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Introduction

A number of ultrasound visualization image pat-
tern characteristics are used in distinguishing be~
tween benign and malignant breast tumors, but a pri=
mary factor is the presence or absence of attenuation
(as indicated by “acoustic shadowing”) which, when
present, is generally considered an indication of a
malignant tumor. This paper is concemned with find-
ings on the attenuation of benign breast masses (as
indicated by ultrasound visualization) and with the
problem of clearly differentiating image patterns
of such turors from those of malignant tissue in
order to prevent a misdiagnosis on the basis of
“acoustic shadow" phencmena.

Instrumentation and Procedures

Two separate ultrasound visualization systems
were used for the studies outlined in this paper;
namely, a laboratory-based research instnment and a
clinical instrument. The research system is a B-mode
linear scan unit (patient supine) which allows easy
interchange of transducers, precise placement of the
focus of the transducer within the breast, and a
choice of water bag or direct fluid coupling. Four
transducers, ranging in frequency from 2.25 to 5.0
Miz, were used in the studies discussed in this pa-
per. The clinical instrument, a comercial wnit
specifically designed for breast examination at a
frequency of 5 MHz, has been modified to allow exa-
mination of patients at different frequencies and in
1 mm step intervals.l

Natural sponges with embedded scattering-type
targets (hydrocolloid material with a mixture of dex-
tran microspheres) having attenuation values that are
close to those found for benign masses, and others
with attenuation values comparable to malignant tum-
ors, were used as breast phantoms and examined by
both visualization systems.*

Discussion and Results

It was shown in previous investigations that
"acoustic shadowing" image patterns for certain be-
nign breast masses may be indistinguishable from
those of malignant masses under the circumstance of
examination by focused transducers with frequencies
in the general range of 4.4 to 5.0 Miz in instruments
with dynamic range and sensitivity values thati- are
presently standard for diagnostic ultrasound.“ This
phencmena may be explained by assuming that the fre-
quency dependent attenuation coefficient for these
specific benign masses has a value vhich, although
less than that of the attenuation coefficient of )
malignant tumors, is sufficiently high to result in
a "black shadow" if examined by a pulse-echo system
(which involves two passes of the sound beam through
the tissue) at frequencies of the order of 4.5 Miz
and above. Additional studies of patients using both
the laboratory and clinical ultrasound instrumenta-
tion mentioned above confirmed this result. To date,
benign tuncrs which exhibit attenuation image pat-

terns that similate those of malignant turors have
Eeen found in the breasts of six subjects. The be-
nign nature of the turors was confirmed by surgical
biopsy in five of the cases. Mammogram examination
of the other case indicated the presence of a benign
mass and a pattern of dysplasia. In the five cases
biopsied, the pathology diagnosis showed fibrocystic
disease for all five subjects. In addition, however,
all of these subjects had specific tissue alterations,
either epithelial hyperplasia, inflammation, collagen
deposits, fibrosis or calcification. Fat necrosis,
known to be scund attenuating, was not detected in
any of these cases.3

In attempting to find a solution to this diag-
nostic prcblem, patients were scanned at both low
(2.25 Miz) and high (5.0 MHz) frequencies. This ap-
proach was based on the presumption that benign tum-
ors, of whatever cormplexity, probably have attenua-
tion coefficients with values less than that of high-
ly attenuating malignant tumors (i.e., scirrhous car-
cincma) ; therefore, the image pattems of such benign
turors, at lower freguencies, should be different
from those of malignant tumors scanned at the same
low frequency. This has been shown to be the case
in the limited number of patients with this type of
benign pathology examined to date.

The validity of this approach was further inves-
tigated by visualizing tissue phantoms with embedded
scattering-type masses over the same frequency range
that was used for the human subjects. It is recom
mended that patients with tumors that are highly at-
tenvating at 5.0 Miz be scanned at lower frequencies.

Peferences

*  Acknowledgment is made to Reginald Eggleton
and James VWhitcomb for the design and fabrication of
the scattering targets.

l. Harper, P. and Fry, [. Kelly: Carbined Use of
Mammography and Ultrasound Visualization Using a

Laboratory—odified Cammercial Breast Scarner to Im-
prove Differential Diagnosis. Submitted for presen-
tation at ATU '78, Oct. 19-23, 1978, San Diego, Ca,

2, Fry, E. Kelly, Sanghvi, N. T., Fry, F. J. and
Gallager, H. 5.: In Ultrasonic Tissue Characteriza-
tion, MBS Spec. Pub., 1973; in press.

3. Kobayashi, T., et al: Med. Ultrasonics, Vol.
10, No. 1 (1972), pp. 38-40.

5

Research supported by the Showalter Residuary

Trust, the Grant County Cancer Society, and by the
Indianapolis Center for Advenced Research, Inc.

Dr. Elirabeth Kelly iry, Department of Surgery,
Irdiana University School of Medicine, Ultrasound
Pesearch laboratories/ICFAR, Indiana University
Hnspital, 1190 West Michigan Street, Foom A-J2,
Indianapolis, IN 46202,

In Proceedings, 1978 Twenty-Third Annual Meeting of the American Institute of

Ultrasound in Medicine, Vol. 1, October 19-23, San Diego, CA, p. 129.



