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ABSTRACT

An ultrasound transceiver scans an organ and processes the
echogenic signals to produce three-dimensional, two-dimen-
sional, and one-dimensional information of the organ. The
3-D, 2-D, and 1-D information is utilized to determine the
thickness, surface area, volume, and mass of the organ wall.
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[0010] AIll of the foregoing applications are incorporated
by reference in their entirety, as if fully set forth herein.

FIELD OF THE INVENTION

[0011] This invention relates generally to ultrasound imag-
ing systems and methods, and more particularly, to ultra-
sound systems and methods used in diagnosing various dis-
ease states.

BACKGROUND OF THE INVENTION

[0012] A variety of ultrasound methods may be used to
evaluate a bladder dysfunction. In general, such methods
estimate a bladder volume containing an amount of urine. For
example, U.S. Pat. No. 6,110,111 to Barnard discloses an
ultrasound system for estimating bladder pressure by com-
paring the estimated bladder surface area with the surface
area of a comparable sphere. According to Barnard, as the
bladder surface area approaches the surface area of the com-
parable sphere, a greater pressure within the bladder is
inferred.

[0013] Other bladder measurements are possible using
ultrasound methods, and are similarly useful in the diagnosis
of several different bladder conditions. For example, a blad-
der wall thickness and bladder mass may be estimated using
ultrasound, and may be used to indicate a bladder outlet
obstruction and/or a bladder distension. In general, a bladder
outlet obstruction results in an elevated internal pressure in
the bladder that must be overcome by the surrounding muscle
as the bladder contracts during urination. Accordingly, an
undesired hypertrophy of the bladder muscle often results.
Symptoms of bladder muscle hypertrophy generally include
increased bladder wall thickness and increased bladder wall
mass. See, for example, P. N. Matthews, J. B. Quayle, A. E. A.
Joseph, J. E. Williams, K. W. Wilkinson and P. R. Riddle;
“The Use of Ultrasound in the Investigation of Prostatism”,
British Journal of Urology, 54:536-538, 1982; and C. J. Cas-
cione, F. F. Bartone and M. B. Hussain; “Transabdominal
Ultrasound Versus Excretory Urography in Preoperative
Evaluation of Patients with Prostatism”, Journal of Urology,
137:883-885, 1987). Using an estimated bladder wall thick-
ness to infer a bladder wall volume, or, alternately, a bladder
wall mass (obtained by multiplying the estimated bladder
wall volume by a specific gravity of the bladder tissue) yields
a value that is generally independent of the bladder volume.
While the bladder wall thins as the volume increases, the total
bladder wall volume (or the bladder wall mass) remains gen-
erally unchanged.

[0014] Another indicator of the bladder condition is blad-
der distension. As the bladder volume increases in response to
increased internal bladder pressure, the bladder walls elon-
gate and decrease in thickness, resulting in the distention.
Bladder distention is generally associated with numerous
bladder ailments, including incontinence and hyperdisten-
sion. Incontinence occurs when sphincter muscles associated
with the bladder are unable to retain urine within the bladder
as the bladder pressure and bladder distension increases. In
many individuals, incontinence occurs when the bladder vol-
ume achieves a consistent maximum volume in the indi-
vidual. Consequently, if the maximum volume is known, and
if the bladder volume can be measured while the volume is
approaching the maximum value, incontinence may be pre-
vented. When hyperdistension occurs, the bladder fills with
an excessive amount urine and generates an internal bladder
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pressure that may cause serious adverse effects, including
renal damage, renal failure, or even death of the patient from
autonomic dysreflexia if the patient has spinal cord damage.
[0015] Itis further observed that normal bladder response is
relatively constant at small bladder volumes in typical adult
humans. Accordingly, normal healthy adults encounter little
physical difficulty voiding, and typically leave less than about
50 milliliters (ml) of urine in the bladder. Thus at the present
time, it is relatively easy to distinguish a normal post-void-
residual (PVR) volume from an abnormal PVR volume that
may be indicative of a potential medical problem. At low
bladder volumes, bladder distension information is not typi-
cally useful since normal humans have widely varying blad-
der capacities. Thus, it is more difficult to establish a volume
threshold at which over-distension occurs or when inconti-
nence occurs for a selected individual. Consequently, as the
bladder fills, measurement of bladder distension becomes
more useful as an indicator of hyperdistension and bladder
capacity in an individual.

[0016] Current ultrasound methods measure bladder wall
thicknesses using one-dimensional (A-mode) and two-di-
mensional (B-mode) ultrasound modes. Unfortunately, the
application of these current methods to determine bladder
wall thickness are susceptible to operator error, are time con-
suming, and generally lead to inaccurate estimations of the
bladder wall thickness. For example, in one known ultra-
sound method, an operator applies an ultrasound probe to an
external portion of the patient and projects ultrasound energy
into the patient to image a bladder region. Since the operator
must repeatedly reposition the ultrasound probe until a blad-
der wall image is sufficiently visible, inaccuracies may be
introduced into the ultrasound data. Consequently, current
ultrasound methods to determine bladder wall thickness is an
unreliable or ineffective means to measure bladder disten-
sion.

[0017] Thus, there is a need for an ultrasound method and
system that permits a bladder wall thickness to be accurately
measured.

SUMMARY OF THE INVENTION

[0018] Systems and methods for ultrasound imaging an
abdominal region in a patient to detect and measure underly-
ing organ structures, and in particular, to image a bladder to
determine the thickness, volume and mass of the bladder
detrussor are disclosed. In an aspect of the invention,
echogenic data is obtained by scanning the abdominal region
to obtain a three-dimensional scancone assembly comprised
of two-dimensional scanplanes, or an array of three-dimen-
sional distributed scanlines. Selected two-dimensional and
one-dimensional algorithms are then applied to the echogenic
data to measure the bladder wall thickness and surface area.
[0019] The pixel location of initial wall loci are determined
in two-dimensional scanplanes via B-mode echo signal pro-
cessing algorithms applied to scanlines crossing the organ
wall. The pixel location of the initial wall loci serve as an
initial approximation of wall location from which more exact-
ing algorithms are applied to either reconfirm the initially
selected wall loci, or more likely, to select other loci positions.
The reconfirmed or newly selected loci positions are achieved
by the application of higher resolving, echo signal processing
algorithms to define final wall loci pixel locations. Thereafter,
verification of the final wall loci pixel locations are estab-
lished by cost function analysis using neighboring final pixel
locations of scanlines within the same scanplane.
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[0020] The final wall pixel loci as determined include the
organ outer-wall and the organ inner-wall pixel locations. The
distance separating the organ outer-wall and inner-wall final
pixel loci determines the thickness of the organ wall. B-mode
algorithms applied to the final outer-wall loci pixel locations,
as determined by the A-mode algorithms, determine the outer
boundary of the organ wall within a given scanplane. Surface
area of the inner-wall boundary is determined by analysis of
the scanplane arrays within the scancone. Organ wall volume
is calculated as a product of organ wall surface area and
thickness. Organ wall mass is determined as a product of
organ wall volume and density. When the organ is a bladder,
the bladder wall thickness and wall mass is calculated to
provide information to assess bladder dysfunction.

[0021] The collection of two-dimensional and one-dimen-
sional algorithms includes ultrasound B-mode based segmen-
tation and specialized snake algorithms to determine the sur-
face area of the organ wall and to provide an initial front wall
location. The initial front wall location determined by the
B-mode algorithms is sufficiently precise to be further pro-
cessed by the one-dimensional algorithms. The one-dimen-
sional algorithms are unique sequences of A-mode based
algorithms applied to the echogenic ultrasound scanlines to
further improve the accuracy and precision of wall location
loci as initially determined by the B-mode algorithms.
[0022] Inaccordance with the preferred embodiment of the
invention, a microprocessor-based ultrasound apparatus,
placed on the exterior of a patient, scans the bladder of the
patient in multiple planes with ultrasound pulses, receives
reflected echoes along each plane, transforms the echoes to
analog signals, converts the analog signals to digital signals,
and downloads the digital signals to a computer system.
[0023] Although a variety of scanning and analysis meth-
ods may be suitable in accordance with this invention, in a
preferred embodiment the computer system performs scan
conversion on the downloaded digital signals to obtain a
three-dimensional, conically shaped image of a portion of the
bladder from mathematical analysis of echoes reflecting from
the inner (submucosal) and outer (subserosal) surfaces of the
bladder wall. The conical image is obtained via ultrasound
pulse echoing using radio frequency (RF) ultrasound (ap-
proximately 2-10 MHz) to obtain a three-dimensional array
of'two-dimensional scanplanes, such that the scanplanes may
be a regularly spaced array, an irregular spaced array, or a
combination of a regularly spaced array and irregularly
spaced array of two-dimensional scanplanes. The two-dimen-
sional scanplanes, in turn are formed by an array of one-
dimensional scanlines (ultrasound A-lines), such that the
scanlines may be regularly spaced, irregularly spaced, or a
combination of regularly spaced and irregularly spaced scan-
lines. The three-dimensional array of two-dimensional scan-
planes results in a solid angle scan cone.

[0024] Alternatively, a solid angle scan cone is obtained by
three-dimensional data sets acquired from a three-dimen-
sional ultrasound device configured to scan a bladder in a
three-dimensional scan cone of three-dimensional distributed
scanlines. The three-dimensional scan cone is not a three-
dimensional array of two-dimensional scanplanes, but
instead is a solid angle scan cone formed by a plurality of
internal and peripheral one-dimensional scanlines. The scan-
lines are ultrasound A-lines that are not necessarily confined
within a scanplane, but would otherwise occupy the inter-
scanplane spaces that are in the three-dimensional array of
two-dimensional scanplanes.
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[0025] The solid angle scan cones, either as a three-dimen-
sional array of two-dimensional scanplanes, or as a three-
dimensional scan cone of three-dimensional distributed scan-
lines, provides the basis to locate bladder wall regions or
surface patches of the inner and outer surfaces of the bladder
wall. The location of each surface patch is determined and the
distance or thickness between the inner and outer surface
patches is measured. The bladder wall mass is calculated as a
product of the surface area of the bladder, the bladder wall
thickness, and the specific gravity of the bladder wall. The
entire bladder wall or various regions, including anterior,
posterior, and lateral portions of the bladder, may be mea-
sured for thickness and mass. Preferred embodiments of the
programs to analyze scanline or scanplane data to determine
bladder thickness and mass employ algorithms.

[0026] An alternate embodiment of the invention config-
ures the downloaded digital signals to be compatible with a
remote microprocessor apparatus controlled by an Internet
web-based system. The Internet web-based system has mul-
tiple programs that collect, analyze, and store organ thickness
and organ mass determinations. The alternate embodiment
can measure the rate at which internal organs undergo hyper-
trophy over time. The programs can include instructions to
permit disease tracking, disease progression, and provide
educational instructions to patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The preferred and alternative embodiments of the
present invention are described in detail below with reference
to the following drawings:

[0028] FIG. 1 is a side elevational view of an ultrasound
transceiver according to an embodiment of the invention;
[0029] FIG. 2 is an isometric view of an ultrasound scan-
cone that projects outwardly from the transceiver of FIG. 1;
[0030] FIG. 3A is a plan view of an ultrasound scanplane
representation of an ultrasound scancone that projects out-
wardly from the transceiver of FIG. 1;

[0031] FIG. 3B is an isometric view of an ultrasound scan-
cone that projects outwardly from the transceiver of FIG. 1;
[0032] FIG. 3C s a scancone that is generated by the trans-
ceiver of FIG. 1;

[0033] FIG. 3D is a plan view of the scancone of FIG. 3C;
[0034] FIG. 3E is side-elevational view of the scanplane of
FIG. 3C and FIG. 3D;

[0035] FIG. 4A is an isometric view of the transceiver of
FIG. 1 applied to an abdominal region of a patient;

[0036] FIG. 4B is a perspective view of the transceiver of
FIG. 1 positioned in a communication cradle according to
another embodiment of the invention;

[0037] FIG. 5 is a partially-schematic view of an imaging
system according to another embodiment of the invention;
[0038] FIG. 6 is a partially-schematic view of a networked
imaging system according to still another embodiment of the
invention;

[0039] FIG. 7 is a cross sectional view of a selected ana-
tomical portion that will be used to further describe the vari-
ous embodiments of the present invention;

[0040] FIG. 8 is a cross sectional view of the anatomical
region of FIG. 7 as the region is imaged by the transceiver of
FIG. 1;

[0041] FIGS. 9A through 9D are four exemplary and
sequential ultrasound images obtained from a male subject
during an ultrasound examination;
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[0042] FIGS. 10A through 10D are four exemplary and
sequential ultrasound images obtained from a female subject
during an ultrasound examination;

[0043] FIG. 11 is an exemplary, non-rectified echogenic
signal received along a selected scanline during ultrasound
imaging of a bladder;

[0044] FIG. 12 is an exemplary processed echogenic signal
pattern from the selected scanline of the bladder imaging of
FIG. 15;

[0045] FIG. 13 is the processed echogenic signal pattern of
FIG. 12 that further shows a waveform that is generated by
additional processing of the rectified waveform;

[0046] FIG. 14 is a method algorithm of the particular
embodiments;
[0047] FIG. 15 is a flowchart that describes a method for

scanning a bodily organ, according to an embodiment of the
invention;

[0048] FIG. 16 is a diagram that describes a method for
determining incident angles;

[0049] FIG. 17 is an idealized diagram of an echogenic
envelope having an intensity pattern that crosses a front blad-
der organ wall;

[0050] FIG. 18 is an envelope of a scanline having an
echogenic intensity distribution that crosses highly reflective
adipose;

[0051] FIG. 19 is a B-mode ultrasound image that shows a
family of wall layer locations corresponding to the candidate
points of FIG. 18;

[0052] FIG. 20 is a diagrammatic view of a plurality of
candidate wall points that result from an echogenic distribu-
tion;

[0053] FIG. 21A is a flowchart of a method for identifying
an outer wall location according to an embodiment of the
invention;

[0054] FIG. 21B is a flowchart of a method for identifying
an inner wall location according to an embodiment of the
invention;

[0055] FIG. 22 is an exemplary graph of a cost function
generated along a selected scanline;

[0056] FIG. 23 is an exemplary scanplane of an internal
anatomical region having a sector of scanlines superimposed
on the scanplane;

[0057] FIG. 24 is an expanded portion of the scanplane 42
of FIG. 24 that shows the initial front wall location in greater
detail;

[0058] FIG. 25 is an expansion of the sub-algorithm 172 of
FIGS. 14 and 15;

[0059] FIG. 26 is an expansion of the sub-algorithm 180 of
FIG. 14;

[0060] FIG. 27 is an expansion of the sub-algorithm 180A
of FIG. 26;

[0061] FIG. 28 is an expansion of the sub-algorithm 180C
of FIG. 26;

[0062] FIG.29isanexpansion of the sub-algorithm 180J of
FIG. 26;

[0063] FIG. 30 is an expansion of the sub-algorithm 184 of
FIG. 14;

[0064] FIG. 31 is an expansion of the sub-algorithm 188 of
FIG. 14

[0065] FIG. 32 is an expansion of the sub-algorithm 192 of
FIG. 31,

[0066] FIG. 33 is an expansion of the sub-algorithm 192A
of FI1G. 32;
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[0067] FIG. 34 is an expansion of the sub-algorithm 192C
of FIG. 32;

[0068] FIG. 35 is an expansion of the sub-algorithm
192C10 of FIG. 34;

[0069] FIG. 36 is an expansion of the sub-algorithm 192E
of FIG. 32;

[0070] FIGS. 37A-D are B-mode scans overlaid with inter-
face tracings;
[0071] FIGS. 38A-D are B-mode scans overlaid with inter-
face tracings;
[0072] FIGS. 39A-D are B-mode scans overlaid with inter-
face tracings;
[0073] FIGS. 40A-B are normal and magnified B-mode

scans overlaid with interface tracings;

[0074] FIGS. 41A-B are normal and magnified B-mode
scans overlaid with interface tracings;

[0075] FIG. 42 is an alternative-algorithm of FIG. 15;
[0076] FIGS. 43A-B are B-mode scans overlaid with inter-
face tracings;

[0077] FIGS. 44A-B are B-mode scans overlaid with inter-
face tracings;
[0078] FIGS. 45A-B are B-mode scans overlaid with inter-

face tracings;
[0079] FIGS. 46A-B are B-mode scans overlaid with inter-
face tracings;

[0080] FIGS. 47A-B are B-mode scans overlaid with inter-
face tracings;

[0081] FIGS. 48A-B are B-mode scans overlaid with inter-
face tracings;

[0082] FIG. 49 is a method algorithm for the Internet Sys-
tem;

[0083] FIG. 50 is a screen shot of four image panels;
[0084] FIG. 51 is a screen shot of two image panels;
[0085] FIG. 52 is a screen shot of six image panels;
[0086] FIG. 53 is a screen shot of Exam Quality Report;
[0087] FIG. 54 is a screen shot of two image panels; and
[0088] FIG.55isa scanplane image overlaid with inner and

outer wall tracings using algorithms of the Internet System.

DETAILED DESCRIPTION OF TIE PREFERRED
EMBODIMENT

[0089] FIG. 1 is a side elevational view of an ultrasound
transceiver 10. Transceiver 10 includes a transceiver housing
18 having an outwardly extending handle 12 suitably config-
ured to allow a user to manipulate transceiver 10. The handle
12 includes a trigger 14 that allows the user to initiate an
ultrasound scan of a selected anatomical portion, and a cavity
selector 16, described below. Transceiver 10 includes a trans-
ceiver dome 20 that contacts a surface portion of the patient
when the selected anatomical portion is scanned to provide an
appropriate acoustical impedance match and to properly
focus ultrasound energy as it is projected into the anatomical
portion. The transceiver 10 further includes an array of sepa-
rately excitable ultrasound transducer elements (not shown in
FIG. 1) positioned within the housing 18. The transducer
elements are suitably positioned within the housing 18 to
project ultrasound energy outwardly from the dome 20, and to
permit reception of acoustic reflections generated by internal
structures within the anatomical portion. The array of ultra-
sound elements may include a one-dimensional, or a two-
dimensional array of piezoelectric elements that are moved
within the housing 18 by a motor, of a transceiver dome 20
that contacts a surface portion of the patient when the selected
anatomical portion is scanned, or other similar actuation
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means to scan the selected anatomical region. Alternately, the
array may be stationary with respect to the housing 18 so that
the selected anatomical region is scanned by selectively ener-
gizing the elements in the array. Transceiver 10 includes a
display 24 operable to view processed results from the ultra-
sound scan, and to allow operational interaction between the
user and the transceiver 10. Display 24 may be configured to
display alphanumeric data that indicates a proper and/or opti-
mal position of the transceiver 10 relative to the selected
anatomical portion. In other embodiments, two- or three-
dimensional images of the selected anatomical region may be
displayed on the display 24. The display 24 may be a liquid
crystal display (LCD), a light emitting diode (LED) display, a
cathode ray tube (CRT) display, or other suitable display
devices operable to present alphanumeric data and/or graphi-
cal images to a user.

[0090] Still referring to FIG. 1, the cavity selector 16 is
structured to adjustably control the transmission and recep-
tion of ultrasound signals to the anatomy of a patient. In
particular, the cavity selector 16 adapts the transceiver 10 to
accommodate various anatomical details of male and female
patients. For example, when the cavity selector 16 is adjusted
to accommodate a male patient, the transceiver 10 is suitably
configured to locate a single cavity, such as a urinary bladder
in the male patient. In contrast, when the cavity selector 16 is
adjusted to accommodate a female patient, the transceiver 10
is configured to image an anatomical portion having multiple
cavities, such as a bodily region that includes a bladder and a
uterus. Alternate embodiments of the transceiver 10 may
include a cavity selector 16 configured to select a single
cavity scanning mode, or a multiple cavity-scanning mode
that may be used with male and/or female patients. The cavity
selector 16 may thus permit a single cavity region to be
imaged, or a multiple cavity region, such as a region that
includes a lung and a heart to be imaged.

[0091] To scan a selected anatomical portion of a patient,
the transceiver dome 20 of the transceiver 10 is positioned
against a surface portion of a patient that is proximate to the
anatomical portion to be scanned. The user then actuates the
transceiver 10 by depressing trigger 14. In response, trans-
ceiver 10 transmits ultrasound signals into the body, and
receives corresponding return echo signals that are at least
partially processed by the transceiver 10 to generate an ultra-
sound image of the selected anatomical portion. In a particu-
lar embodiment, the transceiver 10 transmits ultrasound sig-
nals in a range that extends from approximately about two
megahertz (MHz) to approximately about ten MHz.

[0092] In one embodiment, the transceiver 10 is operably
coupled to an ultrasound system that is configured to generate
ultrasound energy at a predetermined frequency and/or pulse
repetition rate and to transfer the ultrasound energy to the
transceiver 10. The system also includes a processor that is
configured to process reflected ultrasound energy that is
received by the transceiver 10 to produce an image of the
scanned anatomical region. Accordingly, the system gener-
ally includes a viewing device, such as a cathode ray tube
(CRT), a liquid crystal display (LCD), a plasma display
device, or other similar display devices, that may be used to
view the generated image. The system may also include one
or more peripheral devices that cooperatively assist the pro-
cessor to control the operation of the transceiver 10, such a
keyboard, a pointing device, or other similar devices. The
ultrasound system will be described in greater detail below. In
still another particular embodiment, the transceiver 10 may
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be a self-contained device that includes a microprocessor
positioned within the housing 18 and software associated
with the microprocessor to operably control the transceiver
10, and to process the reflected ultrasound energy to generate
the ultrasound image. Accordingly, the display 24 is used to
display the generated image and/or to view other information
associated with the operation of the transceiver 10. For
example, the information may include alphanumeric data that
indicates a preferred position of the transceiver 10 prior to
performing a series of scans. In yet another particular
embodiment, the transceiver 10 may be operably coupled to a
general-purpose computer, such as a laptop or a desktop
computer that includes software that at least partially controls
the operation of the transceiver 10, and also includes software
to process information transferred from the transceiver 10, so
that an image of the scanned anatomical region may be gen-
erated.

[0093] Although transceiver 10 of FIG. 1 may be used in
any of the foregoing embodiments, other transceivers may
also be used. For example, the transceiver may lack one or
more features of the transceiver 10. For example, a suitable
transceiver may not be a manually portable device, and/or
may not have a top-mounted display, or may selectively lack
other features or exhibit further differences.

[0094] FIG. 2 is an isometric view of an ultrasound scan-
cone 30 that projects outwardly from the transceiver 10 of
FIG. 1 that will be used to further describe the operation of the
transceiver 10. The ultrasound scancone 30 extends out-
wardly from the dome 20 of the transceiver 10 and has a
generally conical shape comprised of a plurality of discrete
scanplanes having peripheral scanlines 31A-31F that define
an outer surface of the scancone 30. The scanplanes also
include internal scanlines 34A-34C that are distributed
between the respective peripheral scanlines 31A-31F of each
scanplane. The scanlines within each scanplane are one-di-
mensional ultrasound A-lines that taken as an aggregate
define the conical shape of the scancone 30.

[0095] With reference still to FIG. 2 and now also to FIG.
3 A, anultrasound scancone 40 formed by a rotational array of
two-dimensional scanplanes 42 projects outwardly from the
dome 20 of the transceiver 10. The plurality of scanplanes 40
are oriented about an axis 11 extending through the trans-
ceiver 10. Each of the scanplanes 42 are positioned about the
axis 11 at a predetermined angular position 8. The scanplanes
42 are mutually spaced apart by angles 0, and 0,. Corre-
spondingly, the scanlines within each of the scanplanes 42 are
spaced apart by angles @, and ®,. Although the angles 8, and
0,, are depicted as approximately equal, it is understood that
the angles 6, and 6, may have different values. Similarly,
although the angles @, and @, are shown as approximately
equal, the angles ®, and @, may also have different angles.
[0096] Referring now also to FIG. 3B, the peripheral scan-
lines 44 and 46, and an internal scanline 48 is further defined
by a length r that extends outwardly from the transceiver 10
(FIG. 3A). Thus, a selected point P along the peripheral
scanlines 44 and 46 and the internal scanline 48 may be
defined with reference to the distance r and angular coordi-
nate values @ and 6.

[0097] With continued reference to FIGS. 2, 3A and 3B, the
plurality of peripheral scanlines 31A-E and the plurality of
internal scanlines 34A-D are three-dimensional-distributed
A-lines (scanlines) that are not necessarily confined within a
scanplane, but instead may sweep throughout the internal
regions and along the periphery of the scancone 30 (FIG. 2).
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Thus a given point P within the scancone 30 may be identified
by the coordinates r, @, and 6 whose values can vary. The
number and location of the internal scanlines emanating from
the transceiver 10 may thus be distributed within the scancone
30 at different positional coordinates as required to suffi-
ciently visualize structures or images within the scancone 30.
As described above, the angular movement of the transducer
may be mechanically effected, or it may be electronically
generated. In either case, the number of lines and the length of
the lines may vary, so that the tilt angle ® sweeps through
angles approximately between —60° and +60° for a total arc of
approximately 120°. In one embodiment, the transceiver 10 is
configured to generate a plurality of scanlines between the
first limiting scanline 44 and the second limiting scanline 46
of approximately about seventy-seven, each having a length
of approximately about 18 to 20 centimeters (cm).

[0098] As previously described, the angular separation
between adjacent scanlines 34 (FIG. 2) may be uniform or
non-uniform. For example, and in another particular embodi-
ment, the angular separation ®, and @, (as shown in FIG. 2)
may be about 1.5°. Alternately, and in another particular
embodiment, the angular separation ®, and ®, may be a
sequence wherein adjacent angles are ordered to include
angles of 1.5°, 6.8°, 15.5°, 7.2° and so on, where a 1.5°
separation is between a first scanline and a second scanline, a
6.8° separation is between the second scanline and a third
scanline, a 15.5° separation is between the third scanline and
a fourth scanline, a 7.2° separation is between the fourth
scanline and a fifth scanline, and so on. The angular separa-
tion between adjacent scanlines may also be a combination of
uniform and non-uniform angular spacings, for example, a
sequence of angles may be ordered to include 1.5°,1.5°, 1.5°,
7.2°,14.3°,20.2°, 8.0°, 8.0°, 8.0°,4.3°,7.8°, so on.

[0099] After ascanplane 42 is generated, the transceiver 10
rotates the transducer through a rotational angle 0 (FIG. 3A)
to position the transducer assembly within the transceiver 10
to a different angular increment, to generate another scan-
plane. As the transducer assembly is rotated in the direction 0,
a series of scanplanes is generated, with each scanplane
slightly rotated in relation to the prior scanplane by a selected
increment of the rotational angle 6. As previously described,
the increment between adjacent scanplanes may be uniform
or no uniform. For example, and with reference still to FIG.
3B, in another particular embodiment, each scanplane 42 may
be projected at an approximately 7.5° rotational angle incre-
ment. In other embodiments, the angular increment may be
non-uniform and arranged in a sequence wherein the spacing
between adjacent scanplanes includes 3.0°, 18.5°,10.2°, and
so on. Accordingly, an increment of approximately 3.0° is
present between a first scanplane and a second scanplane, an
increment of approximately 18.5° is present between the
second scanplane and a third scanplane, and an increment of
approximately 10.2° is present between the third scanplane
and a fourth scanplane, and so on. The scanplane interval may
also be a combination of uniform and non-uniform rotational
angle increments, such as, for example, a sequence of incre-
mental angles ordered in a sequence including 3.0°, 3.0°,
3.0°, 18.5°, 10.2°, 20.6°, 7.5°, 7.5°, 7.5°, 16.0°, 5.8° and so
on.

[0100] FIG. 3C is a scancone 40 that is generated by the
transceiver 10. The scancone 40 includes a dome cutout 41
near an apex of the scancone 40 that is formed, at least in part,
to the presence of the transceiver dome 20 (as shown in FIG.
1). Referring now to FIG. 3D, a plan view of the scancone 40
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of FIG. 3D is shown. The dome cutout 41 is positioned at an
approximate center of the scancone 40, with each of the
scanplanes 42 mutually spaced apart by the angular incre-
ment 0. Although the scancone 40 includes forty-eight scan-
planes 42 that are mutually uniformly spaced apart, the num-
ber of scanplanes 42 in the scancone 40 may include at least
two, but can be varied to include any desired number of
scanplanes 42.

[0101] FIG. 3E is side-elevational view of the scanplane 42
of FIG. 3C and FIG. 3D that includes approximately about
seventy-seven scanlines 48 that extend outwardly from the
dome cutout 41. Other scancone configurations are possible.
For example, a wedge-shaped scancone, or other similar
shapes may be generated by the transceiver 10 (FIG. 1).
[0102] FIG. 4A is anisometric view of the transceiver 10 of
FIG. 1 applied to an abdominal region of a patient, which is
representative of a data acquisition method for a bladder wall
mass determination in the patient. In contact with the patient
is a pad 67 containing a sonic coupling gel to minimize
ultrasound attenuation between the patient and the transceiver
10. Alternatively, sonic coupling gel may be applied to the
patient’s skin. The dome 20 (not shown) of the transceiver 10
contacts the pad 67. The transceiver 10 may the used to image
the bladder trans-abdominally, and initially during a targeting
phase, the transceiver 10 is operated in a two-dimensional
continuous acquisition mode. In the two-dimensional con-
tinuous mode, data is continuously acquired and presented as
a scanplane image as previously shown and described. The
data thus acquired may be viewed on a display device, such as
the display 24, coupled to the transceiver 10 while an operator
physically translates the transceiver 10 across the abdominal
region of the patient. When it is desired to acquire data, the
operator may acquire data by depressing the trigger 14 of the
transceiver 10 to acquire real-time imaging that is presented
to the operator on the display device.

[0103] FIG. 4B is aperspective view of the transceiver 10 of
FIG. 1 positioned in a communication cradle 50 according to
another embodiment of the invention. The communication
cradle 50 is operable to receive the transceiver 10, and to
transfer data and/or electrical energy to the transceiver 10. In
another particular embodiment of the invention, the cradle 50
may include a data storage unit configured to receive imaging
information generated by the transceiver 10 (not shown), and
may also include a data interface 13 that may be employed to
transfer the acquired imaging information to other processors
or systems for further image processing. In a particular
embodiment, the data interface may include a universal serial
bus (USB) interface having a connecting cable 53. In other
embodiments, the data interface 13 may include a
FIREWIRE interface, an RS-232 interface, or other similar
and known interface devices. In still another particular
embodiment, the data interface 13 may be used to transfer
programmed instructions to a processing device positioned
within the transceiver 10.

[0104] FIG. 5 is a partially schematic view of an imaging
system 51 according to another embodiment of the invention.
The system 51 includes at least one transceiver 10 in commu-
nication with a computer device 52 that is further in commu-
nication with a server 56. The at least one transceiver 10 is
operable to project ultrasound energy into a patient and to
receive the resulting ultrasound echoes, as previously
described. The ultrasound echoes may be converted to digital
signals within the transceiver 10, or alternately within the
computer device 52 that is coupled to the transceiver 10.
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Similarly, the digital signals may be stored and processed in
the transceiver 10, or within the computer device 52 to gen-
erate ultrasound images that may be viewed on a display 54
that is coupled to the computer device 52. In either case, the
transceiver 10 may be coupled to the computer device 52 by
the connecting cable 53, or by means of a wireless link, such
as an ETHERNET link, or an infrared wireless link. The
transceiver 10 and/or the computer device 52 are configured
to process the digital signals using algorithms that will be
explained in greater detail below.

[0105] Still referring to FIG. 5, the computer device 52 may
communicate information to the server 56, which is config-
ured to receive processed images and/or image data from the
computer device 52 and/or the transceiver 10. The server 56
may include any computer software and/or hardware device
that is responsive to requests and/or issues commands to or
from at least one client computer (not shown in FIGURE 5).
The server 56 is coupled to the computer device 52 by a local
communications system 55, such as a telephone network or a
local area network (LAN) or other similar networks.

[0106] The operation of the imaging system 51. Each trans-
ceiver 10 may be separately and independently used to project
ultrasound information into a selected region of the patient
and to transmit the signals proportional to the received ultra-
sound echoes to the computer device 52 for storage and/or
further processing. If the image processing occurs in the
computer device 52, each computer device 52 includes imag-
ing software having instructions to prepare and analyze a
plurality of one dimensional images from the stored signals
and to transform the plurality of images into a plurality of
two-dimensional scanplanes, as previously described. Addi-
tionally, the imaging software programs may also present
three-dimensional renderings from the plurality of two-di-
mensional scanplanes. Each computer device 52 may also
include instructions to perform other additional ultrasound
image enhancement procedures, which may include instruc-
tions to implement the image processing algorithms.

[0107] In another embodiment of the system 51, the imag-
ing software programs and other instructions that perform
additional ultrasound enhancement procedures are located on
the server 56. Each computer device 52 coupled to the system
51 receives the acquired signals from the transceiver T0 using
the cradle 50 and stores the signals in the memory of the
computer device 52. The computer device 52 subsequently
retrieves the imaging software programs and the instructions
to perform the additional ultrasound enhancement procedures
from the server 56. Thereafter, each computer device 52 pre-
pares the one-dimensional images, the two-dimensional
images, and the three-dimensional renderings, as well as
enhanced images from the retrieved imaging and ultrasound
enhancement procedures. Results from the data analysis pro-
cedures may then be sent to the server 56 for storage.

[0108] In still another embodiment of the system 51, the
imaging software programs and the instructions to perform
the additional ultrasound enhancement procedures are
located in the server 56 and executed on the server 56. Each
computer device 52 in the system 51 receives the acquired
signals from the transceiver 10 and sends the acquired signals
to the memory of the computer 52 through the cradle 50. The
computer device 52 subsequently sends the stored signals to
the server 56. In the server 56, the imaging software programs
and the instructions to perform the additional ultrasound
enhancement procedures are executed to prepare the one-
dimensional images, two-dimensional images, three-dimen-
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sional renderings, and enhanced images from the signals.
Results from the data analysis procedures may be stored by
the server 56, or alternatively, sent to a client computer
coupled to the server for archival storage, or for other pur-
poses.

[0109] FIG. 6 s a partially schematic view of a networked
imaging system 61 according to still another embodiment of
the invention. Many of the elements of the present embodi-
ment have been discussed in detail in connection with other
embodiments, and in the interest of brevity, will not be dis-
cussed further. The networked imaging system 61 includes a
public data network 64 interposed between the computer
device 52 and the server 66. The public data network 64 may
include a LAN, a WAN, or the Internet. Accordingly, other
computational devices associated with the public data net-
work 64 may communicate imaging data and/or ultrasound
images with the portable computing devices 52 and the server
56. Although two transceivers 10 are shown in the networked
imaging system 61 shown in FIG. 6, fewer that two, or more
than two transceivers 10 may be present. The public data
network 64 advantageously permits the system 61 to commu-
nicate images and data to other computer devices and/or
processors.

[0110] FIG. 7 is a cross sectional view of a selected ana-
tomical portion that will be used to further describe the vari-
ous embodiments of the present invention. As shown in FIG.
7, the transceiver 10 is placed over the anatomical portion,
which may include a urinary bladder and surrounding tissues
of'a male patient. Also shown, the dome 20 of the transceiver
is placed in contact with a sonic coupling gel contained within
a pad 67 to minimize ultrasound attenuation between the
patient and the transceiver 10. Alternatively, the dome 20 may
be placed in contact with a sonic coupling gel applied on the
patient’s skin. A wall of the urinary bladder may be divided
into three distinct and observable layers, including an outer
wall layer (visceral peritoneum), an opposing inner wall
layer, and an inter-wall layer positioned between the outer
layer and the inner layer. In general, muscular contraction in
the bladder results from muscular tissue in the inter-wall
layer, so that urine within the bladder may be excreted. The
bladder wall thickness typically varies between about 1.0
millimeter (mm) and about 4.0 millimeters (mm). Since the
volume of the bladder wall is a product of an area of the
bladder and the thickness of the bladder wall, an estimation of
the bladder wall volume is reasonably accurate if the surface
area determination of the bladder wall and the thickness of the
bladder wall is sufficiently precise. Assuming the thickness of
the bladder wall is substantially uniform around the bladder,
a bladder wall mass can be calculated as a product of the
bladder wall volume and an estimation of the density of the
wall tissue. The bladder wall mass calculations are thus simi-
larly limited by the accuracy of the bladder wall surface area
determination and the bladder wall thickness measurement.

[0111] FIG. 8 is a cross sectional view of the anatomical
region of FIG. 7 as the region is imaged by the transceiver 10.
As previously described, the transceiver 10 is operable to
image the anatomical region by generating a scanplane 42
that is further comprised of a plurality of scanlines 48. In FIG.
8, the partial scanplane 42 is superimposed on a B-mode
ultrasound image of the anatomical region in order to illus-
trate the plurality of scanlines 48 crossing the front bladder
wall (e.g., the wall closer to the dome 20) and extending
through the bladder to the back wall of the bladder.
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[0112] FIGS. 9A through 9D are four exemplary and
sequential ultrasound images obtained from a male subject
during an ultrasound examination. The ultrasound images
were obtained using lower resolving B-mode algorithms, and
show a bladder volume surrounded by a bladder wall. In
FIGS. 9A through 9D, the front and back walls of the bladder
are shown surrounding a generally darker bladder volume. As
shown in FIGS. 9A through 9D, the front wall and the back
wall of the bladder are relatively poorly defined.

[0113] FIGS. 10A through 10D are four exemplary and
sequential ultrasound images obtained from a female subject
during an ultrasound examination. The ultrasound images in
FIGS. 10A through 10D were also obtained using lower
resolving B-mode algorithms. In FIGS. 10A through 10D, the
bladder is similarly poorly defined, and a uterine structure is
detected beyond the bladder. The bladder front wall (BFW)
and an opposing bladder back wall (BBW) along with the
uterine front wall (UFW) and a uterine back wall (UBW) are
imaged, but are still rather poorly defined. Thus, the ability to
easily discern the front and back walls of a uterus and a
bladder from the same female subject using selected wall
locations obtained from B-mode imaging is difficult to estab-
lish. In particular, the determination of the narrower distances
between the outer and inner wall layer locations of the uterus
or bladder is often very difficult to establish.

[0114] FIG. 11 is an exemplary, non-rectified echogenic
signal received along a selected scanline during ultrasound
imaging of a bladder. The echogenic signal pattern includes
an outer wall reflection, which is shown as a solid line, which
results from a reflection that occurs at the outer wall of a
bladder (as best seen in FIG. 7), and an inner wall reflection
(as also shown in FIG. 7), resulting from a reflection occur-
ring at an inner wall of the bladder, which is shown as a
dashed line. Since the non-rectified inner wall reflection and
the outer wall reflection signals at least partially overlap, it
may be difficult to accurately discern a location of the inner
wall of the bladder from the outer wall location.

[0115] FIG. 12 is an exemplary processed echo signal pat-
tern from the selected scanline of the bladder imaging of FIG.
8. The outer wall and inner wall reflection signals are alge-
braically summed and rectified to generate a signal envelope
waveform. Rectification is achieved by performing a Hilbert
transform to the algebraically summed waveform. The posi-
tive signal envelope waveform obtained by the Hilbert trans-
form advantageously allows a central location of the outer
and the inner layers of the front organ walls to be accurately
located since the envelope exhibits a more pronounced signal
peak corresponding to the outer and the inner walls.

[0116] FIG. 13 is the processed echogenic signal pattern of
FIG. 12 that further shows a waveform that is generated by
additional processing of the rectified waveform. The wave-
form (represented by a dotted line in FIG. 13) may be gener-
ated by processing the rectified waveform of FIG. 12 using an
A-mode algorithm so that selected bladder wall locations
may be more easily identified. The processed rectified wave-
form is generally sharper and/or exhibits peaks that permit
various maximum points on the processed rectified waveform
may be easily identified. Once identified, the maximum
waveform points may then be used to select candidate points
for further bladder wall imaging, described below.

[0117] FIG. 14 is a method algorithm of the particular
embodiments. The method algorithm 170 is comprised of 8
sub-algorithms that culminate in the calculation of the mass
of the organ wall. In block 172, the ultrasound probe is posi-
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tioned over the abdomen of a patient and a scan is commenced
to acquire at least a portion of an organ wall image. The
echoes are received and processed in the next block, block
176. A block 176 signals are generated from the echoes in
proportion to their signal strength and the signals are pro-
cessed and presented as a 2-D ultrasound image in the format
of two-dimensional scanplanes. This is commonly referred to
as B-mode ultrasound. The next block is block 180 in which
the desired organ in the 2-D scanplanes is selected and wall
loci of the organ wall in at least one scanplane is delineated.
Algorithm 170 continues with block 184 in which the initial
wall delineation from the 2-D scanplane is now further
refined or adjusted. The adjustment of the 2-D wall loci posi-
tion is achieved by applying a 1-D analysis of the scanline
echo signals to obtain inner and outer wall layer loci. The next
block is block 188 in which the thickness of the organ wall is
calculated as a difference between the inner and outer wall
layer loci as determined from block 184. The algorithm 170
continues with block 192 in which 2-D scanplanes obtained
from B-mode ultrasound are assembled into a 3D array and
the wall surface area of the organ wall is calculated. In block
300, the volume of the organ wall is calculated as a product of
the thickness as determined from block 188 and the surface
area as determined from block 192. Finally, in block 400, the
mass of the organ wall is calculated as a product of the volume
obtained from block 300 and the tissue density of the organ
wall.

[0118] FIG.15is a flowchart that will be used to describe a
method 170 for scanning a bodily organ, according to an
embodiment. At block 172, ultrasound energy is projected
into the bodily organ, and reflections from various internal
structures are acquired, that constitutes raw ultrasound data
The raw data may be collected, for example, using the device
shown in FIG. 1, or in any of the other disclosed embodiments
described herein. Block 184 describes the procedures to
obtain points for the inner and outer wall layers. At block
184A, the raw data is processed to generate an RF envelope,
as earlier described and shown in FIG. 16 and FIG. 17. In
addition, at block 176, B-mode scans of the bodily organ are
also compiled. Based upon the B-mode data acquired at block
176, a family of bladder wall locations may be generated, as
will be described below.

[0119] At block 184C, incident angles for each of the scan-
lines projected into the bodily organ are calculated as will also
be described below. In general terms, the calculation of the
incident angle permits better discrimination between an inner
wall and an outer wall of the organ. At block 184E, candidate
points that characterize the position of the inner wall, the
outer wall and the position of intermediate layers between the
inner wall and the outer wall are determined. The determina-
tion of candidate points will also be described in greater detail
below. Based upon the candidate points generated at block
184E, candidate walls may be generated at block 184G. The
candidate walls comprise a family of possible wall locations,
which will be further processed, as described below.

[0120] Still referring to FIG. 15, at block 184J, an inner
wall layer location is identified from amongst the candidate
walls determined at block 184G. An outer wall location is also
identified at block 184L, which represents a refined estimate
of an actual outer wall layer location. The determination of
the inner wall location and the outer wall location will be
described in greater detail below. Based upon the inner wall
layer and the outer wall layer determinations at blocks 184J
and 184L, respectively, and the incident angle determinations
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at block 184C, a wall thickness may be determined at block
188. A surface area of the bodily organ may be determined
based upon the B-mode data collected at block 192. Based
upon the surface area determination at block 192 and the wall
thickness determination at block 188, an organ volume value
300 and an organ mass value 400 for the organ wall may then
be determined by routine calculation.

[0121] In FIG. 16, a method for determining incident
angles will now be described. The scancone 20 of the trans-
ceiver 10 (FIG. 1) projects ultrasound energy towards an
anatomical portion that includes a front wall of a bodily
organ, such as a urinary bladder. In general, the scancone 20
is positioned at an angle © with respect to a normal direction
relative to the bladder wall of a patient. A wall thickness is
defined by a distance between an inner wall and an outer wall
of the bladder along the surface normal T. Also, the inner and
outer walls are most clearly discerned on scanlines that are
normal to the bladder surface. Accordingly, the incident angle
of'each of the scanlines 48 of the scanplane 42 is supplied. A
first vector R, extends along a first scanline having a tilt angle
¢, and a second vector R, extends along a second scanline
having a tilt angle ¢,. Accordingly, a vector R, that is a
difference between the first vector R, and the second vector
R, extends between R, and R,.

[0122] In general, the vector R extends from the cone
vertex at an incident angle ¢. In the interest of clarity of

—
illustration, a two-dimensional representation of R is shown

—
in FIG. 18. It is understood, however, that the vector R is
oriented in three-dimensional space. Accordingly, in the

s
description that follows, the vector R may be expressed in
equation E1 as:

R—=(R cos @, Rsin ®, 0) El

where, R is the distance between the cone vertex and a seg-
mentation point positioned on the front wall. The two adja-
— —
cent neighbor points, R, and R ,, are expressed similarly in
equation E2 and E3:
R 1=(R, cos @y, R, sin Py, 0) E2
Ro~(R, cos By, R, sin Py, 0) E3

—
The surface vector, R ,,, may be expressed in terms of the two

— —
adjacent points, R , and R , by a vector addition, as follows in
equation E4:

Ro-R>-K, E4

The surface normal vector T is orthogonal to the surface
—

vector, R ;,. When the vector T is rotated through an angle 0

about the y-axis, a rotation matrix and an orthogonal matrix
may be defined, respectively, as follows:

cos® 0 —sind’ 0 -1
0 1 0 and |1 O
0 0

sind 0 cos@’
where in the present case, 6' is an angle between the orthogo-
nal plane, and if the image is in a first plane, the angle 8' will
be zero, and if the image is the 13th plane (in a 24-plane
image), the angle 0' will be the incident angle of the broadside
scanline relative to the first plane.

- O o
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—
Therefore, a surface normal vector, R |,-°” may be calcu-

lated using the above rotation and orthogonal matrices as
described in equation ES.

ES
R, = 0o 1 o |1 o

cos# 0O —sin [[0 =1 0O

ot cow
0
sin 0 cos® |[0 0 1

[0123] The angle between the two vectors, Rand R e
is the incident angle 8, which may be determined as follows in
equation E6:

— st cew E6
R R-R
0= RLRI;EW = cos’l[#]

E—T
IR IRy I

[0124] where “Il*II” indicates a vector length and “*” is the
dot product of the two vectors.

[0125] The above method can be extended to calculate the
incidence angle in a three-dimensional space. In case of such
a three dimensional extension, a two-dimensional plane is fit
to all points in the neighborhood of point R. The normal

direction to this plane is determined E 157 and then the
incidence angle is calculated as in Equation E6. To fit the
plane to a neighborhood of points and determine the normal
direction to the plane, an eigenvector-based approach is used.
First calculate a 3 by 3 covariance matrix C for all the points

in the neighborhood of point R. The eigenvalues and the
eigenvectors of this 3 by 3 matrix are then calculated. There-
after, the normal direction is determined the eigenvector cor-
responding the smallest eigenvalue.

[0126] FIG. 17 is a diagram that shows an idealized enve-
lope having echogenic intensity distributed along a scanline
similar to the scanline 48 of FIG. 8 that crosses the front
bladder wall. In FIG. 17, only the echogenic pattern of the
front bladder wall is shown, so that the strongly echogenic
patterns caused by adipose and peritoneum tissues are not
shown. The front wall profile shown in FIG. 17 is bimodal,
and where the proximal wall outer layer generates an outer
layer peak having a signal midpoint maxima near a distance
value of 30, a middle layer (bladder muscle) having a signal
minima near a distance value of 50, and a distal inner layer
peak that presents another signal midpoint maxima near a
distance value of 70. A search region for candidate points may
therefore include at least the distance between the exterior
slopes the outer and inner layers peaks, indicated by the
vertical lines that intersect near a distance value of 25 for the
outer layer peak and near a distance value of 75 for the inner
layer peak.

[0127] FIG. 18 is an actual echogenic envelope distribution
along a scanline that crosses highly reflective adipose and
peritoneum tissues. The echogenic distribution is therefore
more complex than the distribution shown in FIG. 17, since
signal variation and/or noise are included. FIG. 18 also shows
a plurality of possible candidate points that may be used to
identify the inner and the outer wall layers of the bladder. The
inner and outer wall layer candidate points are present as local
peak maxima, and are shown by ovals in FIG. 18. The candi-
date points are determined by one-dimensional A-mode algo-
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rithms applied to the distribution, as will be discussed in more
detail below. Accordingly, FIG. 18 shows, for example, a total
of fifteen local maxima, which correspond to fifteen inner and
outer layer candidate points, although either more than fif-
teen, or fewer than fifteen candidate points may be present in
other similar distributions.

[0128] Still referring to FIG. 18, the inner and outer wall
layer candidate points are developed by higher resolution
one-dimensional algorithms applied to scanlines 48, (FIG. 8)
which use an initial inner layer anchor point determined by a
two-dimensional segmentation algorithm having generally
less resolution. The initial inner layer anchor point on the
scanline 48, which in the present example are determined by
the two-dimensional B-mode segmentation algorithms, are
shown in FIG. 18 as a diamond with dashed lines. The seg-
mentation anchor point serves as a reference point that per-
mits the adequacy of the one-dimensional inner and outer
wall layer candidate points to be determined.

[0129] With continued reference to FIG. 18, localized
peaks P1, P2, P3, and P4 are shown that resemble the outer-
inner layer bimodal pattern of FIG. 17. For example, in the
region between a distance 65 and a distance 71, the peaks P2
and P3 appear to closely approximate the bimodal pattern of
FIG. 17 since the signal magnitude of the point P2 is approxi-
mately the same as for the point P3. A local minimum is
present between the points P2 and P3, which correspond to
two minor maxima. If the region between and including P2
and P3 represents a front bladder wall, then the higher mag-
nitude P1 could be indicative of the more reflective peritoneal
or adipose tissues that are anterior or proximate to the dome
20 (FIGS. 7 or 8).

[0130] Although the combination of the candidate points
P2 and P3 appear to present a favorable candidate for the
location of the outer and inner bladder walls, respectively,
other combinations are possible. For example, the points P1
and P2, and the points P3 and P4 may also represent the
location of the outer and inner bladder walls. Moreover, any
combination of the fifteen local maxima or candidate points
shown in FIG. 20 may be used to determine a location of the
front wall. Algorithms will be described below that may be
implemented to select envelope peak candidates within a
particular scanline 48 with enhanced confidence. Accord-
ingly, a peak combination representing the location of the
bladder wall may be identified with increased accuracy.
[0131] FIG. 19 is a B-mode ultrasound image that shows a
family of wall layer locations corresponding to the candidate
points of FIG. 18 assembled from adjacent scanlines 48. The
continuous white line shown in FIG. 19 represents an initial
inner wall location of the bladder superimposed onto the
image as determined by the two-dimensional B-mode seg-
mentation algorithms. The dashed lines shown in FIG. 19
represent candidates for the location of outer wall layers that,
in the present case, progress outwardly towards the dome
cutout 41 (FIGS. 3C through 3E). The family of seven dashed
lines indicate the seven possible outer layer wall locations,
some of which are overlapping with the initial inner wall as
determined by the two-dimensional B-mode segmentation
algorithms.

[0132] As shown in FIG. 19, the application of all the
candidate points (FIG. 18) suggests that estimates of the
thickness of the bladder wall can vary from nearly zero, to
multiple centimeters. Algorithms to identify an optimum set
of candidate points from the group of all of the candidate
points generated is therefore preferable to select the final wall
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locations so that a bladder wall thickness within an expected
range is determined. In general, an expected range of bladder
wall thicknesses is between approximately about one milli-
meter and about four millimeters. Accordingly, a search range
from about -2 millimeters and about 10 millimeters may be
used to search for candidate points on scanlines having large
incident angles from the initial front inner wall location. The
search range can also be determined based on the volume of
urine in the bladder. For a given volume assuming a spherical
bladder, we can calculate the minimum and the maximum
expected wall thickness based on smallest and largest
expected bladder masses. A smallest expected bladder mass
value may be around 10 grams while a largest expected blad-
der mass value may be around 100 grams. Candidate points so
identified may be defined as inner layer and outer layer can-
didate points.

[0133] FIG. 20 is a diagrammatic view of a plurality of
candidate wall points that result from an echogenic distribu-
tion, such as the distribution shown in FIG. 19. In FIG. 20, for
example, twenty-five wall envelope maxima are identified as
candidate points in a relevant portion of the scanplane 42
(FIGS. 8, 15) selected from a series of truncated scanlines
48A through 48K from FIG. 19 that are selected from the
scanplane 42. The total number of candidate points may be
determined by a candidate points algorithm according to an
embodiment of the invention, which will be described in
further detail below. The wall layer locations are determined
from the segmented front wall (FIG. 20) and the incident
angle Q of a selected scanline 48 (FIG. 15). As shown in FIG.
15, the wall thickness is defined along a surface normal
extending outwardly from the front wall of the bladder wall.
Alternate embodiments of the methods described for FIG. 16
permits the determination of organ wall thicknesses from
non-normal incidence angles.

[0134] Of the wall candidate points shown in FIG. 20, nine
of the candidate points are determined by the algorithms
below to properly characterize a location of the nearest outer
layer. The foregoing candidate points are shown in FIG. 20 as
lightly shaded circles, while the remaining points, shown as
dark circles, are retained as candidate points for aninner layer
location determination. As shown in FIG. 20, the nine
selected candidate points closely correlate with a candidate
outer wall layer. An outer wall selection method algorithm
identifies and selects the outer layer points from the plurality
of scanlines 48A through 48K. The algorithm reduces the
total number of candidate points while preserving appropriate
candidate points.

[0135] FIG. 21A is a flowchart that will now be used to
describe a method 220 for identifying an outer wall location
based upon the candidate points, according to an embodiment
of the invention. As an initial matter, all candidate points are
selected for the analysis described below. In block 222, the
outer wall location is first assumed to be at least 0.78 milli-
meters (mm) away from the inner wall, so that an initial wall
thickness is at least about 0.78 mm. Accordingly, the equiva-
lent sample distance is about 0.8 mm (about 20 RF sample
points). At block 224, for each of the scanlines 48A through
48K (see FIG. 20), at least one upper most candidate point is
selected for each of the respective scanlines 48A through
48K. In one particular embodiment, at least four uppermost
candidate points are selected, and characterize the outer wall
location, an inside wall location, and a muscular membrane
positioned between the outer wall location and the inner wall
location. At block 226, the selected candidate points are
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tested for consecutiveness. Any of the selected candidate
points that are more than a predetermined distance away from
an assumed inner wall location are rejected. In another par-
ticular embodiment, any point candidate point that is more
than about 1.2 mm (about 30 RF sample points) away from
the assumed inner wall location is discarded. At block 228, of
the remaining candidate points, any candidate point having an
intensity that is less than about one-half of the intensity
among the selected candidates are also rejected. The forego-
ing blocks in the method are performed for incident angles
greater than about 0.2 radian (about 10 degrees). Once the
candidate points for the outer wall location have been
selected, at block 230, a cost function is employed in order
correlate an outer wall location with the candidate points. The
cost function is based on the least-square error between the
candidate wall locations and the candidate points. The can-
didate walls are calculated from the known incident angles by
varying the wall thickness from 0 to about 78.4 mm. The cost
function, Ci, is calculated by the following expression of
equation E8:

2 E8

[0136] Where n is the number of scanlines, W, is the can-
didate wall location, and C are the candidate points. An exem-
plary cost function distribution that characterizes an outer
wall location is shown in FIG. 19. Accordingly, an outer wall
location is selected by identifying a minimum point in the
distribution.

[0137] With reference now to FIG. 21B, a flowchart of a
method 240 for identifying an inner wall location is shown, in
accordance with another embodiment of the invention. At
block 242, an inner wall range is restricted to fall within a
predetermined range with respect to the outer wall location.
In a particular embodiment of the invention, the predeter-
mined range is between approximately about —-0.4 mm and
approximately about 1.0 mm relative to the outer wall loca-
tion. At block 244, the intensity of a candidate point is
assessed, and if the intensity of the candidate points are
greater than approximately about one half of the intensity of
a candidate point having a maximum intensity in the inner
wall zone, the candidate points are retained. At block 246, if
the intensity of a candidate point is less than that of any of the
candidate points selected in block 244. During the foregoing
inner wall selection, the process is performed only if the
incident angle is greater than about 0.2 radian (about 10
degrees). The inner wall location is then selected by reverting
to block 248, so that a minimum in cost function distribution
may be determined.

[0138] Due to acoustic reverberation of the transceiver
dome 20 and to additional noise introduced through segmen-
tation, the front wall segmentation of a bodily organ, such as
a bladder, may be unacceptable as a thickness measurement
estimation. Accordingly, it has been determined that a well-
defined wall segmentation may be fitted using a second order
polynomial, although other higher order polynomials may be
used. The second order polynomial least squares curve fitting
will now be described. The segmented points, y,, are known
and the second degree polynomial, f(x) is expressed in equa-
tion E9 as:

Sx)=ax’+bx+c E9
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The least-square error, 7, may be expressed by equation E10:

n n E10
M= Zl i = F )2 = Zl i = (@ +bx; + o)

7t is therefore minimized by varying the coefficient a, b, and c.
Consequently, each of the partial derivatives of T with respect
to each coefficient is set to zero, as shown below in equation
E11-13:

Eli n ) ) Ell
Ba —2;"; [yi —(axi +bx; + )] =0

Elii n El12
5 =2;xi[yi— (@ +bx;+0)] =0

Eli n El13
e =2;[y;—<ux?+bx;+c>]=o

[0139] Expanding the above equations, the following
expressions are obtained as shown in equation E14-E16:

n n n n El4
Zx‘-zy; = afo + be? + chf
=1 i=1 =1 =1
Zn:x;y;:aix?+bixiz+cix; B
=1 =1 i=1 =1

n El6

iy; :aZx? +bix; +cil
=1 i=1 i=1

i=1

[0140] Expressing the foregoing in matrix form, the follow-
ing matrix equation is obtained in equation E17:

E17

[0141] Therefore, the coefficients a, b, and ¢ for the least
squares analysis may be determined as shown in equation
E18:

It » E18
x inzyi
=1
n
iny;
i=1

n
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=1

=
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—
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[0142] If the least-square error between the wall segmen-
tation and the second order polynomial is greater than about
five pixels it is rejected from the further processing.

[0143] A method for determining a wall thickness, T will
now be described. The inner wall location and the outer wall
locations previously determined (see FIGURE 21A and FIG.
21B) may be used to find the wall thickness by forming a
difference between the outer and inner wall locations:

T=(Outerwall-Innerwall)-RF_resolution

RF_resolution is the length of a single RF sample, typically
but not exclusively 0.08 millimeters. Since a plurality of
scancones are developed during an ultrasound examination,
and each scancone has a pair of orthogonal planes having
corresponding thickness estimations, a median value may be
calculated and accordingly constitutes a best estimate of the
wall thickness.

[0144] FIG. 22 is an exemplary graph of a cost function
generated along a selected scanline, which was employed in
the methods described in FIG. 21A and FIG. 21B. The cost
function is thus minimal at a final outer wall layer location
exhibiting minimum thickness values. The cost function may
therefore be used to identify the minimum thickness value
since it is proximate to the minimum cost value.

[0145] FIG. 23 is an exemplary scanplane 42 of an internal
anatomical region having a sector of scanlines 48 superim-
posed on the scanplane 42. The scanlines 48 cross an inner
layer border initially determined by the two-dimensional
B-mode segmentation algorithms discussed above, in con-
nection with FIGS. 14 and 15. The initially determined inner
layer border provides a first wall location from which, at the
scanline level, a one-dimensional A-mode algorithm may be
applied to rectified RF envelopes to determine the nearest
outer layer candidates and the nearest inner layer candidates.
Either at the scanplane or scanline level, the nearest outer
layer candidate points amount to a second wall location.
Similarly, the nearest inner layer candidate points amount to
a third wall location.

[0146] FIG. 24 is an expanded portion of the scanplane 42
of FIG. 23 that shows the initial front wall location in greater
detail. The expanded portion of the scanplane 42 shows the
outer and inner layer borders of the initial front wall location
as determined by the one-dimensional A-mode algorithms
with the two-dimensional B-mode inner layer border. Com-
pared with FIG. 19, six of the outer layer candidates were
eliminated leaving the nearest outer layer boundary line as
shown. The nearest outer layer boundary amounts to the
second position loci. Also shown is a nearest inner layer
boundary displaced anteriorly to the initial front wall bound-
ary layer as determined from two-dimensional segmentation
algorithms.

[0147] FIG. 25 expands sub-algorithm 172 of FIGS. 14 and
15. The sub-algorithm 172 is comprised of three blocks. In
block 172A, the patient is palpated to determine the location
of'the synthesis pubis or as commonly known the pubic bone.
Above the synthesis pubis location, a sonic gel pad or a sonic
gel is applied and the scanner is either placed in the gel that is
applied to the patient or on the sonic gel pad. The sonic gel
and the sonic gel pad serve to minimize attenuation of the
ultrasound that transverses between the transceiver dome 20
of the transceiver 10 and the patient. The next block is 172C
and the scan button is pressed on the transceiver 10 so that a
rotational array of 2-D scanplanes is acquired. The method
then proceeds to block 176 from FIG. 14.
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[0148] FIG. 26 expands sub-algorithm 180 of FIG. 14. The
sub-algorithm 180 is comprised of eight process or decision
routines. The first process is block 180A and is called Find
Initial Wall. From block 180A is the next block 180B that is
Find Centroid. Thereafter, block 180C is Fixed Initial Walls.
After Fix Initial Walls is a decision block in which the ques-
tion is asked, “Is it uterus?”” The decision block 180D. If it is
a uterus, “yes”, the next process is Clear Walls block 180E.
Thereafter, the volume is displayed at in process 180H and the
process continues on to process 180J. Referring back to deci-
sion diamond 180D, if the organ is not a uterus, “no” then we
proceed to decision 180F in which the question is asked, “Is
volume less than 40 m1.?” If the answer is “no” to the decision
diamond 180F, then the volume is displayed at terminator
180H and the algorithm then proceeds to sub-algorithm 1801J.
If at decision diamond 180F the answer is “yes” to the query,
“Is volume less than 40 ml.?”” Another decision diamond is
presented 180G. At decision diamond 180G, the query is
asked, “Is it a bladder region?” If the answer is “no” then the
sub-algorithm 180 proceeds to the Clear Walls of block 180E
and thence to terminator 180H Volume Displayed. If at the
decision diamond 180G, the answer is “yes” to the query, “Is
it a bladder region?” then the volume is displayed at termina-
tor 180H and the process then continues on to algorithm 180J.
In sub-algorithm 180, an interface line is overweighed on the
B-mode scanplane image to approximate an initial location
for an organ wall, for example, a uterus or a bladder. This
initial interface line is used as a seed or initial reference point
in which to further use as a basis to adjust the determination
for the inner and outer wall layers of the organ wall. Further-
more, in this algorithm, the detected region in the scanplane is
determined to be or not to be a bladder or auterus. This occurs
specifically when the gender button of the transceiver 10
indicates that the scan is for a female. If the regions indeed
found to be a uterus, it is cleared and a zero volume is dis-
played. For a non-uterus region, such as a bladder, if the
volume is very small, then checks are made on the size of a
signal characteristic inside the detected region to ensure that
it is a bladder and not another tissue. If a region is indeed a
bladder region it is computed and displayed on the output.

[0149] FIG. 27 expands sub-algorithm 180A of FIG. 26.
The sub-algorithm 180A is comprised of 11 processes loops,
decisions, and terminators. Sub-algorithm 180A begins with
process 180A2 in which the Local Average is calculated for
the 15 to 16 samples that functions as a low pass filter (LPF)
to reduce noise in the signal. Other embodiments allow for
calculating averages from less than 15 and more than 16
samples. Next is block 180A4 in which the gradient is calcu-
lated using a central difference formulation and has taken
over seven sample sets. The process at block 180A4 then
proceeds to a beginning loop limit 180A6. In block 180A6,
each sample is examined in a detection region. Thereafter, at
decision diamond 180A8, the query is, “Is gradient mini-
mum?” If the answer is “no” then another query is presented
at decision diamond 180A18, the query being, “Looking for
BW and gradient maximum?”” BW refers to for back wall. If
the answer to the query in block 180A18 is “no” then the end
of the loop limit is proceeded to at block 180A30. Thereafter,
from the end of the loop limit at 180A30, the terminator end
find initial walls is reached at block 180A40. Returning now
to the decision diamond 180A8, if the answer to the query, “Is
gradient minimum?” “yes” then another query is presented in
decision diamond 180A10. The query in 180A10 is “Is can-
didate FW/BW best?” FW is refers to front wall and BW
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refers to back wall. If the answer to the query in block 180A10
is “no”, then the process 180A62 is used in which the front
wall is saved and another back wall is looked for. If the query
to in 180A10 is “yes” then the process is Save Candidate
occurs at block 180A14. Thereafter, the process returns to
beginning loop 180A6 to resume. Returning to the decision
diamond 180A10, should the answer be “yes” to the query, “Is
candidate FW/BW best, then the process proceeds to block
180A12 in which the candidate is assigned as a pair for back
wall/front wall.” Thereafter from block 180A12 is returned to
the beginning loop 180A6 and then the process will then
terminate at end of each sample at end loop 180A30 and
thence to terminator 180A40 for end find initial walls sub-
algorithm. Sub-algorithm 180A attempts to find the best front
wall and back wall pair for the inner and outer wall layer
plotting points. The best front wall and back wall pair in each
scanline is defined as the front wall and back wall pair for
which the difference in the back wall gradient and front wall
gradient sometimes referred to as the tissue delta, is the maxi-
mum and the smallest local average between the front wall
and back wall pair is the minimum for the pixel values.

[0150] FIG. 28 is an expansion of the sub-algorithm 180C
of FIG. 27. Sub-algorithm 180C is comprised of several pro-
cesses decision diamonds and loops. Sub-algorithm 180C
operates on a scanplane by scanplane basis where the first
scanplane to be processed is one that is closest to the central
aid of the initial walls and then the remaining scanplanes are
processed moving in either direction of that initial scanplane.
Sub-algorithm 180C begins at block 180C2 referred to as
Start Fix Initial Walls. The first process is at block 180C4 in
which the center line is corrected if necessary. The center line
is defined as the line on that scanplane with the maximum
gradient difference between the front wall and the back wall.
The correction of the front wall and the back wall location at
any line is carried out by a match filtering like step where the
best location within a search limit is defined as the one for
which the difference between points immediately outside the
bladder and points immediately inside the bladder is maxi-
mum. Of course, this applies to any organ other than the
bladder, as the bladder is used here as an example of a par-
ticular embodiment. Thereafter, at block 180C6, the front
wall and back wall means are calculated for five central lines.
The pixel main intensity is computed and if this intensity is
less than expected from the noise at that depth, the lines are
cleared and the algorithm proceeds to the next plane as shown
in decision diamond 180C8 to the query, “Is BW level less
than noise?” where BW means the back wall (or posterior
wall) of the bladder. If the answer is “yes” to this query, at
block 180C10, the process Clear Wall Data is initiated and
from that proceeds to terminator 180C50 End Fix Initial
Walls. Returning to the decision diamond 180CS8, if the
answer is “no” to the query, “Is BW level less than noise?”
then the sub-algorithm 180C proceeds to the process at block
180C12 described as Fix 3 Central Lines. From this point
through the end of sub-algorithm 180C, the purpose is first
correct the lines to the left of the central lines, called the left
half plane (LHP) until either the edge of the bladder or the
edge of the ultrasound cone is found. After the algorithm
corrects the LHP, it proceeds to correct the lines to the right of
the central lines, called the right half plane. Because the same
steps are used for all lines, regardless of their position to the
left of center or to the right of center, the process blocks
180C16 through 180C42 are used for both the LHP and once
for the right half plane. The “line index” of process 180C14
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indicates an identifier for the current line that is processed.
The line index is set to 2 indices less than the center line to
start processing the LHP. The looping procedure started in
block 180C16 continues looping while the line index is a
valid index (i.e. it corresponds to a scanline). Sub-loop
180C18 is started with the intent of adjusting the initial wall
locations, sub-process 180C20, to their correct location if any
correction is necessary. This loop, terminated at process
180C24, completes two iterations. The first iteration uses
sub-process 180C20 to correct the front wall of the bladder on
the current line and the second iteration to correct the back
wall of the bladder, although the ordering of which wall is
corrected first can be interchanged. Once the wall locations
have been corrected of the current line have been corrected,
sub-algorithm 180C proceeds to sub-process 180C28,
“Check Wall Growth”. This sub-process ensures that the
length of the scanline that intersects the bladder in the current
line does not grow significantly with respect to the previous
line that has already been corrected. In the preferred embodi-
ment, the length of the scanline intersecting the bladder is
constrained to be less than 1.125 times longer than in the
previous line. If the loop bounded by sub-processes 180C16
and 180C42 is being applied to the LHP, then the previous line
is one index number greater than the current line index. Oth-
erwise the previous line index is one index number less than
the current index. After completing sub-process 180C28, sub-
process 180C30 “Check Wall Consistency” verifies that the
portion of the current scanline that intersects the bladder
overlaps the portion of the previous scanline that intersects
the bladder. After completing sub-process 180C30, decision
180C32 queries “If working LHP?” (i.e. the loop bounded by
terminators 180C16 and 180C42 is being applied to the lines
left of center). If the answer to the query is yes, then the
sub-process 180C34 “Decrement line index” decreases the
line index by one index number. Decision 180C36 queries “If
line index is invalid”. The loop bounded by terminators
180C16 and 180C42 is applied to the next, and now current,
scanline. If the decremented line index corresponds to an
invalid value, the edge of the LHP has been reached. Sub-
process 180C38 is called to reset the line index to the first line
to the right of center that has not been adjusted. The loop
bounded by terminators 180C16 and 180C42 will now be
applied to the right half plane (RHP). Returning to decision
180C32, if the answer to the query is “No”, sub-process
180C40 “Increment line index” results with the line index
being increased by one index number. Loop terminator
180C42 cause the loop to return to 180C16 as long as the line
index corresponds to an actual scanline. As soon as that con-
dition is violated, the loop terminator will cause sub-algo-
rithm 180C to proceed to the terminator 180C50, “End Fix
Initial Walls”.

[0151] FIG.29isan expansion of the sub-algorithm 180J of
FIG. 26. The procedures within sub-algorithm 180J provide a
decision tree used for ascertaining whether a uterus has been
detected. The definitions of the abbreviations in the flow chart
blocks are Max E, Max V1, Max V2, ValMean, and MaxVM.
Max means maximum, E means enhancement, V1 means
volume 1, V2 means volume 2, ValMean refers to a measure-
ment of the minimum local average pixel intensity of the
region inside the region identified as urine inside the bladder,
Max VM is a pre-defined threshold against which
VALMEAN is tested. If VALMEAN is greater than
MAXVM, the region identified as urine inside the bladder
isn’t really urine and the boundaries are actually an outline of
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the uterus. Depending on the hardware platform used for the
various embodiments of the transceiver 10, the decision tree
for the sub-algorithm 180J of FIG. 26. The sub-algorithm
180J begins from sub-algorithm 180H in which a decision
diamond Enhancement<MaxE (maximum enhancement) at
decision diamond 180J2 is reached. If the answer is “yes” for
enhancement, then another decision diamond 180J4 is
reached and the query is a Volume<Max V1 (maximum Vol-
ume 1) is made. If the answer is “yes” to this query, then the
determination at terminator 180J6 is reached and the organ
that is being examined is a uterus. Thereafter, the algorithm
continues to block 184 of FIG. 14. Returning to the decision
diamond 180J4, if the answer is “no” to the query
Volume<Max V1, then another decision diamond 180J8 is
reached having the query “Is the Volume<Max V2?” (Maxi-
mum Volume 2). If the answer is “yes”, then the next decision
diamond is 180J10 is reached with the query, “Is the
ValMean>MaxVM?” If the answer is “yes”, then terminus
180716 is reached and the organ being viewed is the uterus. If
the answer is “no”, then terminus 180J20 is reached and the
organ being viewed is a bladder, the algorithm then completes
block 184 of FIG. 14. Returning back to decision diamond
18018, if the answer is “no” to the query, “Is the volume<than
MaxV2”, then the answer is that a bladder is being viewed as
indicated by the terminal 180J20.” From terminus 180J20 the
algorithm continues to block 184 of FIG. 14.

[0152] FIG. 30 is an expansion of an alternate embodiment
of the sub-algorithm 184 of FIG. 14. The processes within
sub-algorithm 184 are procedures taken between blocks 180
and 188 of FIG. 31. The sub-algorithm 184 is comprised of
block 184A2 in which 1-D scanline signals are examined for
scanlines crossing the organ wall. Thereafter at block 184 A4,
the echo signals are rectified using a Hilbert Transform to
obtain an A-mode radio frequency (RF) envelope along scan-
lines crossing the organ wall. Sub-algorithm 184 continues
with block 184A6 where the scanline RF envelope is exam-
ined for candidate points of inner and outer wall layers of the
organ wall. Thereafter at block 184A10 the candidate points
are plotted for the inner and outer wall layers of the organ wall
on scanlines within the 2-D scanplanes. Finally, the sub-
algorithm 184 is completed with the process described at
block 184A12 in which the best candidate points are deter-
mined for the inner and outer wall layers of the organ wall
being examined on scanlines using a least cost analysis algo-
rithm previously described above.

[0153] FIG. 31 is an expansion of the sub-algorithm 188 of
FIG. 14. Sub-algorithm block 188 is between sub-algorithms
184 and 192 of FIG. 14. There are two sub processes in 188
depending upon how the organ wall thickness is calculated
depending upon either a single value or a group of values. For
a single value at block 188A2, the organ wall thickness is
calculated as a difference between one pair of best inner and
outer layer wall candidates from one scanline. Alternatively,
at block 188A4, the organ wall thickness is calculated as a
mean of the differences between a plurality of best inner and
outer wall layer candidates pairs of more than one scanline
crossing the organ. Both blocks 188A2 and 188A4 are then
continued to sub-algorithm 192.

[0154] FIG. 32 is an expansion of the sub-algorithm 192 of
FIG. 31. Sub-algorithm 192 is between sub-algorithm 180A
and thickness measurement 188. Sub-algorithm 192 starts
with block 192A morphological cleanup. The processes of
sub-algorithm 192 identifies potential front wall and back
wall pairs on A-mode scanlines that potentially look like an



US 2010/0036252 Al

organ of interest, for example, a bladder in which a dark
region which is surrounded by bright echos on the front and of
the back of the organ being viewed. The sub-algorithm 192
uses some shape and anatomical knowledge to clean up the
potential front walls and back walls in the morphological
cleanup block 192A. The morphological cleanup is needed
because there may be missing wall pairs that appear spurious
and further more are further obscured by speckle and other
noise associated with ultrasound-based images. Such a
speckle and other ultrasound-based noise may give a front
and back walls that are unnecessarily jagged. The morpho-
logical cleanup at block 192 A serves for correcting errors due
to this jaggedness and for regularizing or smoothing these
wall locations. The morphological cleanup block 192A uses
mathematical morphology and a sequence of morphological
operations that are applied to the initial wall data. The math-
ematical operations will be described in figures below. After
execution of the morphological cleanup process at block
192A, there may be more than one potential region that rep-
resents an organ of interest say the bladder. If there is more
than one region, then the largest three-dimensional region is
assumed to be the bladder and is selected for further process-
ing. This selection of the largest region occurs at the next
block 192B. After the largest region selection is determined,
another smoothing and cleanup process is applied at block
192C mainly a process referred to as snake smoothing. A
variant of the snake-smoothing algorithm was developed and
is described in the figures below. The boundary output from
this snake smoothing algorithm step 192C is used to calculate
the surface area of the bladder using an algorithm described
below. The initial points that are used in sub-algorithm 192
are those that were already obtained to have high confidence.
Those that were not high confidence wall points are filtered
and removed. The high confidence front wall locations are
then used to initialize the RF base thickness measurement as
described above and as further elucidated below. Parallel with
the snake smoothing algorithm 192C, a block 192D is imple-
mented in which high confidence front walls are selected or
chosen. After snake smoothing has been implemented at
block 192E surface area measurement is then conducted.

[0155] FIG. 33 is an expansion of the sub-algorithm 192A
of FIG. 32. Several steps are applied to initial wall data. A
series of morphological openings and closings are used with
increasingly large kernel sizes and are applied to the pre-scan
converted data. This kind of filter is known as “alternating
sequential filter” and further described in P. Soille and J. F.
Rivest, Principles and Applications of Morphological Image
Analysis. In the expansion of sub-algorithm 192A, gaps are
filled between planes and the image sequence. As an example,
the sub-algorithm 192 A is represented by a series of close and
open processes that are shown in eleven process boxes and
conclude with an erode box. The first close process box is
192A1 which then proceeds to a first open process box 192A2
and further proceeds to the following series described below.
The series of morphological openings and closings are used
with increasingly large kernel sizes and are applied to the
pre-scan converted data. The first operation is a closing with
a structuring element 3 planes deep designated in block
192A1 as 1x1x3. This step fills in the gaps between planes
that extend to less than 3 planes. Next, in open block 192A2,
a structuring element 3 planes deep is opened which removes
outlier regions between the planes that extend for less than 3
planes. Thereafter, at block 192A3, the data is closed in a
1x1x5 sequence and then reopened at block 192A4 in a
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1x1x5 sequence. That is the structuring elements of 5 planes
deep in blocks 192A3 and 192A4. The open and close algo-
rithm continues with open block 192A5 and close block
192A6 in which this series of morphological operations aim
to fill gaps and remove outliers within a plane. In open block
192 A5, a small opening using a structure element 3 scanlines
wide is implemented and this serves to remove outliers that
are less than 3 scanlines wide. This step is then followed by
block 192A6 in which a closing process is implemented that
closes all gaps in the wall locations less than 3 scanlines wide.
Thereafter, another open and close pair of processes are
applied at open block 192A7 and close block 192A8. The
open block 192A7 is of a 1x5x1 configuration and the close
processing block 192A8 is of a 1x5x1 operation. Thereafter,
anopen and close processing is done in a 1x7x1 configuration
at block 192A9 and block 192410, respectively. In these two
blocks, outliers are removed and gaps are filled for 5 and 7
scanlines, respectively. Thereafter, at open processing block
192A11, a 15x11x1 configuration is implemented in which
15 samples long and 11 scanlines wide are processed to help
select for the proper points. In open block 192A11, the main
purpose is to remove erroneous front wall locations that are
affected by the dome reverberation artifact dissociated with
ultrasound echo reverberations of the dome 20 if the trans-
ducer 10. The final step of sub-algorithm 192A is an erode
processing block 192A12 in which the morphological pro-
cessing erodes the front and back walls by 5 samples. That is,
this is a 5x1x1 configuration in which the step shrinks the
front walls and the back walls inside to allow the snake to
expand and search for the best location.

[0156] FIG. 34 expands sub-algorithm 192C of FIG. 32.
Sub-algorithm 192C is for snake smoothing and is comprised
of several processing and terminator steps. Snake processing
uses an active contour known as a snake and is basically a way
to link edges or other image features by minimizing a cost
function for a contour passing through the image features.
The cost function typically includes a cost that favors con-
tours that are close to the desired image features on the image
and a cost that favors smooth and short contours.

[0157] The minimum cost contour is found by using an
iterative method starting with an initial contour that is fairly
close to the desired contour. This initial contour is minimized
iteratively and the motion of the contour between iterations
resembles the motion of a snake; therefore the name of the
algorithm. The snake moves under two forces—(1) an image-
based force that tries to move the contour closer to image
edges, and (2) a regularizing force that tries to make the
contour smooth and short. At the end of the iterations, a
contour is developed which balances the two forces using the
following sub-algorithms of snake smoothing algorithm
192C of FIGS. 32 and 34.

[0158] A combination of two images is used to define
image-based forces. The first image is a gray scale image that
is inputted at starting terminus 192C4. Thereafter, a heat and
shock filter at block 192C6 is applied which respectfully
serve to optimize a detection of the gray scale image. The two
images are incorporated into the snake metric using the fol-
lowing logic. Looking along a direction normal to the snake
curve, the optimal snake location has the maximum differ-
ence between the gray scale intensities outside the curve and
the gray scale intensities inside the curve and it lies on a
location that is identified as an edge point. This occurs at the
edge detection process block 192C8. After heat and shock
filtration at block 192C6 and after edge detection at 192C8, a
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2-D snake algorithm is applied as described further in block
192C10 of FIG. 34. At 192C10, an initial bladder outline or
other organ of interest outlined is provided to processing
block 192C10. The initial bladder outline is inputted from
input terminal 192C2. After application of the 2-D snake
process 190C10 to the input 2-D scanplane image of 192C4,
an overlay with initial bladder outline of 192C2, a final blad-
der outline is generated at terminus 192C20. Discussing
below an amplification of the 2-D snake algorithm 192C10 is
further described.

[0159] FIG. 35 expands sub-algorithm 192C10 of FIG. 34.
The expansion of this algorithm serves to make the snake an
iterative sequence of the following two steps—(a) moving the
contour in a direction normal to the contour where each
normal direction that is searched becomes the best image
metric, and (b) smoothing the deformed contour using regu-
larization constraints. In the application of the sub-algorithm,
each point along the curve is examined and image pixels are
sampled normal to each point and the image metric is calcu-
lated at each normal location within a pre-specified search
range. Thus, beginning at the loop at 202, each point of the
curve is readied for processing. Thereafter at processing
block 204 a normal to the point on the curve is found. There-
after at block 206, a normal to the image metric is computed
provided that filtered images from block 216 and edge image
218 are available. The image metric at each point uses the
gray scale pixel intensities inside and outputs the curve and
also uses the edge image obtained respectfully from the fil-
tered image block 216 and edge image block 218. The contour
point is moved to a location where the image metric is opti-
mal, i.e., the gray scale intensity difference is maximal and
the location corresponds to an edge location. This is denoted
in block 208 selected best location. Thereatter, the processing
loop is ended at block 210 and the processing points on the
curve is completed. Next is a smoothing of a contour that is
carried out at block 212, smooth curve. Of the contour, it is
carried out by multiplying the vectors representing the X and
Y coordinance of the contour with a smoothing matrix. Fol-
lowing the smooth curve 212 block is a decision diamond for
the termination of the Max iterations has been reached and if
it has, then the 2-D snake algorithm 192C10 is completed at
terminus 220. If it has not, the procedure returns to the open-
ing loop 202 of the sub-algorithm. Referring now to the
filtered image block 216 of the edge image block 218, the
snake algorithm are applied to obtain the best computed
image metric along the normal block 206 based upon exam-
ining every detected front wall layer location within a small
search region on the same scanline around the detected front
wall layer location. If no edges are found within the search
area, the wall location is considered of low confidence and is
removed from the output wall locations. However, if an edge
point exists within that search region, and the intensity dif-
ference between the pixels outside and inside the organ wall,
for example, a bladder wall on an enhanced image is maxi-
mal, the location is considered a high confidence location.
The output wall location for such a point is moved to this high
confidence location.

[0160] FIG. 36 expands sub-algorithm 192E of FIG. 32.
Sub-algorithm 192E concerns the procedures for obtaining a
surface area measurement and comprises a series of process-
ing steps. Starting with block 192E2, the segmented front and
back walls are supplied to a fill bladder region procedure in
block 192E4. The fill bladder region procedure creates a
pre-scan converted, for example, in polar coordinate form,
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volume where all the pixels inside the bladder are filled in
with a non-zero pixel value such as 255. Then all the pixels
outside are set to zero. The next procedure is in block 192E6,
a 3-D scan convert process. The 3-D scan convert process is a
conversion procedure applied to convert the polar coordinate
pre-scan image to a Cartesian coordinate system. The size of
the Cartesian volume created is 150x150x150. This Cartesian
volume data is then smoothed as indicated in block 192E8
3-D image smoothing. The smoothing step uses a Gaussian
smoothing window of approximately 11x11x11 pixels. The
kind of filtering used in the Gaussian smoothing is preferable
to generate a smooth output organ surface as would be for a
bladder surface. In the next block 192E10, a general iso-
surface procedure is implemented. The general iso-surface
procedure uses the Marching Cubes algorithm described in
Lorensen and Cline (W. E. Lorensen and H. E. Cline, “March-
ing Cubes: A High Resolution 3D Surface Construction Algo-
rithm,” Computer Graphics, vol. 21, pp. 163-169, July 1987.)
Marching Cubes algorithm is applied to create iso-surface of
the organ region such as a bladder. An iso-value of 127.5 is
used to decide where to place the iso-surface on the smooth
image. Everything greater than this iso-value of 127.5 is
considered inside the bladder or the organ of interest and less
than this value is considered outside the bladder or organ of
interest. In the next step process 192E12, the organ surface is
then decimated and smoothed to reduce the number of verti-
ces. The surface is then triangulated at process step 192E14 in
order to represent the entire surface using a mesh of triangles.
This triangulated surface is then outputted as a VRML for
potential display and is also used for the calculation and
surface area and other properties. The triangulated surface is
used for surface area calculation. As shown in the FIG. 36, the
triangulated surface is also output as a VRML file in terminus
192E16. The surface properties, surface area, etc. are calcu-
lated as indicated in block 192E18. Thereafter, at terminus
192E20, the surface area is outputted for report.

[0161] FIGS. 37A-D are B-mode scans overlaid with inter-
face tracings obtained by the algorithms previously
described. FIGS. 37A and B are sagittal plane (plane 1)
images and FIGS. 37C and D are transverse images. A line
along the back wall in FIG. 37A is seen and a more jagged line
in FIG. 37B is shown as a consequence of noisy signals.
FIGS. 37C and 37D show the cleanup ofthe interface tracings
along the organ wall boundaries, in this case a bladder after
being subjected to the morphological cleanup, sub-algorithm
192 A of FIG. 32. Note the loss of the jagged interface tracings
of 37B substantially smooth over and as an interface tracing
37D.

[0162] FIGS. 38A-D are B-mode scans overlaid with inter-
face tracings before and after application of the morphologi-
cal cleanup algorithms. As with FIGS. 37A-D, FIGS. 38A
and B are sagittal images and FIGS. 38C and D are transverse
images. Again, note the difference between FIGS. 38B
whether a substantial jagging along the back wall that clearly
goes into the tissue and whereas morphological cleanup there
is a substantially closer interface tracing along the boundary
[0163] FIGS. 39A-D are B-mode scans overlaid with inter-
face tracings. This is yet another iteration of the morphologi-
cal cleanup process in which a truer fidelity is achieved
demarcating in this 2-D scan images a more precise interface
tracing demarcating the bladder from surrounding tissue after
application of the snake algorithms.
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[0164] FIGS. 40A-B are normal and magnified B-mode
scans overlaid with interface tracings. FIG. 40A is a normal
view and has a white square looking at the bladder wall area.
FIG. 40B is an expansion of the white square perimeter of
FIG. 40A in which the inner and outer wall layers are shown
delineated as separate tracings. There is a high degree of
resolution by using the algorithms of the preceding as dis-
cussed previously.

[0165] FIGS. 41A-B are normal and magnified B-mode
scans overlaid with interface tracings. Similar to the tracings
of FIGS. 40A and B, anormal view of FIG. 41A is shown with
an enclosed square which is magnified in the FIG. 41B to
show comparable high resolution interface tracings of the
inner and outer wall layers of the front wall organ wall, in this
case, a bladder. The front wall muscles as detected for the
bladder wall in FIG. 40B and FIG. 41B are used for the
thickness calculation measurements of FIG. 32.

[0166] FIG. 42 is an alternative-algorithm of FIG. 15. Raw
data is first brought under processing block 172 and thereafter
the raw data is split between segmentation of the organ and
calculate wall area block 192 and finding the extent (search
region) of proximate organ wall to the transceiver block 250.
After block 250, the inner wall layer of proximate organ wall
to transceiver is achieved at block 252. Thereafter, at block
254, find outer wall layer of the proximate organ wall to
transceiver is implemented. Thereafter, at block 256, the
thickness of the proximate wall as a difference between the
inner and outer wall layers is then calculated. Thereafter, the
two parallel fracture combined merge at block 300 in which
the organ wall volume is calculated and thereafter ends with
block 400 in which the organ wall mass is calculated. All the
processing here—250,252,254,256 is carried out on 2D or 1D
data.

[0167] FIGS. 43A-B are B-mode scans overlaid with inter-
face tracings. A scanplane 500 is shown having a bladder
500C which is delineated along its tissue cavity boundary by
a front bladder wall 500 A and a back bladder wall 500B. FIG.
43B is another scanplane from the same patient and shows the
initial wall locations of a scanplane 502 about the bladder
502C in which the front wall 502A and back wall 502B is
delineated by interface tracings.

[0168] FIGS. 44A-B are B-mode scans overlaid with inter-
face tracings. FIG. 53 A is a scanplane 506 and 53B shows a
scanplane 508 from the same patient. In contrast to the scan-
plane in FIGS. 43 A and B, the boundaries are more difficultto
set with the tracings and show that parts of the bladder as
delineated as 506C and 508A, respectively are comparably
delineated with 506A as the front wall and 506B as the back
wall in scanplane 506. Similarly, the delineation of partial
where only part of a front wall 508A is shown as a interface
tracing and part of the rear wall 508B is shown as interface
tracing. In this case here in FIG. 43 A and 43B, would receive
the benefit of filling in the likely candidate points in the gaps
set are between the front and rear wall interface tracings.
[0169] FIGS. 45A-B are B-mode scans overlaid with inter-
face tracings. The interface tracings for scanplanes 510 and
512, respectively of FIGS. 45A and B show a partially delin-
eated bladder that goes off scale. The bladder is respectfully
represented as 510C and 512C and the figures and the respec-
tive front walls are 510A and 512A and the rear walls are
512B and 510B. Of interest to note is that using the method
the algorithms of the system is that the outer wall layer and
inner wall layer is more clearly delineated. The outer wall
layer in scanplane 510 is shown as 510D and the inner wall
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layer is shown more clearly as 510A for the front wall. The
rear wall does not shown this delineation with tracings at this
point.

[0170] FIGS. 46A-B are B-mode scans overlaid with inter-
face tracings. The interface tracings as shown in the previous
FIGS. 46A and B show the front wall tracings for the inner
and outer wall layers. In scanplane 514 of FIG. 46 A, the outer
wall layer of 514D is shown and inner wall layer 514A is
shown of a partially revealed bladder. Also shown in scan-
plane 514, is the partial back wall delineation along tracing
514B. In FIG. 46B, scanplane 516 shows a slight proportion
ofthe inner wall layer of 516 A and the outer layer of 516B and
only a very small portion of the back wall 516B.

[0171] FIGS. 47A-B are B-mode scans overlaid with inter-
face tracings. FIG. 47 A concerns scanplane 518 and F1G.47B
concerns scanplane 520. In scanplane 518, the outer layer
wall of 518D may be seen traced with the inner layer wall
518A. The back wall 518 B is shown partially traced. In FIG.
47B scanplane 520 is sequential with scanplane 518 of FIG.
47A and another view of the delineated bladder may be seen.
Due to the differences in the scanplanes, the relatively full
bladder may be seen where the proximate or forward bladder
wall is seen delineated with the inner wall 520 and the outer
layer wall 520D. Also, visible is the delineation for the back
wall 520B that goes off image.

[0172] FIGS. 48A-B are B-mode scans overlaid with inter-
face tracings using the preceding algorithms. FIG. 48A and
48B present to a sequential scanplane from a different patient
with different views of the bladder available. In scanplane
522, the inner layer 522 A ofthe proximate or forward bladder
wall is shown delineated and the outer layer 522B is shown
delineated with the interface tracings. The back wall 522B is
shown slightly delineated and off image. Similarly, FIG. 48B
shows scanplane 524 A with only a portion of the bladder
visible, but nevertheless the inner layer 524 A is shown with
the interface tracing along with the outer layer 524D with an
interface tracing for the proximate forward bladder wall.
Only a portion of the back wall of 524B is visible.

[0173] FIG. 49 is a method algorithm for the Internet Sys-
tem used to measure organ wall mass. In FIG. 49, the exam
valuation is for a BVM 6500 transceiver end block 600. Block
600 is composed of a user block 600A, a sonographer block
600B, and ScanPoint database block 600C, and a ScanPoint
application block 600D. The Internet system 600 uses a coor-
dinated interplay between the user block 600A dismounted
for 600B via database ScanPoint software 600C and the Scan-
Point application software of 600D. The user begins the exam
evaluation 600 by scanning the patient at procedural block
600A2. Thereafter, at procedural block 600A4, the exam is
off-loaded to the ScanPoint server. The ScanPoint server
block 604 receives the analysis and stores the results from the
exam uploaded from block 600A4. Thereafter, the results are
saved in the ScanPoint database 600C at procedural block
606. A sonographer experienced to review the images and
results from the ScanPoint database 600C at procedural block
606 reviews the exam at block 608. Thereafter, a decision
diamond 610 occurs in the sonographer column 600B where
the query is as presented, “Are the automated results good?”.
If the answer is “no”, the another decision diamond is pre-
sented at 614 with the query, “Can the exam be corrected?”. If
the answer is “yes” to the query in decision diamond 614, at
block 615, the results are edited and submitted for re-analysis.
Returning back to decision diamond 610, if the answer is
“yes” to the query, “Are the automated results good?” the
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procedure returns to the ScanPoint database 600C column
where at block 612 the exam is marked available to user. Upon
successful assessment by a sonographer at decision diamond
610, and after being marked available for user at procedural
block 612, the exam results are made available to the user at
block 624 wherein it then becomes accepted by the user for
evaluation at block 628 within the user column 600A. In
block 628, the user accepts or rejects the results after the
sonographer has approved it. The accepted to rejected results
from procedural block 628 is then sent to the ScanPoint
database and stored at procedural block 640. In the ScanPoint
600C. Returning to the sonographer, column 600B at proce-
dural 615, there are two options that occur at ScanPoint
database 600C and ScanPoint application 600D. In the Scan-
Point database column 600C, a procedural block 616 for
clone exam is available. In the cloned exam procedure, the
exam may be repeated as desired by the sonographer. Alter-
natively, in the ScanPoint application software 600D at pro-
cedural block 618, the results of the scan may be analyzed and
stored. Thereafter, returning to the ScanPoint column 600C,
the results that are saved are marked clone and the exam
results are made available to the user. Thereafter, at block 624,
the exam results are made available to the user and from block
624 and the user column 600A the user then reviews the exam
results at block 628 and decides to accept or reject the results.
Thereafter, the user returns to the ScanPoint database column
600C and the results are saved and a charge for the exam is
made if necessary procedural block 630. From preceding
detailed description of the major operation processes of the
exam evaluation 600, it can be seen that the bladder mass
exam is deployed via the Internet system as a reviewed exam.
An experienced sonographer reviews the exam and the result-
ing data is re-analyzed as needed. As shown in the user col-
umn 600A, the user is free to scan a patient prior to after
preparing an exam in ScanPoint. In starting block 600A2, the
user performs the following steps substantially similar to that
described in sub-algorithm 172 of FIG. 15. First, the patient is
palpated to determine the location of the symphysis pubis or
the pubic bone approximately two centimeters or one inch
above the patient’s symphysis pubis along the patient’s mid-
line the transceiver 10 is placed. Priorto that, either a sonic gel
pad is placed at this location or a ultrasound conveying gel is
applied to the patient’s skin. Thereafter, the transceiver 10
currently a BVM 6500 scanner is placed in the center of the
gel pad or near the center of the applied gel. Then, the scan
button is released to acquire the rotational array of 2-D scan-
planes referred to as V-Mode™ scan. Once the V-Mode™
scan trademark is completed, the results are conveyed as
indicated in the flowchart of FIG. 49. The particular embodi-
ment to the transceiver 10 specifically the BVM 6500 scanner
can notify the user, through display presented arrows,
whether or not the aim of transceiver 10 needs to be adjusted
to acquire the organ of interest, in this case a bladder, so as to
acquire the bladder in a more reasonably centered location.
Attempts to prove the aim at this point are recommended, but
optional. That the organ of interest in this case, a bladder is
properly centered is verified by getting consistent readings
through multiple repositions. It is suggested that at least three
volume readings be acquired that are consistent. As previ-
ously indicated in the Internet system method of FIG. 49, the
exams uploaded to the ScanPoint software and is available
soon thereafter for review by a sonographer. The sonographer
reviews the raw data uploaded to the ScanPoint database and
analyzes the organ volume surface area and wall mass. The
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sonographer can assess the results as is, reject the exam out-
right, or edit the exam. If the sonographer accepts or rejects
the exam, the result is immediately available to the user. If the
sonographer chooses to edit the exam, a new window opens
on the computer display. In this window, sonographer will
trace inner and outer bladder wall layers on both the sagittal
plane and on the transverse plane by selecting a series of
points. These measurements will be uploaded to the Scan-
Point software database and ScanPoint application. The
ScanPoint Internet system will clone the exam results to form
anew record and raw data will be re-analyzed with the sonog-
rapher’s measurement locations. The sonographer’s measure-
ment will be added to the zoom thickness measurements after
this repeated analysis. After the re-analysis is complete, the
results corrected by the sonographer will be presented to the
user along with the original thickness measurement result. At
this point, the user is free to view the results. The user may
accept or reject the exam in the same manner as other exams
available and the ScanPoint suite.

[0174] FIG. 50 is a screen shot of four image panels A-D.
The screen shots are what is available to be seen by the user or

sonographer after his points along the execution of the Inter-
net algorithm as described in FIG. 49.

[0175] FIG. 51 is a screen shot of two image panels A and
B. The screenshot as shown shows two other image panels
with two inner face tracings drawn in image B. The two
images here are editable as needed.

[0176] FIG. 52 is ascreen shot of six image panels A-F. The
six screen shots are acquired and show different degrees of
image processing and overlaying of interface tracings for the
outer at inner wall layers of the proximate or forward organ
wall.

[0177] FIG. 53 is a screen shot of Exam Quality Report.
The Exam Quality Report has different test options including
bladder mass, bladder volume, amniotic fluid volume, etc., as
well as different levels of descriptors that categorize whether
the particular exam selected is % incomplete or % inconclu-
sive, the number of exams, the percent good they were, the
amount of % that are quality assurance rejected or % that are
quality assurance edited, or the number in which the user has
rejected.

[0178] FIG. 54 is a screen shot of two image panels A and
B indicating initial segmentation of a bladder. The bladder
that has been segmented is an early stage of organ wall tissue
interface resolution as indicated by the relative jagged inter-
face tracings.

[0179] FIG. 55is a scanplane image overlaid with inner and
outer wall tracings using algorithms of the Internet System.
An outer wall layer 920 is shown in relation to an inner wall
layer tracing 922. While preferred and alternate embodiments
of the invention have been illustrated and described, as noted
above, many changes can be made without departing from the
spirit and scope of the invention.

[0180] Certain embodiments of the present invention relate
to and can be practiced in conjunction with the invention and
embodiments described in our co-pending application filed
via Express Mail Label No. EV510340886US on Feb. 17,
2005, which is hereby incorporated by reference.

[0181] Accordingly, the scope of the invention is not lim-
ited by the disclosure of these preferred and alternate embodi-
ments. Instead, the invention should be determined entirely
by reference to the claims that follow.
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What is claimed is:

1. A method to measure wall thickness of an organ using an
ultrasound transceiver, the method comprising:

positioning an ultrasound transceiver exterior to a patient

such that at least a portion of an organ wall is within the
range of the transceiver;

transmitting radio frequency ultrasound pulses as scanlines

to, and receiving those pulses echoed back from, the
external and internal surface of the portion of the organ
wall, and based on those pulses, forming at least one
two-dimensional image;

selecting wall loci at a first position of the organ wall from

the two dimensional image;

adjusting the position of the wall loci by applying a one-

dimensional analysis of the pulse echoes associated with
the two-dimensional image to a second position and a
third position; and

determining the thickness of the organ wall by calculating

the difference of the wall loci between the second and
third positions.

2. The method of claim 1, wherein the radio frequency
ultrasound pulses are sent to the organ in one or more of the
forms selected from the group consisting of a scanplane, a
spiral, and a random scanline.

3. The method of claim 2, wherein the form selected is a
scanplane, and the scanplane is associated with an array, the
array selected from the group consisting of a translational
array, a wedge array, and a rotational array.

4. The method of claim 3, wherein the scanplane in the
array is selected from the group consisting of uniformly
spaced, non-uniformly spaced, and a combination of uni-
formly spaced and non-uniformly spaced scanplanes.

5. The method of claim 4, wherein the scanplane comprises
a plurality of scanlines, the scanlines selected from the group
consisting of uniformly space, non-uniformly spaced, and a
combination of uniformly space and non-uniformly spaced
scanlines.

6. The method of claim 5, wherein the uniform spacing
between each scanplane is approximately 7.5 degrees.

7. The method of claim 5, wherein the uniform spacing
between each scanline is approximately 1.5 degrees.

8. The method of claim 1, wherein the one-dimensional
analysis includes converting the signals of ultrasound echoes
associated with the scanlines of the two-dimensional image
from anon-rectified signal pattern to a rectified signal pattern.

9. The method of claim 8, wherein the conversion to the
rectified signal pattern is achieved by a Hilbert Transform.

10. The method of claim 8, wherein peak maxima of the
rectified signal pattern of each scanline of the two-dimen-
sional image determines wall loci candidates for the second
and third positions.

11. The method of claim 10, wherein a portion of the
rectified signal pattern is analyzed to determine the nearest
second position candidate.

12. The method of claim 11, wherein the nearest second
position candidate is determined by vector analysis of each
scanline’s peak maxima

13. The method of claim 12, wherein the locus of nearest
second position within each scanline is confirmed by candi-
date point cost analysis of the nearest second position locus of
each scanline rectified signal pattern and the nearest second
position loci of neighboring scanline rectified signal patterns.
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14. The method of claim 10, wherein the portion of the
rectified signal pattern is analyzed to determine the nearest
third position candidate.

15. The method of claim 14, wherein the nearest third
position candidate is determined by vector analysis of each
scanline’s peak maxima.

16. The method of claim 14, wherein the locus of nearest
third position within each scanline is confirmed by candidate
point cost analysis of the nearest second position locus of
each scanline rectified signal pattern and the nearest third
position loci of neighboring scanline rectified signal patterns.

17. The method of claim 12, wherein thickness is calcu-
lated as a difference between the nearest third position can-
didate and the nearest second position candidate.

18. A method to measure wall volume of an organ using an
ultrasound transceiver, the method comprising:

positioning an ultrasound transceiver exterior to a patient

such that at least a portion of an organ wall is within the
range of the transceiver;

transmitting radio frequency ultrasound pulses as scanlines

to, and receiving those pulses echoed back from, the
external and internal surface of the portion of the organ
wall, and based on those pulses, forming at least one
two-dimensional image;

selecting wall loci at a first position of the organ wall from

the two dimensional image;

adjusting the position of the wall loci by applying a one-

dimensional analysis of the pulse echoes associated with
the two-dimensional image to a second position and a
third position;

determining the thickness of the organ wall by calculating

the difference of the wall loci between the second and
third positions;

forming an array of two-dimensional scanplanes, each

scanplane having the second and third positions;
determining the area of the organ wall by calculating the
area of the second and third position in the array; and
calculating the volume of the organ wall as a product of the
area and thickness.

19. The method of claim 18, wherein the radio frequency
ultrasound pulses are sent to the organ in one or more of the
forms selected from the group consisting of a scanplane, a
spiral, and a random scanline.

20. A method to measure wall mass of an organ using an
ultrasound transceiver, the method comprising:

positioning an ultrasound transceiver exterior to a patient

such that at least a portion of an organ wall is within the
range of the transceiver;

transmitting radio frequency ultrasound pulses as scanlines

to, and receiving those pulses echoed back from, the
external and internal surface of the portion of the organ
wall, and based on those pulses, forming at least one
two-dimensional image;

selecting wall loci at a first position of the organ wall from

the two dimensional image;

adjusting the position of the wall loci by applying a one-

dimensional analysis of the pulse echoes associated with
the two-dimensional image to a second position and a
third position;

determining the thickness of the organ wall by calculating

the difference of the wall loci between the second and
third positions;

forming an array of two-dimensional scanplanes, each

scanplane having the second and third positions;
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determining the area of the organ wall by calculating the
area of the second and third position in the array;

determining the volume of the organ wall as a product of
the area and thickness; and

calculating the mass of the organ as a product of volume
and density.

21. The method of claim 20, wherein the radio frequency
ultrasound pulses are sent to the organ in one or more of the
forms selected from the group consisting of a scanplane, a
spiral, and a random scanline.

22. A system to measure wall thickness of an organ com-
prising:

an ultrasound transceiver configured to transmit radio fre-
quency ultrasound pulses as scanlines to and receive the
pulses echoed back from the external and internal sur-
faces of at least a portion of the organ wall and convert to
echogenic signal pulses;

a microprocessor configured to receive the echogenic sig-
nal pulses, and based on the signals, present at least one
two-dimensional image of the organ;

afirst software algorithm executable by the microprocessor
to identify wall loci of the organ wall displayed in the
two-dimensional image;
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a second software algorithm executable by the micropro-
cessor to apply a one-dimensional analysis of the signal
pulses associated with the two-dimensional image to a
second position and a third position; and

a third software algorithm executable by the microproces-
sor to calculate the thickness of the organ wall as a
difference between the second and third positions.

23. The system of claim 22, wherein the radio frequency
ultrasound pulses are sent to the organ in one or more of the
forms selected from the group consisting of a scanplane, a
spiral, and a random scanline.

24. The system of claim 22, further comprising a fourth
algorithm wherein the second and third positions of the wall
loci are overlayed on the scanplane image.

25. The system of claim 24 wherein the thickness of the
organ wall is determined from a difference of the second and
third positions overlayed on the scanplane image.

26. The system of claim 25 wherein the thickness is limited
to a range of thicknesses.

27. The system of claim 26 wherein the range of thick-
nesses is determined by the volume of the organ.
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