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(57) ABSTRACT

A method for differentiating between a blood vessel bifurca-
tion and a bleeding blood vessel in an ultrasound volume
includes performing vessel segmentation on the ultrasound
volume, calculating vessel centerlines for the segmented ves-
sels, automatically detecting a bifurcation candidate using the
calculated vessel centerlines, placing a first marker at a pre-
determined distance before the detected bifurcation candi-
date, placing a second marker at a predetermined distance
after the bifurcation candidate, placing a third marker at a
predetermined distance alone a potential vessel branch of the
bifurcation candidate, acquiring spectral Doppler waveform
data at each of the three markers, and comparing the acquired
spectral Doppler waveform data for each of the three markers
to determine whether the bifurcation candidate 1s a point of
internal bleeding.
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BLEEDING DETECTION USING A BLANKET
ULTRASOUND DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on provisional
application Ser. No. 60/908,272, filed Mar. 27, 2007, the
entire contents of which are herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present disclosure relates to bleeding detection
and, more specifically, to bleeding detection in blanket ultra-
sound device.

[0004] 2. Discussion of Related Art

[0005] Ultrasound devices have long been used as a safe
and effective means for visualizing the internal structure of a
patient. Unlike visualization using x-rays, ultrasound does
not expose the patient to potentially harmful ionizing radia-
tion. Modern advances in ultrasound imaging technology
have allowed for increased image clarity and enhanced reso-
lution. Accordingly, ultrasound is a particularly interesting
branch of medical imaging technology.

[0006] However, medical imaging techniques such as ultra-
sound have traditionally required the use of imaging equip-
ment that can be both large and heavy. Thus, medical imaging
is generally confined to hospitals and other clinical facilities.
There are times, however, when patients requiring medical
attention cannot obtain timely access to appropriate medical
facilities. For example, solders on the battlefield, researches
in remote locations, astronauts on the International Space
Station and those engaged in the sport of traversing dangerous
terrain may sustain life-threatening injury without access to
appropriate medical facilities.

[0007] Of particular concern is the health of military per-
sonnel who sustain traumatic injury to the extremities. Such
injuries are increasingly common as modern body armor
including ballistic vests provides a high level of protection to
the torso while leaving the arms and legs vulnerable. Such
injuries may result in internal bleeding of the blood vessels,
an injury that can quickly become fatal if not stabilized in a
timely fashion.

[0008] Accordingly, efforts have been directed towards
developing an imaging device that is portable, light-weight
and flexible and capable of detecting and stabilizing injuries
of the extremities such as internal bleeding of blood vessels of
the arms and legs. One such class of devices utilizes a cuff or
blanket, including multiple ultrasound transducers, for wrap-
ping around the injured arm or leg. Such a device may be
called an “ultrasound blanket” and may be small and light
weight enough to be carried for use in emergency situations.
[0009] The ultrasound blanket may use multiple ultrasound
transducers to locate an area requiring medical attention and
may then be able to administer appropriate treatment, for
example, using a high intensity focused ultrasound (HIFU)
beam to focus energy at a particular location within the
patient’s body to cauterize an internally bleeding blood ves-
sel.

[0010] At this time ultrasound blankets are still under
development as many of the technical hurdles necessary to
implement the ultrasound blanket have not yet been over-
come. One such technical hurdle relates to the localization of
bleeding blood vessels within an injured extremity. If a loca-
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tion of internal bleeding can be precisely identified then the
bleeding can be effectively treated.

SUMMARY

[0011] A method for locating internal bleeding of a blood
vessel includes acquiring a plurality of image subvolume data
sets from a plurality of ultrasound transducers, combining the
plurality of image subvolume data sets to form a combined
image volume, performing vessel segmentation on the com-
bined image volume, automatically detecting one or more
bifurcation candidates, acquiring spectral Doppler waveform
data at each of the detected one or more bifurcation candi-
dates, and determining whether the one or more bifurcation
candidates are points of internal bleeding based on the
acquired spectral Doppler waveform data.

[0012] The set of ultrasound transducers may be incorpo-
rated into an ultrasound blanket or cuff. Combining the plu-
rality of image subvolume data sets may include matching
structures visible in the image volume data sets. Vessel seg-
mentation may be performed using 3D power Doppler image
data. The automatic detection of bifurcation candidates may
include calculating vessel centerlines for the segmented ves-
sels.

[0013] The step of acquiring spectral Doppler waveform
data at each of the detected one or more bifurcation candi-
dates may include placing a first marker at a predetermined
distance before the detected bifurcation candidate, placing a
second marker at a predetermined distance after the bifurca-
tion candidate, placing a third marker at a predetermined
distance alone a potential vessel branch of the bifurcation
candidate, and acquiring spectral Doppler waveform data at
each of the three markers.

[0014] The step of acquiring spectral Doppler waveform
data at each of the three markers may include determining one
or more acquisition planes that are most suitable for acquiring
spectral Doppler waveform data at each of the three markers
and acquiring the spectral Doppler waveform data at each of
the three markers using the determined acquisition planes.
[0015] Determining the one or more acquisition planes that
are most suitable for acquiring spectral Doppler waveforms
may include finding an acquisition plane that is substantially
co-liner with a segment of the vessel at the respective marker.
[0016] The step of determining whether the one or more
bifurcation candidates are points of internal bleeding may
include comparing the acquired spectral Doppler waveform
data for each of the three markers. It may be determined that
the one or more bifurcation candidates are points of internal
bleeding when one or more of the acquired spectral Doppler
waveform data for the three markers indicate an abnormal
blood flow. It may be determined that the one or more bifur-
cation candidates are actual bifurcations when none of the
acquired spectral Doppler waveform data for the three mark-
ers indicate an abnormal blood flow.

[0017] The plurality of ultrasound transducers may acquire
image subvolumes from different angles and positions.
[0018] A method for differentiating between a blood vessel
bifurcation and a bleeding blood vessel in an ultrasound vol-
ume includes performing vessel segmentation on the ultra-
sound volume, calculating vessel centerlines for the seg-
mented vessels, automatically detecting a bifurcation
candidate using the calculated vessel centerlines, placing a
first marker at a predetermined distance before the detected
bifurcation candidate, placing a second marker at a predeter-
mined distance after the bifurcation candidate, placing a third
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marker at a predetermined distance alone a potential vessel
branch of the bifurcation candidate, acquiring spectral Dop-
pler waveform data at each of the three markers, and compar-
ing the acquired spectral Doppler waveform data for each of
the three markers to determine whether the bifurcation can-
didate is a point of internal bleeding.

[0019] Theultrasound image may be generated by combin-
ing a plurality of image subvolume data sets acquired from a
plurality of ultrasound transducers arranged in an ultrasound
blanket or cuff. Vessel segmentation may be performed using
3D power Doppler image data.

[0020] The step of acquiring spectral Doppler waveform
data at each of the three markers may include determining one
or more acquisition planes that are most suitable for acquiring
spectral Doppler waveform data at each of the three markers
and acquiring the spectral Doppler waveform data at each of
the three markers using the determined acquisition planes.
[0021] Determining the one or more acquisition planes that
are most suitable for acquiring spectral Doppler waveforms
may include finding an acquisition plane that is substantially
co-liner with a segment of the vessel at the respective marker.
[0022] A computer system includes a processor and a pro-
gram storage device readable by the computer system,
embodying a program of instructions executable by the pro-
cessor to perform method steps for locating internal bleeding
of a blood vessel. The method includes acquiring a plurality
of image subvolume data sets from a plurality of ultrasound
transducers incorporated into an ultrasound blanket or cuff,
combining the plurality of image subvolume data sets to form
a combined image volume, performing vessel segmentation
on the combined image volume, automatically detecting a
bifurcation candidate, acquiring spectral Doppler waveform
data at the detected bifurcation candidate, and determining
whether the bifurcation candidate is a point of internal bleed-
ing based on the acquired spectral Doppler waveform data.
[0023] The step of acquiring spectral Doppler waveform
data at the detected bifurcation candidate may include placing
a first marker at a predetermined distance before the detected
bifurcation candidate, placing a second marker at a predeter-
mined distance after the bifurcation candidate, placing a third
marker at a predetermined distance alone a potential vessel
branch of the bifurcation candidate, and acquiring spectral
Doppler waveform data at each of the three markers.

[0024] It may be determined that the bifurcation candidate
is a point of internal bleeding when one or more of the
acquired spectral Doppler waveform data for the three mark-
ers indicate an abnormal blood flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] A more complete appreciation of the present disclo-
sure and many of the attendant aspects thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

[0026] FIG.1 is a schematic diagram illustrating a portion
of an ultrasound blanket according to an exemplary embodi-
ment of the present invention;

[0027] FIG.2isaperspective view of an ultrasound blanket
shaped as a cuff according to an exemplary embodiment of
the present invention;

[0028] FIG. 3 is a schematic diagram illustrating an ultra-
sound transducer and its corresponding imaging field accord-
ing to an exemplary embodiment of the present invention;
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[0029] FIG. 4 is a flowchart illustrating a method for treat-
ing internal bleeding using an ultrasound blanket according to
an exemplary embodiment of the present invention;

[0030] FIG. 5isaflowchart illustrating a method for detect-
ing internal bleeding originating from a blood vessel accord-
ing to an exemplary embodiment of the present invention;
[0031] FIG. 6 is a diagram illustrating a bifurcated blood
vessel that is marked for spectral Doppler acquisition accord-
ing to an exemplary embodiment of the present invention;
[0032] FIG. 7 is a schematic illustrating a best acquisition
plane for imaging a vessel segment according to an exem-
plary embodiment of the present invention;

[0033] FIGS. 8A-C illustrate three exemplary spectral
Doppler waveforms acquired at the position of a bifurcation
candidate according to an exemplary embodiment of the
present invention; and

[0034] FIG. 9 shows an example of a computer system
capable of implementing the method and apparatus according
to embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE DRAWINGS

[0035] In describing exemplary embodiments of the
present disclosure illustrated in the drawings, specific termi-
nology is employed for sake of clarity. However, the present
disclosure is not intended to be limited to the specific termi-
nology so selected, and it is to be understood that each spe-
cific element includes all technical equivalents which operate
in a similar manner.

[0036] Exemplary embodiments of the present invention
seek to provide an approach for detecting and precisely locat-
ing internal bleeding using a set of ultrasound transducers
such as may be found in an ultrasound blanket.

[0037] FIG. 1is a schematic diagram illustrating a portion
of an ultrasound blanket according to an exemplary embodi-
ment of the present invention. The illustrated portion of the
ultrasound blanket 10 includes a plurality of ultrasound trans-
ducers 11. The transducers 11 may be arranged in rows and
columns, as shown, or may be staggered. The ultrasound
blanket 10 may be rigid or flexible. Where the ultrasound
blanket 10 is rigid, each transducer 11 may be articulated so
that it may be free to move in one or more directions.

[0038] Theultrasound blanket 10 may be shapedasa cuffto
facilitate placement around an extremity ofa patient. FIG. 2 is
a perspective view of an ultrasound blanket shaped as a cuff
according to an exemplary embodiment of the present inven-
tion. Here the ultrasound blanket 10 may be formed in a ring
shape that may be either short or long. For example the
ultrasound blanket 10 may be long enough to cover a large
portion of a patient’s leg. Ultrasound transducers 11 may be
provided to cover the entire surface of the ultrasound blanket
10. For example, the ultrasound transducers 11 may be pro-
vided to completely encircle an extremity of a patient.
[0039] Each ultrasound transducer 11 may be equipped to
provide multiple modalities, for example, each transducer 11
may be able to collect 3D B-mode data, be able to collect
power Doppler data, be able to collect spectral Doppler data,
and/or may be able to provide an HIFU beam. In collecting
ultrasound data in accordance with one of the above-named
modalities, or other such modalities, each transducer may be
able to obtain image data corresponding to a conic volume 12.
The conic volumes of the multiple transducers 11 may over-
lap at parts and thus a single point of the subject may be
captured by many different transducers from many different
angles.
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[0040] FIG. 3 is a schematic diagram illustrating an ultra-
sound transducer and its corresponding imaging field accord-
ing to an exemplary embodiment of the present invention. As
described above, each transducer 11 may be able to image a
volume within a cone 12. The captured image data may
include multiple planes 13. Each plane is a two-dimensional
image slice of the image volume. A single point of the subject
may be imaged by multiple image planes of multiple image
volumes.

[0041] As described above, the ultrasound blanket may
include a collection of ultrasound transducers or tiles aligned
in a flexible structure that may be wrapped around an injured
area of a patient. Each transducer may individually perform
ultrasound imaging to generate a localized set of image data.
Each localized set of image data may be a three-dimensional
image volume. The multiple image volumes may be overlap-
ping and a particular point within the patient’s body may be
imaged by multiple transducers from multiple angles.
Because ultrasound waves may not pass through dense tissue
such as bone and ultrasound images may include certain
artifacts that may prevent accurate imaging from certain
angles, it is likely that certain internal structures may be better
imaged from certain angles. Thus, exemplary embodiments
of the present invention seek to combine the multiple sets of
image data obtained from the multiple ultrasound transducers
to build a highly detailed and accurate combined view of the
internal structure being examined and then identify, within
the combined view, a location of internal bleeding.

[0042] FIG. 4 is a flowchart illustrating a method for treat-
ing internal bleeding using an ultrasound blanket according to
an exemplary embodiment of the present invention. However,
as a preliminary matter, the ultrasound blanket/cuff may be
installed around the site of injury (Step S40). This may
include, for example, placing a cuff-shaped ultrasound blan-
ket around the patient’s injured arm or leg. Next, image acqui-
sition may commence (Step S41). In image acquisition, each
ultrasound transducer of the ultrasound blanket may obtain an
image data set representing a localized volume. Each volume
may be cone-shaped as described above. The many ultra-
sound transducers may operate simultaneously, taking into
account, the ultrasonic waves generated by the other trans-
ducers and the way in which they may interfere, or may
function one after the other. Image acquisition may include
one or more ultrasound modalities, for example, 3D B-Mode
image data and 3D power Doppler image data may be col-
lected.

[0043] After the multiple image volumes have been
obtained, the multiple image volumes may be combined to
form a single image volume (Step S42). Having a single
combined image volume may provide spatially-coherent
information such as is seen in CT or MRI datasets. In forming
the combined image volume, data pertaining to the known
configuration of the multiple ultrasound may be used. Addi-
tionally or alternatively, the multiple image volumes may be
combined by matching structures visible in multiple image
volumes.

[0044] The multiple image volumes may at least partially
overlap such that structural data of a particular point may be
covered by more than one image volume. The combined
image volumes may utilize image data that shows a particular
structure with the greatest clarity and least obstruction. More-
over, the volumetric compounding of the multiple image data
sets, taken from multiple angles, may significantly increase
the quality of the combined image volume. In combining the
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image volumes, known techniques for multiple image stitch-
ing may be used. For example, the many volumes may be
co-registered according to features present in the volume
images. Volume stitching may be performed automatically or
may utilize user input.

[0045] Next, bleeding detection may be performed on the
combined image volume (Step S43). In this step, the precise
location of the bleeding may be pinpointed in three-dimen-
sional space. The bleeding may be internal bleeding originat-
ing from a blood vessel that has sustained an injury. Methods
for detection of bleeding are described in detail below with
reference to FIG. 5. Finally, therapy may be directed to the
precise location of the bleeding to effectively contain the
bleeding and stabilize the patient (Step S44). As discussed
above, this may include the use of an HIFU beam, focused
directly to the site of the bleeding to cauterize the bleeding
vessel.

[0046] FIG. 5isaflowchart illustrating a method for detect-
ing the location of a bleeding vessel within the combined
image volume using an ultrasound blanket according to an
exemplary embodiment of the present invention. This process
is briefly discussed above with respect to Step S43, however,
additional detail relating to performing this step are provided
below with respect to exemplary embodiments of the present
invention.

[0047] First, vessel segmentation may be performed (Step
S50). Segmentation may be performed, for example, using
three-dimensional intensity data known as 3D B-mode data.
In the 3D B-Mode, the brightness of each voxel is based on
the intensity of the echo return. In color flow images, the
movement of fluid such as blood may be illustrated by the use
of different colors. This may be accomplished by examining
the frequency shift of backscattered ultrasound waves. The
change or shift in backscatter frequency increases as blood
flows towards the transducer and decreases as blood flows
away from the transducer. In color flow imaging, this Doppler
shift is represented using different colors which indicates the
velocity of blood flow. Similarly, in Power Doppler imaging,
the power contained in the returned Doppler signal is dis-
played.

[0048] Power Doppler image data may also be used, for
example, in combination with the 3D-B mode data to perform
segmentation, as a blood vessel may be visible from the
power Doppler image data and/or the 3D-B mode data.
[0049] Segmentation may be used to provide a binary mask
that characterizes the shape of the blood vessels. For example,
where voxels that are not part of a blood vessel are assigned a
value of 0 and voxels that are part of a blood vessel are
assigned a value of 1.

[0050] As segmentation may be performed on the com-
bined image, known techniques for 3D image segmentation
may be perfumed.

[0051] After segmentation has been performed, automatic
detection of vessel bifurcation may be performed (Step S51).
Automatic detection of vessel bifurcation may result in the
identification of places along a vessel where branching
occurs. This step may include calculating a vessel centerline
from the segmented image data. The vessel centerline may be
calculated, for example, using a thinning algorithm. In a
thinning algorithm, a structure is transformed into a line
without degrading the continuity of the structure by sequen-
tially removing pixels from opposite ends of the structure in
the width direction. In a sense, the width is removed layer by
layer until all that 1s left is a thin centerline that represents the
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continuity of the stricture. In one exemplary embodiment of
the present invention, the 3D Power Doppler data that indi-
cates fluid movement may be used to detect the branching.
The branching information may then be combined with the
vessel centerline information so that each bifurcation may be
detected at the centerline.

[0052] Markers may then be placed before and after each
bifurcation (Step S52). FIG. 6 is a diagram 60 illustrating a
bifurcated blood vessel 61 that is marked according to an
exemplary embodiment of the present invention. In total there
may be three markers, one marker 63 indicating a region on
the vessel 61 a set distance before the bifurcation. A second
marker 65 may indicate a region on the vessel a set distance
after the bifurcation 62. A third marker 64 may indicate a
region on the vessel branch a set distance after the bifurcation
66.

[0053] Next, it may be determined which acquisition planes
of which transducers are best equipped for acquiring a spec-
tral Doppler modality (Step S53). As discussed above, each
transducer is capable of imaging a particular local volume and
each local volume may include a set of 2D acquisition planes.
Selecting an appropriate acquisition plane for performing
spectral Doppler imaging may include determining which
transducer has the clearest access to and/or the best angle with
respect to the vessel or vessel section that is to be imaged with
the spectral Doppler modality. For example, the best acqui-
sition plane may be the acquisition plane of a transducer that
has a clear view of the vessel or vessel segment to be imaged
and where the acquisition plane is substantially co-linear with
the vessel segment.

[0054] FIG. 7 is a schematic illustrating a best acquisition
plane for imaging a vessel segment according to an exem-
plary embodiment of the present invention. Here, a suitable
acquisition plane 70 for performing spectral Doppler imaging
of a vessel segment 71 is within an image volume 12 of a
transducer 11. The suitable acquisition plane 70 is shown as
being substantially co-linear with respect to the vessel seg-
ment 71.

[0055]  After the best acquisition plane is selected, a spec-
tral Doppler waveform may be acquired using the selected
transducer at the selected acquisition plane (Step S54). The
ultrasound modality of spectral Doppler may be used to deter-
mine the flow characteristics at the regions of interest. Here,
spectral Doppler waveform data may be acquired at each of
the three marked locations along the vessel as discussed
above and illustrated in FIG. 6. By examining the flow char-
acteristics at the locations before the bifurcation, after the
bifurcation and along the vessel branch, the presence of
abnormal flow conditions may be detected.

[0056] When imaging the vessel structure using ultrasound
transducers, for example, as discussed above, it may be dif-
ficult to accurately distinguish between a bleeding vessel and
a bifurcated vessel. Accordingly, spectral Doppler waveform
data may be acquired for all bifurcation candidates at each of
the three above described locations to differentiate between a
true bifurcation and a bleeding vessel. Thus in the final step
the location of a bleeding vessel may be inferred by deter-
mining that a bifurcation candidate is in fact a bleeding vessel
(Step S55).

[0057] FIGS. 8A-C illustrate three exemplary spectral
Doppler waveforms acquired at the position of a bifurcation
candidate according to an exemplary embodiment of the
present invention. FIG. 8A represents a spectral Doppler
waveform acquired at a position before the bifurcation can-
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didate. FIG. 8B represents a spectral Doppler waveform
acquired at a position after the bifurcation candidate. F1G. 8C
represents a spectral Doppler waveform acquired at a position
along the bifurcation candidate. In cases where the bifurca-
tion candidate is a true bifurcation, each of the three spectral
Doppler waveforms should appear similar as the flow of
blood through non-bleeding vessels would appear regular and
normal at each of the three marked positions. However, where
the bifurcation candidate is not a true bifurcation but is actu-
ally a bleeding vessel, the spectral Doppler waveform of at
one of the three marked positions may appear abnormal, as is
illustrated in FIG. 8C.

[0058] Accordingly, the use of spectral Doppler waveform
data at each of the three marked positions along the bifurca-
tion candidate can differentiate between a true bifurcation and
ableeding vessel. By performing this check at each identified
bifurcation candidate of a patient’s extremity under test, the
presence of bleeding blood vessels may be identified and
precisely located.

[0059] The methods described above may be implemented
using a computer system. The computer system may be inte-
grated with the ultrasound blanket/cuff device or may be in
communication with the device. The computer system may
be a centralized computer system embodied in one location or
may be a distributed computer system with a separate com-
puting device incorporated into each ultrasound transducer.
[0060] FIG. 9 shows an example of a computer system
which may implement a method and system of the present
disclosure. The system and method of the present disclosure
may be implemented in the form of a software application
running on a computer system, for example, a portable per-
sonal computer (PC), for example, a laptop PC, a handheld
computer, for example, a PDA, or a special-purpose embed-
ded computer. The software application may be stored on a
recording media or firmware locally accessible by the com-
puter system.

[0061] The computer system 80 may include, for example,
one or more central processing units (CPU) 81, random
access memory (RAM) 83, a storage device 84 such as a hard
disk drive (HDD) or a solid state disk (SSD), a printer inter-
face 85 for connecting the computer system 80 to a printing
device, a display device 86, for example, an LCD display, one
or more input devices 87 for receiving user commands such as
akeypad and/or a pointing device, a wireless network adapter
88 such as a cellular modem, a WiF1 and/or WIMAX network
adapter, a satellite modem, etc. The wireless network adapter
88 may provide access to a wireless computer network 89
over which data may be transmitted and/or received. The
various components of the computer system 80 may commu-
nicate with each other over one or more data buses 82. The
plurality of ultrasound transducers may be in communication
with the computer system 80, for example, through the one or
more data buses 82 or though an interface device connected
thereto.

[0062] Exemplary embodiments described herein are illus-
trative, and many variations can be introduced without
departing from the spirit of the disclosure or from the scope of
the appended claims. For example, elements and/or features
of different exemplary embodiments may be combined with
each other and/or substituted for each other within the scope
of this disclosure and appended claims.

What is claimed is:
1. A method for locating internal bleeding of a blood ves-
sel, comprising:
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acquiring a plurality of image subvolume data sets from a

plurality of ultrasound transducers;

combining the plurality of image subvolume data sets to

form a combined image volume;

performing vessel segmentation on the combined image

volume;

automatically detecting one or more bifurcation candi-

dates;
acquiring spectral Doppler waveform data at each of the
detected one or more bifurcation candidates; and

determining whether the one or more bifurcation candi-
dates are points of internal bleeding based on the
acquired spectral Doppler waveform data.

2. The method of claim 1, wherein the set of ultrasound
transducers is incorporated into an ultrasound blanket or cuff.

3. The method of claim 1, wherein combining the plurality
of image subvolume data sets includes matching structures
visible in the image volume data sets.

4. The method of claim 1, wherein vessel segmentation is
performed using 3D power Doppler image data.

5. The method of claim 1, wherein the automatic detection
of bifurcation candidates includes calculating vessel center-
lines for the segmented vessels.

6. The method of claim 1, wherein the step of acquiring
spectral Doppler waveform data at each of the detected one or
more bifurcation candidates includes placing a first marker at
a predetermined distance before the detected bifurcation can-
didate, placing a second marker at a predetermined distance
after the bifurcation candidate, placing a third marker at a
predetermined distance alone a potential vessel branch of the
bifurcation candidate, and acquiring spectral Doppler wave-
form data at each of the three markers.

7. The method of claim 6, wherein the step of acquiring
spectral Doppler waveform data at each of the three markers
includes determining one or more acquisition planes that are
most suitable for acquiring spectral Doppler waveform data at
each of the three markers and acquiring the spectral Doppler
waveform data at each of the three markers using the deter-
mined acquisition planes.

8. The method of claim 7, wherein determining the one or
more acquisition planes that are most suitable for acquiring
spectral Doppler waveforms includes finding an acquisition
plane that is substantially co-liner with a segment of the
vessel at the respective marker.

9. The method of claim 6, wherein the step of determining
whether the one or more bifurcation candidates are points of
internal bleeding includes comparing the acquired spectral
Doppler waveform data for each of the three markers.

10. The method of claim 9, wherein it is determined that the
one or more bifurcation candidates are points of internal
bleeding when one or more of the acquired spectral Doppler
waveform data for the three markers indicate an abnormal
blood flow.

11. The method of claim 9, wherein it is determined that the
one or more bifurcation candidates are actual bifurcations
when none of the acquired spectral Doppler waveform data
for the three markers indicate an abnormal blood flow.

12. The method of claim 1, wherein the plurality of ultra-
sound transducers acquire image subvolumes from different
angles and positions.

13. A method for differentiating between a blood vessel
bifurcation and a bleeding blood vessel in an ultrasound vol-
ume, comprising:
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performing vessel segmentation on the ultrasound volume;

calculating vessel centerlines for the segmented vessels;

automatically detecting a bifurcation candidate using the
calculated vessel centerlines;

placing a first marker at a predetermined distance before

the detected bifurcation candidate;

placing a second marker at a predetermined distance after

the bifurcation candidate;

placing a third marker at a predetermined distance alone a

potential vessel branch of the bifurcation candidate;
acquiring spectral Doppler waveform data at each of the
three markers; and

comparing the acquired spectral Doppler waveform data

for each of the three markers to determine whether the
bifurcation candidate is a point of internal bleeding.

14. The method of claim 13, wherein the ultrasound image
is generated by combining a plurality of image subvolume
data sets acquired from a plurality of ultrasound transducers
arranged in an ultrasound blanket or cuff.

15. The method of claim 13, wherein vessel segmentation
is performed using 3D power Doppler image data.

16. The method of claim 13, wherein the step of acquiring
spectral Doppler waveform data at each of the three markers
includes determining one or more acquisition planes that are
most suitable for acquiring spectral Doppler waveform data at
each of the three markers and acquiring the spectral Doppler
waveform data at each of the three markers using the deter-
mined acquisition planes.

17. The method of claim 16, wherein determining the one
or more acquisition planes that are most suitable for acquiring
spectral Doppler waveforms includes finding an acquisition
plane that is substantially co-liner with a segment of the
vessel at the respective marker.

18. A computer system comprising:

a processor; and

aprogram storage device readable by the computer system,

embodying a program of instructions executable by the
processor to perform method steps for locating internal
bleeding of a blood vessel, the method comprising:

acquiring a plurality of image subvolume data sets from a

plurality of ultrasound transducers incorporated into an
ultrasound blanket or cuff;

combining the plurality of image subvolume data sets to

form a combined image volume;

performing vessel segmentation on the combined image

volume;

automatically detecting a bifurcation candidate;

acquiring spectral Doppler waveform data at the detected

bifurcation candidate; and

determining whether the bifurcation candidate is a point of

internal bleeding based on the acquired spectral Doppler
waveform data.

19. The computer system of claim 18, wherein the step of
acquiring spectral Doppler waveform data at the detected
bifurcation candidate includes placing a first marker at a
predetermined distance before the detected bifurcation can-
didate, placing a second marker at a predetermined distance
after the bifurcation candidate, placing a third marker at a
predetermined distance alone a potential vessel branch of the
bifurcation candidate, and acquiring spectral Doppler wave-
form data at each of the three markers.

20. The computer system of claim 18, wherein it is deter-
mined that the bifurcation candidate is a point of internal
bleeding when one or more of the acquired spectral Doppler
waveform data for the three markers indicate an abnormal
blood flow.
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