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(57) ABSTRACT

A medical device 1s configured to diagnose whether a nodule
of a bodily organ is malignant or benign using ultrasound
elastography to determine a nodule stiffness index. Using
either an external compression source or an in vivo pulsation
source, the stiffhess of the nodule of the bodily organ can be
quantified by either its static properties or dynamic propet-
ties. The nodule can be classified as Type I, which is benign
requiring further observation, or Type I1, which is malignant
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NODULE SCREENING USING ULTRASOUND
ELASTOGRAPHY

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The application claims the benefit of U.S. provi-
sional application No. 61/177,940, filed May 13, 2009; and
U.S. provisional application No. 61/334,538, filed May 13,
2010, the disclosures of which are hereby expressly incorpo-
rated by reference in their entirety.

BACKGROUND

[0002] The diagnosis for a thyroid nodule’s malignancy is
currently made via fine needle aspiration (FNA) biopsy. It is
estimated that around 300,000 thyroid FNA biopsies are pet-
formed in the United States annually. However, about seventy
percent of these biopsies turn out to bebenign. As biopsies are
an invasive procedure, a better diagnostic method executed by
a medical device is desired to reduce the number of biopsies
being performed on benign nodules.

SUMMARY

[0003] This summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This summary is not intended to
identify key features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the
claimed subject matter.

[0004] One aspect of the subject matter includes a device
form. The device form is recited to include a medical device
for diagnosing malignant nodules in a bodily organ, which
comprises an ultrasound elastographer configured to produce
elastography information generated by either in vivo com-
pression or external compression of the bodily organ. The
medical device further comprises a benign/malignant scorer
configured to transform elastography information of each
nodule into a nodule stiffness index. The medical device yet
further comprises a nodule screener configured to classify a
nodule as Type I, which is benign for further observation, or
as Type I1, which is malignant for invasive procedures.
[0005] Another aspect of the subject matter includes a
method form. The method form is recited to include a method
for diagnosing benign nodules in a bodily organ, which com-
prises performing an elastography process to derive quanti-
tative information on tissue stiffness so as to produce a set of
strain frames. The method further comprises calculating for
each nodule a nodule stiffness index using the set of strain
frames. The method yet further comprises screening each
nodule to classify the nodule as Type I, which is benign for
further observation, or as Type II, which is malignant for
invasive procedures.

[0006] Another aspect of the subject matter includes a com-
puter-readable medium form. The computer-readable
medium form is recited to include a computer-readable
medium having computer-executable instructions stored
thereon for implementing a method for diagnosing benign
nodules in a bodily organ, which comprises performing an
elastography process to derive quantitative information on
tissue stiffness so as to produce a set of strain frames. The
computer-readable medium further comprises calculating for
each nodule a nodule stiffness index using the set of strain
frames. The computer-readable medium yet further com-
prises screening each nodule to classify the nodule as Type I,

Nov. 18,2010

which is benign for further observation, or as Type II, which
is malignant for invasive procedures.

DESCRIPTION OF THE DRAWINGS

[0007] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same become better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0008] FIG. 1 is a pictorial diagram illustrating an arche-
typical medical device configured to diagnose whether a nod-
ule is benign or malignant; and

[0009] FIGS. 2A-2F are process diagrams illustrating an
archetypical method, executed on a medical device, for diag-
nosing nodules’ malignancy using ultrasound elastography.

DETAILED DESCRIPTION

[0010] A medical device 100 to assist in diagnosing nodule
malignancy is illustrated by FI1G. 1. In one embodiment of the
present subject matter, the medical device 100 includes an
ultrasound elastographer 102. In other embodiments of the
present subject matter, the medical device 100 lacks the ultra-
sound elastographer 102, and in these embodiments, the
medical device 100 receives nodule information from third-
party ultrasound machinery. The ultrasound elastographer
102, in all embodiments, functions to quantify ultrasound
information so as to transform into nodule information, such
as tissue strain. In all embodiments, the medical device 100
includes a benign/malignant scorer 104 which scores various
nodules by transforming pieces of nodule information into a
nodule stiffness index, which is quantitative not qualitative.
In various embodiments, the nodule stiffness index can be
calculated from any suitable methods. Some suitable methods
include ratios of static properties, variants of dynamic prop-
erties, decisions by an artificial neural network, results from
support vector machines, Bayesian network, Adaboost, deci-
sion tree, random forest, or discriminant scores produced by
a linear discriminant analysis.

[0011] Inallembodiments, the medical device 100 includes
anodule screener 106 for screening nodules as Type I, prob-
ably benign requiring observation over time, or Type I1, prob-
ably malignant requiring invasive medical procedures. To
classify a nodule as Type I or Type I1, the nodule screener 106
uses classifier parameters based on sensitivity/specificity
input received from a user of the medical device 100 or
otherwise defaults to classifier parameters that achieve the
highest accuracy or reduces false negatives where a malignant
nodule is misclassified as benign. The classifier parameters,
in one embodiment, may include a constant, but in other
embodiments, may include a vector of multiple constants,
and in yet other embodiments, may include a multiple dimen-
sional surface. In some embodiments, classifier parameters
are not used, and the input into these embodiments is the
nodule stiffness index and the output is whether the nodule is
of Type I or Type II or other types. The screener 106 may be
coupled to a printer or a display or a computer network to
output classifying information regarding a particular nodule
so that health care providers can use such information in
providing care for patients.

[0012] The ultrasound elastographer 102 quantifies, using
suitable metrics, the stiffness of nodules, such as a thyroid
nodule, from a set of strain images (one or more) generated by
ultrasound machinery. The stiffness of nodules ultimately
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helps to classify the nodules into different types, leading to
different diagnoses, which facilitate better medical care for
patients. Each metric can be computed semiautomatically or
automatically to reduce dependency on a user’s facility of
ultrasound machinery. Although in a few embodiments of the
present subject matter the metric is based on external com-
pression sources to test the stiffness of nodules, in the remain-
ing embodiments of the present subject matter the metric is
based on suitable in vivo compression sources, such as the
carotid artery. The ultrasound elastographer 102, the benign/
malignant scorer 104, and the nodule screener 106 may be
assembled using hardware, software, or a combination of
hardware and software.

[0013] FIGS. 2A-2F illustrate a method 2000, executed on
the medical device 100, for diagnosing nodules’ malignancy
using ultrasound elastography. From a start block, the method
2000 proceeds to a set of method steps 2002, defined between
a continuation terminal (“Terminal A”) and an exit terminal
(“Terminal B”). The set of method steps 2002 describes per-
forming ultrasound elastography. See FIG. 2A. From Termi-
nal A (FIG. 2B), the method 2000 proceeds to block 2008
where prior to any invasive procedures, such as fine needle
aspiration, ultrasound elastography is performed over a
bodily organ of interest, such as a thyroid.

[0014] An ultrasound probe from suitable ultrasound
machinery, such as a HI VISION 5500 with a 7.5-MHz linear
array transducer from Hitachi Medical Systems America in
Twinsburg, Ohio, is placed gently on the bodily area of inter-
est. If relying on in vivo compression sources, such as the
carotid artery, a transverse plane is searched using the
B-Mode of the ultrasound machinery to show the carotid
artery and the largest diameter of a nodule. See block 2010
where it is specified that the ultrasound probe is placed gently
on thebodily organ of interest, such as the thyroid, of a patient
without external compression.

[0015] Also at block 2012, for each nodule, the method
2000 identifies a transverse imaging plane showing both the
carotid artery and the largest diameter of the nodule. At block
2014, prior to any processing (e.g. B-mode or color Doppler),
quadrature-demodulated 1/Q data (or other types of data such
as pre-beamformed radio frequency (RF) channel data, beam-
formed RF data, and envelope-detected B-mode data) is
acquired for a suitable number of seconds, such as six sec-
onds. The ultrasound elastographer 102 performs an elastog-
raphy angular strain method on the data to produce a suitable
number of strain frames, such as 200 frames. See block 2016.
The method then continues to exit Terminal B.

[0016] From Terminal B (FIG. 2A), the method 2000 con-
tinues to a set of method steps 2004, defined between a
continuation terminal (“Terminal C”) and an exit terminal
(“Terminal D). The set of method steps 2004 describes per-
forming a calculation of the nodule stiffness index or a linear
discriminant analysis score (discriminant score). See FIG.
2A.From Terminal C (FIG. 2C), the method 2000 proceeds to
decision block 2018 where a test is performed by the benign/
malignant scorer 104 to determine whether the nodule stiff-
ness index is calculated using systolic pressure. If the answer
is NO, the method proceeds to another continuation terminal
(“Terminal C17).

[0017] Ifthe answer is YES, the method proceeds to block
2020, where a nodule stiffness index is calculated from the
ratio of the highest strain near the carotid artery and the lowest
strain for each nodule at systole without averaging the strain
frames. For a bodily organ that is near the carotid artery,
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maximum deformation (strain) occurs during systole when
the carotid artery lumen diameter increases to its maximum
size due to high systolic pressure. To obtain the ratio, the
benign/malignant scorer 104 may analyze a strain frame gen-
erated by the angular strain method during systole. The
benign/malignant scorer 104 reviews two regions of interest,
one being proximal to the carotid artery (location of the
highest strain) and the other within the nodule (location of the
lowest strain).

[0018] The regions of interest may be selected by the
benign/malignant scorer 104 in a number of suitable tech-
niques. One suitable technique includes using the B-Mode of
the ultrasound machinery to delineate the boundary of the
nodule and the area proximal to the carotid artery. Another
suitable technique includes using strain distribution informa-
tion within the nodule to select a region of interest. For each
region of interest, a strain value may be generated by averag-
ing all the strain values within a suitable boundary area, such
as an area about the size of 2 mm by 2 mm. The benign/
malignant scorer 104 repeats this for multiple strain images to
derive the nodule stiffness index by dividing the strain value
near the carotid artery at systole by a corresponding strain
value in the nodule.

[0019] The following discussion helps to provide context
for how the method 2000 selects either predetermined clas-
sifier parameters or receives the desired sensitivity/specificity
by the user of the medical device 100 to derive suitable
classifier parameters if they are used to differentiate benign
nodules from nodules that are malignant. See block 2022. The
following steps occur prior to the execution of the method
2000. To help differentiate between benign and malignant
nodules, a receiver operating characteristics (ROC) curve is
calculated based on previously acquired data and FNA/sur-
gery outcomes. Next, parametric tests are used to detect
whether the mean nodule stiffness index value of benign
nodules is different from malignant nodules. If unequal vari-
ance exists, a one-tailed Welch’s t-test may be selected by the
method to use with a suitable p-value, such as less than 0.05.
Finally, using the ROC curve, sensitivity and specificity val-
ues at different nodule stiffness index values are extracted to
derive classifier parameters.

[0020] From Terminal C1 (FIG. 2D), the method 2000 pro-
ceeds to decision block 2030 where a test is performed by the
benign/malignant scorer 104 to determine whether the nodule
stiffness index is calculated during diastole. If the answer is
NO, the method proceeds to another continuation terminal
(“Terminal C27). If the answer is YES, the method proceeds
to block 2032, where a nodule stiffness index is calculated by
the benign/malignant scorer 104 from the standard deviation
of strain in diastole of the carotid artery. The standard devia-
tion of strain in diastole is dependent on the strain variation of
anoduleusing its dynamic properties in response to an in vivo
oscillation source, such as the carotid artery pulsation due to
the rhythm of a patient’s heart beat. The magnitude of the
nodule tissue vibration at the heart beat frequency is inversely
proportional to its stiffness. Since a malignant nodule is much
stiffer (e.g., three times as much and so on) than a benign
nodule, the magnitude of variation for a malignant nodule
should be much less (e.g., three times as less and so on) than
abenign module. Similarly, it can be inferred that a malignant
nodule’s natural frequency is higher than that of a benign
nodule. This property recognized by the benign/malignant
scorer 104 of the medical device 100 can be used to charac-
terize nodules whether they are benign or malignant.
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[0021] At block 2034, if classifier parameters are used, the
method 200 selects predetermined classifier parameters to
differentiate benign nodules from those that are malignant
unless the user of the medical device 100 has earlier specified
classifier parameters in accordance with desired sensitivity/
specificity. In some embodiments, the user cannot specify
because classifier parameters are preset depending on target
bodily organs, transducer types and other ultrasound scan-
ning parameters. Any nodule with a nodule stiffness index
greater than the classifier parameters is classified as Type I
and invasive procedures are unlikely to be applied as the
nodule will be under observation over time. See block 2036.
At block 2038, any nodule with a nodule stiffness index less
than the classifler parameters is classified as Type II and
invasive procedures is likely to be applied.

[0022] From Terminal C2 (FIG. 2E), the method 2000 pro-
ceeds to decision block 2040 where a test is performed by the
benign/malignant scorer 104 to determine whether the nodule
stiffness index is calculated using a linear discriminant analy-
sis discriminant score. If the answer is NO, the method may
use other suitable techniques to classify nodules in addition to
the techniques discussed hereinbefore, and if there are no
other suitable techniques, the method 2000 proceeds to
another continuation terminal (“Terminal F”*) and terminates
execution.

[0023] In preparation for calculating the discriminant
score, the benign/malignant scorer 104 derives the strain from
an angular strain method. A window is then placed within an
image that captures a bodily organ of interest, such as the
thyroid gland, and its strain is computed by averaging all the
strain values in the neighborhood of 2 mmx2 mm. By repeat-
ing this over multiple strain images, a strain versus time
waveform can be produced. By dividing the time interval
between two consecutive frames, the strain rate waveform is
generated. The bodily organ expansion in the axial direction
during systole results in positive peaks. The strain rate wave-
form reveals the dynamic deformation of organ tissue in
response to the compression from the carotid artery pulsation.

[0024] The mechanical property of thyroid tissue can be
modeled as a system with a viscous damper and an elastic
spring connected in parallel. The pulsation from the carotid
artery results in periodic deformation that can be observed in
the thyroid tissue. Because of the periodic nature of the input
and output, the benign/malignant scorer 104 can analyze the
thyroid mechanical model in the frequency domain. The
carotid artery pulsation F (f) causes the thyroid tissue defor-
mation X (f) via

X(Hh=H(OF(f)

where H (f) represents the frequency response of thyroid
tissue. Due to the difference in H (f), the amount of deforma-
tion X (f) for benign and malignant nodules is expected to be
different.

[0025] For the generated strain rate waveforms, the peaks
caused by the systolic blood pressure in the carotid artery
lumen at the heart beat frequency (~1 Hz) are observable.
Because of the increased stiffness in a malignant nodule, its
peak strain magnitude is likely smaller than that of a benign
nodule. Another difference between benign and malignant
nodules is the oscillation in the strain rate waveform. The
strain rate waveform of the benign nodule is likely to show
noticeable oscillation, especially during the diastolic period,
while the variation in the strain rate of the malignant nodule is
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minimized. The oscillation frequencies are higher than the
heart beat frequency as can be observed in the corresponding
power spectrum.

[0026] According to an elastic spring model, the oscillation
frequency is correlated to the natural frequency of thyroid
tissue (f,) by

where m is the mass and k is the spring constant that is
proportional to the thyroid tissue stiffness. Differences in the
power spectrum are mainly caused by different stiffness in
benign and malignant nodules. To analyze the frequency-
dependent thyroid tissue deformation at different input fre-
quencies, the carotid artery pulsation is modeled by the
benign/malignant scorer 104 as follows:

F(o) = Z Cpeos(2afi)
f=f

where f}, is the heart beat frequency (~1 Hz) and C,is the
magnitude of compression at a specific frequency f. Since the
carotid artery is a low-frequency compression source, the
model assumes that the maximum magnitude C,,,. occurs at
the heart beat frequency f; and the magnitude decreases as the
frequency increases. Then, the magnitude of thyroid tissue
deformation can be calculated as follows:

x(n=< !
k \/(1 — 12?2

where C is the damping ratio and r is defined as

[0027] In the above equation, various frequency compo-
nents from the carotid artery pulsation would deform the
tissue at their respective frequency, and the magnitude of
deformation at a specific frequency is proportional to the ratio
of the magnitude of input compression (C,) and tissue stiff-
ness (k). When

f=fh,r=%1.

Thus, the above equation can be simplified as follows:
X Crax
U~ ——

[0028] According to the above equation, the magnitude of
thyroid tissue deformation at the heart beat frequency is
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inversely proportional to its spring constant or stiffness.
When the input frequency approaches the natural frequency
of thyroid tissue, r approaches 1. The magnitude of deforma-
tion at f, can be approximated as

Cfﬂ \W
X(fn) = —_—
) Nl
[0029] by substituting
P T, I S —
= nto =
2o SR (TR A

where v is the viscosity of a nodule. Assuming that the mass
(m) and viscosity (v) for benign and malignant nodules are
similar, the above equation can be simplified as follows:

Cs,

X(f,)
() i

which suggests that X(f,) is dependent on both the stiffness of
tissue (k) and C, which is the compression magnitude at the
natural frequency. Due to the high stiffness of a malignant
nodule, its natural frequency is higher than that of a benign
nodule based on

Since C,decreases as the frequency increases, the input com-
ponent at the natural frequency to deform a malignant nodule
is smaller than that of a benign nodule, which leads to smaller
X(L).

[0030] Because of the increased stiffness in malignant nod-
ules, the benign/malignant scorer 104 can observe different
frequency-domain characteristics in tissue deformation from
those of benign nodules. The benign/malignant scorer 104
can utilize this difference in performing the thyroid nodule
classification. Although the above technique may suitably be
used for any bodily organs that can be modeled by their
mechanical representations, for the sake of illustration, the
thyroid gland is used as an exemplary bodily organ, and other
suitable bodily organs may be used.

[0031] The benign/malignant scorer 104 estimates tissue
stiffness by deriving the strain rate waveform and evaluating
its frequency characteristics. Since a strain rate waveform
represents the tissue deformation at a specific location, there
are thousands of waveforms to be analyzed depending on the
nodule size and parameters used in ultrasound scanning The
first step in the classification algorithm is to cluster together
the waveforms with similar response to the carotid artery
pulsation. A suitable clustering technique, such as k-means
clustering, to perform this preprocessing includes the follow-
ing steps: 1) the boundary of a thyroid nodule is first delin-
eated in the ultrasound B-mode image, and the segmented
nodule is considered as a region of interest (ROI); 2) the strain
rate waveforms from the ROI are organized into an n (rows)
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by p (columns) matrix, where n is the number of pixels or
measurements within the ROI and p is the number of frames
in the elastography data; 3) k rows are randomly selected
from the matrix as the mean of each cluster, and k clusters are
created by associating each measurement with the nearest
mean based on the squared Euclidean distance; 4) the new
mean of each ofthe k clusters is calculated; and 5) steps 3 and
4 are repeated until convergence is reached.

[0032] After clustering, the benign/malignant scorer 104
represents the strain rate waveforms averaged over various
regions. The benign/malignant scorer 104 detects the mean
strain for a region that is lower than the other regions, which
indicates that the particular region is stiffer and therefore
more suspicious for malignancy determination. Next, the
benign/malignant scorer 104 calculates the power spectrum
of the mean strain rate waveform corresponding to the
detected suspicious region. The power spectrum values at
different frequencies, ranging from 0 Hz to a half of the frame
rate, are used as features in classification. If it were to denote
a feature set as [ with N elements, then a thyroid nodule can
be considered as a point [ in the N-dimensional feature space.
For example, the power spectrum of a thyroid nodule with
128 bins can be considered as a vector of 128 dimensions or
equivalently a point in a 128-dimensional space.

[0033] Instead of performing classification directly in a
high-dimensional space, the benign/malignant scorer 104
reduces feature dimensionality by converting into a space
with fewer dimensions where the classification can be per-
formed more efficiently. Many suitable conversion tech-
niques may be used including principal component analysis.
By performing feature dimensionality reduction using prin-
cipal component analysis, the original N-dimensional feature
vector [ is transformed to a new feature vector Q with M
(M<N) dimensions. This feature vector  with M dimensions
1s used for nodule classification via linear discriminant analy-
sis.

[0034] Returning to decision block 2040, if the answer is
YES, the method proceeds to block 2042, where the linear
discriminant analysis discriminant score is calculated by the
benign/malignant scorer 104 from a projected value of a
nodule’s feature vector S2 along a projection vector w. The
feature vector S2 is calculated from a power spectrum of a
mean strain rate waveform of a suspicious region. See block
2044. At block 2046, the method selects predetermined clas-
sifier parameters if they are used by the medical device 100 to
differentiate benign nodules from those that are malignant.
Any nodule with a discriminant score greater than the classi-
fier parameters is classified as Type I and invasive procedures
will not yet be applied in lieu of observation. Otherwise, the
nodule is classified as Type II where invasive procedures are
likely to be applied. See block 2048.

[0035] From exit Terminal D, the method 2000 proceeds to
a set of method steps 2006, defined between a continuation
terminal (“Terminal E”) and an exit terminal (“Terminal F”’).
The set of method steps 2006 describes the screening of
nodules by the nodule screener 106 based on the nodule
stiffness index or discriminant score. See FIG. 2A. From
Terminal E (FIG. 2F), the method 2000 proceeds to block
2050 where the method 2000 defaults to predetermined clas-
sifier parameters, if used, that lead to a low false negative
diagnosis unless a user of the medical device 100 specifies a
desired level of sensitivity/specificity. The low false negative
diagnosis allows the nodule screener 106 of the medical
device 100 to minimize the number of malignant nodules that
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are misclassified as Type I, leading to observation not needing
invasive procedures. See blocks 2052, 2056. At block 2054,
for nodules that are classified as Type 1I by the nodule
screener 106 may require invasive procedures, such as fine
needle aspiration, unless they can be subclassified for further
observation before execution of invasive procedures.

[0036] Various embodiments of the present subject matter
allow the nodule screener to detect small malignant nodules,
such as those smaller than 10 mm, if their nodule stiffness
index exceeds the classifier parameters. Choosing which nod-
ule to biopsy for patients with multiple nodules is also a
challenge in managing nodules. Various embodiments of the
present subject matter help to select nodules that are likely
malignant for a biopsy while bypassing nodules that are likely
to be benign. Aggressive biopsy of nodules is costly. Various
embodiments of the present subject matter facilitate the medi-
cal device 100 and may help so to better utilize healthcare
resources in managing nodules.

[0037] Thyroid nodules are considered an epidemic due to
the large number of imaging studies performed and the
increasing incidental detection (annual incidence rate of
0.1%) of these nodules. Since the existing imaging modalities
(CT, MRI and ultrasound) cannot accurately differentiate
between the malignant and benign nodules with a high level
of confidence, an FNA biopsy, which costs more than $1,200
including an ultrasound exam in an institution, is performed
on nodules showing suspicious features. However, the major-
ity of FNA procedures are performed on benign nodules, e.g.,
76.9% in our study population. Thus, by screening many
benign nodules from an FNA procedure altogether, costs
associated with FNA biopsies for patients with benign nod-
ules may be reduced. In addition, although FNA is a mini-
mally invasive procedure, it can take a toll on patients emo-
tionally, especially in patients who are fearful of procedures
requiring the use of needles. Thus, a noninvasive pre-FNA
triage tool to screen out benign nodules with a high level of
confidence can be of significant benefit to patients and health
care expenditures.

[0038] By dividing Type-II nodules into two subgroups by
the nodule screener 106, it may be possible to have a short-
term ultrasound follow-up exam for patients with a Type Ha
nodule without any suspicious ultrasound features or family
history of thyroid cancer, which would further reduce the
number of biopsies performed by screening both Type-I and
Type-Ila nodules. On the other hand, if a patient with a Type
1la nodule had a previous history of cancer or if the nodule
shows suspicious features, then the patient may be referred
for an FNA biopsy. In a case where the patient has a Type IIb
nodule, immediate FNA or surgery is likely to be recom-
mended. FNA biopsy is considered a standard procedure for
managing nodules and has been shown to be accurate for
diagnosing nodules when used in conjunction with ultra-
sound. Various embodiments of the present invention use
elastography to supplement FNA biopsies by screening out
nodules that are highly likely to be benign, thereby decreasing
the number of FNA biopsies performed. Returning to FIG. 2F,
the method 200 continues to exit Terminal F and terminates
execution.

[0039] While illustrative embodiments have been illus-
trated and described, it will be appreciated that various
changes can be made therein without departing from the spirit
and scope of the invention.
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1. A medical device for diagnosing malignant nodules in a
bodily organ, comprising:

an ultrasound elastographer configured to quantify tissue

strain generated by either in vivo compression or exter-
nal compression of the bodily organ to produce elastog-
raphy information;

abenign/malignant scorer configured to transform elastog-

raphy information of each nodule into a nodule stiffness
index; and

anodule screener configured to classify a nodule as Type I,

which is benign for further observation, or as Type II,
which is malignant for invasive procedures.

2. A method for diagnosing benign nodules in a bodily
organ, comprising:

performing an elastography process to derive quantitative

information on tissue stiffness so as to produce a set of
strain frames;

calculating for each nodule a nodule stiffness index using

the set of strain frames; and

screening each nodule to classify the nodule as Type 1,

which is benign for further observation, or as Type I,
which is malignant for invasive procedures.

3. The method of claim 2, wherein calculating includes
calculating the nodule stiffness index using systolic informa-
tion by taking a ratio of a highest strain near an in vivo
compression source and a lowest strain in the nodule.

4. The method of claim 2, wherein calculating includes
calculating the nodule stiffness index using diastolic infor-
mation by calculating a standard deviation of strain variation
in diastole of an in vivo compression source.

5. The method of claim 2, wherein calculating includes
calculating a discriminant score based on frequency charac-
teristics of a strain rate waveform for a nodule.

6. The method of claim 5, wherein calculating includes
calculating k-means clustering strain rate waveforms that
respond similarly to an in vivo pulsation source, calculating
further including selecting a mean strain rate waveform with
the lowest amplitude.

7. The method of claim 6, wherein calculating yet further
includes calculating a power spectrum of the mean strain rate
waveform, calculating additionally including reducing fea-
ture dimensionality by converting into a space with fewer
dimensions.

8. The method of claim 7, wherein calculating includes
performing linear discriminant analysis over the space with
fewer dimensions to produce the discriminant score.

9. A computer-readable medium having computer-execut-
able instructions stored thereon for implementing a method
for diagnosing benign nodules in a bodily organ, comprising:

performing an elastography process to derive quantitative

information on tissue stiffness so as to produce a set of
strain frames;

calculating for each nodule a nodule stiffness index using

the set of strain frames; and

screening each nodule to classify the nodule as Type 1,

which is benign for further observation, or as Type I,
which is malignant for invasive procedures.

10. The computer-readable medium of claim 9, wherein
calculating includes calculating the nodule stiffness index
using systolic information by taking aratio of a highest strain
near an in vivo compression source and a lowest strain in the
nodule.
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11. The computer-readable medium of claim 9, wherein
calculating includes calculating the nodule stiffness index
using diastolic information by calculating a standard devia-
tion of strain variation in diastole of an in vivo compression
source.

12. The computer-readable medium of claim 9, wherein
calculating includes calculating a discriminant score based on
frequency characteristics of a strain rate waveform for a nod-
ule.

13. The computer-readable medium of claim 12, wherein
calculating includes k-means clustering strain rate wave-
forms that respond similarly to an in vivo pulsation source,

Nov. 18,2010

calculating further including selecting a mean strain rate
waveform with the lowest amplitude.

14. The computer-readable medium of claim 13, wherein
calculating yet further includes calculating a power spectrum
of the mean strain rate waveform, calculating additionally
including reducing feature dimensionality by converting into
a space with fewer dimensions.

15. The computer-readable medium of claim 14, wherein
calculating includes performing linear discriminant analysis
over the space with fewer dimensions to produce the discrimi-
nant score.
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