
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/061052 Al
21 April 2016 (21.04.2016) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/026 (2006.01) A61B 5/00 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/US20 15/05525 1 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

13 October 2015 (13.10.201 5) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
62/063,673 14 October 2014 (14. 10.2014) US (84) Designated States (unless otherwise indicated, for every

62/136,010 20 March 2015 (20.03.2015) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(71) Applicant: EAST CAROLINA UNIVERSITY [US/US]; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
2200 Charles Boulevard, Greenville Centre, Room 2400, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Greenville, North Carolina 27858 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(72) Inventors: CHEN, Cheng; 116F W . Victoria Court,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

Greenville, North Carolina 27834 (US). FERGUSON,
GW, KM, ML, MR, NE, SN, TD, TG).JR., Thomas Bruce; 8833 Mariner Drive, Raleigh, North

Carolina 27615 (US). JACOBS, Kenneth Michael; 2266 Published:
Meadowglenn Road, Greenville, North Carolina 27834

— with international search report (Art. 21(3))
(US). PENG, Zhiyong; 3106 Sherwood Dr., Greenville,
North Carolina 27858 (US).

(74) Agent: MYERS BIGEL SIBLEY & SAJOVEC, P.A.;
P.O. Box 37428, Raleigh, North Carolina 27627 (US).

(54) Title: METHODS, SYSTEMS AND COMPUTER PROGRAM PRODUCTS FOR VISUALIZING ANATOMICAL STRUC
TURES AND BLOOD FLOW AND PERFUSION PHYSIOLOGY USING IMAGING TECHNIQUES

o
Fig. 1©

v (57) Abstract: Methods for combining anatomical data and physiological data on a single image are provided. The methods include

o obtaining an image, for example, a raw near- infrared (NIR) image or a visible image, of a sample. The image of the sample includes
anatomical structure of the sample. A physiologic map of blood flow and perfusion of the sample is obtained. The anatomical struc -
ture of the image and the physiologic map of the sample are combined into a single image of the sample. The single image of the
sample displays anatomy and physiology of the sample in the single image in real time. Related systems and computer program
products are also provided.



METHODS, SYSTEMS AND COMPUTER PROGRAM PRODUCTS FOR
VISUALIZING ANATOMICAL STRUCTURES AND BLOOD FLOW
AND PERFUSION PHYSIOLOGY USING IMAGING TECHNIQUES

CLAIM OF PRIORITY

[0001 The present application claims priority from U.S. Provisional Application Nos.

62/063,673, filed October 14, 2014 and 62/136,010, filed March 20, 2015, the disclosures of

which are hereby incorporated herein by reference as if set forth in their entirety.

RESERVATION OF COPYRIGHT

[0002] A portion of the disclosure of this patent document contains material which is

subject to copyright protection. The copyright owner, East Carolina University of Greenville,

N.C., has no objection to the reproduction by anyone of the patent document or the patent

disclosure, as it appears in the Patent and Trademark Office patent file or records, but

otherwise reserves all copyright rights whatsoever.

FIELD

[0003] The inventive concept relates generally to visualization of organs and/or tissue and,

more particularly, to visualization of anatomical structures, blood flow and perfusion.

BACKGROUND

[0004] Visible light imaging lends itself well to detailed anatomic visualization of a surface

of organs and/or tissue for medical purposes. However, visible light imaging is not as useful

for real-time imaging of physiology, particularly the physiology and pathophysiology of

blood flow and perfusion. Near Infra-Red (NIR) imaging, on the other hand, can be used to

visualize the surface of anatomic structures of target organs and/or tissue, but is substantially

inferior to visible light anatomic imaging. Improved techniques for visualization of the

organs and/or tissues are desired.

SUMMARY

[0005] Some embodiments of the inventive concept provide methods for combining

anatomical data and physiological data on a single image, the methods including obtaining an

image of a sample, the image of the sample including anatomical structure of the sample;

obtaining a physiologic map of blood flow and perfusion of the sample; and combining the



anatomical structure of the image and the physiologic map of the sample into a single image

of the sample. The single image of the sample displays anatomy and physiology of the

sample in the single image in real time. At least one of the obtaining an image, obtaining a

physiologic map and combining is performed by at least one processor.

[0006J In further embodiments, obtaining may include obtaining at least one of a raw near-

infrared (NIR) image having a wavelength of from about 780nm to about 2500nm and a

visible light image having a wavelength of from about 400nm to about 700nm.

[0007] In still further embodiments, combining the anatomical structure of the image and the

physiologic map of the sample into a single image may include adjusting one or more

properties of the image and/or the physiologic map. The one or more properties may include

at least one of colorization, transparency and a weight function. The physiologic map may

illustrate one of blood flow and perfusion, flow distribution, velocity, and/or volume rate of

blood flow (cc/min) quantification in primary vessels based on fluid dynamic modeling.

[0008] In some embodiments, combining may further include creating an 8 bit RGB color

image represented by the following equation:

Img i,j = Img i,j x RGB( )

wherein ImgA i,j is an 8 bit gray scale visible image of the target tissue/organ, wherein i

and j are pixel indexes along horizontal and vertical directions, respectively, and Img i,j

for each color channel is adjusted separately to achieve a desired visualization effect.

[0009] In further embodiments, the sample may be one of tissue and an organ. Obtaining the

image may include obtaining the image including anatomical structure of the vasculature of

at least one of the tissue and the organ.

[0010] In still further embodiments, obtaining the image may be preceded by illuminating the

sample with at least one light source. A portion of light may be reflected from the at least

one light source to obtain the image and the physiologic map during a single data acquisition.

[0011] In some embodiments, obtaining a physiologic map of the sample may include

obtaining one of a blood flow and perfusion physiologic map from one or more images using

laser speckle imaging (LSI); a blood flow and perfusion physiologic map from one or more

images using laser Doppler imaging (LDI); and a blood flow and perfusion angiography

resemblance from a fluorescence image.

[0012] In further embodiments, the method may further include combining a plurality of

images with a corresponding plurality of physiologic maps to provide a video displaying

anatomy and physiology of the sample in real time.



[0013J Still further embodiments of the present inventive concept provide computer systems

for combining anatomical data and physiological data on a single image, the system

comprising includes a processor; and a memory coupled to the processor and comprising

computer readable program code that when executed by the processor causes the processor to

perform operations including obtaining an image of a sample, the image of the sample

including anatomical structure of the sample; obtaining a physiologic map of blood flow and

perfusion of the sample; and combining the anatomical structure of the image and the

physiologic map of the sample into a single image of the sample. The single image of the

sample displays anatomy and physiology of the sample in the single image in real time.

[0014] Some embodiments of the present inventive concept provide computer program

products for combining anatomical data and physiological data on a single image, the

computer program product including a non-transitory computer readable storage medium

having computer readable program code embodied in the medium, the computer readable

program code comprising computer readable program code to obtain a image of a sample, the

image of the sample including anatomical structure of the sample; computer readable

program code to obtain a physiologic map of blood flow and perfusion of the sample; and

computer readable program code to combine the anatomical structure of the image and the

physiologic map of the sample into a single image of the sample. The single image of the

sample displays anatomy and physiology of the sample in the single image in real time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a block diagram of a system in accordance with some embodiments of the

present inventive concept(s).

[0016] Fig. 2A is a block diagram of a data processing system according to embodiments of

the present inventive concept(s).

[0017] Fig. 2B is a more detailed block diagram of the data processing system illustrated in

Fig. 2 in accordance with some embodiments of the present inventive concept(s).

[0018] Fig. 3 is a visible light image of an anterior wall of a heart.

[0019] Fig. 4 is a near-infrared (NIR) image of an anterior wall of a heart.

[0020] Fig. 5 is an image illustrating blood flow and perfusion on anterior wall of a human

heart based on Laser Speckle Contrast imaging technology.

[0021] Fig. 6 is an image in accordance with embodiments of the present inventive concept

combining the images of Figs. 3 and 4 .



[0022] Fig. 7 is a series of images resulting in the combination image generated in

accordance with some embodiments of the present inventive concept.

[0023] Figs. 8 through 9 are flowcharts illustrating operations for combining images in

accordance with various embodiments of the present inventive concept(s).

[0024] Figs. ΙΟΛ-IOD are images illustrating a first approach to visualization of both

anatomical structure and blood flow physiology of a small bowel in a pig study in accordance

with some embodiments of the present inventive concept.

[0025] Figs. 11A-l 1C are images illustrating a second approach to visualization of both

anatomical structure and blood flow physiology of a small bowel of a pig study in accordance

with some embodiments of the present inventive concept.

DETAILED DESCRIPTION OF SOME EMBODIMENTS

[0026] Specific example embodiments of the inventive concept now will be described with

reference to the accompanying drawings. This inventive concept may, however, be embodied

in many different forms and should not be construed as limited to the embodiments set forth

herein; rather, these embodiments are provided so that this disclosure will be thorough and

complete, and will fully convey the scope of the inventive concept to those skilled in the art.

In the drawings, like numbers refer to like elements. It will be understood that when an

element is referred to as being "connected" or "coupled" to another element, it can be directly

connected or coupled to the other element or intervening elements may be present. As used

herein the term "and/or" includes any and all combinations of one or more of the associated

listed items.

[0027] The terminology used herein is for the purpose of describing particular embodiments

only and is not intended to be limiting of the inventive concept. As used herein, the singular

forms "a", "an" and "the" are intended to include the plural forms as well, unless expressly

stated otherwise. It will be further understood that the terms "includes," "comprises,"

"including" and/or "comprising," when used in this specification, specify the presence of

stated features, integers, steps, operations, elements, and/or components, but do not preclude

the presence or addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof.

[0028] Unless otherwise defined, all terms (including technical and scientific terms) used

herein have the same meaning as commonly understood by one of ordinary skill in the art to

which this inventive concept belongs. It will be further understood that terms, such as those



defined in commonly used dictionaries, should be interpreted as having a meaning that is

consistent with their meaning in the context of the specification and the relevant art and will

not be interpreted in an idealized or overly formal sense unless expressly so defined herein.

[0029] As discussed above, both visible light imaging and near-infrared (NIR) imaging fall

short in one or more areas of visualization, either anatomical or blood flow/perfusion.

Accordingly, some embodiments of the present inventive concept combine visualization of

anatomic structures with physiologic functionality derived from image data, for example, raw

image data from the NIR spectrum of any open tissue/organ. In particular, some

embodiments of the inventive concept combine an anatomical image obtained using NIR

imaging, visible light imaging and the like and structural details related to blood

flow/perfusion to provide a new image/video for presentation in real-time. The blood

flow/perfusion data may be provided by, for example, Laser Speckle or Laser Doppler

Imaging technology (LDI) or, in some embodiments, fluorescence imaging. Details of

provision of the blood flow/perfusion data using Laser Speckle Imaging (LSI) are discussed

in, for example, commonly assigned U.S. Patent Publication Nos. 2013/0223705 and

2013/0245456, the contents of which are hereby incorporated herein by reference as if set

forth in their entirety. It will be understood that embodiments of the present inventive

concept are not limited to LSI, LDI and/or fluorescence imaging, any image form that will

represent blood flow and perfusion physiology may be used. In particular, the blood/flow

and perfusion data may be provided by any effective method that lends itself to embodiments

discussed herein without departing from the scope of the present inventive concept.

[0030] Some embodiments of the present inventive concept provide a new image/video

visualization for presentation and real-time evaluation and assessment of an anatomical-

physiological result. In other words, the new image provides both a usable anatomic image

provided by, for example, NIR or visible light imaging, and blood/flow and perfusion

information on a same image that can be manipulated in real-time. Thus, the new

visualization, referred to hereinafter as a Velocity-Flow-Anatomy (VFA) image or video,

contains information of both anatomic structure and blood flow and perfusion physiology

simultaneously in real time.

The VFA image/video in accordance with some embodiments of the present inventive

concept combines (1) highly specific anatomic detail with (2) underlying physiologic

processes sufficient to make real-time medical decisions. An NIR/visible light image is used

as one layer of the final visualization (VFA image), which reveals anatomical structure of the



targeting tissue/organ surface and vasculature. The physiologic map of blood flow and

perfusion quantified by, for example, LSI, LDI and fluorescence technology, is used as

another layer of the final VFA visualization. The physiologic map provides functionality and

physiology of the targeted tissue/organ vasculature. As will be understood herein, the term

"physiologic map" refers to maps generated by different types of imaging, for example, LSI

and LDI may generate a "velocity map," but the term "physiologic map" may generally refer

to a map resulting from the use of any imaging technology. For example, a physiologic map

may illustrate one of blood flow and perfusion, flow distribution, velocity, and/or volume rate

of blood flow (cc/min) quantification in primary vessels based on fluid dynamic modeling

and/or any the combination thereof without departing from the scope of the present inventive

concept.

[0031] Both aspects of normal physiology of blood flow and perfusion and

pathophysiological manifestations of abnormalities of blood flow and perfusion in

tissues/organs may be provided. Some embodiments of the inventive concept provide

software algorithms configured to adjust multiple aspects of each of the layers, for example,

the colorization and transparency of the layers. In some embodiments, each of the layers may

be derived from a same single video acquisition of raw NIR data/visible light image.

[0032] Some embodiments of the present inventive concept may provide distinct advantages

over conventional visualization methods. For example, embodiments of the present inventive

concept may provide substantially improved anatomic fidelity of the NIR image/visible light

image. Furthermore, the anatomy layer may provide an important context for velocity

imaging. The improved anatomic fidelity in turn improves the velocity fidelity, the velocity

data interpretation, the timing of the interpretation, and the understanding of the

interpretation; all of which make the interpretation of the VFA image/video result more

intuitive. The anatomic fidelity allows for simultaneous, real-time assessment of multiple

levels of analysis, such as target epicardial coronary arteries (flow) and surrounding

myocardial tissue (perfusion). Finally, the combination of anatomy and physiology provided

by embodiments of the inventive concept may be useful in convincing users, i.e., surgeons in

surgical procedures, that the functional data is real and accurately represents the underlying

physiology and/or pathophysiology. The VFA image/video combines and displays the

unknown, i.e., quantification of perfusion, with the known, i.e., anatomy, where the anatomy

component provides a useful frame of reference as will be discussed further herein with

respect to Figs. 1 through 11C.



[0033] Referring first to Fig. 1, a system for combining anatomic and velocity information in

a real time image/video in accordance with some embodiments of the present inventive

concept will be discussed. It will be understood that some systems in accordance with

embodiments of the present inventive concept may be non-invasive. As used herein, "non¬

invasive" refers to a system or method that does not require the subject to be injected with a

dye, penetrated with an object or touched with an intrabody probe or probes. Thus, as used

herein, the term non-invasive refers to a system or method that makes minimal contact with

the subject. As used herein, "subject" refers to the person or thing being imaged. The subject

can be any subject, including a veterinary, cadaver study or human subject. As used herein,

"perfusion" refers to blood flow at the tissue perfusion distribution level detected with

speckle imaging.

[0034] As illustrated in Fig. 1, the system 100 includes at least one light source unit 120, a

camera 130, an image processing device 110 and a VFA device 130. Although the system of

Fig. 1 is depicted as only including these elements, it will be understood that other elements

may also be present in the system without departing from the scope of the present inventive

concept. For example, some embodiments of the present inventive concept may include

multiple light sources 120 without departing from the scope of the present inventive concept.

The multiple light sources 120 may include light sources having different wavelengths, for

example, near infra-red and visible light maybe provided by respective light/laser devices.

[0035] In particular, in some embodiments, the light source unit 120 may be, provided by, for

example, one or more lasers or light emitting diode (LED) lights. In some embodiments, the

light source 120 is an NIR light source having a wavelength of from about 780nm to about

2500nm. n some embodiments, the light source 120 may be a visible light source having a

wavelength of from about 400nm to about 780nm. In some embodiments, both a visible light

source and a NIR light source may be used having the respective wavelength. Thus, some

embodiments of the present inventive concept provide a system that uses two wavelengths of

differential transmittance through a sample to apply LSI and/or LDI. For example, a first of

the two wavelengths may be within the visible range that has zero or very shallow

penetration, such as blue light 450-495 nm. This wavelength captures the anatomical

structure of tissue/organ surface and serves as a position marker of the sample but not the

subsurface movement of blood flow and perfusion. A second wavelength may be in the near

Infra-Red (NIR) range, which has much deeper penetration. This wavelength reveals the

underlying blood flow physiology and correlates both to the motion of the sample and also



the movement of blood flow and perfusion. Using the imaging measurement of the visible

light as a baseline, the true motion of blood flow and perfusion can be derived from the NIR

imaging measurement without being affected by the motion artifact of the target.

Furthermore, the anatomical structure information captured by visible light and the

physiological characteristics measured by NIR light are combined. Details with respect to

systems using two wavelengths are discussed in detail in U.S. Provisional Application No.

62/136,010, filed March 20, 2015, the disclosure of which was incorporated herein by

reference above. Although embodiments are discussed herein with respect to NIR raw

images and visible light images, embodiments of the present inventive concept are not limited

to this configuration. Any other image form that can adequately represent anatomy can be

used without departing from the scope of the present inventive concept.

[0036] The light source 1 0 may be used to illuminate a region of interest 140 (hereinafter

"tissue/organ"). As used herein, the "region of interest" refers to the region of the subject

that is being imaged, for example, the principal vessels and tissue, organs, etc. When

incident light 127, for example, NIR light or visible light, from the source 120 is directed to a

living target (region of interest 140), such as a tissue/organ, part of the light will go through

multiple scattering inside the target and eventually reflect back (Reflecting light) to the

camera 130 as shown in Fig. 1.

[0037] The camera 130 is configured to collect the reflecting light and provide a visible light

or NIR image (NIR/Visble Layer 115), each with different characteristics depending, for

example, upon a depth of penetration of the illumination light determined by the wavelength

energy. In some embodiments, the camera 130 is provided by Lumenera Lt225 NIR CMOS

camera for single wavelength (Visible/NIR) image acquisition. For simultaneous multiple

wavelength image acquisition applications, a customer designed beam splitting system may

be located in front of the regular camera body.

[0038] The reflected NIR/Visible image 1 5 reveals an anatomical structure. In some

embodiments, this anatomical structure may be multiple millimeters beneath the surface of

the tissue/organ, depending on the penetration into the tissue, which is a function of

wavelength and energy. The resulting unmodified image presentation (the raw NIR image of

Fig. 4) is not as detailed as a visible light image of a similar structure (Fig. 3).

[0039] Fig. 3 is a visible light image of anterior wall of a heart and Fig. 4 is an NIR image of

anterior wall of a heart, which reveals the anatomical structure of the coronary arteries. The



differences between Figs. 3 and 4 are based on both velocity differences, not just anatomic

structures.

[0040] Moreover, since the NIR image of Fig. 4 is a 256-grey scale image, the anatomic

differentiation achieved by color may be lost in the NIR raw image. The loss of fidelity has

limited application of, for example, LSI and LDI in medicine to a great extent. Anatomy and

anatomic structures are a fundamental reference construct in medicine, particularly in surgical

and interventional procedures. Loss of the anatomic fidelity removes a key framework for

understanding the physiologic and pathophysiologic blood flow and perfusion data, and for

making the use of such an imaging technology more intuitive.

[0041] Accordingly, as illustrated in Fig. 1, embodiments of the present inventive concept

provide a VFA device that is configured the VFA image/video. In particular, as illustrated in

Fig. , the VFA device is configured to combine the NIR/Visible anatomic image 115 with

the blood flow and perfusion information 117 (physiological layer) provided by an image

processing device 110, for example, LSI, LDI or fluorescence, to provide higher-fidelity

anatomic details in combination with the physiologic map data on blood flow and perfusion

for the components of that anatomic detail, i.e., flow in epicardial coronary arteries and

perfusion in the surrounding myocardium. Thus, the VFA image/video uniquely combines

these two types of data. The new VFA image in accordance with embodiments discussed

herein displays the flow and perfusion velocity data provided by, for example, LSI, LDI or

fluorescence, with anatomic fidelity that is better than the raw NIR/Visible image 115 (Fig. 4)

and almost as detailed as the visible light image (Fig. 3).

[0042] The VFA image presentation of the LSI analysis creates a methodology for presenting

the velocity data within a framework already known and understood by surgeons and medial

imagers, thus making the interpretation of the novel flow and perfusion data more readily

understandable and usable for decision-making. The anatomic detail provides the frame of

reference to combine the known (anatomy) with the unknown or measured (flow and

perfusion). The anatomic detail improves the accuracy of interpretation and understanding of

the flow and perfusion data, in both physiologic and pathophysiologic circumstances. This is

particularly true when the imaging technology is challenged to provide two different 'levels'

of velocity (and flow) data, for example, when the epicardial surface of the heart is imaged to

measure flow in the epicardial coronaries (level 1) and perfusion in the surrounding

myocardium (level 2).



[0043] In some embodiments of the inventive concept, both the anatomic detail and the

physiologic map analysis can be derived from a same single raw NIR image data/visible light

image. Thus by combining these anatomic and analysis data, and using algorithms in

accordance with embodiments of the present inventive concept to adjust, for example, the

colorization, transparency, superposition and integration of the data, a new VFA analysis

image 30 can be generated to contain both anatomical (vascular structure) and functional

(blood flow and perfusion) information of the tissue/organ as illustrated in, for example, Fig.

6 .

[0044] In particular. Fig. 6 illustrates the VFA image after processing in accordance with

some embodiments of the present inventive concept. Thus, Fig. 6 illustrates the VFA

image/video display of the combination of Figs. 4 and 5. In some embodiments of the

present inventive concept, the colorization, transparency and other features of each layer are

adjusted, to optimally reveal both anatomy and functionality of the (coronary) arteries flow

and surrounding tissue (myocardial) perfusion, simultaneously and in real-time.

[0045] Referring now to Fig. 7, a VFA image/video in accordance with some embodiments

of the present inventive concept will be discussed. Fig. 7A illustrates a conventional anatomy

image f a heart provided with visible wavelength imaging. Fig. 7B illustrates an anatomy

view generated with NIR imaging. Fig. 7C is a physiology image generated using LSI

detailing the blood flow and perfusion on the sample. The VFA image in accordance with

embodiments of the present inventive concept combines 7B and 7C to illustrate the anatomy

of the sample as well as the physiology (blood flow and perfusion) as illustrated in Fig. 7D.

The considerable value-added to this VFA analysis image approach in making this combined

data more visually intuitive than either of the components (anatomy, velocity) and, thus,

easier to quickly understand and interpret on the part of the provider/medical practitioner.

This may directly translate to better healthcare delivered by practitioners with much more

physiologic and pathophysiologic data than ever before at their disposal. Real-time data is

readily acquired and then intuitively presented in the VFA image in accordance with

embodiments of the inventive concept to allow for better decisions and better, safer surgical

procedures.

[0046] It will be understood that although generation of a single VFA image has been

discussed herein, embodiments of the present inventive concept are not limited to this

configuration. For example, a series of VFA images may be generated and may be



assembled into a VFA video image sequence without departing from the scope of the present

inventive concept.

[0047] Embodiments of the present inventive concept may be applied to the determined

acquisition of blood flow and perfusion data from any tissue and/or organ system where

blood flow and perfusion are an important determinant for evaluation, measurement, clinical

decision-making, therapeutic decision-making, product development using physiologic

imaging data derived from this technique, or experimental investigation into the physiology

and/or pathophysiology of blood flow and perfusion.

[0048] Referring now to Figs. 2A and 2B, a data processing system 200 that may be used in

the system 00 illustrated in Fig. 1 in accordance with some embodiments of the inventive

concept will be discussed. The data processing system 200 may be included in the VFA

device 120, the camera 130 or split between various elements of the system 100 without

departing from the scope of the present inventive concept. As illustrated in Fig. 2, an

exemplary embodiment of a data processing system 200 suitable for use in the system 100 of

Fig. 1 includes a user interface 244 such as a keyboard, keypad, touchpad or the like, I/O data

ports 246 and a memory 236 that communicates with a processor 238. The I/O data ports 246

can be used to transfer information between the data processing system 200 and another

computer system or a network. These components may be conventional components, such as

those used in many conventional data processing systems, which may be configured to

operate as described herein.

[0049] Referring now to Fig. 2B, a more detailed block diagram of the data processing

system 200 in accordance with some embodiments of the present inventive concept will be

discussed. The processor 238 communicates with a display 345 via and address/data bus 347,

the memory 236 via an address/data bus 348 and the I/O data ports 246 via an address/date

bus 349. The processor 238 can be any commercially available or custom microprocessor or

ASICs. The memory 236 is representative of the overall hierarchy of memory devices

containing the software and data used to implement the functionality of the data processing

system 200. The memory 236 can include, but is not limited to, the following types of

devices: cache, ROM, PROM, EPROM, EEPROM, flash memory, SRAM, and DRAM.

[0050] As shown in Fig. 2B, the memory 236 may include several categories of software and

data used in the data processing system 200: an operating system 352; application programs

354; input/output (I/O) device drivers 358; and data 356. As will be appreciated by those of

skill in the art, the operating system 352 may be any operating system suitable for use with a



data processing system, such as OS/2, AIX or zOS from International Business Machines

Corporation, Armonk, NY, Windows95, Windows98, Windows2000, WindowsXP, or Vista

from Microsoft Corporation, Redmond, WA, Unix, Linux, LabView, or a real-time operating

system such as QNX or VxWorks, or the like. The I/O device drivers 358 typically include

software routines accessed through the operating system 352 by the application programs 354

to communicate with devices such as the I/O data port(s) 246 and certain memory 236

components. The application programs 354 are illustrative of the programs that implement

the various features of the data processing system 200 included a system in accordance with

some embodiments of the present inventive concept and preferably include at least one

application that supports operations according to some embodiments of the present inventive

concept. Finally, the data 356 represents the static and dynamic data used by the application

programs 354, the operating system 352, the I/O device drivers 358, and other software

programs that may reside in the memory 236.

[0051J As illustrated in Fig. 2B, the data 356 according to some embodiments of the present

inventive concept may include acquired raw images 360, anatomical layer images/data 361,

calculated blood flow/perfusion rates (velocity data) 363, VFA images/videos 364 and

volume rate of blood flow (cc/min) data 356. The volume rate of blood flow (cc/min) data

365 is directed to volume rate of blood flow (cc/min) quantification on primary vessel based

on fluid dynamic modeling.

[0052] Although the data 356 illustrated in Fig. 2B includes five different files 360, 361, 363,

364 and 365 embodiments of the present inventive concept are not limited to this

configuration. Two or more files may be combined to make a single file; a single file may be

split into two or more files and the like without departing from the scope of the present

inventive concept.

[0053] As further illustrated in Fig. 2B, the application programs 354 may include an

adjustment module 351, an image capture module 352, a NIR/Visible module 353 and a VFA

processing module 354 in accordance with some embodiments of the inventive concept.

While the present inventive concept is illustrated, for example, with reference to the

adjustment module 351, the image capture module 352, the NIR/Visible module 353 and the

VFA processing module 354 being application programs in Fig. 2B, as will be appreciated by

those of skill in the art, other configurations may also be utilized while still benefiting from

the teachings of the present inventive concept. For example, the adjustment module 351, the

image capture module 352, the NIR/Visible module 353 and the VFA processing module 354



may also be incorporated into the operating system 352 or other such logical division of the

data processing system 300. Thus, the present inventive concept should not be construed as

limited to the configuration of Fig. 2B, but is intended to encompass any configuration

capable of carrying out the operations described herein.

|0054] Furthermore, while the adjustment module 351, the image capture module 352, the

NIR/Visible module 353 and the VFA processing module 354 are illustrated in a single data

processing system, as will be appreciated by those of skill in the art, such functionality may

be distributed across one or more data processing systems. Thus, the present inventive

concept should not be construed as limited to the configuration illustrated in Figs. 2A and 2B,

but may be provided by other arrangements and/or divisions of function between data

processing systems.

[0055] As discussed above with respect to Fig. 1, a light source, for example, an NIR source

and/or visible light source, may illuminate a sample of tissue/organ and light may be reflected

into a camera. The NIR/Visible module 353 may provide an NIR image 361 from the

reflected light and the image capture module 352 may provide an image (speckle image) 360

using, for example, LSI, LDI, or fluorescence. Blood flow and perfusion data may be

calculated (velocity data). These images may be processed to provide velocity date 363 and

at least one VFA image 364 in accordance with embodiments discussed herein. In particular,

the data 356 may be used by the VFA processing module 354 to provide a combination of the

NIR image 361 and the velocity data 363. As discussed above, color, transparency and the

like of the NIR image 361 may be adjusted by the adjustment module 351 to provide a real

time, usable image including both anatomical and physiological data.

[0056] In some embodiments, a solid color, for example, black, is used as the base at the

bottom; a physiological image or its adjusted form is used as a layer on top of the base; an

anatomical image or its adjusted form is used to modify the transparency of the physiological

layer, so the anatomically less significant part (lower intensity in the anatomical image) will

make the physiological image more transparent and, thus, less visible.

[0057] In further embodiments, a solid color, for example, black, is used as the base at the

bottom; an anatomical image or its adjusted form is used as a layer on top of the base; and the

physiological image or its adjusted form is used to modify the transparency of the anatomical

layer, so the physiologically less significant part (lower value in the physiological image) will

make the anatomical image more transparent and, thus, less visible.



[0058] Using the NIR wavelength, Laser Speckle Image and Laser Doppler technologies can

quantify the speed of blood flow and perfusion and, thus, reveal the functionality of the

vascular system. In many clinical situations, the novel opportunity to use real-time

visualization of the combination of anatomic detail and the underlying physiologic processes

within that anatomic detail will be transformational in current and future therapeutic

strategies.

[0059] Operations in accordance with various embodiments of the inventive concept will

now be discussed with respect to the flowcharts of Figs. 8 and 9. Referring first to Fig. 8,

operations for combining anatomical data and physiological data on a single image begin at

block 15 by obtaining an image of a sample. The image may be, for example, a raw near-

infrared (NIR) image of the sample having a wavelength of from about 780nm to about

2500nm and/or a visible light image of the sample having a wavelength of from about 400nm

to about 700nm.

[0060] The image of the sample includes anatomical structure of the sample. The sample

may be, for example, tissue and/or organs. A physiologic map of blood flow and perfusion of

the sample is obtained (block 825). The physiologic map o the sample may be obtained

using, for example, LSI, LDI or fluorescence. The anatomical structure of the image and the

physiologic map of the sample are combined into a single image of the sample (block 835).

The single image of the sample displays anatomy and physiology of the sample in the single

image in real time. As further illustrated in Figure 8, in some optional embodiments, a

volume rate of blood flow (cc/min) may be calculated on a primary vessel based on fluid

dynamic modeling (block 832).

[0061] In some embodiments, a plurality of images may be combined with a corresponding

plurality of physiologic maps to provide a video displaying anatomy and physiology of the

sample in real time.

[0062] In some embodiments, combining the anatomical structure of the image and the

physiologic map of the sample into a single image includes adjusting one or more properties

of the image and/or the physiologic map. The one or more properties may include at least

one of colorization, transparency and a weight function.

[0063] Referring now to Fig. 9, in some embodiments, operations for obtaining are preceded

by illuminating the sample with a light source (block 917), for example, an NIR source

and/or a visible light source. In these embodiments, a portion of light is reflected from the



source to obtain the image and the physiologic map during a single data acquisition (block

927).

[0064] Further operations in accordance with embodiments discussed herein will now be

discussed with respect to the images illustrated in Figures lOA-1 1C. It will be understood

that the visualization of both anatomical structure and blood flow physiology of the tissue and

organs as discussed herein can be achieved by various approaches. Two different approaches

will now be discussed herein with respect to Figures lOA-1 1C.

[0065] Referring first to Figures lOA-lOD, a first approach using a dual layers design similar

to operations discussed above will be discussed. Figures 10A and 10B illustrate an

anatomical layer, which is a raw (original) image frame of one wavelength illumination

(visible and/or near infra-red). ImgA(i,j) are 8 bit gray scale visible images of the target

tissue/organ and i and j are the pixel indexes along horizontal and vertical direction. The

brightness, contrast and gamma value of this image might be adjusted to achieve better

visualization effect.

[0066] Figure 10C illustrates the physiological layer, which is a processed image based on

one or more raw image frames of near infra-red light to reflect 2D speed distribution of blood

flow and perfusion of the imaged tissue/organ using, for example, LSI or LDI technology.

ImgP i,j is an 8 bit indexed color image (shown in black and white) with its numerical

values mapped to a predefined color map. Usually, the color ranges from blue to red (0 to

255) with blue representing no/minimum flow speed and red representing the highest flow

speed that the system can detect.

[0067] Finally, Figure 10D illustrates a combination of Figures 1OA- IOC. Using

conventional methods that overlap the anatomical layer or parts of the anatomical layer over

the physiological layer will cause the bottom layer to be invisible (covered) or partially

invisible (partially covered). Similarly, using conventional methods that overlap the

physiological layer or parts of the physiological layer over the anatomical layer will cause the

bottom layer to be invisible (covered) or partially invisible (partially covered). Thus,

embodiments of the present inventive concept provide a transparency map/matrix that is

applied to increase the visibility of both the anatomical and physiological layers. The

transparency map may be represented by the following equation:

J J Max(lmg(i,j))-Min(lmg(i,j y '
[0068] where Img is a raw (original) image frame of visible or near infra-red light (10A or

10B) and x is an adjustable parameter greater than zero (> 0) and less and or equal to two



(<=2). In other words, each pixel value in T(i,j) is between 0 and 1 with 0 representing no

transparency and 1 representing 100% transparency. Parameter x controls the contrast of the

transparency map and if x > 1, transparency has a larger dynamic range and if x < 1, the

transparency has a smaller dynamic range.

[0069] Referring now to Figures 1 A- l 1C, a second approach for visualization of both

anatomical structure and blood flow physiology of the tissue and organs using color and

brightness design will be discussed. Referring first to Figure 11A, an anatomical layer is

illustrates that is represented by image brightness. A raw (original) image frame of one

wavelength illumination (visible and/or near infra-red). ImgA i,j is a 8 bit gray scale

visible image of the target tissue/organ and i and j are the pixel indexes along horizontal and

vertical direction. The brightness, contrast and gamma value of this image might be adjusted

to achieve better visualization effect.

[0070] Figure 1IB illustrates the physiological layer as a colored image (shown in black and

white), which is a processed image based on one or more raw image frames of near infra-red

light to reflect 2D speed distribution of blood flow and perfusion of the imaged tissue/organ

using, for example, LSI or LDI technology. First, an 8 bit indexed color image is generated

with its numerical values mapped to a predefined color map. Usually, the color ranges from

blue to red (0 to 255) with blue representing no/minimum flow speed and red representing the

highest flow speed that the system can detect as discussed above with respect to Figures 10A-

10D. Then, the 8 bit indexed color image is converted to a normalized RGB map RGB( )

with the color of each pixel being represented by (R, G, B) three values and each value range

from 0 ~ . Each pixel of a RGB image is composed of three numbers (R, G, B)

corresponding to the components of red, green and blue color. Each of the three numbers can

range from 0 ~ 255 if 8 bit values are used or 0-1 if normalized values are used and the (R,

G, B) will determine the color and brightness of the color in a pixel.

[0071] Referring now to Figure 11C, both the anatomical (Figure 1A) and physiological

layers (Figure 1IB) are fused together by creating an 8 bit RGB color image represented by

the following equation:

lmg(i,i) = ImgA i,j X RGB( ') Eqn. (2)

where Img (i,j) for each color channel might be adjusted separately and differently to

achieve optimal visualization effect. Thus, the image of Figure 11A adjust brightness and the

image of Figure 1IB adjusts color to provide the image of Figure 11C, which is combination

of both anatomy and physiology.



[0072] As discussed above, a near infra-red image/visible light image can visualize the

surface and sub-surface anatomical structure of the vasculature of a tissue/organ. Blood flow

measuring technologies, such as LSI, LDI or fluorescence, can quantify the speed of blood

flow and perfusion, thus revealing the functionality of the vasculature of a tissue/organ. In

certain clinical situations, visualization of both the anatomical structure and the functionally

of tissue/organ vasculature is important. Thus, in some embodiments of the present inventive

concept NIR images are used as one layer of the VFA image, which reveals anatomical

structure of the targeting tissue/organ vasculature. The physiologic map of blood flow and

perfusion quantified by, for example, LSI, LDI or fluorescence technology, is used as another

layer of the VFA, which reveals functionality and physiology of the targeted tissue/organ

vasculature. Embodiments of the present inventive concept are configured to adjust the

colorization and transparency of the two layers and a final visualization (VFA image) is

achieved, which represents both anatomy and functionality of the vascular system of a certain

tissue/organ.

[0073] It will be understood that embodiments of the present inventive concept may be

used in any format of clinical imaging, which includes both surgical imaging (usually an in¬

patient application) and other out-patient imaging procedure (non-surgical application)

without departing from the scope of the present inventive concept.

[0074] Example embodiments are described above with reference to block diagrams

and/or flowchart illustrations of methods, devices, systems and/or computer program

products. It is understood that a block of the block diagrams and/or flowchart illustrations,

and combinations of blocks in the block diagrams and/or flowchart illustrations, can be

implemented by computer program instructions. These computer program instructions may

be provided to a processor of a general purpose computer, special purpose computer, and/or

other programmable data processing apparatus to produce a machine, such that the

instructions, which execute via the processor of the computer and/or other programmable

data processing apparatus, create means (functionality) and/or structure for implementing the

functions/acts specified in the block diagrams and/or flowchart block or blocks.

[0075] These computer program instructions may also be stored in a computer-readable

memory that can direct a computer or other programmable data processing apparatus to

function in a particular manner, such that the instructions stored in the computer-readable

memory produce an article of manufacture including instructions which implement the

functions/acts specified in the block diagrams and/or flowchart block or blocks.



[0076] The computer program instructions may also be loaded onto a computer or other

programmable data processing apparatus to cause a series of operational steps to be

performed on the computer or other programmable apparatus to produce a computer-

implemented process such that the instructions which execute on the computer or other

programmable apparatus provide steps for implementing the functions/acts specified in the

block diagrams and/or flowchart block or blocks.

[0077] Accordingly, example embodiments may be implemented in hardware and/or in

software (including firmware, resident software, micro-code, etc.). Furthermore, example

embodiments may take the form of a computer program product on a computer-usable or

computer-readable storage medium having computer-usable or computer-readable program

code embodied in the medium for use by or in connection with an instruction execution

system. In the context f this document, a computer-usable or computer-readable medium

may be any medium that can contain, store, communicate, propagate, or transport the

program for use by or in connection with the instruction execution system, apparatus, or

device.

[0078] The computer-usable or computer-readable medium may be, for example but not

limited to, an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor

system, apparatus, device, or propagation medium. More specific examples (a non-

exhaustive list) of the computer-readable medium would inc lude the following: a electrical

connection having one or more wires, a portable computer diskette, a random access memory

(RAM), a read-only memory (ROM), an erasable programmable read-only memory (EPROM

or Flash memory), an optical fiber, and a portable compact disc read-only memory (CD-

ROM). Note that the computer-usable or computer-readable medium could even be paper or

another suitable medium upon which the program is printed, as the program can be

electronically captured, via. for instance, optical scanning of the paper or other medium, then

compiled, interpreted, r otherwise processed in a suitable manner, i necessary, and then

stored in a computer memory.

[0079] Computer program code for carrying out operations of data processing systems

discussed herein may be written in a high-level programming language, such as Java, AJAX

(Asynchronous JavaScript), C, and/or C++, for development convenience. In addition,

computer program code for carrying out operations of example embodiments may also be

written in other programming languages, such as, but not limited to, interpreted languages.

Some modules or routines may be written in assembly language or even micro-code to



enhance performance and/or memory usage. However, embodiments are not limited to a

particular programming language. It will be further appreciated that the functionality of any

or all of the program modules may also be implemented using discrete hardware components,

one or more application specific integrated circuits (ASICs), or a field programmable gate

array (FPGA), or a programmed digital signal processor, a programmed logic controller

(PLC), or microcontroller.

[0080J It should also be noted that in some alternate implementations, the functions/acts

noted in the blocks may occur out of the order noted in the flowcharts. For example, two

blocks shown in succession may in fact be executed substantially concurrently or the blocks

may sometimes be executed in the reverse order, depending upon the functionality/acts

involved. Moreover, the functionality of a given block of the flowcharts and/or block

diagrams may be separated into multiple blocks and/or the functionality of two or more

blocks of the flowcharts and/or block diagrams may be at least partially integrated.

[0081] In the drawings and specification, there have been disclosed example

embodiments of the inventive concept. Although specific terms are employed, they are used

in a generic and descriptive sense only and not for purposes of limitation, the scope of the

inventive concept being defined by the following claims.



THAT WHICH IS CLAIMED:

. A method for combining anatomical data and physiological data on a single

image, the method comprising:

obtaining an image of a sample, the image of the sample including anatomical

structure of the sample;

obtaining a physiologic map of blood flow and perfusion of the sample; and

combining the anatomical structure of the image and the physiologic map of the

sample into a single image of the sample, the single image of the sample displaying anatomy

and physiology of the sample in the single image in real time,

wherein at least one of the obtaining an image, obtaining a physiologic map and

combining is performed by at least one processor.

2. The method of Claim 1, wherein obtaining the image comprises obtaining at

least one of a raw near-infrared (NIR) image having a wavelength of from about 780nm to

about 2500nm and a visible light image having a wavelength of from about 400nm to about

700nm.

3 . The method of Claim 1, wherein combining the anatomical structure of the

image and the physiologic map of the sample into a single image comprises adjusting one or

more properties of the image and/or the physiologic map.

4 . The method of Claim 3:

wherein the one or more properties comprise at least one of colorization, transparency

and a weight function; and

wherein the physiologic map illustrates one of blood flow and perfusion, flow

distribution, velocity, and/or volume rate of blood flow (cc/min) quantification in primary

vessels based on fluid dynamic modeling.

5 . The method of Claim 3, wherein combining further comprises creating an 8 bit

RGB color image represented by the following equation:

Img i = ImgA i,j x RGB( ')

wherein lmgA(i,j) is an 8 bit gray scale visible image of the target tissue/organ, wherein i



and j are pixel indexes along horizontal and vertical directions, respectively, and Img A (i,j)

for each color channel is adjusted separately to achieve a desired visualization effect.

6. The method of Claim 1:

wherein the sample comprises one of tissue and an organ; and

wherein obtaining the image comprises obtaining the image including anatomical

structure of the vasculature of at least one of the tissue and the organ.

7 . The method of Claim 1, wherein obtaining the image is preceded by

illuminating the sample with at least one light source, the method further comprising

reflecting a portion of light from the at least one light source to obtain the image and the

physiologic map during a single data acquisition.

8. The method of Claim 1, wherein obtaining a physiologic map of the sample

comprises obtaining one of a blood flow and perfusion physiologic map from one or more

images using laser speckle imaging (LSI); a blood flow and perfusion physiologic map from

one or more images using laser Doppler imaging (LDI); and a blood flow and perfusion

angiography resemblance from a fluorescence image.

9 . The method of Claim 1, further comprising combining a plurality of images

with a corresponding plurality of physiologic maps to provide a video displaying anatomy

and physiology of the sample in real time.

10. A computer system for combining anatomical data and physiological data on a

single image, the system comprising:

a processor; and

a memory coupled to the processor and comprising computer readable program code

that when executed by the processor causes the processor to perform operations comprising:

obtaining an image of a sample, the image of the sample including anatomical

structure of the sample;

obtaining a physiologic map of blood flow and perfusion of the sample; and



combining the anatomical structure of the image and the physiologic map of the

sample into a single image of the sample, the single image of the sample displaying anatomy

and physiology of the sample in the single image in real time.

11. The system of Claim 10, wherein the processor further performs operations

comprising one of obtaining at least one of a raw near-infrared (NIR) image having a

wavelength of from about 780nm to about 2500nm and a visible light image having a

wavelength of from about 400nm to about 700nm.

12. The system of Claim 11, wherein combining the anatomical structure of the

image and the physiologic map of the sample into a single image comprises adjusting one or

more properties of the image and/or the physiologic map.

13. The system of Claim 12, wherein the one or more properties comprise at least

one of colorization, transparency and a weight function.

14. The system of Claim 12, wherein combining further comprises creating an 8

bit RGB color image represented by the following equation:

I g i,j = ImgA i,j x RGB(i,;')

wherein ImgA i,j is an 8 bit gray scale visible image of the target tissue/organ, wherein i

and j are pixel indexes along horizontal and vertical directions, respectively, and ImgA i,j

for each color channel is adjusted separately to achieve a desired visualization effect.

15. The system of Claim 10:

wherein the sample comprises one of tissue and an organ; and

wherein the processor further performs operations comprising obtaining the raw

image including anatomical structure of the vasculature of at least one of the tissue and the

organ.

16. The system of Claim 10, further comprising at least one illumination source

configured to illuminate the sample, wherein a portion of light from the at least one source is

reflected and used to obtain the image and the physiologic map during a single data

acquisition.



17. The system of Claim 10, wherein the processor further performs operations

comprising one of obtaining one of a blood flow and perfusion physiologic map from one or

more images using laser speckle imaging (LSI); a blood flow and perfusion physiologic map

from one or more images using laser Doppler imaging (LDI); and a blood flow and perfusion

angiography resemblance from a fluorescence image.

18. The system of Claim 10, wherein the processor further performs operations

comprising combining a plurality of images with a corresponding plurality of physiologic

maps to provide a video displaying anatomy and physiology of the sample in real time.

1 . A computer program product for combining anatomical data and physiological

data on a single image, the computer program product comprising:

a non-transitory computer readable storage medium having computer readable

program code embodied in the medium, the computer readable program code comprising:

computer readable program code to obtain a image of a sample, the image of the

sample including anatomical structure of the sample;

computer readable program code to obtain a physiologic map of blood flow and

perfusion of the sample; and

computer readable program code to combine the anatomical structure of the image

and the physiologic map of the sample into a single image of the sample, the single image of

the sample displaying anatomy and physiology of the sample in the single image in real time.

20. The computer program product of Claim 19, wherein obtaining the image

comprises obtaining one of a raw near-infrared (NIR) image having a wavelength of from

about 780nm to about 2500nm and a visible light image having a wavelength of from about

400nm to about 700nm.

21. The computer program product of Claim 20, wherein the computer readable

program code to combine the anatomical structure of the image and the physiologic map of

the sample into a single image comprises computer readable program code to adjust one or

more properties of the image and/or the physiologic map.



22. The computer program product of Claim 21, wherein the one or more

properties comprise at least one of colorization, transparency and a weight function.

23 . The computer program product of Claim 21, wherein the computer readable

program code to combine further comprises computer readable program code to create an 8

bit RGB color image represented by the following equation:

lmg(i,j) = ImgA(i,j) x RGB(i ')

wherein I gA i,j is an 8 bit gray scale visible image of the target tissue/organ,

wherein i and j are pixel indexes along horizontal and vertical directions, respectively, and

I gA i, for each color channel is adjusted separately to achieve a desired visualization

effect.

24. The computer program product of Claim 19, wherein the sample comprises

one of tissue and an organ, the computer program product further comprising computer

readable program code to obtain the image including anatomical structure of the vasculature

of at least one of the tissue and the organ.

25. The computer program product of Claim 19, wherein the sample is illuminated

with at least one source and wherein a portion of light from the at least one source is reflected

to obtain the image and the physiologic map during a single data acquisition.

26. The computer program product of Claim 19, wherein the computer readable

program code to obtain a physiologic map of the sample comprises one of computer readable

program code obtain one of a blood flow and perfusion physiologic map from one or more

images using laser speckle imaging (LSI); a blood flow and perfusion physiologic map from

one or more images using laser Doppler imaging (LDI); and a blood flow and perfusion

angiography resemblance from a fluorescence image.

27. The computer readable program code of Claim 19, further comprising

computer readable program code to combine a plurality of images with a corresponding

plurality of physiologic maps to provide a video displaying anatomy and physiology of the

sample in real time.
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