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Preface

Ultrasonic examination of the breast has been a valuable diagnostic tool for more than
half a century since J.J. Wild, T. Wagai, and others first used it in 1950. The first Inter-
national Congress on the Ultrasonic Examination of the Breast (ICUEB) was convened
in Philadelphia in 1979 by Goldberg (United States), Wells (United Kingdom), Wagai
(Japan), Kobayashi (Japan), and Kossoff (Australia). Further congresses in the series
have taken place every other year to discuss related theoretical and clinical discover-
ies. These meetings led to the founding of the International Association for Breast
Ultrasound (IABU) in 1991, and have contributed to improving ultrasonic examina-
tion techniques and the associated medical benefits.

The 13th ICUEB was held in Kyoto, Japan, in April 2003. International events at that
time—the military operations in Iraq and the SARS outbreaks in several countries—
threatened attendance; however, only one oral presentation and one poster presenta-
tion had to be canceled, and an impressive 98% of our schedule proceeded as planned.
Over the three days of the congress, participants made significant contributions
through presentations and discussions, and we moved closer to a global mutual
understanding.

From the many oral presentations and posters we selected the best for publication
in this volume, entitled Research and Development in Breast Ultrasound. The book
covers a variety of engaging topics, including discovery of the piezoelectric phenom-
enon, DCIS diagnosis, interventional ultrasound, screening by ultrasound, and diag-
nostic criteria. It also includes an original paper by Dr. Kujiraoka, “Incident Angle of
the Plunging Artery of Breast Tumors,” which won first prize at the poster session. We
are sure the next ICUEB will build on these strong foundations.

Finally, special heartfelt thanks go to Professor Ki Keun Oh from Korea, Dr. Yi-Hong
Chou from Taiwan, and Dr. Jack Jellins from IBAS.

Ei Ueno, M.D.
Chairman, 13th ICUEB
Chief Editor
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Discovery of the Piezoelectric
Phenomenon: Curie and Langevin

DOMINIQUE AMY

In 1880, the brothers Pierre and Jacques Curie predicted and demonstrated piezo-
electricity. They showed that crystals of tourmaline, quartz, cane sugar, and Rochelle
salt generate electrical polarization from mechanical stress; quartz and Rochelle salt
exhibited the most piezoelectricity. Twenty natural crystal classes exhibit direct piezo-
electricity. Converse piezoelectricity was mathematically deduced from fundamental
thermodynamic principles by Lippmann in 1881. The Curies immediately confirmed
the “converse effect” and proved the complete reversity of electroelastomechanical
deformations in piezoelectric crystals: development of charge on a crystal is propor-
tional to an applied mechanical stress. The converse effect: the geometric strain of a
crystal is proportional to an applied voltage.

The major contributions of Pierre Curie are discovery of piezoelectricity, invention
of the piezoelectric quartz, formulation of the principle of symmetry, invention of
the Curie scale, establishing Curie’s law, and establishing the theoretical relationship
between crystallography and physics. To assist in his experiments, Curie constructed
several delicate pieces of apparatus, such as balances, electrometers, and piezoelectric
crystals. Quartz piezoelectric transducers consist of thin slabs or plates cut in a precise
orientation to the crystal axes depending on the application.

Paul Langevin was born in Paris on January 23, 1872. He had been supervised by
Pierre Curie during his laboratory classes at the ESPCI school (Ecole Supérieure
Physique Chimie Industrielles) in Paris (1898-1902). Later, he became Professor of
Physics at the College de France and director of the ESPCI and was elected to the
Academy of Sciences in 1934. A contemporary of Marie Curie, Albert Einstein, and
Hendrik Lorenz, he was noted for his work on the molecular structure of gas and his
theory of magnetism and was very active in spreading relativity theory in France.
During World War I, he was inventor of the underwater sonar for submarine detec-
tion, with very important work on piezoelectricity and on piezoceramics. He created
the first quartz sandwich transducer in 1915. The experiment has a watch in which
the quartz dilatation is proportional to the applied tension:

A=&U

21 avenue Victor Hugo, Aix-en-Provence, 13100, France



2 D. Amy

where A = centimetric dilatation, U = potential difference in volts, and & = 2.16-107".

If U corresponds to 10000 volts, A will be 0.02 um. This piezoelectric phenomenon
is thus very small and it would be necessary to apply very high electric tension to have
sufficient ultrasonic power. If the quartz is covered with two steel blades (Langevin),
all the unit has to vibrate only one block. There will be a quartz thickness reduction
because it is the triplet thickness, which must be equal to the half-length wave. More-
over, the triplet amplification will be multiplied by a factor of 25 and the necessary
tension is reduced 30 fold. The quartz sandwich transducer is thus the ideal elec-
troacoustic transformer. This transducer has been upgraded by the use of mosaic of
small identical quartzs (easier to obtain), then with piezoelectric ceramics transmit-
ters (barium titanate) presenting an piezoelectric coefficient 300 times superior to
quartz. During reception, the Langevin triplet behaves like a radio antenna and the
ultrasonic wave will cause a difference in potential appearance. It should be noted that
during the reception it would be possible to detect ultrasound whose amplitude is a
million times smaller than at the emission. By calculating the exact crystal frequency
resonance, by using harmonics, and new ceramics, great progress could be carried out.

The history of piezoelectricity could have been somewhat different if Pierre Curie
had not died accidentally early in April 1906 (after his Nobel Prize award in 1903). His
wife, Marie Curie, continued her work on radioactivity and the discovery of polonium
and radium. But the year 1911 must have been for her a terrible year (in spite of the
fact she was awarded the Nobel Prize in Chemistry) because she was rejected by the
Academy of Sciences; also, she was involved in the “Langevin affair,” a love triangular
affair with Mrs. Langevin.

“I believe that there is no connection between my scientific work and the facts of private life
... I cannot accept the idea in principle that the appreciation of the value of scientific work
should be influenced by libel and slander concerning private life” (Marie Curie, 1911)

The list of applications of piezoelectric instrumentation continues to grow and now
includes ultrasound in medicine, phonograph pickups, air transducer microphone
remote controls, underwater transducers and sonars, aerospace, ballistics, bio-
mechanics, engine testing, engineering, and industrial and factory applications.



A Review of Theoretical and
Experimental Aspects of Imaging the
Elastic Attributes of Tissue In Vivo

JoONATHAN OPHIR

The literature describing the gross mechanical properties of tissues is primarily con-
cerned with muscle (skeletal and cardiac) as well as with blood vessel walls [1]. Rel-
atively little has been written about the mechanical properties of other normal and
pathological tissues. Pathological changes are generally correlated with changes in
tissue elastic modulus; in fact, the standard medical practice of soft tissue palpation
is based on qualitative, low-resolution assessment of the static elastic modulus of
tissue. Many cancers, such as scirrhous carcinoma of the breast, appear as extremely
hard nodules [2]. In quite a few cases, despite the difference in elastic modulus, the
small size of a pathological lesion and/or its location deep in the body precludes its
detection and evaluation by palpation. In general, the lesion may or may not possess
echogenic properties that could make it ultrasonically detectable. For example, tumors
of the prostate or the breast could be invisible in standard ultrasound examinations,
yet be much harder than the embedding tissue.

Diffuse diseases such as cirrhosis of the liver are known to significantly reduce the
elastic modulus of the liver tissue as a whole [2], yet they may appear normal in con-
ventional ultrasound examination. Because the ultrasonic echogenicity and the elas-
ticity of tissue are generally uncorrelated, it is expected that imaging tissue elastic
modulus will provide new information that is related to tissue structure and/or
pathology (Fig. 1).

Biological tissues can be considered as approximating homogeneous gels [3]. Dif-
ferent modes of elastic wave propagation in such media are determined primarily by
their bulk (K) and shear (G) elastic moduli. In biological soft tissues, the value of K
far exceeds that of G. The bulk properties (and hence the ultrasonic properties) are
determined by the molecular composition of the tissue [1], whereas the shear prop-
erties are determined by the higher level of tissue organization [3]. Because
deformable soft tissues are essentially volume incompressible (i.e., Poisson ratio,
~0.5), their shear moduli are proportional to their longitudinal (Young’s) moduli [4].
It follows that estimation and imaging of the Young’s moduli of tissue should in prin-
ciple convey information about their shear properties, and hence about the higher
level of tissue organization.

Ultrasonics Laboratory, Department of Radiology, University of Texas Medical School, 6431
Fannin Street, Houston, TX 77030, USA
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Sonogram Elastogram Photograph

F1G. 1. A sonogram, elastogram, and gross pathology slide showing the longitudinal appear-
ance of an ovine kidney in vitro. Note the distinct appearance of the pyramids in the elastogram
and the contrast in stiffness between the cortex and the medulla on the elastogram (black, stiff;
white, soft)

No known modality is capable of imaging these important elastic properties of
tissue directly. It is therefore necessary to apply an external mechanical stimulus to
the tissue system and to observe the tissue response in terms of local internal defor-
mations. In principle, any high-resolution imaging modality may be used for such
observations. The use of ultrasound for this purpose, however, has several important
advantages that include real-time imaging capabilities, very high resolution in motion
estimation (~1 um), simplicity, noninvasiveness, and relative low cost.

Ultrasonic methods for deriving information related to the elastic properties of soft
tissues have been described in the literature in the past 10 years. These techniques
rely on one of the following procedures: Doppler tissue velocity measurements [5-7],
decorrelation techniques to quantify motions in tissues [8-11], and visual inspection
of M-mode and B-mode image. Internal mechanical excitation (motion of cardiac
structures, arterial pulsation) or external vibrational sources of motion are used to
produce displacement of the tissues under investigation. The displacements of dif-
ferent tissues are then analyzed by one of these techniques.

Elastography is performed by obtaining a set of ultrasonic echo signals from a
target, subjecting the target to a small axial deformation, and obtaining a second set
of echo signals. Time-delay estimations along the direction of the applied load are
computed by performing piecewise cross-correlation analysis on congruent pairs of
signal segments. Using the gradient operator, the time-shift estimates are then con-
verted to longitudinal strain information, which could be displayed in the form of a
two-dimensional strain image named elastograms. We have demonstrated that the
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strain distributions in tissues are correlated to the distribution of tissue elastic moduli
under certain conditions. Furthermore, general inverse methods for calculating
elastic modulus images from elastograms have been described by Skovoroda et al. and
by Sumi et al. [12]. In addition to axial strain elastograms, it is also possible to obtain
lateral strain elastograms and Poisson’s ratio elastograms, which convey additional
tissue mechanical information.

We have constructed an elastography device based on an Philips/ATL HDI-1000
imaging system, which was designed to produce sonograms and corresponding elas-
tograms of the breast in vivo. This device is able to acquire elastograms at a rate
of up to 15/s. We have also been working on elastographic imaging of the prostate.
Elastograms can produce good-quality images of tissue strain that easily demonstrate
stiff yet ultrasonically occult, isoechoic lesions. The images in Fig. 1 demonstrates the
different sonographic and elastographic appearance of an ovine kidney in vitro.

We have also developed a theoretical framework (called a strain filter or strain
transfer function) that can predict the upper bound of imaging performance of
elastography given the engineering system parameters. This tool is based on the
Cramer-Rao lower bound for the variance of time-delay estimations and on the analy-
sis of the decorrelation of shifted signals. Once the system bandwidth, center fre-
quency, sonographic signal-to-noise ratio (SNR), and window size are specified, and
the estimation algorithm known, the elastographic parameters of elasticity SNR,
dynamic range, sensitivity, contrast-to-noise ratio, and resolution may be calculated.
The strain filter may be derated by nonstationary effects such as transducer beam pro-
files and attenuation in the tissues.

Acknowledgment. The author is indebted to numerous contributions made to this
work over the last 13 years by many investigators and students who will be acknowl-
edged separately. Supported in part by National Cancer Institutes Program Project
grant PO1-CA64597.
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In Vivo Breast Examination by
Real-Time Freehand Elasticity
Imaging System

TsuvosHI SHIINA' and E1 UENO?

Summary. Tissue elasticity imaging technology is expected to be a new modality for
breast diagnosis, based on hardness as a tissue characteristic that is affected by tissue
disease such as cancer. Different approaches of elasticity imaging have been investi-
gated, and at present some are at the stage of developing a practical system. In clini-
cal measurement, high-speed processing is required for real-time diagnosis, and
freehand manipulation of the ultrasonic probe, such as in the usual ultrasonic diag-
nosis, is desirable for simple operation. Thus, we developed a tissue elasticity imaging
system with freehand tissue compression based on a combined autocorrelation
method. The method enables us to obtain tissue strain distribution as tissue elastic-
ity with high speed and suppressing error due to lateral slip of the probe caused by
freehand compression. The developed method was applied to breast disease meas-
urements in vivo. Consequently, it is shown that the system can estimate the strain
images in real time, and is effective not only in diagnosis of tissue hardness but also
in determination of disease expansion area. It is also confirmed that the method is
applicable to breast measurements in vivo.

Key words. Ultrasonic imaging, Tissue elasticity, Breast examination, Cancer
diagnosis

Introduction

The hardness of tissue is closely related to the pathological state, and many diseased
tissues such as in breast cancer, liver cirrhosis, and arteriosclerosis become hard with
disease progress. In recent years, Krouskop et al. [1] measured the elasticity of some
diseased tissue of breast and prostate in vitro and showed that the elasticity (Young’s
modulus) of most malignant tissues was larger than that of normal tissues. Therefore,
by measuring tissue elasticity quantitatively, we can perform tissue diagnosis based
on the mechanical properties of tissues. Thus, many investigations on imaging tissue

' Graduate School of Systems and Information Engineering, University of Tsukuba, 1-1-1
Tennodai, Tsukuba, Ibaraki 304-8573, Japan
*Institute of Clinical Medicine, University of Tsukuba, Tsukuba, Japan
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elasticity by ultrasound have been done since the 1990s. Ophir et al. [2] began the
study of imaging strain distribution under static tissue compression, and Yamakoshi
et al. [3] proposed another means that images propagation velocity distribution of
mechanical vibration under tissue vibration. Here, the measurements are based on
the fact that hard tissue has a small strain and a high propagation speed.

However, owing to some merits such as high spatial resolution and easy imple-
mentation, methods with static tissue compression are now mainly investigated. In
this method, first, the strain is produced inside a tissue by performing static tissue
compression, and this strain distribution is obtained from ultrasonic echo signals
before and after tissue deformation. Different approaches of static methods have been
investigated, and at present some are at the stage of developing a practical system to
be used clinically. Advantages of ultrasonic examination such real-time and simple
(freehand) operation must be preserved in the elasticity imaging system. A high-
speed algorithm for estimating strain distribution and processing with hardware are
required for real-time measurement. Regarding simple operation, freehand manipu-
lation of the ultrasonic probe as in the usual ultrasonic diagnosis is desirable. At the
beginning, tissue compression for elasticity imaging was performed using a stepping
motor attached to an ultrasonic probe for an accurate compression in the axial direc-
tion. However, this system becomes a large-scale setup, and it is difficult to move a
probe to the measured position while monitoring the B-mode image. Consequently,
application of this system is limited, and it also takes a long time for measurements.
From this point of view, we have developed a high-speed tissue elasticity imaging
system based on the combined autocorrelation method (CAM) [4-6], which can over-
come the problem of lateral slip and apply freehand manipulation of the probe for
tissue compression. Furthermore, we evaluated this system through clinical breast
disease measurements in vivo.

Development of High-Speed Freehand Strain Imaging
Principle of the Imaging Method

For measuring a strain distribution, it is necessary to produce a strain inside a tissue
by compressing or relaxing a tissue. In ultrasonic tissue elasticity measurement, tissue
compression (relaxation) is performed using an ultrasonic probe. Moreover, ultra-
sonic echo signals from the inside of a tissue before and after deformation are also
measured simultaneously with tissue compression. A displacement distribution,
which shows where each point inside a tissue is moved, is estimated from these ultra-
sonic echo signals. Next, we differentiate a displacement distribution spatially for
obtaining strain distribution and visualize a strain distribution as an elasticity image.
Here, as a property of the ultrasonic system, strain estimation accuracy in the direc-
tion of an ultrasonic beam (axial direction) is better than that in the direction that is
perpendicular to the axial direction (lateral direction). This condition is satisfied in
compression with a stepping motor because the compression direction coincides with
the axial direction. In freehand compression, however, it is necessary to suppress
the influence of lateral slip. It is also necessary to have a large dynamic range of
strain for stable measurement that does not depend on compression speed and
quantity.
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We previously developed a base algorithm of the combined autocorrelation method
[4, 5], which can estimate strain distribution accurately and at high speed and has a
large dynamic range of strain. However, this method does not overcome the problem
of lateral slip. Therefore, we extended the method to overcome the problem of lateral
slip [6]. The details of this method are shown next.

In tissue elasticity imaging, tissue deformation between two ultrasonic measure-
ments is very small (the mean strain is a few percent). First of all, by using the two-
dimensional (2-D) envelope correlation coefficient, we can conquer the problem of
phase aliasing as well as the spatial correlation method. However, the feature of this
method is to search only on the grid points of the half-wavelength interval in the axial
direction and the interval of scan lines in the lateral direction (Fig. 1) because a 2-D
envelope correlation coefficient is conducted for the purpose of selecting the zone
where aliasing does not occur. Thus, an improvement in the processing speed is
attained in this method. Here, the half-wavelength interval in the axial direction
enables us to optimize computing efficiency without phase aliasing.

Therefore, we can estimate the strain stably in a large dynamic range. Next, at the
zone without aliasing error, fine estimation of displacement is carried out by using
phase detection as well as the autocorrelation method. Finally, if the axial displace-
ment distribution can be estimated as already mentioned, the strain distribution can
be found by differentiating it spatially. Furthermore, the CAM overcomes the problem
of lateral slip by using the 2-D correlation.

The foregoing is processing of a strain distribution estimation by the CAM, and the
features of this method are high precision and high speed, to support a large dynamic
range of strain and lateral slip. So far, we have verified the ability of this method
through simulations and phantom experiments. Consequently, it is shown that the
processing speed of the CAM is about eight times as fast as that of the conventional
spatial correlation method, and the accuracy of the CAM is twice as accurate as that
of the spatial correlation method [5]. Furthermore, it is shown that the dynamic range
of strain estimated by the CAM is 0.05% to 5.0% (the optimal dynamic range is
0.5%-2.0%), and this method can support lateral slip to about 4 mm. In addition, in
this chapter, we use the 1.2 mm (axial) X 1.0mm (lateral) correlation window and the
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F1G. 1. Schematic diagram of the combined autocorrelation method (CAM)
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3.2mm (axial) X 2.2mm (lateral) displacement search area. Such sizes are decided
from results of the phantom experiment based on the condition for the fine strain
image.

Simulation Analysis

A 60mm X 60 mm tissue model is used and compressed by 3% in the axis direction,
and lateral displacement is applied from 0.0mm to 1.4 mm. We then simulate the RF
signals before and after the deformation and estimate the strain distribution from
these RF signals using three methods: the one-dimensional (1-D) CAM, which does
not search the correlation window in the lateral direction, the CAM, and the correla-
tion method. To simulate the RF signals, we use the following parameters. The center
frequency of the ultrasonic probe is 5.0 MHz, the sampling frequency is 30 MHz, the
beam width is 1.0 mm (full width at half maximum), and the A-line interval is 0.5 mm.
Figure 2 shows the strain estimation accuracy of three methods with respect to lateral
slip (lateral displacement). The result confirms that the error increases rapidly when
the lateral displacement exceeds half the beam width in the 1-D CAM, but that strain
can be estimated robustly regardless of the size of the lateral displacement in the CAM.

Next, we simulate the behavior of the tissue under compression with the three-
dimensional (3-D) finite-element method (FEM), generate the RF signals before and
after compression based on this FEM result, and estimate the strain distribution with
three techniques. In this simulation, we use a 60 mm X 60 mm X 60 mm tissue model
in which there is a 15-mm-diameter, 60-mm-long columnar hard inclusion. Here, we
set the elastic modulus (Young’s modulus) of the surrounding material to 10kPa and
set the elastic modulus of the inclusion to 30 kPa. We then compress this model in two
ways. First, we apply a pressure of 200 Pa perpendicularly from the model surface.
Second, we apply pressure (axial component, 200 Pa; lateral component, 30 Pa) in the
diagonal direction from the model surface.

Figure 3 shows the strain distribution obtained on the central cross section of the
tissue model estimation when a tissue model is compressed perpendicularly. In this
case, because there is little lateral displacement, the 1-D CAM and the CAM yield the
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(@) (b) (© (d)

F1G. 3. Estimated strain distribution when compressing a tissue model perpendicularly
(grayscale: 0.0%-3.5%). a Ideal strain distribution. b CAM. ¢ 1-D CAM. d Spatial correlation
method

(a) (b) (©

F1G. 4. Estimated strain distribution when compressing a tissue model diagonally (grayscale:
0.0%-3.5%). a Ideal strain distribution. b CAM. ¢ 1-D CAM. d Spatial correlation method

(d)

same results. Figure 4 shows the result when a tissue model is compressed diagonally.
In this case, the lateral displacement becomes large at the upper right part of the
model. Therefore, the 1-D CAM produces some mistakes in the upper right. In con-
trast, the CAM produces a correct estimate. Also, the CAM generates a smaller error
than the spatial correlation method.

Development of Real-Time System

System Constitution

We tried to develop a real-time tissue elasticity imaging system that can perform
stable measurements with freehand tissue compression. Our system consists of an
ultrasonic probe (7.5 MHz, liner array, interval of scan lines is about 0.3 mm), an ultra-
sonic scanner (sampling frequency, 30 MHz), and a personal computer (CPU: Intel
Pentium IV 2.2 GHz X 2; memory: 1 GB). The small compression plate is attached to
an ultrasonic probe so that stable tissue compression is attained and the stress field
is transmitted more uniformly; consequently, a good strain image is obtained (Fig. 5).
The ultrasonic scanner is remodeled so that IQ signals digitized at the rate of 30 MHz
can be taken out. Combining the quadrature detector with hardware in the ultrasonic
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F1G. 5. Developed tissue elasticity imaging system

scanner and performing parallel processing with the dual CPU, the processing speed
becomes fast. We also improve the processing speed by using the optimal compiler
for Intel CPU and the high-speed image-processing library software. Here, the frame
rate for the strain image depends on the strain measurement area and performance
of the CPU. At present, the frame rate is about 5 frame/s (fps) at the 30 mm (axial) x
55mm (lateral) strain measurement area. It will be possible to improve the process-
ing speed further, that is, to the same frame rate of a B-mode image, by increasing the
CPU performance or developing a hardware unit for signal processing.

The area and boundary of a tumor in a strain image and that in a B-mode image
are not necessarily the same, and some tumors that are not observed in the B-mode
image may be visualized in the strain image. For recognizing the corresponding
portions between the strain image and the B-mode image, we adopted a way of dis-
playing both images: a strain image is superimposed on the B-mode image with a
translucent color scale, where red and blue indicate that tissues are soft and hard,
respectively (Fig. 6). Using a translucent strain image, it becomes easy to recognize
what part of the strain image corresponds to the region of tumor displayed in the
B-mode image as the tissue structure.

In general, the level of the strain changes while freehand compressing or relaxing
tissues; consequently, it is necessary to dynamically change the range for displaying
the strain during tissue compression or relaxiation. Therefore, we calculate the mean
of strain distribution within a region of interest (ROI), and we adaptively change the
display range using this mean value. Thus, the maximum of the range is set to 2.5
times the mean value; the minimum of the range is always set to 0. Using this adap-
tive strain display range, the stable strain image can be obtained without depending
on the level of compression.

In Vivo Breast Measurements

To verify the ability of our developed system by in vivo clinical measurements, we
applied the system to breast disease measurements, which may be one of the most
useful applications of tissue elasticity imaging. In clinical measurements, medical
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translucent strain image color scale strain image

F1G. 6. Strain image display method. Because it is difficult to determine the position relation
between a strain image and a B-mode image, we produce a color scale strain image, make it
translucent, and overlay it on the B-mode image

(b) strain i

F1G. 7. In vivo measurement result from a 39-year-old woman with a noninvasive ductal carci-
noma. There is a tumor, blue-colored, that represents a hard area, with a diameter of about
5mm in the center of the figure. The number shown in the lower right of strain image is the
mean strain

doctors operated the ultrasonic probe after obtaining a patient’s consent. Figure 7
shows a case of an invasive ductal carcinoma (a 59-year-old woman). In the B-mode
image, the existence of a tumor with a diameter of about 10 mm may be observed but
its boundary is blurred. On the other hand, it is shown that the tumor is hard in the
strain image (Fig. 7). The expansion area of a tumor is clear in this strain image, while
it is not clear in the B-mode image. Therefore, it is expected that the strain image is
useful not only for a diagnosis of tissue hardness but also for that of the expansion
area of the cancer. In our system, although the B-mode image and strain image is
obtained at the frame rate of 25fps at present model. Figure 7 shows in vivo meas-
urement result from a 39-year-old woman with a noninvasive ductal carcinoma. There
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10mm

(a) B-mode image

F1G. 8. In vivo measurement result from a 42-year-old woman with a fibroadenoma with a
diameter of about 10 mm in the figure. Area of tumor is depicted as a softer region

is a blue-colored tumor that represents a hard area, with a diameter of about 5mm in
the center of the figure. The number shown in the lower right of strain image is the
mean strain. Therefore, it indicates that our system also has a high spatial resolution
in clinical measurement.

Figure 8 shows a case of a fibroadenoma with a diameter of about 10 mm in the
figure. In the B-mode image, tumors are displayed as a hypoechoic region in both Fig.
7 and Fig. 8. In contrast, the colors at the tumor area are different between them, that
is, fibroadenoma is depicted as a softer region compared with cancer. These results
reveal that the system can provide us novel information on tissue characterization
that is not obtained from the conventional images and is helpful for clinical
diagnosis.

Discussion

The foregoing results for in vivo evaluation validated that the strain image provided
by the developed system is effective in diagnosis of breast disease, not only detection
of tumor but also discrimination between benign and malignant. In terms of frame
rate, although the performance of initial system was 5fps, the latest model released
by Hitachi Medical Corporation attains 25 fps. According to results of preliminary
phantom experiments, for obtaining a strain image, the range of strain to obtain a
strain image is 0.05% to 5.0% (the optimal deformation is 0.5%-2.0%). This range
admits in vivo breast measurements and a wide-enough range to be applied by free-
hand compression.

The elasticity image can be basically obtained in any portion where a B-mode image
is displayed. However, if an ultrasonic signal is not acquired, an error will be caused
in a strain image. For example, in breast measurement, because an ultrasound does
not propagate beyond the pectoral major muscle, the strain estimation error arises in
the area beyond the pectoral major muscle. However, fortunately, the area of interest
in breast measurement is above the pectoral major muscle. On the other hand, the
elasticity image can be often obtained in the shadow of a B-mode image because the
phase shift between two echoes is detectable even from relatively lower signals.



Elasticity Imaging 15
Conclusion

We developed a combined autocorrelation method (CAM) to estimate strain distri-
bution in tissue. The advantages of the CAM are higher speed and accuracy than the
conventional spatial correlation method because it is based on the Doppler method.
Also, this method overcomes the problem of aliasing, a weakness of the Doppler
method; consequently, the CAM can estimate strain over a wide dynamic range.

The CAM also overcomes the problem of lateral slip on the body surface in the
clinical situation. Results of simulation analysis confirmed the ability of the CAM to
be robust for lateral slip. These properties are suitable to measurement of the strain
stably by freehand deformation and performing in vivo breast measurements using
the system.

Consequently, it is confirmed that a stable strain image can be obtained also by
deforming a tissue freehand in vivo. In our system, performing parallel processing
based on the extended CAM and using the optimal compiler for CPU, the strain
imaging frame rate can increase, and the latest model attains about 30 frame/s (fps).
From the results of breast measurements, it is shown that our system is effective not
only in assessment of tissue hardness but also in diagnosis of the expansion area of
the tumor. In future work, we aim at quantitative elasticity measurement for patho-
logical diagnosis and plan to apply our system to other parts of the body where it is
considered that elasticity imaging is effective, such as the prostate, liver, kidney, and
myocardium.
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Usefulness of Ultrasonic Strain
Measurement-Based Mechanical
Properties Imaging Technique:
Toward Realization of Short-Time
Diagnosis/Treatment

CHIKAYOSHI SuMI', MITsuHIRO KuBoTA?, GO WAKABAYASHI®, and
MiINORU TANABE®

Summary. For various soft tissues (e.g., liver, breast), we are developing the ultrasonic
strain measurement-based mechanical properties (e.g., shear modulus, viscoshear
modulus) reconstruction/imaging technique. To clarify the limitation of our quanti-
tative reconstruction/imaging technique as a diagnostic tool for differentiating malig-
nancies, together with improving the spatial resolution and dynamic range, we are
collecting clinical reconstruction image data. Furthermore, we are applying our tech-
nique as a monitoring technique for the effectiveness of chemotherapy (anticancer
drug, ethanol, etc.), thermal therapy (micro- and rf electromagnetic wave, HIFU, laser,
etc.), and cryotherapy. Because soft tissues are deformed in 3-D space by externally
situated quasistatic and/or low-frequency mechanical sources, multidimensional sig-
nal processing improves strain measurement accuracy and reduces inhomogeneity-
dependent modulus reconstruction artifacts. These properties have been verified by
us through simulations and phantom/human in vivo experiments. Briefly, here we
discuss the limitations of low dimensional signal processing. Moreover, we exhibit the
superiority on both differential diagnosis for these human in vivo malignancies and
monitoring for these therapies of our quasi-real-time imaging (using conventional US
equipment) to conventional B-mode imaging. Our technique is available as a clinical
visualization technique both for diagnosis and treatment, and monitored mechanical
properties data can also be effectively utilized as the measure for enhancing control-
ling therapy, such as the exposure energy, the foci, and the exposure interval. In the
near future, suitable combination of various simple and low-invasive therapy tech-
niques with our imaging technique will open up a new clinical style allowing diag-
nosis and subsequent immediate treatment. This approach should substantially
reduce total medical expenses.

Key words. Cancer, Ultrasonic strain measurement-based mechanical properties
reconstruction/imaging, Shear modulus, Viscoshear modulus, Differential diagnosis,
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Therapy, Monitoring of effectiveness of treatment, Short-time diagnosis/treatment,
Combined diagnosis/treatment system

Introduction

It is well recognized that the pathological stage of living human soft tissues highly
correlates with quasi-static and low-frequency mechanical properties, that is, shear
modulus, viscoshear modulus, etc. With such a fact in mind, as the diagnosis tool for
various in vivo superficial and deeply situated tissues (e.g., breast, liver), we are devel-
oping the ultrasonic strain measurement-based mechanical properties reconstruc-
tion/imaging technique [1-8, 21-23]. To clarify the limitation of our technique,
together with improving the spatial resolution and dynamic range, we are collecting
clinical reconstruction image data. Furthermore, as the mechanical properties
reversibly or irreversibly change by chemotherapy (anticancer drug, ethanol, etc.),
cryotherapy, and thermal therapy [micro- and radiofrequency (rf) electromagnetic
wave, high-intensity focused ultrasound (HIFU), laser, etc.) [10-15], we are applying
our technique as a monitoring technique for the effectiveness of these therapies
[16-20].

Because soft tissues are deformed in three-dimensional (3-D) space by externally
situated quasi-static and/or low-frequency mechanical sources, multidimensional
signal processing improves strain measurement accuracy [5] and reduces
inhomogeneity-dependent modulus reconstruction artifacts [8, 9]. These properties
have been verified by us through simulations and phantom/human in vivo experi-
ments. Briefly, we discuss here the limitations of low dimensional signal processing.

Moreover, we exhibit the superiority on both differential diagnosis for these human
in vivo malignancies and monitoring for these therapies of our quasi-real-time
imaging [using conventional ultrasonography (US) equipment, and a conventional
workstation, specifically, Compaq XP 1000 Alpha 500 MHz] to conventional B-mode
imaging. Recently, to treat human in vivo liver malignancies, several types of inter-
stitial micro- and rf electromagnetic wave thermal applicator systems are widely uti-
lized, in which, respectively, the mono-needle-type electrode and several paired
needle electrodes/a plate electrode are employed. However, as we could confirm on
the human breast in vivo that our technique has high potential as a practical tool for
differentiating early-stage malignancies [e.g., 7], we first utilized the rf electromag-
netic wave applicator using only needle electrodes [16-23]. Our imaging technique
favorably visualized on the fresh calf liver in vitro the spatial and temporal changes
of elasticity due to the rf electromagnetic wave heating, the extraheating, and cooling
down. Here we present our high spatial resolution reconstruction/imaging on human
liver carcinoma in vivo [21] as well as human breast malignancies in vivo (scirrhous
carcinoma), after which, to verify the usefulness as a monitoring technique, we present
our reconstructions/images obtained on the rf electromagnetic wave heating of the
fresh calf liver in vitro [16-23] and obtained on microelectromagnetic wave heating
of the human liver carcinoma in vivo [21].
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Materials and Methods

Shear Modulus Reconstruction/Imaging Technique

In our developed reconstruction/imaging technique, the relative shear modulus dis-
tribution is reconstructed from ultrasonically measured strain tensor field data with
respect to reference shear moduli provided in properly realized wide regions [1-4].
That is, the configurations of mechanical sources and reference regions should be real-
ized so that the reference regions extend in a direction that crosses the dominant
tissue deformation.

Displacement vector field generated by spontaneous heart motion and/or externally
applied pressures or vibrations can be measured by applying our developed ultrasonic
rf-echo phase-matching method [5, 6] to the successively acquired rf-echo data
frames, or the paired rf-echo data frames, that is, those under predeformation and
postdeformation. In this method, a displacement is determined by using the phase
characteristics of the finite local echo data as the index to iteratively search for the
corresponding local data. As the change of the local phase characteristics due to tissue
deformation causes the accuracy of the determination to deteriorate, the local region
size is made suitably smaller during the iterative phase matching. By performing this
phase matching throughout the region of interest (ROI), an accurate displacement
vector field data is obtained. The axial/lateral/elevational resolutions are respectively
determined by the axial/lateral/elevational lengths of the final local region. Subse-
quently, the displacement field data is differentiated using a filter with a cutoff fre-
quency [1, 3] to obtain the strain field data. The multidimensional phase matching
improves the strain measurement accuracy [5, 8]. As the general measurement accu-
racy of displacement is accurately estimated in a beam direction, the beam could be
transmitted in multiple directions. Although the measurement accuracy is degraded,
various one-dimensional (1-D) measurement methods can also be utilized together,
including the autocorrelation method [2].

To determine the globally relative shear modulus distribution with respect to the
reference shear moduli, simultaneous partial differential equations (PDEs) having
the strain tensor as the spatially inhomogeneous coefficients are used. However, as
the inevitable strain measurement errors and unfortunately occurring improper con-
figurations of mechanical sources and reference regions make the determination
problem poorly handled, the robust numerical-based implicit integration approach
[4] is used, which incorporates a computationally efficient regularization method
using low-pass-filtered spectra derived from strain measurement data. The conjugate
gradient method was utilized to realize the implicit integration. On 1-D reconstruc-
tion, calculated ratios of the measured strains can be used as the final estimates of the
target globally relative shear modulus values [5, 7], substantially reducing the com-
putational time of the implicit integration. By setting the reference regions passing
through stress concentration regions, this 1-D reconstruction can reduce the artifacts
occurring in the strain image in front of and behind the stiff region (estimated to be
softer) [5]. Moreover, multidimensional reconstruction reduces 3-D inhomogeneity-
dependent artifacts and consequently heightens the spatial resolution [8, 9]. Here, we
show the artifact reduction through simulations (Fig. 1).

A simulated cube phantom (50.0-mm sides) was uniformly compressed in the
axial direction (x-axis) with a displacement of 0.25mm (boundary conditions of the
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bottoms, displacement amount of Omm in the axial direction, and the others
force free). The phantom includes a spherical inhomogeneous region at a depth
x=25.0mm with 5-mm radius. The shear modulus value of the inhomogeneous
region is set twice as high as that of the surrounding medium, i.e., 2.0 X 10°N/m’
versus 1.0 X 10° N/m?, and Poisson’s ratio is uniformly set at 0.47. The resultant inter-
nal displacement vector field was calculated by the successive overrelaxation (SOR)
method. A cubic ROT is used (30.0-mm sides) having an inhomogeneous region at the
central part. Using the resultant strain tensor data from the ROI, 3-D reconstruction
is performed under a 3-D stress distribution. The reference region is set at the upper
surface of the ROL 1-D reconstruction is also performed assuming 1-D stress distri-
bution in every x-y plane, as are two-dimensional (2-D) reconstructions assuming a
2-D stress distribution and a 2-D strain distribution in every x-y plane.

Interstitial rf Electromagnetic Wave
Applicator System [16-23]

In our developed interstitial rf electromagnetic wave applicator system, only paired
needle electrodes are used to apply the electric currents (13.56 MHz). The change of
the tissue electric impedance is automatically matched, and therefore constant cur-
rents can be applied with power less than 1kW. Here, two paired electrodes were
utilized with a diameter of 2mm. Using our rf applicator system together with our
reconstruction/imaging technique as the monitoring technique, the size and the state
of the energy-induced thermal lesion can be controlled.

22 . 22,
3D 3D
20 stress 20 stress
2D strain 2D strain

2| D 2 D

S 18 ERNRE Y

g g

H H

=2 =

=1 =1

3 16" 3 1

g 3

g §

£ 14 2 14l

2 2

5 5

@ 12 2 12

f 1
08 . | 08 . . .
10 15 20 25 20 35 40 10 15 20 25 30 35 40
il direction [mim] Lateral direction [mm]
(a) (b)

F1G6. 1. Three-dimensional (3-D) inhomogeneity-dependent artifacts using a low dimensional
reconstruction. Shear modulus reconstructions were obtained under the assumptions of 3-D
(x, y, z) stress, 2-D (x, y) stress, 2-D (x, y) strain, and 1-D (x) stress distributions on a simulated
cubic phantom of 50.0 mm X 50.0 mm X 50.0mm including a twofold higher shear modulus
spherical region at a depth x = 25.0 mm with 5-mm radius (2.0 X 10° N/m’ versus 1.0 X 10°N/m?).
This phantom was compressed in the axial direction (x-axis) with a displacement of 0.25 mm.
Cubic regions of interest (ROIs) (30.0 mm X 30.0 mm x 30.0 mm) are set at the central part of
the inhomogeneous spherical region. The reference region is set at the upper surface of the ROL
a and b are, respectively, the axial x-profiles and lateral y-profiles of reconstructions passing
through the center of the spherical inhomogeneous region
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F1G. 1. Continued. ¢ Maximum and minimum values of the reconstructions obtained at each
x-y plane with elevational position z=10.0 to 40.0mm. d, e, f, and g are, respectively, the
3-D reconstruction, 2-D reconstructions (2-D stress and 2-D strain assumptions), and 1-D
reconstruction with elevational position z=25.0mm. Low dimensional reconstructions are
quantitatively degraded. In the low dimensional reconstructions, an artifact due to stress con-
centration is found in front of and behind the stiff region, apparently due to successive assump-
tion of 1-D stress, 2-D strain, and 2-D stress. These results also cause a misleading diagnosis in
that the lateral and elevational sizes of the stiff lesion are larger than that of the original. Overall,
it is clear that low dimensional reconstructions are affected by 3-D inhomogeneity-dependent
artifacts and spatial resolution is decreased
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Interstitial Microwave Coagulation Therapy Equipment

The microwave coagulation therapy equipment utilized was Microtaze (2.45GHz;
Aswell, Osaka, Japan). The power was set at 70 W. A mononeedle electrode was used
with a diameter of 1.6 mm (TMD-16CBL-10/250; Aswell).

Experiments on Human Breast and Liver In Vivo

Breast Scirrhous Carcinoma Case (Fig. 2)

The volunteer (69 years old) was supinely positioned, and the ROI was set at 48.0 mm
X 44.6 mm spreading from the depth of 17.1 mm in her breast. A block of reference
material of known shear modulus value was put between the ultrasound transducer

F1G. 2. In vivo human breast tissues. Scirrhous carcinoma case (59 years old; ROI size, 48 mm
X 44.6 mm, depth from 17.1 mm): B-mode image and 2-D-regularized shear modulus recon-
struction images (spatial resolution of 0.8 mm X 3.2 mm) with the measured stain ratio as the
initial estimates (highest value, 2.35 x 10’ N/m?* upper right, DR, 65.4dB, lowest value, 1.26 x
10* N/m’; bright region, relatively low shear modulus value; middle left and middle right, DR,
54.9dB, lowest value, 4.21 X 10*N/m?; bright region, high shear modulus; lower is inversion of
upper right)
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and her breast, and her breast tissue was compressed by the transducer by hand such
that the ROI could deform in the scanning plane. The pre- and postcompression rf
echo data frames were respectively acquired. The nominal frequency of the interro-
gating ultrasound was 7.5 MHz, and the sampling rate was 30 MHz (12 bits). Figure 2
(upper left) shows the B-mode image of the ROI under precompression.

Normal Liver Case (Fig. 3)

The volunteer (male, 31 years old) was supinely positioned, and the ROI of 35.7 mm
% 49.7 mm spreading from 35.1 mm was set. The tissue was compressed by the ultra-
sound transducer, and during compression echo data frames were successively
acquired. The US frequency was 8.0 MHz and the sampling rate was 40 MHz (12 bits).
Figure 3a shows the B-mode image of the ROI, in which a reference line is drawn, at
depth of 49.8 mm, where blood vessels could not be detected. The reference value was
set at 1.0.

Liver Carcinoma Case (Fig. 4)

Here we show reconstructions/images of the carcinoma (diameter, 18 mm) in segment
6 of the female patient (73 years old). The 4-min microwave treatment was carried
out under ventrotomy. Under the treatment, and before/after the treatment (closed
up), respectively set ROIs were compressed by the transducer by hand. During com-
pression, echo data frames were successively acquired. The US frequency and the sam-
pling rate were, respectively, 7.5MHz (linear type) and 30 MHz (12 bits) during
treatment, and 3.5 MHz (convex type) and 14 MHz (12 bits) before/after the treatment.
The ROIs include the same region of the carcinoma, and the ROIs respectively range
under treatment with respect to her liver surface from a depth of 3.8 mm to 33.4mm,
and before/after treatment with respect to her skin surface from a depth of 10.6 mm
to 52.4mm (skin depth, about 15mm). The convex ROI angle is 57.4°% however, here
the ROIs are a rectangle of 41.8 mm X 51.8 mm, whereas the linear ROI during treat-
ment is 29.6 mm X 41.5mm. The B-mode images before, during, and after the treat-
ment are shown of the ROIs, respectively, in Fig. 4a, 4b, and 4c. The reference lines
before, during, and after the treatment were respectively set at depths of 11.9, 3.7, and

(a) (b)

F1G. 3. In vivo human liver (31 years old; ROI size, 35.7 mm X 49.7 mm, depth from 35.1 mm to
70.8 mm). Reference line, 49.8 mm. a B-mode image; b reconstructed relative shear modulus
image (DR, 70.2dB)
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F1G. 4. In vivo human liver carcinoma (73 years old, female, segment 6): B-mode image (left)
and 2-D-regularized shear modulus reconstruction image (right). Bright region has relatively
low shear modulus value. a Before interstitial microwave treatment (2.45 GHz, 70 W, mononeedle
electrode with 1.6 mm diameter). 3.5 MHz (convex type). ROI ranges with respect to her skin
surface from the depth of 10.6 mm to 52.4 mm, and the convex ROI angle is 57.4°; however, the
ROI is rectangular, 41.8 mm X 51.8 mm. DR, 18.7 dB. Spatial resolution of 1.7 mm x 1.9mm. b
During the treatment (for 4 min) under ventrotomy (two images). 7.5 MHz (linear type). ROI
(29.6 mm x 41.5mm) ranges with respect to her liver surface from the depth of 3.8 mm to
33.4mm. DR, 38.7dB (upper) and 34.7dB (lower). Spatial resolution of 0.8 mm X 1.4 mm.
¢ Strain images respective from which shear modulus reconstruction images (b) are obtained.
d After the treatment (closed up). 3.5 MHz (convex). The same ROI and spatial resolution as
those of a. DR, 27.8dB
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11.9mm, where blood vessels could not be detected. The reference value was set at
1.0. Shear modulus reconstructions/images under and after treatment follow the next
experiments on calf livers in vitro.

Experiments on Calf Liver In Vitro

As shown in the photograph (Fig. 5), the two paired needle electrodes were inserted
at an angle of 45° in parallel into the calf liver specimen. The currents were constantly
applied at 100 W.

Specimen 1 (Fig. 6)

The distance was 10 mm between the needle electrodes. This specimen was mechani-
cally compressed such that acquisition was obtained of the precompression and post-
compression echo data frames crossed with the paired electrodes. The US frequency
was 7.5 MHz. In Fig. 6a,b, respectively, we show the B-mode images before and after
heating of the ROI (23.3mm X 19.6 mm, depth from 2.3 mm) under precompression.
The reference line was set for shear modulus reconstruction at the upper borderline
of the ROI, and the reference values were determined by calculating the ratios of the
measured strains.

Specimen 2 (Fig. 7)

We monitored the spatiotemporal change of shear moduli. The distance between the
needle electrodes was 20mm, and current was applied twice for 5min followed by
a 10-min interval. Six points were observed: (1) before heating, (2) after 5min of

Fig. 5 Experimental setup of the in vitro calf liver specimen, a pair of two needle electrodes,
and the ultrasound transducer
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(c)

F1G. 6. In vitro calf liver (ROI size of 23.3 mm x 19.6 mm, depth from 2.3 mm). B-mode image
(left, precompression), and reconstructed relative shear modulus images (right, two respectively
obtained with 2-D- and 1-D-regularization, image DR, 62.8 dB). a With the inserted two paired
needle electrodes before applying current (2-D DR, 64.8 dB; 1-D DR, 1.24e2 dB). b With no elec-
trodes after applying current (2-D, 30.5 dB; 1D, 55.1 dB). ¢ Photograph of cutting surface includ-
ing the ROI
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(a)-3

(a)-5 (a)-6

F1G. 7. Spatiotemporal change of shear modulus on in vitro calf liver. ROI (size of 25.1 mm X
39.4mm, depth from 3.9 mm) was set in the central plane between the paired electrodes. The
current was applied twice for 5min followed by a 10-min interval. Six points are observed:
(1) before heating, (2) after 5min of heating, (3) 1 min after heating stopped, (4) 10 min after
heating stopped, (5) after 5min of heating, and (6) 10 min after heating stopped. a B-mode
images and reconstructed relative shear modulus images (image DR, 79.8 dB) at the points
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F1G. 7. Continued. b Measured points (1)-(6) versus the mean shear modulus values calculated
from five local regions (8.3 mm x 10.0 mm). ¢ Cutting surface. The heated region cannot be dis-
cerned in the B-mode images [points (1)-(6)], although one can observe the generation of
bubbles due to tissue boiling and the fading of the bubbles during cooling down. In any case,
however, the spatiotemporal change of tissue elasticity is noticeable in the shear modulus
images. Note that the tissue is softened by heating [points (2) and (5)] and stiffened from outside
to inside by cooling down [points (3), (4), and (6)]. After the second heating period [point (6)],
the mean values in local regions 1 and 3 did not reach the mean values after the first heating
[point (4)], being frangible. The coagulated region detected in the shear modulus image of point
(4) coincides well with that of the white region detected along the cutting surface, although it
is difficult to see in the shear modulus image of the final point (6). These results confirm that
such monitoring can provide distinct merits during thermal therapy
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heating, (3) 1min after heating stopped, (4) 10min after heating stopped, (5) after
5min of heating, and (6) 10 min after heating stopped. At each point the specimen
was mechanically compressed such that echo data frames could be collected in the
central plane between the paired electrodes (US frequency, 8.0 MHz). Figure 7a (left)
shows sequential B-mode images of the ROI (25.1 mm X 39.4mm, at a depth of
3.9mm) obtained under precompression at points (1) to (6). The reference line was
set at a depth of 5.8 mm, and the reference values were determined by calculating the
ratios of the measured strains.

Specimen 3 (Fig. 8)

The spatiotemporal change of the shear modulus was monitored for blood vessels
with diameters of about 0.1 mm (Fig. 8e: photograph of the cutting surface.). The dis-
tance was 20 mm between the needle electrodes. One of the inserted two paired needle
electrodes is visualized in Fig. 8d (the last B-mode image). The currents were applied
twice for 5min followed by a 10-min interval. From the B-mode image after heating
shown in Fig. 8b (12min after the first heating), a branched blood vessel was visual-
ized although it is difficult to see from the B-mode image before heating (Fig. 8a).
With about a 1-min interval, the specimen was mechanically compressed such that
the echo data frames could be acquired (US frequency of 7.5 MHz) in the central plane
between the paired electrodes. The ROI was set in the plane (23.0mm X 14.0 mm,
depth from 5.0mm), and the reference line was set at a depth of 5.5 mm.

Specimen 4 (Fig. 9)

The superficial end of the liver had many blood vessels with diameters of about 1 mm
(Fig. 9¢), and the region of the ultrasonically detected changes was larger compared
with that in the cutting surface of the visibly detected coagulation. The distance
between the electrodes was 10 mm. This specimen was compressed such that acqui-
sition could be performed of the echo data frames crossed with the paired electrodes
(US frequency of 7.5MHz). In Fig. 9a,b, B-mode images are shown of the ROI
(18.6mm X 17.8 mm, depth from 4.7mm) before and after heating under precom-
pression, respectively. The reference line was set at a depth of 6.3 mm.

(a) (b)

F1G. 8. In vitro calf liver (ROI size of 23.0 mm X 16.4 mm, depth from 5.0 mm). B-mode (left)
and shear modulus images (right,image DR, 29.2 dB). a Before the first heating (data no. 0, DR,
8.25dB). b After the first heating (data no. 13, 24.2 dB). Blood vessel regions 1 and 2, respec-
tively, with the 0.1-mm-diameter vessel and the slightly larger diameter vessel, and parenchyma
regions 3 and 4
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F1G. 8. Continued. c First heating [data no. 0 (nonheated) to no. 57 with interval of about 1 min]
vs. relative shear modulus values of regions 1-4 depicted in b. (c-2) From first heating, data no.
0 (nonheated) to 57 (from left to right, upper to lower)
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F1G. 8. Continued. d Second heating (data no. 0 to no. 59 with interval of about 1 min) vs. rel-
ative shear modulus values of regions 1-4. (d-2) From second heating, data no. 0 to no. 59 (From
left to right, from upper to lower), and B-mode image with one of paired needle electrodes before

heating
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F1G. 8. Continued. e Cutting surface

() (d) (e)

F16. 9. In vitro calf liver (superficial end; ROI size of 18.6 mm X 17.8 mm, depth from 4.7 mm).
B-mode (left) and reconstructed relative shear modulus images in a log gray scale (right),
in which the bright region indicates that the region is relatively soft and vice versa (image DR,
36.3dB). a With the inserted two paired electrodes before applying currents (DR, 29.9dB).
b With no electrodes after applying current (27.6 dB ranging). Photographs of (c) cutting surface
including the ROI, (d) coagulated blood vessels, and (e) other specimen
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(b) . "

F1G. 10. a Experimental setup. b Cutting surface and three local regions, respectively, set in the
coagulated region with lateral length of 5mm, and with depths 21.8-24.9 mm, 24.9-28.1 mm,
and 28.1-31.2mm

Specimen 5 (Figs. 10, 11)

As shown in the photograph (Fig. 10a), currents with the low power of 60 W were
injected into the calf liver specimen through the paired needle electrodes inserted
from opposite directions. The distance between the points of the needles was 20 mm,
and their depth was 25 mm. The currents were applied five times with 60-min inter-
vals, respectively, for 1, 2, 3, 4, and 5min such that the temperature at depth of 25mm
reached room temperature, 20.3°C. The echo data frames were collected (US fre-
quency of 7.5MHz) in the central plane between the points of the needle electrodes.
The spatiotemporal changes were monitored of shear modulus versus the effective
electric energy and the temperature (depth of 25 mm, thermocouple utilized). Specifi-
cally, three local regions were set in the detected coagulated region (Fig. 10b, with the
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F1G. 11. Time vs. temperature (depth, 25.0mm), and mean relative shear modulus values
(depths 21.8-24.9 mm, 24.9-28.1 mm, 28.1-31.2 mm; lateral length, 5.0 mm). Total effective elec-
tric energies of (a) 33057 (total 1-min heating), (b) 9635] (total 3-min heating)
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F1G. 11. Continued. (c) 19545] (6-min heating), and (d) 50 706 ] (15-min heating)
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lateral length of 5.0mm, and respective depths 21.8-24.9, 24.9-28.1, and
28.1-31.2mm), and the mean relative shear modulus value was monitored with
respect to the mean shear modulus value evaluated in the depth from 3.1 to 6.2 mm.

Specimen 6 (Fig. 12)

The viscoshear modulus was imaged. The distance was 10 mm between the electrodes.
The specimen was compressed by the ultrasound transducer (US frequency of
7.5MHz) such that acquisition was successively obtained of the echo data frames
crossed with the paired electrodes during compression. In Fig. 12a,b, B-mode images
are shown of the ROI (16.2mm X 16.4mm, depth from 4.8 mm) before and after
heating under precompression, respectively. The reference line was set at the upper
borderline of the ROI.

Results

Artifacts of Low Dimensional Reconstruction

Figure la,b, respectively, shows the axial x-profiles and lateral y-profiles passing
through the center of the spherical inhomogeneous region, and Fig. 1c shows
maximum and minimum values obtained at each x-y plane with elevational position
z2=10.0 to 40.0mm. Figure 1d-g, respectively, shows the 3-D reconstruction, 2-D
reconstructions (2-D stress and 2-D strain assumptions), and 1-D reconstruction with
elevational position z = 25.0 mm.

For the 3-D reconstruction and 2-D reconstruction, which assumes a 2-D stress dis-
tribution, the shear modulus of the stiff region is quantitatively estimated. The quan-
titativeness is successively degraded based on the assumption of 2-D strain and 1-D
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F1G. 12. In vitro calf liver (ROI size of 16.2 mm X 16.4 mm, depth from 4.8 mm). B-mode images
(left), shear modulus images (center), and viscoshear modulus images (right). a Before heating;
b after heating; ¢ cutting surface. The mean values of strain velocities were, respectively,
—1.60 x 107%/s and —3.35 X 107/s

stress. That is, the inhomogeneity is estimated to be successively smaller. It should be
realized that for the 2-D reconstruction (2-D stress assumption) the shear moduli of
both lateral sides of the stiff region are estimated to be lower than the original value
(Fig. 1b). Moreover, on the low dimensional reconstructions, an artifact formed by
stress concentration is present in front of and behind the stiff region. This artifact
successively appears due to the assumption of 1-D stress, 2-D strain, and 2-D stress
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(Figs. 1a, 2e-g); that is, the shear modulus there is estimated to be lower compared to
the original value. As previously stated, this artifact can be reduced by setting the
reference region to pass through the stress concentration region (results omitted).
Furthermore, Fig. 1b,c shows that a low dimensional reconstruction results in a mis-
leading diagnosis in that the size of the stiff lesion is larger than that of the original.
Specifically, in the lateral direction the artifact is apparent on the 1-D reconstruction,
while in elevational direction the artifact is apparent on the 1-D reconstruction and
both 2-D reconstructions.

When the inhomogeneous region is small, similar to that of the employed phan-
toms, the shear moduli values are small compared to the surrounding medium such
that artifacts are similarly found in low dimensional reconstructions (results omitted).
That is, (1) the quantitativeness is successively degraded based on the assumption of
2-D strain and 1-D stress, (2) for the 2-D reconstruction (2-D stress assumption) the
shear moduli of both lateral sides of the soft region are estimated to be higher than
the original value, (3) the small stress regions in front of and behind the soft region
are estimated to be stiffer, and (4) in the lateral direction of the 1-D reconstruction,
the size of the soft lesion is estimated to be larger, whereas in the elevation direction
of the 1-D reconstruction and in both 2-D reconstructions, the artifact is apparent.

Taken together, these results indicate that low dimensional reconstructions are
affected by 3-D inhomogeneity-dependent artifacts, which in turn decreases spatial
resolution.

Experiments on Human Breast and Liver In Vivo
Breast Scirrhous Carcinoma Case

Figure 2 shows the spatially anisotropic 2-D-regularized stable shear modulus recon-
struction images having a high spatial resolution of 0.8 mm X 3.2mm. The recon-
struction image on the upper right was obtained with the very large dynamic range
(DR) of 65.4dB by solving PDE having the inverse of shear modulus as unknown with
the lower bound provided by the shear modulus value. This image is in a log gray
scale, in which the bright region indicates that the region is relatively soft and vice
versa. The images on the middle left and middle right were obtained by solving PDE
having shear modulus as unknown with the upper bounds, respectively, provided by
strain value and shear modulus value. The image of lower is inversion of that of upper
right. These images are also in a log gray scale, in which the bright region indicates
that the region is relatively stiff and vice versa. The initial estimates were obtained by
calculating the ratio of measured strain. The lesion was estimated to have consider-
ably high shear modulus value, and the estimated highest value was 2.35 X 10’ N/m”.

Normal Liver Case

Figure 3b shows the stable shear modulus reconstruction image with a very large
dynamic range of 70.2dB (spatial resolution of 4.8 mm x 5.8 mm). As shown, several
blood vessels with diameters of the order of millimeters were estimated to be con-
siderably soft compared with the surrounding tissues.
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Liver Carcinoma Case

Figure 4a shows the stable shear modulus reconstruction image with the spatial res-
olution of 1.7 mm x 1.9 mm (DR of 18.7 dB). This image is in a log gray scale, in which
the bright region indicates that the region is relatively soft and vice versa. As shown,
this tumor was estimated to be considerably stiff compared with the surrounding
tissue, particularly the upper tissue.

Experiments on Calf Liver In Vitro

The reconstructed shear modulus images are in a log gray scale, in which the bright
region indicates that the region is relatively stiff and vice versa.

Specimen 1

In respective Fig. 6a,b, respectively, the shear modulus images are shown with the
inserted two paired needle electrodes before heating and with no electrodes after
heating following a 15-min wait (left: 2-D regularization with lateral smoothing as
well; right: 1-D regularization). The image DR is 62.8 dB, and the spatial resolution is
1.6mm X 1.6 mm. The photograph (Fig. 6¢) shows the cutting surface including the
ROI that the visibly detected coagulated elliptical region coincided with that of the
quantitatively detected coagulation region. We should note that although the 1-D-
regularized reconstruction shows instability laterally, we can read in the coagulated
region the specific variations of the shear modulus value. The instability of 1-D
regularization can be handled with the multidimensional process.

Specimen 2

Figure 7a (right) shows shear modulus images reconstructed at points (1)-(6), where
the image DR is 79.8 dB at a spatial resolution of 2.4 mm X 7.2 mm. The heated region
cannot be discerned in the B-mode images [points (1) to (6)], although one can
observe the generation of bubbles due to tissue boiling and the fading of the bubbles
during cooling down [24, 25]. In any case, however, the spatiotemporal change of
tissue elasticity is noticeable in the shear modulus images. To quantitatively evaluate
the change, Fig. 7b shows the measured points versus the mean shear modulus values
calculated from five local regions (8.3 mm X 10.0 mm) indicated in the B-mode image
of point (2). Note that the tissue is softened by heating [points (2) and (5)] and stiff-
ened from outside to inside by cooling down [points (3), (4), and (6)]. After the first
heating period, the mean shear modulus value of local region 1 [point (4)] increased
by about five times compared to that of point (1). Also of interest, after the second
heating period [point (6)], the mean values in local regions 1 and 3 did not reach the
mean values after the first heating [point (4)], being frangible. Figure 7c shows the
cutting surface including the ROIL The coagulated region detected in the shear
modulus image of point (4) coincides well with that of the white region detected along
the cutting surface, although it is difficult to see in the shear modulus image of the
final point (6). These results confirm that such monitoring can provide distinct merits
during thermal therapy.
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Specimen 3

Figure 8a, 8b, respectively, shows the shear modulus images obtained before heating
(first heating data no. 0; DR, 8.25dB) and after first heating followed by a 12-min wait
(no. 13; 24.2dB). The image DR is 29.2dB, and the spatial resolution is 1.6mm X
1.6 mm. Figure 8c,d, respectively, shows the first heating data (no. 0-no. 57 with inter-
val of about 1 min) versus the relative shear modulus values of the local regions 1-4
depicted in Fig. 8b, and the second heating data (no. 0-no. 59 with interval about
1 min) versus the local relative shear modulus values. The photograph (Fig. 8e) of the
cutting surface including the ROI shows that the region had acquired a high shear
modulus value that almost coincided with that of the visibly detected coagulation.
Shear modulus value of parenchyma (e.g., regions 3 and 4) similarly changed as that
of parenchyma as reported previously [16-23], namely, softened, stiffened, and
became frangible (extraheated). Visibly detected blood vessels and their neighbor-
hoods (e.g., region 1 with the 0.1-mm-diameter vessel, and region 2 with the slightly
larger diameter vessel) had originally low shear modulus values (Fig. 8a,c), and by
heating (Fig. 8c,d) they softened and stiffened with cooling down. Shear modulus
values of regions 1 and 2 of blood vessels retained lower values compared with those
of parenchyma. Particularly, region 2 remained soft compared with the parenchyma
before heating. As the shear modulus image also exhibits variations in the elevational
direction (artifact), more quantitative data will be obtained by 3-D reconstruction
with high spatial resolution [8, 9] (also see earlier).

Specimen 4

Figure 9a,b, respectively, shows the shear modulus reconstructions obtained before
and after heating followed by a 15-min wait (DRs of 34.0dB versus 24.7dB). The
reconstruction images are in a log gray scale, in which the bright region indicates that
the region is relatively soft and vice versa. The image DR is 36.3dB, and the spatial
resolution is 1.6 mm X 1.6 mm. The photograph (Fig. 9c) of the cutting surface includ-
ing the ROI shows that unexpectedly the lower elliptical tissues and both side blood
vessels of the inserted needles were coagulated. By digging among the coagulated
tissues, many blood vessels could be found with diameters of less than 1 mm (Fig. 9d).
During cooling down, at the early stage the shear modulus value of the side blood
vessels became higher. However, the shear modulus of the lower elliptical region
became not so high compared with the side blood vessels. These coagulations are
explicitly dependent on the running paths of blood vessels and remaining blood,
specifically, the electrical resistances and thermal conductivities. As also confirmed
on other specimens (e.g., Fig. 9¢), blood vessels and their neighborhoods become
coagulated in an early stage compared with parenchyma. The large region of sonic
changes also seems dependent on the running blood vessels. Blood vessels with a
diameter larger than several millimeters were significantly robust with respect to
exposed thermal energy (data omitted).

Specimen 5

The total effective electric energies were 3305 ] (1-min heating), 9635] (2-min heating
more), 19545] (3-min heating more), and 33375] (4-min heating more), and 50706 ]
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(5-min heating more). Figure 11a-d shows the time courses after the respective
heating of the measured temperature (depth, 25.0mm), and the mean relative shear
modulus values (Fig. 10b; depths from 21.8 to 24.9mm, from 24.9 to 28.1 mm, and
from 28.1 to 31.2mm). Figure 11e shows the total effective electric energy versus the
measured final mean relative shear modulus values.

The measured highest temperature values lowered with the total effective electric
energy value increase. Particularly, before tissues became extraheated (Fig. 11e), that
is, when the total effective energies were 3305, 9635, and 19 545], the shear modulus
had high values immediately after stopping heating, after which shear modulus
became lower as the temperature lowered (Fig. 11a-c). These phenomena for 3 or
4min (during temperature higher than 30°C) were not confirmed on specimens 1, 2,
and 3 where high-power currents of 100 W were applied. When the total energies were
3305] and 9635 ], and subsequently the temperature became lower, the shear modulus
drastically heightened to slightly higher values (i.e., almost reversibly changed),
whereas when the energy was 19545], the shear modulus heightened to about a four-
fold higher value (i.e., obviously coagulated). However, due to tissues being extra-
heated (Fig. 11e), that is, when the energy was 50706] (Fig. 11d), the shear modulus
of the coagulated central local region consistently reached lower values after heating,
although at the upper and lower regions, the interesting changes were still observed.

Specimen 6

Figure 12a,b, respectively, shows shear modulus image (center) and viscoshear
modulus image (right) before and after heating, from which the viscoshear modulus
image would provide us distinct mechanical properties from shear modulus
image. The mean values of strain velocities were, respectively, —1.60 x 107/s and
—3.35 X 107%/s.

Monitoring of Effectiveness of Microwave Thermal Treatment
on Human Liver Carcinoma In Vivo

Figure 4b,d, respectively, shows the stable shear modulus reconstruction images,
during the treatment (for 4 min) under ventrotomy (two images) and after the treat-
ment (closed up). These images are in a log gray scale, in which the bright region indi-
cates that the region is relatively soft and vice versa. The spatial resolutions of these
images are, respectively, 0.8 mm X 1.4 mm and 1.7 mm X 1.9 mm. As shown, during the
treatment this tumor and the margin of several millimeters, respectively, became con-
siderably soft and considerably stiff, although before the treatment the tumor was esti-
mated to be considerably stiff compared with the surrounding tissue. We should note
that in the tumor there exist estimated many considerably soft regions. These cannot
be detected from the B-mode image. Furthermore, it is difficult to detect the elastic-
ity of the tumor and the surrounding from strain images (Fig. 4c). The dynamic
ranges of the reconstructions became very large compared with that before the treat-
ment, that is, the dynamic range of 38.7dB (left) and 34.7dB (right) versus 18.7 dB.
Furthermore, we could confirm that after the treatment the tumor and the margin of
several millimeters, respectively, was rather soft and considerably stiff compared with
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those before the treatment, that is, the dynamic range of 27.8 dB versus 18.7 dB. Thus,
our reconstruction/imaging technique was useful to differentiate the malignancy and
monitor the effectiveness of the thermal treatment.

Discussions and Conclusions

Time for our shear modulus and viscoshear modulus reconstruction/imaging being
dependent on the ROI size, utilization of our technique and the conventional work
station (Compaq XP1000, Alpha 500 MHz) could visualize in quasi-real time the tissue
low frequency mechanical property distributions (in fact, less than 1s from measured
strain data). On the calf in vitro liver, viscoshear modulus reconstruction/image
exhibited distinct mechanical properties from shear modulus reconstruction/image.
Moreover, on the human in vivo liver and breast malignancies, the absolute shear
modulus distributions could be stably reconstructed/imaged. In the near future, the
limitations for differentiating malignancies of our technique will be reported.

Furthermore, on the calf livers in vitro, the spatiotemporal change of shear modulus
was monitored due to the rf electromagnetic wave heating (high spatial resolutions),
cooling down, and the extraheating, particularly, including blood vessels with diam-
eters of approximately 0.1 and 1 mm. On human liver carcinoma in vivo, microwave
treatment was also monitored. Although our relative reconstruction/imaging was also
useful to monitor the effectiveness of thermal treatment, we could confirm that our
absolute reconstruction/imaging utilizing reference material must be performed to
enhance the efficiency, safety, and reliability of thermal treatments. Low-invasively
obtained various insights about tissue thermal and elastic properties will significantly
contribute to heightening the effectiveness of various thermal therapies such as HIFU
[24, 25] and laser as well. When performing this kind of thermal therapy, the energy
exposure time should be shortened as much as possible by increasing the exposure
power. Some cooling device should also be utilized to confirm the treatment effec-
tiveness in a short time. Moreover, the tissue inhomogeneity of electric, thermal, and
elastic properties was also confirmed. Thus, together with such a high spatial resolu-
tion thermal treatment technique, the temperature monitoring technique [26], and
total effective energy monitoring technique, utilization of our reconstruction/imaging
technique will allow thermal therapy to be widely used by enhancing the efficiency,
safety, and reliability of the thermal treatment. That is, monitored temperature, effec-
tive energy, and reconstructed shear modulus data will be efficiently utilized as the
measure for controlling the intention, the foci, the exposure interval, etc. Our moni-
toring technique can also be applied to various treatments including cryotherapy and
chemical therapy (e.g., anticancer drug, ethanol). The limitations for monitoring and
differentiation of posttreatment lesions of our technique will be reported.

Our absolute reconstruction/imaging technique is available although our 3-D
reconstruction will be more useful. In the near future, suitable combination of simple
and low-invasive therapy techniques with our imaging technique will open up a new
clinical style allowing diagnosis and the subsequently immediate treatment. This
approach should substantially reduce total medical expenses. Our combination will
also be utilized for screenings.
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Mass Detection Using a Texture
Feature Coding Method

PING-SUNG L1ao!, SHU-MEI Guo?, YU-CHINA L1a0?% SHENG-CHIH YANG’,
CHING-WEN YanG*, Hs1ANG-MING CHEN’, PAU-CHOO CHUNG?,
SaN KaN LEe*S, and CHEIN-I CHANG’

Summary. Detection of masses is much more difficult than that of microcalcifications
(MCCs) because breast masses are part of tissues that may not be detected effectively
by the techniques developed for detection of MCCs. In this chapter, we present
a texture feature coding method (TFCM) to extract features that could characterize
special properties of masses. It extracts gradient variations of gray level co-
occurrence matrix as texture features. As a result, the TEFCM is more sensitive to
changes in texture. Three neural network architectures, backpropagation neural
network, probabilistic neural network, and radial basis function neural network are
used for mass detection with inputs provided by TFCM-extracted features. The exper-
imental results show that our TFCM-based neural network approaches can achieve a
detection rate of approximately 87% with a 10% false alarm rate.

Key words. Gray level co-occurrence matrix, Mass detection, Texture feature coding
method (TFCM), Texture spectrum (TS)

Introduction

The mortality and incidence of breast cancer for women in Taiwan is currently
increasing. Hence, to prevent the worst cases of breast cancer happening in women is
an important discipline for the Ministry of health and hospitals. Mammography is a
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useful screening tool recommended for early detection of suspicious regions of breast
cancer by the American Cancer Society. The major symptom of breast cancer is either
microcalcifications or masses as shown on mammograms. However, mass detection
is much more difficult than that of microcalcifications because masses are part of
breast tissues and the appearance of breast parenchyma is more complicated than that
of MCCs. In particular, the intensity and contrast of masses are not easily character-
ized by a robust model. Because the spatial gray level dependence method (SGLDM)
has been widely used in mass detection and classification [1-3], in this chapter, we
propose a new SGLDM-based approach, referred to as the texture feature coding
method (TFCM) [4, 5], to detect the existence of masses. TFCM extracts derivative
features, referred to texture feature numbers (TFNs) from a spatial gray level co-
occurrence matrix, and these TFNs could describe successive gradient changes in gray
level among three consecutive pixels using the concepts of 4-neighbor connectivity
and 8-neighbor connectivity. Therefore, the TFCM could be considered as a second-
order SGLDM, and its feature vector associated to a suspicious region in a mammo-
gram is chosen as the input in three neural network architectures for mass detection.

Texture Feature Coding Method

Let an image be of size M x N with I(], k) being the gray level of the pixel at the spatial
location (I, k). The gray level co-occurrence matrix N, (i, j) denotes the number of
transitions between two pixels whose gray levels are i and j with d-pixel apart and
angular rotation 6. Normalizing N, (i, j) yields the probability of gray level transi-
tions between i and j:

Nao(i )
Y Naolinj)

Using Eq. 1, the co-occurrence matrix specified by displacement d and angular ori-
entation 0 is defined by W, o= [p(i,j | d, 0)].

For a 3 x 3 window mask over a pixel, there are eight orientations, 0°, 45°, 90°, 135°,
180°, 225°, 270°, and 315° as shown in Fig. la. According to the definition given in
earlier reports [4, 5], the 4-neighbor connectivity of the pixel is described in Fig. 1b
by four pixels labeled by 1, 3, 5, 7, and the other four pixels in the 8-neighbor con-
nectivity labeled by 2, 4, 6, 8, as shown in Fig. 1c.

The idea of the TFCM is to consider three consecutive pixels along with certain spe-
cific directions and calculate gradient changes in gray levels of two successive adja-
cent pixels among these three pixels. Two directions are of interest, three pixels aligned
in a perpendicular or diagonal direction. In the former case, the three pixels are first-
order neighboring pixels connected by two perpendicular lines specified by 0°-180°
and 90°-270° as shown in Fig. 1b, whereas in the latter case, the three pixels are second-
order neighboring pixels connected by two diagonal lines specified by 45°-225° and
135°-315° in Fig. 1c. If we denote three consecutive pixels by their spatial coordinates
at a, b, c and associated gray levels by I(a), I(b), and I(c) respectively, the difference
between the gray intensity in the center I(b) and that of its neighborhood I(b) and
I(c) may indicate the degree of roughness along a specified line. Let A be a desired

p(i,jld,9)= (1)
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gray level tolerance. Thus four types of successive gradient changes in gray level along
the corresponding direction are defined below:

(Type 1)| I(@)— I(b) | <A,| I(b)—1(c) | <A

(Type 2)| I(@)—I(B) | £A,| I(B)—1(c)|> A or |I(@)—Ib)|>A,|I()-I()|<A
(Type 3)I(a)—I(b)> A, I(b)—1(c)>A or I(b)-I(a)>A,I(c)-I1(b)>A
(Type 4)I(a)—I(b)> A, I(c)—I(b)> A or I(b)—I(a)>A,Ib)-1(c)>A

According to degrees of successive gradient changes in gray level among three
consecutive pixels, type 1 corresponds to zero-order variation because there are no
gradient changes in gray level of two successive adjacent pixels, type 2 represents first-
order variation because there is one gradient change in gray level that occurs in only
one pair of two adjacent pixels, and type 3 and type 4 describe second-order varia-
tion because there are drastic gradient changes in gray level among three pixels.

Let o1 (0°-180° line), 81 (90°-270° line), 02 (45°-225° line), and 32 (135°-315° line)
denote line types on which the three consecutive pixels are aligned respectively. As a
result, each parameter of al, o2, BI, and 32 takes values from {1, 2, 3, 4} where a
number i represents type (i) of successive gradient variation. For each pixel of an
image, its TEN is derived by Eq. 2 as below:

TEN(x, y) = 0u(x, y) X B(x, ) 2
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where a(x, y) equals to a(x, y) times 02(x, y), and B(x, y) equals to BI(x, y) times
B2(x, y). Obviously, there are 256 possible combined types of successive gradient vari-
ations. However, by reindexing after removing the illegal cases, the number of all rea-
sonable cases is 41 [4, 5]. Furthermore, based on the histogram of texture feature
number, we define several one-dimensional (1D) TFN descriptors such as coarseness,
homogeneity, mean convergence, and variance as 1D features for mass detection [6].

Similar to the co-occurrence matrix in SGLDM, the TEN co-occurrence matrix is
defined in Eq. 3:

N
D 8w, ,, (LK) 3)

1 k=1

Wrpy .

A ,d.0

(,j)=

M
I=
where 0 < i <40, 0 <j <40, and optimal tolerance A* is set to 3 in our experiment.

1 if TFN ; (I,k)=i,TFN ; (I+dcosB,k+dsinB) = j
0 otherwise

Sy ., (z,k>={ @
Normalizing the Eq. 3 of the TFN co-occurrence matrix yields the probability func-
tion of TEN co-occurrence matrix:

. Wren, (05 )
PTFNA*,dYG(I’]): 04l e (5)

> Wy, 6o
i=0 j=0

Next, like 1D TEN descriptors, we also define three two-dimensional (2D) TEN
descriptors such as entropy, similarity, and regularity as 2D features for mass detec-
tion [6]. As a result, these 1D texture descriptors and 2D texture descriptors are packed
together as a feature vector that could describe the gray variations in a suspicious
region in a mammogram. Certainly, this feature vector will be fed into the input nodes
of neural networks being briefly introduced in the next section.

Three neural network architectures, probabilistic neural network (PNN), radial
basis function neural network (RBFNN), and backpropagation neural network
(BPNN) are proposed in this section for mass detection. The basic concept of PNN
roots in statistical Bayesian classifier using Gaussian distributions. It is a network with
no need of training [7]. The BPNN is a three-layer neural network with its perform-
ance completely determined by training samples with backpropagation as the train-
ing algorithm [8]. The RBFNN is also a three-layer neural network and implements a
hidden layer with the hidden nodes being the training samples using Gaussian kernels
as activation functions [8].

Experiments and Discussion

In our experiments, the MIAS MiniMammographic Database [9] provided by
the Mammographic Image Analysis Society (MIAS) is used. There are 207 normal
mammograms compared to 115 mammograms that contain abnormal tissues. Three
classes are considered in accordance with breast parenchyma—dense-glandular, fatty,
and fatty-glandular. Among 207 normal mammograms there are 76 dense-glandular,
66 fatty, and 65 fatty-glandular. For each mammogram of dense-glandular, fatty, and
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fatty-glandular, we randomly pick up three regions with size 65 X 65 pixels as the
normal tissues for training and classification. As to 115 abnormal mammograms,
there are 23 dense-glandular, 35 fatty, and 29 fatty-glandular.

To evaluate the effectiveness of mass detection, we consider the following three
parameters as performance measures:

1. Detection rate: DR = TPN/N,,
2. False alarm rate: FAR = FPN/N,,
3. Correct classification rate: CR = (TPN + TNN)/(N,, + N,,)

where TPN is the number of masses detected among total tumor tissues, FNN is the
number of failures to detect mass among total tumor tissues, TNN is the number of
normal cases detected as normal tissues, FTN is the number of failures to detect
masses among total normal tissue, N, is the number of abnormal cases with masses,
and N, is the number of normal tissue cases.

When all 1D texture descriptors and 2D texture descriptors are computed, they are
first normalized into [0-1] to prevent from overflow during computation in classifi-
cation. As for abnormal breast tissues, we randomly chose 12 dense-glandular, 18 fatty,
and 15 fatty-glandular as the training samples with the rest used as text images. Sim-
ilarly, to the normal tissues were randomly and evenly divided into two groups, one
for training samples and another for test samples.

Because there are too few real cases to validate our proposed texture feature coding
method in conjunction with three neural network platforms, our experiments were
conducted as 100 iterations by randomly selecting the training samples and testing
samples. The results are finally given by the means under 100 experiments. Table 1
tabulates the experimental results of detecting masses by using three different neural
networks where TPN is true positive number, FNN is false negative number, TNN is
true negative number, FPN is false positive number, DR is detection rate, FAR is false
alarm rate, and CR is correct classification rate.

TABLE 1. Performance comparison under different neural networks

Backpropagation neural network (BPNN):

Breast tissue TPN FNN TNN FPN DR% FAR% CR%
Dense-glandular 9.17 1.83 187.68 28.32 83.36 13.11 86.72
Fatty 15.52 1.48 168.83 11.17 91.29 6.21 93.58
Fatty-glandular 11.88 2.12 161.31 18.69 84.86 10.38 89.27
Radial basis function neural network (RBFNN):

Breast tissue TPN FNN TNN FPN DR% FAR% CR%
Dense-glandular 6.97 4.03 153.44 62.56 63.36 28.96 70.67
Fatty 11.78 5.22 142.32 37.68 69.29 20.93 78.22
Fatty-glandular 8.6 5.4 128.74 51.26 61.43 28.48 70.79
Probabilistic neural network (PNN):

Breast tissue TPN FNN TNN FPN DR% FAR% CR%
Dense-glandular 9.31 1.69 189.71 26.29 84.64 12.17 87.67
Fatty 15.51 1.49 170.92 9.08 91.24 5.04 94.63

Fatty-glandular 12.18 1.82 159.3 20.7 87 11.5 88.39
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From Table 1, the detection abilities of BPNN and PNN outperformed the RBENN.
Based on the obtained statistical means, BPNN could an achieve an approximate 86%
detection rate with a false alarm rate 10% whereas the PNN could reach an approxi-
mate 87% detection rate with 10% false alarm rate.

Conclusion

In this chapter, TFCM is proposed to extract the gradient variations along two spe-
cific directions. The experimental results show that our TFCM-based neural network
approaches can achieve an approximate 87% detection rate with a 10% false alarm
rate. It implies that the texture feature from TFCM could effectively discriminate
between abnormal and normal tissues in a mammogram.
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Breast Tissue Assessments Based on
High Order Mechanical Properties

NaoTAKA N1TTA! and TsuyosHI SHIINA?

Summary. Ultrasonic tissue elasticity imaging, which can visualize diseased tissues
based on their stiffness, is a useful technique for breast cancer detection. In general,
soft tissues including the breast have nonlinear elasticity and viscoelasticity referred
to as high order mechanical properties. These properties make the conventional elas-
ticity evaluations based on strain and Young’s modulus images difficult because these
images vary depending on various conditions, in which high order mechanical prop-
erties cannot be neglected. For mechanical assessment independent of such condi-
tions, high order mechanical properties must be assessed. Moreover, these properties
also change in diseased tissues. Therefore, in this chapter, a method to assess high
order mechanical properties is proposed with the aim of improvement of diagnostic
ability. In actual breast assessment, cyclic loading and unloading were applied to the
body surface by freehand manipulation of an ultrasonic probe; then, the nonlinear
elasticity and viscoelastic hysteresis parameters were estimated and visualized based
on the surface pressure measured with the pressure sensor, and the local strain dis-
tribution was estimated by the combined autocorrelation method. Nonlinear elastic-
ity and hysteresis parameters, which can be estimated by the proposed method, clearly
discriminated the breast tumor from the surrounding normal tissue.

Key words. Strain, Nonlinear elasticity, Hysteresis, High order, Breast tissue
assessment

Introduction

Ultrasonic tissue elasticity imaging, which can visualize the diseased tissues based on
their stiffness, is a useful technique for breast cancer detection because the cancer is
generally harder than normal tissue. Conventional elasticity imaging is mainly based
on the primary elastic properties such as strain and Young’s modulus under small
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deformation, in which linear elasticity assumption is valid. In general, soft tissues
including the breast have nonlinear elasticity and viscoelasticity [1], which are
referred to as high order mechanical properties in this chapter. High order mechan-
ical properties make the conventional elasticity evaluations difficult because these
image patterns vary depending on the magnitude and speed of compression, in which
high order mechanical properties cannot be neglected. For mechanical assessment
independently of these conditions, high order mechanical properties must be
assessed. Moreover, these properties also change in diseased tissues. Therefore, the
assessments of high order mechanical properties are prospective for improvement of
diagnostic ability.

In this chapter, high order mechanical parameters to characterize the nonlinear
elasticity and the hysteresis in viscoelastic property are introduced, and a method to
estimate these parameters is proposed. The potential of this method was investigated
through in vivo measurement of breast tissue.

A Method to Estimate High Order
Mechanical Prameters

Figure 1 shows a typical uniaxial stress-strain relationship of soft tissue in the loading
and unloading processes within a certain time period. Each curve is nonlinear, and
both processes produce a hysteresis loop due to viscoelasticity. In the biomechanics
field, it is well known that the stress—strain relationship of soft tissue exhibits an expo-
nential character. From this empirical information, the stress-strain curve in the
loading process is approximated by including an exponential function as follows [2]:

o =(A/B}{exp(B-¢€)-1} (1)

where o and € are the axial stress and strain, and A is the Young’s modulus when the
small deformation is applied; B is the nonlinear elasticity parameter defined in this
chapter and can express the intensity of nonlinearity. By fitting the measured values
of stress and strain to Eq. 1, B can be extracted.

On the other hand, the hysteresis parameter to characterize the hysteresis property
in viscoelasticity can be defined based on the area of hysteresis loop H as shown in
Fig. 1. Because the area of hysteresis loop depends on the turning strain &, between
the loading and unloading, this index should be normalized by the strain energy func-
tion §; in the loading process as follows [3]:

R=H/S, (2)

where R is the hysteresis parameter defined here and takes values from zero to 100%.
Therefore, R can evaluate the hysteretic property quantitatively.

Not only Young’s modulus, but also high order mechanical parameters B and R vary
depending on tissue component and degeneration. Moreover, B is constant inde-
pendently of the compression magnitude if the exponential formulation is valid, and
R is also close to constant independently of the compression speed because the hys-
teretic property is almost constant to the varying deformation rate [1]. Therefore, high
order mechanical parameters have potential to provide useful diagnostic information
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F1G. 2. A method to estimate the distribution of high order mechanical parameters

for improvement of diagnostic ability independently of the magnitude and speed of
compression.

Figure 2 shows a method to estimate the distributions of high order mechanical
parameters. To achieve this, local stress—strain curves are required. First, in parallel
with cyclic loading and unloading applied to the body surface at constant speed, mul-
tiple rf frames are acquired with the ultrasonic scanner. Between the adjacent frames,
incremental strain Ag, (k=1,2,..., N, N+ 1,...,2N) distributions are estimated
by differentiating the axial component of a two-dimensional displacement vector
obtained based on the combined autocorrelation method [4]. Strains &, which corre-
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spond to the horizontal axis in the local stress-strain curves, are calculated by accu-
mulating the traced incremental strain based on the two-dimensional displacement
vector. At the same time as multiple rf frame acquisitions, time-series surface pres-
sures p; are acquired with the pressure sensor for obtaining the stresses, which cor-
respond to the vertical axis in the local stress-strain curves. However, stress
estimation is one of the most difficult problems in the elasticity imaging. In this
chapter, instead of the internal stress estimation, the measured value of surface pres-
sure is used for obtaining the pseudo stress—strain curves as a trial. Once the pseudo
stress—strain curves are obtained, the nonlinear elasticity and the hysteresis parame-
ters can be locally estimated by the aforementioned procedures. The usefulness of this
method has been investigated by preliminary experiments for the porcine femur and
kidney [2, 3].

In Vivo Experiment of Breast Tissue

An in vivo experiment of breast tissue that had suffered from fibroadenoma was per-
formed. Cyclic loading and unloading forces to the body surface were applied by free-
hand manipulation of an ultrasonic linear array probe (Hitachi; 7.5 MHz) for about
2s. A small acrylic compressor was fixed to the probe, and a pressure sensor was
embedded in the compressor near the probe for surface pressure measurement.

Figure 3a,b shows the B-mode and the conventional strain images of the fibroade-
noma obtained at the initial stage in the loading process. Although the fibroadenoma
is unclear in the B-mode image, the strain image displays the fibroadenoma as a low
strain area. On the other hand, Fig. 3c,d shows the nonlinear elasticity and the
hysteresis parameter images. The nonlinear elasticity parameter image provides a
high-contrast image and clearly displays the fibroadenoma as a high nonlinearity area.
The hysteresis parameter image can also visualize the fibroadenoma as a low hys-
teresis area. Although the high order mechanical parameter images substantially seem
to reflect the morphological structure of the breast as shown in the B-mode image,
they depict different patterns from the conventional B-mode and strain images.
Therefore, high order mechanical parameters might also provide useful information
for breast tissue diagnosis independently of the conventional images such as B-mode
and strain.

Conclusions

With the aim of improvement of diagnostic ability and mechanical assessment inde-
pendently of the magnitude and speed of compression, a method to estimate the high
order mechanical parameters was proposed in this chapter. As understood in the
experimental results, high order mechanical parameters might provide useful infor-
mation that differs from the conventional images such as B-mode and strain. These
parameters can be chosen according to any case in the clinical diagnosis. To clarify
the meaning of high order mechanical parameters, the relationship between these
parameters and the pathology should be investigated in the future.

Moreover, in this work, because the internal stress distribution is not obtained, the
estimated high order mechanical parameters are not quantitative. For quantitative
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F1G. 3. In vivo experimental results with breast tissue that suffered a fibroadenoma. a B-mode
image at initial stage in the loading process. b Strain image at initial stage in the loading process.
¢ Nonlinear elasticity parameter image. d Hysteresis parameter image. Open circle with dotted
line on each image indicates the region of fibroadenoma

estimations, the internal stress distributions should be estimated, or the influence of
them should be eliminated. In future research, we intend to resolve these problems.
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Forms of Tumors

TAKANORI WATANABE, E1 UENO, Tok1KO ENDO, MITSUHIRO KUBOTA,
YuTtakA KoNisHI, HIROSHI SAKUMA, KAZUHIRO SHIMAMOTO,
Hiroko TsuNoDA-SHIMIZU, HIDEYUKI HASHIMOTO,

NORIKAZU MASUDA, MITSUHIRO MIZUTANI, ISAMU MORISHIMA,
and HIDEMITSU YASUDA

Definition

The classifications refer to the impression of shape given from the whole image of a
tumor. Tumors are assessed for classification by their cross sections.

a. Round / oval O D
b. Polygonal Q Q
. Lobulated @ &
d. Trregular =F L

F1G. 1. Classification

Explanation

Tumor forms are used to describe tumor shapes casually. When doing so, tumor mar-
ginal properties may be ignored. When it comes to each type of item, they can be
defined by presence of “constriction” and “angularity.” Let the terms constriction and

The Japan Association of Breast and Thyroid Sonology, Japan
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TaBLE 1. Definitions of shape

Shape Constriction Angularity
Round / oval - -
Polygonal - +
Lobulated + -
Irregular + +

angularity (Table 1) be used when a tumor has remarkable discontinuous changes in
its shape: the former means convex or indented characteristics, the latter indicates
concave or projecting characteristics. Even if the impression of shape given from the
whole tumor only depends on the observer’s subjectivity, judging must be more objec-
tive referring to a criterion. Even malignancy can sometimes show a round or oval
shape while benignity can sometimes appear irregular.

Criteria by Ultrasonography

Oval ~ Polygonal

Notes:

1. With intracystic lesions, the forms of intracystic lesion are mentioned as well as
cyst.

2. Judgment should include no forms of intramammary-ductal lesion extending
outside the tumor.



Usefulness of Depth to Width Ratio in
Differentiation of Regular Invasive
Ductal Carcinoma from Fibroadenoma

Hiroko TsuNoDA-SHIMIZU, YASUYUKI KATo, E1 UENO, TokIKO ENDO,
MiITSUNORI SHIROUZU, RYouj1 WATANABE, HIDEYUKI HASHIMOTO,
YOosHINARI OGAwA, TsuToMU TAKASHIMA, YASUHISA FujiMmoTo,
HipEAKI SHIRAI, MANABU NAGAE, NORIKO UNUMA,

NORIKAZU MASUDA, NORIKAZU OBANE, ISAMU MORISHIMA,

Yuka Kujiraoka, Kivoka OMoTO, and NOBUYUKI TANIGUCHI

Summary. Depth to width ratio (D/W) is the only quantitive item in seven criteria
used to evaluate breast masses by the Japanese Ultrasound Society. Recent technical
improvement of ultrasound is remarkable, but the usefulness of the D/W has not fully
been evaluated. We reviewed prospectively the D/W estimation of breast masses by
using dedicated ultrasound units in ten hospitals that belong to the Japanese Breast
and Thyroid Sonology and the Japanese Ultrasound Society. The materials included
163 regular invasive ductal carcinomas (CA) and 219 fibroadenomas (FA) that were
selected from consecutive cases and which were smaller than 30 mm in diameter. The
mean size of CA was 17mm and that of FA was 14.5mm. The D/W of CA was 0.76,
significantly larger than that of FA, 0.57. The larger the size of the tumor, the smaller
became the D/W in both CA and FA. The D/W of these two kinds of tumors was
significantly different in cases with tumors larger than 5mm in diameter. We also
reviewed the D/W of three groups divided by the posterior echoes; that is, attenuat-
ing masses, no change, and accentuating. The D/W of the attenuating mass was larger
than that of the other two groups. We reconfirmed that the D/W was useful in differ-
entiating CA from FA.

Key words. Breast ultrasound, Breast cancer, Fibroadenoma, Depth to width ratio

Introduction

Our title is usefulness of depth to width ratio in the differentiation of regular inva-
sive ductal carcinoma (CA) from fibroadenoma (FA). The depth to width ratio (D/W)
was first established by the Japanese Ultrasound Society in 1989 as a useful diagnos-
tic tool in differentiating malignant from benign tumors [1, 2]. Technical improve-
ment of ultrasound during the post decade is remarkable, but the usefulness of the
D/W has not been fully evaluated.

The Committee of the Breast Ultrasound Criteria, Japanese Association of Breast and Thyroid
Ultrasound Sonology, Department of Radiology, St. Luke’s Hospital, 9-1 Akashi-cho, Chuo-ku,
Tokyo 104-8560, Japan

57



58 H. Tsunoda-Shimizu et al.

The definition of the D/W is a division of depth by transverse diameter of the mass.
The transverse diameter is the maximum diameter of the mass on ultrasound and is
measured in the direction running parallel to the skin. The depth diameter is the ver-
tical length of the mass perpendicular to the transverse diameter. The measurement
is performed using only the low-echoic area without the echogenic boundary echoes
or halo. The purpose of this study is to evaluate the usefulness of the D/W in differ-
entiation of regular invasive ductal carcinomas from fibroadenomas using dedicated
units. This investigation was performed with the collaboration of ten institutes that
belong to the Japanese Breast and Thyroid Sonology and Japanese Ultrasound Society.

Methods and Materials

A questionnaire was sent by e-mail to these 10 institutes. The questionnaire included
patient’s age, depth and transverse diameter of the mass, final diagnosis, ultrasound
units, and so on. The physicians and sonographers filled in the items of this ques-
tionnaire from their results of the ultrasound examinations. The participating insti-
tutes for this study are shown in Table 1.

The materials included breast masses examined during the period between January
1998 and June 1998. Masses of a size equal to or smaller than 30 mm in maximum
diameter were selected. Twenty consecutive malignant lesions were selected per each
institution. All benign lesions were selected during the period when these 20 malig-
nant lesions were collected. The tumors that did not change in size and nature for 3
years were included as benign lesions without histological confirmation. Total number
of the materials was 223 malignant cases, including 163 regular ductal carcinomas,
and 313 benign cases including 219 fibroadenomas.

The ultrasound equipment used is listed in Table 2. The frequency of the trans-
ducers was from 6 to 13 MHz. Multifrequency transducers were used in some insti-
tutes. The scan methods were mechanical sector, electric linear, and annular array
scan.

TABLE 1. Participating institutes

Institution

Investigator

Breastopia Namba Hospital
Chiba University

Osaka City Hospital

Osaka City Medical Center
Sapporo Kotoni Breast Clinic
St. Marianna Medical School
Sakai City Hospital
Sumitomo Hospital

Tsukuba University

Jichi Medical School

K. Shirouzu, R. Watanabe

H. Hashimoto

Y. Katoh, Y. Ogawa, T. Takashima
Y. Fujimoto

H. Shirai

M. Nagae, N. Unuma

N. Masuda

N. Obane

H. Tsunoda-Shimizu, I. Morishima
Y. Kujiraoka, E. Ueno

K. Omoto, N. Taniguchi
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TaBLE 2. Ultrasound equipment

Manufacturer Model Frequency Scan type
Aloka SSD 650 CL 10 MHz Electric linear
1700 7.5 MHz Mechanical sector
2000 10 MHz Electric linear
GE Logiqe 500 6-13 MHz Electric linear
8.3-13 MHz Electric linear
700 MR 7.5 MHz Electric linear
Toshiba SSA 250 A 7.5 MHz Anular array
340 A 6,8 MHz Anular array
Siemens 7.5 MHz Electric linear
D/W < benign
1.0 * (n=313)
~-malignant
0. 0.8 e (n=223)
08|
0.7 0.59
0.6| 0.67 (n=23)
(n=8) 0.65 (.59
0.5 @90 @l 053 053  0.52
0.4 (n=68)  (n=29) (n=18)
0.3
0.2 *:1p<0.05
0.1 **:p<0.001
0.0
<5.0 5.1 10.1- 15.1- 20.1- 25.1- size
-10.0 15.0 20.0 25.0 30.0

mm

F1G. 1. Depth to width ratio (D/W) ratio by tumor size

Results

The D/W by tumor size is shown in Fig. 1. The transverse axis is tumor size divided
by 5mm and the vertical axis is the D/W. As shown here, the smaller the tumor size,
the larger the D/W in both malignant and benign cases. In any tumor size, D/W of
the malignant tumors was larger than that of benign tumors. This difference was sta-
tistically significant in cases with tumor size smaller than 25mm but not for cases
with tumors larger than 25 mm.

The D/W of fibroadenomas and regular type of invasive ductal carcinomas is shown
in Fig. 2. The D/W of FA was 0.57, and the D/W of CA was larger than 0.7 in the any
type of regular invasive ductal carcinomas. Scirrhous carcinoma showed the largest
D/W, 0.79; in solid-tubular carcinoma, the D/W was 0.75; and in papillotubular carci-
noma, it was 0.71. The D/W of FA and invasive ductal carcinoma that were evaluated
by tumor size are shown in Fig. 3. The D/W of fibroadenoma was smaller than that
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#p<0.001

FA papitubj solid-tub.  scirrhous

F16. 2. D/W of fibroadenomas and invasive ductal carcinomas. FA, fibroadenoma; papitub.,
papillotubular; solid-tub., solid-tubular

F1G. 3. D/W of fibroadenomas (FA) and invasive ductal carcinomas. fa, fibroadenoma; pap,
papillotubular; sol, solid-tubular; sci, scirrhous
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Fi1G. 4. Threshold of D/W

of any type of carcinomas except for those smaller than 5mm in size in papillotubu-
lar carcinomas. The D/W of scirrhous carcinoma was significantly larger in tumors
larger than 15 mm.

Discussion

We studied the most useful threshold in D/W to differentiate malignancy from benign
lesions. The sensitivity, specificity, and accuracy in each value of the D/W are shown
in Fig. 4. The larger the D/W is, the higher is the specificity but the lower is the sen-
sitivity. Sensitivity and specificity cross between 0.6 and 0.7 in the D/W. The highest
accuracy, 68.5%, was noted when the D/W was 0.7.

In conclusion, the D/W of malignant tumors was larger than that of benign tumors.
This difference was statistically significant in cases with tumors smaller than 25 mm.
The D/W of fibroadenoma was smaller than that of any type of invasive ductal carci-
nomas of any size, except for papillotubular carcinomas smaller than 5mm. The
threshold of the D/W in malignant and benign tumors was approximately 0.7.
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Margin, Border, and Boundary Zone of
Breast Tumor Ultrasonography

HipEMITSU YASUDA, E1 UENO, Tokiko ENDO, MITSUHIRO KUBOTA,
YutakA KoNisHI, HIROSHI SAKUMA, KAZUHIRO SHIMAMOTO,
HIiROKO TSUNODA-SHIMIZU, ISAMU MORISHIMA, and

TAKANORI WATANABE

Key words. Margin, Border, Boundary zone, Periphery, Halo

Introduction

In November 1999, the first meeting of the Subcommittee of Diagnostic Criteria for
Breast Diseases under the Japan Association of Breast and Thyroid Sonology was held.
The diagnostic criteria and the lexicon used for breast diseases were discussed. About
40 conferences were held over 5 years. More than 200 cases of breast disease were dis-
cussed, and experiments were done to define the consistency of diagnostic criteria.

Methods

Two hundred photographs of breast diseases were gathered from ten institutions, and
20 standard cases were selected. The precise features of the breast lesion were recorded
on a diagnosis sheet. The items for diagnostic criteria were the shape and boundary,
the existence of boundary high echo, and the intensity and homogeneity of the inter-
nal echo. The results were estimated, and appropriate technical terms were chosen.

Results

In the subcommittee of the Japan Association of Breast and Thyroid Sonology, margin
is defined as the peripheral part of the tumor adjacent to the border (Fig. 1).

The border is a plane located between the tumor and the tissue around the tumor.
Many other expressions are possible, such as boundary, borderline, margin, and limit
line [1-3]. The periphery is the area surrounding the tumor.

The boundary zone means the area including margin, border, and periphery [4].
The border may not always be able to be defined clearly. Sometimes it may be diffi-

Subcommittee of Diagnostic Criteria for Breast Diseases under the Japan Association of Breast
and Thyroid Sonology, International Medical Center of Japan, 1-21-1 Toyama, Shinjuku-ku,
Tokyo 162-8655, Japan
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iphery
/ perip

N border

margin
boundary zone

F1G. 1. The border (solid line) is a plane located between the tumor and the tissue around the
tumor, the periphery is the area surrounding the tumor, and the boundary zone means the area
including margin, border, and periphery

cult to define margin or periphery clearly; therefore, we propose to use “boundary
zone” to include margin, border, and adjacent zone.
The properties of the border are classified into four categories:

1. Well defined and smooth.

2. Well defined and rough.

3. Not clear, ill-defined, unclear. In this category, we classify two subgroups accord-
ing to whether a halo (boundary high echo) appears at the boundary zone or not:
a. Appears at the boundary zone
b. Does not appear at the boundary zone

4. Difficult to evaluate.

“Difficult to evaluate” means a condition where is difficult to evaluate the posterior
or lateral boundary of a tumor due to attenuation or deficiency of ultrasound.
Diagnosis must be made at the most suitable plane that represents the property of
the lesion. The properties of one lesion may have plural findings. If the border is well
defined, it means that the margin and periphery can be divided by a single line.

»

“Boundary high echo,”“marginal hyperechoic zone,” echogenic halo “or” halo, “hyper-
echoic boundary echo,” “echogenic rim”—all these phrases could mean the hypere-
choic area appearing at the boundary zone (Fig. 2). Although we have not reached a
conclusion, “halo” may be the most simple and plain word as well as that most com-
monly used in Japan.

At the hyperechoic boundary zone, it is difficult to define the precise point of the
boundary (Fig. 3); therefore, it is better to define the property of the boundary as not

clear.

Conclusions

To make a standard diagnosis, it is important to have a standard lexicon. Although
many kinds of expression are possible for the same feature of a breast tumor, a tech-
nical term must be a word that is seldom confused with another different concept.
Especially, a halo or boundary high echo must be a word that is used to express a
malignant sign.
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F1G. 2. Two cases (A, B) show halos on both sides, the typical boundary high echo observed in
malignant tumors. Images C-E present findings that look similar to halos at a glance, but these
are not true halos. The case in C is a tumor associated with mastopathy. The beltlike zone seen
around the hypoechoic area corresponds to the site where a group of gland cavities are located.
This echo level of the beltlike lesion is intermediate between the adjacent mammary gland and
the hypoechoic area. True malignant halos are higher than the adjacent tissue. The case in D is
a cyst and the case in E is a fibroadenoma. Both cases are surrounded by a thin rim of normal
mammary gland; these also are not true halos

F1G. 3. At a hyperechoic boundary zone, it is difficult to define the precise point of the bound-
ary; therefore, it is better to define the property of the boundary as not clear
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Revised Diagnostic Criteria for the
Breast (Draft): Internal Echoes
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Introduction

In discussion, the committee has consumed more than 4 years for revision of the
lexicon and diagnostic criteria of breast lesions. Internal echoes of mass image-
forming lesions were also one of the themes. These have been summarized as follows.
The criteria are not yet final and are presented with discussion.

Definition and Lexicon of Internal Echoes

Internal echoes means echoes from the inside of the mass. They do not concern
echoes from a marginal area. Homogeneity and echo level of internal echoes from
some area are assessed. If there are two or more regions with a different nature of
internal echoes, they should be recorded together. If it is a mass with mixed pattern,
that is, having both cystic and solid parts, only internal echoes of solid parts are
assessed.

1. Homogeneity
Regularity of internal echoes (texture) is assessed.
a. Homogeneous
b. Heterogeneous
2. Echo level
Echo level means intensity of internal echoes. It is classified into five levels, as follows,
comparing with the subcutaneous fatty layer, not with mammary tissue.
a. Free
b. Very low
c. Low
d. Equal
e. High
3. Additional findings
Findings as follows are recorded if present:

! Yamachika Memorial Hospital, 3-19-14 Koyawata, Odawara, Kanagawa 256-0815, Japan
*JABTS Committee of Lexicon and Diagnostic Criteria, Japan
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a. High echo spots
b. Cyst
c. Fluid-fluid level (FFL)
High echo spots are classified into three types as follows:
Fine
Small
Coarse

Examples

Several ultrasound (US) images of breast tumors are shown, particularly concerning
internal echoes. These images are part of samples delivered from institutes or hospi-
tals of members of the committee (Figs. 1-8).

Discussion

Internal echoes have been one of the important items in diagnostic criteria of breast
tumors since the beginning of modern breast ultrasonography. In the diagnostic cri-
teria of breast tumor proposed by the Japan Society of Ultrasonics in Medicine
(JSUM) in 1987, internal echoes were one of the seven items. There were three
categories, that is, echo-free, fine homogeneous, and coarse heterogeneous, combined
with the likeliness of benignancy to malignancy.

The most conspicuous difference between the previous diagnostic criteria of JSUM
and the revised criteria of the Japan Association of Breast and Thyroid Sonology
(JABTS) is that the echo level of internal echoes has been discussed in the latter.
Echoes from the inside of a tumor present its tissue characteristics. In ultrasonogra-
phy, the tissue characteristics of a tumor are defined through the nature of both its
internal and posterior echoes. Internal echoes mean the summation of intratumoral
attenuation and reflections and backscattering.

F1g. 1. Papillotubular carci-
noma. Internal echoes are
low and homogeneous




68 M. Kubota et al.

F1G. 2. Solid tubular carci-
noma. Internal echoes are
low rather than very low and
homogeneous rather than
heterogeneous

F1c. 3. Solid tubular carci-
noma. Internal echoes are
low or very low, and heteroge-
neous rather than homoge-
neous. Fine high echo spots
are present

F1G. 4. Scirrhous carcinoma.
Internal echoes are low rather
than very low. They are
heterogeneous rather than
homogeneous. High echo
spots are fine
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F1G. 5. Internal echoes are
low rather than very low. They
are homogeneous rather
than heterogeneous. High
echo spots are fine.This
tumor was revealed to be a
cyst

F1G. 6. Internal echoes are
equal or hyperechoic, and
heterogeneous. Fine high
echo spots are present

F1G. 7. Fibroadenoma. Inter-
nal echoes are low, and het-
erogeneous. High echo spots
are coarse
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F1G. 8. Cancer.Internal echoes
are low or very low. High
echo spots are fine rather than
coarse

As to internal echo level, it was discussed why the subcutaneous fatty layer, not the
surrounding mammary gland, should be referred to as the standard. The most impor-
tant point is that the echo level of the mammary gland is too variable, according to
many factors including age, reproductive stage, and obesity, to be a stable standard of
echo level. Furthermore, if ordinarily a hyperechoic mammary gland is referred to as
the standard, a mass in the gland is always assessed to be hypoechoic. The subcuta-
neous fatty layer is relatively invariable and is better as the standard of echo level than
the mammary gland, although it is not always directly beside the tumor and, rarely,
is almost absent, particularly when the patient is young and very thin.

In general, benign tumors such as fibroadenoma have a tendency to be high and
malignant tumors low in internal echo level. In other words, this may mean that
tumors with various tissue components have a tendency to be high and tumors his-
tologically more monotonous low in internal echo level, according to their level of
reflection and backscattering. Tumors with a high internal echo level include fat-
containing benign tumors such as lipoma and hamartoma. They also include malig-
nant tumors such as mucinous carcinoma in which multilayered many fine mucinous
lakes cause high reflection or backscattering, thus a high echo level. It is also insisted
that ductal or lobular carcinoma with extremely high invasiveness occasionally
presents as a mass with a high internal echo level. An isoechoic mass with echo level
equal to subcutaneous fatty tissue is recognized with some difficulty if it is located
superficially; this happens occasionally in fibroadenoma and rarely in carcinoma.

Another discussion as to echo level is whether it is necessary to divide low from
very low. It may be important if this division contributes to a suggestion of two dif-
ferent natures of the tumor. In highly cellular tumors such as malignant lymphoma
or medullary carcinoma, the internal echo level is very low because of high penetra-
tion of ultrasound without much reflection or backscattering associated with poste-
rior echo accentuation. In contrast, in highly fibrous tumors such as scirrhous
carcinoma, the internal echo level is also very low because of high attenuation of ultra-
sound in the tumor associated with a posterior echo attenuation or defect. Other types
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of carcinoma or benign tumors usually show their echo level to be simply low, but this
is not yet conclusive. Further study is needed.

Assessment of homogeneity of internal echoes is frequently complicated. Should
high echo spots be included? This is also still in debate. Homogeneity can be said of
different categories, such as distribution of echoes, size, or brightness of each echoes
and so on. These are not a concern at this time. Instead, here regularity of internal
texture was considered important.

As to high echo spots, one of the discussions was their classification by size. The
tentative proposition is that fine high echo spots are less than 1 mm, small are 1 mm
or more, and coarse high echo spots correspond with spots of 3mm or more in size.
These should be documented further through studies in many institutes.

Fluid-fluid level (FFL) usually means hemorrhage in the cystic lesion. With this
phenomenon, the possibility of malignancy of the lesion is increased. Other causes of
FFL are oil cyst and the concentrated type of cyst (complicated cyst). In a cystic lesion
with internal hemorrhage, the lower part below the FFL is more hyperechoic. In an
oil cyst, the oily component is lighter than the watery one and is located above the
FFL. In concentrated cysts, a thick concentrated fluid component occasionally gathers
in the upper part, forming FFL, and is hyperechoic.

Conclusions

Many aspects of internal echoes of mass image-forming breast lesions have been dis-
cussed. These points, as well as other themes, should be documented or corrected
through further investigation in wide clinical practice.



Incident Angle of the Plunging Artery
of Breast Tumors

Yuka Kujiraokal, E1 UEN0? ER1kO ToOHNO?, IsaAMU MoRISHIMA®, and
Hiroko TsuNODA-SHIMIZU*

Summary. We measured the incident angle of the feeding artery of breast tumors on
color Doppler ultrasonography. Ninety-two tumors that had plunging arteries (21
fibroadenomas and 71 breast cancers) were retrospectively evaluated. Breast cancers
were divided into three types [accentuating type (ACC), 25; intermediate type (INT),
35; and attenuating type (AT T), 11] by posterior echo. Color Doppler ultrasonography
was performed using an HDI 5000 (ATL Ultrasound, USA) with a 7- to 10-MHz linear
probe. We measured the incident angle of the feeding artery on color Doppler imaging.
If the tumor had many plunging vessels, we measured all of them. The average incident
angle of the artery of fibroadenoma was 47.5° and that of breast cancer was 17.6°.
Fibroadenoma ranged from 15° to 70° and breast cancer from 0° to 70°. In breast
cancer, there were no significant differences among the three types (ACC, INT, and
ATT). We concluded that the incident angle of the feeding artery adds valuable infor-
mation to the color Doppler ultrasonographic diagnosis for breast tumors.

Key words. Incident angle, Breast tumor, Fibroadenoma, Breast cancer, Color Doppler
ultrasonography

Introduction

Recently, morphological characteristics of tumor vessels have been evaluated by color
Doppler and power Doppler imaging [1]. Experimental evidence indicates that pro-
liferation and distribution of tumor vessels are linked to tumor growth pattern [2].
Malignant tumors grow rapidly and involve surrounding tissue, so the arteries plunge
and penetrate into tumors. Benign tumors grow slowly and press surrounding tissue,
so the arteries go around the margin of tumors [3-5]. However, sometimes we find
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cases of fibroadenoma that have plunging arteries. Are there any differences about the
plunging pattern between breast cancer and fibroadenoma? We measured incident
angle of plunging arteries of breast tumors on color and power Doppler imaging. We
compared the incident angle of breast cancer with that of fibroadenoma to know the
potential of incident angle to differentiate benign from malignant solid breast tumors.

Materials and Methods

Ninety-two breast tumors that had plunging arteries were evaluated; 21 were fibroade-
noma and 71 were breast cancer. If the tumor had many plunging arteries we meas-
ured all of them, so in total 131 plunging arteries were evaluated. Color and power
Doppler ultrasonography was performed using an HDI 5000 (ATL Ultrasound, USA)
with a 7- to 10-MHz linear probe. One representative color or power Doppler
echogram was chosen for each tumor, and the incident angle was measured on it. We
drew two lines on the point of plunging arteries. One was drawn tangential to the
tumor, and the other was drawn vertical to this tangential line. The angle between this
vertical line and the plunging artery ranged from 0° to 90° (Fig. 1).

The average of incident angle in breast cancer was compared with that of fibroade-
noma by means of the two-tailed Student’s ¢ test for unpaired data. With the F test,
the mean of incident angle in the attenuating type (ATT) group was compared with
the intermediate type (INT) group and the accentuating type (ACC) group. A P value
of less than 0.05 was considered to indicate a statistically significant difference. The
receiver operating characteristic (ROC) curve was constructed and the cutoff point
determined.

Results

The average incident angle of fibroadenoma was 47.5° and that of breast cancer was
17.6° (Table 1). The incident angle of fibroadenoma ranged from 15° to 70° while that
of breast cancer ranged from 0° to 70° (Fig. 2). The average incident angle of breast
cancer is significantly lower than that of fibroadenoma. There are no significant dif-

Plunging artery

Incident angle

F1G. 1. Schematic drawing of measurement of incident angle. We drew two lines on the point
of plunging arteries, one tangential to the tumor (line A) and the other vertical to this tangen-
tial line (line B). The angle between this vertical line and the plunging artery was measured
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TABLE 1. Statistical analysis: fibroadenoma (Fa) versus breast cancer (Ca)

Number Average Range Distribution SD

Fa 31 47.5 20-70 209.7 14.4
Ca 100 17.6* 0-70 262.3 16.1
ATT 17 16.4 0-45 180.5 134
INT 49 17.5 0-70 299.0 17.2
ACC 34 18.2 0-50 263.4 16.2

SD, standard deviation; ATT, attenuating type; INT, intermediate type; ACC, accentuating type
*Average of incident angle of the breast cancers is lower than that of fibroadenomas (P < 0.05)
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F1G. 2. Distribution of incident angle in fibroadenoma and breast cancer. Fa, fibroadenoma;
Ca, breast cancer

ferences among the three groups (ATT, INT, and ACC) of breast cancer (Fig. 3). From
the ROC curve, 30° was adopted for the cutoff point. At this point, sensitivity of malig-
nancy is 86% and specificity is 88%.

Discussion

Previous study of the morphological features of tumor vessels has indicated that pen-
etrating arteries are highly suggestive of malignancy and surrounding marginal arter-
ies are suggestive of benignity [1]. Plunging arteries are frequently seen in breast
cancer, but are also seen in fibroadenoma in some cases. We investigated the incident
angle of plunging arteries of breast tumors on color and power Doppler imaging. We
found that the incident angle of breast cancer was lower than that of fibroadenoma.
Although their range overlaps, if the cutoff point is set at 30°, the sensitivity of malig-
nancy is 86% and the specificity is 88%. Incident angle seems to be useful to differ-
entiate a benign tumor from malignancy. On the other hand, 4 of 31 (12%) cases were
false positive at this cutoff point. In these fibroadenomas, the shape of tumors tends
to be lobulated and their plunging arteries lie among the lobes; this might be the
reason why the tumors have a low incident angle. Establishment of the combination
of incident angle and other features increases the accuracy.
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F1G. 3. Distribution of incident angle of breast cancer. ATT, attenuating type; INT, intermedi-
ate type; ACC, accentuating type

Conclusion

Incident angle is one of the important values in the differentiation of breast tumors
on color and power Doppler imaging. Establishment of the combination of incident
angle and other features would be useful in daily practice.
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Mass Image-Forming Lesions
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Diagnostic Criteria for Breast Lesions has been widely used since its release in 1988
by the Japan Society of Ultrasonics in Medicine (JSUM). However, improved diag-
nostic procedures and new data led to a growing desire for revisions to this publica-
tion. Prompted by that growing demand, in 2000 the JSUM set up a Subcommittee on
Diagnostic Criteria for Breast Diseases (SCDCBD-JSUM; chairman, Ei Ueno), thus
launching a study of new diagnostic guidelines for these diseases.

The subcommittee classified breast diseases into two categories, mass image-
forming and non-mass image-forming lesions as shown on ultrasonograms, and won
approval of its classification for mass image-forming lesions as part of the revision
process. These revisions were published in the Journal of Medical Ultrasonics and
JSUM members have been invited to comment. The Japan Association of Breast and
Thyroid Sonology’s Committee on Diagnostic Criteria for Breast Diseases (CDCBD-
JABTS; chairman, Tokiko Endo) also engaged in a study of the terminology that
provides the basis for these classifications. Details of these studies are elaborated
here.

Key Revisions by the JSUM Subcommittee

The three main revisions are as follows.

1. “Diagnostic Criteria” has been deleted from the title and replaced with “Diag-
nostic Guidelines for Ultrasonic Diagnosis.”

A definite diagnosis of breast cancer cannot be made solely on the basis of an
imaging procedure. Ultimately, a histological evaluation will be required. For this
reason, it was concluded that a title with the expression “diagnostic criteria” is not
suited to a document on diagnostic imaging. In addition, on the understanding that
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insufficient criteria could be detrimental to the advancement of ultrasonic medicine
in the years ahead, the document was reframed as “guidelines” based on a minimum
level of agreement and a new title containing the term “Guidelines” was formulated.

2. Breast lesions are categorized into mass image-forming lesions and non-mass
image-forming lesions, and in the new guidelines, the definition of a mass image-
forming lesion has been revised.

In the past, ultrasonic diagnostic procedures were aimed at diagnosing palpable
tumors. However, advances in the field have expanded the scope of application to non-
palpable lesions and asymptomatic breast lesions. This has facilitated the detection
of many breast carcinomas that do not form a mass image and, conversely, the occa-
sional detection of palpable breast carcinomas that do not form a well-defined mass
image. Drawing from these findings, Ueno and Tohno [1] proposed that lesions be
classified into two types: mass image forming and non-mass image forming. The latest
revisions adopt this proposal, first by introducing the classifications for mass image-
forming and non-mass image-forming lesions. Because the classifications are based
not on whether a lesion is palpable, but whether or not it forms a mass image on ultra-
sonograms, the terms “image” and “mass image-forming lesion” have been used
instead of “mass-forming lesion.” Furthermore, the previously used term “type” has
been replaced by “lesion” in the revised edition.

The CDCBD-JABTS debated the definition of a lesion, and defined a mass as follows:
A mass image-forming lesion (tumor mass) is a space-occupying lesion that is thought
to be a lump of material that differs from the surrounding tissue [2]. Hence, a non-
mass image-forming lesion is not identical to a diffuse lesion, and a mass image-
forming lesion is not identical to a circumscribed lesion.

3. An explanation of tissue characterization has been added.

Histological and ultrasound findings are often consistent with one another. It is
possible to make assumptions about histological typing on the basis of ultrasound
findings. Furthermore, more precise diagnoses are possible with diagnostic proce-
dures that make assumptions about the histological findings. Accordingly, the guide-
lines incorporate a new comparison with histological data.

Ultrasound Findings and the Differential
Diagnosis of Malignancy

SCDCBD-JSUM cited six criteria of value to the differential diagnosis of malig-
nancy—shape, border, internal echoes, compressibility, depth/width, and vascular-
ity—and demonstrated patterns of malignancy based on these criteria (Table 1). A
posterior echo is of no direct aid in determining whether a lesion is malignant, but is
an important factor for consideration when speculating about the features of lesion
tissue. As such, it was treated in a section on tissue characterization, not the differ-
ential diagnosis of malignancy.
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TaBLE 1. Ultrasonic findings and benign/malignant findings

Benign = »  Malignant
Findings
Shape Round or oval/lobulated
Polygonal
Irregular

Border

Definition Well defined Not clear

Irregularity Smooth Rough

Halo Absent Present

Gland surface Continuous Interrupted
Internal echoes

Homogeneity Homogeneous Heterogeneous

High echo spot Coarse Micro/small
Compressibility Easily deformed Nondeformable
Depth/width Small Large
Vascularity Avascular or hypovascular Hypervascular
Shape (1)

Shape refers to the morphological impression of a lesion image in its entirety. As a
system of terminology for the expression of shape, JABTS adopted the following:
round/oval, polygonal, lobulated, and irregular (Fig. 1). Watanabe proposed that the
definitions of shape could be expressed through the presence or absence of constric-
tion or angularity [3],and JSUM and JABTS decided to adopt this proposal. The prob-
ability of malignancy was considered to increase with certain shapes in the following
order: round/oval, lobulated, polygonal, and irregular (Table 2).

Border (2)

For border-related data, attention was focused on four criteria: definition, irregular-
ity, halo (hyperechoic marginal zone), and gland surface. Border definition and irreg-
ularity were selected as diagnostic criteria. Lesion borders contrast with surrounding
tissue. Border definition is a function of variations in echo level and lesion structure
and the presence or absence of a capsule. Irregularity reflects the condition of a
border. JABTS has recommended a compound expression, with the term “boundary
zone” consolidating the definitions of periphery, border, and margin [4].

Halo (Hyperechoic Marginal Zone)

When a breast carcinoma invades and spreads into surrounding tissue, the affected
locus is characterized by tangles of fatty and fibrous tissue, which results in back-
scattering. Accordingly, a hyperechoic marginal zone will be expressed by scirrhous
carcinomas that are strongly likely to invade surrounding tissues (Fig. 2). This diag-
nostic sign was proposed by Takehara in 1976 [5]. As to its etymological origin, the
term “halo” refers to the strong aura of light often shown in depictions of Buddha,
Christ, Allah, and other religious deities. It was thus concluded that “halo” is a



JSUM Guidelines for Mass Image-Forming Lesions 79

round / oval

polygonal

irregular

o O
(> L]
E 42

F1G. 1. Various shapes of lesions

TABLE 2. Shape is defined by the combination of constriction and

angularity

Constriction Angularity Figure no.
Round/oval - - Fig. 2
Lobulated + - Fig. 3
Polygonal - + Fig. 4
Irregular + + Fig. 5

F1g. 2. Oval-shaped fibro-
adenoma
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F1G. 3. Lobulated fibroade-
noma. The inside of the
fibroadenoma has calcified
and has become heteroge-
neous

F1G. 4. Scirrhous carcinoma
in a 59-year-old female
patient. Halo and posterior
echo attenuation can be
observed

F1G. 5. Invasive ductal carci-
noma. Interruption of the
anterior border of the
mammary gland is visible

misnomer when applied in reference to a weak-signaled hypoechoic marginal zone.
Conversely, the halo on a mammogram is a negative film finding, and considered
appropriate terminology in view of the strong signal for the echo data.

Interruption of Mammary Gland Surface

Breast carcinomas destroy the capsule of the mammary gland surface when they
invade fatty tissue; this is recognized to be a finding of gland surface interruption
(Figs. 3,4, 5). As a diagnostic sign, it has been proposed by Konishi et al. and is indica-
tive of a high probability of malignancy when it is present [6].
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Internal Echoes (3)

Methods of observing internal echoes and the histological relationships are elabo-
rated in a separate section below.

Compressibility (4)

Compressibility is visually assessed by noting the degree of deformation caused by
applying external pressure to the lesion. Tumor cell proliferation or fibrosis increases
the elasticity of a breast carcinoma. Benign tumors readily deform under external
pressure, but cancer tumors do not change their shape when external pressure is
applied. Ueno et al. have devised dynamic tests to observe this compressibility [7].

Depth/Width (5)

Definition of the depth/width ratio (DW ratio): the depth of the mass divided by the
width of the mass. The largest part of the mass is used in measuring the DW ratio. In
the image, the width is shown parallel to the skin and the depth crosses the width ver-
tically. The DW ratio does not include the echogenic halo and is measured only in the
hypoechoic part of the mass. This diagnostic sign was proposed by Kato [8]. Working
with various other facilities, the Subcommittee sought to identify a suitable cutoff
value for this sign, and determined that a value of 0.7 is appropriate [9]. When values
larger than 0.7 are considered to indicate malignancy and those of 0.7 or less benig-
nity, the rates of sensitivity, specificity, and accuracy are 70.5%, 64.7%, and 68.5%,
respectively.

Vascularity (6)

As vascularity is currently difficult to quantify, we decided to semiquantify it in terms
of four levels of intensity: hypervascular, vascular, hypovascular, and avascular.
Assessments of vascularity are subjective. Figure 6 is a sample illustrating three levels
of vascularity, excluding the avascular level. It is assumed that avascular and hypo-
vascular tumors are more likely to be benign and that vascular and hypervascular
tumors are more likely to be malignant. However, vascularity is lower in carcinomas
characterized by increased fibrous tissue, such as scirrhous carcinoma, whereas in
proliferative fibroadenoma and papilloma, the tumors are typically hypervascular. At
present, no consensus has been formed on diagnostic approaches that utilize mor-
phological findings in tandem with the vascularity index.

Tissue Characterization and Ultrasonic Diagnosis

Performing a systematic ultrasonic diagnosis demands that one have an advanced
understanding of the relationships between histology and ultrasound. Ultrasonic
tissue characterization is explained in the guidelines. Although ultrasonic tissue char-
acterization was formerly expressed in terms of sound speed, attenuation coefficients,
and certain other parameters, in recent years the correlations with histology have
taken on more importance.
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F1G. 7. Invasive ductal carci-
noma with a dominant intra-
ductal component. No change
can be observed in the poste-
rior echo

F1G. 8. Condensed milk cyst.
Even though it is a cyst, the
posterior echo has not
enhanced it

Intensity of Posterior Echoes

Posterior echoes reflect the attenuation of an ultrasonic wave within a tumor mass.
Posterior echoes are described in terms of four levels of intensity:

1. Accentuating (Fig. 2)
2. No change (Fig. 7)

3. Attenuating (Figs. 4, 5)
4. Deficient (Fig. 3)

Low-intensity posterior echoes are indicative of heightened attenuation within a
tumor mass, whereas high-intensity posterior echoes indicate that the attenuation of
the ultrasonic wave is lower within the mass than it is in surrounding breast or fatty
tissues.

Within living tissue, the fibrous component is the feature that correlates most
closely with the level of attenuation. In a tumor such as scirrhous carcinoma that is
marked by proliferative fibrosis, the posterior echo is weak. This pattern is also
observed in infiltrating lobular carcinoma. Ultrasonic waves are unable to penetrate
a calcified mass or a cyst with a hardened capsule and, as a consequence, the poste-
rior echo is attenuated or absent (Fig. 8).

By contrast, tissue with high water content rarely attenuates ultrasonic waves. For
example, the posterior echo is more intense for a cyst. Given that cancer cells have
high water content and little fibrous material, posterior echoes are more intense for
solid-tubular carcinomas (see Note 1, following) or medullary carcinomas (Fig. 9) that
consist of tightly packed cells. The posterior echo is also intense for a mucinous car-
cinoma because it contains profuse amounts of water-soluble mucin (Fig. 10).
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F1G. 9. Medullary carcinoma
spreads rapidly and is charac-
terized by posterior echo
accentuation and low internal
echo levels

F16. 10. Mucinous carcinoma
is characterized by posterior
echo accentuation and high
internal echo levels

In papillotubular carcinoma (see Note 2, following), the ratio of fibrous tissue to
cancer cells resembles that of normal mammary gland tissue, resulting in a median
level of attenuation and, hence, a posterior echo that is unchanged.

In juvenile cystadenofibroma, there is little fibrous tissue, but fibrosis becomes ele-
vated with advancing age. Hence, in the early stages, the posterior echo is more intense
(see Fig. 2), but in elderly patients it is attenuated. With calcification, the ultrasonic
wave is unable to penetrate and the posterior echo thus is absent (see Fig. 3).

A differential diagnosis of malignancy cannot be made directly on the basis of pos-
terior echo data alone. However, in view of the fact that the posterior echo correlates
most closely with tissue characteristics, as described above, correlations between pos-
terior echo intensity and tissue type have been presented in Table 3. The breast cancer
tissue types shown in this table are based on general rules issued by the Japanese
Breast Cancer Society for the clinical and pathological recording of breast cancer [10].

Notes

1. Solid-tubular carcinoma: This is an invasive ductal carcinoma in which solid nests
demonstrate expansive development. The cancer nests are marked by medullary
or microtubular proliferation. This presentation is consistent with a circumscribed
carcinoma and is differentiated cytomorphologically from medullary carcinoma.

2. Papillotubular carcinoma: This is an invasive ductal carcinoma characterized by
papillary proliferation and tubular formation. Comedo carcinoma is also in this
category.
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TaBLE 3. Tissue characterization and ultrasonic diagnosis

Posterior echoes Benign Malignant
Accentuating Cyst, fibroadenoma Solid-tubular carcinoma, mucinous carcinoma
Papilloma Intracystic papillary carcinoma
Phyllodes tumor Medullary carcinoma
Malignant lymphoma
No change Fibroadenoma, lipoma Papillotubular carcinoma
Sclerosing adenosis
Attenuating or Scar, old fibroadenoma Scirrhous carcinoma
deficient Sclerosing adenosis Invasive lobular carcinoma

Silicone granuloma

TABLE 4. Intensity of internal echoes

Internal echoes Benign Malignant

Anechoic Cyst Medullary carcinoma
Malignant lymphoma

Extremely low Sclerosing adenosis Medullary carcinoma

Malignant lymphoma
Scirrhous carcinoma
Solid-tubular carcinoma

Low Fibroadenoma Papillotubular carcinoma
Papilloma

Equal Fibroadenoma Mucinous carcinoma
Papilloma Papillotubular carcinoma

High Lipoma, panniculitis Mucinous carcinoma

Intensity of Internal Echoes (Echo Level)

The intensity of an internal echo is determined by the amount of backscattering
within the lesion. Usually, the echo level is expressed in comparison with the tissue
surrounding the lesion. Given that the breast contains mammary glands as well as
fatty tissue, discussion focused on the question of which of these to treat as the base-
line standard for comparison. Mammary gland tissue was considered unsuited as a
standard because it changes with age and is also the tissue in the breast with the most
intense echo level. On that basis, subcutaneous fatty tissue was chosen as a standard
for comparison because it is more stable.

Echo levels were divided into five stages: echo-free, extremely low, low, equal, and
high. Although it was not possible to establish a borderline value to differentiate
between the extremely low and low levels, it was decided that the extremely low level
would be assigned to solid masses that are virtually echo-free and that the low level
would be assigned to masses that are virtually isoechoic with surrounding tissue. The
correlations between internal echo intensity and tissue type are illustrated in the
guidelines (Table 4).
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Disorders That Are Free of Internal Echoes

Because water content tends to be acoustically uniform, internal echoes are not
observed in most cysts. Similarly, they are also not observed in some lymphomas,
medullary carcinomas, and other solid, proliferative tumors.

Disorders Characterized by Internal Echoes of
Extremely Low Intensity

In general, the internal echo level is low for malignant tumors, particularly for
medullary carcinoma (see Fig. 9) and malignant lymphoma. The internal echo for
scirrhous carcinoma is extremely low because of strong attenuation (see Fig. 4).

Disorders Characterized by Internal Echoes of Low Intensity

Although slight, backscattering does occur within lesions that are histomorphologi-
cally well differentiated, and the internal echo level increases. In fibroadenoma,
backscattering is observed in glandular tissue and fibrous stroma (see Fig. 2). The
echo level decreases in atrophied epithelium and hyalinized stroma. In papilloma, the
branching core of vascular fibrous tissue also causes backscattering (Fig. 11).

Papillotubular carcinomas are a relatively well differentiated form of invasive ductal
carcinoma with a high echo level.

Disorders Characterized by Internal Echoes of Equal Intensity

Fibroadenoma, papilloma, mucinous carcinoma (see Fig. 10), and papillotubular car-
cinoma are among the disorders that have internal echo levels equal in intensity to
those of fatty tissue. In mucinous carcinoma, the proliferation of honeycomb fibrous
tissue causes backscattering.

Disorders Characterized by Internal Echoes of High Intensity

The lesions of lipoma, panniculitis, and mucinous carcinoma typically exhibit higher
echo levels than fatty tissues. The echo levels from most lipomas are higher than those
for fatty tissues. In early-stage scirrhous carcinoma, almost all lesions exhibit a halo
image because they lack a core and are characterized by a high echo level (Fig. 12).

F1Gc. 11. Internal echo levels
for papilloma are either low
or isoechoic
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F1G. 12. Coreless scirrhous
carcinoma

TaBLE 5. Correlations between histology and various combinations of posterior and internal
echoes

Deficient or Attenuating No Change Accentuating
Free Scirrhous carcinoma Cyst, lymphoma
Extremely low  Scirrhous carcinoma Papillotubular carcinoma  Medullary carcinoma
Concentrated milk cyst  Sclerosing adenosis Solid-tubular carcinoma

Sclerosing adenosis
Lobular carcinoma

Low Fibroadenoma Papillotubular carcinoma  Fibroadenoma
Fibroadenoma Papilloma
Ductal hyperplasia Papillary carcinoma
Adenosis

Lobular carcinoma
Tubular carcinoma
Equal Papilloma
Fibroadenoma
Mucinous carcinoma
Papillary carcinoma

High Silicone granuloma Lipoma Mucinous carcinoma
Panniculitis Panniculitis
Scirrhous carcinoma
No core

Table 5 shows the correlations between histology and various combinations of poste-
rior and internal echoes.

Determining Degrees of Certainty for
a Diagnosis of Malignancy

Various attempts have been made to express degrees of certainty when evaluating a
lesion for malignancy. In Japan, a system derived from the Papanicolaou classifica-
tion, as used in cytology, was in use for about two decades. As a result of the influ-
ence from the American College of Radiology’s breast imaging and reporting system
[11],in recent years a category classification system (Table 6) has been used for mam-
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TABLE 6. BIRADS category classifications (second
edition, 1995)

Category 1. Negative

Category 2. Benign

Category 3. Benign, but malignancy cannot be ruled out
Category 4. Suspicious abnormality

Category 5. Highly suggestive of malignancy

mography evaluations. Because there are essentially no differences with grading based
on the Papanicolaou classification, JABTS decided to adopt the category classification
for use in ultrasound examinations in the interest of facilitating comparisons both on
an international level and with the results of mammography tests. This subcommit-
tee has urged that JSUM also approve the category classification system in the near
future.
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Background

Recently, ultrasonic instruments have remarkably improved, and smaller or earlier
breast cancers have been found. Also, mammographic screening for breast cancer for
women of 50 years and older has heightened people’s desire to find and diagnose
smaller or earlier lesions. The lesions that do not form mass images have been rec-
ognized, and a lexicon for reporting these is desired.

We have been discussing the diagnostic guidelines for breast cancer for the past 3
years. Non-mass image-forming lesions are contained as the objects of diagnosis. We
present the tentative plan of the guidelines for non-mass image-forming lesions here.

Definition of the Non-Mass Image-Forming Lesions

Non-mass image-forming lesions are those lesions that are difficult to recognize as a
“mass image.” They may associate with “mass image-forming lesions.” The ultrasonic
images of breast disease consist of mass image-forming lesions and non-mass image-
forming lesions.

Normal Breast Sonograms and Variants

Normal breast sonograms and their variants are the essential knowledge for under-
standing non-mass image-forming lesions. These factors may have an effect on ultra-
sonic breast images:

'Japan Association of Breast and Thyroid Sonology, Japan
*Department of Radiology, National Nagoya Hospital, 4-1-1 Sannomaru, Naka-ku, Nagoya
460-0001, Japan
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F1G. 1. Ultrasonic breast images and patient age

Age (Fig. 1)

Pregnancy

Breast-feeding

Hormone replacement therapy

Lesions That May Be Observed by Ultrasonic
Examination as Non-Mass Image-Forming Lesions

+ Duct dilatation
+ Duct ectasia (contains plasma cell mastitis)
+ Intraductal papilloma, multiple intraductal papilloma
Mastopathy
Epithelial hyperplasia
Adenosis
Multiple cyst
Fibroadenomatoid hyperplasia
Fibrosis
+ Mastitis
Lymphocytic mastitis
Acute mastitis.
+ Radial scar, complex sclerosing lesion
+ Noninvasive ductal carcinoma
Invasive ductal carcinoma with a predominant intraductal component
+ Invasive carcinoma
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Lexicon for Non-Mass Image-Forming Lesions

Dilation of the duct
Dilated ducts with or without internal echoes that may be in any area
+ Wall thickening of the duct
The wall of the duct is increased in thickness more than usual
Irregularity of the caliber of the duct
Irregularity of the anechoic area in the duct
+ Internal echoes in the duct or tiny cysts
Echoes in the duct or tiny cysts as follows:
Solid echoes
Floating echoes
Linear high echoes
High echo spots
Fine high echo spots (smaller than 1 mm in diameter)
+ Multi-vesicular pattern
Multiple tiny or small cysts in the breast tissue
+ Low echo area in the breast tissue
Low echo area whose character is different from surrounding gland or same area
in the ipsilateral breast (Fig. 2)
Spotted or mottled low echo area
Relatively small low echo areas form the spotted (or mottled) pattern
+ Geographical low echo area
Low echo area looks like geography as if spotted low echo areas fused into one
+ Low echo area with indistinct margin
Low echo area whose margins are not clearly defined
Architectural distortion
Distorted structure without mass image

a Spotted low b Mottled low ¢ Geographical low
echo area echo area echo area

d Low echo area with indistinct margin

F1G. 2. Low echo area in the breast tissue
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Assessment and Categories

Assessment categories are decided as follows:

Category 0: Assessment is incomplete

Category 1: Negative

Category 2: Benign

Category 3: Benign, but malignancy cannot be ruled out
Category 4: Suspicious abnormality

Category 5: Highly suggestive of malignancy

Duct Dilatation (a): Duct Dilatation Without
Internal Echoes (Fig. 3)

Dilated ducts with no internal echoes can be seen in the peripheral area outside the
areola. They may be complicated with wall thickening by inflammation.

Bilaterally and multiple: category 2
Dilated ducts

Solitary: category 3
Dilated duct
Duct ectasia

a Multiple dilated duct

Category 2

b Solitary
dilated duct

Category 3

F1G. 3. Duct dilatation without internal echoes
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a
Solitary sharply
protruded lesion

Category 3
intraductal papilloma

b Gradually ¢ Segmental lesion associated
sloping esion with tiny high echo spots

Category 4 DCIS Category 4,5 DCIS

F1G. 4. Dilated ducts with internal solid echoes. DCIS, ductal careinoma in situ

Epithelial hyperplasia
Intraductal papillomas, noninvasive ductal carcinoma
*Secondary duct dilatation may be developed from intraductal proliferative lesions.
*When it is difficult to judge whether the internal echoes are there or not, it should
be regarded as (b) (below).

Duct Dilation (b): Duct Dilatation with Internal Echoes (Fig. 4)

Intraductal echoes consist of solid echoes, floating echoes, linear high echoes, high
echo spots, and fine high echo spots. Solid echoes often result from proliferative
lesions; careful observation of the wall is needed. Internal echoes are produced by the
floating components in the fluid. Condensed milk or blood is common.

Assessment of Duct Dilatation with Internal Echoes

Shape of the solid echoes
+ Sharply protruded: Category 3
Intraductal papilloma
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+ Gradually sloping (broad base lesion): Category 3,4,5 (irregularities of the ductal
caliber are not rare)
Intraductal papilloma
Epithelial hyperplasia
Noninvasive ductal carcinoma
Distribution of the solid echoes
+ Bilaterally and multiple: Category 2
Condensed milk
« Solitary lesion near the nipple: Category 3
Intraductal papilloma
+ Segmental or chainlike lesions: Category 3,4
Epithelial hyperplasia,
Intraductal papilloma
Noninvasive ductal carcinoma
*Associated with tiny high echo spots suggesting malignant calcifications:
Category 4,5
Noninvasive ductal carcinoma
Invasive ductal carcinoma with a predominant intraductal component
Epithelial hyperplasia
Intraductal papilloma

Multi-Vesicular Pattern (Fig. 5)

Multiple tiny or small cysts in the mammary gland
*Include the lesions whose internal echoes are free or not is difficult to judge.

« Diffuse distribution: Category 2
Mastopathy

+ Regional or segmental distribution: Category 3
Mastopathy
Noninvasive ductal carcinoma

*When high echo spots suspected the calcifications are associated: mastopathy,

probably

Low Echo Area in the Mammary Gland (Figs. 6, 7, 8, 9)

Low echo area whose character is different from surrounding breast tissue or the same
area in the ipsilateral breast

Distribution
The distribution is very important to assess.
+ Diffusely or scattered
+ Focal
+ Segmental
* Unilateral whole breast
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au_I'tI yt with
high echo spots
Category 3 mastopathy

b
Segmental
distributed

multiple cyst
Category 4
DCIS

F1G. 5. Multiple tiny or small cysts

Spotted low echo lesion Ipsilateral breast
Category 3 DCIS Category 2
old fibroadenoma

F1G. 6. Spotted low echo area
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a Diffusely distributed
Category 2 mastopathy

Segmental

distribution

Category 4
DCIS

c
Segmental lesion
associated with
high echo spots
Category 5

DCIS

d Segmental Mottled low echo lesion
associated with faint high echo spots
Category 4 DCIS

F1G. 7. Mottled low echo area
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Segmental geographic low echo lesion associated
with faint high echo spots
Category 5 DCIS

F1G. 8. Geographical low echo area

a Swollen gland shows slightly low echo Ipsilateral breast
level compared with ipsilateral gland
Category 3 DCIS

b Low echoic swollen gland with gh echo spots
Category 4or5 DCIS

F1G. 9. Low echo area with indistinct margin
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c Diffuse distribution
Category 2 mastopathy

d Focal distribution
Category 4
lymphocytic mastitis

e Focal distribution

Category4 DCIS

f Focal lesion
Category 5
invasive ductal carcinoma

F1G. 9. Continued
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Types
(a) Spotted or mottled low echo area, geographical low echo area (Fig. 6, spotted low
echo area; Fig. 7, mottled low echo area; Fig. 8, geographic low echo area)
(b) Low echo area with indistinct margin (Fig. 9)
Assessment of the low echo area in the mammary gland
+ Diffusely or scattered: Category 2
Mastopathy (inflammation)
+ Focal: Category 3
Mastopathy (inflammation)
Noninvasive ductal carcinoma
*When the lesion is associated with the high echo spots, suspected intraductal calci-
fications: Category 4, 5
Noninvasive ductal carcinoma
Invasive ductal carcinoma with a predominant intraductal component
Invasive carcinoma
+ Segmental: Category 4
Noninvasive ductal carcinoma
Mastopathy
Invasive lobular carcinoma
*When the lesion is associated with the high echo spots, suspected intraductal calci-
fications: Category 5
Noninvasive ductal carcinoma
Invasive ductal carcinoma with a predominant intraductal component
Invasive carcinoma
+ Unilateral whole breast: Category 2-5
Normal variation
Mastopathy
Locally advanced breast cancer

Architectural Distortion (Fig. 10)

Distorted breast tissue without mass image formation
*Architectural distortion associated with mass image forming lesion is the sec-
ondary one.
It is the distortion and/or retraction of the normal tissue inside and/or outside of
the breast tissue:

+ Associated with scar: Category 2
Surgical scar
+ Without scar: Category 4
Invasive carcinoma (scirrhous carcinoma, invasive lobular carcinoma)
Noninvasive ductal carcinoma
Radial scar/complex sclerosing lesion
Surgical scar
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a Distorted gland with acoustic shadow
Category 4 complex sclerosing lesion

b Distorted gland with acoustic shadow
Invasive ductal carcinoma

s . x Category 4

=

L

F1G. 10. Architectural distortion

Conclusions

We have reported the Diagnostic Guidelines for Non-Mass Image-Forming Lesions.
These have been discussed in the subcommittee of the Japan Association of Breast
and Thyroid Sonology (JABTS) and the Japan Society of Ultrasonics in Medicine.

This report is now the draft. We will discuss it further, and it will become a useful
guideline for the ultrasonic diagnosis of breast cancers.
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JABTS Breast Ultrasound Training
Course: Program and Results

Eriko ToHNO', KivosHI Sawar?, and THE MEMBERS OF THE EDUCATION
COMMITTEE OF JABTS

Summary. The educational committee of the JABTS (Japanese Association of Breast
and Thyroid Sonology) organized a breast ultrasound training course as a method for
quality control. The course consisted of pre- and posttests, lectures, and small group
learning. To simulate an actual examination, moving images of clinical cases were
used in some of the small learning groups and the tests. After the course, although
the specificity deteriorated from 75.4% to 68.0%, the sensitivity rose from 62.5% to
75.4%. The training course was considered to be effective in improving the ability to
find lesions.

Key words. Breast, Ultrasound, Screening, Training, Efficacy

Introduction

We are now trying to introduce ultrasound as a modality of breast screening in Japan,
but there are problems. If the examination is done using ordinary ultrasound equip-
ment, that is, with handheld real-time scanners, cancers might be missed by techni-
cal failure, or due to lack of skill of the operators. If we were to recall women in whom
any lesion was found, the recall rate would be extremely high, perhaps up to 15%. So,
quality control is necessary in scanning technique, evaluation of lesions, standards for
recall, and so on. There are also problems in ordinary training courses. For example,
lectures are usually done in large classrooms and ultrasound is taught through still
images, whereas actual ultrasound examinations are done in real time. It is difficult
to train personnel in ways to find lesions. Also, there is no method to evaluate the
effectiveness of the course. Thus, we set up training courses to achieve these require-
ments and analyzed the results.

Tnstitute of Clinical Medicine, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki
305-8577, Japan

*Department of Endocrine Surgery & Breast Surgery, Kyoto Prefectural University of Medicine,
Kyoto, Japan
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Materials and Methods

The educational committee was organized within JABTS, the Japanese Association of
Breast and Thyroid Sonology. We, the members of the committee, planned the breast
ultrasound training course. The course was held for the first time in Tsukuba from
January 11 to 13, and the second one was held from April 4 to 6 in Kyoto. To provide
intensive teaching, the maximum number of attendees in each course was limited
to 36.

The courses consisted of pretest, lectures, small group learning, and posttest. Table
1 shows the titles of the lectures, and Table 2 shows the titles of the small group learn-
ing. Following short lectures, using PC projection, attendants were asked how to
analyze and categorize the ultrasound images of the cases that were distributed indi-
vidually. As educational material, we provided ultrasoncgraphy (US) images of impor-
tant diseases to train the ability to find lesions. Clinical cases were edited and saved
on CD. Using laptop computers, the attendees observed the cases, and made the most
likely diagnoses.

Before and after the course, attendees had tests to evaluate the effectiveness of the
training course. Again, the attendees diagnosed moving ultrasound images of 80
cases. The average length of each case was 30s, and the time limit for this test was
100 min.

Results
The results of the course in Tsukuba show that the sensitivity (finding lesions above

category 3) rose from 62.5% to 78.1%, while the specificity dropped from 75.4% to
68.0%.

TaBLE 1. Titles and lengths of the lectures

. General aspects of breast diseases (30 min)

. Scanning technique (30 min)

. Breast ultrasound lexicon (120 min)

. Basic aspects of ultrasound; pitfalls and artifacts (30 min)
. US tissue characterization (30 min)

. Standards for recall (30 min)

A T B W N

TABLE 2. Titles of the small group learning

. Accentuating type of breast disease

. Intermediate type and attenuating type of breast diseases
. Nonmass-forming diseases, intraductal diseases

. Hands-on

. US images of important diseases

. Practice for finding lesions

A1 B W N
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Conclusions

1. We are trying to establish an effective teaching course for quality control of breast
ultrasound screening.

2. To train with real-time breast ultrasound, we made training materials consisting
of moving pictures from clinical cases.

3. Pre- and posttests were done to evaluate the effectiveness of the course.

4. Although the specificity dropped, improvement of sensitivity is important to avoid
missing cancers during screening.



Ductal Carcinoma In Situ of the Breast:
The Pathological Reason for the
Diversity of Its Clinical Imaging

SHU IcHIHARA!, SUZUKO MORITANI!, TOHRU OHTAKE? and
NoRIAKI OHUCHTI®

Summary. The hormone-sensitive epithelial cells within the lobules are the major
source of ductal carcinoma in situ (DCIS) of the breast. The neoplastic cells grow, and
fill and increase the volume of the spaces bound by the basement membrane until
they disrupt them. Even extensive cases of DCIS are unifocal in three dimensions and
are usually confined to a single segment of the mammary duct system. The neoplas-
tic cells can proliferate within the spaces that have been altered by benign prolifera-
tive diseases such as adenosis and multiple papilloma. The concept of unfolding is the
key to understanding the morphology of DCIS as well as benign breast cysts, both of
which have larger and fewer structures although they originated in the small blind-
ending structures within the lobules. Atypical ductal hyperplasia (ADH) can be
understood as minimal low-grade DCIS that incompletely fills the spaces bound by
the basement membrane. Although ADH, atypical lobular hyperplasia, and lobular
carcinoma in situ (LCIS) carry a general risk for later development of invasive
mammary carcinoma, DCIS carries a localized risk. The management of the DCIS
should be determined based on pathological evidence including grade, size, and sur-
gical margin status.

Introduction

A clear understanding of the normal and pathological anatomy is essential for a
correct interpretation of the clinical imaging of the ductal carcinoma in situ (DCIS).
For example, the fact that most DCIS originate in the epithelial cells of the ductules
rather than the ducts explains why the spaces filled with noninvasive carcinoma cells
always have rounded contours and are clustered close together although they measure
several millimeters in size. Anatomy also indicates that the ductules have only one
exit. If it is blocked, the elevated pressure in the closed spaces caused by cancerous

' Department of Pathology, Nagoya Medical Center, 4-1-1 Naka-ku, Nagoya 460-0001, Japan
*The Second Department of Surgery, Fukushima Medical University School of Medicine,
1 Hikarigaoka, Fukushima 960-1295, Japan

’Division of Surgical Oncology, Tohoku University Graduate School of Medicine, Aoba-ku,
Sendai 980-8574, Japan
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growth and accumulation of necrotic material results in fewer and larger spaces
containing cancer cells and central necrosis, a so-called comedo pattern characteris-
tic to DCIS. This report focuses on the anatomical aspects of DCIS and benign breast
lesions that are relevant to understanding the diversity of their clinical imaging.

Anatomy of the Breast

The breast consists of 15 to 25 segments, or lobes. Each lobe is based on a branching
duct system leading from the collecting ducts via segmental and subsegmental ducts
to the lobules.

The intraductal spread of breast carcinoma occur along the duct lobular system of
one lobe, with no invasion beyond the basement membrane. According to a three-
dimensional reconstruction study using computer technology performed by Ohtake
et al. [1], the individual duct system is arranged radially, with the nipple at the center,
and shows an irregular branching pattern and a sector-shaped overall distribution.

F1G. 1. Complete three-dimensional network model showing all mammary ductal/lobular
system (MDLS) individually identified by different colors. This breast specimen included 16
sector-shaped MDLS exhibiting repeated and irregular branching of ducts, here shown skele-
tally or schematically. (From [1] with permission)



106 S. Ichihara et al.

F1G. 2. Complete three-dimensional solid model of the full extent of all mammary
ductal/lobular systems (MDLS) in the entire breast. All MDLS are oriented radially, with the
nipple at the center (arrow). Not a single MDLS is involved by ductal carcinoma (DCIS) (DCIS
is shown in red and the normal ducts are shown in yellow). (From [1], with permission)

Several duct systems overlap one another in the same region of the breast (Figs. 1, 2).
Ohtake et al. also noted the presence of intersegmental anastomosing ducts in some
of the cases they examined. However, the frequency and the clinical significance of
such anastomoses are not known and will need further investigation.

The lobules are functional units for milk production. The terminal ducts give rise
to multiple blind-ending branches called ductules or acini. A small portion of the
terminal duct together with the ductule (acini) constitutes the lobule. The three-
dimensional structure of the lobule is best understood using three-dimensional
reconstruction studies, although it is also perceived on aspiration cytology specimens
(Fig. 3). A normal lobule measures 0.5 to 8 mm (the average being 1-2 mm).

The breast lobules are the major sources of both benign and malignant breast dis-
eases. Common benign lesions of the breast such as fibroadenoma, cysts, adenosis,
epithelial hyperplasia, and multiple papillomas are disorders of the lobules. Further-
more, most breast malignancies also originate in the lobules.
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F1G. 3. A breast lobule in aspiration cytology. The three-dimensional structure of the lobule is
best understood using three-dimensional reconstruction studies, although it is also perceived
on an aspiration cytology specimen

Breast Cysts

The ductule has only one exit. If it is blocked, the increased hydrostatic pressure in
the ductules results in a tension cyst. A few larger cysts develop by a “running
together” of ductules with concomitant disappearance of the specialized lobular
stroma [2]. It is important to note that the cysts can be larger than the dilated ducts
in size, although they are derived from the smallest unit of the duct-lobular system.
At low magnification, cysts are grouped together and always have rounded contours,
demonstrating their lobular origin (Fig. 4).

Fibroadenomas

Polyclonal proliferation of both intralobular epithelial and stromal cells results in
fibroadenoma. Therefore, fibroadenoma is also a disorder of the lobule. The relation-
ship between terminal ducts and multiple blind-ending branches (ductules) is well
maintained in earlier stages of fibroadenomas, which are refered to as fibroadeno-
matous nodules or fibroadenomatous hyperplasia. A well-developed fibroadenoma
is formed by coalescence of the separate and smaller fibroadenomatous nodules;
this means that a fibroadenoma enlarges by central expansion as well as accretion.
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F1G. 4. Breast cysts. At low magnification, cysts are grouped together and always have rounded
contours, demonstrating their lobular origin. (Hematoxylin eosin stain)

The process occurs either spontaneously or under hyperestrogenic status; it is
arrested at any stage and undergoes hyalinization. Mammographic screening will
detect such old fibroadenomas with characteristic coarse calcifications with a
popcorn-like appearance.

Adenosis

Adenosis is a proliferation of ductules, resulting in an enlargement of the lobules.
Therefore, there is an increase in the number of spaces bound by the basement mem-
brane in adenosis. In sclerosing adenosis, the lesion acquire infiltrative margins. At
low-power examination, however, an organoid pattern is recognized. A DCIS may
occasionally occur in lobules exhibiting sclerosing adenosis. Such lesions may give a
spurious impression of invasion. Recognizing that the space can be altered is the key
to understanding the histopathological appearance and the clinical imaging of the
DCIS arising in adenosis. In addition to uncomplicated sclerosing adenosis around
the lesion, the clue to the correct diagnosis is the retention of lobular architecture.
Demonstration of the basement membrane and myoepithelium around the ductules
using the imunohistochemical technique is also helpful.
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F1G. 5. A solitary papilloma involving only the large ducts. (From [3], with permission)

Papilloma

The term papilloma should be used for villous or arborescent lesions that have a
fibrovascular core in the interior of their branches and which are covered by an epithe-
lial layer [2]. In papilloma, the epithelial layer is composed of two cell types, namely,
epithelial and myoepithelial cells. The basement membrane exists between the
fibrovascular cores and the epithelial and myopithelial cells. Papilloma is occasionally
involved by DCIS as well as epithelilal hyperplasia. When the proportion of DCIS
relative to the papilloma is small in extent, the diagnosis of atypical papilloma is
recommended by some authors.

Sclerosed papilloma is a variant of papilloma complicated by marked sclerosis.
Such papilloma often presents a palpable lump, occasionally fixed to the overlying
skin. On microscopic examination, the sclerotic areas shows distorted and entrapped
epithelial elements, mimicking an invasive carcinoma. For a correct diagnosis, core-
needle biopsy and even excisional biopsy may be needed. Some sclerosed papillomas
are characterized by an occlusive, adenosis growth pattern surrounded by a fibro-
tic duct wall. A diagnosis of ductal adenoma is suitable for this variant of sclerosed
papilloma.

Conventionally, papillomas are divided into solitary and multiple types. According
to a three-dimensional study by Ohuchi et al. [3], solitary papilloma involved only the
large ducts (Fig. 5). In contrast, multiple papillomas have their root in the lobule and
may spread to the large ducts, suggesting their lobular origin (Fig. 6).

Encysted papillary carcinoma is a special type of DCIS that originates in large
ducts. In contrast to the benign papilloma, the epithelial layer of the papillary carci-
noma is composed only of neoplastic epithelial cells.
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F1G. 6. Multiple papillomas with the roots in the lobule. (From [3], with permission)

Radial Scar

Radial scar consists of ducts and lobules with various amounts of epithelial hyper-
plasia, adenosis, or ectasia, arranged in a stellate configuration, sometimes indistin-
guishable from invasive carcinoma on clinical imaging. However, the epithelial
elements lack cytological features of malignancy and are surrounded by basement
membrane and myoepithelium. DCIS does arise in the spaces bound by the basement
membrane in a radial scar. It is difficult to determine whether DCIS arise in the radial
scar or preexisting adenosis involved by DCIS takes on a radial scarlike configuration.
Demonstration of the basement membrane and myoepithelium around the ductules
by imunohistological technique is also helpful.

Epithelial Hyperplasia

Epithelial hyperplasia is an increase in the number of benign cells in the basement
membrane-bound spaces. It occurs not only in the spaces bound by the basement
membrane in normal breast lobules but also those in benign conditions such as
adenosis and papilloma. In mild epithelial hyperplasia, there are three or four cells
above the basement membrane. Mild hyperplasia indicates no increased risk for later
breast carcinoma. In moderate to severe hyperplasia, the number of cells above the
basement membrane is more than four, and this constitutes a mild risk for later breast
carcinoma.



Pathology of DCIS m

F1G. 7. Atypical ductal hyperplasia (ADH). There is a monotonous cell population resembl-
ing low-grade DCIS in the spaces bound by the basement membrane

Atypical Ductal Hyperplasia

The diagnosis of atypical ductal hyperplasia (ADH) requires the presence of a monot-
onous cell population resembling low-grade DCIS anywhere in the spaces bound by
the basement membrane (Fig. 7). However, a major point that distinguishes ADH from
low-grade DCIS is that the number of the proliferating cells is limited and the archi-
tecture is not fully developed. Lesions of ADH are usually less than 3 mm in size and
confined to a lobule. Atypical ductal hyperplasia can be understood as minimal low-
grade DCIS that incompletely fills the spaces bound by the basement membrane.
Although atypical hyperplasia of ducal and lobular type and lobular carcinoma in situ
are believed to carry a general risk for later development of invasive mammary car-
cinoma, ductal carcinoma in situ is considered to carry a localized risk.

DCIS

The majority of DCIS arise in the hormone-sensitive epithelial cells of the lobule of
the mammary duct system. The neoplastic cells grow, then fill and increase the volume
of the spaces bound by the basement membrane until they disrupt them. In a case
submitted for the three-dimensional reconstruction study by Ohuchi et al. [4], two
microscopic foci of DCIS were found, both of them located at the periphery (Fig. 8).
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F1G. 8. Two microscopic foci of DCIS are located at the periphery of the mammary duct system.
(From [4], with permission)

In another case studied by the same authors, the DCIS is located at the periphery and
the papilloma is located in the large duct (Fig. 9). The lobular units distended by
cancer cells are often mistaken for cancer of large ducts because of their compara-
tively large size. The concept of unfolding is essential for understanding the macro-
scopical appearances of DCIS. With unfolding, a number of small epithelial units
merge to give rise to fewer but larger structures.

The origin of most breast carcinomas in the lobule is best appreciated by the study
of early cancers at a very low scanning magnification. The spaces bound by the base-
ment membrane are easily distended by increased pressure because they are mostly
ductules or terminal ducts that have only one exit. Progressive distension is usually
accompanied by unfolding, so that there are only a few, much larger spaces in a dis-
eased lobule. The difference in size between normal and cancerous lobules is strik-
ing. The ductule distended and filled by DCIS gives us a false impression of ducts.

Microcalcification is an important diagnostic clue to the presence of DCIS. Micro-
calcifications characteristic of high-grade DCIS are summarized as follows: these are
numerous, have segmental distribution, and exhibit irregularity in density, size, and
shape (may be linear or branching). These points are easily understood if one con-
siders that the calcification occurs in the necrotic material in the ductules, terminal
ducts, and occasionally large ducts. Although the ductules have rounded contours, the
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F1G.9. The DCIS islocated at the periphery and the papilloma is located in the large duct. (From
[4], with permission)

terminal ducts and large ducts have treelike structures. Therefore, linear or branch-
ing calcifications suggest ductal spreading of the carcinoma cells.
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Ductal Carcinoma In Situ (DCIS):
Incidence, Prognosis, and Diagnostic
Aspects of Mammography,
Galactography, and Needle Biopsies

GUNILLA SVANE

Summary. Ductal carcinoma in situ (DCIS) is mostly diagnosed by mammography.
The incidence is between 1% and 5% in countries without widespread use of mam-
mography, but the incidence in mammography screening programs is between 8%
and 25%. However, DCIS can also be diagnosed by galactography in patients with
nipple discharge, by ultrasound, and sometimes also by MRI. These methods can tell
precisely how big the cancer is and exactly where in the breast. However, to morpho-
logically verify a suspicion of malignancy from any of these imaging methods, needle
biopsy can be performed. By using needle biopsy, surgery can be planned more accu-
rately as a curative measure instead of as a diagnostic biopsy. Fine-needle biopsy with
thin needles for cytological diagnosis can be used successfully, especially in DCIS of
the comedo type, but this technique is more operator dependent than core-needle
biopsy and vacuum-assisted biopsy techniques where small pieces of tissue are
sampled for histopathological analyses and diagnosis. There are no real complications
for all these techniques. Patients diagnosed with DCIS have an excellent prognosis to
survive without any local recurrences and general metastases.

Key words. Breast cancer, Ductal carcinoma in situ, Mammography, Galactography,
Needle biopsy

Breast cancer is the most common malignancy in women in many countries.
In Europe alone, more than 300000 cases were estimated in 1995 and approximately
124000 women died of breast cancer [1]. However, there are geographical differences
in the risk of developing breast cancer. High rates of incidence are observed, espe-
cially in Western Europe and the United States, while the incidence is low in, for
example, Japan. Family history of breast cancer might be important also for the devel-
opment of cancer in situ. Claus and coworkers found that patients with ductal carci-
noma in situ (DCIS) were 2.4 times more likely than controls to have both mother and
sister previously diagnosed with breast cancer. Their risk of developing DCIS before
the age of 50 was 2.1 fold the risk of controls [2]. However, the prognosis of breast
cancer is improving in some countries, most probably as a consequence of earlier

Department of Diagnostic Radiology, Karolinska Hospital, S-171 76 Stockholm, Sweden

114



DCIS Incidence, Prognosis, Diagnosis 115

detection by mammography and thereby earlier surgical treatment, but also because
of improvement of endocrine therapy and chemotherapy of advanced tumors. Mor-
tality in breast cancer has been reduced, especially where mammography screening
programs are ongoing. In these programs, most of the tumors are stage I, without
lymph node metastases and about 50% have a diameter of less than 1cm. The prog-
nosis for noninvasive breast cancers and of invasive cancers with a diameter of only
1cm or less is excellent [3,4]. Mokbel found the specific breast cancer mortality to be
0.59% for patients diagnosed with DCIS only. He found that local recurrences of DCIS
are rare, only 1.4%, which can be reduced even further by radiotherapy [4].

Cancer in situ was first described 70 years ago as a tumor where the cells show
marked atypia like malignant cells but the cells are not infiltrating into surrounding
tissue. There are two different types of in situ cancer, the ductal type and the lobular
type. The lobular type (LCIS) is usually not detected preoperatively by clinical ex-
amination or by any of our breast imaging methods. It is usually detected under the
microscope when a surgical specimen of another tumor is examined.

The incidence of DCIS without any invasive tumor is very low in clinical practice,
usually 1% to 3%. Rarely, DCIS presents as a palpable lump found by the patient
herself or by a physician. However, in mammography screening programs DCIS is
more common, usually between 8% and 25%. DCIS are mainly detected by mam-
mography, where the tumor usually presents as calcifications but sometimes also as
parenchymal distortion. Only rarely does DCIS show an increased density. Due to
technical improvement of ultrasound equipment and more trained physicians per-
forming ultrasound examinations, DCIS can nowadays be diagnosed by ultrasound
as well. Also, magnetic resonance imaging (MRI) can show DCIS.

Since three to four decades ago, patients presenting with discharge from the nipple
can be examined by galactography where contrast is injected into the duct from which
the discharge is coming. The common finding is a lobulated filling defect correspond-
ing to a papilloma, but irregular contrast filling defects along the ductal walls can rep-
resent epithelial proliferations that sometimes correspond to DCIS. The sensitivity of
galactography for any neoplasm, according to Dinkel and coworkers, is 94% and the
specificity is 55% [5]. They found sensitivity and specificity for malignancy to be
slightly lower, 83% and 41%, respectively. The color of the discharge is an important
factor. Hou et al. reported that cancer was found in 26.8% of patients with bloody dis-
charge and in 13% of patients with serous discharge. No patients with discharge of
other types had a malignant tumor [6]. They also found that cancer in 75.7% pre-
sented as irregular contrast filling defects whereas benign lesions showed dilatation
of the ducts in 71.7% and lobular smooth contrast filling defects in 79.6%. DCIS can
also be detected by fiber ductoscopy (FDS), which is used in clinical practice, espe-
cially in Japan [7]. FDS is a very sophisticated and impressive method by which the
intraductal changes can be visually observed [8]. However, the most common way to
detect DCIS is still by mammography, where the tumor mostly presents as clustered
or scattered microcalcifications only. A meticulous evaluation of the calcifications
from magnification views is necessary to correctly handle the patient and to decide if
further investigations are necessary.

A morphological evaluation of the lesions to confirm the mammographic evalua-
tion can be done by needle biopsy [8]. A benign morphological report can confirm
the mammographic evaluation of a benign lesion and surgery can be avoided. When
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morphology shows malignancy, surgery can be performed as a curative measure at
once instead of as a surgical diagnostic biopsy. Because DCIS rarely presents as a pal-
pable lump or a retraction of the skin, needle biopsy can rarely be performed by free-
hand. Two-dimensional localization methods that can be used to sample cells or tissue
from invasive cancers are usually not precise enough to sample cells or tissue from
noninvasive tumors, especially because an increase in density is almost never found;
this means that very little or no difference in resistance of the tumor compared to sur-
rounding tissue can be felt through the needle. A three-dimensional localization
method is necessary, especially as many of the DCIS are only a couple of millimeters
in diameter and sometimes several foci of only 1 to 2mm are separated by normal
ducts. The three-dimensional stereotaxic technique has been used since 1976 in clini-
cal practice for needle biopsies of both invasive and in situ tumors; the precision has
been 1 mm from the very beginning [9, 10].

Ultrasound guidance can be used in all tumors detected by ultrasound. The next
step is to choose a needle. Both fine needles for cytological diagnosis and bigger
needles for histopathology can be used. Fine-needle cytology is more demanding and
very much dependent on the skill of the operators. Both the doctor performing the
sampling of the cells and the cytologist reading the smears have to be well trained
and experienced. An abundant amount of cells is necessary for a correct evaluation.
Some DCIS show only little cell atypia and can be difficult to diagnose, whereas DCIS
of the comedo type usually are easy to sample cells from and also to analyze correctly
because the cells show pronounced atypia. Core-needle biopsy and vacuum-assisted
biopsy are less operator dependent [11]. A fragment of tissue might be easier for the
pathologist to analyze than cells only. However, it might sometimes be easier to sample
representative material from the exact area by a thin needle than by a big needle, es-
pecially if the diameter of the tumor is only, 2 to 3mm. Shortage of experienced
cytologists is a problem in many places, and this is one important reason not to
use fine-needle biopsy.

In general, fine-needle biopsy of DCIS is reported to result in a higher percent-
age of false-negative reports than core biopsy or vacuum-assisted biopsy [12, 13].
However, there are false-negative reports also when these needles are used [14]. Espe-
cially, a preoperative morphological diagnosis of atypical ductal hyperplasia (ADH)
might turn out to be a false-negative report [15-17]. A postoperative diagnosis of
DCIS or invasive ductal cancer can be found in some of the lesions diagnosed pre-
operatively as ADH. The false-negative reports for fine-needle biopsy in DCIS is
generally 15% to 30%, but there are reports of 60% false-negative reports. The false-
negative figures for core-needle biopsy vary from 10% to 40% depending upon the
size of the needle and the number of passes. Vacuum-assisted biopsy is more precise
according to some authors, but false-negative reports in 5% to 25% have been
reported. A cytologist rarely can tell if the tumor is invasive. Also, tissue from core-
needle biopsy and vacuum-assisted biopsy showing DCIS might turn out to cor-
respond to an invasive cancer when the surgical specimen is examined [18-20].
However, mammography and/or ultrasound can be used to determine if the tumor is
invasive. The tumor is most probably invasive when the mammograms show an
increased density and/or spiculae and not only calcifications.

A preoperative evaluation of the mammograms, the galactograms, and/or the ultra-
sound examination performed by physicians experienced in reading the images is
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essential for a correct handling of the patient even if a needle biopsy is performed.
The report from the cytologist/pathologist should always be evaluated together with
our breast imaging methods in order not to miss a cancer and thereby delay diagno-
sis of a DCIS, which then might grow to become an invasive tumor. There are almost
no real complications after needle biopsy. However, there are some reports of seeding
of tumor cells in the needle track after large-needle biopsy [21-23].

Local recurrences of DCIS are rare when mastectomy has been performed. Spiegel
and co-workers reported no local recurrence after a mean follow-up period of 9.8
years in 44 patients with DCIS alone who were operated upon with skin-sparing mas-
tectomy and immediate breast reconstruction [24]. Also, breast conservative surgery
with postoperative radiation therapy seems to be sufficient in most of the cases.
However, a radical excision is important. Aref et al. showed residual microcalcifica-
tions in 16 postlumpectomy mammograms in 90 patients with DCIS [25]. Despite
peroperative radiography of the excised specimen, a postoperative mammography
examination might be necessary to verify that all calcifications have been excised,
especially if the calcifications are scattered and not in a small cluster.
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The Ultrasonic Diagnosis of
Nonpalpable DCIS Without
Calcification on MMG and Nipple
Discharge: Advocacy of a New Term,
3 Non-DCIS

Koj1 TAKEBE and AyumI IZUMORI

Summary. Ductal carcinoma in situ (DCIS) has been detected primarily by palpation,
calcification on mammogram (MMG), and nipple discharge. Ultrasonographic inves-
tigation of DCIS has been performed, but has not up to now revealed any form of
DCIS that could not be discovered by the above three methods. In the present report,
we describe a form of DCIS that has not been detected by earlier methods, and
propose to refer to this new DCIS as 3 non-DCIS to distinguish it from conventional
DCIS: 3 non-DCIS represents nonpalpable DCIS without calcification on MMG and
without nipple discharge. Only the method of ultrasound screening described in this
chapter can detect 3 non-DCIS. We diagnosed 23 patients as 3 non-DCIS at this insti-
tution between May 1997 and March 2003. There was neither calcification, mass, nor
distortion on MMG in these patients. On ultrasonography, a small mass measuring
10mm or less was revealed. Thorough examination by fine-needle aspiration cytol-
ogy showed 90% of the patients were positive. On analysis of subtype of DCIS, 22 of
the 23 cases of DCIS were classified into pure noncomedo type and 1 was mixed type.
Lesions in 3 non-DCIS were frequently less extensive than those in conventional DCIS.

Key words. Ductal carcinoma in situ, Ultrasonography, Nonpalpable breast cancer,
Breast conservation therapy

Introduction

Ductal carcinoma in situ (DCIS) has been detected primarily by palpation, calcifica-
tion on mammogram (MMG), and nipple discharge. Ultrasonographic investigation
of DCIS has been performed but has not up to now revealed any form of DCIS that
could not be discovered by these three methods [1, 2]. In the present report, we
describe a form of DCIS that has not been detected by earlier methods, and propose
to refer to this new DCIS as 3 non-DCIS to distinguish it from the conventional DCIS.
Thus, 3 non-DCIS represents nonpalpable DCIS without calcification on MMG and
without nipple discharge. Only the method of ultrasound screening described in this
report can detect 3 non-DCIS.

Takebe Breast Care Clinic, Tahishimomachi 365-9, Takamatsu 761-8075, Japan
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We diagnosed 23 patients as 3 non-DCIS at this institution between May 1997 and
March 2003. There was neither calcification, mass, nor distortion on MMG in these
patients. On the ultrasonograph, a small mass measuring 10 mm or less was revealed.
Thorough examination by fine-needle aspiration cytology showed 90% of the patients
were positive. On analysis of subtype of DCIS, 22 of the 23 cases of DCIS were
classified into pure noncomedo type and 1 was mixed type. Lesions in 3 non-DCIS
were frequently less extensive than those in old DCIS.

The Crux of Detecting 3 Non-DCIS

We performed ultrasonography with a unit of SSD-1000 (Aloka) of annular alley type.
To detect 3 non-DCIS, we need to discover a very slight change in the breast on ultra-
sound whole-breast scanning. It is hard to detect 3 non-DCIS by just looking for a
mass. It is important for ultrasonographers to have their attention concentrated on
the continuity of internal patterns of the breast structure on the border between the
mammary region and adipose tissue, and the duct, mottle, and adipose tissues, to
instantly catch any fine break in the continuity of the monitoring images [3].

Findings on Ultrasonography

The ultrasound findings in the 23 cases (Fig. 1) were classified into five groups. (1)
Relatively well-defined small masses were detected in 18 cases. The major diameter
of the masses was 3-10mm on ultrasonograph. The lesions were too small to

3 ductal pattern 1 case 4 stain 1 case 5 irregular mass 1 case

F1G. 1. Ultrasonography (US) findings of 3 non-DCIS
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evaluate the shape, internal echo, and DW ratio, etc. There was no attenuation in pos-
terior echoes. (2) An irregular mottled pattern within a 10-mm area was detected in
2 cases. (3) A cluster of ducts with a dilated ductal pattern was seen in 1 case. (4) There
was a stain, a poorly defined area with lower echoes than those in the surrounding
mammary gland tissue; it was termed a “stain” because it seemed like a stain on a shirt
that cannot be cleaned by washing. (5) Typical ultrasonographic findings for breast
cancer, that is, an irregular mass invading adipose tissue, appeared in 1 case.

Close Examination

Fine-needle aspiration cytology alone was performed, and core-needle biopsy was not
used. Core-needle biopsy is too expensive to use in evaluating 3 non-DCIS because
needle biopsy at many sites is needed. In addition, we consider that cytology with a
fine needle is more convenient in accurately inserting a needle to reach a small lesion
measuring only approximately 5mm. Fine-needle aspiration is performed manually
without using an adapter. A 7-cm, 23-gauge needle is inserted at a site on the right
side of a scanner under the guidance of ultrasound. Caution should be taken in
handling the needle so it does not stick out of the lesion. Considerable amounts of
cell specimens were collected by aspiration in all of the 23 cases with 3 non-DCIS. The
results of cytology were evaluated as class 5 (suspected invasive cancer) in 3 cases,
class 4 (suspected DCIS) in 15 cases, class 3b (suspected DCIS, but papilloma cannot
be ruled out) in 2 cases, and class 3a (suspected papilloma) in 2 cases. The sensitiv-
ity of cytology was considered 90% if class 3b or more severe classes are considered
positive. This finding shows that fine-needle aspiration cytology allows diagnosis
without using core-needle biopsy.

Histological Findings

Almost all the histopathological findings in cases of 3 non-DCIS (Table 1) indicated
the features of noncomedo type of DCIS. Only 1 case was evaluated as a significant
mixed type. Thin slices with the thickness of 5mm of tissue specimens were exam-
ined. Localized lesions were found in 13 cases, lesions measuring 4cm or less in 9
cases, and extended lesions measuring more than 4cm in 4 cases. DCIS lesions were
smaller in cases of 3 non-DCIS than DCIS with calcification diagnosed in our facility.

TaBLE 1. Pathological features of 3 non-DCIS

FNAC Class IIla Class IIIb Class IV Class V
2 2 14 8
Subtype Pure noncomedo Comedo mixed Pure comedo
25 1 0
Spread No spread Spread =4cm Spread >4 cm
13 9 4

DCIS, ductal carcinoma in situ; FNAC, fine-needle aspiration cytology
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TaBLE 2. Differential diagnosis of small cystic lesion

Concentrated cyst? DCIS?
Age (years) Less than 40 More than 60
Size Less than 3 mm, more than 10 mm 3-10 mm
Shape Regular Irregular
Spread Scattered Solitary or clustered
Internal echo Homogeneous Irregular
Posterior echo Attenuated Unchanged

Differential Diagnosis

On ultrasonography, a cyst, especially one containing condensed material, is hard to
differentiate from 3 non-DCIS. Even a skilled investigator with long experience finds
it hard to differentiate the two only by findings on ultrasonography. Differentiation
of the two needs the investigation of the following factors. DCIS was frequently
detected in older patients (Table 2). The area of concern is likely to be a cyst if pos-
terior echoes attenuate and to be DCIS if posterior echoes do not change. The poste-
rior echo attenuation is the point of differentiation between a cyst and palpable
carcinomas. It is impossible to differentiate 3 non-DCIS from papilloma on an ultra-
sonograph. Screening skill and high diagnostic ability are required for differential
diagnosis.

Results of Screening

The results of a mass screening by whole-breast scanning using ultrasonography
follow. The greatest proportion of the participants were enrolled in this hospital. The
number of participants includes that of repeat participants. Over 6 years, 12404
persons were examined and 60 were diagnosed as having breast cancer; 29 had non-
palpable breast cancer and 14 had 3 non-DCIS. The detection rate of breast cancer by
the above method was 0.48%, which is more than four times the detection rate
by macroscopic observation combined with palpation in Japan, and higher than that
by mammography. This high detection rate is due to the detection of nonpalpable
breast cancers, especially 3 non-DCIS. With skills to diagnose 3 non-DCIS,
ultrasonography will be more useful than mammography.

Concept of 3 Non-DCIS

There is a question about DCIS that has remained unresolved for us. Invasive carci-
noma is not confined to those cases of carcinoma that show calcification on MMG or
which are accompanied by discharge from the nipple. Of all cases of invasive carci-
noma, calcification is positive on MMG in about half of all cases, and the percentage
of invasive carcinoma accompanied by nipple discharge is lower and estimated to be
about 10%. Most invasive carcinoma should first assume the form of DCIS within the
breast. Then, why do most of the nonpalpable small DCIS undergo calcification? Why
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is their detection precipitated only by discharge from the nipple? There should be
many cases of DCIS not accompanied by calcification or nipple discharge. We think
3 non-DCIS represents such cases of DCIS.

In Western countries, the outcome of breast conservative therapy for DCIS shows
that lumpectomy alone resulted in recurrence of 15% or more, and lumpectomy com-
bined with radiotherapy resulted in recurrence of 10% or more [4, 5] . Most DCIS is
detected on the basis of calcification on MMG in Western countries. Of 15 patients
with 3 non-DCIS in whom we performed breast conservative therapy in the previous
and present hospitals, all have survived for 5 years, and no recurrence has been noted
in these patients. Although no inference can be made from the results of such a small
number of cases, localized lesions and noncomedo type of DCIS, as evaluated on
histopathological examination, are likely to have contributed to such a low recurrence
rate. We consider that breast conservative therapy should be indicated for 3 non-DCIS
separately from regular DCIS in each treatment plan.

Conclusion

1. The category 3 non-DCIS is nonpalpable DCIS without calcification on MMG and
without nipple discharge.

2. Diagnosing 3 non-DCIS requires excellent ability on the part of the investigator in
detecting small lesions on the ultrasonograph, the accurate application of fine-
needle aspiration, and experience in diagnosing by cytology.

3. Frequently, 3 non-DCIS is revealed as a well-defined mass on the ultrasonograph.
Small cystic lesions (approximately 5mm) in elderly patients who had menopause
10 years or more before were frequently diagnosed as 3 non-DCIS.

4. In the present cases of 3 non-DCIS, the histopathological type was diagnosed as
noncomedo type, which was more localized than DCIS with calcification.
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Ultrasonic Diagnosis of Non-Mass
Image-Forming Breast Cancer
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Summary. We investigated the characteristics of non-mass image-forming breast
cancer and the relationship between non-mass image-forming breast cancer and
ductal carcinoma in situ (DCIS). We reviewed 47 non-mass image-forming breast
cancers and 75 ultrasonic images of DCIS. We classified non-mass image-forming
breast cancers into four subtypes: a homogeneous pattern, a ductal pattern, a mottled
pattern, and a geographic pattern. The 47 cases were classified into 2, 6, 12, and 27
cases, respectively. Histological findings were 24 DCIS, 19 invasive ductal carcinomas
with predominant intraductal components, and 4 invasive carcinomas. The 16 of 27
cases with a geographic pattern included invasive components. The 15 of 24 geo-
graphic cases had a comedo type of intraductal component. Of the 75 cases of DCIS,
51 cases were a mass image-forming type and 24 cases were a non-mass image-
forming type. The histological findings for non-mass image-forming breast cancer
tend to be DCIS and/or invasive ductal carcinoma with a predominant intraductal
component. The geographic pattern often contained invasive components. The geo-
graphic pattern and/or the lesion with echogenic spots often had a comedo type.
These results revealed the close relationship between the progress of breast cancer
and ultrasonic imaging.

Key words. Ultrasonic diagnosis, Non-mass image-forming breast cancer, DCIS

Introduction

The diagnosis of non-mass image-forming lesions is still controversial, but it is impor-
tant because some cases of breast cancer present such images. The purpose of this
study is to investigate the characteristics of non-mass image-forming breast cancer
and particularly the relationship between non-mass image-forming breast cancer and
ductal carcinoma in situ (DCIS).
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Materials and Methods

We reviewed 47 non-mass image-forming breast cancers to compare ultrasonic
images and histological findings. The lesions were nonpalpable in 24 cases and pal-
pable in 23 cases. In addition, 9 of the 24 nonpalpable cases had abnormal nipple dis-
charge and 2 of the 23 palpable cases had abnormal nipple discharge. These cases were
encountered at Tsukuba University Hospital between January 1995 and December
2002 and at Tsukuba Medical Center Hospital between May 1999 and December 2002.
Ultrasonic equipment used was a Toshiba SSA-250A, a LOGOQ 700MR, an ATL HDI
5000, and an Aloka SSD 5500. In the next step, we examined 75 ultrasonic images of
DCIS during the same period.

According to the echoic patterns of the mammary gland with the lesions, we clas-
sified non-mass image-forming breast cancers into four subtypes: a homogeneous
pattern, a ductal pattern, a mottled pattern, and a geographic pattern. The homoge-
neous pattern is defined as displaying a uniform echoic pattern. The echo level varies
from high to low. The ductal pattern is defined as displaying a dilated duct extending
to the periphery beyond the subareolar area without extraductal mass. The mottled
pattern is defined as displaying a number of small, island-like low echoic areas in the
mammary parenchyma. The geographic pattern is defined as displaying an irregular
low echoic area, including an aggregation of small, island-like low echoic areas (Figs.
1-5).

Results

The 47 cases were classified into 2 cases with a homogeneous pattern, 6 with a ductal
pattern, 12 with a mottled pattern,and 27 with a geographic pattern. Histological find-
ings of 47 cases were 24 DCIS, 19 invasive ductal carcinomas with predominant intra-
ductal components (including 9 cases with microinvasive carcinoma), 3 invasive
ductal carcinomas, and 1 invasive lobular carcinoma [1-3]. Twenty-four of 47 cases,
51.1%, were DCIS; 33 of 47 cases, 70.2%, were DCIS and microinvasive ductal carci-
noma; 43 of 47 cases, 91.5%, were DCIS and invasive ductal carcinoma with a
predominant intraductal component. These results indicate that the histological find-
ings for non-mass image-forming breast cancer tend to be DCIS and/or invasive

Homogeneous pattern

Ductal pattern S
Mottled pattern :‘ :’.’.
Geographic pattern F

F1G. 1. Subtypes of ultrasonic images
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Homogeneous pattern

F1G. 2. A case with a homogeneous pattern. The patient is 56 years old. Echogenic spots are
seen in the uniform mammary parenchyma. The histological diagnosis was a non-comedo type
of ductal carcinoma in situ (DCIS)

Ductal pattern

F1G. 3. A case with a ductal pattern. The patient is 47 years old, with bloody nipple discharge.
A single dilated duct with internal echoes is seen. The histological diagnosis was a solid type of
DCIS
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Mottled pattern

F1G. 4. A case with a mottled pattern. The patient is 49 years old. Some small island-like low
echoic areas are seen in the mammary parenchyma. The polarity of the low echoic area is
disturbed. The histological diagnosis was microinvasive ductal carcinoma, and intraductal
components were a comedo type

Geographic pattern

F1G. 5. A case with a geographic pattern. The patient is 53 years old. An irregular low echoic
area is seen. The histological diagnosis was microinvasive ductal carcinoma, and intraductal
components were a comedo type
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TaBLE 1. Relationship between ultrasonic images and histological findings

IDC with a predominant
intraductal component

Pattern DCIS Microinvasive Others IDC ILC Total
Homogeneous 2 0 0 0 0 2
Ductal 5 1 0 0 0 6
Mottled 6 4 1 0 1 12
Geographic 11 4 9 3 0 27
Total 24 9 10 3 1 47

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma

ductal carcinoma with a predominant intraductal component. Another important
point is that, with attention to the subtypes of the ultrasonic images, 16 of 27 cases
with a geographic pattern, 59.3%, included invasive components. Cases with a
geographic pattern had a high rate of having invasive components (Table 1).

We divided intraductal components into either a non-comedo type or a comedo
type. With attention to the subtypes of the ultrasonic images, 15 of 24 geographic
cases, 62.5%, had a comedo type of intraductal component. There was a high rate of
the comedo type in cases with a geographic pattern. Twenty-four cases had echogenic
spots. Fifteen of 24 cases, 62.5%, had a comedo type of intraductal component (Fig.
6). In conclusion, the geographic pattern and/or the lesion with echogenic spots tends
to have a comedo type of intraductal component (Table 2).

Of the 75 cases of DCIS, 51 cases, 68%, were a mass image-forming type and 24
cases, 32%, were a non-mass image-forming type. Of the 51 cases that were a mass
image-forming type, 39 cases formed an image of a mass, 7 cases formed an image
of duct dilatation and a mass, and 5 cases formed an image of an intracystic mass.
Previously we have explained that 51.1% of the non-mass image-forming breast
cancer was DCIS. On the other hand, nearly 70% of DCIS presented with the mass
image-forming type, with features that were mainly small and/or multiple masses
(Table 3).

Discussion

From these results, we considered the relationship between the progress of breast
cancer and ultrasonic imaging.

First, breast cancer occurs at the terminal duct lobular units (TDLU) of a single
segment of the mammary gland and proliferating cells fill the ducts [4, 5]. When
cancer cells proliferate intraductally in a relatively localized area, the image displays
a small mass. When the cancer cells spread predominantly to the central side with the
accumulation of secretion, the image displays a ductal pattern. In DCIS, the cancer
cells proliferate within the ducts without acquiring infiltrating ability [6]. According
to the grade of proliferation of cancer and interaction between the intraductal com-
ponent and the stroma, they present a homogeneous pattern, a mottled pattern, or a
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Echogenic spots +

F1G. 6. This case has echogenic spots. This is a geographic pattern. The patient is 42 years old.
The histological diagnosis was invasive ductal carcinoma with a predominant intraductal com-
ponent, and the intraductal component was comedo type

TABLE 2. Relationship between intraductal component and
ultrasonic images

Pattern Non-comedo type Comedo type
Homogeneous 2(2) 0 (0)
Ductal 2 (0) 4(1)
Mottled 8(2) 3(2)
Geographic 9 (5) 15 (12)
Total 21 (9) 22 (15)

Number of cases with echogenic spots is indicated in parentheses

geographic pattern. In many cases with a mottled pattern or a geographic pattern, the
cancer cells spread widely. If calcification exists, echogenic spots are visible regard-
less of the pattern. If infiltrating ability is acquired after spreading, the image displays
a mass plus dilated duct, a mottled pattern, or a geographic pattern [7]. If infiltrating
ability is immediately acquired after the development of cancer, it displays a mass
image, which is the most common type of breast cancer (Fig. 7).
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TaBLE 3. Ultrasonic images of ductal carcinoma

in situ (DCIS)

Mass image-forming type
Mass (small, multiple etc)
Duct dilatation + mass
Intracystic mass

Non-mass image-forming type

51 (68.0%)
39

7

5
24 (32.0%)

Total 75 (100%)
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F1G.7. Schema of the relationship between the progress of breast cancer and ultrasonic imaging

Conclusions

1. Although mass image-forming lesions are commonly seen in breast cancer, there
are some cases with a non-mass image-forming type. In this study, we investigated
the characteristics of non-mass image-forming breast cancer. With non-mass image-
forming breast cancer, more than 50% was DCIS, about 70% was DCIS and micro-
invasive carcinoma, and about 90% was DCIS and invasive ductal carcinoma with a
predominant intraductal component. In contrast, about 30% of DCIS was non-mass
image-forming breast cancer.

2. According to the echoic pattern of the mammary gland with the lesion, we clas-
sified non-mass image-forming breast cancers into four subtypes: a homogeneous
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pattern, a ductal pattern, a mottled pattern, and a geographic pattern. Forty-seven
cases were classified into 2 with a homogeneous pattern, 6 with a ductal pattern, 12
with a mottled pattern, and 27 with a geographic pattern.

3. The geographic pattern often contains invasive components.

4. The geographic pattern and/or the lesion with echogenic spots often has a
comedo type of intraductal component.

5. These results revealed the close relationship between the progress of breast
cancer and ultrasonic imaging.
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Characteristic Mammography and
Ultrasonography Findings of Ductal
Carcinoma In Situ of the Breast Arising
in Sclerosing Adenosis

Kumiko Tanakal, HIRosHI SAKUMAZ, GOl SAKAMOTO!,
FutosH1 Akivama', and Fujio Kasumr®

Summary. Some cases of ductal carcinoma in situ (DCIS) of the breast are arising in
sclerosing adenosis. Sclerosing adenosis can sometimes resemble invasive carcinoma,
especially in mammography (MMG). We attemped to reevaluate images from DCIS
arising in sclerosing adenosis in MMG and ultrasonography (US) by comparing
pathological reports. Four of the 90 (4.4%) cases of DCIS operated on at the Cancer
Institute Hospital in 2001 arose from sclerosing adenosis. Three of the 4 cases showed
characteristic images, focal distortion without mass lesion in MMG and indistinct and
irregularly shaped hypoechoic area in US. It is usually easy to conclude the presence
of malignancies from MMG findings. However, using US findings, it can difficult not
only to detect abnormalities but also to determine the presence of malignancy. It is
important to be able to detect this type of DCIS to make the correct diagnosis and to
select suitable treatment.

Key words. DCIS, Sclerosing adenosis, Distortion, Irregularly shaped hypoechoic
lesion

Introduction

Some cases of ductal carcinoma in situ (DCIS) of the breast are arising in sclerosing
adenosis. However, sclerosing adenosis can sometimes resemble invasive carcinoma.
Thus, DCIS arising in ducts affected by sclerosing adenosis can be misinterpreted as
invasive carcinoma. In this study we attempted to reevaluate images from DCIS cases
with sclerosing adenosis.

Patients and Methods

Ninety cases of DCIS were operated on at the Cancer Institute Hospital in 2001. Cases
of DCIS arising in sclerosing adenosis were identified from pathological reports, and
mammography (MMG) and ultrasonography (US) images were compared.

! Department of Breast Pathology, Cancer Institute Hospital, 1-37-1 Kamiikebukuro, Toshima-
ku, Tokyo 170-8455, Japan

*Department of Ultrasonology, Cancer Institute Hospital, Tokyo, Japan

’ Department of Breast Surgery, Cancer Institute Hospital, Tokyo, Japan
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Results

Four of the 90 (4.4%) patients showed DCIS arising from sclerosing adenosis. We
examined the MMG and US images from the patients and found that 3 of the 4 cases
showed similar characteristics.

Case 1

A 56-year-old woman. The tumor was not palpable. Distortion in the MMG was
prominent, and an irregularly shaped hypoechoic lesion was seen by US (Fig. 1).
Microscopic appearance showed carcinoma spreading into the sclerosing adenosis
and distorted parenchyma, which reflected the distortion in the MMG (Fig. 2).

Case 2

A 59-year-old woman. Physical findings were a 40 x 20 mm induration. Distortion in
the MMG was associated with coarse calcification caused by an old fibroadenoma and
was not related to the tumor. An irregularly shaped hypoechoic lesion was seen by US
(Fig. 3). The microscopic appearance was similar to case 1 (Fig. 4).

Casel 56y.0

non-palpable
(slight induration)

F1G. 1. Focal distortion in mammography (MMG) (arrow); irregularly shaped hypoechoic area
seen by ultrasonography
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F1G. 2. Microscopic appear-
ance of case 1. Ductal carci-
noma in situ (DCIS) is
spreading into sclerosing
adenosis

&

40 X 20mm
induration

F1G. 3. Focal distortion in MMG (arrow); irregularly shaped hypoechoic area by
ultrasonography

Case 3

A 60-year-old woman. A small round tumor (14 X 14 mm) was palpable. A slight dis-
tortion was observed by MMG and an irregular hypoechoic tumor was seen by US
(Fig. 5). Microscopically, carcinoma was observed in the ducts of the sclerosing adeno-
sis, but had spread to a relatively small area.
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F1c. 4. Microscopic appear-
ance of case 2 was similar to
that of case 1, ie., DCIS
spreading into sclerosing
adenosis

60 y.o

14 X 14mm ()]
round tumor

F1G.5. There was slight distortion in MMG (arrow) and an irregularly shaped, hypoechoic small
tumor by ultrasonography

Case 4

A 69-year-old woman. An oval, hard, 30 X 23 mm tumor was palpable. This case is dif-
ferent from the others, with a high-density mass detectable by MMG and an irregu-
lar hypoechoic tumor by US (Fig. 6). Microscopically, intraductal carcinoma foci were
gathering and in the process of forming a tumor.
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Case4 69y.0

30 X23mm @
oval tumor

F1G. 6. High-density mass in MMG; oval tumor by ultrasonography. This case was different
from the others

Discussion

1. Sclerosing adenosis causes architectural distortion by MMG, such that if DCIS
arises in sclerosing adenosis, the MMG distortion is emphasized by the carcinoma
foci. This kind of distortion observed by MMG can often be misinterpreted as inva-
sive carcinoma.

2. Although sclerosing adenosis is difficult to detect by US, if DCIS does arise in scle-
rosing adenosis, an indistinct and irregularly shaped hypoechoic lesion can often
be observed. However, this kind of nonmass-forming image can be missed or
overlooked.

Conclusion

It is important to be able to detect DCIS arising in sclerosing adenosis. However, this
type of carcinoma tends not to show typical malignant features, especially by ultra-
sound examination. Our findings showed that a characteristic distortion was observed
by MMG, and an indistinct and an irregularly shaped hypoechoic lesion was observed
by US in three of four cases of DCIS arising in sclerosing adenosis.
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Preoperative Ultrasonic Assessment for
Breast-Conserving Treatment

Tamotsu Kupo!, YosHiNo Kivosawa', Iwao Ono?, and
Masaaki Kupora®

Summary. Our aim was to appreciate the value of our newly equipped ultrasonic
device in assessing margin status and to evaluate the policy of oncoplastic surgery in
breast-conserving treatment (BCT). Of 783 cases of primary breast cancer treated
between January 1991 and December 2001, 407 cases undergoing BCT were studied.
A GE-YMS Logiq 700 MR was introduced as the new device in January 2000 and its
outcome was calculated. In BCT, we intended to take the policy of oncoplastic surgery
with the goal of ultimately obtaining a negative margin using both image-guided
biopsy and frozen section analysis. Ninety percent (366/407) of patients received radi-
ation therapy. Outcome was calculated using crude rates of first site of failure. After
introducing the new device, the rate of BCT increased to 80% (86/108) from 69% and
the rate of pathologically negative margins (>5mm; PNM) also increased to 91%
(78/86) from 82%. At a mean follow-up time of 49 months, the overall local recurrence
rate was 0.5% (2/407). Comparatively high percentages of BCT and PNM were
obtained mainly by introducing the Logiq 700 MR. A small local recurrence rate
(0.5%) was derived from taking the policy of oncoplastic surgery.

Key words. Breast neoplasms, Breast conservation therapy, Surgical margin, Local
recurrence, Breast ultrasound

Introduction

From the standpoint of breast-conserving treatment (BCT) and quality of life, increase
in the rate of BCT and in the rate of pathologically negative margins (PNM), and, ulti-
mately, reduction of the risk of local recurrence rate (LRR), are the most important
points and a paramount goal. The purposes of this study were to evaluate the newly
equipped ultrasonic device for its contribution to the increase in rate of BCT and
PNM, and to evaluate the policy of oncoplastic surgery [1] in BCT with respect to a
reduction of LRR.

Departments of 'Breast-Endocrine Surgery, *Pathology, and *Unit of Clinical Physiology,
Nakadoori General Hospital, 3-15 Minamidoori Misono-cho, Akita 010-0012, Japan
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TABLE 1. Characteristics of the 407
treated cases

Factor

Age (years)

<36 15

36-45 93

45-55 147

>55 152
T factor

=3.0cm 334

>3.0cm 73
Histology

Ductal 387

Lobular 7

Other 13
n factor®

Negative 260

Positive 98

Unknown 49
Chemotherapy

Yes 150

No 257
Tamoxifen and/or goserelin

Yes 243

No 164

*Pathologic factor

Materials and Methods

We studied 407 consecutive patients undergoing BCT from 783 cases of primary breast
cancer between January 1991 and December 2001 in our hospital. The average age of
the population was 51 years, with a range of 21 to 90 years. Eighteen percent (73/407)
had a tumor size of more than 3 cm. The characteristics of the patient population are
given in Table 1.

The conservative surgical technique generally employed was wide excision with
axillary dissection. In terms of indications for BCT, patients with a diffuse malignant
lesion or collagen vascular disease were not candidates for BCT. We intended to take
the policy of oncoplastic surgery with the goal of ultimately obtaining a negative
margin using preoperative breast imaging and intraoperative frozen section analysis
(FSA). If the margin was identified as positive, additional tissue was taken from the
exact site during the same surgery. Sometimes, we performed multiple reexcision for
positive margins.

In terms of equipment, the GE-YMS Logiq 700MR Expert was introduced as a new
ultrasonographic (US) device in January 2000. Previous US equipment was the Aloka
SSD-650CL and GE-YMS Logiq 500 MR. The Gyroscan NT 1.5T. (magnetic resonance
imaging, MRI) was introduced in 1997. The GE-YMS Senograph 600 and Lorad M-IV
with Stereo Guide were used as mammography equipment.
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In January 2000, we started to use the Logiq 700 combined with MRI for preoper-
ative marginal diagnosis on a full scale. Preoperative fine-needle aspiration biopsy
cytology, core biopsy under US guidance, and/or intraoperative FSA under marking
by US with using a “line of sight” technique were performed to better define the
boundaries.

Ninety percent (366/407) of the patients received postoperative radiation ther-
apy (50.4-60.4 Gy). Follow-up including annual mammography was obtained as of
March 2003, which resulted in average and median follow-up of 49 and 45 months,
respectively.

Results

After introducing the Logiq 700MR, the rate of BCT increased to 80% (86/108) from
69% (1998) and 67% (1999). The rate of PNM (>5mm) also increased to 91% (78/86)
from 85% and 82% (Fig. 1). With respect to the prognosis, LRR (LR only or LR before
distant metastasis) was 0.5% (2/407), and mortality was 4.4% (18/407), at an average
follow-up time of 49 months (Fig. 2).

One LR case underwent BCT at 26 years of age with axillary lymph node metas-
tases and positive margins were found (LR) at 28 years of age by clinical examination.
Seven months after salvage mastectomy, liver metastasis was apparent, and the patient
died at 30 years of age. In another LR case, mammography was indispensable in
leading to the diagnosis. The LR was found at 58 years of age, 2 years after first treat-
ment (BCT), and the patient underwent salvage mastectomy. She is now well without
recurrence. We experienced salvage mastectomy in these 2 patients only (2/407).

C=-£=3 Rate of PNM

MRI LOGIQ 700MR m Rate of BCT
(%) L= =
100+ l l 91 %
84 % 85%  gyo, (1886) 85%  85%
90+ (67/80) (68/80) (73/89) (67/79)  (74/87)
%
104)
69 %
(68/99)
‘08 ‘99 00 ‘01 (02) year

F1G. 1. Changes in the rate of pathologically negative margins (PNM) and breast-conserving
treatment (BCT)
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Discussion

The development of equipment and technological support has provided physicians
with the tools to perform accurate biopsy and diagnosis. An approach that has been
explored for its utility in yielding negative margins uses intraoperative US to guide
the initial surgery [2]. Breast MRI is helpful in preoperative evaluation of local tumor
extent, however, with false-positive and false-negative diagnoses. Therefore, we
started to use the Logiq 700 MR combined with MRI for marginal diagnosis. In addi-
tion to preoperative US-guided cytology or histology, we used FSA under US marking
in various situation. As a result, the rate of BCT and PNM increased about 10% more
than in previous years, and a high percentage of BCT was also maintained in the next
year (75%, 2001) and the past year (84%, 2002). These high rates of BCT are thought
to have been supported mainly by the Logiq 700 MR.

In respect of breast-conserving surgery, the battle is between margins and cosme-
sis. Our practice, in patients who wish and are candidates for breast preservation, was
to attempt to widely excise the entire cancer lesion, invasive or noninvasive, achiev-
ing 5mm or more margin in every direction, beginning in 1991. As a result, the LRR
(at average follow-up time of 49 months) is extremely low (0.5%) in comparison with
other reports [2-5]. This fact strongly suggests that the policy of oncoplastic surgery
should be advocated.

Conclusions

1. A comparatively high percentage (75%-84%) of BCT, while maintaining a moder-
ately high rate of PNM, was obtained by introducing the Logiq 700 MR.

2. A small number of local recurrences (0.5%; average follow-up time of 49 months)
were derived from taking the policy of oncoplastic surgery, using FSA as well as
preoperative image-guided biopsy.
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Recent Advances in Multidimensional
3D/4D Breast Imaging

CHRISTIAN WEISMANN

Introduction

Three-dimensional (3D) mammasonography is the most recent development in breast
ultrasound imaging and intervention, providing additional aspects to conventional
two-dimensional (2D) sonography: completely new superior diagnostic information
to study a breast mass and the surrounding tissue in three orthogonal planes. Four-
dimensional (4D) ultrasound offers real-time 3D rendered image information and is
taken as a basis of multidimensional imaging of the breast. In the following section
about 3D and 4D breast ultrasound (US), after a short introduction to technical con-
siderations, multidimensional imaging of solid benign and malignant breast lesions,
3D targeting, and real-time 4D breast biopsy technique are discussed.

3D Ultrasound Technique and Display

Two principal techniques and the combination of both exist to obtain three-
dimensional (3D) ultrasound (US) information: manual or automatic scanner move-
ment with echo data processing along the US beam. All demonstrated cases were
investigated with a linear array 2D and 3D US volume transducer, 5-13 MHz, with a
29° volume sector angle, combined with the Voluson 530D and 730 (GE Medical
Systems Kretz Ultrasound, Zipf, Austria). The Voluson technique offers the option to
acquire a 3D US volume data set automatically with one and the same transducer
without freehand movement of the probe. In about 3s the system obtains the entire
3D data volume set (about 10 MB) and displays the information in a multiplanar image
display mode.

Multiplanar Display Mode

The multiplanar representation uses the 3D US information from three planes (A, B,
and C plane) that cut the voxel and are orthogonal to each other. The A plane shows

Department of Diagnostic Radiology, St. Johanns Hospital, Landeskliniken Salzburg, Muellner
Hauptstrasse 48, 5020 Salzburg, Austria
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the original scan plane during typical 2D US investigation and volume acquisition.
The B plane is orthogonal to A and C and offers the typical rectangular US informa-
tion of 2D scanning, for example, the sagittal or transversal plane. Completely new
diagnostic information is obtained by the coronal plane (C plane), which is orthogo-
nal to A and B. Furthermore, the system allows navigation through the entire acquired
volume conducting parallel interactive movement through the image slices. In all
three planes, a colored dot (A, yellow; B, orange; C, blue) indicating an identical voxel
can be identified in every activated plane in the volume of interest (VOI). Synchro-
nous parallel image movement in all the corresponding orthogonal planes can be
observed as the information in the VOI rectangle is updated. A dynamic analysis of
the 3D-acquired US information of an anatomical detail is available and is easier to
understand; for example, complex collecting duct branching.

Rendering Modes

The acquired US volume data allow a variety of 3D rendering modes, and the most
effective for visibility of the biopsy needle inside the 3D data set are transparency
modes. Fading, for example, between maximum or minimum modes, gives reliable
information of ductal anatomy and pathology such as intraductal papilloma. Com-
bined with an animated rotation of the transparent rendered tissue block, the posi-
tion of the needle in relation to the lesion can also be better evaluated.

2D and 3D US Characterization of Solid Breast Lesions

All 2D and 3D US investigations were performed with the patients in supine position
with elevated arms. The typical 2D US analysis of breast lesion shape, width-to-depth
ratio, margin characterization, lesion compressibility, lesion echogenicity, and echo
texture, followed. The additional 3D US information first displayed in the multiplanar
mode offers the new coronal plane lesion aspect ancd allows marking of the different
breast masses by retracting and compressing lesion patterns as described by Rotten
and colleagues [1, 2].

Fibroadenoma

3D US gives reliable information about the lesion shape. Fibroadenomas often show
a round base, like a coin positioned parallel to the skin, embedded by breast tissue.
Due to their transversal width-to-sagittal depth ratio of more than 1 on 2D cross-
sectional images, they have a more cylindrical morphology than assumed by 2D US.
Also, real-time 2D US usually is not sufficient to give a clear understanding of the 3D
lesion aspect in cases of the more complex bases of fibroadenomas with lobulation of
their surfaces and dumbbell-like or irregular aspects. In about 3-4s, the Voluson tech-
nique offers a 3D multiplanar image of the fibroadenoma without any dependence on
long or short axis lesion diameter or angulation. Different measurements of width
and depth distances can be accurately obtained, guided by all three planes.

3D US volume datasets show more objective fibroadenoma compressibility than 2D
US, because during echo palpation a well-defined embedded lesion is movable and
the probability increases that 2D US causes depth-axis diameter measurement in dif-
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ferent positions, with the consequence of measuring incorrect distances. Comparing
the 3D morphology of the lesion before and after compression with 3D US datasets
provide correct measurements of comparable slices.

Invasive Breast Carcinoma

According to the study of Rahbar et al. [3], 2D US features that characterize lesions
as malignant are irregular shape (61% malignant), microlobulated (67% malignant),
spiculated (67% malignant), and a width-to-depth (anteroposterior dimension) ratio
of 1.4 or less (40% malignant). Most of the time the tumor center is characterized by
a homogeneous echo-poor fibrohyalinosis followed by a dorsal shadowing due to
ultrasound energy absorption. The echo-rich margins are the expression of many dif-
ferent tissue components of tumor cells, fibrous strands, fatty tissue, and surround-
ing glandular parenchyma indicating the tumorous growth and infiltration zone.
Mammography clearly shows this stellate infiltration pattern with the architectural
distortion of the neighboring structures.

3D US is the first ultrasound imaging modality that offers simultaneously the
coronal, transversal, and sagittal plane for eliminating the architectural distortion as
in mammography. Although 2D US shows signs of disrupted connective tissue layers
and changes of the shape and disruption of the superficial fascia in the transversal
and sagittal planes, these signs are less impressive compared with the tissue distor-
tion and retraction presented in the 3D coronal plane. Even in stellate carcinomas
smaller than 1 cm in diameter, the retraction pattern is visible in the coronal plane.

In particular, invasive lobular carcinomas sometimes develop without a mammo-
graphically and sonographically visible dominating mass. In such a situation the
coronal plane helps to visualize the architectural distortion and enables understand-
ing of the underlying pathology. Therefore, dense, palpable, especially asymmetrical
breast tissue should be investigated by 3D US to detect architectural distortion. When
invasive lobular carcinoma forms a more circumscribed mass or tends to produce
multifocal lesions, these tumorous lesions have a similar ultrasound aspect such as an
invasive ductal carcinoma. Although Rotten described the retraction pattern highly
characteristic for malignant masses, we have to consider benign differential diagnoses
such as the radial scar, sclerosing adenosis, or postoperative scarring.

3D Targeting Technique

The sonographic visibility of a suspicious lesion is the basis for an ultrasound-guided
biopsy. 3D breast US offers a correlation of typical “freehand” 2D US guided core or
fine-needle biopsy and hookwire localization of palpable and nonpalpable lesions to
optimize tissue sampling and to reduce the miss rate [4, 5]. The consequence of 3D
targeting should be a reduction of needle passes without an increase of miss rate due
to objective 3D demonstration of correct or incorrect core or fine-needle position [6].
First, a 3D US volume dataset is acquired to study the morphology of the lesion. The
multiplanar scan plane analysis offers comprehensive information of the lesion and
the surrounding structures. For large-core needle biopsy (14 gauge) with local anes-
thesia, a 3-mm skin incision is performed. In typical freehand 2D US guidance [7],
the needle path should be as horizontal as possible to optimize visualization of the
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Fig. 1. Multiplanar display and
3D-targeting: needle (arrows) in all

e —t .
f,"‘d_ . {/ s “‘} three planes (A, sagittal; B, trans-
L ~ oL versal; C, coronal plane) inside the
lesion (L)
A B
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needle length and needle tip. Via the 13-gauge coaxial cannula, a 14-gauge core needle
is positioned in front of the lesion. After a 22-mm core needle stroke using a BIP (High
Speed-Multi) biopsy gun (Biomed Instrumente und Produkte, Tiirkenfeld, Germany),
the Voluson technique offers the option to acquire a 3D US volume data set with one
and the same transducer without freehand movement of the probe. In about 3, the
system acquires the entire 3D data volume and displays information about the needle
position in relation to the lesion accurately in a multiplanar imaging mode. This
needle position check in all three planes is called 3D targeting [8].

Real-Time 4D US Breast Biopsy

A newly developed software allows real-time 4D US needle guidance during breast
biopsy. The permanently acquired real-time 4D US volume data are displayed in a
multiplanar scan plane analysis mode. Compared to conventional freehand 2D, US
needle guidance real-time 4D offers additional permanent information of all three
planes in the multiplanar display mode, a rendered image of the breast lesion, and the
needle position. The three-dimensional permanent analysis of lesion position as well
as needle position in all three planes allows one to navigate the core needle in an
optimal prefire position. After the core needle stroke, 3D targeting follows, showing
the correct or incorrect needle position.
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3D Ultrasound-Based Evaluation of
Lesions in the Uncompressed Breast

CARSTEN Rirs!, ANDERS LERNEVALL?, FLEMMING B. SORENSEN?, and
Hans NYGAARD

Summary. Ultrasound-based evaluation of breast lesions is most often performed
by recognizing characteristic ultrasonic properties of the findings, such as shape,
orientation, border characteristics, and echogenicity. During traditional ultrasound
examination of the breast, the patient lies supine, and the ultrasound probe is moved
manually over the breast. Probe pressure must be applied to ensure good acoustic
contact to the tissue. By applying pressure, however, the true shape characteristics of
the suspected lesions are distorted and tissues or lesions may be displaced. Further,
the examination technique is not systematic and the result is user dependent. Sys-
tematic 3D breast scanning minimizes the user dependency of the examination and
makes the reporting of findings easier. One advantage of 3D ultrasound is the ability
to view arbitrary 2D scan planes, to evaluate size and shape of findings. True evalua-
tion of these parameters, however, requires a scanning performed on the uncom-
pressed breast. A system for systematic 3D scanning of the uncompressed breast has
been developed. During examination, the patient lies prone on an examination bed,
with the breast immersed in a water-filled cup. A transducer is moved in a systematic
rotational pattern, covering the full breast. Compound imaging techniques minimize
shadow and enhancement artifacts before 3D reconstruction.

Key words. Breast cancer, Ultrasound, Compound ultrasound imaging, 3D breast
ultrasound

Introduction

An important diagnostic feature in breast ultrasound mammography is the possibil-
ity of evaluating the shape and orientation of breast lesions. In traditional
two-dimensional (2D) ultrasound mammography, manipulating and rotating the
transducer selectively over suspect lesions achieves this information. This technique
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is, of course, operator dependent, and requires the presence of the patient during
diagnosis. Further, the breast is compressed during scanning, which disturbs the
true shape and characteristics of the evaluated lesions. If systematic three-
dimensional (3D) ultrasound of the breast is utilized, shape, orientation, borders, and
other clinically discriminating signs of malignancy can be evaluated offline without
the patient being present. Further, arbitrary slicing allows reconstruction of scan
planes in any orientation of the acquired volume. Useful original 3D information
should help in assessing the duct network and the relationship of a mass or lesion to
the ducts, and should better demonstrate the vascularity associated with neoplasms
[1].

One approach to 3D ultrasound is to acquire a series of 2D ultrasound images cov-
ering the volume of interest, and build a 3D voxel-based Cartesian volume (or 3D grid)
by placing each of these images in its correct location in the volume. A system for
breast ultrasound scanning has been implemented and evaluated, using linear trans-
lation of an ultrasound transducer in small incremental steps covering the breast
immersed in water. This method has been widely used and described for 3D ultra-
sound scanning. However, in breast ultrasound scanning, the method suffers from
some limitations; a majority of breast cancers are located in the upper quadrant of
the breast, adjacent to the lymphatic complex in the axilla area. This area is poorly
covered with the present scan method, as it is situated in the far field of the ultra-
sound transducer. As the incidence angle to the tissue is skewed, refraction artifacts
occur in the periphery of the breast, and further, in water immersion scanning
the strong reflection from the papilla shadows anatomically important structures such
as the papillary ducts. These limitations make linear transversal scanning less
suitable for evaluation of lesions in the uncompressed breast. The aim of the present
study is to implement and evaluate a new method for systematic 3D ultrasound scan-
ning of the uncompressed breast. The system should use high-quality ultrasound
equipment of choice for the diagnostician, combined with dedicated hardware for
systematic 3D ultrasound data acquisition, and software for 3D reconstruction and
analysis.

Materials and Methods

A prototype system for systematic water immersion breast scanning has been devel-
oped. During scanning the patient lies prone on an examination bed, with the breast
immersed in a water-filled cup, through a circular aperture in the examination bed
(Fig. 1). The water is close to body temperature to ensure good acoustical coupling to
the breast [2,3] and make the scanning more comfortable for the patient.

Scanning of a full breast is achieved by performing a 360° rotation of the cup in
rapid and accurate angular steps, while acquiring image data from the ultrasound
scanner. Images are recorded along with information about angular orientation to
a fixed reference point. As the system is made of rigid mechanical components and a
high-precision stepper motor, no positioning sensors need to be attached to the probe.
Depending on the required precision of the scanning, and the nature of the breast,
between 400 and 1200 images are acquired for each rotation. A series of 800 ultra-
sound images can be acquired in about 1 min, enabling the patient to lie still during
scanning to minimize movement artifacts.
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F1G. 1. Rotation device. The
breast is immersed in a water-
filled rotating cup, controlled
by a computer. An ultrasound
transducer is fixed to the
side of the rotating cup,
scanning the tissue through a
membrane

Minimizing Propagation Artifacts

In 3D ultrasound applications, sound propagation artifacts, such as shadow and
enhancement phenomena, can cause errors and misinterpretation. One example of
such an error is the shadowed region behind the papilla, caused by the interface
between water and tissue. In multiplanar reslicing, this shadow is projected onto the
coronal plane, normal to the incidence, giving an impression of a hypoechoic mass.
In the same fashion, ultrasound enhancement behind simple cysts gives the impres-
sion of hyperechoic masses in the coronal plane. One way to minimize these errors is
to insonate the breast tissue from different angles [4]. Spatial compound ultrasound
imaging can then be achieved by combining two or more images in the same 2D scan
plane, minimizing the effect of propagation artifacts (Fig. 2a—c).

Compound ultrasound techniques further have the potential to reduce speckle
noise and enhance edges in ultrasound images. As the intersecting scan lines of the
images have different angles of incidence to the reflecting tissue boundaries, combi-
nation of these images will enhance the definition of the boundaries. The images must
be very accurately registered and corrected for motion artifacts to avoid loss of spatial
resolution [5-8]. The characteristics of the resulting image can be changed according
to the algorithm chosen for the combination of overlapping image data.

3D Reconstruction and Analysis

Before reconstruction in 3D, the images representing the same 2D plane, that is,
acquired 180° apart in the rotational pattern, are subjected to spatial compounding.
3D reconstruction, segmentation, and analysis can be performed by placing these
compound images in a voxel coordinate system. Several commercial applications can
be used to view and manipulate 3D voxel data. The organization of the spatial com-
pound images resembles a cone-shaped image acquisition pattern.

Calibration

Before scanning, the system is calibrated using a dedicated phantom, consisting of an
accurate grid of nylon strings. The phantom is fixed at the top of the water-filled cup,
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F1c. 2. a Image acquisition.
By rotating the transducer
360° during acquisition, the
full volume of the breast is
covered, utilizing 3D imaging.
b Registration. Two images
acquired 180° apart will repre-
sent the same 2D image plane
in the acquired volume. ¢
Compound imaging. Com-
bination of two images rep-
resenting the same 2D plane
will minimize propagation
artifacts

and by identifying the grid points in the ultrasound image, the exact position and
angular orientation of the transducer with respect to the center axis of the rotation
cup is verified. With the breast immersed in the water cup, the average ultrasound
propagation velocity for the breast tissue can be estimated by measuring the distance
from the transducer to the reflecting wall of the cup through the tissue and compar-
ing this with the same distance through water. This parameter can be used to com-
pensate for geometric distortion due to refraction.

Discussion

Presently, the developed system is evaluated on normal healthy volunteers aged 18 to
25 years. The purpose of this study is to optimize the method, adjust system param-
eters, and acquire knowledge of the appearance and properties of normal and dense
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breast tissue. Several practical problems in the system design and scanning method
need yet to be solved before high-quality compound scanning and 3D reconstruction
can be achieved with the existing system. When the system is optimized, the method
will be evaluated in a study including symptomatic women undergoing breast cancer
investigation and mammography. Further, a comparative study of recessed patholog-
ical breast tissue is planned. For this purpose a dedicated in vitro model, implement-
ing the rotational compound scanning method, has been developed.

The compressibility and stiffness of a breast lesion is a vital diagnostic parameter
for differentiating benign breast lesions from solid tumors. When performing auto-
mated immersion scanning of the uncompressed breast, however, this parameter is
not evaluated. The central shadowing from the papilla, and other refraction- and
propagation-based artifacts, is very common in water-coupled ultrasound imaging of
the uncompressed breast. Adding a slight compression to the breast will minimize
these artifacts [9]. However, this step will introduce a new source of user dependency,
and the compression will distort the natural shape and characteristics of the lesions.

Conclusions

A technique for systematic 3D scanning of the uncompressed breast has been devel-
oped, and is presently being subjected to evaluation and optimization. Examination
is performed with the patient lying prone on an examination bed, with the uncom-
pressed breast immersed in a water-filled cup. A transducer is moved in a systematic
rotational pattern enabling compound scanning of the full breast in a radial pattern.
High-quality 3D reconstruction can be achieved, because compound scanning is used
for minimizing shadow and enhancement artifacts before 3D reconstruction.
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The Role of Ultrasound in
Population-Based Breast Cancer
Screening Programs

EDWARD AZAVEDO

Breast cancer is the most common malignancy that can affect a woman during her
lifetime. In Sweden, breast cancer accounts for 26% of all the malignancies that affect
women in our country. Even though we have made tremendous progress with both
surgical and nonsurgical therapies, it is well documented that early detection is the
best way to handle this disease. It is only through early detection that we can change
the natural course of this disease with benefits both to individuals and to the entire
society.

The first report regarding the beneficial use of early detection to fight this disease
came from the HIP study in New York, wherein women who were offered mammog-
raphy had a statistically significant lower mortality in breast cancer as compared to
women who were not offered mammography. The other major report that revolu-
tionized early detection was from the two-county study from Sweden published by
Tabar et al. [1]. After that report many countries implemented nationwide screening
programs to detect breast cancers at an early stage. The age groups that are screened
vary within and among countries and are in a wide range, between 40 years at the
lower level and 74 years at the upper level. Even the interval for screening varies a bit,
but around 2 years is the generally accepted time interval for a screening program.
The main tool for early mass detection of breast cancers is mammography. When
something abnormal or questionable is seen on a mammogram or when a woman
reports breast symptoms, these women are recalled for further analysis.

The population-based breast cancer screening program in Sweden invites every
single woman within the ages of 40 to 74 years, in certain cases 50 to 69 years, to have
a mammogram every 2 years. In Stockholm we offer mammography screening for
women aged between 50 and 69 years of age every 2 years. The first time a woman
attends a screening examination, she always gets a two-view mammogram, that is, a
MLO (mediolateral-oblique) and a CC (craniocaudal) view. If and when we see some-
thing abnormal or questionable or if a woman reports actionable symptoms, then
these women are recalled for further workups. At this stage, these women undergo a
physical examination and get all the necessary extra views that include spot com-
pressions, magnifications, and rolled views. During the past two decades, ultrasound
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(US) examinations have been on the increase all over the world. Although US has been
performed on breasts for a long time, its general use has increased exponentially with
screening programs.

It is a well-known fact that the sensitivity of US to detect malignancies in dense
breasts is higher as compared to mammography. This is one of the main reasons, in
addition to the technological possibilities to study tumor details and multifocality,
etc., that has made US so popular. Once the technology was mainly used to differen-
tiate a solid from a cystic lesion, but that was long ago. The technological advance-
ment in US is amazing, and we have today the possibility of seeing calcifications that
are detected on mammograms and also the possibility of studying intraductal areas.
When we started our screening program, it was believed through the reported litera-
ture that postmenopausal women have radiolucent breasts that are easy to analyze on
mammograms. Our experience today reveals that the breasts, at least in Stockholm,
do not show such a big difference between pre- and postmenopausal women. To add
to that, we have today increasing use of hormone replacement therapy (HRT), which
in many cases leads to increase in breast density. US helps us to rule out abnormali-
ties in dense breasts with a higher degree of confidence.

Once a tumor is detected on a mammogram, it can be biopsied with either fine-
needle aspiration (FNA) and/or a core biopsy to get a morphological preoperative
diagnosis. These procedures can in many cases be done more easily and in a shorter
time if the lesions detected on mammograms are visible on US, which they often are.
US can also help us to see the extent of the disease and study the margins toward the
surrounding tissue. An US examination is often followed by the patient on our mon-
itors, and when we see no abnormality or when we empty a cyst, the patients feel more
relaxed than if they only had heard the result without visualizing such an event.

During the past few years, the use of HRT is on the increase, not only because of
climacteric subjective reasons but also because of reports of the beneficial effects of
HRT on osteoporosis, cardiovascular diseases, etc. As the age groups that attend a
breast cancer screening program are usually around the peri- and postmenopausal
ages, we have in many a case seen adverse effects of HRT on breast density. A mam-
mogram may change from N1 (Wolfe’s classification of breast densities) to P2 and Dy
patterns, making it a challenge to read these mammograms. In these situations the
additional use of US increases our confidence to give the concerned women a trust-
worthy report.

Another development on the therapeutic side is preoperative chemotherapy in
advanced disease. In this cases an US examination can be of help in two different ways:
one is to monitor the effect of therapy and the other is to localize the tumor precisely
with either a metal clip or charcoal. This will help the pathologists to identify the area
to be examined microscopically in case the preoperative therapy shows a good
response.

Today we have US as an integrated part of a breast cancer screening program start-
ing from the recalled women. The first screening examination in population-based
screening programs where the turnover is very high is mammography. A normal
screening unit in countries that perform mammography screening for the whole pop-
ulation can have up to 180 women per day, a number too high for performing US
exams. Neither personnel nor time resources allow the use of US as the primary tool,
but US has its given place in case of any doubt, may it be significant or not.
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To conclude, I can state that we have gradually increased the number of US exams
and US-guided interventions in our screening programs.
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Breast Cancer Screening by Palpation,
Ultrasound, and Mammography

HirosHI MORIKUBO

Summary. Breast cancer screening was carried out in 3455 subjects living in Tochigi
Prefecture during 1999. All subjects underwent palpation, ultrasonic examination and
mammography. The detection rate of each method was examined and compared.
Breast cancer was discovered in 11 (0.32%) cases, of which 72.7% was early cancer.
Three cases were discovered by ultrasonic examination alone, while 4 cases were
discovered by mammography alone. No case was discovered by palpation only.
Those that were discovered by ultrasonic examination were detected as a mass (two
schirrhous carcinoma, one papillotubular carcinoma). Three cases that were discov-
ered by mammography showed microcalcification without forming a mass and all
were noninvasive carcinoma. In conclusion, mammography and ultrasonic examina-
tion were considered complementary to each other for the detection of breast cancer
in mass screenings.

Key words. Breast cancer screening, Ultrasound, Mammography

Introduction

The Tochigi Public Health Service Association has conducted breast cancer screening
on citizens, partly using ultrasound in combination with palpation, since 1988. Since
1997, ultrasound examination has been performed on all examinees, a total of about
20000 persons a year, which has improved the detection and early detection rates of
breast cancer (Table 1). In 1999, as part of a research project conducted in Tochigi
Prefecture, the Association performed breast cancer screening using three independ-
ent modalities concomitantly, including mammography, ultrasound, and palpation.
Furthermore, we conducted a follow-up study on examinees who joined the research
project in 2000 to evaluate the sensitivity and specificity of each modality. Currently,
the Tochigi Public Health Service Association is performing breast cancer screening
by combining ultrasound and palpation or ultrasound and mammography, depend-
ing on the selection of local authorities.
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TaBLE 1. Implementation overview of breast cancer screening by Tochigi Public Health Service

Association

1988-1996:
some cases were
examined using

1997:
all cases were

1999:
all cases were
examined by
palpation and
ultrasound;
some cases were

1999:
research project
on combined use

ultrasound in examined by examined in of palpation,
combination with  palpation and  combination with  ultrasound, and
palpation ultrasound mammography mammography
Total number of 174521 17958 27206 3455
examinees
Rate of cases 1.8% 4.0% 5.7% 15.3%
requiring detailed
examinations
Detection rate of 0.06% 0.13% 0.12% 0.32%
breast cancer
Early detection 47.7% 69.6% 69.7% 72.7%
rate of breast
cancer
TABLE 2. Examination methods of ultrasound and mammography
Ultrasound Mammography

Devices

Scanning and imaging
direction

Image recording media

Time required for examination

Interpretation and diagnostic
method

7.5 MHz mechanical scanner
or electronic linear scanner
(Aloka SSD-900)

Bilateral whole-breast
ultrasound using freehand
technique by a technician

MO disk for digital still image

4 min

Interpretation of still images
by ultrasound specialists,
200 cases/h

Toshiba MGU-200B

Mediolateral oblique (MLO)
view Unilateral

Screen-film system (Kodak
Min-R2000/Min-R200)

3min

Independent evaluation by
two doctors

Methods

In the research project conducted in 1999, the number of examinees who had received
breast cancer screening by the combined use of three modalities was 3455 (mean age,
52 years), the rate of cases requiring detailed examinations was 15.3%, the detection
rate of breast cancer was 0.32%, and the early detection rate of breast cancer was
72.7%. This high rate of cases requiring detailed examinations was the result of dif-
ferences in the independent evaluation of two doctors on the mammography results
and between modalities. Table 2 shows the ultrasound and mammography examina-

tion methods.
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Results

Among 11 breast cancer cases detected by screening, no case was detected by palpa-
tion alone, 3 cases were detected by ultrasound alone, and 4 cases by mammography
alone. These results are shown in Tables 3 and 4.

As shown in Table 3, all the breast cancers detected by ultrasound alone were inva-
sive ductal carcinoma, and a tumor image was demonstrated by ultrasound in these
cases. The age of all three examinees was 50 years or older. Also, as shown in Table 4,
three of four cases of breast cancer found by mammography alone were noninvasive
ductal carcinoma, and microcalcification was detected by mammography in these
cases. Three of four examinees were under 50 years old. Table 5 shows the detection
rates of breast cancer by modality.

According to the results of the follow-up study on 3455 examinees who joined the
research project in 1999, 1842 examinees received mass breast cancer screening or

TABLE 3. Results in cases detected by ultrasound alone

Case no (age, Ultrasound Mammography TNM stage Pathological
years) findings findings classification diagnosis
Case 1 (50) Tumor: detailed Benign Stage I Scirrhous
examination calcification carcinoma
required
Case 2 (55) Tumor: detailed Normal lymph Stage I Scirrhous
examination nodes carcinoma
required
Case 3 (68) Tumor: detailed Normal Stage I Solid tubular
examination carcinoma
required
TABLE 4. Results in cases detected by mammography alone
Case no (age, Ultrasound Mammography TNM stage Pathological
years) findings findings classification diagnosis
Case 1 (36) Cyst Calcification: Stage 0 Noninvasive ductal
detailed carcinoma
examination
required
Case 2 (54) Normal Calcification: Stage 0 Noninvasive ductal
detailed carcinoma
examination
required
Case 3 (47) Normal Calcification, Stage II Papillotubular
tumor carcinoma
Case 4 (40) Normal Calcification: Stage 0 Noninvasive ductal
detailed carcinoma
examination

required
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TABLE 5. Detection rate of breast cancer by modality

Palpation Ultrasound Mammography Concomitant use of
the three modalities

Detection rate of 0.09% 0.20% 0.20% 0.32%
breast cancer

TABLE 6. Sensitivity and specificity of each modality and combined methods

Palpation
+
ultrasound Ultrasound
+ +
Palpation Ultrasound Mammography =~ mammography = Mammography
Sensitivity 27.3% 63.6% 63.6% 100% 100%
Specificity 95.4% 95.5% 91.1% 84.2% 88.1%

examinations at medical institutions in 2000. We confirmed that none of them was
newly diagnosed as having breast cancer. From the results of the research project in
1999, the sensitivity of ultrasound, mammography, and palpation alone was 63.6%,
63.6%, and 27.3%, respectively. The sensitivity of the concomitant use of three modal-
ities and that of two modalities, ultrasound and mammography, were 100% (Table 6).

Discussion

In terms of the ages of examinees in whom breast cancer was detected and the exam-
ination modality, contrary to our expectations, mammography was effective for those
under 50 years because many cases of microcalcification were found in relatively
younger examinees.

As already mentioned, the types of breast cancer detected by ultrasound and mam-
mography are clearly different. The characteristics of each modality affect the types
of cancer detected. Ultrasound examination reveals more invasive ductal carcinoma
associated with relatively small tumors. On the other hand, mammography tends
to detect more noninvasive ductal carcinoma associated with microcalcification.
Although it is difficult to accurately determine the actual ratio of these types of cancer,
this research project showed the ratio of these types of cancer to be almost equal.

In conclusion, mass screening for breast cancer becomes effective when ultrasound
and mammography are concomitantly used. With this method, each modality func-
tions at almost the same level in a complementary way to achieve adequate detection
and early detection rates of breast cancer.



A Review of Breast Cancer
Undetectable by Ultrasonography in
a Screening Setting

MikI YAMASAKI', SHIGERU NAsU?, HISAHARU MoORT, SuNao KoGa?, and
SHUNICHI Koga'

Summary. In 89 breast cancer lesions found during clinical breast cancer screening
with combined usage of mammography (MMG) and ultrasonography (US) between
February 1995 and August 2002, we found 13 cases were negative for US detection. In
this study, we reexamined those cases of breast cancer undetectable by breast US. In
the 12 US-negative lesions, a secondary extended examination performed using US
showed 7 lesions were positive for detection; the remaining 5 lesions were still nega-
tive for US examination. In summary, of the 89 breast cancer lesions, US failed to
detect 10 (11.2%) during clinical breast cancer screening.

Key words. Breast cancer screening, Breast ultrasonography

Introduction

We have previously reported the effectiveness of breast cancer screening by the com-
bined usage of ultrasonography (US) and mammography (MMG) [1]. In this Chapter,
to improve our screening technique of breast cancer we reviewed the cases of breast
cancer with negative findings on ultrasonographic study.

Materials and Methods

In the period from February 1995 to August 2002, we detected 89 cases of breast cancer
by a combination of US and MMG at our institute of health examination service. In
those cases, 13 were undetectable by US screening. We tried further US detection by
the full view of US with reference to the MMG findings. US examination was per-
formed either by SSD-650CL or SSD-2000 with a 10-MHz mechanical sector probe
(Aloka) or SSA-250A with an annular array probe (Toshiba). MMG were carried
out with a mediolateral oblique view (MLO) by either Senograph 500T or 500TS
(GE-CGR).

'Hakuaikai Medical Association Group, Human Dry Dock Center Wellness, >Hakuaikai
Hospital, 1-17-29 Sasaoka, Chuo-ku, Fukuoka 810-0034, Japan
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TaBLE 1. Result of reexamination by ultrasonography (US) for the 12 undetectable cases in the
first US screening examination

Age
Case (years) Stage MMG Histology US (closer examination)
1 47 0 C DCIS Negative
2 48 0 C DCIS Negative
3 54 0 C DCIS Negative
4 67 I C IDC, papillotubular carcinoma Negative
5 42 I C IDC, papillotubular carcinoma Negative
6 50 0 C DCIS SE spots
7 54 0 C DCIS Hypoechoic area
8 58 0 C DCIS SE spots
9 66 I C Unknown SE spots
10 35 I C IDC, papillotubular carcinoma Hypoechoic area,
SE spots
11 44 I C IDC, papillotubular carcinoma Mass, SE spots
12 54 1A M IDC, papillotubular carcinoma Mass
13 45 IIIA D IDC, papillotubular carcinoma No examination

C, microcalcification; M, mass; D, architectural distortion; DCIS, ductal carcinoma in situ; IDC, inva-
sive ductal carcinoma; SE, strong echo

Results

Results of reexamination by US on the 13 US-undetectable lesions that had been
shown positive by MMG are summarized in Table 1. Case 13 was not available for US
reexamination. Further investigation by US was carried out in 12 of US-undetectable
cases by a detailed closer method of examination. Five cases (cases 1-5) were still
undetectable by the repeated US trial, but another 7 cases (cases 6-12) showed some
evidences of abnormality. In cases 1 to 5, histology showed noninvasive ductal carci-
noma or partially invasive ductal carcinoma papillotubular carcinoma. In 5 of those
7 cases (cases 6-10), we observed some strong echo spots in the area of the MMG-
detected lesion. The 5 lesions showed similar histological findings: they could be
delineated with US but required an extended examination after imaging microcalci-
fications using MMG. Case 11 and 12 were invasive ductal carcinomas, which could
be detected as mass lesions by closer US reexamination (Figs. 1, 2).

Discussion

We have been using a combination of MMG and US in breast cancer screening since
1995. We have reported that in human dry dock examination, where high levels of
accuracy are sought, a combined usage of MMG and US is advantageous [1]. In this
study, we analyzed undetectable cancer cases using US and investigated the limits of
cancer detection ability at the time of screening examination using the US examina-
tion method.
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F1G. 1. Case 11. As we had detected microcalcification (arrows in a) by screening mammogra-
phy (MMG), the case was recalled for closer examination. Multiple cysts in both mammary
glands had been shown by screening US. On closer US examination, we were able to detect
strong echo spots in dilated ducts and a mass lesion. We should be more careful in scanning
around the nipple because the duct ectasia was overlooked in the multiple cysts, which suggesed
the diagnosis of mastopathy. a Screening MMG. b Closer US examination

We investigated 12 lesions undetectable by US, with the exception of 1 case, which
was unavailable for US reexamination. The 5 lesions were still undetectable during
the secondary examination, and the remaining 5 lesions were, through diligent scan-
ning with a probe, finally detected by high-frequency wave echoes of calcified lesions.
These 10 lesions, which were detected as a microcalcification image by MMG, were
cases of noninvasive ductal carcinoma or partially invasive ductal carcinama papillo-
tublar carcinoma. It is thought that detection was difficult at the time of the first exam-
ination by US. Consequently, 10 lesions (11.2%) of the 89 cancer lesions discovered
were difficult to detect using US. The limit of detection ability by US was about 90%.
In the remaining 2 cases, however, some mass lesions were detectable by closer US
examination. We looked for the reasons of this oversight. In 1 case, the mass was isoe-
choic to the fat tissue and located on the edge of the mammary ground, which made
it difficult to detect. Metastatic axillary gland swelling also existed, however, suggest-
ing we had a chance to detect it in the screening setting. Another case showed
mastopathy with multiple cysts but also showed the duct ectasia, suggesting a chance
to detect the mass with careful scanning around the nipple.
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F1G. 2. Case 12. As we had detected a mass lesion by screening MMG, the case was recalled for
closer examination. Reexamination revealed a mass in addition to a suggestive axillary gland
swelling. The oversight might have occurred because the mass was isoechoic to the fat tissue
and located on the edge of the mammary gland. However, we missed the chance to detect it
because there was an axillary gland swelling. a Expansion photography in closer examination
MMG. b Closer US examination (mass lesion). ¢ Closer US examination (axillary gland
swelling). MLO, mediolateral oblique view

Conclusions

With US, about 10% of breast cancer cases could not be detected. We should keep
in mind the limitations of using only US in the screening of breast cancer. A
continued effort is being made to improve our techniques of early diagnosis of breast
cancer.
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Ultrasonic Screening of the Thyroid in
Patients with Breast Complaints

YasuHisa FujimoTo!, MasaHIRO HaTama!, KENj1 TEZUKA',
HirosH1 OTaN1!, YUUICHI ARIMOTO!, KaTsUMI IKEDA?,
SADATOSHI SHIMIZU? YOSHINARI OGawa?, and Yuk1o NISHIGUCHI

Summary. From 1994 until 2002, we performed 6956 ultrasonic screenings of the
thyroid for all patients who received breast examination by ultrasonography. We
discovered 14 thyroid cancers (0.32%) from 4327 cases with breast complaints. The
incidence of thyroid cancer with breast cancer (0.25%) was three times higher than
that of thyroid cancer without breast cancer (0.73%). It was concluded that ultrasonic
screening of the thyroid was useful in patients with breast complaints.

Key words. Ultrasonic screening of thyroid, Thyroid cancer, Thyroid cancer with
breast cancer

Purpose

A possible association between breast disease and thyroid disease has been discussed
in many reports. In 1988, we reported the usefulness of the ultrasonic screening of
thyroid in patients with breast complaints at the 5th World Federation for Ultrasound
in Medicine and Biology in Washington D.C. [1]. In 1994, we started a new series of
ultrasonic screening of the thyroid for all patients who received breast examination
by ultrasonography at the newly opened Osaka City General Hospital. The purpose
of the present study is to reevaluate its usefulness.

Materials and Methods

From 1994 until 2002, we performed 6956 ultrasonic examinations of the thyroid and
breast concurrently on 4327 patients who came to Osaka City General Hospital with
breast complaints. The number of the patients with breast cancer was 682. We used
Aloka SSD 650CL, GE Logiq 500, GE Logiq 700, and ATL HDI 5000. In most cases, at
the time of examination, we placed a pillow under the left shoulder and examined the
left breast first. We then moved the pillow under the neck, and examined the thyroid.

' Osaka City Sumiyoshi Hospital, 1-2-16 Higashikagaya, Suminoe-ku, Osaka 559-0012, Japan
*Osaka City General Hospital, 2-3-22 Miyakojimahondori, Miyakojima-ku, Osaka 534-0021,
Japan
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F1G. 1. Position for the examination

Finally, we examined the right breast with the pillow under the right shoulder
(Fig. 1).

Results

In 4327 examinations, 35 cases (0.81%) had malignant findings in the thyroid by ultra-
sonography. The maximum size of these 35 nodules was 1.11 = 0.41 cm. Of the 682
cases with breast cancer, 9 cases (1.32%) had malignant findings in the thyroid by
ultrasonography. Of the 3645 cases without breast cancer, 26 cases (0.71%) had malig-
nant findings in thyroid by ultrasonography.

Fourteen cases were operated and diagnosed histologically. In the 14 cases, we
found 13 thyroid cancers, which included 12 papillary carcinomas and 1 medullary
carcinoma, with 6 negative, 6 positive, and 1 unknown for lymph node metastasis.
One nonoperative case was diagnosed cytologically as thyroid cancer and 14 cases
(0.32%) were thyroid cancers diagnosed pathologically. Maximum size of these 14
cancer nodules was 1.14 £+ 0.23 cm.

Of the 682 cases with breast cancer, 5 cases (0.73%) were thyroid cancer. Of the 3645
cases without breast cancer, 9 cases (0.25%) were thyroid cancer. The incidence of
thyroid cancer with breast cancer was three times higher than that of thyroid cancer
without breast cancer.

Of the 35 cases with malignant findings, 21 cases were tracked. There were 8 cases
that were tracked over 2 years by ultrasonography. Of the 8 cases, 3 cases had an
increase in tumor size and 5 cases had no change in size. The increase was 1.3 to
1.6cm in diameter over 4 years, 1.7 to 2.1 cm in diameter over 3 years, and 0.9 to
1.0cm in diameter over 2 years.

Discussion

In this study, the discovery rate of thyroid cancer was 0.25% in the cases without breast
cancer. This incidence of thyroid cancer may show in general in people who come to
common mass screening. It was concluded that the ultrasonic screening of thyroid
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was useful in the patients with breast complaints. The incidence rate, which was three
times higher with breast cancer, was noteworthy. This result showed that a relation-
ship between thyroid cancer and breast cancer might be present.

There is no evidence for this explanation. However, there is the Cowden syndrome,
which is characterized by a high risk of breast and thyroid cancers. Perren et al. [2]
reported that this syndrome causes genetic disorders. With the exception of genetic
factors, environmental factors, such as exposure to X-rays of the thyroid and the
breast, may be a candidate for this explanation.
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Phantom and Human Experiments for
Breast Cancer Detection by Ultrasound
Transmission Technique

YOSHINORI HAYAKAWA, AYA SAKASEGAWA, and Ki1icHI Tsuj1

Summary. A new technique named the ultrasound transmission technique has been
proposed by the authors. The idea was developed from the clinical findings that sound
velocity in breast cancer is higher than in normal tissue by 49-90 m/s. Phantom exper-
iments were conducted. Plexiglas (PMMA) plates 3 mm, 2 mm, or 1 mm thick were put
into a cubic container (86 x 86 X 86 mm) filled with degassed water. In the echogram,
the apparent distance between the back wall of the container and transducer was
shortened because of the higher velocity of sound waves in plexiglas (2700 m/s) than
degassed water (1500 m/s). This result showed the validity of the method. A breast to
be examined can be sandwiched between a planar ultrasound transducer and reflec-
tor plate. Similar experiments were performed using a slice of pork (42mm thick)
instead of degassed water. The shortening of the reflector was apparent. The forearm
of a human volunteer was also examined with plexiglas 2mm or 1 mm thick with
similar results, suggesting the validity of the method.

Key words. Breast cancer, Early detection, Ultrasound, Transmission period, Sound
velocity

Introduction

Breast cancer is the leading cause of death among American women and the second
most common cause among Japanese women. The disease is related to the Western-
style diet and is increasing in incidence.

In every cancer, early detection and early treatment are the best ways to decrease
mortality of patients. Moreover, early detection of breast cancer increases the possi-
bility of breast conservation treatment. Although mammography is the most power-
ful modality for early detection, it is hazardous for use in young women due to X-ray
exposure. Another modality of image diagnosis is ultrasound echo technique, but it
is not as powerful in detecting breast cancer as mammography. Palpation, another
modality, is largely dependent on the skill and experience of medical doctors. A new

Department of Biomedical Engineering, Toin University of Yokohama, 1614 Kuragane-cho,
Aoba-ku, Yokohama 225-8502, Japan
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technique, which has been proposed by some of the authors, was named the ultra-
sound transmission technique [1] (Fig. 1).

In the present report, phantom experiments were conducted to obtain good results.
The idea was developed from clinical findings using ultrasound computed tomogra-
phy that the velocity of sound in a malignant tumor is greater by 49 to 90 m/s than in
the normal tissue of the same patient [2]. The attenuation coefficient of a malignant
tumor and normal tissue are approximately the same. The sound velocity in normal
tissue is 1350 to 1500 m/s depending on the tissue, being greater in parenchyma and
less in fat [2].

Materials and Methods

Phantom experiments were conducted to verify the validity of the technique. The
Toshiba Ultrasound Diagnostic System SSA-390A with a linear transducer of 9 MHz
was employed for the experiment. First, the sound velocity of plexiglas to be used in
the phantom experiment was measured by the echo technique. The echogram of plex-
iglas of 30.2mm thickness was taken in degassed water, and the apparent thickness
was compared. The result was analyzed using the published datum of sound velocity
in water (1500 m/s), yielding the velocity of sound in the plexiglas to be 2670 m/s, com-
pared to the published datum of 2720 m/s.

Second, plexiglas (PMMA) plates 3 mm, 2mm, or 1 mm thick were put in degassed
water in a cubic container (86 x 86 X 86 mm). Apparent protrusion of the container
wall behind each PMMA plate was eminent, which is due to higher sound velocity in
PMMA than in water.

Next, pork slices were sandwiched between PMMA plates 4 mm thick, and exam-
ined from above with the ultrasound transducer. A PMMA plate of 2mm or 1 mm was
inserted between 4mm PMMA plates. Approximately the same result was achieved
with no PMMA plate inserted.

Third, the forearm of a human volunteer was sandwiched between PMMA plates
4mm thick, and examined in approximately the same manner as the pork slices

(Fig. 2).



172 Y. Hayakawa et al.

F1G. 2. Experimental setup
of volunteer human forearm
with plexiglas (PMMA) plate
inserted

Results

Experiment with Pork Slices

Protrusion of the lower PMMA plate, which serves as a reflector, was apparent behind
the 2-mm and 1-mm PMMA plate insertion, mocking a tumor. No such protrusion
was observed without the PMMA plate insertion (Fig. 3).

Experiment with Human Forearm

Two kinds of experiments were achieved using different thickness of forearm (46 mm
and 65mm). Protrusion of the lower PMMA plate, which serves as a reflector, was
apparent behind the 2-mm PMMA plate insertion, mocking a tumor. No such pro-
trusion was observed without the PMMA plate insertion (Fig. 4). In the case of the
1-mm PMMA plate insertion, the protrusion was not so apparent. B-mode images of
forearm with the sound velocity of 1600 m/s of muscle and with PMMA plate of 1 mm
(or 2mm), corresponds approximately to 11 mm (or 22 mm) of tumor thickness in the
case of the sound velocity difference of 49m/s and corresponds approximately to
6mm (or 12mm) of tumor thickness in the case of the sound velocity difference of
90 m/s. This relationship is derived from the equation

Y(1/1600-1/2720) = X(1/v —1/(v +dv))
where Y is the thickness of PMMA, X is the corresponding tumor thickness, v is the

sound velocity of normal tissue, and dv is the difference of sound velocity of 49 m/s
or 90 m/s.

Discussion

The present work shows that the proposed method may be used for mass screening
of breast cancer for young females. The PMMA plate mocking the tumor seems to
be useful to represent a tumor on a patient’s breast to check the operation of the
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F1G. 3. aPork slices of thickness of 49 mm with 2-mm-thick PMMA plate. b Pork slices of thick-
ness of 49mm with 1-mm-thick PMMA plate. ¢ Pork slices of thickness of 49 mm without
PMMA plate. All the B-mode image is zoomed to enlarge the apparent protrusion. Apparently
three-layered echo signals are due to multiple scattering in the upper and lower PMMA plates.
Uppermost reflection is indicated by an arrow
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F1G. 4. a Forearm of thickness of 46 mm with 2-mm-thick PMMA plate. b Forearm of thickness
of 46 mm with 1-mm-thick PMMA plate. ¢ Forearm of thickness of 46 mm without PMMA plate.
All the B-mode image is zoomed to enlarge the apparent protrusion. Apparently three-layered
echo signals are due to multiple scattering in the upper and lower PMMA plates. Uppermost
reflection is indicated by an arrow
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transducer. Echo images may also be useful to observe the reflector position, which
may be apparently protruding due to the higher sound velocity of the tumor. The
echoic volume may be useful to estimate the sound velocity of the region. The reason
we have examined a forearm instead of an actual breast is the lack of volunteers. The
examination of the forearm, however, does not seem to be so inadequate because the
present method seems to be most suitable for examination of dense breasts of young
females less than 40 years of age with scirrhous cancer, and the velocity of sound is
greater compared to older, fatty breasts [3].
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Breast Cancer Ablation: Imaging and
Early Experience

HerNAN I. VARGAS

Summary. The goal of minimally invasive therapy for breast cancer is to eradicate
cancer cells with minimal damage to the underlying normal breast parenchyma or
skin. Tumor ablation is seen as a means of obtaining local control of breast cancer
without surgery. Breast imaging is a critical component of therapy to (1) detect the
primary tumor, (2) demonstrate the anatomical extent of the tumor, (3) Guide the
tumor-ablative device, (4) monitor tissue effects during treatment, and (5) Monitor
the long-term effects of treatment. Current protocols of minimally invasive ablation
of primary breast cancer use physical means for tumor ablation. Preliminary data
exist for the use of percutaneous excision and thermal energy (cryotherapy, intersti-
tial laser photocoagulation, radiofrequency, and microwaves).

Key words. Breast, Cancer, Ablation, Ultrasound, Magnetic resonance

Introduction

The principles of breast cancer surgery underscoring removal of the breast and
regional lymphatics originated in the late nineteenth century in Europe. Subsequently,
Halsted proposed that breast cancer dissemination occurs sequentially involving the
breast first, followed by involvement of lymphatics and regional progression that sub-
sequently leads to systemic disease. This paradigm has served as a premise for surgi-
cal management of breast cancer during the past century [1].

Investigators from the NSABBP (National Study for Breast and Bowel Project) have
questioned the validity of this concept with a series of prospective studies [2]. Current
understanding of cancer biology suggests that systemic progression of breast cancer
occurs early and independently from lymph node involvement.

As our understanding of the natural history and biology of breast cancer has
evolved, the surgical treatment of breast cancer and local regional disease have also
changed. Respect of patient autonomy in the decision-making process and the devel-
opment of effective screening with mammography have contributed to a demonstra-
ble change in breast cancer survival and clinical presentation. Cady et al. have

Division of Surgical Oncology, Harbor-UCLA Medical Center, 1000 W. Carson Street, Torrance,
CA 90509, USA
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documented a progressive decrease in the average size of breast cancer [3]. Subclin-
ical breast cancer is currently a common presentation. This stage is defined as the
detection of breast cancer before the development of any symptoms. Therefore, the
management of breast cancer has evolved toward less invasive surgical treatment
[2, 4]. The possibility of treating the primary tumor without surgery is currently
the subject of several clinical trials [5].

Minimal Invasive Treatment of Breast Cancer (MITBC)

Definition

The effectiveness of breast-conservation therapy has been documented in multiple
prospective clinical trials [2, 6]. Similarly, less invasive procedures of axillary staging
are used commonly today [4]. Minimally invasive treatment is the next step in the
evolution of management of breast cancer [5]. MITBC refers to local therapy without
surgery and is the subject of ongoing investigation.

Principles

The ideal local therapy for breast cancer should eradicate cancer cells with minimal
damage to the underlying normal breast parenchyma. Current local management of
breast cancer requires wide local excision with negative margins [7]. Achieving patho-
logically negative margins may be challenging and may lead to repeat surgery and
undesirable poor cosmetic outcomes. In spite of obtaining negative margins, adjuvant
therapy (radiation) is required because the local recurrence rate is high with surgery
alone [2, 6, 7]. Methods for percutaneous excision and breast cancer ablation seek to
achieve the goal of targeted local cancer eradication without significant damage to
surrounding tissues. Imaging guidance is essential to outline the diseased areas of the
breast and direct the therapy.

Breast Imaging

The role of imaging in breast cancer minimally invasive treatment includes the
following:

1. Tumor detection: magnetic resonance imaging (MRI) is the single most sensi-
tive technique for diagnosis of breast cancer [8, 9]. However, MRI may not be supe-
rior to a combination of sonography and mammography [10]. The main limitation of
MRI is its relatively low specificity and the difficulty in detection of in situ breast
cancer [9, 10].

2. Determination of the anatomical pattern of spread is useful in patient selection
and in planning ablative therapy. MRI is more accurate than sonography and mam-
mography in the detection of a multifocal pattern of spread and multicentricity [11].
MRI is valuable in establishing the extent of disease, even in difficult scenarios such
as lobular carcinoma [12] or intraductal cancer spread [13]. Breast sonography is less
sensitive than MRI but is better than mammography.

3. Breast imaging is used as a guide to the percutaneous excision/ablative tool.
Ablation devices have been guided with MRI [14], sonographic [15], and stereotactic
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techniques [16]. Limitations to the use of MRI are the need of nonferromagnetic
equipment and the cost and availability of the equipment. Sonography is widely avail-
able at a reasonable price and is highly accurate in the localization of tumors.

4. Real-time imaging for treatment monitoring is ideal. Real-time imaging enables
adjustments of treatment parameters and targeting of multiple irregular areas in the
breast. MRI is cumbersome because of the need of MRI coils for best imaging and the
need of nonferromagnetic equipment. Ultrasound affords the highest versatility in
targeting and monitoring. The use of ultrasound contrast agents may be helpful in
the evaluation of tumor blood flow, which may be a primary endpoint of ablative
techniques.

5. A combination of clinical assessment, breast imaging, and pathology may be
important in the long-term monitoring of success or failure. A combination of these
techniques seems more promising than the use of imaging alone. MRI may be able to
distinguish necrotic, avascular tissue from viable tumor. Further experience is
required in this field.

A combination of imaging techniques may provide the best outcome. Clinical exam-
ination, mammography, and sonography are useful for diagnosis of breast cancer. A
combination of mammography, sonography, and MRI are needed for best assessment
of the extent of disease. Patient selection is critical because cases of multicentric
disease, extensive local or focal disease with Pagetoid spread, and those with large
areas of ductal carcinoma in situ (DCIS) may be impossible to treat with focal abla-
tive techniques. Sonographic guidance of the therapy is reliable, widely available, and
affordable. Sonography may also be useful in the monitoring of therapy as a measure
of blood flow. Long-term monitoring may prove to be difficult and may require tissue
diagnosis of the residual abnormalities. Complete biopsy of the abnormality under
ultrasound guidance may afford the only means of measuring the success of therapy.

Investigational Methods of Minimally Invasive Therapy

MITBC may be accomplished through percutaneous excision or tumor ablation with
physical energy, generally extreme temperatures.

Percutaneous Excision

Advanced breast biopsy instrument (ABBI) is a procedure that mimics needle local-
ized excisional biopsy but is performed under image guidance. In this procedure, the
patient is placed prone on the stereotactic table and under compression; the location
of the lesion is established by obtaining two stereo views on mammography. Using
the Cartesian theorem, the location of the lesion is determined. A needle is then intro-
duced into the target and a wire is deployed. A skin incision in the breast is required
to advance the cutting mechanism of a cannula. A cylindrical specimen with a 2-cm
diameter and of variable length can be removed. Assessment of the margins is possi-
ble. The major caveat is that the lesion is often located eccentrically and margins are
involved in 60% of cancers excised with ABBI [17].

Vacuum-assisted core biopsy (VACB) is commonly used for diagnosis of breast
lesions. Using stereotactic or ultrasound guidance, the vacuum-assisted core device



Breast Cancer Ablation 179

can be guided to the breast abnormality allowing for extensive tissue sampling.
Lieberman et al. [18] reported that calcific lesions were completely removed in 51%
of cases. Gajdos et al. [19] reported that no cancer was found on the reexcision spec-
imen in 17% of cases who underwent VACB for diagnosis. More recently, Fine et al.
[20] have reported that benign palpable masses can be removed with a success rate
of 99%. This result raises a possibility of its use directed at the treatment of breast
cancer. With the vacuum-assisted core biopsy, a tumor can be removed in pieces,
retrieving tissue samples of approximately 100 to 150 mg per sample. The success of
this approach in the management of breast cancer has not yet been reported.

Tumor Ablation

Cryotherapy with liquid nitrogen as developed for the treatment of nonresectable liver
has reported on the treatment of 16 patients by generating an iceball with a diameter
of 28 mm. Complete tumor ablation was achieved in 5 tumors less than 16 mm in size.
However, there was residual in situ carcinoma. Tumors larger than 16 mm had evi-
dence of incomplete necrosis [21]. The freeze ball is highly anechoic on sonography,
but assessment of the tissues deep to the freeze ball is impossible. Animal studies have
documented the presence of residual cells in the frozen tissue.

Interstitial laser photocoagulation (ILP) uses a fiberoptic probe to conduct laser
energy. The energy delivered causes hyperthermic ablation. Dowlatshahi et al. [16]
have reported complete ablation in 70% of cases treated with ILP. A tissue tempera-
ture of 60°C and energy of 2500 joules/ml of tumor are predictors of successful
ablation.

Radiofrequency ablation (RFA) was also developed for the treatment of non-
resectable liver metastases. Cell death is secondary to dessication, denaturing of
cytoskeletal proteins, and destruction of nuclear structure in the treated area. The size
of the ablation field is determined by physics of resistive heat generation, requiring
an array of conductors to deliver the thermal energy to a broad area. Izzo et al. [22]
have reported on the results of a phase I study of 27 patients with a mean tumor diam-
eter of 1.8 cm. Complete tumor ablation was seen in 96% of patients.

Focused microwave phased array ablation (FMPA) uses two opposing microwave
applicators to generate microwave energy that produce deep tissue heating when
properly focused. In a multicenter phase I study [15], we reported variable degrees of
tumor necrosis in 68% of patients. Tumor necrosis was seen in 87% of patients receiv-
ing the highest dose in this dose escalation trial. However, patients with complete
tumor ablation had residual DCIS.
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US-Guided Mammotome Biopsy of
Breast Masses in Comparison with US-
Guided Aspiration Biopsy Cytology

N. Tounosu', Y. KoBavasHr', T. NaTsuME', T. KaTo? and T. UEHARA?

Summary. Ultrasound (US)-guided fine-needle aspiration biopsy cytology is useful
for diagnosing hard-to-palpate tumors or small-sized tumors. However, it is some-
times difficult to establish diagnosis of masses with insufficient samples or to manage
the diagnosis of questionable features. The purpose of this study was to evaluate US-
guided Mammotome biopsy for the diagnosis of breast masses in comparison with
US-guided fine-needle aspiration biopsy cytology. Fifty-eight histologically proven
breast masses on US-guided fine-needle biopsy cytology and US-guided Mammotome
biopsy were analyzed during January 1999-March 2003. US guidance was performed
with a 7.5-MHz linear array ultrasonic transducer (Aloka SSD 5500); US-guided aspi-
ration biopsy cytology was performed using a 21-gauge needle. Needle biopsy was
performed using a Biopsis Mammotome with an 11-gauge needle with a freehand
technique. Sensitivity, specificity and accuracy of aspiration biopsy cytology were
92.7%, 76.9%, and 88.9%, respectively. Duct cells were not obtained in 4 of 58 patients
(6.9%). The sensitivity, specificity, and accuracy of Mammotome biopsy were 94.1%,
100%, and 97.1%, respectively. Mammotome biopsy is useful for the accurate diagno-
sis of masses with insufficient materials on aspiration biopsy cytology, sonographic-
cytologic discordance, and radiotherapy after breast-conserving surgery.

Key words. Breast masses, Breast cancer, Mammotome biopsy, Fine-needle aspiration
biopsy cytology, Ultrasonography

Introduction

Fine-needle aspiration biopsy cytology (FNAC) is frequently performed and is
accepted as a reliable tool for the diagnosis of breast masses. However, FNAC using
palpation alone has the limitations of lesion sampling specifically in nonpalpable
masses, and hence ultrasound (US)-guided FNAC has come to be preferred to diag-
nose hard-to-palpate tumors or small-sized tumors. Nevertheless, it is sometimes dif-
ficult to establish accurate diagnosis due to sampling errors or questionable features.
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The purpose of this study was to evaluate US-guided vacuum-assisted Mammotome
biopsy for the diagnosis of breast masses in comparison with US-guided FNAC.

Materials and Methods

Fifty-eight histologically proven breast masses on US-guided FNAC or Mammotome
biopsy were retrospectively reviewed between January 1999 and March 2003. There
were 55 palpable masses (94.8%) and 3 nonpalpable masses (5.2%). The masses
ranged in sonographic size from 6 to 88 mm (mean, 20.3 mm). Sonographic guidance
was performed with a 7.5-MHz linear array ultrasonic transducer (Aloka SSD 5500);
US-guided FNAC was performed two times per lesion using a 21-gauge needle. Needle
biopsy was performed using a Biopsis Mammotome with an 11-gauge needle, and a
mean of five specimens were obtained per lesion under a freehand technique. Color
Doppler sonography was always combined before this procedure to confirm vascular
locations in and around the masses for avoiding bioptic bleeding.

Results

On US-guided FNAC, there were 4 of 58 masses (6.9%) in which duct cells were not
obtained, and 1 of the lesions was found to be malignant. Three false negatives were
invasive ductal carcinoma, papillary carcinoma, and mucinous carcinoma. Sensitiv-
ity, specificity, and accuracy were 92.7%, 76.9%, and 88.9%, respectively (Table 1).
Although the sensitivity of US-guided FNAC was most favorable, it is necessary to
reduce the number of poor samplings and false negatives. For this purpose, we con-
sider that the indication for Mammotome biopsy is masses with no diagnosis due to
inadequate materials on US-guided FNAC, masses showing sonographic-cytologic
discordance and masses detected after breast conserving surgery followed by radio-
therapy (Fig. 1). The respective sensitivity, specificity, and accuracy of Mammotome
biopsy were 94.1%, 100%, and 97.1% (Table 2). One (5.6%) of 18 benign masses eval-
uated by this procedure was correctly diagnosed on surgical excision to be malignant
(Table 3).

TaBLE 1. Accuracy of US-guided aspiration

biopsy cytology

Pathology
Cytology Malignant Benign
No duct cells 1 3
Malignant 38 3
Benign 3° 10

Sensitivity, 38/41 (92.7%); specificity, 10/13 (76.9%);
accuracy, 48/54 (88.9%)

“Invasive ductal cancer, papillary cancer, mucinous
cancer
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1. Masses with no diagnosis due to insufficient samples on US-guided aspiration biopsy

cytology
2. Masses showing sonographic-cytological discordance

3. Masses detected after breast-conservation surgery followed by radiotherapy

F1G. 1. Indication of Mammotome biopsy

TABLE 2. Accuracy of Mammotome biopsy

Pathology
Mammotome biopsy Malignant Benign
Malignant 16 0
Benign 1 17

Sensitivity, 16/17 (94.1%); specificity, 17/17 (100%); accu-
racy, 33/34 (97.1%)

TaBLE 3. Pathologic findings on US-guided Mammo-
tome biopsy
Lesion No. of masses

Benign (n =18)

Fibrocystic change 7 (1 carcinoma)
Benign breast tissue 2
Fibroadenoma 1
Ductal hyperplasia 1
Papilloma 1
Others 6
Malignant (n = 16)
Invasive ductal carcinoma 14
Invasive lobular carcinoma 1
Intraductal carcinoma 1

Discussion

Sonographically guided, continuous, and reliable visualization of the needle allows for
accurate material sampling. Consequently, US-guided FNAC and Mammotome biopsy
are minimally invasive tools for the accurate diagnosis of breast masses to avoid
unnecessary surgical excision. For US-guided FNAC, sensitivities, specificities, and
accuracy ranges are 86.9%-98.9%, 45.6%-95.3%, and 74.7%-89% [1-3], respectively.
More than 50% of samples by FNAC are insufficient [4], and a lower yield is reported
in tumor types producing a desmoplastic stroma (tubular carcinoma, invasive lobular
carcinoma) or in noncomedonic in situ ductal carcinoma [2]. Sampling errors by
FNAC using palpation alone were as high as 43%, and tumor types resulting in insuf-
ficient samples were small-sized, invasive ductal carcinoma rich in scirrhous compo-
nent or invasive lobular carcinoma in our series also. In contrast, 6.9% of samples
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obtained on US-guided FNAC were inadequate. Therefore, we prefer to perform US-
guided FNAC first if the masses sonographically show the aforementioned findings.

US-guided core-needle biopsy significantly improved the specificity and accuracy
of inadequate biopsy, by US-guided FNAC [3]. Although other authors [5-7] stress the
usefulness of core-needle biopsy, Simon et al. [7] mentioned vacuum-assisted core-
needle biopsy, stating that sensitivity, specificity, and accuracy were 94.7%, 98%, and
98.6%, respectively, similar to our series. The vacuum-assisted core needle is superior
to a spring-loaded needle in sampling volume, thus leading to more accurate diagno-
sis. Considering their report of bioptic massive bleeding in 7%, color Doppler sonog-
raphy before biopsy is strongly recommended to avoid the complication, as in our
series.

Conclusions

Mammotome biopsy is an accurate method for evaluating breast masses with insuf-
ficient samples on US-guided FNAC, sonographic-cytologic discordance, and breast-
conserving surgery followed by radiotherapy.
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Ultrasonographic Appearance and
Clinical Implication of Bilateral Breast
Infiltration with Leukemia Cells

SATOMI ASAT', HAYATO M1YACHI', MITSUHIRO KUBOTA?,
Noriko KovaNaGr’, YosH1aKI Ocawa?, TomomiTsu HoTTa*, and
YASUHIKO ANDO'

Summary. We assessed the ultrasonographic appearance and clinical implication of
bilateral breast involvement in three cases of acute leukemia: L1, L3, and M1 of the
FAB subtype. Breast involvement was observed in one case at the initial presentation
and in two cases at relapse after bone marrow transplantation. Common findings of
ultrasonograms of the cases were hypoechoic masses with diffusely mixed internal
echogenicity, including a mottled appearance in the case with L3. The ultrasono-
graphic appearance was nonspecific to leukemia. In each case, both sides of breast
involvement were identical to each other in appearance at the diagnosis and during
the course of treatment. When breasts were found to be involved by leukemia cells,
all three cases had another extramedullary lesion: meninx in two cases at relapse and
ovary in one case at the initial presentation. These findings suggested the bilateral
breast involvement occurred as a part of the diffuse and generalized leukemia process
and as extramedullary lesions at sanctuary areas of antileukemia agents.

Key words. Leukemia cell, Infiltration, Breast, Ultrasonography

Introduction

One frequent cause of morbidity in acute leukemia is extramedullary leukemia cell
infiltration. Leukemia cell infiltration of the breast is rarely seen as an extramedullary
lesion [1-4]. Both unilateral and, less frequently, bilateral breast involvement with
leukemia cells has been reported [4-7]. We experienced bilateral breast involvement
in three women with acute leukemia. This study attempted to assess the ultrasono-
graphic appearance of these and to clarify the clinical implication of bilateral breast
infiltration with leukemia cells.
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Patients and Methods

Three women with acute leukemia were diagnosed having bilateral breast involvement
from 1990 to 2001 at Tokai University Hospital. Case 1 was a 47-year-old woman with
acute lymphoblastic leukemia (ALL L3 of the FAB subtype) at the initial diagnosis.
She presented with bilateral breast masses and a lower abdominal mass. Ultrasono-
graphic examination of the pelvis revealed a large ovarian solid mass with internal
echogenicity accompanying small cystic areas, which was suspected to be leukemic
involvement of the ovary. Case 2 was a 16-year-old girl with pre-B ALL (L1 of the FAB
subtype). She underwent bone marrow transplantation (BMT) during the first com-
plete remission, and then had painless bilateral breast masses and headache at the
second relapse. Cerebrospinal fluid examination revealed meningeal leukemia. Case
3 was a 35-year-old woman with acute myeloblastic leukemia (AML, M1 of the FAB
subtype). She underwent BMT at the first relapse. After engraftment, she had pain-
less bilateral breast masses and headache. Cerebrospinal fluid examination revealed
meningeal leukemia.

Ultrasonographic examination of the breast mass was carried out with real-time
linear scanners (SSD 650, Aloka; LOGIQ500, GE Yokogawa) using a 7.5-MHz probe.
Breast involvement with leukemia cells was diagnosed with histopathological exami-
nation of needle aspiration biopsy of the breast or bone marrow. Ultrasonographic
findings of the breast lesions in each patient were assessed in association with clini-
cal course.

Results

Ultrasonographic appearance of bilateral breast involvement was assessed in three
female cases with acute leukemia. Common findings of their ultrasonograms were
large hypoechoic masses with internal echogenicity. The shape of these masses was
oval or long on the side. The margin was irregular but the border was clear, not involv-
ing the fat and muscle elements of the surrounding tissues. The posterior echo of the
masses was enhanced. The parenchyma echo of these lesions was a heterogeneous or
diffuse mixed echo texture. The parenchyma echo of the masses in the case with L1
of the FAB subtype showed a hypoechoic mass with small hyperechoic area (Fig. 1)
[7]. The parenchyma echo of the masses in the case with M1 was hypoechoic solid
masses with slight internal echogenicity (Fig. 2). The parenchyma echo of the masses
in the case with L3 showed characteristically a mottled pattern. The finding was
mimicking mastopathy [8].

In each case, the ultrasonographic appearance of both sides of breast involvement
was identical at the diagnosis and during the course of treatment. With induction
chemotherapy, both sides of breast involvement and ovary tumor in the case of L3
reduced in size and disappeared concomitant with attainment of bone marrow remis-
sion. By contrast, both sides of breast involvements as well as bone marrow disease
in L1 and M1 were nonresponsive to chemotherapeutic treatment of leukemia.

The ultrasonographic appearance and clinical course of breast involvement are
summarized in Table 1.
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F1G. 1. Ultrasonogram of the
right (a) and left (b) sides
of breast with L1 of the FAB
subtype after 1 year and 6
months of bone marrow
transplantation. There were
hypoechoic  solid masses
with hyperechoic area. The
posterior echo enhancement
is demonstrated

Discussion

Leukemic infiltration may occur in any tissue in the body, and breast involvement is
rarely seen as extramedullary lesions [1,2]. We assessed the ultrasonic and clinical fea-
tures of bilateral breast involvement in three Japanese females with acute leukemia.
FAB types of the three patients were various, namely, L1, L3, and M1, which was con-
sistent with the previous reports describing breast involvement in all ranges of acute
leukemia subtype [2,4]. Leukemia cell infiltration of the breast was observed not only
as manifestation of advanced disease at relapse but also as the initial presentation.

On ultrasonography, a lesion of the breast usually appears as a solid hypoechoic
lesion with an ill-defined and irregular margin [9-11]. Normal breast tissue was bilat-
erally replaced by a mass of leukemic cells, the parenchyma echo resulting in hetero-
geneous or diffuse mixed echo texture. These ultrasonographic appearances were
nonspecific to leukemia. The parenchyma echo of L3 showed characteristically a
mastopathy-mimicking mottled pattern [8]. In each case, the ultrasonographic
appearance of both sides of breast involvement was identical at the diagnosis and
during the course of chemotherapy.
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UNIV. HOSPITAL HO.2 3: 44 Fi1G. 2. Ultrasonogram of the
right (a) and left (b) side of
breast with M1 of the FAB
subtype after 8 months of
bone marrow transplantation.
There were bilaterally hypo-
echoic solid masses with
slight internal echogenicity.
The posterior echo enhance-
ment is demonstrated

TaBLE 1. Ultrasonographic appearance and clinical course of bilateral breast involvement

FAB Internal echo of Treatment responsiveness Other

subtypes the mass Breast BM disease extramedullary lesion

L1 Bilateral Bilateral Nonresponsive CNS
hyperechoic area nonresponsive

L3 Bilateral Bilateral Responsive Ovary
mottled pattern responsive

M1 Bilateral Bilateral nonresponsive CNS
heterogeneous nonresponsive

BM, bone marrow; CNS, central nervous system

When the breast involvement was diagnosed, all three cases had another
extramedullary lesion, meninx and ovary. These organs are known as sanctuary areas
of antileukemic agents. Both sides of breast involvement showed the same respon-
siveness to chemotherapy as the bone marrow disease. Bilateral breast involvement at
relapse was suggested to be an indication of poor prognosis, because the patients had
concomitant meningeal leukemia as well as unresponsiveness to chemotherapy, prob-
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ably due to resistant leukemic cells in the sanctuary areas. Bilateral breast involve-
ment was suggested to be a part of a diffuse and generalized leukemic process because
they had identical clinical course and ultrasonographic appearance and concomitant
involvement of other sanctuary organs such as central nervous system (CNS) or ovary.
It was also suggested that one may consider exploring for other extramedullary lesions
when bilateral breast involvement is observed in leukemia patients.
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Analysis of Ultrasonographic Findings
of Breast Masses by the Nagasawa
Computer-Aided Diagnosis System
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Summary. The Computer-Aided Diagnosis (CAD) software Nagasawa ver. 7.2 was
developed by Professor Toru Nagasawa. The purpose of this study was to evaluate our
decisions on ultrasonographic (US) findings using the CAD system. We analyzed 29
ultrasonograms (14 breast cancers and 15 fibroadenomas, diagnosed in Osaka City
University Hospital). We categorized the US findings of the masses by the features of
their shapes and borders (shape: regular, relatively irregular, irregular; border:
smooth, relatively rough, rough). Then, we analyzed these ultrasonic categories with
the CAD system. Each feature was compared with CAD parameters [shape: deformity
index (DI), irregularity (Irr), marginal area index (MAI); border: entropy (Ent), fractal
dimension (Fd), surface-length index (SL)]. The CAD parameters of DI, Irr (respec-
tively, P = 0.0059), Ent (P = 0.0039), Fd (P = 0.0214), and SL (P = 0.0054) were signifi-
cantly correlated with US categories. According to multiple comparisons, categories
of “regular” and “relatively irregular,” and “smooth” and “relatively rough,” were in the
same group. The CAD parameters indicated almost identical results with conventional
US findings in breast masses. “Relatively irregular” and “relatively rough” can include
“regular” and “smooth,” respectively.

Keywords. Ultrasonography, Computer-aided diagnosis, Breast cancer, Fibroadenoma
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Background

Recently, a computer-aided diagnosis (CAD) system for mammography has been in
practical use even though research into CAD for ultrasonography (US) has just
started. Herein, we evaluate the usefulness of the CAD system in ultrasonographic
(US) diagnosis.

The CAD software Nagasawa ver. 7.2 was developed for objective US diagnosis for
breast tumors by T. Nagasawa. The purpose of this study was to evaluate our decision
on US findings by the CAD system.

How to Use the Nagasawa System

The system is semiautomatic, and works on Microsoft Windows (Fig. 1). Only about
1 min is necessary for the diagnosis of each image of a breast mass.
We use the Nagasawa system as follows:

1. Setting of region of interest (ROI).

2. Detection of mass.

3. Detection of position. (Users click the mouse at the positions of surface of skin,
upper border of mammary gland, and fascia of major pectoral muscle.)

4. Features analysis.

Results of calculation.

6. Decision.

o

Materials and Methods

We analyzed 29 ultrasonograms [14 breast cancers (CA) and 15 fibroadenomas (FA),
diagnosed pathologically in the Department of Surgical Oncology, Osaka City Uni-
versity Graduate School of Medicine]. Patient mean age was 58.8 (31-80) years for CA
and 44.0 (20-72) years for FA. Tumor mean diameter was 21.7 (10-35) mm for CA and
22.9 (10-31) mm for FA. We used an Aloka SSD-2000, SSD-650CL with a 10-MHz
mechanical sector scanner. The CAD diagnosis was performed using US images of
long axial dimension of breast masses stored in JPEG format. The US images were
categorized by four sonographers and four medical doctors who are experts in breast
ultrasonography. We categorized the US findings of the masses by the features of their
shapes and borders (shape: regular, relatively irregular, irregular; border: smooth, rel-
atively rough, rough). The US images were classified by agreement of more than five
experts. The group of “shape” were categorized as regular (n = 3), relatively irregular
(n=38), or irregular (n=15); the group of “border” were categorized as smooth
(n = 6), relatively rough (n = 7), or rough (n = 10). Then, we analyzed these ultrasonic
categories with the CAD system. Each feature was compared with CAD parameters
[shape: deformity Index (DI), irregularity (Irr), marginal area index (MAI); border:
entropy (Ent), fractal dimension (Fd), surface-length index (SL)].
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TaBLE 1. Results (median + variance): shapes

DI Irr MAI
Regular 1.80 + 0.52 22.65 + 82.52 0.55+0.25
Relatively irregular 1.62+0.19 20.32 £ 30.30 0.69 +0.05
Irregular 2.75%+0.91 34.59 +143.12 0.55 £ 0.04
P value 0.0059 0.0059 0.6348

Kruskal-Wallis test
DI, deformity index; Irr, irregularity; MAI, marginal area index

TABLE 2. Results (median + variance): borders

Ent Fd SL
Smooth 4.039 +0.447 1.229 £ 0.002 1.278 £ 0.043
Relatively rough 4.233 +1.002 1.254 + 3.890 1.400 £ 0.018
Rough 5.964 +0.895 1.288 £ 0.002 1.673 £ 0.079
P value 0.0039 0.0214 0.0054

Kruskal-Wallis test
Ent, entropy; Fd, fractal dimension; SL, surface-length index

Results

The CAD parameters of DI, Irr (respectively, P=0.0059), Ent (P=0.0039), Fd
(P=0.0214), and SL (P=0.0054) significantly correlated with US categories
(Kruskal-Wallis test) (Tables 1, 2). According to multiple comparisons (Bonferroni
correction, Mann-Whitney U test), each parameter significantly correlated with

categories of “regular” and “relatively irregular”; “smooth” and “relatively rough” were
in the same group (Figs. 2-6).

Discussion

In general, many Japanese sonographers and medical doctors tend to categorize into
“relatively irregular” or “relatively rough” when US images of “regular” and “smooth”
are not so clear. In this study, experts had categorized in the same way. In other words,
the group of relatively irregular and relatively rough should be categorized into
regular and smooth. In the near future, prospective and consecutive studies are
necessary to evaluate discrimination of ultrasonic image analysis of CAD for breast
tumors.

Conclusion

The CAD parameters indicated almost identical results with conventional US findings
in breast masses. Relatively irregular and relatively rough can be included in regular
and smooth, respectively.
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Dorsal Growth of Breast Cancer May
Correlate with the Prognosis

HirosHI YOSHIBAYASHI, SATORU NISHIMURA, and SATORU MATUSUE

Summary. We studied whether the growth of breast cancer as shown by ultrasonog-
raphy (US) relates to prognosis. A total of 193 patients who had a single mass on US
and had undergone radical operation between January 1992 and December 1997 were
studied. The tumors on US were classified the direction of backward or forward
growth. Internal type was defined as the tumors within the mammary glands; ventral
type was tumors that grew upward toward the subcutaneous tissue; dorsal type was
masses that grew downward toward the retromammary space; and mixed type was
masses that grew in both subcutaneous tissues and retromammary spaces. The ventral
type was seen in 106 cases, mixed type in 66 cases, internal type in 12 cases, and back-
ward type in 9 cases. Disease-free survival rate (DFS) and overall survival rate (OS)
(10 years) of these types were 100%/100% (internal type), 79%/86% (ventral type),
68%/76% (mixed type), and 39%/67% (dorsal type). We concluded that breast cancer
tends to grow ventrally rather than dorsally and that the dorsal type showed poorer
prognosis than the other types.

Key words. Breast cancer, Growth pattern, Prognosis, Ultrasonography

Introduction

The invasion of breast cancer differs between the areas of tumor. For example, all
lymph node metastases are different. We usually evaluate horizontal growth of breast
cancer and classify five areas of A, B, C, D, and E. However, we do not yet know clas-
sification by growing of backward or forward. Therefore, the purpose of this study
was to evaluate breast cancer on ultrasonography (US), to classify the direction of
backward or forward growth, and to demonstrate whether this classification correlate
with the prognosis (Fig. 1).

Department of Abdominal and General Surgery, Tenri Hospital, 200 Mishima, Tenri, Nara
632-8552, Japan
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F1G. 1. The four categories of breast cancer by ultrasonography (US)

Results

All patients were Japanese women. A summary of the 193 cases is shown in Table 1.
The mean tumor size of mixed type was 28.1 mm, 25.5 mm in dorsal type, 20.5mm in
ventral type, and 18.8 mm in internal type. The mixed type was significantly larger
than the other three categories (P < 0.01, 3 test).

The frequency of the four categories is shown in Fig. 2. The ventral type (55%) was
found in more than half of the 193 cases studied, followed by mixed type, which
occurred in 34% of the cases. Internal type and dorsal type were found in 6% and 5%
of the cases, respectively.
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TABLE 1. Summary of the 193 cases

Internal Ventral Dorsal Mixed Totals

Area of tumor

A 2 26 4 23 55 cases

B 0 7 1 2 10 cases

C 9 54 3 27 93 cases

D 1 16 1 12 30 cases

E 0 3 0 2 5 cases
Mean tumor size 18.8 20.5 25. 28.1 23.2mm
Pathological stage

Stage I 6 45 3 18 72 cases

Stage II 6 58 5 42 111 cases

Stage III 0 3 1 6 10 cases
Internal Dorsal F1G. 2. The frequency of the four categories

6%

TaBLE 2. The rate of lymph node metastases, only T1 and T2 (n = 187)

T
Category T1 T2 Total
Internal 25% 0% 17%
Ventral 25% 40% 31%
Dorsal 0% 33% 22%
Mixed 31% 46% 39%

Two patients of no dissection of lymph node and four patients of T3 excluded

Table 2 shows the rate of lymph node metastases. Among the four categories, mixed
type, at 24 of 61 cases (39%), showed the most metastases, followed by ventral type at
33 of 105 cases (31%), dorsal type at 2 of 9 cases (22%), and internal type at 2 of 12
cases (17%). As the size of the tumor increases, the density of the lymph node metas-
tases also increases.

The cumulative 10-year disease-free survival rate is shown in Fig. 3. Internal type
had 10 years disease-free survival rate at 100%, ventral type at 79.9%, mixed type at
67.7%, and dorsal type at 39.5%. The greatest difference was between ventral type and
dorsal type (P <0.05). The cumulative 10-year overall survival rates are shown in
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Fig. 4. At the time of the present study, there was no significant difference among
these.

The other data were statistically analyzed by the y* test, using the Stat View soft-
ware package (SAS Institute, Cary, NC, USA). All results were considered statistically
significant at a P value less than 0.05.

Discussion

We usually evaluate horizontal growth of breast cancer and classify five areas as A, B,
C, D, and E. However, we do not know how to classify by the direction of growth.
Therefore, the purpose of this study was to evaluate breast cancer on US, to classify
the direction of backward or forward growth, and to demonstrate whether this clas-
sification correlates with the prognosis. Breast cancer tends to grow ventrally rather
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than dorsally. The reason for growth was considered as into the cancer itself or the
surrounding stroma. The invasion of breast cancer accompanies reactive changes in
the surrounding stroma [1, 2]. These stromal changes are best known as desmopla-
sia. Breast cancer lumps include these reactive changes. Histological studies have
revealed that these reactive changes are composed of a proliferation of myofibroblasts
[3, 4], collagen synthesis (type 3 and 5), and angiogenesis [1, 2, 5]. These growth
patterns may differ as to the point that these changes turn to the ventral or dorsal
direction.

The mean size of the mixed type was 28.1 mm, and the mixed type was significantly
larger than the other three categories (P < 0.01, y” test). If breast cancer grew above a
definite size, ventral type or dorsal type might become mixed type.

Next, we studied the reference between the classification of the four categories and
prognosis. Dorsal type had 10 years disease-free survival rate at 39.5% and ventral
type at 79.9%. The biggest difference was between ventral type and dorsal type (P <
0.05).

We studied the relationship with lymph node metastases for that reason. Among
the four categories, however, mixed type at 39% showed the most metastases, followed
by ventral type at (31%), dorsal type at (22%), and internal type at (17%). The lymph
node metastases of dorsal type tended to occur less often than the others (N.S., ¥
test). Therefore, this study did not show the relationship between the poor prognosis
of dorsal type and lymph node metastases. We consider that the other reason for the
poor prognosis of dorsal type may be metastasis by blood, because there are many
blood vessels from the pectoral major to mammary glands.

Nakano et al. [6] reported the importance of the retromammary space. The retro-
mammary space is a collection of very loose connective tissue. If dye is placed in the
retromammary space, the dye immediately spreads in all directions by capillary action
and reaches the lymph nodes. They reported that the relationship between lymph
node involvement and retromammary space was statistically significant. The dorsal
type grew in the retromammary space and had a poorer prognosis than the ventral
type. However, the role of the anatomy, pathology, and function of the retromammary
space is not known.

Conclusion

This study showed that breast cancer tends to grow ventrally rather than dorsally.
Also, there is a tendency that the dorsal type showed a poorer prognosis than the
others. The cause for poorer prognosis of dorsal type should be resolved.
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