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(57) Abstract: A handheld medical imaging device with a rigid imaging tip optically associated with a photosensitive detector, and 
O end of the tip is placed in contact with tissue. The rigid imaging tip is used to identify abnormal tissue during surgery. The device 

may sufficiently illuminate an imaging agent to generate a fluorescence signal. The device is capable of reliably detecting millimeter 
to sub-millimeter residual cancer cells during surgery to facilitate their removal.
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MEDICAL IMAGING DEVICE AND METHODS OF USE 

FIELD 

[0001] Disclosed embodiments are related to medical imaging devices and their 

methods of use.  

BACKGROUND 

[0002] There are over one million cancer surgeries per year performed in the United 

States and nearly 40% of them miss resecting the entire tumor according to the National 

Cancer Institute Surveillance Epidemiology and End Results report. For example in breast 

cancer lumpectomies, failure to remove all of the cancer cells during the primary surgery 

(positive margins) occurs approximately 50% of the time and requires second surgeries.  

Residual cancer in the surgical bed is a leading risk factor for local tumor recurrence, reduced 

survival rates and increased likelihood of metastases. In addition, final histopathology of the 

resected tumor misses 25% of the residual cancer left in the surgical bed, which must be 

addressed with adjuvant medical therapy (e.g. radiotherapy or chemotherapy). This poor 

performance of pathology is primarily due to a sampling error since only a small fraction of 

the entire resection is analyzed.  

[0003] In a typical solid tumor resection, the surgeon removes the bulk of the tumor 

and sends it to pathology. The pathologist then samples the bulk tumor in a few locations 

and images a stained section under a microscope to determine if the surgeon has completely 

removed all of cancer cells from the patient. Should the pathologist find a portion of the 

stained sample with cancer cells bordering ink (a diagnostic known in the medical realm as 

"positive margin"), the surgeon may be instructed to resect more tissue. However this 

pathology exercise is a time intensive procedure and often takes days for final results to be 

sent to the physician. Should a pathology report requiring additional resection return after the 

patient has completed the initial surgery, this may require the surgeon to perform a second 

surgery.  

[0004] In addition to determining clean margins, some surgeries involving the 

removal of cancerous tissue adjacent to vital tissue structures, such as neurovascular bundles, 

require precise localization of abnormal tissue to remove the necessary amount of abnormal 

tissue while avoiding these vital tissue structures as much as possible. Surgeries that require



WO 2014/152797 PCT/US2014/027769 

-2

such precise, real-time localization, may include ovarian cancer debulking, brain cancer 

resection, sarcoma resection, open prostate tumor resection, esophageal cancer resection, and 

open colo-rectal tumor resection, among others. In the case of ovarian cancer debulking, 

survival rates correlate directly with the amount of residual cancer left in the wound. A 

patient is deemed "optimally" debulked if no tumor features larger than 1 cm remain at the 

end of surgery. With ovarian cancer debulking surgery, 83% of the time, cancer remains in 

the patient, and of those cases, 50% require reexcision surgeries.  

[0005] Recent advances have been made for in situ observation of residual cancer 

cells in a tumor resection bed. See, for example, U.S. Patent Application publication numbers 

2009/0299196, 2011/0100471 and 2012/0150164, the disclosures of which are incorporated 

herein by reference in their entirety. The present application is directed to a hand-held device 

and related technology for performing such in situ observation of residual cancer cells in a 

tumor resection bed.  

SUMMARY 

[0006] In one embodiment, a handheld medical imaging device may include a 

photosensitive detector comprising a plurality of pixels and a rigid imaging tip optically 

associated with the photosensitive detector. The rigid imaging tip may include a distal end 

defining a focal plane at a fixed focal distance relative to the photosensitive detector, and the 

distal end of the rigid imaging tip may be constructed to be placed in contact with tissue and 

maintain the tissue at the focal plane.  

[0007] In another embodiment, a hand held medical imaging device may include an 

imaging device body and a rigid imaging tip distally extending from the imaging device 

body. A distal end of the rigid imaging tip may define a focal plane with a field of view with 

a lateral dimension between about 10 mm to 50 mm inclusively. The rigid imaging tip may 

also include a proximal portion and a distal portion that is angled by about 250 to 650 

inclusively relative to the proximal portion. A length of the distal angled portion may be 

between about 10 mm to 65 mm, and an optical axis may pass through the rigid imaging tip 

from the distal end of the rigid imaging tip to the proximal end of the rigid imaging tip.  

[0008] In yet another embodiment, a hand held medical imaging device may include a 

photosensitive detector comprising a plurality of pixels and a rigid imaging tip optically
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associated with the photosensitive detector. The rigid imaging tip may include a distal end 

defining a focal plane relative to the photosensitive detector, and the distal end of the rigid 

imaging tip may be open. The rigid imaging tip may include at least one opening on a side of 

the rigid imaging tip that is sized and shaped to provide surgical access to the distal end of the 

rigid imaging tip.  

[0009] In another embodiment, a hand held medical imaging device may include a 

rigid imaging tip including a proximal portion and a distal portion including a distal end. The 

distal end may include an opening to provide access to a surgical bed and one or more 

supports extending between the proximal portion and the distal portion. A photosensitive 

detector may be optically associated with the opening located in the distal end of the rigid 

imaging tip.  

[0010] In yet another embodiment, a handheld medical imaging device may include a 

rigid imaging tip including a distal end defining a field of view and a photosensitive detector 

optically associated with the rigid imaging tip. A first illumination source may be adapted 

and arranged to provide light with a first wavelength to the distal end of the rigid imaging tip.  

A second illumination source may also be adapted and arranged to provide light with a 

second wavelength to the distal end of the rigid imaging tip. The first wavelength and the 

second wavelength may be different. Additionally, the first illumination source and the 

second illumination source may be adapted to alternatingly pulse.  

[0011] In another embodiment, a handheld medical imaging device may include a 

rigid imaging tip including a distal end defining a focal plane with a field of view. A 

photosensitive detector may be optically associated with the rigid imaging tip and an aperture 

may be located between the photosensitive detector and the rigid imaging tip. The aperture 

may have a diameter between about 5 mm to 15 mm inclusively. The handheld medical 

imaging device may also include a first illumination source adapted and arranged to provide 

between about 10 mW/cm2 to 200 mW/cm2 of light at the focal plane, wherein the light has a 

first wavelength between about 300 nm to 1,000 nm.  

[0012] In yet another embodiment, a method for identifying abnormal tissue may 

include: providing a first light comprising a first excitation wavelength to a surgical bed; 

collecting a fluorescence signal from the surgical bed using a photosensitive detector;
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comparing the fluorescence signal to an abnormal tissue threshold to identify abnormal 

tissue; and indicating one or more locations of the identified abnormal tissue on a screen.  

[0013] In another embodiment, a method for identifying abnormal tissue may include: 

illuminating a surgical bed with a first light comprising a first excitation wavelength of a 

imaging agent using a first illumination source; illuminating the surgical bed with a second 

light comprising a second wavelength different from the first excitation wavelength using a 

second illumination source; and collecting a signal from the surgical bed using a 

photosensitive detector.  

[0014] In yet another embodiment, a method for identifying abnormal tissue may 

include: illuminating the surgical bed with ambient light; illuminating a surgical bed with a 

first light comprising a first excitation wavelength of an imaging agent by pulsing a first 

illumination source; collecting a first signal from the surgical bed corresponding to ambient 

light using a photosensitive detector including a plurality of pixels; and collecting a second 

signal from the surgical bed corresponding to ambient light and a pulse of the first 

illumination source.  

[0015] It should be appreciated that the foregoing concepts, and additional concepts 

discussed below, may be arranged in any suitable combination, as the present disclosure is 

not limited in this respect. Further, other advantages and novel features of the present 

disclosure will become apparent from the following detailed description of various non

limiting embodiments when considered in conjunction with the accompanying figures.  

BRIEF DESCRIPTION OF DRAWINGS 

[0016] The accompanying drawings are not intended to be drawn to scale. In the 

drawings, each identical or nearly identical component that is illustrated in various figures 

may be represented by a like numeral. For purposes of clarity, not every component may be 

labeled in every drawing. In the drawings: 

[0017] Fig. 1A is a schematic representation of a surgical bed being imaged with 

decreased magnification; 

[0018] Fig. lB is a schematic representation of a surgical bed being imaged with 

increased magnification;
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[0019] Fig. 2A is a schematic side view of a closed tip handheld medical imaging 

device; 

[0020] Fig. 2B is a schematic rear perspective view of the closed tip handheld 

medical imaging device of Fig. 2A; 

[0021] Fig. 2C is a schematic side perspective view of the closed tip handheld 

medical imaging device of Fig. 2A; 

[0022] Fig. 3A is a cross sectional view of the closed tip handheld medical imaging 

device of Fig. 2A; 

[0023] Fig. 3B is perspective cross sectional view of the closed tip handheld medical 

imaging device of Fig. 2A; 

[0024] Fig. 4A is a schematic side view of an open tip handheld medical imaging 

device; 

[0025] Fig. 4B is a schematic rear perspective view of the open tip handheld medical 

imaging device of Fig. 4A; 

[0026] Fig. 4C is a schematic front perspective view of the open tip handheld medical 

imaging device of Fig. 4A; 

[0027] Fig. 5A is a schematic cross sectional view of the open tip handheld medical 

imaging device of Fig. 4A; 

[0028] Fig. 5B is perspective cross sectional view of the open tip handheld medical 

imaging device of Fig. 4A; 

[0029] Fig. 6 is a schematic rear perspective view of a rigid imaging tip including a 

restraining element; 

[0030] Fig. 7 is a schematic rear perspective view of a rigid imaging tip including an 

orienting feature; 

[0031] Fig. 8A is a schematic rear perspective view of a light box; 

[0032] Fig. 8B is a schematic side view of the light box of Fig. 8A; 

[0033] Fig. 8C is a schematic perspective view of the light box of Fig. 8A; 

[0034] Fig. 8D is a schematic cross sectional view of the light box of Fig. 8A; 

[0035] Fig. 9A is a flow diagram of one embodiment of a method for operating a 

medical imaging device;
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[0036] Fig. 9B is a flow diagram of one embodiment of a method for operating a 

medical imaging device; 

[0037] Fig. 9C is a flow diagram of one embodiment of a method for operating a 

medical imaging device; 

[0038] Fig. 1OA is a graph of fluorescence intensity of a fluorphore for different 

excitation wavelengths; 

[0039] Fig. 1OB is a graph of fluorescence intensity of a fluorphore for different 

excitation wavelengths; 

[0040] Fig. 11 A is an image taken with room light and a fluorescence signal; 

[0041] Fig. 11B is an image taken with room light; 

[0042] Fig. 1 IC is an image generated by subtracting the imaging taken with room 

light from the image taken with room light and a fluorescence signal; 

[0043] Fig. 12A is an image captured with an imaging device showing a desired field 

of view and portions outside the field of view; 

[0044] Fig. 12B is a graph depicting the photon counts for pixels within the field of 

view and outside the field of view ; 

[0045] Fig. 12C is an image with the pixels outside the field of view set to a desired 

value; 

[0046] Fig. 13A is an image of a fluoroscopic standard while in focus; 

[0047] Fig. 13B is an image of a fluoroscopic standard while out of focus; 

[0048] Fig. 14A is a graph of photon counts for a line taken across Fig. 13A 

corresponding to an in focus image; 

[0049] Fig. 14B is a graph of photon counts for a line taken across Fig. 13B 

corresponding to an out of focus image; 

[0050] Fig. 15A is a close-up of a portion of the graph presented in Fig. 14A 

corresponding to an in focus image; 

[0051] Fig. 15B is a close-up of a portion of the graph presented in Fig. 14B 

corresponding to an out of focus image; 

[0052] Fig. 16A is an image of a tumor from a dog with naturally occurring lung 

cancer injected with LUMO 15;
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[0053] Fig. 16B is an image of normal lung tissue from a dog with naturally occurring 

lung cancer; 

[0054] Fig. 17A is a raw image taken using LUM015 of a mouse-sarcoma surgical 

bed after surgery in a mouse following IV injection of LUM015; 

[0055] Fig. 17B is the same image as Fig. 17A analyzed by a detection system to 

highlight regions containing residual cancer; 

[0056] Fig. 17C the same image as Fig. 17A analyzed by a detection system to 

highlight regions containing residual cancer; 

[0057] Fig. 18A is a raw image of a surgical bed; 

[0058] Fig. 18B is the same image as Fig. 18A analyzed by a detection system to 

highlight regions containing abnormal tissue; and 

[0059] Fig 19 is an exemplary screenshot of an interface that might be used to present 

images highlighting regions containing abnormal tissue within a surgical bed.  

DETAILED DESCRIPTION 

[0060] The inventors have recognized that advances in cancer targeting molecular 

imaging agents have enabled the detection of small clusters of residual cancer on a 

background of healthy tissue. However, visually identifying cancerous tissue on the 

millimeter to submillimeter scale during a surgery is difficult even with these imaging agents.  

Therefore, the inventors have recognized a need for medical imaging devices capable of 

reliably detecting millimeter to sub millimeter residual cancer cells during surgery to 

facilitate the removal of this cancerous tissue. Such an imaging device may help to reduce 

the number of required follow-up surgeries due to cancerous tissue being left within a 

surgical bed.  

[0061] In view of the above, the inventors have recognized the benefits associated 

with a handheld medical imaging device for use with an appropriate imaging agent. In some 

embodiments, the medical imaging device may provide sufficient illumination of an 

excitation wavelength of the imaging agent to generate a fluorescence signal from the 

imaging agent that exceeds instrument noise of the imaging device. In some embodiments, 

the illumination provided by the medical imaging device may also result in an 

autofluorescence signal from healthy tissue. The medical imaging device may also detect
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abnormal tissue at sizes ranging from centimeters to single cells with sizes on the order of 10 

micrometers to tens of micrometers. Other size scales are also possible. As described in 

more detail below, in some embodiments, it may be desirable for the medical imaging device 

to be able to image a large field of view in real-time and/or be relatively insensitive to human 

motions inherent in a handheld device as well as natural motions of a patient involved in 

certain types of surgery such as breast cancer and lung cancer surgeries. The imaging device 

may either be used for imaging surgical beds, such as tumor beds, or it may be used for 

imaging already excised tissue as the disclosure is not so limited.  

[0062] In one embodiment, a medical imaging device may include a rigid imaging tip 

including a distal end defining a focal plane at a fixed distance from an optically associated 

photosensitive detector. For example, a distally extending member may define at its distal 

end a focal plane of the photosensitive detector. Depending on the embodiment, optics 

associated with the photosensitive detector may either fix a focus of the photosensitive 

detector at the focal plane located at the distal end of the rigid imaging tip, or they may 

permit a focus of the photosensitive detector to be shifted between the focal plane located at 

the distal end of the rigid imaging tip and another focal plane located beyond the distal end of 

the rigid imaging tip. While any appropriate photosensitive detector might be used, 

exemplary photosensitive detectors include a charge-coupled device (CCD) detector, a 

complementary metal-oxide semiconductor (CMOS) detector, and an avalanche photo diode 

(APD). The photosensitive detector may include a plurality of pixels such that an optical axis 

passes from the focal plane of the rigid imaging tip to the photosensitive detector.  

[0063] Depending on the embodiment, a medical imaging device can also include one 

or more light directing elements for selectively directing light from an illumination source 

comprising an excitation wavelength of an imaging agent towards a distal end of the device 

while permitting emitted light comprising an emission wavelength of the imaging agent to be 

transmitted to the photosensitive detector. In one aspect, a light emitting element comprises a 

dichroic mirror positioned to reflect light below a wavelength cutoff towards a distal end of 

an associated imaging tip while permitting light emitted by the imaging agent with a 

wavelength above the wavelength cutoff to be transmitted to the photosensitive detector.  

However, it should be understood that other ways of directing light towards a distal end of
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the device might be used including, for example, fiber optics, LED's located within the rigid 

tip, and other appropriate configurations.  

[0064] An imaging device may also include appropriate optics to focus light emitted 

from within a field of view of the device onto a photosensitive detector with a desired 

resolution. In order to provide the desired resolution, the optics may focus the emitted light 

using any appropriate magnification onto a photosensitive detector including a plurality of 

pixels. In some embodiments, the magnification is such that each pixel may have a field of 

view that corresponds to a single cell or only a portion of a single cell. Depending on a size 

of the individual pixels, the optics may either provide magnification, demagnification, or no 

magnification as the current disclosure is not so limited. For example, in an embodiment 

where the pixels of a photosensitive detector are smaller than the cells being imaged, the 

optics may demagnify the device's field of view to provide a desired field of view for each 

pixel such as for example 4 pixels per cell. While embodiments in which a field of view of 

each pixel is equal to or less than a single cell described above, embodiments in which the 

field of view of each pixel is larger than a single cell are also contemplated.  

[0065] Without wishing to be bound by theory, a typical cancer cell may be on the 

order of approximately 15 pm across. In view of the above, an optical magnification of the 

optics within a medical imaging device may be selected such that a field of view of each 

pixel may be equal to or greater than about 1 pm, 2 pm, 3 pm, 4 pm, 5 pm, 10 pm, 15 pm, 

30 pm, or any other desired size. Additionally, the field of view of each pixel may be less 

than about 100 jm, 50 am, 40 am, 30 am, 20 am, 10 am, or any other desired size scale. In 

one specific embodiment, the field of view per pixel may be between about 5 Pm and 100 Pm 

inclusively. In another embodiment, the field of view per pixel may be between about 5 Pm 

and 50 pm inclusively.  

[0066] In some instances, it may be desirable to identify both small regions of 

abnormal tissue as well as larger regions of abnormal tissue. This may be of particular 

benefit in surgeries such as ovarian cancer surgery where a surgical cavity may have a 

diameter of 20 cm. Therefore, in one embodiment, optics present within the imaging device 

may be used to alter a magnification of the emitted light captured by the photosensitive 

detector between a higher magnification setting used to detect micrometer scale abnormal 

tissues as well as a lower magnification setting where the medical imaging device may be
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used in a standoff mode to observe large portions of a surgical cavity. Depending on the 

embodiment, a field of view of the pixels of a photosensitive detector may be selectively set 

between about 5 pm and 100 pm. In instances where the medical imaging includes a rigid 

imaging tip defining a fixed focal plane at a fixed distance from an associated photosensitive 

detector, the above embodiment may correspond to shifting the focus of the photosensitive 

detector from the fixed focal plane to a second focal plane located at a second distance 

beyond the distal end of the rigid imaging tip to enable use of the device in a standoff mode 

for imaging tissue located beyond the end of the medical imaging device. This second focal 

plane may either be located at a fixed distance, or it may be variably set using an appropriate 

focusing element. Further, the focus of the medical imaging device may either be controlled 

automatically or it may be controlled manually as the disclosure is not limited in this fashion.  

[0067] As noted above, it may be desirable to improve the resolution and decrease the 

sensitivity of the medical imaging device to natural motions of a patient during surgery. This 

may be of particular benefit in surgeries such as breast lumpectomies and lung cancer 

surgeries where natural movements of the patient may interfere with imaging. Without 

wishing to be bound by theory, one way to improve resolution and decrease sensitivity to 

natural motions of a patient is to fix a distance between the tissue being examined and the 

photosensitive detector being used to capture signals from that tissue. Therefore, in 

embodiments, the medical imaging device may be adapted and arranged to provide a fixed 

distance between tissue being examined and the photosensitive detector. This might be 

provided in any number of ways including, for example, by constructing the rigid imaging tip 

such that it may be placed in contact with the tissue being examined. The imaging tip may 

be sufficiently rigid such that it may be pressed against the tissue while retaining its shape.  

Therefore, the rigid imaging tip may act as a spacer to provide a fixed distance between the 

tissue and the photosensitive detector. Additionally, since the rigid imaging tip may be 

pressed against the tissue being examined, it may resist both lateral and out of plane 

movements of the tissue due to patient movements.  

[0068] In one embodiment, a rigid imaging tip may correspond to a closed imaging 

tip. In such an embodiment, a distal end of the rigid imaging tip may be a substantially flat 

window, such that it defines a focal plane of an associated photosensitive detector. Without 

wishing to be bound by theory, when the flat surface of the distal end is pressed against tissue
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being imaged, the tissue may be compressed to conform to a shape of the closed imaging tip.  

This in turn may position the tissue adjacent to the focal plane of the photosensitive detector 

to provide a fixed distance between the tissue being examined and the photosensitive 

detector. In one particular embodiment, the flat distal end may correspond to a flat window 

disposed on, or integrated into, a distal end of the rigid imaging tip. The window may be 

transparent to one or more preselected wavelengths, or spectrum of wavelengths, such as an 

excitation wavelength and emission wavelength of a desired imaging agent. Thus, tissue may 

be positioned in, or proximate next to, a desired focal plane while permitting light comprising 

an excitation wavelength and/or emission wavelength of the imaging agent to pass out of and 

back into the imaging device. In another embodiment, the distal end of the imaging tip may 

be a ring defining a circular opening and focal plane though other shapes might be used as 

well.  

[0069] To facilitate insertion of a rigid imaging tip into a surgical cavity, in some 

embodiments, it may be desirable for the rigid imaging tip to include a distal portion that is 

angled relative to a proximal portion of the rigid imaging tip or relative to the body of the 

hand held device. An optical path of the device may pass from a distal end of the rigid 

imaging tip through both the distal and proximal portions of the rigid imaging tip to an 

optically associated photosensitive detector. In order to bend the optical path around the 

angled distal and proximal portions, the rigid imaging tip may include an appropriate optical 

component located between the proximal portion and the distal portion of the rigid imaging 

tip, such as a mirror or prism, that is adapted to bend the optical path around the angled 

portion of the rigid imaging tip. In one specific embodiment, the rigid imaging tip may have 

a distal end defining a focal area with a lateral dimension of about 10 mm to 50 mm 

inclusively, 15 mm to 35 mm inclusively, 25 mm to 35 mm inclusively, or any other 

appropriate range of dimensions. The distal portion of the tip is also angled relative to the 

proximal portion by an angle of between about 250 to 650 inclusively, 350 to 55' inclusively, 

or any other appropriate angle. Additionally, the distal portion of the rigid imaging tip may 

have a length along the optical path that is about 10 mm to 65 mm inclusively, 25 mm to 65 

mm inclusively, or any other appropriate length. Such an embodiment may be particularly 

suited for use in breast surgeries, whereby the device can be rotated by hand to easily position 

the focal plane relative to the surgical bed.
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[0070] In other embodiments, it may be desirable to facilitate imaging of a surgical 

bed, and simultaneous surgical access. In one such embodiment, the rigid imaging tip may 

include a distal end including an opening defining the focal plane, that is adapted to be 

positioned adjacent to tissue during use. The imaging tip may also include one or more 

openings located on a side of the rigid imaging tip to provide access to the opening in the 

distal end of the rigid imaging tip. The one or more openings on the side of the imaging tip 

may either be formed in a sidewall of the rigid imaging tip or between one or more supports 

extending from a proximal portion of the rigid imaging tip to a distal, tissue-engaging portion 

of the rigid imaging tip. In one embodiment, the distal ring defining the focal plane is 

supported by a single strut, and the opening defined by the ring is accessible from any side, 

being obstructed only by the single strut. In such cases, a surgeon may be able to both image 

abnormal tissue located within a field of view of the rigid imaging tip as well as 

simultaneously perform surgery on the identified abnormal tissue through the open distal end 

and the one or more side openings of the rigid imaging tip.  

[0071] In embodiments, the medical imaging device may be associated with and/or 

coupled to one or more illumination sources. For example, a first illumination source may be 

adapted and arranged to provide light including a first wavelength to a light directing element 

that reflects light below a threshold wavelength towards a distal end of a rigid imaging tip 

and transmits light above the threshold wavelength. However, other ways of directing light 

from the one or more illumination sources toward the distal end of the rigid imaging tip 

including fiber optics and LED's located within the device or rigid imaging tip might also be 

used. Regardless, or how the light is directed, the first wavelength may be selected such that 

it is below the threshold wavelength and thus will be reflected towards the distal end of the 

rigid imaging tip to illuminate the device's field of view. The illumination source may either 

be a constant illumination source or a pulsed illumination source depending on the particular 

embodiment. Additionally, the first wavelength may be selected such that it corresponds to 

an excitation wavelength of a desired imaging agent. It should be understood that the specific 

wavelength will be dependent upon the particular imaging agent, optics, as well as the 

sensitivity of the photosensitive detector being used. However, in one embodiment, the first 

wavelength may be about 300 nm to 1,000 nm, 590 nm to 680 nm, 600 nm to 650 nm, 620 

nm to 640 nm, or any other appropriate range of wavelengths depending on the particular
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imaging agent being used. Additionally, the first illumination source may be adapted to 

provide between about 10 mW/cm 2 to 200 mW/cm 2 at a desired focal plane for imaging 

tissue within a surgical bed, though other illumination intensities might also be used. For 

example, a light intensity of 50 mW/cm 2 to 200 mW/cm 2, 100 mW/cm 2 to 200 mW/cm 2, 150 

mW/cm 2 to 200 mW/cm 2 could also be used. Depending on the particular imaging agent 

being used, the various components of the medical imaging device may also be constructed 

and arranged to collect emission wavelengths from an imaging agent that are about 300 nm to 

1,000 nm, 590 nm to 680 nm, 600 nm to 650 nm, 620 nm to 640 nm, or any other appropriate 

range of wavelengths.  

[0072] In order to help reduce spherical aberrations and improve a depth of field of an 

image, a medical imaging device may include an appropriately sized aperture. However, 

smaller aperture sizes result in correspondingly lower signals reaching an associated 

photosensitive detector. Therefore, depending on the signal magnitude of an imaging agent 

versus an autofluorescence signal of surrounding normal tissue as well as the photosensitive 

detector ground and dark noise, it may be necessary to increase the illumination provided by 

an associated illumination source. In one embodiment, an appropriate combination of 

aperture size and illumination source include an illumination source as noted above and an 

aperture located between the photosensitive detector and the rigid imaging tip with a diameter 

between about 5 mm to 15 mm inclusively to provide an image side f number between about 

1.5 to 4.5 inclusively. In a related embodiment, the aperture might be sized to provide an f 

number between about 3 to 3.5 inclusively.  

[0073] In one specific embodiment, an imaging device includes an aperture with a 

width of about 10.6 mm corresponding to an image side f number of about 3.4. The imaging 

device also includes a light source including a 50 W red LED adapted to emit about 5 W of 

light at 630 nm. In this embodiment, the light incident on a surgical bed is about 60 

mW/cm 2. The associated light directing element is a dichroic mirror with a wavelength 

cutoff threshold of about 660 nm that reflects light with wavelengths less than that cutoff 

threshold towards a distal end of the imaging device. While a particular aperture, cutoff 

threshold, and illumination source are described above, it should be understood that other 

ranges of aperture sizes, f numbers, wavelengths, and cutoff thresholds are also contemplated 

as previously discussed.
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[0074] In some instances, in order to facilitate surgery while imaging a surgical site, it 

may be desirable to enable imaging of objects and/or healthy tissue in addition to abnormal 

tissue marked with an imaging agent within a surgical site. In such an embodiment, an 

imaging device may include a second illumination source constructed and arranged to 

provide light to the surgical site. In one embodiment, the second illumination source may 

simply be ambient light incident on a surgical site due to an imaging device being operated in 

a standoff mode where it is not in contact with the tissue or from the device including 

openings through which the ambient light may enter. In another embodiment, a second 

illumination source may provide light with one or more wavelengths, or a spectrum of 

wavelengths, that are greater than a cutoff wavelength of the light directing element and an 

associated excitation wavelength of the imaging agent. Therefore, light from the second 

illumination source may illuminate tissue located within a field of view of the device and 

pass through the light directing element towards an associated photosensitive detector. This 

may help to generate "white light" images during use. The first illumination source 

corresponding to an excitation wavelength of the imaging agent may either be operated in a 

constant mode or it may be pulsed during imaging to facilitate isolating the florescence signal 

as described in more detail below.  

[0075] Without wishing to be bound by theory, in some instances, identifying a 

fluorescence signal from abnormal tissue marked with an imaging agent from 

autofluorescence signals emitted from surrounding healthy tissue may be difficult. For 

example, an emission signal from a marked abnormal tissue may become convoluted with an 

autofluorescence signal making it more difficult to identify. Some types of tissue that are 

known to generate large fluorescence signals that might interfere with identification of 

residual cancer during intraoperative imaging may include, but are not limited to, tissues such 

as bone and skin. Hence, a system that can isolate a fluorescence signal that arises from a 

cancer-targeting imaging agent from a background fluorescence signal that arises due to 

native fluorescent agents may be advantageous.  

[0076] In one embodiment, mitigating interference from autofluorescence of tissue 

within a surgical site may involve the use of a first illumination source and a second 

illumination source coupled to a medical imaging device. The first and second illumination 

sources may either be separate devices, or they may be combined as noted above. The
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medical imaging device may include a distally extending imaging tip where a distal end of 

the imaging tip defines a field of view of the device. The first illumination source and the 

second illumination source may be coupled to the imaging device such that they provide light 

to the distal end of the imaging tip. For example, a dichroic mirror may be positioned along 

an optical path such that it directs light from the first and second illumination sources to the 

distal end of the imaging tip. Alternatively, other methods of directing light from the first 

and second illumination sources towards the distal end of the imaging might also be used as 

described above. The first illumination source may produce a first light with a first 

wavelength that corresponds to an excitation wavelength of a desired imaging agent. The 

second illumination source may produce a second light with a second wavelength 

corresponding to a different excitation wavelength of the desired imaging agent.  

Additionally, the first illumination source and the second illumination source may 

alternatingly pulse to induce different fluorescence signals from tissue located within the field 

of view. Depending on the embodiment, the first and second illumination sources may 

alternatingly pulse for each exposure period of a photosensitive detector or each pulse may 

last for multiple exposures of a photosensitive detector as the disclosure is not so limited.  

[0077] In embodiments where two or more illumination sources are used, the 

illumination sources may correspond to either a single illumination source or multiple 

illumination sources as the disclosure is not so limited. For example, a single illumination 

source might provide light including multiple wavelengths. Filters and other appropriate 

optical components could then be used to provide the separate desired wavelengths of light to 

the appropriate locations on the medical imaging device.  

[0078] Without wishing to be bound by theory, an imaging agent separately exposed 

to two different excitation wavelengths will exhibit a predictable rise or drop in the resulting 

fluorescence signal intensity. Therefore, a change between the fluorescence signals captured 

by a pixel of a photosensitive detector in response to excitation from two separate 

illumination sources may be compared to the expected change in the fluorescence signal for 

the imaging agent to identify abnormal tissue marked by the imaging agent. Conversely, 

pixels that do not exhibit the expected change in the fluorescence signal may be identified as 

normal tissue. For example, when LUM015 is used to mark a desired tissue, a first excitation 

wavelength between about 590 nm and 670 nm as well as a second excitation wavelength of



WO 2014/152797 PCT/US2014/027769 

- 16 

between about 510 nm and 590 nm might be used. LUM015 includes the fluorochrome CY5 

and is described generically in U.S. Publication Number 2011/0104071 and also in U.S.  

application serial number 61/781,601, the disclosures of which are incorporated herein by 

reference. LUM033 also includes the fluorochrome CY5 and can likewise be used to mark a 

desired tissue, using the same first excitation wavelength of between about 590 nm and 670 

nm and second excitation wavelength of between about 510 nm and 590 nm. Lum 33 also is 

described generically in U.S. Publication Numbers 2011/0104071 and 2012/0150164. It is 

similar to LUM015 in that it has a pharmacokinetic modifier and a Cy5 fluorochrome, but it 

does not have a quencher and an enzyme cleavage site. Instead, it relies on a 

pharmacokinetic modifier that clears the imaging agent preferentially from the healthy tissue 

leaving the cancer cells and/or tumor associated inflammation cells labeled. It should be 

understood that appropriate excitation wavelengths will vary for different imaging agents and 

that the disclosure in some aspects is not limited to any particular first and second excitation 

wavelengths.  

[0079] As noted previously it may be desirable to provide approximately 2 mm tumor 

margins that are free of residual cancer cells. Therefore, in some embodiments, it may be 

beneficial to use an imaging agent that provides a detection depth on the order of about 1mm 

to 2 mm from the surgical bed surface to provide for imaging of cells located at the surgical 

bed surface to the desired detection depth of about 1 mm to 2 mm. Without wishing to be 

bound by theory, by selecting an imaging agent with appropriate excitation and fluorescence 

emission wavelengths, the penetration depth of the imaging agent may be limited to a desired 

range such as about 1 mm to 2 mm inclusively as noted above. Therefore , a surgeon may be 

confident that the detected signal corresponds to tissue located within about 1 mm to 2 mm 

from the surgical bed surface. This enhanced depth specificity may enable a surgeon to 

resect a smaller amount of tissue which is beneficial for multiple reasons. Again, without 

wishing to be bound by theory, light with wavelengths in the far red spectrum corresponding 

to wavelengths of about 710 nm to 850 nm may offer penetration depths of about 1 mm to 2 

mm in tissue, though wavelengths between about 300 nm and 1,000 nm could also be used.  

Consequently, imaging agents that operate in the far red spectrum may provide the desired 

penetration depths of about 1 mm to 2 mm from a surgical bed surface. Therefore, in some 

embodiments, a medical imaging device may be used with an imaging agent that operates in
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the far red spectrum. However, it should be understood that an imaging agent may provide a 

detection depth that is either larger or smaller than 2 mm as the disclosure is not so limited.  

For example, imaging agents with excitation and fluorescence emission wavelengths capable 

of providing detection depths between about 1 mm to 5 mm might also be used. It should be 

understood that excitation wavelengths with penetration depths greater than the desired 

penetration depth might be used since the emitted fluorescence signal would still be limited to 

the desired penetration depth. Therefore, for example, a device might be operated with an 

imaging agent with an excitation wavelength at one wavelength and a separate fluorescence 

wavelength between about 590 nm and 850 nm.  

[0080] An exemplary imaging agent capable of providing the desired detection depths 

noted above is LUM015 (and other such agents described in U.S. Patent Publication Number 

2011/0104071) which employ the fluorophore CY5. Other appropriate fluorophores that 

might be included in an imaging agent include, but are not limited to, Cy3, Cy3.5, Cy5, Alexa 

568, Alexa 546, Alexa 610, Alexa 647, ROX, TAMRA, Bodipy 576, Bodipy 581, Bodipy 

TR, Bodipy 630, VivoTag 645, and Texas Red. Of course, one of ordinary skill in the art 

will be able to select imaging agents with fluorophores suitable for a particular application.  

[0081] The Lum Imaging agents presently used are the subject of patent application 

serial number _, filed on even date herewith, and entitled IMAGING 

AGENT FOR DETECTION OF DISEASED CELLS, the disclosure of which is incorporated 

herein by reference.  

[0082] In view of the desired detection depths, an imaging device may be optimized 

to take into account both the desired imaging depth as well as anticipated natural movements 

of a patient during surgery. For example, movements of the chest during lung cancer and 

breast lumpectomy surgeries are to be expected. Consequently, the depth of field of an 

imaging device may be between about 0.1 mm and 10 mm inclusively, 0.1 mm to 5 mm 

inclusively, or 1 mm to 5 mm inclusively. However, it should be understood that other 

depths of field both larger and smaller than the ranges noted above are also contemplated.  

[0083] The medical imaging devices described herein may be used in any number of 

ways. However, in one embodiment, the medical imaging device may be used to identify 

abnormal tissue located within a surgical bed. This may include providing a first light 

including a first excitation wavelength of a desired imaging agent to the surgical bed. The
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first excitation wavelength may result in a fluorescence signal being emitted from abnormal 

tissue marked with an appropriate imaging agent such as, for example, LUMO 15. An 

appropriate photosensitive detector including a plurality of pixels may collect the emitted 

fluorescence signal for comparison to an abnormal tissue threshold. Pixels collecting 

fluorescence signals greater than the abnormal tissue threshold may be identified as 

corresponding to abnormal tissue.  

[0084] Depending on the particular embodiment, an abnormal tissue threshold may be 

determined in a number of ways. In instances where the fluorescence signal associated with 

surrounding healthy tissue and a particular marked abnormal tissue is well-established, the 

abnormal tissue threshold might simply correspond to a predetermined number corresponding 

to that type of abnormal tissue marked with a particular imaging agent. For example, the 

abnormal tissue threshold may be 16.6 x 1010 counts/s/cm2 for breast cancer surgery 

performed using LUM015. In contrast, in instances where autofluorescence signals and 

fluorescence signals of a marked abnormal tissue may vary widely between individuals, an 

abnormal tissue threshold may be determined by first measuring a normal tissue signal on a 

healthy section of tissue. An abnormal tissue threshold may then be defined as having a 

signal intensity that is greater than the normal tissue signal by a predetermined value. For 

example, a surgeon might image a section of normal tissue and a controller of the imaging 

device may analyze the image to both determine a normal tissue signal and an appropriate 

abnormal tissue threshold. This may be of particular benefit in instances where an imaging 

device collects both fluorescence signals from an imaging agent as well as autofluorescence 

signals from tissue within a surgical bed.  

[0085] In addition to the above, in some embodiments a medical imaging device may 

also include a size threshold for determining if a fluorescent signal that is greater than an 

abnormal tissue threshold is statistically significant. This may help to identify whether or not 

an abnormal tissue marked with an imaging agent is present or if abnormal tissue larger than 

a desired size is present. For example, a controller of a medical imaging device may identify 

one or more contiguous pixels exhibiting a fluorescence signal greater than an abnormal 

tissue threshold. However, if a size of the identified one or more contiguous pixels is less 

than a size threshold, the controller may disregard this signal as being statistically 

insignificant and will not identify the tissue as being abnormal tissue. For example, if a size
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of a region exhibiting a fluorescence signal is less than the size of a cell, a system may 

determine that the detected signal is not associated with abnormal tissue. Alternatively, it 

may only be desirable to remove portions of abnormal tissue that are above a certain size 

threshold for practical reasons such as limited surgical time. Therefore, depending on the 

particular application, an appropriate size threshold may be less than a size of a single cell or 

multiple cells as the current disclosure is not so limited. For instance, an appropriate size 

threshold may be between about 5 pm to 160 pm, 5 pm to 100 pm, or 5 pm to 50 Pm, .  

Other size thresholds both greater than and less than those noted above are also contemplated 

and will depend on the particular imaging agent and tissue being examined.  

[0086] As described above, a controller associated with a medical imaging device 

may process the collected raw images to identify the presence of abnormal tissue within a 

field of view of the device using appropriate signal and/or size thresholds. In addition to 

determining the presence of abnormal tissue within a field of view, the controller may also 

output the collected images to a screen, or other viewing device for viewing by a user. The 

controller may then specifically indicate the location(s) of the previously identified abnormal 

tissue on the screen in order to bring them to a surgeon's attention. The location(s) of the 

identified abnormal tissue may be indicated on the screen in any appropriate manner 

including, for example, highlighting the locations of the identified abnormal tissue and/or a 

perimeter of the identified abnormal tissue using an appropriate color, increased contrast, 

increased intensity, or other appropriate way of highlighting the desired features on a screen 

or output device. Alternatively, geometric shapes superimposed onto the image might be 

used to indicate the location of identified abnormal tissue on a screen or other output device.  

Appropriate geometric shapes may include, but are not limited to, an arrow, or other shape, 

pointing to the identified abnormal tissue or a shape such as a circle, a square, a rectangle, a 

non-symmetric closed loop, or other appropriate shape superimposed onto the screen such 

that it encompasses a perimeter of the identified abnormal tissue. In some embodiments, 

highlighting might be used to indicate abnormal tissue with a size greater than a 

predetermined size limit and geometric shapes might be used to indicate abnormal tissue with 

a size less than the predetermined size limit. In some embodiments, both highlighting and 

geometric shapes are used to indicate the location of identified abnormal tissue with a size 

that is less than a predetermined size limit. Depending on the particular use, the
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predetermined size limit may be less than about 1 mm2, 2 mm2, 3 mm2, 4 mm2, or any other 

appropriate dimension. Therefore, it should be understood that other predetermined size 

limits both greater than and less than those noted above are also possible. Other ways of 

indicating the location of abnormal tissue are also possible. While specific ways of 

indicating the presence of identified abnormal tissue on a screen or other output device are 

described above, the disclosure is not limited to the specific embodiments described herein 

and should instead be interpreted as encompassing any appropriate method of indicating the 

presence of abnormal tissue on a screen or other output device.  

[0087] While various combinations of optical components and illumination sources 

are described above and in reference to the figures below, it should be understood that the 

various optical components such as filters, dichroic mirrors, fiber optics, mirrors, prisms, and 

other components are not limited to being used with only the embodiments they are described 

in reference to. Instead these optical components may be used in any combination with any 

one of the embodiments described herein.  

[0088] Turning now to the figures, several specific embodiments are described in 

more detail. It should be understood that the specific features described in regards to the 

various embodiments are not limited to only those embodiments. Instead, the various 

embodiments and features may be combined in various ways as the disclosure is not limited.  

[0089] Figs. 1A and lB depict schematic representations of exemplary embodiments 

for components of a medical imaging device 2. The medical imaging device may include a 

rigid imaging tip 4 at least partially defined by a distally extending member, frustoconical 

cylinder or other hollow structure. The rigid imaging tip 4 may be constructed and arranged 

to be held against tissue to fix a focal length of the medical imaging device relative to the 

tissue. As depicted in the figures, the rigid imaging tip 4 may also include an open distal end 

that defines a field of view 6. The medical imaging device 2 may also include optics such as 

an objective lens 8, an imaging lens 10, and an aperture 16. The optics may focus light from 

the field of view 6 onto a photosensitive detector 20 including a plurality of pixels 22. The 

medical imaging device may also include features such as a light directing element 12 and a 

filter 14. While a doublet lens arrangement has been depicted in the figures, it should 

understood that other types of optics capable of focusing the field of view 6 onto the 

photosensitive detector 20 might also be used including, for example, fiber-optic bundles.
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Additionally, the photosensitive detector may correspond to a detector such as a CCD, a 

CMOS array, an APD array, or other appropriate detector.  

[0090] With regards to the above noted embodiment, appropriate lenses for the 

objective lens and imaging lens include, but are not limited to, an imaging lens with a focal 

length between about 8 mm and 75 mm, and an objective lens with a focal length between 

about 10 mm and 250 mm. For example, in one specific embodiment, an imaging lens has a 

focal length of 50 mm and an objective lens has a focal length of 40 mm for imaging LUM-1.  

In another possible embodiment, an imaging lens has a focal length of 200 mm and an 

objective lens has a focal length of 25 mm for imaging LUM 2.6. It should be understood 

that other focal lengths for the imaging and objective lenses that are either greater than or less 

than the ranges noted above are also contemplated.  

[0091] As illustrated in the figures, the medical imaging device may be positioned 

such that a distal end of the rigid imaging tip 4 may be pressed against a surgical bed 24 

including one or more cells 26 which may be marked with a desired imaging agent. Instances 

where all, a portion, or none of the cells are marked with the imaging agent are contemplated.  

Pressing the rigid tip against the surgical bed may prevent out of plane and lateral tissue 

motion, which may allow for collection optics with larger f numbers and consequently, larger 

collection efficiencies, smaller blur radii, and smaller depth of field. Additionally, pressing 

the rigid imaging tip 4 against the surgical bed may provide a fixed focal length between the 

tissue bed 24 and photosensitive detector 20. In some embodiments, the rigid imaging tip 

may have a length such that the distal end of the rigid imaging tip is also located at a focal 

plane of the photosensitive detector 20. Therefore, pressing the rigid imaging tip against the 

surgical bed may position the surgical bed 24 and the cells 26 contained therein at the focal 

plane of the imaging device. Depending on the particular embodiment, a distal end of the 

rigid imaging tip 4 may include a flat surface to help position the surgical bed in the desired 

focal plane. However, in instances where an end of the rigid imaging tip is open, an 

appropriate depth of field (DOF) still may be provided to facilitate imaging of the tissue 

located within the field of view.  

[0092] In some embodiments, it may be desirable to maintain a fixed distance 

between a distal end of the rigid imaging tip and the photosensitive detector. This may help 

to maintain the focus of tissue located within the focal plane defined by the distal end of the
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rigid imaging tip. Therefore, the rigid imaging tip may be adapted to resist deflection and/or 

deformation when pressed against a surgical bed such that tissue located within the focal 

plane defined by the distal end of the rigid imaging tip is maintained in focus. For example, a 

rigid imaging tip may deflect by less than the depth of field of the medical imaging device in 

response to forces of about 5 lbf, 10 lbf, 15 lbf, 20 lbf, or any other appropriate force.  

Appropriate materials for forming the rigid imaging tip include, but are not limited to, 

polycarbonate, acrylic, and BK7 glass.  

[0093] During use, the medical imaging device may be associated with an 

illumination source 18 that directs light 18a with a first wavelength towards the light 

directing element 12. The first wavelength may correspond to an excitation wavelength of a 

desired imaging agent. In some instances, the illumination source 18 may include 

appropriate components to collimate the light 18a. The illumination source 18 might also 

include one or more filters to provide a desired wavelength, or spectrum of wavelengths, 

while filtering out wavelengths similar to those detected by the photosensitive detector 20. In 

some embodiments, the light directing element 12 may be a dichroic mirror with a cutoff 

wavelength that is greater than the first wavelength. Thus, the light directing element 12 may 

reflect the incident light 18a towards a distal end of the rigid imaging tip 4 and onto the 

surgical bed 24. When the one or more cells 26 that are labeled with a desired imaging agent 

are exposed to the incident light 18a, they may generate a fluorescent signal 18b that is 

directed towards the photosensitive detector 20. The fluorescent signal may have a 

wavelength that is greater than the cutoff wavelength of the light directing element 12.  

Therefore, the fluorescent signal 18b may pass through the light directing element 12. The 

filter 14 may be a band pass filter adapted to filter out wavelengths other than the wavelength 

of the fluorescent signal. Alternatively, the filter 14 my permit other selected wavelengths to 

pass through as well. The fluorescent signal 18b may also pass through an aperture 16 to the 

imaging lens 10. The imaging lens 10 may focus the fluorescent signal 18b, which 

corresponds to light emitted from the entire field of view, onto a plurality of pixels 22 of the 

photosensitive detector 20. In some instances, the fluorescent signal 18b may be focused 

onto a first portion 28 of the photosensitive detector while second portions 30 of the 

photosensitive detector are not exposed to the fluorescent signal. However, it should be
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understood that in some embodiments, the fluorescent signal may be focused on to an entire 

surface of a photosensitive detector as the disclosure is not so limited.  

[0094] In some embodiments, a field of view of each pixel of the one or more pixels 

22 of the photosensitive detector 20 may be selected such that it is less than or equal to a 

desired cell size. However, depending on the particular photosensitive detector used, the one 

or more pixels 22 may either be larger or smaller than a desired cell size. Consequently, and 

as illustrated by Figs. 1A and 1B, respectively, a fluorescent signal 18b emitted from a 

surgical bed may be magnified or demagnified by the imaging device's optics to provide a 

desired field of view for each pixel 22. Additionally, in some embodiments, the optics may 

provide no magnification to provide a desired field of view for each pixel 20. For example, 

in the case of a photosensitive detector including pixels that are smaller than a single cell, an 

imaging device 2 may provide a magnification factor of about 0.1 to 0.5 inclusively, 0.2 to 

0.3 inclusively, or any other appropriate magnification factor to provide a desired number of 

pixels per cell.  

[0095] Having generally described embodiments related to a medical imaging device 

and an associated rigid imaging tip, several specific embodiments directed to different types 

of rigid imaging tips are described in more detail below with regards to Fig. 2A-5C.  

[0096] Fig. 2A-2C and 4A-4C generally depict embodiments of a medical imaging 

device 100 including a distally extending rigid imaging tip 102 corresponding to a tube with 

an open inner diameter. The rigid imaging tip 102 may include a distal portion 104 and a 

proximal portion 106. A distal end 104a of the rigid imaging tip located on the distal portion 

104 may define a field of view for the imaging device. Additionally, the proximal portion 

106 may be constructed to either be detachably or permanently connected to a body 112 of 

the imaging device. In embodiments where the proximal portion 106 is detachably connected 

to the body 112, the connection may include, for example, a snap on, screw on, suction, or 

magnetic connection. This may provide multiple benefits including, for example, easily and 

quickly changing a rigid imaging tip during a surgical procedure as well as enabling the rigid 

imaging tip to be removed and sterilized. Consequently, in some embodiments, the rigid 

imaging tip may also be made from materials that are compatible with typical sterilization 

techniques such as various steam, heat, chemical, and radiation sterilization techniques.
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[0097] Depending on the particular embodiment, a body 112 of a medical imaging 

device 100 may be constructed and arranged to be a handheld medical imaging device.  

However, embodiments in which the medical imaging device, and/or the methods of use 

described herein, are applied to a medical imaging device that is not handheld are also 

possible. As depicted in the figures, the body 112 may include a light coupling section 114 

attached to a housing 116. The housing 116 may be adapted to mount a photosensitive 

detector 118 to the medical imaging device. In some embodiments, the photosensitive 

detector 118 may include an appropriate data output 118a for outputting data to an external 

controller, not depicted. One or more light inputs 120 associated with one or more separate 

illumination sources, not depicted, may be coupled to the light coupling section 114 as 

depicted in the figures to provide light including at least a first excitation wavelength to the 

medical imaging device 100.  

[0098] Referring now to Fig. 3A-3B and 5A-5B, the general arrangement of 

components within a medical imaging device 100 interior are described in more detail. As 

depicted in the figures, the medical imaging device may include a rigid imaging tip 102 

corresponding to a member distally extending from the body 112 with an optically 

transparent or hollow interior. A distal end 104a of the rigid imaging tip 102 may define a 

focal plane located at a fixed distance relative to the optically coupled photosensitive detector 

118 located on a proximal portion of the medical imaging device. In one embodiment, the 

optics coupling the rigid imaging tip and the photosensitive detector may include an objective 

lens 134 and an imaging lens 136 located between the rigid imaging tip and the 

photosensitive detector. The objective and imaging lenses 134 and 136 may focus light 

emitted from within a field of view of the rigid imaging tip onto a surface 138 of the 

photosensitive detector 118 including a plurality of pixels. A magnification provided by the 

combined objective and imaging lenses 134 and 136 may be selected to provide a desired 

field of view for each pixel. Again, the field of view for each pixel may be selected such that 

each pixel may correspond to one cell or less of a tissue being imaged. However, 

embodiments in which each pixel may correspond to more than one cell are also 

contemplated.  

[0099] The medical imaging device 100 may also include one or more light directing 

elements 124 located between the photosensitive detector 118 and a distal end 104a of the
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rigid imaging tip. For example, as depicted in the figure, the light directing element 124 may 

be located between the objective lens 134 and the imaging lens 136. However, other 

locations within the medical imaging device including along the rigid imaging tip are also 

contemplated. The light directing element 124 may be adapted to reflect light below a cutoff 

wavelength towards the distal end of the rigid imaging tip and transmit light above the cutoff 

wavelength towards the photosensitive detector 118. In the current embodiment, the cutoff 

wavelength may be greater than an excitation wavelength of a desired imaging agent and less 

than an emission wavelength of the imaging agent. While any appropriate structure might be 

used for the light directing element, in one embodiment, the light directing element is a 

dichroic mirror.  

[00100] In some embodiments, the medical imaging device 100 may include one or 

more filters 130 located between the light directing element 124 and the photosensitive 

detector 118. The one or more filters 130 may be adapted to permit light emitted from an 

imaging agent to pass onto the photosensitive detector while blocking light corresponding to 

excitation wavelengths of the imaging agent. Depending on the embodiment, the one or more 

filters may either permit a broad spectrum of wavelengths to pass or they may only permit the 

desired emission wavelength, or a narrow band surrounding that wavelength, to pass as the 

disclosure is not so limited.  

[00101] An aperture stop 132 including an appropriately sized aperture may also be 

located between the rigid imaging tip 102 and the photosensitive detector 118. More 

specifically, the aperture stop 132 may be located between the light directing element 124 

and the imaging lens 136. Depending on the embodiment, the aperture may have an aperture 

diameter selected to provide a desired f number, depth of field, and/or reduction in lens 

aberrations. Appropriate aperture diameters may range from about 5 mm to 15 mm 

inclusively which may provide an image side f number between about 3 to 3.5 inclusively.  

However, other appropriate aperture diameters and f numbers are also contemplated.  

[00102] During use, a medical imaging device 100 may be coupled to a light input 120 

from an associated illumination source. The light input 120 may be any appropriate structure 

including, for example, fiber-optic cables used to transmit light from an associated 

illumination source to the medical imaging device. The light input 120 may be associated 

with optical elements such as an aspheric lens to help collimate light directed towards the
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light directing element 124. The light input 120 may also be associated with one or more 

filters in order to provide a desired wavelength, or a spectrum of wavelengths. This 

wavelength, or spectrum of wavelengths, may correspond to one or more excitation 

wavelengths of a desired imaging agent used to mark abnormal tissue for imaging purposes.  

Depending on the particular embodiment, the light input 120 may either be associated with a 

single illumination source, or it may be associated with multiple illumination sources.  

Alternatively, multiple light inputs may be coupled to the medical imaging device to provide 

connections to multiple illumination sources as the current disclosure is not so limited.  

[00103] It should be understood that the above components may be provided in any 

desired arrangement. Additionally, a medical imaging device may only include some of the 

above noted components and/or it may include additional components. However, regardless 

of the specific features included, an optical axis 140 of a medical imaging device may pass 

from a distal end 104a of a rigid imaging tip 102 to a photosensitive detector 118. For 

example, light emitted from within a field of view may travel along an optical path 140 

passing through the distal end 104a as well as the distal and proximal portions 104 and 106 of 

the rigid imaging tip. The optical path may also pass through a light coupling section 114 

and housing 116 including various optics to the photosensitive detector 118.  

[00104] During certain surgical procedures, a surgical site may be subjected to natural 

movements from a patient such as breathing, the surgical site may present irregular surfaces, 

and/or sidewalls might be necessary for operation within the surgical cavity. Consequently, 

in some embodiments a medical imaging device may include a rigid imaging tip with a 

closed flat distal end that may be pressed against a surgical bed within a surgical site to help 

mitigate movement of the surgical bed relative to the medical imaging device. However, it 

should be understood that a closed rigid imaging tip might also be used for other purposes as 

well. In some embodiments, the medical imaging device may also be shaped and sized to 

facilitate insertion into a surgical site for specific surgeries. One such embodiment is 

described in more detail below with regards to Fig. 2A-3B.  

[00105] As depicted in the figures, a medical imaging device 100 may include a rigid 

imaging tip 102 with a distal portion 104 and a proximal portion 106. The distal portion 104 

may include a distal end 104a including an opening optically associated with a photosensitive 

detector 118. Depending on the embodiment, a window 108 may be disposed on, or
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integrated with, the distal end 104a of the rigid imaging tip. In instances where the window 

108 is disposed on the distal end, it may either be directly disposed on the distal end of the 

rigid imaging tip or it may be indirectly disposed on the rigid imaging tip. The window 108 

may be transparent to both the excitation wavelengths provided by an associated illumination 

source as well as wavelengths emitted from a desired imaging agent. However, embodiments 

in which the window 108 is transparent to other wavelengths as well are also contemplated.  

While any appropriate shape might be used depending on the particular optics and algorithms 

used, in one embodiment, the window 108 may have a flat shape to facilitate placing tissue at 

a desired focal plane when it is pressed against a surgical bed.  

[00106] In some embodiments, a rigid imaging tip 102 may also include a bend 110 to 

facilitate access of a medical imaging device into a surgical site. For example, a distal 

portion 104 of the rigid imaging tip may be angled relative to a proximal portion 106 of the 

rigid imaging tip. Any appropriate angle between the proximal and distal portions to 

facilitate access to a desired surgical site might be used. However in one embodiment, an 

angle a between the proximal and distal portions may be between about 250 to 650 

inclusively. For example, a rigid imaging tip may have an angle a that is equal to about 45'.  

In embodiments including an angled distal portion, the rigid imaging tip 102 may also 

include a light bending element 122 adapted to bend an optical path 140 through the bent 

rigid imaging tip. Appropriate light bending elements include, but are not limited to, mirrors 

and prisms. It should be understood that the specific shapes and dimensions of the rigid 

imaging tip may be selected to facilitate use in specific surgeries. For example, a medical 

imaging device may include a distal end 104a with an opening that defines a focal plane with 

a field of view with a lateral dimension between about 10 mm and 50 mm, though field of 

views with dimensions both greater than and less than those noted above are also 

contemplated. This lateral dimension may be a diameter, though geometrical shapes other 

than a circle might also be used. The rigid imaging tip may also include a distal portion with 

a length between about 10 mm and 65 mm. In the embodiment shown, this is the distance 

from the distal end 104a to the point where the optical path contacts the light bending element 

122 as depicted in the figure. Such an embodiment may be of particular use in breast 

surgeries, though it might also be used for other surgeries such as brain cancer surgeries, 

ovarian cancer surgeries, and other types of cancer surgeries as well.
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[00107] In other embodiments, it may be desirable for a surgeon to be able to access 

abnormal tissue in real-time while imaging is taking place. Such an embodiment may 

facilitate simultaneous identification and removal of abnormal tissue because the surgeon 

may both identify abnormal tissue in real-time and access it for excision at the same time. To 

facilitate such access, a rigid imaging tip may include an open distal end as well as one or 

more openings located on a side of the rigid imaging tip to provide surgical access to a 

surgical bed. One specific embodiment is described in more detail below referring to Figs.  

4A-5B.  

[00108] As depicted in the figures, a rigid imaging tip 102 may include a distal portion 

104 and a proximal portion 106 coupled to the medical imaging device. The distal portion 

104 may include a distal end 104a with an opening 200 that provides access to an associated 

surgical bed and is also in optical communication with the photosensitive detector 118. One 

or more openings 204 may be located on a side of the rigid imaging tip to permit surgical 

access to the surgical bed while still using the medical imaging device. It should be 

understood that the openings may be located on any side of the rigid imaging tip such that a 

surgeon may access the surgical bed through the opening 200 provided at the distal end of the 

rigid imaging tip. In one specific embodiment, at least one support 202 may distally extend 

from the proximal portion 106 to the distal portion 104 of the rigid imaging tip. Further, the 

one or more openings 204 may be defined by the at least one support. For example, as shown 

in the figures, the distal portion 104, supports 202, and proximal portion 106 may be 

approximately shaped as a conical frustum where the proximal portion 106 has a smaller 

diameter than the distal portion of the rigid imaging tip 104. Further, three radially spaced 

supports 202 may distally extend from the proximal portion to the distal portion to define 

three openings 204 located between the radially spaced supports. While a specific 

arrangement in shape of the open rigid imaging tip has been depicted, other embodiments 

including different arrangements of these components as well as different shapes are also 

possible. In one embodiment, there is a single support or strut extending from the proximal 

portion 106 to the distal portion 104 and supporting the distal portion 104.  

[00109] As described in more detail below, when using an open imaging tip, an 

associated surgical bed may be exposed to ambient light. In order to compensate for the 

ambient light, an associated illumination source may be adapted to pulse so that exposures of
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the photosensitive detector for which the illumination source is on consist of a desired 

fluorescence signal and an ambient light signal. Correspondingly, exposures of the 

photosensitive detector for which the illumination source is off consist of an ambient light 

signal. The illumination source may either be pulsed for every other exposure of the 

photosensitive detector or it may be pulsed at a different time period as the disclosure is not 

so limited. The signal corresponding to a fluorescence of a desired imaging agent may then 

be isolated by subtracting exposures corresponding to ambient light from exposures 

corresponding to both ambient light and the pulsed illumination source.  

[00110] As noted above, a distal end of a rigid imaging tip may be used to define a 

focal plane located at a fixed distance from an associated photosensitive detector. However, 

in some embodiments, a medical imaging device may include an appropriate focusing 

element 206 to adjust the focal distance of the medical imaging device, see Figs. 4A-4C.  

Thus, a focus of the medical imaging device might be selectively adjusted between a focal 

plane located at the fixed distance defined by the distal end of the rigid imaging tip and a 

second focal plane located at a second focal distance beyond the distal end of the rigid 

imaging tip. This may beneficially provide a field of view that may be adjusted between a 

smaller field of view for close-up examination where a medical imaging device may be 

placed in contact with tissue and a larger field of view for examination in a standoff mode 

where the medical imaging device may be held above the tissue being imaged. This may be 

beneficial in surgeries such as cervical cancer surgery where a surgical site might be on the 

order of about 20 cm across and it is desirable to detect abnormal tissue over both small and 

large length scales.  

[00111] Without wishing to be bound by theory, in embodiments where a field of view 

defined by an open rigid imaging tip is relatively large, tissue from a surgical bed may 

protrude past a desired focal plane defined by a distal end of the rigid imaging tip. This may 

result in the tissue being out of focus due to insufficient depth of field. While it may be 

possible to increase a depth of field of the medical imaging device, in some embodiments, an 

open rigid imaging tip may include one or more tissue restraining elements. As illustrated in 

Fig. 6, the tissue restraining element 210 may be embodied by a bar extending across a distal 

end 104a of the rigid imaging tip. The restraining element might also correspond to a bar that 

extends across only a portion of the distal end, a circular element located within an interior
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region of the distal end, or any other feature capable of restraining tissue from protruding into 

the rigid imaging tip. Depending on the embodiment, the tissue restraining element 210 may 

be transparent to the excitation wavelength from a light source and a corresponding 

fluorescence emission wavelength from a desired imaging agent.  

[00112] In other embodiments, a rigid imaging tip may also incorporate an orienting 

feature 212 to help orient a surgeon relative to a surgical site being imaged by the medical 

imaging device, see Fig. 7. While any appropriate feature might be used, in one embodiment, 

the orienting feature 212 may correspond to a tab extending inwards from an interior surface 

of the rigid imaging tip such that it extends into the field of view of the medical imaging 

device. Thus, the orienting feature may provide a visual guide within the surgical bed to help 

guide a surgeon. Additionally, as described in more detail below, the orienting feature 212 

may also be used to determine if the medical imaging device is in focus or not. While an 

orienting feature located within the rigid imaging tip has been depicted in the figures and 

described above, embodiments in which the orienting feature is located in a position that is 

not visible to a surgeon while still providing an orienting feature in an image displayed by the 

device is possible. Additionally, embodiments in which software creates an orienting feature 

within an image output to an appropriate display without the presence of an orienting feature 

located in the device is also contemplated.  

[00113] Fig. 8A-8D depict one embodiment of an illumination source 300 .The 

illumination source may include an LED 302 optically coupled to a light input 120 adapted 

for outputting light to an associated medical imaging device. As noted previously, the light 

input 120 may correspond to a fiber-optic guide adapted for coupling to the associated 

medical imaging device. The LED 302 may be disposed on top of a heat sink 304 and one or 

more cooling elements 306, such as one or more fans, may be used to remove heat from the 

illumination source. The LED may also be associated with an appropriate temperature sensor 

308 adapted to sense a temperature of the LED for use by an associated controller. As noted 

above, the LED 302 in one embodiment corresponds to a 50 W LED capable of providing 5.6 

W of light with a wavelength of about 630 nm. Such an illumination source may be of 

particular benefit where a medical imaging device is comparing a fluorescence threshold of 

healthy tissue to a fluorescence threshold of abnormal tissue due to the relatively high 

illumination intensity. However, embodiments in which a lower, or higher, intensity
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illumination source may be used are also contemplated. For example, embodiments in which 

there is less tissue variability between patients for a particular type of surgery and an absolute 

abnormal tissue threshold has been determined, a lower intensity illumination source might 

be used. Additionally, an illumination source may provide any desired wavelength, or 

spectrum of wavelengths, as the disclosure is not so limited.  

[00114] Having generally described the various embodiments of a medical imaging 

device, various methods of use are described in more detail below.  

[00115] Fig. 9A depicts one possible way in which a medical imaging device might be 

used. As indicated in the figure, tissue may be marked with an appropriate imaging agent at 

400. The imaging agent may be provided in any appropriate fashion including, for example, 

injection and/or topical application. A medical imaging device may optionally prompt a user 

to input patient information at 402. The patient information might include information such 

as a name, patient identification number, type of surgical procedure being performed, type of 

imaging agent being used, and other appropriate information. In some instances, a medical 

imaging device controller may incorporate warnings when required data fields are not 

completed. However, user overrides might be used to proceed with imaging in instances 

where patient information is either unavailable or confidential.  

[00116] In some embodiments, it may be desirable to calibrate a medical imaging 

device prior to usage as indicated at 404. This may be done prior to every usage, or it may 

only be done occasionally as needed to confirm calibration as the disclosure is not so limited.  

While any appropriate calibration method might be used, in one embodiment, calibration of a 

medical imaging device might include prompting a user to test a signal brightness generated 

by a medical imaging device by imaging a fluorescence standard and comparing the average 

value of that image to a default standard value. Appropriate fluorescent standards may 

include acrylonitrile butadiene styrene (ABS), though other fluorescent standards might also 

be used. A medical imaging device control may also prompt a user to determine the system 

dark noise by imaging a dark standard and/or covering the medical imaging device with a 

cover. The average pixel value may then be compared to a default value. The controller may 

then correct for both the dark noise and background variations in real time. The controller 

may also perform a smoothing operation on an image of the fluorescent standard and may
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subsequently use that image to correct images during real-time capture. A specific correction 

method is described in more detail below in the examples.  

[00117] In some embodiments, the controller may only display pixels within a 

predefined field of view of the medical imaging device. Pixels located outside of the field of 

view may be assigned a preset value including, for example, a value of zero. Pixels located 

outside of the field of view may be determined by a signal cutoff value based on the 

fluorescent standard image noted above. Pixels that fall below the cut off value may be 

determined as being outside of the field of view.  

[00118] As part of calibrating a medical imaging device, in some embodiments it may 

be desirable to confirm a focus and resolution of the medical imaging device prior to use. In 

such an embodiment, a controller of the medical imaging device may identify the location of 

a constant feature, such as an orienting feature protruding into the field of view and/or an 

edge of the field of view of the medical imaging device for evaluating the focus. A standard 

signal corresponding to the feature and/or edge of the field of view may be stored within a 

controller of the medical imaging device. The standard signal may have a characteristic 

length over which a signal corresponding to the of the field of view and/or the constant 

feature transitions when in focus. Consequently, when imaging a standard as noted above, 

the controller may compare a transition length associated with an edge of the field of view 

and/or the constant feature to the previously determined characteristic length. If the imaged 

transition length is different from the characteristic length, a user may adjust the focus 

manually. Alternatively, in some embodiments, the controller of the medical imaging device 

may automatically adjust the focus. While focusing may confirmed and adjusted during 

calibration, in some embodiments, focus may be adjusted during imaging of a surgical bed as 

well.  

[00119] It should be understood that the various corrections noted above may either be 

performed individually or in combination.  

[00120] After calibrating the medical imaging device, in some embodiments, a 

controller may prompt a user to determine a normal tissue signal at 406. A normal tissue 

signal may be determined by having a user place a rigid imaging tip of the device at a known 

portion of healthy tissue and collecting an image. A fluorescent signal corresponding to the 

normal tissue may then be captured by the medical imaging device to establish the normal
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tissue signal for subsequent usage. While a single normal tissue signal obtained from a single 

image might be used, in some embodiments, a controller may determine an average normal 

tissue signal using an average of several images of normal tissue.  

[00121] The medical imaging device may also determine an abnormal tissue threshold 

at 408. In some embodiments, an abnormal tissue threshold may be determined by setting a 

value that is a predetermined amount greater than the normal tissue signal. However, in other 

embodiments, the abnormal tissue threshold may simply correspond to a known absolute 

threshold corresponding to a particular imaging agent and tissue being imaged. For example, 

an abnormal tissue threshold for breast cancer using LUM015 may be greater than about 16.6 

x 1010 counts/s/cm 2. This abnormal threshold was determined using a normal tissue signal of 

about 11.2 x 1010 counts/s/cm 2 with a standard deviation of about 1.8 x 1010 counts/s/cm2. A 

corresponding mean abnormal tissue threshold was also determined to be about 55.7 x 1010 
2 counts/s/cm . Therefore, the abnormal tissue threshold is about three standard deviations 

higher than the normal tissue signal while still being greatly less than the identified abnormal 

tissue threshold. While a particular threshold has been indicated above for a particular 

surgery, the abnormal tissue threshold limit could be any appropriate value for a given 

imaging agent and tissue being imaged.  

[00122] In instances where a user notices that a medical imaging device is not 

completely identifying regions of abnormal tissue, it may be desirable to adjust the abnormal 

tissue threshold to appropriately identify the abnormal tissue. In such an embodiment, 

determining an abnormal tissue threshold may also include permitting a user to adjust the 

abnormal tissue threshold using a numerical input, slider provided on a graphical user 

interface, or other appropriate input. In order to prevent false negatives, it may be desirable 

to only permit lowering of the abnormal tissue threshold. Without wishing to be bound by 

theory, this would increase the chance of false positives while limiting the chance of false 

negatives.  

[00123] After appropriately setting up a medical imaging device and measuring a 

normal tissue signal and/or abnormal tissue threshold, a medical imaging device may then be 

used to image a surgical bed or other tissue section. As indicated at 410, the medical imaging 

device may provide light from a first illumination source to an associated surgical bed. The 

light provided by a first illumination source may include an excitation wavelength of an
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imaging agent used to mark the tissue as noted above. The medical imaging device may then 

collect a fluorescence signal emitted from the imaging agent located in the tumor using an 

appropriate photosensitive detector at 412. In some embodiments, collecting the fluorescence 

signal from the surgical bed may also include collecting an autofluorescence signal from 

tissue located within the surgical bed. The collected fluorescence signal may be compared to 

the abnormal tissue threshold at 414. Pixels of the photosensitive detector with fluorescence 

signals that are greater than the abnormal tissue threshold may be identified as corresponding 

to abnormal tissue. In some embodiments, a size of one or more contiguous pixels with 

fluorescence signals that are greater than abnormal tissue threshold may optionally be 

compared to a size threshold at 416 such that sizes greater than the size threshold may be 

identify as abnormal and sizes less than the size threshold may be disregarded. This size 

threshold may correspond to sizes that are less than a corresponding cell size. However, size 

thresholds that are larger than a corresponding cell size are possible. For example, the size 

threshold may be between about 5 pm and 160 pm, 5 pm and 30 pm, 5 pm and 50 pm, or 

any other appropriate size. Size thresholds both greater than and less than the ranges noted 

above are also contemplated.  

[00124] After identifying one or more areas within a field of view corresponding to 

abnormal tissue, a controller of a medical imaging device may both output an image to an 

appropriate viewing device and indicate areas corresponding to abnormal tissue at 418. For 

example, the controller might output an image to a viewing screen and it may indicate 

locations of abnormal tissue depicted on the screen by highlighting or using a geometric 

shape. In one specific embodiment, the controller may highlight abnormal tissue 

corresponding to a size that is greater than about 2 mm2 and may use a geometric shapes such 

as an arrow, a circle, a square, a rectangle, a non-symmetric closed loop, or other appropriate 

shape to indicate abnormal tissue corresponding to a size that is less than about 2 mm2 that 

would be difficult for a surgeon to visually identify. It should be understood that different 

sizes for indicating areas of abnormal tissue either greater than or less than 2 mm2 are also 

possible.  

[00125] It should be understood that a medical imaging device operated in the above

noted matter may continuously provide excitation light to a surgical bed, collect the resulting 

fluorescence signals, identify areas of abnormal tissue and indicate the location of those
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identified areas of abnormal tissue to a user. Therefore, a surgeon may be able to view real

time images indicating the presence, or lack thereof, of abnormal tissue within a surgical bed 

without the need for lengthy testing of excised tissue samples. In some embodiments, the 

controller of the medical imaging device may also provide for either video and/or picture 

capture to aid in performing and/or documenting a surgical procedure.  

[00126] Figs. 9B and 9C depict two other methods for operating a medical imaging 

device. Similar to the above, these methods may include marking tissue with a first imaging 

agent. Additionally, as above, a medical imaging device may optionally acquire patient 

information, calibrate the medical imaging device, and optionally obtain a normal tissue 

signal as well as an abnormal tissue threshold. The medical imaging device may then 

identify areas of abnormal tissue as described in more detail below prior to indicating one or 

more contiguous pixels as corresponding to abnormal tissue.  

[00127] Fig. 9B depicts a method for mitigating a large autofluorescence signal from 

adjacent normal tissue. However, such a method might also be used in instances where a 

large autofluorescence signal is not present as the disclosure is not so limited. In the depicted 

method, two or more illumination sources may be alternatingly pulsed to provide light to a 

surgical bed at 420. The two or more illumination sources may provide light including two 

or more different excitation wavelengths of an associated imaging agent. For example, a first 

illumination source may provide a first excitation wavelength and a second illumination 

source may provide a second excitation wavelength. In embodiments where a light directing 

element, such as a dichroic mirror, is used, the excitation wavelengths may be less than a 

wavelength cutoff of the light directing element. In some embodiments, additional 

illumination sources, such as a third illumination source, may be used to provide additional 

excitation wavelengths. Regardless of the particular number of illumination sources used, the 

two or more illumination sources may correspond to any appropriate structure. For example, 

two different color LEDs, lasers, or spectrally filtered lamps might be used. Additionally, the 

illumination sources might be integrated into a single system, such as a single lightbox, or 

they may be integrated into separate systems. The pulsing of the two or more illumination 

sources may be controlled such that they are triggered for every other exposure of an 

associated photosensitive detector though other timings for the pulses are also contemplated.
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[00128] An associated photosensitive detector may collect the fluorescence signals 

emitted from the surgical bed corresponding to the separate illumination sources at 422. A 

controller of the medical imaging device may then compare a fluorescence signal intensity 

and/or wavelength shift in the detected signal of each pixel between the separate exposures.  

This signal shift may then be correlated to the expected shift from the first excitation 

wavelength to the second excitation wavelength for the associated imaging agent. Pixels 

exhibiting the expected signal shift may then be identified as correlating to abnormal tissue.  

Correspondingly, pixels that do not exhibit the expected signal shift may be identified as 

correlating to normal tissue. Similar to the above, the controller may optionally compare a 

size of one or more contiguous pixels exhibiting the expected signal shift to a size threshold 

to also determine if the identified pixels correspond to abnormal tissue.  

[00129] Fig. 9C depicts a method for mitigating interference from ambient light being 

reflected from within a surgical site being imaged. Such a method may be used with any 

medical imaging device, but in one embodiment, a medical imaging device including an open 

rigid imaging tip may employ such a method. As indicated in the figure, ambient light may 

be provided to a surgical bed at 428. The ambient light may either be incident upon the 

surgical bed because a medical imaging device is being operated in a standoff mode and/or 

because an imaging tip of the device includes openings for surgical access through which the 

light enters. An illumination source adapted to provide an excitation wavelength of the 

imaging agent may be pulsed to deliver light to the surgical bed at 430. While the 

illumination source may be pulsed in any appropriate, in one embodiment, the illumination 

source may be pulsed every other exposure of an associated photosensitive detector. The 

photosensitive detector may then collect a combined fluorescence and ambient light signal 

emitted from the surgical bed during one exposure at 432. Separately, the photosensitive 

detector may collect an ambient light signal emitted from the surgical bed during another 

exposure at 434 when the illumination source is off. A controller of the medical imaging 

device may then subtract the ambient light signal from the combined fluorescence and 

ambient light signal to produce a fluorescence signal at 436. The fluorescence signal for each 

pixel of the photosensitive detector may then be compared to an abnormal tissue threshold 

and optionally a size threshold to identify the presence of abnormal tissue as previously 

noted.
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[00130] Fig. 19 depicts one embodiment of a graphical user interface used for 

indicating the location of abnormal tissue 702 relative to normal tissue 700. As shown in the 

figure, in addition to showing a real time image 808 indicating the location of abnormal tissue 

as described above, the graphical user interface may include buttons for initiating procedures 

such as patient data acquisition 800, calibrating the system against a fluorescent standard 802, 

calibrating a normal tissue signal 804, and adjustment of an abnormal tissue threshold 806.  

The interface may also include buttons for saving videos 810 and images 812. One or more 

smaller screen shots 814 from the saved videos and images may also be displayed on a screen 

to aid a surgeon in keeping track of multiple locations within a surgical bed, the progress of a 

surgery over time, or other appropriate use. It should be understood that other arrangements 

might also be used.  

[00131] Having generally described a medical imaging device and its methods of use 

above, several non-limiting examples of its application and implementation are provided 

below.  

[00132] Example: Autofluorescence mitigation 

[00133] Fig. 1OA and 10B present graphs of emission intensities for two separate 

fluorphores, mPlum and cy5, exposed to different excitation wavelengths. As shown in Fig.  

1OA the shift in excitation wavelength yielded a decrease in emission intensity of about 96% 

for fluorphore 1 which was mPlum. Additionally, a shift in excitation wavelength yielded an 

increase in emission intensity of about 156% for fluorphore 2 which was cy5. As noted 

above, this shift in emission intensity in response to different excitation wavelengths can be 

used to identify a particular fluorphore surrounded by autofluorescing tissue that exhibits a 

different shift in emission intensity and/or wavelength in response to the same excitation 

wavelengths.  

[00134] Example: Correcting for ambient light 

[00135] Fig. 11 A- 1 IC illustrate a method for identifying a fluorescence signal in the 

presence of ambient light. In Fig. 11 A a surface including a fluorescent material is subjected 

to both ambient light and an excitation wavelength generating an ambient light signal and 

fluorescence signal. Subsequently, the surface is exposed to just ambient light as illustrated 

in Fig. 11 B. The image captured in Fig. 11 B corresponding to just an ambient light signal
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may then be subtracted from Fig. 11 A corresponding to an ambient light and fluorescence 

signal. The resulting image is presented in Fig. 1 IC where the bright feature indicated in the 

figure corresponds to the fluorescence signal.  

[00136] Example: Medical imaging device characteristics 

[00137] Exemplary characteristics form medical imaging devices used during initial 

studies are provided below in Table I. The provided characteristics include image side f

number, object side f-number, illumination flux, excitation wavelength, emission wavelength, 

objective lens focal length, and imaging lens focal length. It should be understood that 

different values of these physical characteristics than those presented below might also be 

used.  

Table I 

Device Image Object Illum. Excitation Emission Objective Imaging 

side f/# side f/# Flux Wavelength wavelength lens focal lens focal 

length length 

unitless Unitles mW/ nm nm mm mm 
2 

s cm 

1 3.3 4.17 172 628-672 685-735 50 40 

2 3.0 13.3 64 590-650 663-738 200 25 

[00138] Example: Standard Calibration 

[00139] Fig. 12A- 12C depict the imaging and analysis of a acrylonitrile butadiene 

styrene (ABS) fluorescent standard imaged with a medical imaging device. Alternatively, the 

standard might correspond to a quantum dot (QD) plate or other appropriate material. The 

fluorescence signals from an ABS fluorescent standard and a QD plate standard as measured 

with the devices 1 and 2 described above are shown in Table II below. Due to the particular 

construction of the device, the measured signals are reported in counts/s/cm2.
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Table II 

Device QD Plate (100 ABS (1010 counts/s/cm 2) 

counts/s/cm 2) 

1 5.8 7.4 

2 35 8.8 

[00140] Fig. 12A is a raw image of an ABS standard. Fig. 12B presents the counts per 

pixel across a width of the image. As illustrated in the figure, pixels corresponding to the 

field of view 500 have a count value that is greater than a threshold number of counts per 

exposure. Pixels that have a number of counts that is less than the threshold number of 

counts per exposure can this be determined to be outside the field of view. A controller and 

medical imaging device may then set a value of the pixels 502 outside of the field of view to 

a preset value such as zero as illustrated in Fig. 12C.  

[00141] In addition to using an image of the fluorescent standard to determine the field 

of view, a dark noise image may be taken for additional calibration purposes. Values 

associated with the dark noise image are dependent upon the exposure length. Therefore, the 

exposure length of the dark field image may be correlated with the exposure length expected 

during use of a medical imaging device. Without wishing to be bound by theory, the dark 

noise associated with each individual pixel includes both a time dependent and time 

independent component. Depending on the particular embodiment, the dark noise value 

associated with each pixel may be determined by capturing a dark noise image with a proper 

exposure length. Alternatively, the time independent component may be added to the time 

dependent component of the dark noise value integrated over the desired exposure time.  

[00142] As noted above, images captured by a medical imaging device may be 

corrected using the dark noise and fluorescent standard images. More specifically, the 

fluorescence standard image (IFS) may be smoothed using a simple, running-window average, 

and then normalized by the maximum fluorescence signal within the standard image 

[max(IFs)]. The dark noise image (IDN) may then be subtracted from the real-time image (IRT) 

being captured by the medical imaging device during use. The normalized fluorescence 

standard image may then be divided out of the "dark noise" corrected image to produce the 

output image (Iout). A representative formula is provided below. However, it should be
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understood that other methods of calibrating a medical imaging device and correcting an 

image are also possible.  

RT 
1,- s./ maxp 9 

[00143] Example: Focus 

[00144] Fig. 13A-15B depict the imaging and analysis of a acrylonitrile butadiene 

styrene (ABS) fluorescent standard imaged with a medical imaging device while in focus and 

out of focus. Fig. 13A is a raw image of a fluorescent standard in focus and Fig. 13B is a raw 

image of a fluorescent standard autofocus. The images were taken with device 2 as described 

above. Lines 600 and 602 represent the slices along which the signals presented in Fig. 14A 

and 14B were taken. Fig. 14A and 14B depict a standard signal profile across the raw image 

for both a focused and unfocused image. However, as shown in the zoomed in Fig. 15A and 

15B a transition length between the pixels located at an edge of the field of view and the 

pixels located outside the field of view changes from between about 80 Pm to 160 Pm for the 

in focus image to a transition length that is greater than 310 Pm for the presented image.  

Therefore, the controller of the medical imaging device used a threshold transition length of 

160 pm. However, it should be understood that the particular transition length, or range of 

transition lengths, used for a particular imaging device will depend on the optics and focal 

distances being used.  

[00145] Example: Imaging of a dog with naturally occurring lung cancer 

[00146] A dog with naturally occurring lung cancer was injected with LUM015 and 

subsequently imaged intraoperatively using a medical imaging device. The fluorescence 

image from the tumor is depicted in Fig. 16A. The fluorescence signal corresponding to 

abnormal tissue present within the tumor is clearly visible. This is contrasted with the image 

of normal lung tissue depicted in Fig. 16B where virtually no fluorescence signal was 

observed. The tumor to background ratio determined using these images was about 3 to 1.  

[00147] Example: Indicating locations of abnormal tissue 

[00148] Fig. 17A and 18A are raw images taken of a mouse-sarcoma surgical bed after 

surgery in a mouse following IV injection of LUM015. Fig. 17B, 17C and 18B illustrate 

several different ways that abnormal tissue 702 may be indicated relative to normal tissue
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703. More specifically, Fig. 17B and 17C illustrate indicating the location of abnormal tissue 

through the use of appropriate indicating geometry such as non-symmetrical closed loops 

following a periphery of the abnormal tissue. In contrast, Fig. 18B illustrates indicating the 

location of abnormal tissue by highlighting that tissue with an appropriately contrasting color 

such as red, green, purple, yellow, or other desired color. In either case, the presented images 

may indicate the presence of the abnormal tissue to a surgeon to aid in a surgical procedure.  

[00149] Example: Comparison of LUM033 and LUM015 in mice 

[00150] Table III presents test results performed on mice using different imaging 

agents to image a soft tissue sarcoma. The resulting ratios of tumor to muscle signal 

observed were approximately 6.9 for LUM015 and 6.3 for LUM033.  

In addition to the above, and without wishing become by theory, cathepsin and MMP 

measurements in mice are significantly lower in mice tumors than in human tumors and as 

expected the benefit of the tri-mode protease activated probe was reduced. Therefore, the 

tumor and muscle signals in LUM015 were about one half that of LUM033 due in part to the 

lower levels of protease expression in the murine models. Consequently, improved signal 

generation associated with LUM015 is expected in humans.  

Table III 

Imaging Dose Tumor Muscle Signal Ratio of Tumor 
agent (mouse) Signal x1010  to Muscle Signal 

x1010 

LUM015 3.5 mg/kg 36 ± 15 5.2 ± 1.9 6.9 
(n= 15) 

LUM033 3.5 63 ±18 10 ±3.4 6.3 
(n= 11) 

[00151] Example: Performance in mice, dogs, and humans across cancer types 

Table IV presents sensitivity, specificity, and tumor to normal tissue signal ratios for 

several types of tissues in mice, dogs, and humans. As illustrated by the data below, the 

medical imaging devices described herein coupled with appropriate imaging agents are able 

to obtain superb sensitivity and specificity across these species and several cancer types.
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Table IV 

Tumor-to
Species and Sensitivity and 
cancer type Specificity normal ti I signal ratio 

Humans (n=25) Pathology of 
89%, 88% 5:1 

resected tissue 

Dogs with lung, Pathology of 

mammary gland, rejected tissue 

sarcoma, mast 93%, 91% 7:1 
and negative 

cell tumors 

(n=12) margins 

Mice with Pathology of 
90%, 80% 8:1 

sarcoma (n=18) resected tissue 

Mice with Local 
80%, 80% 8:1 

sarcoma (n=34) recurrence 

Mice with breast Pathology of 
100%, 100% 8:1 

cancer (n=44) resected tissue 

Example: Initial Human Trials 

Nine patients (8 sarcoma patients and 1 breast cancer patient) were injected 

intravenously with LUM015 (3 with 0.5 mg/kg and 6 with 1 mg/kg) and then underwent 

standard surgery and the resected tissue was imaged at a pathology suite. No adverse events 

were observed in the patients. Resected tissues from the patients were imaged and an average 

tumor-to-background signal ratio of about 5 to 1 with a sensitivity of about 80% and 

specificity of 100% was measured. Interestingly, in the first patient, there was a nodule that 

the pathologist identified as a lymph node upon visual examination. However, the nodule 

had activated the imaging agent and later was shown by histopathology to be a sarcoma.  

[00152] While the present teachings have been described in conjunction with various 

embodiments and examples, it is not intended that the present teachings be limited to such 

embodiments or examples. On the contrary, the present teachings encompass various
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alternatives, modifications, and equivalents, as will be appreciated by those of skill in the art.  

Accordingly, the foregoing description and drawings are by way of example only.  

[00153] What is claimed is:
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CLAIMS 

A handheld medical imaging device comprising: 

a photosensitive detector comprising a plurality of pixels; and 

a rigid imaging tip optically associated with the photosensitive detector, wherein 

the rigid imaging tip includes a distal end defining a focal plane at a fixed focal distance 

relative to the photosensitive detector, wherein the distal end of the rigid imaging tip is 

constructed to be placed in contact with tissue and maintain the tissue at the focal plane, 

wherein the photosensitive detector is focused on the focal plane in at least one mode of 

operation, wherein the rigid imaging tip includes a bend with a proximal portion and a 

distal portion angled relative to the proximal portion 

one or more illumination sources; and 

at least one of a mirror and a prism disposed within the rigid imaging tip that 

optically connects a proximal end of the rigid imaging tip and the distal end of the rigid 

imaging tip, wherein an optical path passes from the distal end of the rigid imaging tip to 

the photosensitive detector, wherein light passing through the focal plane towards the 

photosensitive detector and light emitted from the one or more illumination sources both 

travel along at least a portion of the optical path through the rigid imaging tip.  

2. The handheld medical imaging device of claim 1, further comprising a light directing 

element positioned between the photosensitive detector and the rigid imaging tip, wherein 

the light directing element is adapted to reflect light below a threshold wavelength 

towards the distal end of the rigid imaging tip and transmit light above the threshold 

wavelength towards the photosensitive detector.  

3. The handheld medical imaging device of claim 2, wherein the light directing element is a 

dichroic mirror.  

4. The handheld medical imaging device of claim 2, wherein the threshold is less than an 

emission wavelength of a selected imaging agent and greater than an excitation 

wavelength of the imaging agent..
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5. The handheld medical imaging device of claim 4 wherein the excitation wavelength and 

emission wavelength are both between about 590 nm and 850 nm inclusively.  

6. The handheld medical imaging device of claim 4 wherein the excitation wavelength and 

emission wavelength are both between about 300 nm and 1,000 nm inclusively.  

7. The handheld medical imaging device of claim 2, wherein the threshold is greater than a 

first excitation wavelength of a selected imaging agent provided by the one or more 

illumination sources associated with the light directing element.  

8. The handheld medical imaging device of claim 7, wherein the one or more illumination 

sources comprises a first illumination source.  

9. The handheld medical imaging device of claim 8, further comprising a second 

illumination source associated with the light directing element, wherein the second 

illumination source provides a second wavelength greater than the threshold wavelength.  

10. The handheld medical imaging device of claim 8, further comprising a second 

illumination source associated with the light directing element, wherein the second 

illumination source provides a second excitation wavelength of the imaging agent.  

11. The handheld medical imaging device of claim 8, wherein the first illumination source is 

adapted to be pulsed.  

12. The handheld medical imaging device of claim 8, wherein the first illumination source 

provides light at a wavelength between about 590 nm to 680 nm inclusively.  

13. The handheld medical imaging device of claim 8, wherein the first illumination source 

provides between 10 mW/cm 2 to 200 mW/cm 2 inclusively of illumination at the focal 

plane.
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14. The handheld medical imaging device of claim 1, further comprising optics located 

between the photosensitive detector and the rigid imaging tip, wherein a magnification of 

the optics provide a field of view between about 5 pm to 100 pm for each pixel of the 

plurality of pixels.  

15. The handheld medical imaging device of claim 14, wherein the optics magnify the field 

of view.  

16. The handheld medical imaging device of claim 14, wherein the optics demagnify the field 

of view.  

17. The handheld medical imaging device of claim 14, wherein the optics include an aperture 

with a diameter between about 5 mm to 15 mm inclusively.  

18. The handheld medical imaging device of claim 14, wherein the optics include an 

objective lens and an imaging lens.  

19. The handheld medical imaging device of claim 14, wherein a depth of field of the optics 

is between about 0.1 mm to 10 mm inclusively.  

20. The handheld medical imaging device of claim 1, wherein an optical path between the 

photosensitive detector and the distal end of the rigid imaging tip includes a bend with an 

angle between about 250 to 65' inclusively.  

21. The handheld medical imaging device of claim 1, wherein the distal end of the rigid 

imaging tip includes a flat window transparent to preselected wavelengths.  

22. The handheld medical imaging device of claim 1, wherein the distal end of the rigid 

imaging tip is open, and wherein the rigid imaging tip includes at least one opening on a
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side of the rigid imaging tip to provide surgical access to the distal end of the rigid 

imaging tip.  

23. The handheld medical imaging device of claim 1, wherein the rigid imaging tip includes 

at least one orienting feature extending into a field of view of the photosensitive detector.  

24. The handheld medical imaging device of claim 1, further comprising a focusing element 

adapted to change a focus of the photosensitive detector from the fixed focal distance to a 

second focal distance located beyond the distal end of the rigid imaging tip.  

25. The hand held medical imaging device of any one of claims 1-24, further comprising: 

an imaging device body; 

wherein the rigid imaging tip distally extends from the imaging device body, 

wherein the distal end of the rigid imaging tip defines the focal plane with a field of view 

with a lateral dimension between about 10 mm to 50 mm inclusively, and wherein the 

distal portion is angled by about 250 to 65' inclusively relative to the proximal portion, 

wherein a length of the distal angled portion is between about 10 mm to 65 mm, and 

wherein the optical path passes through the rigid imaging tip from the distal end of the 

rigid imaging tip to the proximal end of the rigid imaging tip.  

26. The hand held medical imaging device of any one of claims 1-25, wherein the distal end 

includes an opening to provide access to a surgical bed, and wherein one or more supports 

extend between the proximal portion and the distal portion; and 

wherein the photosensitive detector is optically associated with the opening 

located in the distal end of the rigid imaging tip.  

27. The handheld medical imaging device of any one of claims 1-26, wherein the one or 

more illumination sources include: 

a first illumination source adapted and arranged to provide light with a first 

wavelength to the distal end of the rigid imaging tip; and
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a second illumination source adapted and arranged to provide light with a second 

wavelength to the distal end of the rigid imaging tip, wherein the first wavelength and the 

second wavelength are different, wherein the first illumination source and the second 

illumination source are adapted to alternatingly pulse.  

28. The handheld medical imaging device of any one of claims 1-27, further comprising: 

an aperture located between the photosensitive detector and the rigid imaging tip, 

wherein the aperture has with a diameter between about 5 mm to 15 mm inclusively; and 

wherein the one or more illumination sources includes a first illumination source 

adapted and arranged to provide between about 10 mW/cm 2 to 200 mW/cm 2 of light at 

the focal plane, wherein the light has a wavelength between about 300 nm to 1,000 nm.  

29. The handheld medical imaging device of any one of claims 1-28, wherein the 

photosensitive detector has a depth of field, and wherein a flat surface located at the distal 

end of the rigid imaging tip deflects by less than a depth of field of the handheld medical 

imaging device when a five pound force is applied to the flat surface.  

30. The handheld medical imaging device of any one of claims 1-29, further comprising a 

body constructed and arranged to be held in a user's hand, and wherein the proximal 

portion of the rigid imaging tip is connected to and distally extends from the body.  

31. The handheld medical imaging device of claim 30, further comprising imaging optics that 

focus the photosensitive detector on the focal plane, wherein the photosensitive detector 

is disposed in the body, and wherein the imaging optics are contained completely within 

the body.  

32. The handheld medical imaging device of any one of claims 1-31, wherein the rigid 

imaging tip is hollow.  

33. A method for identifying abnormal tissue using the device of any one of claims 1-32, the 

method comprising:
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providing a first light comprising a first excitation wavelength to a surgical bed 

with the one or more illumination sources; 

collecting a fluorescence signal from the surgical bed using the photosensitive 

detector; 

comparing the fluorescence signal to an abnormal tissue threshold to identify 

abnormal tissue; and 

indicating one or more locations of the identified abnormal tissue on a screen.  

34. A method for identifying abnormal tissue using the device of any one of claims 1-30, the 

method comprising: 

illuminating the surgical bed with ambient light; and 

illuminating a surgical bed with a first light comprising a first excitation 

wavelength of an imaging agent by pulsing the one or more illumination sources; 

collecting a first signal from the surgical bed corresponding to ambient light using 

the photosensitive detector; and 

collecting a second signal from the surgical bed corresponding to ambient light 

and a pulse of the first illumination source using the photosensitive detector.
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