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ULTRASOUND AND FLUORESCENCE IMAGING

BACKGROUND

[0001] The present embodiments relate to ultrasound and
fluorescence imaging. In particular, ultrasound and fluores-
cence provide medical diagnostic imaging.

[0002] Fluorescence (e.g., luminance) imaging and ultra-
sound imaging (i.e., echography) are both used in charac-
terizing tumors or cancer. For example, these two types of
imaging are used in dermatology. Fluorescence imaging
offers poor penetration depth and furnishes information only
about the surface of the tumors. For example, the light scan
penetrates less than a centimeter, such as on the order of
magnitude of 500 pm. Ultrasound imaging offers adequate
penetration depth (e.g., several millimeters or centimeters),
but offers poor resolution at the surface. Neither of these
types of imaging offers all the information that may be
desired for diagnosis and treatment.

[0003] Typically, only one or the other of these two types
of imaging is used for diagnosis and treatment. Separate
scans from both types of imaging have been used for a same
diagnosis. However, it may be difficult for the physician to
understand the local conditions of both sets of data. More-
over, both methods are used from time to time by different
physicians and/or at different times, possibly resulting in
different tissue status for the different scans.

BRIEF SUMMARY

[0004] By way of introduction, the preferred embodiments
described below include methods, systems and computer
readable media for medical diagnostic imaging using ultra-
sound and light information. Data from both types of imag-
ing are combined, and an image is generated as a function
of the combined data. Both types of data are acquired and a
three-dimensional representation is generated as a function
of one or both types of data. Data from both types of images
may be used for quantification. A system may allow selec-
tion of use of either one or both types of imaging. The
different types of data may be acquired based on a same
event in a physiological cycle, such as the P-wave of the
heart cycle. Any one or combination of two or more of the
features above may be used.

[0005] In a first aspect, a method is provided for medical
diagnostic imaging. Ultrasound data representing at least a
first region is acquired. Fluorescence data representing at
least the first region is acquired. The ultrasound data and the
fluorescence data representing the first region are combined.
An image is generated as a function of the combined
ultrasound and fluorescence data.

[0006] 1In a second aspect, a system is provided for medi-
cal diagnostic imaging. An ultrasound data path is operable
to acquire ultrasound data representing at least a first region.
A light scan data path is operable to acquire light data
representing at least the first region. A user input is operable
to receive selection of an ultrasound scan, a fluorescence
scan or combinations thereof. A processor is operable to
generate an image as a function of the ultrasound data, the
fluorescence data, or combinations thereof. The processor is
responsive to the selection.

[0007] In a third aspect, a computer readable storage
medium has stored therein data representing instructions
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executable by a programmed processor for medical diag-
nostic imaging. The instructions are for obtaining first data
responsive to ultrasound energy and second data responsive
to light energy, and generating a three-dimensional repre-
sentation as a function of both the first and second data.

[0008] Inafourth aspect, a method is provided for medical
diagnostic imaging. Ultrasound data and fluorescence data
representing at least the first region are acquired. A three-
dimensional representation is generated as a function of the
ultrasound and fluorescence data.

[0009] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. Further aspects and advantages
of the invention are discussed below in conjunction with the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts through-
out the different views.

[0011] FIG. 1 is a flow chart diagram of one embodiment
of a method for medical diagnostic ultrasound imaging;

[0012] FIG. 2 is a graphical representation of combination
of data from ultrasound and light scans according to one
embodiment; and

[0013] FIG. 3 is a block diagram of one embodiment of a
system for medical diagnostic ultrasound and fluorescence
imaging,

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0014] The fluorescence and ultrasound imaging are com-
bined for characterizing tumors. The two types of imaging
are used for quantification, data combination and/or three-
dimensional visualization. For example, an ultrasound data
set is obtained. A fluorescence data set is obtained. Both data
sets are recorded and used for two- or three-dimensional
visualization or quantitative analysis. Information about the
tissue type is provided for the surface and at depth, allowing
volume calculation and three-dimensional imaging. Such
information may assist in dermatology diagnosis, in surgery
or other applications.

[0015] FIG. 1 shows a method for medical diagnostic
imaging. The method is implemented by the system of FIG.
3 or adifferent system. The method is performed in the order
shown or a different order, such as performing act 14 before
act 12. Additional, different or fewer acts may be provided,
such as performing one of acts 18, 20 or 22 without one or
more of the other acts.

[0016] In act 12, ultrasound data representing at least a
first region is acquired. The ultrasound data is acquired by
scanning with acoustic energy. Alternatively, the ultrasound
data is acquired from a database or memory, such as loading
the ultrasound data from an archival (e.g., PACs) system.

[0017] The ultrasound data represents one or more spatial
locations, such as a two-dimensional region. Any scan
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format may be used, such as sector, Vector®, or linear. In
one embodiment, the ultrasound data represents a volume or
three-dimensional region. A three-dimensional scan using a
two-dimensional array or a plurality of spatially offset
two-dimensional scans may be used to acquire the ultra-
sound data. The ultrasound data along one or more scan lines
extending into a patient or away from a transducer provide
information about structures, tissue or fluid spaced from the
transducer. For example, a three-dimensional scan results in
information about structures deep (e.g., centimeters) in
tissue. Information associated with shallower depths may be
acquired.

[0018] Any now known or later developed ultrasound
scanning may be used. For example, B-mode, Doppler flow,
Doppler tissue, spectral Doppler, contrast agent, harmonic,
or tissue harmonic pulse sequences and/or detection tech-
niques may be used. The ultrasound data is intensity, veloc-
ity, frequency shift, energy, power, variance or other char-
acteristic of signals reflected from tissue, boundaries, fluid,
or contrast agents. The ultrasound data may be derived from
reflected echoes, such as beamformed, detected, filtered,
scan converted or at another stage in an ultrasound image
process.

[0019] Inact 14, fluorescence data representing at least the
first region is acquired. The fluorescence data is acquired by
light scanning. Alternatively, the fluorescence data is
acquired from a database or memory, such as loading the
fluorescence data from an archival (e.g., PACs) system.

[0020] Fluorescence data is data responsive to light wave-
lengths and include infrared detection. Fluorescence is
excited, such as by light excitation. The excitation light is in
the visible or in the infrared range (IR), for example, or in
the near infrared range (NIR). The suitable frequency range
is dependent on the substance to be examined. Other light
wavelengths may be used. A region marked fluorescently is
exposed to light in at least the desired excitation wavelength
of the fluorescent dye. For detection, a detector is capable of
detecting light in the wavelength that the substance emits or
allows to pass-through upon excitation.

[0021] Fluorescence detection may detect various molecu-
lar factors. Substances having different molecular properties
may have different fluorescent properties, which can be
detected in a targeted way. Fluorescence detection is opti-
cally based and is noninvasive or minimally invasive. With
the knowledge of the applicable fluorescent properties, the
molecular nature of a given material being examined may be
ascertained.

[0022] Inmedicine, molecular properties, for instance also
called a “molecular signature,” provide information about
the state of health of a living creature or patient and can be
assessed diagnostically. For example, molecular signatures
are used for detecting cancer. Still other syndromes, such as
rheumatoid arthritis or arteriosclerosis of the carotid artery,
can be identified.

[0023] Substances that have no molecular or chemical
properties that would be suitable for fluorescence detection
can be molecularly “marked” in a suitable way. For example,
suitably prepared markers bind to or are deposited only on
particular molecules. The marker and the molecule to be
detected fit one another while the marker does not bind to
other substances. If the marker has known fluorescent prop-
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erties, then the marker may be optically detected after
binding. The detection of the marker allows conclusions to
be drawn as to the presence of the marked substance.

[0024] Fluorescent metabolic markers accumulate only in
certain regions, such as tumors, infections, or other foci of
disease, or are distributed throughout the body. Such mark-
ers may be activated only in certain regions, for instance by
tumor-specific enzyme activities with additional exposure to
light. In medical diagnosis, marker substances, so-called
fluorophores, such as indocyanin green (ICG), bind to blood
vessels and can be detected optically. In an imaging process,
the contrast with which blood vessels may be enhanced.
So-called “smart contrast agents” may be used. These are
activatable fluorescence markers bind, for instance, to tumor
tissue. The fluorescent properties are not activated until the
binding to the substance to be marked occurs. Such sub-
stances may comprise self-quenched dyes, such as Cy5.5,
which are bound to larger molecules by way of specific
peptides. The peptides can in turn be detected by specific
proteases, produced for instance in tumors, and can be
cleaved. The fluorophores are released by the cleavage and
are no longer self-quenched, but instead develop fluorescent
properties. The released fluorophores can be activated for
instance in the near IR wavelength range of around 740 nm.
One example of a marker on this basis is AF 750 (Alexa
Fluor 750), with a defined absorption and emission spectrum
in the wavelength range of 750 nm (excitation) and 780 nm
(emission).

[0025] Inmedical diagnosis, such activatable markers may
be used, for instance, for intraoperative detection of tumor
tissue. The diseased tissue may be identified exactly and
then removed. One typical application is the surgical treat-
ment of ovarian cancer. The diseased tissue is typically
removed surgically. Because of the increased sensitivity of
fluorescence detection, the diseased tissue can be better
detected along with various surrounding foci of disease and
thus removed more completely.

[0026] In the treatment of breast cancer, typical surgical
treatments are lumpectomies or mastectomies and lymph
node sections and biopsies. Lymph nodes are typically
detected optically by means of 99mTe sulfur colloids in
combination with low-molecular methylene blue. The radio-
active mTc sulfur colloids could be avoided by using fluo-
rescence detection.

[0027] In the removal of brain tumors, the precise demar-
cation of the tumor tissue, which is attainable by the use of
fluorescence detection, is important. The treatment of pan-
creatic tumors can benefit from additional lymph node
biopsies, which could be identified by fluorescence detec-
tion, to detect possible intestinal cancer. In the treatment of
skin cancer, the detection of skin neoplasms may be
improved by fluorescence detection. Fluorescence detection
may improve medication monitoring, such as for rheumatoid
arthritic diseases of joints. The extent of protease overpro-
duction may be detected quantitatively, and the medication
provided to counteract overproduction may be adapted
quantitatively.

[0028] In treating these diseases named as examples as
well as other syndromes, an operation is typically performed
to remove surgically diseased tissue. For aiding in the
operation, fluorescence detection may be performed to
improve the detection of the diseased tissue portions to be
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removed during the ongoing operation or in the open wound.
To that end, the tissue parts are marked before the operation
with a suitable substance that is then activated by binding to
the diseased tissue parts.

[0029] Fluorescence methods examine regions near the
surface or in the open body (e.g., intraoperative applica-
tions). Examples of such investigations are detecting fluo-
rescently marked skin cancer or the detection of tumor
boundaries in the resection of fluorescently marked tumors.
For example, coronary arteries and the function of bypasses
(that is, the flow through them) are intraoperatively viewed.
The scanned region is generally two-dimensional, but may
be a point, a plurality of points, a three-dimensional surface
or a three-dimensional volume. For example, the scan is of
a generally flat two-dimensional surface (e.g., skin) or a
three-dimensional surface (e.g., outer surface of an internal
organ). As another example, the light penetrates to a plural-
ity of depths, allowing for a volume scan.

[0030] Other information may be included with the fluo-
rescence data, such as optical data based on visible light. The
optical and the fluorescence information are superimposed
to indicate a context of the fluorescence data. If a scan based
on fluorescence is generated by light in the IR or NIR range,
then the user may not see the excitation light. Visual light
markers or beams may be used with or without detection of
visible information. For example, visual light optical images
are generated on an ongoing basis so that the surgeon can
observe the images in real time. The surgeon can aim the
scanner based on the images. Once aimed, the fluorescence
scanner 1is activated to acquire fluorescence data.

[0031] Acts 12 and/or 14 are performed as a function of a
physiological event. For example, scans for acquiring are
triggered at a particular time in a cycle. As another example,
data previously acquired at a particular time is selected from
other data.

[0032] Both the ultrasound and fluorescence data are asso-
ciated with a same physiological event of a cycle. For
example, both types of data are acquired at p-wave or other
portions of a heart cycle. The same or different cycle may be
used for the different types of data, such as acquiring the
fluorescence data at the p-wave of one cycle and the ultra-
sound data at the p-wave of another cycle. If the motion of
the heart or respiration influences the data, physiological
parameters such as EKG or the motion of the thorax are used
for triggering acquisition or gating previously acquired data.
The data is selected or triggered to belong to the same
physiological phase.

[0033] In act 16, the ultrasound and fluorescence data are
aligned. The alignment is performed prior to combining the
data for imaging or quantification. The alignment may be
used for imaging even where the different types of data are
not combined, such as for side-by-side presentation of
different types of images.

[0034] The data is aligned spatially by shifting, rotating,
modifying, morphing or transforming the data. The spatial
locations represented by one type of data are aligned to
correspond to the same spatial locations represented by
another type of data. The alignment is with reference to the
scanned region or patient. Ultrasound data representing a
feature is aligned with fluorescence data representing a same
feature rather than a different feature.

[0035] Therelative positions for alignment are determined
from one or more position sensors, from the data or com-
binations thereof. Magnetic, motion, ultrasound, optical, or
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other position sensors determine the position and/or orien-
tation of a probe and associated data relative to a defined
frame of reference. The probes for both the ultrasound and
fluorescence scans include position sensors, or a single
probe for both types of scans includes a position sensor. The
different types of data may be acquired at different times, but
the relative position is known from the position sensors.
During the scans, the positions of the applicators are deter-
mined. The known or measured position of the probes
relative to the position sensors and/or transducer or light
sensors provides an indication of position of the scan region
represented by the data. Alternatively, the different types of
data are acquired at a same time with a known or measured
spatial relationship between the two probes or scan devices.

[0036] Alternatively or additionally, data representing
anatomical and/or artificial landmarks are identified in each
of the different types of data. For example, a tissue structure
or marker on the surface of the scanned tissue is visible by
both fluorescence and ultrasound methods. These features or
landmarks are aligned to align the data. Correlation of
features from one type of data to features of another type of
data is performed. Different relative alignments are
attempted to identify the alignment with the highest or
sufficient correlation. Any correlation function may be used,
such as cross-correlation or sum of differences.

[0037] In act 18, the ultrasound data and the fluorescence
data are combined. The data representing the same locations
is combined. For example, the ultrasound data and the
fluorescence data both represent a two- or three-dimensional
surface in common. Data representing non-overlapping
locations is discarded or maintained as part of the combined
data set. For example, a set of data representing a three-
dimensional volume is provided with a portion of the data
being from a combination of the different types of data.

[0038] The combination is averaging, compounding,
weighted averaging, combinations thereof, or other now
known or later developed compounding. For example, a
finite impulse response combination with two taps, one for
each type of data, is used. The coefficients or weights for
each tap determine the relative contribution of the different
types of data to the combined data value. Equal or unequal
weighting may be used, such as providing a greater weight
for fluorescence data closer to or on a surface and a greater
weight for ultrasound data deeper in the scanned tissue.

[0039] In one embodiment, the ultrasound and fluores-
cence data are acquired with a similar or same resolution.
The different types of data are more readily combined
without generating artifacts. In other embodiments, one or
both types of data are processed to provide a similar reso-
lution, such as transforming or spatially filtering and deci-
mating the data with a higher resolution. In another embodi-
ment, the data with the lower resolution is up-sampled or
interpolated for combination with higher resolution data.

[0040] Inact20, an image is generated as a function of the
combined ultrasound and fluorescence data. In one embodi-
ment, the combined data represents a line or two-dimen-
sional region. A two-dimensional image is generated.

[0041] In another embodiment, a three-dimensional rep-
resentation is generated. At least a portion of the represen-
tation is a function of the combined ultrasound and fluores-
cence data. Other portions may be from uncombined data,
such as ultrasound data. For example, the contribution of a
two-dimensional region for the three-dimensional represen-
tation is a function of both ultrasound and fluorescence data,
but contributions for other locations in the volume is from a
single type of data.
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[0042] Any three-dimensional rendering may be used,
such as minimum, maximum, average or other projection
rendering or surface rendering. In projection rendering, a
plurality of parallel or diverging ray or view lines is pro-
jected through the volume. One ray line is provided for each
display pixel of the representation. Data for spatial locations
along or adjacent each line is used to determine a value for
the ray line. For example, a first value along the ray line that
is over a threshold is selected. A three-dimensional repre-
sentation is generated from the selected values. Where one
or more ray lines pass through locations represented by
combined data, the three-dimensional representation is, at
least in part, a function of the combined data even if the
combined data value is not selected or averaged to determine
the pixel value.

[0043] Opacity weighting or other three-dimensional ren-
dering process may be used. The data set for rendering is
transformed to a three-dimensional grid for rendering, but
may be free of transformation. Combination may occur
before or after any transformation. The pixel values are
black and white or color values.

[0044] In another embodiment, a three-dimensional rep-
resentation is generated as a function of the ultrasound and
fluorescence data without combining the data. For example,
a set of data representing a volume includes data for some
locations from fluorescence data and data for other locations
from ultrasound data. A three-dimensional representation is
rendered from the data set. Alternatively, the data set
includes separate data from the different types of data and
some combined data.

[0045] FIG. 2 shows one embodiment of a data set rep-
resenting a volume. A plurality of two-dimensional planes
32 of ultrasound data are provided with one two-dimen-
sional plane 34 of fluorescence data. The fluorescence plane
34 is generally perpendicular to the planes 32 of ultrasound
data. The fluorescence plane 34 represents a skin or other
tissue surface. The fluorescence data shows a feature 36,
such as a tumor. Other characteristics of the feature are
shown by the ultrasound data at 38. By combining or using
both types of data, information about the entire tumor may
more likely be provided. Using both types of data, different
diagnostic information may be provided, such as tissue type
or tumor identification using fluorescence data and spatial
characteristic from both types of data.

[0046] In act 22 of FIG. 1, a quantity is determined as a
function of the ultrasound and fluorescence data. The quan-
tity is calculated from combined data or both types of data
maintained separately. For example, the data set represent-
ing the volume is used to derive contours or borders.
Automatic processes, such as thresholding or region grow-
ing, identify the borders. Alternatively or additionally, the
user manually enters one or more indications of the border
location from a displayed image. The borders are used to
determine a volume, circumference, length, width or other
characteristic. Other quantities may be calculated, such as
the volume flow through the region.

[0047] FIG. 3 shows a system for medical diagnostic
imaging. The system includes an ultrasound data path 42, a
transducer 44, a light scan data path 46, a light probe 48, a
processor 50, a user input 52 and a display 54. Additional,
different or fewer components may be provided, such as not
including the transducer 44 or the light probe 48.

[0048] The ultrasound data path 42 includes a beam-
former, detector, scan converter, and/or other ultrasound
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imaging system component. The ultrasound data path is
operable to acquire ultrasound data representing at least a
first region. Using the one or two-dimensional array of
elements on the transducer 44, the ultrasound data path scans
with ultrasound energy and generates ultrasound data as a
function of the scanning. For example, the transducer 44
operates with transmit and receive beamformers. The output
of the receive beamformer is provided on a B-mode path, a
color Doppler path and/or a spectral Doppler path. Detectors
detect the intensity, velocity, energy, velocity range, turbu-
lence or other characteristic for a location, two-dimensional
area or a three dimensional volume. An optional scan
converter formats the detected information as an image for
the display 54. Additional, different or fewer components
may be provided, such as including filters and/or image
processors. Other ultrasound imaging systems may be used.

[0049] The light scan data path 46 is operable to acquire
light data representing at least the first region. In one
embodiment, the light scan data path 46 is a fluorescence
scanner. The fluorescence scanner connects with the light
probe 48. A surgeon or other user manipulates the light probe
48 to a desired position. A button may be used to trigger
manually a fluorescence scan. A plurality of excitation light
sources is arranged on the light probe 48 to illuminate a
region at a distance of approximately 6 to 10 cm. The light
sources are arranged at an angle of approximately 45° or
other angle to a front panel of the light probe 48. This
arrangement may provide an optimal working distance since
the scanning region should not be touched and too great a
distance would require excessively high excitation light
intensity. Other distances and/or angles may be used.

[0050] The excitation light sources may be halogen illu-
minants, but may be LEDs (light emitting diodes). Since an
individual LED has a relatively low luminous intensity, LED
arrays about magnitude of 60 LEDs each may be used for
each light source. For example, each of four LED arrays has
a total luminous power of approximately 0.25 to 1 Watt.

[0051] Alens on the fluorescent scanner is aimed frontally
at the illuminated region. Fluorescent light, normal light and
ambient light may reach the fluorescence scanner through
the lens. So that the fluorescent light will not be washed out
by the ambient light, a filter allows fluorescent light, but
reduces or removes light in the visible wavelength ranges.
To enable making an optical image in the visible wavelength
range, a filter changer can for instance change to a filter that
allows light in the visible wavelength range to pass through.
Light passed through the lens and the filter reaches a CCD
camera. The CCD camera records images of signals at the
desired wavelength range (e.g., visible light and/or in the
wavelength range of the fluorescence). The image data
recorded by the CCD camera is received by a data acquisi-
tion unit and stored or transmitted. In one embodiment, the
fluorescence scanner operates on reflected light. In other
embodiments, the camera of the fluorescence scanner is
positioned to detect light transmitted through tissue.

[0052] In one embodiment, the ultrasound data path 42 is
operated to image the tissue of interest. Once the tissue of
interest is identified, a fluorescence scan is made. The
fluorescence scan is made from a probe 48 in a particular
spatial relationship to the ultrasound transducer 22 so that
the location found with ultrasound imaging may be used to
aim the light probe 48. Alternatively, the fluorescence data
path 46 includes mechanisms, such as visual imaging or a
target beam projection, to aim the light probe 48.

[0053] In one embodiment, the light probe 48 and the
transducer 44 are provided in a same device or housing. For



US 2007/0238997 A1l

example, transducer elements and camera elements are
provided on a same surface with or without light sources.
The light probe 48 and transducer 44 are positioned to scan
a same or overlapping region with a known spatial relation-
ship. Alternatively, separate housings are provided for the
light probe 48 and the transducer 44.

[0054] In one embodiment, the ultrasound data path 42
and the light scan data path 46 are provided in a same device,
such as in a same housing, on a same cart, or connected
together locally. The processor 50, user input 52, and display
54 are part of the same device or are separate, such as being
a workstation (e.g., PACs) or other computer. Alternatively,
the ultrasound data path 42 and the light scan data path 46
are separate devices or imaging systems.

[0055] The user input 52 is a keyboard, mouse, trackball,
button, slider, touch pad, touch screen, knob, combinations
thereof, or other now known or later developed user input
device. The user input 52 accepts input from the user for
controlling the processor 50, the ultrasound data path 42,
and/or the light scan data path 46. In one embodiment, the
user input 52 is a user input of the ultrasound data path 42,
and/or the light scan data path 46. The user input 52 is
operable to receive selection of an ultrasound scan, a fluo-
rescence scan or combinations thereof. For example, the
user initiates or controls the fluorescence scan and the
ultrasound scan from a same user interface. Alternatively,
separate user interfaces and/or user inputs are provided.

[0056] The processor 50 is a general processot, control
processor, digital signal processor, server, application spe-
cific integrated circuit, field programmable gate array, digital
circuit, analog circuit, combinations thereof or other now
known or later developed device for controlling acquisition
and/or processing data. The processor 50 is a single device
or a plurality of devices, such as a network or parallel
processors. In one embodiment, the processor 50 is a pro-
cessor of the ultrasound data path 42 or the light scan data
path 46. In other embodiments, the processor 50 is separate,
but operable to receive data from both data paths 42, 46.
With a combined unit, the applications for fluorescence
imaging and ultrasound imaging are controlled from the
same processor 50, and the data sets are stored in memory
jointly. The visualization or quantification is performed by
the processor 50 or another platform.

[0057] The processor 50 is operable to implement the
method of FIG. 1 or a different method. In one embodiment,
the processor 50 identifies ultrasound data and fluorescence
data for processing. For example, the different types of data
associated with a same physiological event or phase of a
cycle are obtained. The data is obtained by triggering scans
as a function of sensed trigger events or by selecting stored
data associated with the desired phase of the cycle.

[0058] The processor 50 is operable to combine the ultra-
sound and fluorescence data representing a same or over-
lapping region. Values for two different types of data rep-
resenting a same location, such as pixel display values, are
added, subtracted, averaged or otherwise combined. Alter-
natively, a data set is created from the two types of data
without combining values.

[0059] The processor 50 is operable to generate an image
as a function of the ultrasound data, the fluorescence data, or
combinations thereof. The combination of the two types of
data is either combined data, such as averaged values, or a
data set with each value being responsive to only one of the
two types of data. The processor 50 generates a two-
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dimensional image or three-dimensional representation.
Alternatively or additionally, the processor 50 determines a
quantity as a function of the ultrasound and fluorescence
data.

[0060] In one embodiment, the processor 50 operates
substantially continuously or in real-time to scan the patient.
Generated images are used to view and assist in navigation
of a biopsy needle.

[0061] The display 54 is a CRT, LCD, plasma, projector,
printer or other now known or later developed display
device. The display 54 connects with the processor 50, but
may alternatively connect to the ultrasound data path 42 or
through the light scan data path 46. The display 54 is part of,
rests on, adjacent to or remote from a housing for the
processor 50.

[0062] The instructions for controlling the processor 50
are stored in a computer readable media. The computer
readable storage medium has stored therein data represent-
ing instructions executable by a programmed processor for
medical diagnostic imaging. The instructions are for obtain-
ing data responsive to ultrasound energy and data responsive
to light energy. The data associated with a same physiologi-
cal event of a cycle is identified. The data is used for
combination, generating a two- or three-dimensional repre-
sentation and/or determining a quantity. In one embodiment,
the instructions are for generating a three-dimensional rep-
resentation as a function of the combined data for at least
one location. Other processes may be implemented by the
computer instructions.

[0063] The instructions for implementing the processes,
methods and/or techniques discussed above are provided on
computer-readable storage media or memories, such as a
cache, buffer, RAM, removable media, hard drive or other
computer readable storage media. Computer readable stor-
age media include various types of volatile and nonvolatile
storage media. The functions, acts or tasks illustrated in the
figures or described herein are executed in response to one
or more sets of instructions stored in or on computer
readable storage media. The functions, acts or tasks are
independent of the particular type of instructions set, storage
media, processor or processing strategy and may be per-
formed by software, hardware, integrated circuits, firmware,
micro code and the like, operating alone or in combination.
Likewise, processing strategies may include multiprocess-
ing, multitasking, parallel processing and the like. In one
embodiment, the instructions are stored on a removable
media device for reading by local or remote systems. In
other embodiments, the instructions are stored in a remote
location for transfer through a computer network or over
telephone lines. In yet other embodiments, the instructions
are stored within a given computer, CPU, GPU or system.

[0064] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood
that it is the following claims, including all equivalents, that
are intended to define the spirit and scope of this invention.

1(We) claim:
1. A method for medical diagnostic imaging, the method
comprising:

acquiring ultrasound data representing at least a first
region;
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acquiring fluorescence data representing at least the first
region;

combining the ultrasound data and the fluorescence data
representing the first region; and

generating an image as a function of the combined

ultrasound and fluorescence data.

2. The method of claim 1 wherein generating the image
comprises generating a three-dimensional representation.

3. The method of claim 2 wherein the first region com-
prises a two-dimensional region, wherein acquiring the
ultrasound data comprises acquiring the ultrasound data
representing a volume including the two-dimensional
region, wherein acquiring the fluorescence data comprises
acquiring the fluorescence data representing the two-dimen-
sional region, wherein combining comprises combining the
ultrasound and fluorescence data for the two-dimensional
region, and wherein generating comprises generating with
the contribution of the two-dimensional region for the
three-dimensional representation being a function of both
ultrasound and fluorescence data.

4. The method of claim 1 wherein combining comprises
averaging, compounding, weighted averaging or combina-
tions thereof.

5. The method of claim 1 wherein acquiring the ultra-
sound and fluorescence data comprises acquiring as a func-
tion of a physiological event.

6. The method of claim 1 further comprising:

determining a quantity as a function of the ultrasound and
fluorescence data.
7. The method of claim 1 further comprising:

aligning the ultrasound and fluorescence data prior to
combining, the alignment being a function of a position
sensor, features represented by the ultrasound and
fluorescence data, or combinations thereof.
8. A system for medical diagnostic imaging, the system
comprising:

an ultrasound data path operable to acquire ultrasound
data representing at least a first region,;

a light scan data path operable to acquire light data
representing at least the first region;

a user input operable to receive selection of an ultrasound
scan, a fluorescence scan or combinations thereof; and

a processor operable to generate an image as a function of
the ultrasound data, the fluorescence data, or combina-
tions thereof, the processor being responsive to the
selection.

9. The system of claim § wherein the processor is operable
to combine the ultrasound data and the fluorescence data
representing the first region.

10. The system of claim 9 wherein the processor is
operable to align the ultrasound and fluorescence data prior
to combination.

11. The system of claim 8 wherein the processor is
operable to generate a three-dimensional representation.
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12. The system of claim 8 wherein the processor is
operable to identify the ultrasound data and the fluorescence
data associated with a physiological event of a cycle.

13. The system of claim 8 wherein the processor is
operable to determine a quantity as a function of the ultra-
sound and fluorescence data.

14. In a computer readable storage medium having stored
therein data representing instructions executable by a pro-
grammed processor for medical diagnostic imaging, the
storage medium comprising instructions for:

obtaining first data responsive to ultrasound energy;
obtaining second data responsive to light energy;

generating a three-dimensional representation as a func-
tion of both the first and second data.
15. The instructions of claim 14 further comprising;

combining the first and second data;

wherein the three-dimensional representation is a function
of the combined data for at least one location.
16. The instructions of claim 14 further comprising;

identifying the first and second data associated with a
same physiological event of a cycle.
17. The instructions of claim 14 further comprising:

determining a quantity as a function of the ultrasound and
fluorescence data.
18. The instructions of claim 14 further comprising;

aligning the first and second data prior to generating the
three-dimensional representation.
19. A method for medical diagnostic imaging, the method
comprising:

acquiring ultrasound data representing at least a first
region;

acquiring fluorescence data representing at least the first
region; and

generating a three-dimensional representation as a func-
tion of the ultrasound and fluorescence data.
20. The method of claim 19 further comprising:

combining the ultrasound data and the fluorescence data
representing the first region;

wherein generating the three-dimensional representation
comprises generating as a function of the combined
data.

21. The method of claim 20 further comprising:

aligning the ultrasound and fluorescence data prior to
combining.

22. The method of claim 19 further comprising:

identifying the ultrasound data and fluorescence data

associated with a same physiological event of a cycle.
23. The method of claim 19 further comprising:

determining a quantity as a function of the ultrasound and
fluorescence data.

I S S T



patsnap

TRAFROE) B R R
NIF(2E)E US20070238997A1 K (2E)R 2007-10-11
RS US11/393552 iR 2006-03-29

[FRIE B (TR A(E) CAMUS ESTELLE
i (E R AGR) CAMUS ESTELLE

LETEHIB(ERR)A(E) SIEMENS AKTIENGESELLSCHAFT

FRIKBBA CAMUS ESTELLE
KBEAN CAMUS, ESTELLE
IPCHEF A61B8/00 A61B6/00
CPCH¥EF A61B5/0071 A61B5/0086 A61B5/415 A61B8/0816 A61B8/00 A61B8/5238 A61B8/543 A61B5/418
A61B5/0062
S\EBEEE Espacenet USPTO
BEGR) o Acquire Ultrasound Data
EF DM RGEABERANEL., A %E PR RGNS 12 7
HERBASHELERE G, REFAMRENERE , HARE—TRHE Acquire Fluo T
o ) uire Fluorescence/Light Data
MEABWHBER=SERT. REFHEARGOBBETAFRIL. R e —| .
FALAVIEEER —HRFHEBGRGR. TUETFEBEL 1 !
B T E JP3 SSEZill:G R Align Data
REH (EFEWM O EAHNPE ) KRBT ERENHE "
!
s = Combine Data . B
Generate Image (3D or other)} Determine Quantity

Y, {


https://share-analytics.zhihuiya.com/view/a464c34b-0887-4d44-8961-3ccc27ed2e8a
https://worldwide.espacenet.com/patent/search/family/038576286/publication/US2007238997A1?q=US2007238997A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070238997%22.PGNR.&OS=DN/20070238997&RS=DN/20070238997

