-
ministration" may refer to any administration pathway
known in the art, including but not limited to aerosol, na-
sal, oral, transmucosal, transdermal, parenteral, enteral,
topical or local. "Parenteral" refers to a route of adminis-
tration that is generally associated with injection, includ-
ing intraorbital, infusion, intraarterial, intracapsular, int-
racardiac, intradermal, intramuscular, intraperitoneal, in-
trapulmonary, intraspinal, intrasternal, intrathecal, intra-
uterine, intravenous, subarachnoid, subcapsular, subcu-
taneous, transmucosal, or transtracheal. Via the
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parenteral route, the compositions may be in the form of
solutions or suspensions for infusion or for injection, or
as lyophilized powders. Via the enteral route, the phar-
maceutical compositions can be in the form of tablets,
gel capsules, sugar-coated tablets, syrups, suspensions,
solutions, powders, granules, emulsions, microspheres
or nanospheres or lipid vesicles or polymer vesicles al-
lowing controlled release.
[0021] The term "sample" or "biological sample" as
used herein denotes a portion of a biological organism.
The sample can be a cell, tissue, organ, or body part. A
sample can still be integral of the biological organism.
For example, when a surgeon is trying to remove a breast
tumor from a patient, the sample refers to the breast tis-
sue labeled with infrared dye and imaged with the imag-
ing system described herein. In this situation, the sample
is still part of the patient’s body before being removed. A
sample can be taken or isolated from the biological or-
ganism, e.g., a tumor sample removed from a subject.
Exemplary biological samples include, but are not limited
to, a biofluid sample; serum; plasma; urine; saliva; a tu-
mor sample; a tumor biopsy and/or tissue sample etc.
The term also includes a mixture of the above-mentioned
samples. The term "sample" also includes untreated or
pretreated (or pre-processed) biological samples. In
some embodiments, a sample can comprise one or more
cells from the subject. In some embodiments, a sample
can be a tumor cell sample, e.g. the sample can comprise
cancerous cells, cells from a tumor, and/or a tumor biop-
sy.
[0022] As used herein, a "subject" means a human or
animal. Usually the animal is a vertebrate such as a pri-
mate, rodent, domestic animal or game animal. Primates
include chimpanzees, cynomologous monkeys, spider
monkeys, and macaques, e.g., Rhesus. Rodents include
mice, rats, woodchucks, ferrets, rabbits and hamsters.
Domestic and game animals include cows, horses, pigs,
deer, bison, buffalo, feline species, e.g., domestic cat,
and canine species, e.g., dog, fox, wolf. The terms, "pa-
tient", "individual" and "subject" are used interchangea-
bly herein. In an embodiment, the subject is mammal.
The mammal can be a human, non-human primate,
mouse, rat, dog, cat, horse, or cow, but are not limited
to these examples. In addition, the methods described
herein can be used to treat domesticated animals and/or
pets.
[0023] "Mammal" as used herein refers to any member
of the class Mammalia, including, without limitation, hu-
mans and nonhuman primates such as chimpanzees and
other apes and monkey species; farm animals such as
cattle, sheep, pigs, goats and horses; domestic mam-
mals such as dogs and cats; laboratory animals including
rodents such as mice, rats and guinea pigs, and the like.
The term does not denote a particular age or sex. Thus,
adult and newborn subjects, as well as fetuses, whether
male or female, are intended to be included within the
scope of this term.
[0024] A subject can be one who has been previously

diagnosed with or identified as suffering from or having
a condition in need of treatment (e.g., tumor) or one or
more complications related to the condition, and option-
ally, have already undergone treatment for the condition
or the one or more complications related to the condition.
Alternatively, a subject can also be one who has not been
previously diagnosed as having a condition or one or
more complications related to the condition. For example,
a subject can be one who exhibits one or more risk factors
for a condition or one or more complications related to
the condition or a subject who does not exhibit risk fac-
tors. A "subject in need" of treatment for a particular con-
dition can be a subject suspected of having that condition,
diagnosed as having that condition, already treated or
being treated for that condition, not treated for that con-
dition, or at risk of developing that condition.
[0025] The term "statistically significant" or "significant-
ly" refers to statistical evidence that there is a difference.
It is defined as the probability of making a decision to
reject the null hypothesis when the null hypothesis is ac-
tually true. The decision is often made using the p-value.
[0026] In accordance with the invention, "channel"
means a channel that conducts light from one place to
another. A "channel" can be an optical fiber, an optical
filter, an optical enhancer, an optical attenuator, a beam
splitter, a condenser, a diffuser, a collimating lens, a win-
dow, a hole, a mirror, a shutter, a lens or a set of lens,
or a device including but not limited to endoscope and
microscope, or their various combinations.
[0027] In accordance with the invention, various infra-
red or near-infrared fluorophores may be used. Examples
of these fluorophores include but are not limited to various
infrared or near-infrared fluorescent dyes and quantum
dots. They are either alone or attached to a targeting
moiety such as a peptide, protein, nanoparticle, nano-
conjugate, antibody, and nucleic acid (e.g., DNA and
RNA strands) or to any other such biologically specific
targeting entity. Near-infrared wavelength is a portion of
infrared wavelength and is closest to the radiation de-
tectable by the human eye; and mid- and far-infrared are
progressively further from the visible spectrum. As such,
near-infrared fluorophores are a subset of infrared fluor-
ophores.
[0028] Unless otherwise defined herein, scientific and
technical terms used in connection with the present ap-
plication shall have the meanings that are commonly un-
derstood by those of ordinary skill in the art to which this
disclosure belongs. It should be understood that this in-
vention is not limited to the particular methodology, pro-
tocols, and reagents, etc., described herein and as such
can vary. The terminology used herein is for the purpose
of describing particular embodiments only, and is not in-
tended to limit the scope of the present invention, which
is defined solely by the claims.
[0029] In various embodiments, the present invention
provides an imaging system for imaging a sample. In
accordance with the invention, the sample comprises an
infrared or near-infrared fluorophore. The imaging sys-
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tem comprises: an image sensor, a laser, a laser clean-
up filter, a notch filter, and a white light source. The image
sensor detects visible light and infrared light and to gen-
erate sensor signals. The laser emits an excitation light
for the infrared or near-infrared fluorophore. The laser
clean-up filter is placed in the light path from the laser to
the sample, and narrows the wavelength band of the ex-
citation light to the peak absorption band of the infrared
or near-infrared fluorophore. The narrowed excitation
light excites the infrared or near-infrared fluorophore in
the sample to emit an emission light. The notch filter is
placed in the light path from the sample to the image
sensor, and blocks the excitation light. The white light
source emits a light comprising visible light. In accord-
ance with the invention, visible light can have a spectrum
of 400-700 nm. In various embodiments, the imaging sys-
tem further comprises a fast trigger unit.
[0030] In some embodiments, there is an infrared filter
in the light path from the white light source to the sample.
In various embodiments, the intensity of the laser is con-
trolled to ensure uniform excitation on the same area
illuminated by visible light. Although lasers by definition
are monochromatic, which mean they do not have a
broad band range, in practice most lasers will have a
small amount of emission in the adjacent color bands. In
various embodiments, the laser is a narrow band laser
including but not limited to a laser having a wavelength
range that spans no more than 5, 10, 15, or 20 nm. As a
non-limiting example, the laser can emit light having
about 775-795 nm wavelength with a peak at about 785
nm (Figure 7).
[0031] In various embodiments, the blocking range of
the notch filter is broader than the transmitting range of
the laser clean-up filter. In various embodiments, the
blocking range of the notch filter is about 5-10 nm, 10-15
nm, or 15-20 nm broader than the transmitting range of
the laser clean-up filter. In various embodiments, the
blocking range of the notch filter is about 5-10%, 10-15%,
15-20%, 20-25%, 25-30%, 30-40%, 40-50%, 50-100%
or 100-200% broader than the transmitting range of the
laser clean-up filter. As a non-limiting example, the trans-
mitting range of the laser clean-up filter can be about
775-795 nm and the blocking range of the notch filter can
be about 770-800 nm, 765-805 nm, or 760-810 nm.
[0032] In various embodiments, the excitation light
comprises light having a wavelength of about 785 nm. In
various embodiments, the laser clean-up filter selectively
transmits light having a wavelength of about 785 nm. In
various embodiments, the notch filter selectively blocks
light having a wavelength of about 785 nm.
[0033] In various embodiments, the imaging system
further comprises a notch beam splitter in the light path
from the laser to the sample, whereby the excitation light
is reflected by the notch beam splitter to the sample. In
various embodiments, the imaging system further com-
prises a notch beam splitter in the light path from the
white light source to the sample, whereby the visible light
is transmitted to the sample. The notch beam splitter in

the light path from the laser to the sample and the notch
beam splitter in the light path from the white light source
to the sample can be one single notch beam splitter or
two separate notch beam splitters. In one embodiment,
the notch beam splitter can split light at a wavelength of
about 700, 725 or 750 nm. In another embodiment, the
notch beam splitter that reflects light having a wavelength
of about 785 nm.
[0034] In various embodiments, there is no infrared fil-
ter in the light path from the sample to the image sensor.
In various embodiments, there is no infrared filter in the
light path from the laser to the sample. In some embod-
iments, there is an optical filter to block the excitation
light in the light path from the sample to the image sensor.
In other embodiments, there is no optical filter to block
the excitation light in the light path from the laser to the
sample.
[0035] In various embodiments, the imaging system
further comprises an image processing unit to process
sensor signals to generate image frames. In accordance
with the present invention, the image processing unit is
connected to the image sensor. In various embodiments,
the image processing unit process sensor signals to gen-
erate at least one white light frame (WLF) when the sam-
ple receives only visible light, at least one stray light frame
(SLF) when the sample receives neither visible light nor
the excitation light, and one or more near infrared frames
(NIFs) when the sample receives only excitation light,
and wherein the image processing unit subtracts the SLF
from each NIF and then adds together all SLF-subtracted
NIFs to generate a final NIF. In various embodiments,
the image processing unit false colors the final NIF. In
various embodiments, the image processing unit adds
the false colored final NIF to the WLF to generate a com-
posite image frame of visible light and infrared light. In
various embodiments, the image processing unit gener-
ates composite image frames of visible light and infrared
light at a frequency of 30 Hz.
[0036] In various embodiments, during one cycle of
generating one composite image frame of visible light
and infrared light, the imaging system generates one or
more WLFs, one or more SLFs, and one or more NIFs.
In accordance with the present invention, the sequence
of WLF (W), SLF (S) and NIF (N) during one cycle has
many suitable choices, including but not limited to, W-S-
N, W-N-S, S-W-N, S-N-W, N-S-W, and N-W-S. Still in
accordance with the present invention, the numbers of
WLF (W), SLF (S) and NIF (N) during one cycle has many
suitable choices, including but not limited to, 1W-1S-1N,
1W-1S-2N, 1W-1S-3N, 2W-2S-6N, and 1W-1S-3N-1W-
1S-3N. In various embodiments, the imaging system con-
tinuously repeats a cycle to generate a continuous
stream of composite image frames as a real-time video.
[0037] In various embodiments, the imaging system
further comprises an image displaying unit to display im-
ages based on the image frames generated from the im-
age processing unit. In accordance with the present in-
vention, the image displaying unit is connected to the
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image processing unit. Examples of the image displaying
unit include but are not limited to monitors, projectors,
phones, tablets, and screens. In some embodiments, the
image displaying unit displays composite image frames
of visible light and infrared light at a frequency of 30 Hz.
[0038] In various embodiments, the imaging system
further comprises a first channel to conduct the excitation
light from the laser to the sample, a second channel to
conduct the visible light from the white light source to the
sample, a third channel to conduct the emission light from
the sample to the image sensor, and a fourth channel to
conduct the visible light from the sample to the image
sensor. In accordance with the present invention, the
first, second, third and fourth channels are four separate
channels or combined into one, two, or three channels.
Still in accordance with the present invention, two or more
of the four channels may overlap partially or completely
on their light paths. In various embodiments, the first,
second, third and fourth channels are endoscope or mi-
croscope.
[0039] In various embodiments, the present invention
provides an imaging system for imaging a sample. In
accordance with the invention, the sample comprises an
infrared or near-infrared fluorophore. As a non-limiting
example, the infrared or near-infrared fluorophore can
be indocyanine green (ICG). The system comprises: (a)
an image sensor, (b) a laser, (c) a laser clean-up filter,
(d) a first channel, (e) a white light source, (f) a second
channel, (g) a notch beam splitter, (h) a third channel,
(i) a fourth channel, (j) a notch filter, (k) an image process-
ing unit, and (l) an image displaying unit. (a) The image
sensor detects visible light and infrared light and gener-
ates sensor signals at a first frequency. There is no in-
frared filter in the light path from the sample to the image
sensor. The image sensor comprises blue, green and
red pixel sensors. Examples of the image sensor include
but are not limited to CCD image sensors and CMOS
image sensors. (b) The laser emits an excitation light for
the infrared or near-infrared fluorophore. (c) The laser
clean-up filter is placed in the light path from the laser to
the sample. The laser clean-up filter narrows the wave-
length band of the excitation light to the peak absorption
band of the infrared or near-infrared fluorophore, and the
narrowed excitation light excites the infrared or near-in-
frared fluorophore in the sample to emit an emission light.
(d) The first channel conducts the excitation light from
the laser to the sample. (e) The white light source emits
a light comprising visible light. (f) The second channel
conducts the visible light from the white light source to
the sample. (g) The notch beam splitter is placed in the
light path from the laser to the sample and in the light
path from the white light source to the sample. The ex-
citation light is reflected by the notch beam splitter to the
sample and the visible light is transmitted through the
notch beam splitter to the sample. (h) The third channel
conducts the emission light from the sample to the image
sensor. (i) The fourth channel conducts the visible light
from the sample to the image sensor. (j) The notch filter

is placed in the light path from the sample to the image
sensor, and the notch filter blocks the excitation light. (k)
The image processing unit is connected to the image
sensor and processes sensor signals to generate image
frames. At least one white light frame (WLF) is generated
when the sample receives only visible light, at least one
stray light frame (SLF) is generated when the sample
receives neither visible light nor the excitation light, and
one or more near infrared frames (NIFs) are generated
when the sample receives only excitation light. The im-
age processing unit subtracts the SLF from each NIF and
then adds together all SLF-subtracted NIFs to generate
a final NIF. The image processing unit false colors the
final NIF and adds the false colored final NIF to the WLF
to generate a composite image frame of visible light and
infrared light. (l) The image displaying unit is connected
to the image processing unit and displays images based
on the image frames generated from the image process-
ing unit.
[0040] In various embodiments, the image sensor
comprises blue, green and red pixel sensors. In one em-
bodiment, all the blue, green and red pixel sensors are
sensitive to both visible light and infrared light. In various
embodiments, the image sensor is a CCD image sensor
that detects visible light and infrared light and generates
CCD image signals. In various embodiments, the image
sensor is a CMOS image sensor that detects visible light
and infrared light and generates CMOS image signals.
In various embodiments, the image sensor is without a
NIR long pass filter.
[0041] In various embodiments, the imaging system
further comprises software that controls all the compo-
nents of the imaging system. Figure 9 depicts a device
or a computer system 900 comprising one or more proc-
essors 930 and a memory 940 storing one or more pro-
grams 950 for execution by the one or more processors
930.
[0042] In some embodiments, the device or computer
system 900 can further comprise a non-transitory com-
puter-readable storage medium 960 storing the one or
more programs 950 for execution by the one or more
processors 930 of the device or computer system 900.
[0043] In some embodiments, the device or computer
system 900 can further comprise one or more input de-
vices 910, which can be configured to send or receive
information to or from any one from the group consisting
of: an external device (not shown), the one or more proc-
essors 930, the memory 940, the non-transitory compu-
ter-readable storage medium 960, and one or more out-
put devices 970. The one or more input devices 910 can
be configured to wirelessly send or receive information
to or from the external device via a means for wireless
communication, such as an antenna 920, a transceiver
(not shown) or the like.
[0044] In some embodiments, the device or computer
system 900 can further comprise one or more output de-
vices 970, which can be configured to send or receive
information to or from any one from the group consisting
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of: an external device (not shown), the one or more input
devices 910, the one or more processors 930, the mem-
ory 940, and the non-transitory computer-readable stor-
age medium 960. The one or more output devices 970
can be configured to wirelessly send or receive informa-
tion to or from the external device via a means for wireless
communication, such as an antenna 980, a transceiver
(not shown) or the like.
[0045] Each of the above identified modules or pro-
grams correspond to a set of instructions for performing
a function described above. These modules and pro-
grams (i.e., sets of instructions) need not be implemented
as separate software programs, procedures or modules,
and thus various subsets of these modules may be com-
bined or otherwise re-arranged in various embodiments.
In some embodiments, memory may store a subset of
the modules and data structures identified above. Fur-
thermore, memory may store additional modules and da-
ta structures not described above.
[0046] The illustrated aspects of the disclosure may
also be practiced in distributed computing environments
where certain tasks are performed by remote processing
devices that are linked through a communications net-
work. In a distributed computing environment, program
modules can be located in both local and remote memory
storage devices.
[0047] Moreover, it is to be appreciated that various
components described herein can include electrical cir-
cuit(s) that can include components and circuitry ele-
ments of suitable value in order to implement the embod-
iments of the subject innovation(s). Furthermore, it can
be appreciated that many of the various components can
be implemented on one or more integrated circuit (IC)
chips. For example, in one embodiment, a set of compo-
nents can be implemented in a single IC chip. In other
embodiments, one or more of respective components
are fabricated or implemented on separate IC chips.
[0048] What has been described above includes ex-
amples of the embodiments of the present invention. It
is, of course, not possible to describe every conceivable
combination of components or methodologies for pur-
poses of describing the claimed subject matter, but it is
to be appreciated that many further combinations and
permutations of the subject innovation are possible.
Moreover, the above description of illustrated embodi-
ments of the subject disclosure, including what is de-
scribed in the Abstract, is not intended to be exhaustive
or to limit the disclosed embodiments to the precise forms
disclosed. While specific embodiments and examples
are described herein for illustrative purposes, various
modifications are possible that are considered within the
scope of such embodiments and examples, as those
skilled in the relevant art can recognize.
[0049] In particular and in regard to the various func-
tions performed by the above described components, de-
vices, circuits, systems and the like, the terms used to
describe such components are intended to correspond,
unless otherwise indicated, to any component which per-

forms the specified function of the described component
(e.g., a functional equivalent), even though not structur-
ally equivalent to the disclosed structure, which performs
the function in the herein illustrated exemplary aspects
of the claimed subject matter. In this regard, it will also
be recognized that the innovation includes a system as
well as a computer-readable storage medium having
computer-executable instructions for performing the acts
and/or events of the various methods of the claimed sub-
ject matter.
[0050] The aforementioned systems/circuits/modules
have been described with respect to interaction between
several components/blocks. It can be appreciated that
such systems/circuits and components/blocks can in-
clude those components or specified sub-components,
some of the specified components or sub-components,
and/or additional components, and according to various
permutations and combinations of the foregoing. Sub-
components can also be implemented as components
communicatively coupled to other components rather
than included within parent components (hierarchical).
Additionally, it should be noted that one or more compo-
nents may be combined into a single component provid-
ing aggregate functionality or divided into several sepa-
rate sub-components, and any one or more middle lay-
ers, such as a management layer, may be provided to
communicatively couple to such sub-components in or-
der to provide integrated functionality. Any components
described herein may also interact with one or more other
components not specifically described herein but known
by those of skill in the art.
[0051] In addition, while a particular feature of the sub-
ject innovation may have been disclosed with respect to
only one of several implementations, such feature may
be combined with one or more other features of the other
implementations as may be desired and advantageous
for any given or particular application. Furthermore, to
the extent that the terms "includes," "including," "has,"
"contains," variants thereof, and other similar words are
used in either the detailed description or the claims, these
terms are intended to be inclusive in a manner similar to
the term "comprising" as an open transition word without
precluding any additional or other elements.
[0052] As used in this application, the terms "compo-
nent," "module," "system," or the like are generally in-
tended to refer to a computer-related entity, either hard-
ware (e.g., a circuit), a combination of hardware and soft-
ware, software, or an entity related to an operational ma-
chine with one or more specific functionalities. For ex-
ample, a component may be, but is not limited to being,
a process running on a processor (e.g., digital signal
processor), a processor, an object, an executable, a
thread of execution, a program, and/or a computer. By
way of illustration, both an application running on a con-
troller and the controller can be a component. One or
more components may reside within a process and/or
thread of execution and a component may be localized
on one computer and/or distributed between two or more
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computers. Further, a "device" can come in the form of
specially designed hardware; generalized hardware
made specialized by the execution of software thereon
that enables the hardware to perform specific function;
software stored on a computer-readable medium; or a
combination thereof.
[0053] Moreover, the words "example" or "exemplary"
are used herein to mean serving as an example, instance,
or illustration. Any aspect or design described herein as
"exemplary" is not necessarily to be construed as pre-
ferred or advantageous over other aspects or designs.
Rather, use of the words "example" or "exemplary" is
intended to present concepts in a concrete fashion. As
used in this application, the term "or" is intended to mean
an inclusive "or" rather than an exclusive "or". That is,
unless specified otherwise, or clear from context, "X em-
ploys A or B" is intended to mean any of the natural in-
clusive permutations. That is, if X employs A; X employs
B; or X employs both A and B, then "X employs A or B"
is satisfied under any of the foregoing instances. In ad-
dition, the articles "a" and "an" as used in this application
and the appended claims should generally be construed
to mean "one or more" unless specified otherwise or clear
from context to be directed to a singular form.
[0054] Computing devices typically include a variety of
media, which can include computer-readable storage
media and/or communications media, in which these two
terms are used herein differently from one another as
follows. Computer-readable storage media can be any
available storage media that can be accessed by the
computer, is typically of a non-transitory nature, and can
include both volatile and nonvolatile media, removable
and non-removable media. By way of example, and not
limitation, computer-readable storage media can be im-
plemented in connection with any method or technology
for storage of information such as computer-readable in-
structions, program modules, structured data, or unstruc-
tured data. Computer-readable storage media can in-
clude, but are not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital
versatile disk (DVD) or other optical disk storage, mag-
netic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or other tangible and/or
non-transitory media which can be used to store desired
information. Computer-readable storage media can be
accessed by one or more local or remote computing de-
vices, e.g., via access requests, queries or other data
retrieval protocols, for a variety of operations with respect
to the information stored by the medium.
[0055] On the other hand, communications media typ-
ically embody computer-readable instructions, data
structures, program modules or other structured or un-
structured data in a data signal that can be transitory
such as a modulated data signal, e.g., a carrier wave or
other transport mechanism, and includes any information
delivery or transport media. The term "modulated data
signal" or signals refers to a signal that has one or more
of its characteristics set or changed in such a manner as

to encode information in one or more signals. By way of
example, and not limitation, communication media in-
clude wired media, such as a wired network or direct-
wired connection, and wireless media such as acoustic,
RF, infrared and other wireless media.
[0056] In view of the exemplary systems described
above, methodologies that may be implemented in ac-
cordance with the described subject matter will be better
appreciated with reference to the flowcharts of the vari-
ous figures. For simplicity of explanation, the methodol-
ogies are depicted and described as a series of acts.
However, acts in accordance with this disclosure can oc-
cur in various orders and/or concurrently, and with other
acts not presented and described herein. Furthermore,
not all illustrated acts may be required to implement the
methodologies in accordance with the disclosed subject
matter. In addition, those skilled in the art will understand
and appreciate that the methodologies could alternative-
ly be represented as a series of interrelated states via a
state diagram or events. Additionally, it should be appre-
ciated that the methodologies disclosed in this specifica-
tion are capable of being stored on an article of manu-
facture to facilitate transporting and transferring such
methodologies to computing devices. The term article of
manufacture, as used herein, is intended to encompass
a computer program accessible from any computer-read-
able device or storage media.
[0057] In various embodiments, the present invention
provides a computer implemented method for imaging a
sample comprising an infrared or near-infrared fluoro-
phore, comprising: on a device having one or more proc-
essors and a memory storing one or more programs for
execution by the one or more processors, the one or more
programs including instructions for: operating an image
sensor to detect visible light and infrared light and gen-
erating sensor signals; operating a laser to emit an exci-
tation light for the infrared or near-infrared fluorophore;
operating a laser clean-up filter in the light path from the
laser to the sample, whereby the laser clean-up filter nar-
rows the wavelength band of the excitation light to the
peak absorption band of the infrared or near-infrared
fluorophore, and whereby the narrowed excitation light
excites the infrared or near-infrared fluorophore in the
sample to emit an emission light; operating a notch filter
in the light path from the sample to the image sensor,
whereby the notch filter blocks the excitation light; and
operating a white light source to emit a light comprising
visible light.
[0058] In various embodiments, the present invention
provides a computer system for imaging a sample com-
prising an infrared or near-infrared fluorophore, compris-
ing: one or more processors and memory to store one or
more programs, the one or more programs comprising
instructions for: operating an image sensor to detect vis-
ible light and infrared light and generating sensor signals;
operating a laser to emit an excitation light for the infrared
or near-infrared fluorophore; operating a laser clean-up
filter in the light path from the laser to the sample, whereby
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the laser clean-up filter narrows the wavelength band of
the excitation light to the peak absorption band of the
infrared or near-infrared fluorophore, and whereby the
narrowed excitation light excites the infrared or near-in-
frared fluorophore in the sample to emit an emission light;
operating a notch filter in the light path from the sample
to the image sensor, whereby the notch filter blocks the
excitation light; and operating a white light source to emit
a light comprising visible light.
[0059] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for imaging a sam-
ple comprising an infrared or near-infrared fluorophore,
the one or more programs for execution by one or more
processors of a computer system, the one or more pro-
grams comprising instructions for: operating an image
sensor to detect visible light and infrared light and gen-
erating sensor signals; operating a laser to emit an exci-
tation light for the infrared or near-infrared fluorophore;
operating a laser clean-up filter in the light path from the
laser to the sample, whereby the laser clean-up filter nar-
rows the wavelength band of the excitation light to the
peak absorption band of the infrared or near-infrared
fluorophore, and whereby the narrowed excitation light
excites the infrared or near-infrared fluorophore in the
sample to emit an emission light; operating a notch filter
in the light path from the sample to the image sensor,
whereby the notch filter blocks the excitation light; and
operating a white light source to emit a light comprising
visible light.
[0060] In various embodiments, the present invention
provides a computer implemented method for imaging a
sample comprising an infrared or near-infrared fluoro-
phore, comprising: on a device having one or more proc-
essors and a memory storing one or more programs for
execution by the one or more processors, the one or more
programs including instructions for: (a) operating an im-
age sensor to detect visible light and infrared light and
generate sensor signals, wherein there is no infrared filter
in the light path from the sample to the image sensor,
and wherein the image sensor comprises blue, green
and red pixel sensors; (b) operating a laser to emit an
excitation light for the infrared or near-infrared fluoro-
phore; (c) operating a laser clean-up filter in the light path
from the laser to the sample, whereby the laser clean-up
filter narrows the wavelength band of the excitation light
to the peak absorption band of the infrared or near-infra-
red fluorophore, and whereby the narrowed excitation
light excites the infrared or near-infrared fluorophore in
the sample to emit an emission light; (d) operating a first
channel to conduct the excitation light from the laser to
the sample; (e) operating a white light source to emit a
light comprising visible light; (f) operating a second chan-
nel to conduct the visible light from the white light source
to the sample; (g) operating a notch beam splitter in the
light path from the laser to the sample and in the light
path from the white light source to the sample, whereby
the excitation light is reflected by the notch beam splitter

to the sample and the visible light is transmitted through
the notch beam splitter to the sample; (h) operating a
third channel to conduct the emission light from the sam-
ple to the image sensor; (i) operating a fourth channel to
conduct the visible light from the sample to the image
sensor; (j) operating a notch filter in the light path from
the sample to the image sensor, whereby the notch filter
blocks the excitation light; and (k) operating an image
processing unit to process sensor signals to generate
image frames, wherein the image processing unit is con-
nected to the image sensor, wherein at least one white
light frame (WLF) is generated when the sample receives
only visible light, wherein at least one stray light frame
(SLF) is generated when the sample receives neither vis-
ible light nor the excitation light, wherein one or more
near infrared frames (NIFs) are generated when the sam-
ple receives only excitation light, wherein the image
processing unit subtracts the SLF from each NIF and
then adds together all SLF-subtracted NIFs to generate
a final NIF, wherein the image processing unit false colors
the final NIF, and wherein the image processing unit adds
the false colored final NIF to the WLF to generate a com-
posite image frame of visible light and infrared light. (1)
operating an image displaying unit to display images
based on the image frames generated from the image
processing unit, wherein the image displaying unit is con-
nected to the image processing unit.
[0061] In various embodiments, the present invention
provides a computer system for imaging a sample com-
prising an infrared or near-infrared fluorophore, compris-
ing: one or more processors and memory to store one or
more programs, the one or more programs comprising
instructions for: (a) operating an image sensor to detect
visible light and infrared light and generate sensor sig-
nals, wherein there is no infrared filter in the light path
from the sample to the image sensor, and wherein the
image sensor comprises blue, green and red pixel sen-
sors; (b) operating a laser to emit an excitation light for
the infrared or near-infrared fluorophore; (c) operating a
laser clean-up filter in the light path from the laser to the
sample, whereby the laser clean-up filter narrows the
wavelength band of the excitation light to the peak ab-
sorption band of the infrared or near-infrared fluorophore,
and whereby the narrowed excitation light excites the
infrared or near-infrared fluorophore in the sample to emit
an emission light; (d) operating a first channel to conduct
the excitation light from the laser to the sample; (e) op-
erating a white light source to emit a light comprising
visible light; (f) operating a second channel to conduct
the visible light from the white light source to the sample;
(g) operating a notch beam splitter in the light path from
the laser to the sample and in the light path from the white
light source to the sample, whereby the excitation light
is reflected by the notch beam splitter to the sample and
the visible light is transmitted through the notch beam
splitter to the sample; (h) operating a third channel to
conduct the emission light from the sample to the image
sensor; (i) operating a fourth channel to conduct the vis-
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ible light from the sample to the image sensor; (j) oper-
ating a notch filter in the light path from the sample to the
image sensor, whereby the notch filter blocks the exci-
tation light; (k) operating an image processing unit to
process sensor signals to generate image frames,
wherein the image processing unit is connected to the
image sensor, wherein at least one white light frame
(WLF) is generated when the sample receives only vis-
ible light, wherein at least one stray light frame (SLF) is
generated when the sample receives neither visible light
nor the excitation light, wherein one or more near infrared
frames (NIFs) are generated when the sample receives
only excitation light, wherein the image processing unit
subtracts the SLF from each NIF and then adds together
all SLF-subtracted NIFs to generate a final NIF, wherein
the image processing unit false colors the final NIF, and
wherein the image processing unit adds the false colored
final NIF to the WLF to generate a composite image frame
of visible light and infrared light; and (1) operating an
image displaying unit to display images based on the
image frames generated from the image processing unit,
wherein the image displaying unit is connected to the
image processing unit.
[0062] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for imaging a sam-
ple comprising an infrared or near-infrared fluorophore,
the one or more programs for execution by one or more
processors of a computer system, the one or more pro-
grams comprising instructions for: (a) operating an image
sensor to detect visible light and infrared light and gen-
erate sensor signals, wherein there is no infrared filter in
the light path from the sample to the image sensor, and
wherein the image sensor comprises blue, green and red
pixel sensors; (b) operating a laser to emit an excitation
light for the infrared or near-infrared fluorophore; (c) op-
erating a laser clean-up filter in the light path from the
laser to the sample, whereby the laser clean-up filter nar-
rows the wavelength band of the excitation light to the
peak absorption band of the infrared or near-infrared
fluorophore, and whereby the narrowed excitation light
excites the infrared or near-infrared fluorophore in the
sample to emit an emission light; (d) operating a first
channel to conduct the excitation light from the laser to
the sample; (e) operating a white light source to emit a
light comprising visible light; (f) operating a second chan-
nel to conduct the visible light from the white light source
to the sample; (g) operating a notch beam splitter in the
light path from the laser to the sample and in the light
path from the white light source to the sample, whereby
the excitation light is reflected by the notch beam splitter
to the sample and the visible light is transmitted through
the notch beam splitter to the sample; (h) operating a
third channel to conduct the emission light from the sam-
ple to the image sensor; (i) operating a fourth channel to
conduct the visible light from the sample to the image
sensor; (j) operating a notch filter in the light path from
the sample to the image sensor, whereby the notch filter

blocks the excitation light; (k) operating an image
processing unit to process sensor signals to generate
image frames, wherein the image processing unit is con-
nected to the image sensor, wherein at least one white
light frame (WLF) is generated when the sample receives
only visible light, wherein at least one stray light frame
(SLF) is generated when the sample receives neither vis-
ible light nor the excitation light, wherein one or more
near infrared frames (NIFs) are generated when the sam-
ple receives only excitation light, wherein the image
processing unit subtracts the SLF from each NIF and
then adds together all SLF-subtracted NIFs to generate
a final NIF, wherein the image processing unit false colors
the final NIF, and wherein the image processing unit adds
the false colored final NIF to the WLF to generate a com-
posite image frame of visible light and infrared light; and
(1) operating an image displaying unit to display images
based on the image frames generated from the image
processing unit, wherein the image displaying unit is con-
nected to the image processing unit.
[0063] In various embodiments, the present invention
provides a computer implemented method for imaging a
sample comprising an infrared or near-infrared fluoro-
phore, comprising: on a device having one or more proc-
essors and a memory storing one or more programs for
execution by the one or more processors, the one or more
programs including instructions for: operating an image
sensor to detect visible light and infrared light and gen-
erate sensor signals; operating a laser to emit an excita-
tion light for the infrared or near-infrared fluorophore and
alternate between on and off statuses; operating a notch
beam splitter in the light path from the laser to the sample
and in the light path from the sample to the image sensor,
whereby the excitation light is reflected by the notch beam
splitter to the sample, whereby the excitation light excites
the infrared or near-infrared fluorophore in the sample to
emit an emission light, and whereby the emission light is
transmitted through the notch beam splitter to the image
sensor; operating a notch filter in the light path from the
sample to the image sensor, whereby the notch filter
blocks the excitation light; and operating a synchroniza-
tion module to synchronize the image sensor with the
laser and visible light, whereby a single sensor signal is
synchronized to a single on or off status of the laser.
[0064] In various embodiments, the present invention
provides a computer system for imaging a sample com-
prising an infrared or near-infrared fluorophore, compris-
ing: one or more processors and memory to store one or
more programs, the one or more programs comprising
instructions for: operating an image sensor to detect vis-
ible light and infrared light and generate sensor signals;
operating a laser to emit an excitation light for the infrared
or near-infrared fluorophore and alternate between on
and off statuses; operating a notch beam splitter in the
light path from the laser to the sample and in the light
path from the sample to the image sensor, whereby the
excitation light is reflected by the notch beam splitter to
the sample, whereby the excitation light excites the in-
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frared or near-infrared fluorophore in the sample to emit
an emission light, and whereby the emission light is trans-
mitted through the notch beam splitter to the image sen-
sor; operating a notch filter in the light path from the sam-
ple to the image sensor, whereby the notch filter blocks
the excitation light; and operating a synchronization mod-
ule to synchronize the image sensor with the laser and
visible light, whereby a single sensor signal is synchro-
nized to a single on or off status of the laser.
[0065] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for imaging a sam-
ple comprising an infrared or near-infrared fluorophore,
the one or more programs for execution by one or more
processors of a computer system, the one or more pro-
grams comprising instructions for: operating an image
sensor to detect visible light and infrared light and gen-
erate sensor signals; operating a laser to emit an excita-
tion light for the infrared or near-infrared fluorophore and
alternate between on and off statuses; operating a notch
beam splitter in the light path from the laser to the sample
and in the light path from the sample to the image sensor,
whereby the excitation light is reflected by the notch beam
splitter to the sample, whereby the excitation light excites
the infrared or near-infrared fluorophore in the sample to
emit an emission light, and whereby the emission light is
transmitted through the notch beam splitter to the image
sensor; operating a notch filter in the light path from the
sample to the image sensor, whereby the notch filter
blocks the excitation light; and operating a synchroniza-
tion module to synchronize the image sensor with the
laser and visible light, whereby a single sensor signal is
synchronized to a single on or off status of the laser.
[0066] In various embodiments, the present invention
provides a computer implemented method for imaging a
sample comprising an infrared or near-infrared fluoro-
phore, comprising: on a device having one or more proc-
essors and a memory storing one or more programs for
execution by the one or more processors, the one or more
programs including instructions for: (a) operating an im-
age sensor to detect visible light and infrared light and
generate sensor signals at a first frequency, wherein
there is no infrared filter in the light path from the sample
to the image sensor, and wherein the image sensor com-
prises blue, green and red pixel sensors; (b) operating a
laser to emit an excitation light for the infrared or near-
infrared fluorophore and to alternate between on and off
statuses at a second frequency, wherein the second fre-
quency is half of the first frequency; (c) operating a first
channel to conduct the excitation light from the laser to
the sample; (d) operating a light source to emit a light
comprising visible light; (e) operating a second channel
to conduct the visible light from the light source to the
sample; (f) operating a notch beam splitter in the light
path from the laser to the sample and in the light path
from the sample to the image sensor, whereby the exci-
tation light is reflected by the notch beam splitter to the
sample, whereby the excitation light excites the infrared

or near-infrared fluorophore in the sample to emit an
emission light, and whereby the emission light is trans-
mitted through the notch beam splitter to the image sen-
sor; (g) operating a third channel to conduct the emission
light from the sample to the image sensor; (h) operating
a fourth channel to conduct the visible light from the sam-
ple to the image sensor; (i) operating a notch filter in the
light path from the sample to the image sensor, whereby
the notch filter blocks the excitation light; (j) operating a
synchronization module to synchronize the image sensor
with the laser and visible light, whereby a single sensor
signal is synchronized to a single on or off status of the
laser; (k) operating an image processing unit to process
sensor signals to generate image frames, wherein the
image processing unit is connected to the image sensor,
wherein the image processing unit subtracts an image
frame generated when the laser is off from the previous
or next image frame generated when the laser is on,
whereby an infrared-only image frame is generated upon
the difference between the two successive image frames,
wherein the image processing unit false colors the infra-
red-only image frame, wherein the image processing unit
adds the false colored infrared-only image frame back to
the image frame generated when the laser is off, whereby
a composite image frame of visible light and infrared light
is generated; and (1) operating an image displaying unit
to display images based on the image frames generated
from the image processing unit, wherein the image dis-
playing unit is connected to the image processing unit.
[0067] In various embodiments, the present invention
provides a computer system for imaging a sample com-
prising an infrared or near-infrared fluorophore, compris-
ing: one or more processors and memory to store one or
more programs, the one or more programs comprising
instructions for: (a) operating an image sensor to detect
visible light and infrared light and generate sensor signals
at a first frequency, wherein there is no infrared filter in
the light path from the sample to the image sensor, and
wherein the image sensor comprises blue, green and red
pixel sensors; (b) operating a laser to emit an excitation
light for the infrared or near-infrared fluorophore and to
alternate between on and off statuses at a second fre-
quency, wherein the second frequency is half of the first
frequency; (c) operating a first channel to conduct the
excitation light from the laser to the sample; (d) operating
a light source to emit a light comprising visible light; (e)
operating a second channel to conduct the visible light
from the light source to the sample; (f) operating a notch
beam splitter in the light path from the laser to the sample
and in the light path from the sample to the image sensor,
whereby the excitation light is reflected by the notch beam
splitter to the sample, whereby the excitation light excites
the infrared or near-infrared fluorophore in the sample to
emit an emission light, and whereby the emission light is
transmitted through the notch beam splitter to the image
sensor; (g) operating a third channel to conduct the emis-
sion light from the sample to the image sensor; (h) oper-
ating a fourth channel to conduct the visible light from
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the sample to the image sensor; (i) operating a notch
filter in the light path from the sample to the image sensor,
whereby the notch filter blocks the excitation light; (j) op-
erating a synchronization module to synchronize the im-
age sensor with the laser and visible light, whereby a
single sensor signal is synchronized to a single on or off
status of the laser; (k) operating an image processing
unit to process sensor signals to generate image frames,
wherein the image processing unit is connected to the
image sensor, wherein the image processing unit sub-
tracts an image frame generated when the laser is off
from the previous or next image frame generated when
the laser is on, whereby an infrared-only image frame is
generated upon the difference between the two succes-
sive image frames, wherein the image processing unit
false colors the infrared-only image frame, wherein the
image processing unit adds the false colored infrared-
only image frame back to the image frame generated
when the laser is off, whereby a composite image frame
of visible light and infrared light is generated; and (1)
operating an image displaying unit to display images
based on the image frames generated from the image
processing unit, wherein the image displaying unit is con-
nected to the image processing unit.
[0068] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for imaging a sam-
ple comprising an infrared or near-infrared fluorophore,
the one or more programs for execution by one or more
processors of a computer system, the one or more pro-
grams comprising instructions for: (a) operating an image
sensor to detect visible light and infrared light and gen-
erate sensor signals at a first frequency, wherein there
is no infrared filter in the light path from the sample to the
image sensor, and wherein the image sensor comprises
blue, green and red pixel sensors; (b) operating a laser
to emit an excitation light for the infrared or near-infrared
fluorophore and to alternate between on and off statuses
at a second frequency, wherein the second frequency is
half of the first frequency; (c) operating a first channel to
conduct the excitation light from the laser to the sample;
(d) operating a light source to emit a light comprising
visible light; (e) operating a second channel to conduct
the visible light from the light source to the sample; (f)
operating a notch beam splitter in the light path from the
laser to the sample and in the light path from the sample
to the image sensor, whereby the excitation light is re-
flected by the notch beam splitter to the sample, whereby
the excitation light excites the infrared or near-infrared
fluorophore in the sample to emit an emission light, and
whereby the emission light is transmitted through the
notch beam splitter to the image sensor; (g) operating a
third channel to conduct the emission light from the sam-
ple to the image sensor; (h) operating a fourth channel
to conduct the visible light from the sample to the image
sensor; (i) operating a notch filter in the light path from
the sample to the image sensor, whereby the notch filter
blocks the excitation light; (j) operating a synchronization

module to synchronize the image sensor with the laser
and visible light, whereby a single sensor signal is syn-
chronized to a single on or off status of the laser; (k)
operating an image processing unit to process sensor
signals to generate image frames, wherein the image
processing unit is connected to the image sensor, where-
in the image processing unit subtracts an image frame
generated when the laser is off from the previous or next
image frame generated when the laser is on, whereby
an infrared-only image frame is generated upon the dif-
ference between the two successive image frames,
wherein the image processing unit false colors the infra-
red-only image frame, wherein the image processing unit
adds the false colored infrared-only image frame back to
the image frame generated when the laser is off, whereby
a composite image frame of visible light and infrared light
is generated; and (1) operating an image displaying unit
to display images based on the image frames generated
from the image processing unit, wherein the image dis-
playing unit is connected to the image processing unit.
[0069] In various embodiments, the present invention
provides a computer implemented method for imaging a
sample, comprising: on a device having one or more
processors and a memory storing one or more programs
for execution by the one or more processors, the one or
more programs including instructions for: providing a
sample; providing an imaging system of any previous
claim; and imaging the sample using the imaging system.
[0070] In various embodiments, the present invention
provides a computer system for imaging a sample, com-
prising: one or more processors and memory to store
one or more programs, the one or more programs com-
prising instructions for: providing a sample; providing an
imaging system of any previous claim; and imaging the
sample using the imaging system.
[0071] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for imaging a sam-
ple, the one or more programs for execution by one or
more processors of a computer system, the one or more
programs comprising instructions for: providing a sam-
ple; providing an imaging system of any previous claim;
and imaging the sample using the imaging system.
[0072] In various embodiments, the present invention
provides a computer implemented method for treating a
subject with a tumor, comprising: on a device having one
or more processors and a memory storing one or more
programs for execution by the one or more processors,
the one or more programs including instructions for: ad-
ministering an infrared dye to the subject, thereby labe-
ling the tumor with the infrared dye; performing a surgery
on the subject to access the area of the labeled tumor;
providing an imaging system of any previous claim; iden-
tifying the labeled tumor under the imaging system; and
removing the labeled tumor, thereby treating the subject
with the tumor.
[0073] In various embodiments, the present invention
provides a computer system for treating a subject with a

27 28 



EP 2 988 654 B1

16

5

10

15

20

25

30

35

40

45

50

55

tumor, comprising: one or more processors and memory
to store one or more programs, the one or more programs
comprising instructions for: administering an infrared dye
to the subject, thereby labeling the tumor with the infrared
dye; performing a surgery on the subject to access the
area of the labeled tumor; providing an imaging system
of any previous claim; identifying the labeled tumor under
the imaging system; and removing the labeled tumor,
thereby treating the subject with the tumor.
[0074] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for treating a sub-
ject with a tumor, the one or more programs for execution
by one or more processors of a computer system, the
one or more programs comprising instructions for: ad-
ministering an infrared dye to the subject, thereby labe-
ling the tumor with the infrared dye; performing a surgery
on the subject to access the area of the labeled tumor;
providing an imaging system of any previous claim; iden-
tifying the labeled tumor under the imaging system; and
removing the labeled tumor, thereby treating the subject
with the tumor.
[0075] In various embodiments, the present invention
provides a computer implemented method for capturing
and processing images and for smooth image display,
comprising: on a device having one or more processors
and a memory storing one or more programs for execu-
tion by the one or more processors, the one or more
programs including instructions for: utilizing parallel proc-
ess software coding; transferring a raw image; and de-
mosaicing the raw image to the one or more processors.
[0076] The one or more processors can comprise a
graphics processing unit (GPU).
[0077] The parallel process software coding can com-
prise GPU based Computer Unified Device Architecture
(CUDA).
[0078] The parallel process software coding can be
stored directly on a video card.
[0079] The raw image can be an 8 bit raw image
The images can comprise full high definition frames at
300 frames per second, a full HD (1080p) 8 bit image
can be approximately 2 Mb in size, the PCIe 3.0 data
transfer rate can be approximately 7 Gb/s, and the image
can be transferred to the GPU in 300 msec.
[0080] After transferring the image to the GPU, an im-
age processing operation can be performed. The image
processing operation can be one or more from the group
consisting of: Bayer demosaicing, subtracting a scat-
tered light image from a fluorescence image, adding Red,
Green and Blue channels of a fluorescence frame, im-
parting false coloring to a fluorescence image, and add-
ing a white light image with a false colored fluorescence
image.
[0081] In order to improve speed, instead of returning
the image to a system memory for display, openGL / di-
rectx functions of the GPU can be used to display a final
image.
[0082] Images can be displayed on a medical grade

HD quality video monitor.
[0083] In various embodiments, the present invention
provides a computer system for capturing and processing
images and for smooth image display, comprising: one
or more processors and memory to store one or more
programs, the one or more programs comprising instruc-
tions for: utilizing parallel process software coding; trans-
ferring a raw image; and de-mosaicing the raw image to
the one or more processors.
[0084] The one or more processors can comprise a
graphics processing unit (GPU).
[0085] The parallel process software coding can com-
prise GPU based Computer Unified Device Architecture
(CUDA).
[0086] The parallel process software coding can be
stored directly on a video card.
[0087] The raw image can be an 8 bit raw image
The images can comprise full high definition frames at
300 frames per second, a full HD (1080p) 8 bit image
can be approximately 2 Mb in size, the PCIe 3.0 data
transfer rate can be approximately 7 Gb/s, and the image
can be transferred to the GPU in 300 msec.
[0088] After transferring the image to the GPU, an im-
age processing operation can be performed. The image
processing operation can be one or more from the group
consisting of: Bayer demosaicing, subtracting a scat-
tered light image from a fluorescence image, adding Red,
Green and Blue channels of a fluorescence frame, im-
parting false coloring to a fluorescence image, and add-
ing a white light image with a false colored fluorescence
image.
[0089] In order to improve speed, instead of returning
the image to a system memory for display, openGL / di-
rectx functions of the GPU can be used to display a final
image.
[0090] Images can be displayed on a medical grade
HD quality video monitor.
[0091] In various embodiments, the present invention
provides a non-transitory computer-readable storage
medium storing one or more programs for capturing and
processing images and for smooth image display, the
one or more programs for execution by one or more proc-
essors of a storage medium, the one or more programs
comprising instructions for: utilizing parallel process soft-
ware coding; transferring a raw image; and de-mosaicing
the raw image to the one or more processors.
[0092] The one or more processors can comprise a
graphics processing unit (GPU).
[0093] The parallel process software coding can com-
prise GPU based Computer Unified Device Architecture
(CUDA).
[0094] The parallel process software coding can be
stored directly on a video card.
[0095] The raw image can be an 8 bit raw image
The images can comprise full high definition frames at
300 frames per second, a full HD (1080p) 8 bit image
can be approximately 2 Mb in size, the PCIe 3.0 data
transfer rate can be approximately 7 Gb/s, and the image
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can be transferred to the GPU in 300 msec.
[0096] After transferring the image to the GPU, an im-
age processing operation can be performed. The image
processing operation can be one or more from the group
consisting of: Bayer demosaicing, subtracting a scat-
tered light image from a fluorescence image, adding Red,
Green and Blue channels of a fluorescence frame, im-
parting false coloring to a fluorescence image, and add-
ing a white light image with a false colored fluorescence
image.
[0097] In order to improve speed, instead of returning
the image to a system memory for display, openGL / di-
rectx functions of the GPU can be used to display a final
image.
[0098] Images can be displayed on a medical grade
HD quality video monitor.
[0099] In various embodiments, the present invention
provides an imaging system for imaging a sample. In
accordance with the invention, the sample comprises an
infrared or near-infrared fluorophore. The system com-
prises: an image sensor, a laser, a notch beam splitter,
a notch filter, and a synchronization module. The image
sensor detects visible light and infrared light and gener-
ates sensor signals. The laser emits an excitation light
for the infrared or near-infrared fluorophore and alter-
nates between on and off statuses. The notch beam split-
ter is placed in the light path from the laser to the sample
and in the light path from the sample to the image sensor.
The excitation light is reflected by the notch beam splitter
to the sample; the excitation light excites the infrared or
near-infrared fluorophore in the sample to emit an emis-
sion light; and the emission light is transmitted through
the notch beam splitter to the image sensor. The notch
filter is placed in the light path from the sample to the
image sensor, and the notch filter blocks the excitation
light. The synchronization module synchronizes the im-
age sensor with the laser and visible light, whereby a
single sensor signal is synchronized to a single on or off
status of the laser. In various embodiments, the imaging
system further comprises a fast trigger unit.
[0100] In various embodiments, the imaging system
further comprises a light source to emit a light comprising
visible light. In accordance with the invention, visible light
can have a spectrum of 400-700 nm. In some embodi-
ments, there is an infrared filter in the light path from the
light source to the sample. In accordance with the inven-
tion, the intensity of the laser is controlled to ensure uni-
form excitation on the same area illuminated by visible
light.
[0101] In accordance with the invention, the on-off fre-
quency of the laser is half of the frequency of the image
sensor generating sensor signals. In various embodi-
ments, the laser alternates between on and off status at
a frequency of 60 Hz. In various embodiments, the image
sensor generates sensor signals at a frequency of 120
Hz.
[0102] In various embodiments, the excitation light
comprises light having a wavelength of about 785 nm

and/or 780 nm. In various embodiments, the notch beam
splitter selectively reflects light having a wavelength of
about 785 nm and/or 780 nm. In various embodiments,
the notch filter blocks light having a wavelength of about
785 nm and/or 780 nm.
[0103] In various embodiments, there is no infrared fil-
ter in the light path from the sample to the image sensor.
In various embodiments, there is no infrared filter in the
light path from the laser to the sample. In some embod-
iments, there is an optical filter to block the excitation
light in the light path from the sample to the image sensor.
In other embodiments, there is no optical filter to block
the excitation light in the light path from the laser to the
sample.
[0104] In various embodiments, the imaging system
further comprises an image processing unit to process
sensor signals to generate image frames. In accordance
with the present invention, the image processing unit is
connected to the image sensor. In various embodiments,
the image processing unit subtracts an image frame gen-
erated when the laser is off from the previous or next
image frame generated when the laser is on, whereby
an infrared-only image frame is generated upon the dif-
ference between the two successive image frames. In
accordance with the invention, the image processing unit
false colors the infrared-only image frame. In accordance
with the invention, the image processing unit adds the
false colored infrared-only image frame back to the image
frame generated when the laser is off, whereby a com-
posite image frame of visible light and infrared light is
generated. In some embodiments, the image processing
unit generates composite image frames of visible light
and infrared light at a frequency of 60 Hz.
[0105] In various embodiments, the imaging system
further comprises an image displaying unit to display im-
ages based on the image frames generated from the im-
age processing unit. In accordance with the present in-
vention, the image displaying unit is connected to the
image processing unit. Examples of the image displaying
unit include but are not limited to monitors, projectors,
phones, tablets, and screens. In some embodiments, the
image displaying unit displays composite image frames
of visible light and infrared light at a frequency of 60 Hz.
[0106] In various embodiments, the imaging system
further comprises a first channel to conduct the excitation
light from the laser to the sample, a second channel to
conduct the visible light from the light source to the sam-
ple, a third channel to conduct the emission light from
the sample to the image sensor, and a fourth channel to
conduct the visible light from the sample to the image
sensor. In accordance with the present invention, the
first, second, third and fourth channels are four separate
channels or combined into one, two, or three channels.
Still in accordance with the present invention, two or more
of the four channels may overlap partially or completely
on their light paths. In various embodiments, the first,
second, third and fourth channels are endoscope or mi-
croscope.
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[0107] In various embodiments, the present invention
provides an imaging system for imaging a sample. In
accordance with the invention, the sample comprises an
infrared or near-infrared fluorophore. Still in accordance
with the invention, the infrared or near-infrared fluoro-
phore can be indocyanine green (ICG). The system com-
prises: (a) an image sensor, (b) a laser, (c) a first channel,
(d) a light source, (e) a second channel, (f) a notch beam
splitter, (g) a third channel, (h) a fourth channel, (i) a
notch filter, (j) a synchronization module, (k) an image
processing unit, and (l) an image displaying unit. (a) The
image sensor detects visible light and infrared light and
generates sensor signals at a first frequency. There is
no infrared filter in the light path from the sample to the
image sensor. The image sensor comprises blue, green
and red pixel sensors. Examples of the image sensor
include but are not limited to CCD image sensors and
CMOS image sensors. (b) The laser emits an excitation
light for the infrared or near-infrared fluorophore and al-
ternates between on and off statuses at a second fre-
quency, wherein the second frequency is half of the first
frequency. (c) The first channel conducts the excitation
light from the laser to the sample. (d) The light source
emits a light comprising visible light. (e) The second chan-
nel conducts the visible light from the light source to the
sample. (f) The notch beam splitter is placed in the light
path from the laser to the sample and in the light path
from the sample to the image sensor. The excitation light
is reflected by the notch beam splitter to the sample; the
excitation light excites the infrared or near-infrared fluor-
ophore in the sample to emit an emission light; and the
emission light is transmitted through the notch beam split-
ter to the image sensor. (g) The third channel conducts
the emission light from the sample to the image sensor.
(h) The fourth channel conducts the visible light from the
sample to the image sensor. (i) The notch filter is placed
in the light path from the sample to the image sensor,
and the notch filter blocks the excitation light. (j) The syn-
chronization module synchronizes the image sensor with
the laser and visible light, whereby a single sensor signal
is synchronized to a single on or off status of the laser.
(k) The image processing unit is connected to the image
sensor and processes sensor signals to generate image
frames. The image processing unit subtracts an image
frame generated when the laser is off from the previous
or next image frame generated when the laser is on,
whereby an infrared-only image frame is generated upon
the difference between the two successive image frames.
The image processing unit false colors the infrared-only
image frame. The image processing unit adds the false
colored infrared-only image frame back to the image
frame generated when the laser is off, whereby a com-
posite image frame of visible light and infrared light is
generated. (l) The image displaying unit is connected to
the image processing unit and displays images based on
the image frames generated from the image processing
unit.
[0108] In various embodiments, the image sensor

comprises blue, green and red pixel sensors. In one em-
bodiment, all the blue, green and red pixel sensors are
sensitive to both visible light and infrared light. In various
embodiments, the image sensor is a CCD image sensor
that detects visible light and infrared light and generates
CCD image signals. In various embodiments, the image
sensor is a CMOS image sensor that detects visible light
and infrared light and generates CMOS image signals.
In various embodiments, the image sensor is without a
NIR long pass filter.
[0109] In various embodiments, the present invention
provides a method of imaging a sample. The method
comprises the steps of: providing a sample, providing an
imaging system described herein, and imaging the sam-
ple using the imaging system. In further embodiments,
the method further comprises a step of performing a sur-
gery on a subject to access the sample or to isolate the
sample. In various embodiments, the subject has cancer
and may need surgery to remove cancerous tissue, and
the sample refers to the body part containing cancerous
tissue. In various embodiments, the subject is a human.
In various embodiments, the subject is a mammalian sub-
ject including but not limited to human, monkey, ape, dog,
cat, cow, horse, goat, pig, rabbit, mouse and rat. Still in
further embodiments, the method further comprises a
step of labeling the sample with an infrared or near-in-
frared fluorophore. In accordance with the invention, the
infrared or near-infrared fluorophore can be indocyanine
green (ICG).
[0110] In various embodiments, the present invention
also provides a method of treating a subject with a tumor.
The method comprises the steps of: administering an
infrared dye to the subject, thereby labeling the tumor
with the infrared dye; performing a surgery on the subject
to access the area of the labeled tumor; providing an
imaging system described herein; identifying the labeled
tumor under the imaging system; and removing the la-
beled tumor, thereby treating the subject with the tumor.
[0111] The imaging systems and methods of the in-
vention can be used to image a sample from various sub-
jects including but not limited to humans and nonhuman
primates such as chimpanzees and other ape and mon-
key species; farm animals such as cattle, sheep, pigs,
goats and horses; domestic mammals such as dogs and
cats; laboratory animals including rodents such as mice,
rats and guinea pigs, and the like. In various embodi-
ments, the subject has cancer and may need surgery to
remove cancerous tissue, and the sample refers to the
body part containing cancerous tissue. In various em-
bodiments, the sample is a tumor, cell, tissue, organ, or
body part. In some embodiments, the sample is isolated
from a subject. In other embodiments, the sample is in-
tegral of a subject. In accordance with the invention, the
sample comprises an infrared or near-infrared fluoro-
phore.
[0112] Examples of the infrared or near-infrared fluor-
ophore include but are not limited to indocyanine green
(ICG), IR800, Alexa680, and cy5.5, and their functional

33 34 



EP 2 988 654 B1

19

5

10

15

20

25

30

35

40

45

50

55

equivalents, analogs, derivatives or salts. One of ordinary
skill in the art would know how to choose suitable ele-
ments in the imaging methods and systems described
herein for a particular infrared or near-infrared fluoro-
phore. As one non-limiting example, when the infrared
dye to be detected is ICG (excitation 748-789 nm with a
peak at 785 nm; emission 814-851 nm with a peak at 825
nm), one of ordinary skill in the art would choose a laser
emitting an excitation light of about 785 nm, a laser clean-
up filter transmitting light of 775-795 nm, a notch filter
blocking light of 770-800 nm, and/or a notch beam splitter
splitting light at 700 nm in various systems and methods
described herein. It is known that ICG has different peaks
in different materials. Also, ICG is a non-limiting example
and other fluorophores may be used in place of ICG. One
of ordinary skill in the art would understand the settings
may be modified accordingly when the peak is not 785
as described in this non-limiting example. For instance,
the system may use almost any IR or NIR wavelength
by changing the laser excitation and the optical filters.
[0113] Typical dosages of an effective amount of the
infrared or near-infrared fluorophore can be in the ranges
recommended by the manufacturer where known imag-
ing compounds are used, and also as indicated to the
skilled artisan by the in vitro results in cells or in vivo
results in animal models. Such dosages typically can be
reduced by up to about an order of magnitude in concen-
tration or amount without losing relevant labeling activity.
The actual dosage can depend upon the judgment of the
physician, the condition of the patient, and the effective-
ness of the imaging method based, for example, on the
in vitro results of relevant cultured cells or histocultured
tissue sample, or the in vivo results observed in the ap-
propriate animal models. In various embodiments, the
infrared or near-infrared fluorophore may be adminis-
tered once a day (SID/QD), twice a day (BID), three times
a day (TID), four times a day (QID), or more, so as to
administer an effective amount of the infrared or near-
infrared fluorophore to the subject, where the effective
amount is any one or more of the doses described herein.
[0114] In various embodiments, the infrared or near-
infrared fluorophore is administered to a subject or ap-
plied to a sample about 5-10, 10-20, 20-30, or 30-60 min-
utes before imaging. In various embodiments, the infra-
red or near-infrared fluorophore is administered to a sub-
ject or applied to a sample about 1-6, 6-12, 12-18, 18-24,
24-30, 30-36, 36-42, or 42-48 hours before imaging. In
an embodiment, the infrared or near-infrared fluorophore
is ICG, or a functional equivalent, analog, derivative or
salt of ICG. In other embodiments, the infrared or near-
infrared fluorophore is one from the group consisting of:
IR800, Alexa680, cy5.5, a functional equivalent of IR800,
a functional equivalent of Alexa680, a functional equiv-
alent of cy5.5, an analog of IR800, an analog of Alexa680,
an analog of cy5.5, a derivative of IR800, a derivative of
Alexa680, a derivative of cy5.5, a salt of IR800, a salt of
Alexa 680 or a salt of cy5.5. In certain embodiments, the
infrared or near-infrared fluorophore is administered to a

human.
[0115] In various embodiments, the infrared or near-
infrared fluorophore is administered to a subject or ap-
plied to a sample at about 0.1-0.5, 0.5-1, 1-1.5, 1.5-2,
2-3, 3-4, 4-5, 5-10, 10-20, 20-50, or 50-100 mg/kg. In
various embodiments, the infrared or near-infrared fluor-
ophore is administered to a subject or applied to a sample
at about 0.001 to 0.01 mg/kg, 0.01 to 0.1 mg/kg, 0.1 to
0.5 mg/kg, 0.5 to 5 mg/kg, 5 to 10 mg/kg, 10 to 20 mg/kg,
20 to 50 mg/kg, 50 to 100 mg/kg, 100 to 200 mg/kg, 200
to 300 mg/kg, 300 to 400 mg/kg, 400 to 500 mg/kg, 500
to 600 mg/kg, 600 to 700mg/kg, 700 to 800mg/kg, 800
to 900mg/kg, or 900 to 1000 mg/kg. Here, "mg/kg" refers
to mg per kg body weight of the subject. In an embodi-
ment, the infrared or near-infrared fluorophore is ICG, or
a functional equivalent, analog, derivative or salt of ICG.
In other embodiments, the infrared or near-infrared fluor-
ophore is one from the group consisting of: IR800,
Alexa680, cy5.5, a functional equivalent of IR800, a func-
tional equivalent of Alexa680, a functional equivalent of
cy5.5, an analog of IR800, an analog of Alexa680, an
analog of cy5.5, a derivative of IR800, a derivative of
Alexa680, a derivative of cy5.5, a salt of IR800, a salt of
Alexa 680 or a salt of cy5.5. In certain embodiments, the
infrared or near-infrared fluorophore is administered to a
human.
[0116] In various embodiments, the infrared or near-
infrared fluorophore is administered to a subject or ap-
plied to a sample once, twice, three or more times. In
various embodiments, the infrared or near-infrared fluor-
ophore is administered to a subject or applied to a sample
about 1-3 times per day, 1-7 times per week, or 1-9 times
per month. Still in some embodiments, the infrared or
near-infrared fluorophore is administered to a subject or
applied to a sample for about 1-10 days, 10-20 days,
20-30 days, 30-40 days, 40-50 days, 50-60 days, 60-70
days, 70-80 days, 80-90 days, 90-100 days, 1-6 months,
6-12 months, or 1-5 years. In an embodiment, the infrared
or near-infrared fluorophore is ICG, or a functional equiv-
alent, analog, derivative or salt of ICG. In certain embod-
iments, the infrared or near-infrared fluorophore is ad-
ministered to a human.
[0117] In accordance with the invention, the infrared
or near-infrared fluorophore may be administered using
the appropriate modes of administration, for instance,
the modes of administration recommended by the man-
ufacturer. In accordance with the invention, various
routes may be utilized to administer the infrared or near-
infrared fluorophore of the claimed methods, including
but not limited to aerosol, nasal, oral, transmucosal,
transdermal, parenteral, implantable pump, continuous
infusion, topical application, capsules and/or injections.
In various embodiments, the retinoid agonist is adminis-
tered intravascularly, intravenously, intraarterially, intra-
tumorally, intramuscularly, subcutaneously, intranasally,
intraperitoneally, or orally.
[0118] In various embodiments, the infrared or near-
infrared fluorophore is provides as a pharmaceutical
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composition. Preferred compositions will also exhibit
minimal toxicity when administered to a mammal.
[0119] In various embodiments, the pharmaceutical
compositions according to the invention may be formu-
lated for delivery via any route of administration. "Route
of administration" may refer to any administration path-
way known in the art, including but not limited to aerosol,
nasal, oral, transmucosal, transdermal, parenteral, en-
teral, topical or local. "Parenteral" refers to a route of
administration that is generally associated with injection,
including intraorbital, infusion, intraarterial, intracapsu-
lar, intracardiac, intradermal, intramuscular, intraperito-
neal, intrapulmonary, intraspinal, intrasternal, intrathe-
cal, intrauterine, intravenous, subarachnoid, subcapsu-
lar, subcutaneous, transmucosal, or transtracheal. Via
the parenteral route, the compositions may be in the form
of solutions or suspensions for infusion or for injection,
or as lyophilized powders. Via the parenteral route, the
compositions may be in the form of solutions or suspen-
sions for infusion or for injection. Via the enteral route,
the pharmaceutical compositions can be in the form of
tablets, gel capsules, sugar-coated tablets, syrups, sus-
pensions, solutions, powders, granules, emulsions, mi-
crospheres or nanospheres or lipid vesicles or polymer
vesicles allowing controlled release. Typically, the com-
positions are administered by injection. Methods for
these administrations are known to one skilled in the art.
In accordance with the invention, the pharmaceutical
composition may be formulated for intravenous, intra-
muscular, subcutaneous, intraperitoneal, oral or via in-
halation administration.
[0120] In various embodiments, the pharmaceutical
compositions according to the invention can contain any
pharmaceutically acceptable excipient. "Pharmaceuti-
cally acceptable excipient" means an excipient that is
useful in preparing a pharmaceutical composition that is
generally safe, non-toxic, and desirable, and includes ex-
cipients that are acceptable for veterinary use as well as
for human pharmaceutical use. Such excipients may be
solid, liquid, semisolid, or, in the case of an aerosol com-
position, gaseous. Examples of excipients include but
are not limited to starches, sugars, microcrystalline cel-
lulose, diluents, granulating agents, lubricants, binders,
disintegrating agents, wetting agents, emulsifiers, color-
ing agents, release agents, coating agents, sweetening
agents, flavoring agents, perfuming agents, preserva-
tives, antioxidants, plasticizers, gelling agents, thicken-
ers, hardeners, setting agents, suspending agents, sur-
factants, humectants, carriers, stabilizers, and combina-
tions thereof.
[0121] In various embodiments, the pharmaceutical
compositions according to the invention can contain any
pharmaceutically acceptable carrier. "Pharmaceutically
acceptable carrier" as used herein refers to a pharma-
ceutically acceptable material, composition, or vehicle
that is involved in carrying or transporting a compound
of interest from one tissue, organ, or portion of the body
to another tissue, organ, or portion of the body. For ex-

ample, the carrier may be a liquid or solid filler, diluent,
excipient, solvent, or encapsulating material, or a com-
bination thereof. Each component of the carrier must be
"pharmaceutically acceptable" in that it must be compat-
ible with the other ingredients of the formulation. It must
also be suitable for use in contact with any tissues or
organs with which it may come in contact, meaning that
it must not carry a risk of toxicity, irritation, allergic re-
sponse, immunogenicity, or any other complication that
excessively outweighs its therapeutic benefits.
[0122] The pharmaceutical compositions according to
the invention can also be encapsulated, tableted or pre-
pared in an emulsion or syrup for oral administration.
Pharmaceutically acceptable solid or liquid carriers may
be added to enhance or stabilize the composition, or to
facilitate preparation of the composition. Liquid carriers
include syrup, peanut oil, olive oil, glycerin, saline, alco-
hols and water. Solid carriers include starch, lactose, cal-
cium sulfate, dihydrate, terra alba, magnesium stearate
or stearic acid, talc, pectin, acacia, agar or gelatin. The
carrier may also include a sustained release material
such as glyceryl monostearate or glyceryl distearate,
alone or with a wax.
[0123] The pharmaceutical preparations are made fol-
lowing the conventional techniques of pharmacy involv-
ing milling, mixing, granulation, and compressing, when
necessary, for tablet forms; or milling, mixing and filling
for hard gelatin capsule forms. When a liquid carrier is
used, the preparation will be in the form of a syrup, elixir,
emulsion or an aqueous or non-aqueous suspension.
Such a liquid formulation may be administered directly
p.o. or filled into a soft gelatin capsule.
[0124] The pharmaceutical compositions according to
the invention may be delivered in a therapeutically effec-
tive amount. The precise therapeutically effective
amount is that amount of the composition that will yield
the most effective results in terms of efficacy of labeling
a sample in a given subject. This amount will vary de-
pending upon a variety of factors, including but not limited
to the characteristics of the labeling compound such as
an infrared or near-infrared fluorophore, (including activ-
ity, pharmacokinetics, pharmacodynamics, and bioavail-
ability), the physiological condition of the subject (includ-
ing age, sex, disease type and stage, general physical
condition, responsiveness to a given dosage, and type
of medication), the nature of the pharmaceutically ac-
ceptable carrier or carriers in the formulation, and the
route of administration. One skilled in the clinical and
pharmacological arts will be able to determine a effective
amount for labeling a sample through routine experimen-
tation, for instance, by monitoring a subject’s response
to administration of a compound and adjusting the dos-
age accordingly. For additional guidance, see Reming-
ton: The Science and Practice of Pharmacy (Gennaro
ed. 20th edition, Williams & Wilkins PA, USA) (2000).
[0125] Before administration to a subject, formulants
may be added to the composition. A liquid formulation
may be preferred. For example, these formulants may
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include oils, polymers, vitamins, carbohydrates, amino
acids, salts, buffers, albumin, surfactants, bulking agents
or combinations thereof.
[0126] Carbohydrate formulants include sugar or sug-
ar alcohols such as monosaccharides, disaccharides, or
polysaccharides, or water soluble glucans. The saccha-
rides or glucans can include fructose, dextrose, lactose,
glucose, mannose, sorbose, xylose, maltose, sucrose,
dextran, pullulan, dextrin, alpha and beta cyclodextrin,
soluble starch, hydroxethyl starch and carboxymethyl-
cellulose, or mixtures thereof. "Sugar alcohol" is defined
as a C4 to C8 hydrocarbon having an -OH group and
includes galactitol, inositol, mannitol, xylitol, sorbitol,
glycerol, and arabitol. These sugars or sugar alcohols
mentioned above may be used individually or in combi-
nation. There is no fixed limit to amount used as long as
the sugar or sugar alcohol is soluble in the aqueous prep-
aration. In one embodiment, the sugar or sugar alcohol
concentration is between 1.0 w/v % and 7.0 w/v %, more
preferable between 2.0 and 6.0 w/v %. Amino acids for-
mulants include levorotary (L) forms of carnitine, ar-
ginine, and betaine; however, other amino acids may be
added. In some embodiments, polymers as formulants
include polyvinylpyrrolidone (PVP) with an average mo-
lecular weight between 2,000 and 3,000, or polyethylene
glycol (PEG) with an average molecular weight between
3,000 and 5,000.
[0127] It is also preferred to use a buffer in the com-
position to minimize pH changes in the solution before
lyophilization or after reconstitution. Most any physiolog-
ical buffer may be used including but not limited to citrate,
phosphate, succinate, and glutamate buffers or mixtures
thereof. In some embodiments, the concentration is from
0.01 to 0.3 molar. Surfactants that can be added to the
formulation are shown in EP Nos. 270,799 and 268,110.
[0128] Another drug delivery system for increasing cir-
culatory half-life is the liposome. Methods of preparing
liposome delivery systems are discussed in Gabizon et
al., Cancer Research (1982) 42:4734; Cafiso, Biochem
Biophys Acta (1981) 649:129; and Szoka, Ann Rev Bio-
phys Eng (1980) 9:467. Other drug delivery systems are
known in the art and are described in, e.g., Poznansky
et al., DRUG DELIVERY SYSTEMS (R. L. Juliano, ed.,
Oxford, N.Y. 1980), pp. 253-315; M. L. Poznansky,
Pharm Revs (1984) 36:277.
[0129] After the liquid pharmaceutical composition is
prepared, it may be lyophilized to prevent degradation
and to preserve sterility. Methods for lyophilizing liquid
compositions are known to those of ordinary skill in the
art. Just prior to use, the composition may be reconsti-
tuted with a sterile diluent (Ringer’s solution, distilled wa-
ter, or sterile saline, for example) which may include ad-
ditional ingredients. Upon reconstitution, the composition
is administered to subjects using those methods that are
known to those skilled in the art.
[0130] The compositions of the invention may be ster-
ilized by conventional, well-known sterilization tech-
niques. The resulting solutions may be packaged for use

or filtered under aseptic conditions and lyophilized, the
lyophilized preparation being combined with a sterile so-
lution prior to administration. The compositions may con-
tain pharmaceutically-acceptable auxiliary substances
as required to approximate physiological conditions,
such as pH adjusting and buffering agents, tonicity ad-
justing agents and the like, for example, sodium acetate,
sodium lactate, sodium chloride, potassium chloride, cal-
cium chloride, and stabilizers (e.g., 1-20% maltose, etc.).
[0131] In some embodiments, the invention described
herein is provided with a custom lens solution (e.g., a
camera), for example, as a complete system containing
all components for usage. In other embodiments, the in-
vention described herein is provided to complement a
user’s existing equipment, for example, as an add-on
system to be used with NIR-capable exoscopes and en-
doscopes, or to be integrated into operating micro-
scopes.

Examples

[0132] The following examples are provided to better
illustrate the claimed invention and are not to be inter-
preted as limiting the scope of the invention. To the extent
that specific materials are mentioned, it is merely for pur-
poses of illustration and is not intended to limit the inven-
tion.

Example 1

[0133] Charged Coupled Devices (CCDs) or Comple-
mentary metal-oxide-semiconductor (CMOS) sensors
used in the cameras have a broad spectrum of sensitivity
ranging from 400 nm to 1000 nm (Figure 2). All the Red,
Green and Blue sensors show sensitivity in the 800-1000
nm of wavelength. The commercially available cameras
have a color filter array (CFA) or color filter mosaic (CFM)
as shown in Figure 3 on top of a sensor to collect color
information from the image. In addition to this filter array
there is an additional NIR short pass filter to cutoff light
from 700-1000nm of wavelength.

Example 2

[0134] We use the sensitivity of Red, Green and Blue
pixels in near infrared region (NIR) to detect infrared flu-
orescence. A visible light source illuminates the sample
of interest. Also, a laser is used as the excitation light for
the infrared fluorophore in tissue, and the emission light
from the infrared fluorophore is detected by a CCD cam-
era. Meanwhile, the excitation light is filtered before
reaching the CCD camera to avoid interfering detection
of the emission light. An image frame is captured when
the laser is on (on-frame). Another image frame is cap-
tured when the laser is off (off-frame). The on-frame de-
tects both visible light and infrared fluorescence, while
the off-frame detects only visible light. Thus, the differ-
ence in the intensity between the on-frame and off-frame
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provides information about the infrared fluorescence sig-
nal. (Figure 4).

1. Excitation:

[0135] Excitation is achieved using a very narrow
wavelength laser @ NIR wavelength (high absorption)
780 or 785 nm. The laser light is passed through a special
lens where the excitation light it is added per focal using
a notch beam splitter (e.g. NFD01-785-25x36) (Figure
4). The laser is turned on and off at half the frequency of
the camera frame rate. The laser intensity can be con-
trolled in order to ensure uniform excitation on the same
area visible by the camera.

2. Triggering and Synchronizing:

[0136] The laser light is triggered using external trigger
which is synchronized with image frames captured by
the CCD camera. Every frame of the CCD camera is
synchronized with turning on and off of the laser (Figure
4).

3. CCD:

[0137] The frame exposure is controlled using external
trigger. As an example, Frame 1 is captured when the
laser is off and Frame 2 is captured when the laser is on.
Frame 1 captures the normal visible light coming from
the tissue (the top panel of Figure 5). Frame 2 captures
additional infrared fluorescence (the pink window in the
middle panel of Figure 5). By subtracting Frame 1 from
Frame 2, we recover the additional intensity added by
infrared fluorescence. This calculated infrared fluores-
cence can be given a false color and added back into
Frame 1 to display a composite image frame of visible
light and infrared fluorescence. This process is continu-
ously repeated to display or record a real-time video dur-
ing a surgical operation.

Example 3

[0138] By removing the NIR short pass filter in front of
the sensor, it is possible to detect fluorescence light emit-
ted by the NIR fluorophores on all RGB channels (Figure
2). But in order to differentiate between the visible light
and NIR light we have to ensure that there is no visible
light on the sensor when capturing an NIR image frame.
In order to capture the NIR light, there should not be any
visible light. In some situations, we capture one frame
when there is no visible light or NIR light, record the light,
and then subtract it from the NIR captured frame. A clin-
ical prototype is shown in Figure 6.

1. Filter combination:

[0139] We use a very specific filter combination to
achieve highest signal to noise ratio (SNR). Instead of

using a broadband excitation as described in most cur-
rent NIR system, we use an extremely narrow band ex-
citation at 785 nm (optimal for ICG, may vary depending
on the fluorophore), the excitation is further narrowed
using a laser clean up filter (Figure 7) and the excitation
light from the fluorescence light coming back from the
target is removed using a notch filter which is slightly
broader than the laser clean up filter. This makes sure
that we capture the entire fluorescence signal without
losing the fluorescence from the area shaded in Figure 1.

2. Lens system:

[0140] The lens system accomplishes two goals: 1) de-
livery of the pulsed NIR excitation light and white light to
the distal end of the lens to ensure full illumination of the
surgical field and reduce the strength of the excitation
light in the optical pathway of the emission light. The cas-
ing to this lens system has been designed to deliver both
NIR and white light to the surgical field in a uniform way.
2) Apochromatic lenses ensure maximal light capture
and transmission to the camera, with a built in notch filter
(Semrock, 785 nm StopLine® single-notch filter,
NF03-785E-25) to remove excitation light.

3. Frame capture times:

[0141] The frames are captured at very high frame rate
of 300 frames per second using a frame grabber. Slower
or faster frame rate can also be used. The frame capture
and laser strobe (on/off) are synchronized using a mul-
tifunction DAQ. This allows us to capture 10 frames for
every frame finally displayed (30 fps). The 10 frames are
divided in two sets of 5 frames each (Figure 8). The 5
capture frames are further divided as, 1) first frame is
WLF (white light "on", NIR light "off), 2) the second frame
is a SLF (white light "off’, NIR light "off), and 3) the next
three frames are NIF (white light "off, NIR light "on"). After
subtracting SLF from all three NIFs, The NIF RGB chan-
nels are added together, and then the final NIF is given
false color before adding it to the WLF. Frames generated
from both frames are ultimately added to produce a dis-
play frame. This process serves to produce crisp WL and
NIR images at a sufficient video rate to seem instanta-
neous to the surgeon. The exact order of WLF, SLF and
NIF can be shuffled.

4. Computer Architecture, Hardware and Software:

[0142] To capture and process full HD frames at 300
frames per second, we may rely on parallel processing
techniques as even the fastest CPUs available are un-
likely able to perform the required video processing cal-
culations at a fast enough rate for smooth image display.
In order to perform image processing at this frame rate,
we can utilize GPU based Computer Unified Device Ar-
chitecture (CUDA) parallel process software coding di-
rectly on the video card. One of the main limitations of
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using CUDA programming is the overheads for the trans-
fer of data from the system memory and to the GPU and
vice versa. In order to overcome this limitation our algo-
rithm is designed to transfer a raw 8 bit image prior to
de-mosaicing to the GPU. A full HD (1080p) 8 bit image
is approximately 2 Mb in size. If we consider that the PCIe
3.0 data transfer rate of approximately 7 Gb/s, we can
transfer the image to the GPU in 300 msec. After the
image is transferred to the GPU we perform image
processing operations such as Bayer demosaicing, sub-
tracting the scattered light image from the fluorescence
image, adding the Red, Green and Blue channels of the
fluorescence frame, imparting false coloring to the fluo-
rescence image, and finally adding the white light image
with the false colored fluorescence image. Lastly, in order
to improve the speed further, instead of returning the im-
age to the system memory for display, we use the
openGL / directx functions of the GPU to display the final
image. Images are displayed on a medical grade HD
quality video monitor. We have already demonstrated
the capability to acquire high quality versions of these
images and regulate appearance utilizing software.

Claims

1. An imaging system for imaging a sample comprising
an infrared or near-infrared fluorophore, comprising:

an image sensor to detect visible light and emis-
sion light and generate sensor signals;
a laser to emit an excitation light for the infrared
or near-infrared fluorophore,
wherein the excitation light is conducted to the
sample;
a laser clean-up filter in the excitation light path
from the laser to the sample,

wherein the laser clean-up filter narrows the
wavelength band of the excitation light to
the peak absorption band of the infrared or
near-infrared fluorophore,
wherein the narrowed excitation light ex-
cites the infrared or near-infrared fluoro-
phore in the sample to emit an emission
light,
wherein the emission light is conducted to
the image sensor, and

a notch filter in the emission light path from the
sample to the image sensor,
wherein the notch filter blocks the excitation
light;
a white light source to emit a light comprising
visible light,

wherein the visible light is conducted to the
sample,

wherein the sample reflects the visible light,
wherein the reflected visible light is conduct-
ed to the image sensor, and

an image processing unit for generating image
frames and connected to the image sensor,

wherein the image processing unit process-
es sensor signals to generate at least one
white light frame (WLF) when the sample
receives only visible light, at least one stray
light frame (SLF) when the sample receives
neither visible light nor the excitation light,
and one or more near infrared frames (NIFs)
when the sample receives only excitation
light, and wherein the image processing unit
subtracts the SLF from each NIF and then
adds together all SLF-subtracted NIFs to
generate a final NIF, and the final NIF and
the WLF are added together to generate a
composite image,
wherein the image sensor is one image sen-
sor configured to detect both the emission
light and the visible light from the sample
and configured to generate sensor signals,
and wherein the image sensor comprises
blue, green and red pixel sensors.

2. The imaging system of claim 1, wherein the infrared
or near-infrared fluorophore is one from the group
consisting of: indocyanine green (ICG), a functional
equivalent of ICG, an analog of ICG, a derivative of
ICG, a salt of ICG, IR8oo, Alexa68o, cy5.5, a func-
tional equivalent of IR8oo, a functional equivalent of
Alexa68o, a functional equivalent of cy5.5, an analog
of IR8oo, an analog of Alexa68o, an analog of cy5.5,
a derivative of IR8oo, a derivative of Alexa68o, a
derivative of cy5.5, a salt of IR800, a salt of Alexa
680 or a salt of cy5.5.

3. The imaging system of claim 1, wherein the image
sensor is a CCD image sensor or a CMOS image
sensor.

4. The imaging system of claim 1, wherein the blocking
range of the notch filter is broader than the transmit-
ting range of the laser clean-up filter.

5. The imaging system of claim 1, wherein the laser is
pulsed, and/or wherein the light source is pulsed.

6. The imaging system of claim 1, wherein the excita-
tion light comprises light having a wavelength of
about 785 nm.

7. The imaging system of claim 1, wherein the laser
clean-up filter selectively transmits light having a
wavelength of about 785 nm.
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8. The imaging system of claim 1, wherein the notch
filter selectively blocks light having a wavelength of
about 785 nm.

9. The imaging system of claim 1, comprising a notch
beam splitter in the light path from the laser to the
sample and in the light path from the white light
source to the sample, wherein the excitation light is
reflected by the notch beam splitter to the sample
and the visible light is transmitted by the notch beam
splitter to the sample.

10. The imaging system of claim 9, wherein the notch
beam splitter reflects light having a wavelength of
about 785 nm.

11. The imaging system of claim 1, wherein the image
processing unit false colors the final NIF.

12. The imaging system of claim 11, wherein the image
processing unit adds the false colored final NIF to
the WLF to generate a composite image frame of
visible light and infrared light.

13. The imaging system of claim 1, further comprising
an image displaying unit to display images based on
the image frames generated from the image
processing unit, wherein the image displaying unit
is connected to the image processing unit.

14. The imaging system of claim 1, wherein the excita-
tion light from the laser is conducted to the sample
through a first channel, wherein the visible light from
the white light source is conducted to the sample
through a second channel, wherein the emission
light emitted from the sample is conducted to the
image sensor through a third channel, and wherein
the visible light reflected from the sample is conduct-
ed to the image sensor through a fourth channel.

15. A method of imaging a sample, comprising:

providing a sample;
providing an imaging system of any previous
claim; and imaging the sample using the imaging
system.

16. The method of claim 15, further comprising labeling
the sample with an infrared or near-infrared fluoro-
phore.

Patentansprüche

1. Bilderfassungssystem zum Darstellen einer Probe,
die einen Infrarot- oder einen Nah-Infrarot-Fluoro-
phor umfasst, wobei das System, umfasst:

einen Bildsensor, zum Erkennen von sichtba-
rem Licht und einem Emissionslicht und zum Er-
zeugen von Sensorsignalen;
ein Laser zum Abstrahlen eines Anregungs-
lichts für den Infrarot- oder den Nah-Infrarot-Flu-
orophor,
wobei das Anregungslicht zu der Probe geleitet
wird;
einen Lasersäuberungsfilter in dem Anregungs-
lichtweg von dem Laser zu der Probe,

wobei der Lasersäuberungsfilter das Wel-
lenlängenband des Anregungslichts auf
das Spitzenabsorptionsband des Infrarot-
oder des Nah-Infrarot-Fluorophors einengt,
wobei das eingeengte Anregungslicht den
Infrarot- oder den Nah-Infrarot-Fluorophor
in der Probe anregt, um ein Emissionslicht
abzustrahlen,
wobei das Emissionslicht zu dem Bildsen-
sor geleitet wird, und

einen Kerbfilter in dem Emissionslichtweg von
der Probe zu dem Bildsensor,
wobei der Kerbfilter das Anregungslicht blo-
ckiert;
eine Weißlichtquelle zum Abstrahlen eines
Lichts, das sichtbares Licht umfasst,

wobei das sichtbare Licht zu der Probe ge-
leitet wird,
wobei die Probe das sichtbare Licht reflek-
tiert, wobei das reflektierte sichtbare Licht
zu dem Bildsensor geleitet wird, und

eine Bildverarbeitungseinheit zum Erzeugen
Einzelbildern, die mit dem Bildsensor verbun-
den ist;

wobei die Bildverarbeitungseinheit die Sen-
sorsignale verarbeitet zum Erzeugen von
mindestens einem Weißlichteinzelbild
(White Light Frame, WLF), wenn die Probe
nur sichtbares Licht empfängt, mindestens
einem Streulichteinzelbild (Stray Light Fra-
me, SLF), wenn die Probe weder sichtbares
Licht noch das Anregungslicht empfängt,
und einem oder mehreren Nah-Infrarot-Ein-
zelbilder (Near Infrared Frames, NIFs),
wenn die Probe nur das Anregungslicht
empfängt, und wobei die Bildverarbeitungs-
einheit das SLF von jedem NIF subtrahiert
und danach alle NIFs zusammenaddiert,
von denen das SLF subtrahiert wurde, um
ein endgültiges NIF zu erzeugen, und das
endgültige NIF und das WLF zusammenad-
diert, um ein zusammengesetztes Bild zu
erzeugen,
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wobei der Bildsensor ein Bildsensor ist, der
konfiguriert ist zum Erkennen sowohl des
Emissionslichts als auch des sichtbaren
Lichts von der Probe und konfiguriert ist
zum Erzeugen von Sensorsignalen, und
wobei der Bildsensor Sensoren für blaue,
grüne und rote Pixel umfasst.

2. Bilderfassungssystem nach Anspruch 1, wobei der
Infrarot- oder der Nah-Infrarot-Fluorophor einer aus
der Gruppe ist, die besteht aus: Indocyaningrün
(ICG), einem funktionellen ICG-Äquivalent, einem
ICG-Analogon, einem ICG-Derivat, einem ICG-Salz,
IR800, Alexa680, cy5.5, einem funktionellen IR800-
Äquivalent, einem funktionellen Alexa680-Äquiva-
lent, einem funktionellen cy5.5-Äquivalent, einem
IR800-Analogon, einem Alexa680-Analogon, einem
cy5.5-Analogon, einem IR800-Derivat, einem
Alexa680-Derivat, einem cy5.5-Derivat, einem
IR800-Salz, einem Alexa680-Salz oder einem cy5.5-
Salz.

3. Bilderfassungssystem nach Anspruch 1, wobei der
Bildsensor ein CCD-Bildsensor oder ein CMOS-
Bildsensor ist.

4. Bilderfassungssystem nach Anspruch 1, wobei der
Blockierbereich des Kerbfilters breiter als der Durch-
lassbereich des Lasersäuberungsfilters ist.

5. Bilderfassungssystem nach Anspruch 1, wobei der
Laser gepulst ist, und/oder wobei die Laserquelle
gepulst ist.

6. Bilderfassungssystem nach Anspruch 1, wobei das
Anregungslicht ein Licht umfasst, das eine Wellen-
länge von ungefähr 785 nm aufweist.

7. Bilderfassungssystem nach Anspruch 1, wobei der
Lasersäuberungsfilter ein Licht selektiv durchlässt,
das eine Wellenlänge von ungefähr 785 nm aufweist.

8. Bilderfassungssystem nach Anspruch 1, wobei der
Kerbfilter ein Licht selektiv blockiert, das eine Wel-
lenlänge von ungefähr 785 nm aufweist.

9. Bilderfassungssystem nach Anspruch 1, das einen
Kerbstrahlteiler in dem Lichtweg von dem Laser zu
der Probe und in dem Lichtweg von der Weißlicht-
quelle zu der Probe umfasst, wobei das Anregungs-
licht von dem Kerbstrahlteiler zu der Probe reflektiert
wird und das sichtbare Licht von dem Kerbstrahlteiler
zu der Probe durchgelassen wird.

10. Bilderfassungssystem nach Anspruch 9, wobei der
Kerbstrahlteiler ein Licht reflektiert, das eine Wellen-
länge von ungefähr 785 nm aufweist.

11. Bilderfassungssystem nach Anspruch 1, wobei die
Bildverarbeitungseinheit das endgültige NIF falsch
färbt.

12. Bilderfassungssystem nach Anspruch 11, wobei die
Bildverarbeitungseinheit das falsch gefärbte endgül-
tige NIF zu dem WLF addiert, um ein zusammenge-
setztes Einzelbild aus sichtbarem Licht und Infrarot-
Licht zu erzeugen.

13. Bilderfassungssystem nach Anspruch 1, das außer-
dem eine Bildanzeigeeinheit umfasst, um Bilder auf-
grund der Einzelbilder anzuzeigen, die von dem Bild-
verarbeitungssystem erzeugt werden, wobei die Bil-
danzeigeeinheit mit dem Bildverarbeitungssystem
verbunden ist.

14. Bilderfassungssystem nach Anspruch 1, wobei das
Anregungslicht durch einen ersten Kanal von dem
Laser zu der Probe geleitet wird, wobei das sichtbare
Licht durch einen zweiten Kanal von der Weißlicht-
quelle zu der Probe geleitet wird, wobei das Emissi-
onslicht, das von der Probe abgestrahlt wird, durch
einen dritten Kanal zu dem Bildsensor geleitet wird,
und wobei das sichtbare Licht, das von der Probe
reflektiert wird, durch einen vierten Kanal zu dem
Bildsensor geleitet wird.

15. Verfahren zum Darstellen einer Probe, umfassend:

Bereitstellen einer Probe;
Bereitstellen eines Bilderfassungssystems
nach einem der vorhergehenden Ansprüche;
und Darstellen der Probe mithilfe des Bilderfas-
sungssystems.

16. Verfahren nach Anspruch 15, das außerdem ein
Markieren der Probe mit einem Infrarot- oder einem
Nah-Infrarot-Fluorophor umfasst.

Revendications

1. Système d’imagerie destiné à imager un échantillon
comprenant un fluorophore infrarouge ou proche in-
frarouge, comprenant :

un capteur d’images pour détecter de la lumière
visible et de la lumière d’émission et générer
des signaux de capteur ;
un laser pour émettre une lumière d’excitation
pour le fluorophore infrarouge ou proche infra-
rouge,
la lumière d’excitation étant conduite jusqu’à
l’échantillon ;
un filtre de nettoyage de laser sur le chemin de
lumière d’excitation du laser à l’échantillon,

47 48 



EP 2 988 654 B1

26

5

10

15

20

25

30

35

40

45

50

55

le filtre de nettoyage de laser rétrécissant
la bande de longueurs d’onde de la lumière
d’excitation à la bande d’absorption maxi-
male du fluorophore infrarouge ou proche
infrarouge,
la lumière d’excitation rétrécie excitant le
fluorophore infrarouge ou proche infrarou-
ge dans l’échantillon pour qu’il émette une
lumière d’émission,
la lumière d’émission étant conduite jus-
qu’au capteur d’images ; et

un filtre coupe-bande sur le chemin de lumière
d’émission de l’échantillon au capteur d’images,
le filtre coupe-bande bloquant la lumière
d’excitation ;
une source de lumière blanche pour émettre une
lumière comprenant de la lumière visible,

la lumière visible étant conduite jusqu’à
l’échantillon,
l’échantillon réfléchissant la lumière visible,
la lumière visible réfléchie étant conduite
jusqu’au capteur d’images ; et

une unité de traitement d’images destinée à gé-
nérer des trames d’image et reliée au capteur
d’images,

l’unité de traitement d’images traitant des
signaux de capteur pour générer au moins
une trame de lumière blanche (WLF) quand
l’échantillon reçoit uniquement de la lumière
visible, au moins une trame de lumière pa-
rasite (SLF) quand l’échantillon ne reçoit ni
lumière visible, ni lumière d’excitation, et
une ou plusieurs trames dans le proche in-
frarouge (NIF) quand l’échantillon reçoit
uniquement de la lumière d’excitation, et
l’unité de traitement d’images soustrayant
la SLF de chaque NIF et additionnant en-
suite toutes les NIF diminuées de la SLF
pour générer une NIF finale, et la NIF finale
et la WLF étant ajoutées pour générer une
image composite,
le capteur d’images étant un capteur d’ima-
ges configuré pour détecter à la fois la lu-
mière d’émission et la lumière visible pro-
venant de l’échantillon et configuré pour gé-
nérer des signaux de capteur, et le capteur
d’images comprenant des capteurs à pixels
bleu, vert et rouge.

2. Système d’imagerie de la revendication 1, dans le-
quel le fluorophore infrarouge ou proche infrarouge
en est un du groupe constitué par : le vert d’indocya-
nine (ICG), un équivalent fonctionnel d’ICG, un ana-
logue d’ICG, un dérivé d’ICG, un sel d’ICG, l’IR800,

l’Alexa680, le cy5.5, un équivalent fonctionnel
d’IR800, un équivalent fonctionnel d’Alexa680, un
équivalent fonctionnel de cy5.5, un analogue
d’IR800, un analogue d’Alexa680, un analogue de
cy5.5, un dérivé d’IR800, un dérivé d’Alexa680, un
dérivé de cy5.5, un sel d’IR800, un sel d’Alexa680
ou un sel de cy5.5.

3. Système d’imagerie de la revendication 1, dans le-
quel le capteur d’images est un capteur d’images
CCD ou un capteur d’images CMOS.

4. Système d’imagerie de la revendication 1, dans le-
quel la plage de blocage du filtre coupe-bande est
plus large que la plage de transmission du filtre de
nettoyage de laser.

5. Système d’imagerie de la revendication 1, dans le-
quel le laser est pulsé, et/ou dans lequel la source
de lumière est puisée.

6. Système d’imagerie de la revendication 1, dans le-
quel la lumière d’excitation comprend de la lumière
ayant une longueur d’onde d’environ 785 nm.

7. Système d’imagerie de la revendication 1, dans le-
quel le filtre de nettoyage de laser transmet sélecti-
vement la lumière ayant une longueur d’onde d’en-
viron 785 nm.

8. Système d’imagerie de la revendication 1, dans le-
quel le filtre coupe-bande bloque sélectivement la
lumière ayant une longueur d’onde d’environ 785
nm.

9. Système d’imagerie de la revendication 1, compre-
nant un séparateur de faisceau coupe-bande sur le
chemin de lumière du laser à l’échantillon et sur le
chemin de lumière de la source de lumière blanche
à l’échantillon, la lumière d’excitation étant réfléchie
par le séparateur de faisceau coupe-bande jusqu’à
l’échantillon et la lumière visible étant transmise par
le séparateur de faisceau coupe-bande jusqu’à
l’échantillon.

10. Système d’imagerie de la revendication 9, dans le-
quel le séparateur de faisceau coupe-bande réfléchit
la lumière ayant une longueur d’onde d’environ 785
nm.

11. Système d’imagerie de la revendication 1, dans le-
quel l’unité de traitement d’images applique de faus-
ses couleurs à la NIF finale.

12. Système d’imagerie de la revendication 11, dans le-
quel l’unité de traitement d’images ajoute la NIF fi-
nale faussement colorée à la WLF pour générer une
trame d’image composite de lumière visible et de
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lumière infrarouge.

13. Système d’imagerie de la revendication 1, compre-
nant en outre une unité d’affichage d’images pour
afficher des images basées sur les trames d’image
générées depuis l’unité de traitement d’images, l’uni-
té d’affichage d’images étant reliée à l’unité de trai-
tement d’images.

14. Système d’imagerie de la revendication 1, dans le-
quel la lumière d’excitation provenant du laser est
conduite jusqu’à l’échantillon par un premier canal,
dans lequel la lumière visible provenant de la source
de lumière blanche est conduite jusqu’à l’échantillon
par un deuxième canal, dans lequel la lumière
d’émission émise depuis l’échantillon est conduite
jusqu’au capteur d’images par un troisième canal,
et dans lequel la lumière visible réfléchie depuis
l’échantillon est conduite jusqu’au capteur d’images
par un quatrième canal.

15. Procédé d’imagerie d’un échantillon, comprenant :

l’obtention d’un échantillon ;
l’obtention d’un système d’imagerie d’une quel-
conque revendication précédente ; et l’imagerie
de l’échantillon au moyen du système d’image-
rie.

16. Procédé de la revendication 15, comprenant en
outre le marquage de l’échantillon avec un fluoro-
phore infrarouge ou proche infrarouge.
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元 ，图像显示单元和导光通道。 根据本发明，图像传感器可以检测可见
光和红外光。
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