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PART II

CHAPTER XII *
A RESEARCH APPROACH TO VISUALIZATION OF BREAST TUMORS BY
ULTRASOUND METHODS

Eglizabeth Relly Fry and H. Stephen Gallager

Il INTRODUCTION

The number of American women whose live§ are jeopardized by breast

cancer is large. Cancer of the preast is the main cause of all deaths

=wong U.S. women in the age range of 40—44.1 It can be anticipated that

3in 1977 there will be approx1mately 90,000 new cases and of- the oxder of
85,000 deaths from this'disease.2 Further, the prognosis for normal life .
span aftex lnltlal rreatment (usually surgery} for breast cancer patients

is poor.3"9 For example, the 1972 U. S. Departmenf of Health, Educatlon and
FWelfare report on survival of approximately 25,000 patients diagnosed during l
the period 1955—1964'indicated a relative survival rate of 62% for the 5-
" wear period, and 50% for the 10 yeaf period.lo Since survival statistics
for bréast cancer subjects are dependent on a complex interplay of bio-
iogical and medical factors, many of which are incompletely known, caution

mst be exercised in interpreting suych data. Nonetheless, the statistics do

reveal a relatlonshlp, irrespective of the biological-medical basis of this
rslationship, between early detection of breast cancer and ‘survival time.
Clinical statistical data indicate that the most important factor in
regard to lohg-term survival of the breast patient is the extent of the'
Sisease at the time of surgery, i.e., whether the cancer has metastasized to
ragions beyond the breast.3-6’ll gince the size of the tumor is related to
the occurrence of metastases, it can be postulated that long-term survival
of breast cancer patienté would be improved if breast tumors were detected
winiie they are still of small dimension. The data of a number of investi-

. : .. 5,6,1 :
getors confirms this assumption. ' ’.2
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It is-not being suggested here that detection and subsequent removal
of either the mass or the Wholé breast will insure a completely normal life
span for the patient. The studies of both earlier and more recent investi-
gators reveal that breast cancer has a continuing deleterious effect, over
the lifetime of the patient, insofar as life span is concerned, despite total
excision of the }:Jrea'st.S’?”9 Nonetheless, this does not obviate the value of
considerably increasing the 1life span of that large pqpulation of women wWho
presently harbor small malighant masses within their breasts by deteciing
these masses prior to spread of the malignant cells. This is particularly
true in view of the present poor success in detecting breast tumors while
they. are still of small dimension. For example, in the Unitéd States, in
approximately 95% of confirmed cases of breast cancer, the patient originally
detects the breast mass and in apéroximately.60% of these cases the malig-.
nancy has already spread to the axillary lymph nodes, a stage where 5 year

" 2,4,8

survival is of the order of 40-45%. Obviously, the tumors are, on the

average, of large dimensions bj the time the patient féels the mass. In fact,
in a 1969 publication, Ross13 indicated that ﬁreast tumoxr s arerf the order
‘of 5 cm in average diaméter when first discovered by the patient.

as indicated by the above brief discussion, there is clearly a serious
need for additional breast cancex detection techniéues. Such new mgthods
must be non—injurious to the patiént, with no cumulative effects from re-
peated use. Most important, the technique should-be capable of differentia—
ting, without ambiguity, between benign and malignaﬁt tumors. and, in addition,
'should be c%pable of detecting such tumoérs in early stages of development.
Ultrasound visualizétion methods can fulfill the above requirements if suf-
ficientlresearch is carried out to provide certain information, which is not
now known, regarding the ihteraction.of ultrasound and breast tissue sﬁruc—
tures.

The‘potential of ultrasound visualization techniques for general clini—.

cal diagnosis was initially demonstrated by use of this method for breast

tumor detection. During the 1950's, two separate groups, Wild and associates |
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and Howry and his co—investigators}4—18

carried out the first studies on the
use of ultrasound visualizati;n for the study of the preastT Wild and Reid,
using 15 MHz frequency sound, obtained two—dimensional‘echograms of in vivo
preasts which clearly showed such phenomena as echo~free, liquid filled cysts
’

and dense echo producing malignant tumors. These early investigators indi-
cated the necessity for solving many instrumentation problems before the ultra-
sonic technique could be realistically used as a clinical tool, espeﬁially in
regard to the.clear differentiation on the echogramé of the differences be-
tween benign and malignant tumor patterns. Howry, in particular, ééinted
out specific problems associated with true identification by ultrasound
techniques, of anateomical structures with complex geometry or steep angular
borders and the type of identification errors resulting from poor axial or
azimuthal resolving power of the system. Althéugh individual investigators
in various parts of the world carried out subsequent investigations which
expaﬂded knowledge regarding the potential of ultrasound for diagnosis of
breast disease well beyond that of the initial work of the 1950%s, ultra-
sbund was not routinely clinically applied for detection of brgas? cancer,
with the exception of the clinical investigations in Japan.lg'zo

In the United States, at the present time, while ultrasound visualization
techniques are providing significant medical diagnostic da?a for a variety of
body structures (especially abdominal organs and the heart) and, further,
while commercial ultr;sound instrumentation is readily available for such
purposes, there is no such comparable situation in regafd to breast examipa—
tion. 1In this past decade of proliferation of clinical ultrasound instru-
mentation, despite the high incidence of breast cancer in the United States
and the need for additional detectiocn methods, commercial ultraéound instru-
ments in the United States were not specifically designed for breast ;éan;
ning. -

There are many reasons for this lack of progress in rega{d to the ultra-

sound visualization of breast tissue, including the fact that the breast, in

comparison to other bedy structures, represents a complex path or medium for
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- -sthe high frequency sound wave traversing it. Further, this "mediumf exhibits
great variability from subject to subject within the same age range, as well
as variability with the aging process itself. There were other, rather practi-
cal éio-enqineering problems which accounted for some of the lack of progress

.in this area of clinical ultrasound but these will not be discussed here.

Most important to this overall problem is that breast carcinomas have,
macroscopieally and microscopically, a large spectrum of variability. A
critical question, therefore, that faced all individuals contemplating the
use of the ultrasound techniques for breast examination was whether the
different types of malignant breast tumors had characteristics, in relation
to_g_high frequency sound beam, which would allow them to be differentiated
from the many types of solid benign tumors. It is of interest in that re-
gard to consider the work of various investigators whose studies have some
relation to this basic question.

Fekuda and Wagai,21 in the ;964 Annual Report of Juntendo University
'School of Medicine, reported results obtained by examination of 170 breast
patients with B-scope instrumentation using sector scanning and a 5 MHz
unfocused transducer. A most important aspect of the investigations in-~
cluded in this report were the attempts to define the characteristics of the
echogram pattern of malignant tumors. To that point, the general observation
Qas made that when localized, irregular, intense reflectioné are detected
within the breast, these reflections are an indication of the presence of
a carcinoma. It was further observed, however, that if a cancer is relative-
ly large {not defined), the interior of the tumor, rather than being highly
reflecting, is echo-free with essentially no reflections received from within
or from the distal border of the tumor. As the authors point out in this re—
port, attenuation of the ultrasouﬁd must take place in the malignant tumor
to an extent that insufficient sound penetrates the tumor to allow reflections
from the distal border. A

It is significant that Wagai and associates, at this stage of their

studies, found two opposite results for malignant breast tumors. In some there
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was an intense, localized reflection from within the tumor, and in others a
condition of essentially no echoes from the interior regions of the mass.
Clearly, such results must be intimately associated with basic tissue struec-

N

ture} unfortunately, no information was provided in the publication as to
the specific histological structur;s of the malignant tumors pictured.

A brief sﬁmmary of the progress of the ultraéound breast studies
appearing in the 1970 Annual Report of Juntendo University School of
Medicine includes three categories of echogram patterns for malignant
breast tumors. In addition to the two described in the 1964 report, a third
type was reported that resembled the pattern of benign tumors to the extent
that the inferior border of the tumor could be defined and the interior of
the tumor was not %ighly reflecting.22 The differentiating characteristic
of this type of pattern was its irregular border in contrast to the smooth
boundaries of benign tumors. This third classification of echogram pattern
for breast malignant tumors was apparently first discovered by a group of
investigators at Gunma University School of Medicine in Maebashi, Japan.2
étudies were carried out by these authors on the relation of tﬁe three echo-
gram patterns to the macroscopic and histologic characteristics of the tumors.
Né relationship was found between diameter of the tumor and ultrasound
pattern but the preliminary findings did indicate a possible relation to
histologic classification.

A publication by Japanese investigators from Osaka City University
Medical School also indicates the possibility of relating echogram pattern
to histological classification.24 In a recent review of the ultrasound
clinical studies carried out at the Medical Ultrasonics Research Center
of Juntendo University, Dr. Wagaizs places primary emphasis, insofar as the
breast studies are concerned, on the finding that benign tumors show less
attenuation than sgrrounding normal tissue while malignant tumors demon-
strate greater attenuation, particularly at the higher frequencies.

26—

. 38
The investigations of E. Kelly Fry and associates showed the ad-

vantages of a research approach to breast tissue visuwalization, including
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the use of a computer assisted visualization system in combination wiﬁh

wide aperture, focused transducers and sensitive amplifiex systems. In-
clwded in the results were the recognition of benign tumors, such as
fibroadenomas, by tﬁe fine echo pattern from within the tumor; the attenuation
characteristics of some malignant tumors: and the detection of certain dis-—
seminated conditions, such as fibrosing adenosis by a quantitative approach
which compared the overall echo patterns of such conditions with those of
normal subjects of the same general age range.

The breast studies of DeLand39 are of interest from the viewpoint that
he found that malignant tumors classified as scirrhous adenccarcinomas gave
ecﬁogram patterns showing irregular worders and echoes from within the tumox,
while those classed as medullary adeﬁocaréinomas showed_regular margins with
no echoes from within the tumoxr. some scans were made on surgically removed
pbreasts and compared with breast scans of the same patients prior to surgery.

scientists from the Commonwealth Acoustics Laboratory in Bustralia
have reported that (1) malignant tumors jess than 2 em in diameter have
a low level of echoes from internal regions, jagged boundaries and exhibit
signifiéant attenuation ;f ultrasound, (2) large malignant tumors do not
attenuate the sound, (3) for the single case of mucoid carcinoma studied,
the internal echo pattern is éimilar to noxrmal tissue and the tumor does
not attenuate the sound beam.

This chapter reviews an eaxrly interdisciplinary approach taken by the
agthors in an attempt to gain insight into this complex problem. Specifically,
tumof structure as revealed by ultrasound visualization of formalin-fixed,
excised breasts was correlated with tumor structure as determined by sub—

serial whole breast sectioning and staining by histologic techniques.

2. BACKGROUKND
The usual procedure in the case of a patient with a suspicious mass
or other abnormality within the breast is surgical excision of the tumor

followed by immediate frozen section examination. If cancer is diagnosed,

i
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" mastectomy is carrxied out at the same surgical procedure and both gross
and microscopic examination of the breast and tumor follow. The purpose

of this examination, in the usual c¢linical setting, is to verify the diag-

nosis'of cancer, to evaluate prognosis and to establish indications for

adjuvant therapy. Conventionally, the primary mass itself and the axillary

lymph nodes, which provide data on the spread of the disease, are the struc-

tures receiving most attention. The bulk of the mammary tissue is sampled

spaxingly, -if at all. The average size of a section is on the order of

1 x 1.5 cm.

While examination by such methods suffices for clinical purposes,
it is less than satisfactory as a basis for evaluation of techniques designed

to image the intact breast. Not only is distortion introduced by the biopsy

procedure, but the sampling error is clearly a totally uncontrolled vari—;

able. The histological technique of whole-breast sectioning and staining
_developed by Gallager and Martin?l'42 and used by them in studies of infor-

mation contained in marmograms of breasts with malignant tumors, obviates

most of these difficulties. The procedure applied is outlined below under

Methods of Procedure.

The information revealed by such whole breast histological studies
is extremely valuable for interpretation of ultrasound visualization results
and for providing the information necessary for accelerated advancement
of the ultrasound method for the study of breast diseases. If, in fact,
patients could be ultrasonically scanned prior to their mastectomies and
cémparisons made between the echograms and histological sections for the
same cross-sections of tissue, this would be an ideal experimental plan.
Discussions were held between the two authors and associates regarding the

"possibility of carrying out such an approach. Unfortunately, it was not
feasiblé to bring the patients from M. D. Anderson Hospital in Houston,
Texas to Interscience Research Institute in Champaign, Illinois, where the
-ultrasound research instruméntation was located. Further, since the instru;

) s s oas 26, :
mentation was a sophisticated, computer based system, 6 it could not be easily
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transported to tﬁe medical facility in Texas. Consideration was given,
therefore, to the possibility of ultrasonically scanning the formalin-fixed
breast specimens of the M. D. Anderson Hospital patients since these tissue
samples could be transported between the two research facilities without
undue difficulty.

In considering the changes produced by formalin fixation, it is of
interest to note that Yukishita, et 31.43 foupd that the acoustic impedance
of bhoth normal and abnormal brain tissue was only slightly changed by
formalin fixation. Encouraged by these results, and the then ongoing studies
of one of the authors on acoustic visualization of fresh and formalin-fixed
human liver, the following experiment was undertaken in the case of one
patient who was scheduled for a surgical biopsy and probable mastectomy in
a Champaign, Illinois hospital -as a result of a diagnosis of breast cancer
by clinical and ﬁammographic examination. The purpose of the following des-
cribed experiment was simply to determine whether the echogram pattern of
breast when freshly excised and after formalin fixation was essentially
comparable to that of the i&_gigg_breast and whether the formalin fixation
produced drastic changes in acoustic impedance as judged by pulse echo
visualization techniques. Since it was known that the patient would undergo
the standard procedure of removal of the primary tumor during the surgical
bicpsy with the result that the excised breast would ﬁot contain the pre-
viously ultrasonically detected tumor, study oi the changes produqed in the
malignant mass by the formalin fixatiom process was-not part of this experi-
ment.

The subject available for this procedure was 66 years of age with very
large (brassiere size 42D), fatty breasts. If a breast is of large wvolume,
floating, and the sound beam is directed across the anterior surface, con-
siderable depth of penetratiop is required for the examining sound beam.
Therefore, for this subject, the lower frequency transducer (1.7 MHZz) was
selected. The patient was scanned, prior to surgery, by a technique of
direc£ water coupling between transducer and skin with the breasts floating

and the patient supine.al'44

3
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Immédiately following the-mastectomy, the excised breast was placed
- in mammalian saline solution, transported to the ultrasound laboratory and
scanned within three hours following surgery. The scanning was carried out
under\precisgly the same instrumentation conditions used for the pre-surgery
scanning, with the breast in a thin plastic bag filled with mammalian saline.
A special effort was made to extrude all air from the bag. The bag with
enclosed breast was immersed in a 37°C saline bath which contained the
examining transducer. The excised breast sample was then scarned in the
same regions and with the same general procedures as had been used for the
in vivo scans. Following the completion of these scans, the excised breast
was immersed in a large 10% formalin.bath maintained at room temperature.
After three days of tissue immersion, the breast sample was placed in a
plastic bag in formalin solution, the air was extruded, the bag immersed
in a 37°C saline bath and the same scanning procedure carried out for the
freshly excised breast was applied; after.G days of formaliﬁ fixation,
“the scanning.procedure was again repeated. No significant changes were
detected between the 3- and 6-day intervals.
As indicated, the subject of this examination was large breasted and
post-menopausal. The breast tissue, therefore, was predominantly composed
‘of fat interposed with connective tissue. These structures could be visual-
) ized at theAsame attenuation settings’'for the EB.XEEEJ freshly excised and
foimalin~fixed specimen with no visually detectable changes in eqhogram
informatiqn. At very high attenuatiop settings, such as those in which
only the skin line and a few highly reflecting structures were visualized,
;es; echoes were seen ig_zigg_than in the excised breast, whether in saline
or formalin fixed. This phenomena, however, may have been partially due to
difference in viewing angle. In vivo, with the breast floating, the skin
“sugface is at a sﬁarper angle than in the excised tissue situation. The gen-—
e;allconcl§siqg from these studies wés that .since the acoustic impedance of
.the fgtty, post-menopausal b;east was not significantly changed by formalin

" fixation for the time periods indicated, (as judged by visual inspection of
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echograms obtained at 1.7 MHz frequency) there was strong justificatién for
attempting to scan the unique formalin-fixed breast specimens with intact
malign;nt tumors from M. D. Anderson Hospital. It was not assumed that be-
cause the acoustic impedance was apparently not changed to any significant
degree there were not significant changes in the tissue as a result of the
formalin fixation.

It was also judged that if there were continqing, significant
changes in acoustic impedance with long-time formalin fixation, these
alterations could be recognized in studying the specimens from M. D.

Anderson Hospital which would have been formalin—-fixed for at least a

number of weeks. Drastic differences in results from visualization of

these specimens.in comparison to visualization of the intact breasts of
subjects in the same general age group would have been recognized, since
the same instrumentation and transducers would have been applied in both
cases.

The reasoning associated with the decision to attempt ultrasonic
scanning of formalin-fixed tissue was not based only on the fact of the
difficulty of scanning the specific patients described ahove. The experi-
mental @esign included the premise that if formalin fixation did not sexri-
ously alter the acoustic impedance values of breast tissue, then examination
of formalin-fixed tissue by visualization techniques woﬁld be a valuable
research method. It would allow detailed study of selected breasts over
long periods of time, a variety of types of transducer designs and instru-
mentation systems and, in addition, would make feasible comparative studies
of the same pathological breast by several ultrasound laboratories.

3. METHODS OF PROCEDURE

The overall approach and‘general précédures associated with the study
presented in this chapter were as follows. The patients selected were women
with discrete palpable mass 1esions‘of moderate size (1 to 3 cm) in whom
x—ray mammography yielded definite diagnosis of carcinoma. The histologic

diagrosis in each case was established by Trocar needle biopsy and frozen
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: ‘ 0.1 cm in diameter and 1 to 2 cm long. The mass itself, therefore, remains

section. This procedure removes from the mass a slender cylinder of tissue

intact in its intramammary relationships except for the presence of some

-~

: minor hemorrhage around the needle tract.

Mastectomies were performed by standard surgical techniques. The most

commonly employed procedure was modified radical mastectomy, in which the
breast, a sizable ellipse of overlying skin including the nipple, the axil-
%ary contents and the pectoralis minor muscle are removed in continuity, but
the pectoralis major mascle is left. In the pathology laboratory, the muscle
and axillary nodes were first removed and prepared for histologic examination
by conventional techniques. The breast itself was divided into three parallel
blocks, 6-8 cm thick by longitudinal incisions. Each block was molded in a
shape conforming as closely as possible to that shown on the mammogram of
the breast taken prior to surgery and finally fixed in position in 10% neu-
tral formalin solution. These formalin-fixed blocks were then transferred
f#om M. D.ﬂAnderson Hospital in Houston, Texas to Interscience Research
Institute in Champaign, Illinois for detailed ultrasound scanning.

The tissues were maintained in 10% formalin solution at all times ex-
3 L A Acept during the scanning procedures Qhen they were immersed in degassed
saline. Following ultrasound visualization, as detailed below, they were

returned to M. D. Anderson Hospital where they were paraffin embedded and

sSectioned. Sections 10-15 microns thick were taken at intervals of 1 mm,

; i stained and microscopically studied. Details of the histological procedures

41,42

are provided in Gallager and Martin’'s publications. Each block of breast

tissue provided a set of 5 x 7 inch slides ranging in number from 70 to 100.

1'Al1 of the breast tissue from skin to base of the breast were represented in

... these slides. Since the ultrasound visualization echogram represented a thin,

- approximately-* mm, cross-sectional slice through the depth of the breast

“and, in that regard, is similar to a histological cross-section, direct

compariscn of the echogkam data and the histological data could be made.

.i . B

Mo:e'than one type of ultrasound transducer was used to study the ex-
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cised breast tissue but the primary data presented in this document was ob-~
tained with'a computer-contrclled, B-mode visualization system, used in con-
Junction with 9 cm diameter, 20.5 cm focal length, lead zirconate titanate
disk transceiver with a frequency of 1.7 MHz, or a 5 cm diametex, 10 cm focal
length, lead zirconate titanate transceiver with a frequency of 2.4 MHz.
Included in the electronic system was a variable control unit which attenua-
ted (prior to its input into the amplifier} the electrical signal generated
by the tissue .echo impinging on the transducer. This unit was, in essence,
a gain-control.. The variable settings were presented in db units with a high
db indicating increased attenuation of the signal and, therefore, low gain
”'for'the system. The attenuation factor, or db setting, is significant to
the results obtained. If a low value is used, the strong signals received
from highly reflecting targets are only mildly attenuated and this may pre-
ven; differenéiation on the echogram of less intense reflections from ad=-
jacent strﬁctures of different acoustic impedance. If, however, the at-
tenuation value is set toc high, small amplitude reflections are completely
undetected. Earlier publications discuss further specific details of the

26
computex, acoustic and electronic aspects of the system. P31

Polaroid
photographs of +he information presented on a CRT were used to recoxrd the
breast scan information.

Tnitially the transducer was positioned over the anterior surface
of the breast at a distance which would place the focus (z-coordinate)
about midway in the tissue. The placement of this focus was varied during
the procedures. Thé transducer métion was a sector sweep. séarting with
the transducer in a predetermined position in xelation to the tissue (linear
X-coordinate), the sweep was initiated by the transdﬁcer pivoting about its
axis for an angular sweep motion of + 15 degrees. Wwith each sector sweep
of the transducer, data for a maximum linear distance of 9.5 cm of tissue
was recorded at a 1l:1 magnification'by Polarcid photography of the CRT.’
With the aid of the computer, after each single scan, the transducer was .

automatically moved in 2-5 mm linear steps (Y-coordinate) and anothexr scan
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was recorded. This method of operation was continued until, essentially,
the complete specimen of tissue was scanned. The X, ¥, Z coordinates were
automatically ;ecorded on each Polaroid. For a longitudinal scan, the t%ans—
ducer w;s positioned so that it swept the tissue along the superior-inferior
axis of the breast. For transverse scanning, the transducer was turned 90
degrees from the position set for longitudinal scanning, i.e., the trans-
ducer moved across the medial-lateral aspect of the breast.b

In order to relate data recorded oﬁ the echograms to specific areas
of the tissue, an antomical landmark on the tissue {such as the center of
the nipple or the center of a prominent skin discoloration over the area of
abnormality) was selected and a highly ;eflective and attenuating acoustic
-target placed on this landmark. With the focus of ghe transducer set on
the target center, the echogram of the breast tissue showed a distinct,
easily identified front surface reflection arnd an attenuation shadow of
the target. Since the linear coordinates (X and ¥) were recorded on each
echogram, subsequent écans of the tissue Qith the target removed could be
directly related to the chosen anatomical landmark..

In order to relate the information on the echogram to the gross tissue
sample and subsequently to the histological cross-sections, photographs (1:1)
were taken of the gross tissue samples, which included all reference features
of the tissue, such as center of the nipple or distinctive skin markings.

An overlay drawing was made of this photograph and used as a reference data
recor& éf éhevlocation of the transverse and longitudinal scans of the tiésue

(see Figures 1 and 2). Although the transverse scan data was important for
detection, it was not necessary for the correlations with histology findings
'Vsinée the breast tissue was sectioned along the superior-inferior axis for

the hiétoiogical study.

. The above cutlined procedure is'essentially a search technique for the

purpose of (1) identifying on the echogram the normal components of the tissue
'ghéer study, and (2) recognizing any pathological structures within the

normal framewcrk. However, in addition to this search technique, detailed
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Fig. 1 Data. record showing the planes of the longitudinal scans on an overlay
drawing of the anterior suxface of _:j._l_'x_vigro breast specimen.

scans were carried out in specific regions of the breast tissue which had
4 been identified as malignant -or suspiciéus by the pre- or post—bperative
mammogram or pre—cperative clinical examination. The data obtained from
the mammograms was presented in the form of a 1:1 sketch of the breast \t\:i.s‘

sue specimen with regions of suspicion clearly marked. These areas were then

examined in detail.
Results obtzined on four breast specimens are included in this chapter

to illustrate the advantages of this approcach te the problem of correlating
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Fig. 2 Data record indicating the planes of the transverse scans on an overlay

drawing of the anterior surface of in vitro breast specimen.

the structure of the malignant tumor and the echogram pattern. Several

hundred individual echograms were recorded for each breast specimen.

.4;‘ - RESULTS
The first breast scanned in this series was the right breast of a
53-year-old Latin«Americap female two years-past a spontaneous menopause.
~Clinical examination of this subject prior to surgery showed that both

breasts were large, fatty, atrophic and pendulous. There was.a central mass

‘fixed to the skip of the areola of the right brea%t which clinically measur-
ed slightly‘less théﬁ 3 em in diameter. This specimen was ultrasonically
examined, using ﬁhe 1.7 MBz frequency_trangducer according to the procedure
" outlined gnder Methods of Procedure. Figures 1 and 2 show typical data

records xélating the X, Y coordinates of the transducer position to the

location of the scan in the tissue as showm by & 1:1 drawing cf the antericr
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view of the breast specimen. One or more echograms were recorded for each

scanning line indicated on the drawings (for different values of gain and

placement of the focus). No significant results were found in any regions

|
|
1

ﬁ other \t‘nan the tissues just below the nipple and areola. 3

== Figures 3a, b and ¢ show three echograms of longitudinal scans across

i the areola obtained at the instfument attenuation values shown as a db des-~ }

L ‘ ignation on each echogram. The precise location of the region‘of the séan |
o .for these echograms can be determined by noting the scan lihe labeled Y - 1

149 in Figure 1. As is evident from Figure 3a, attenuation of the sound in
the region distal to the areola is clearly evident. However, approximately
1.5 cm below the skin, low intensity reflections are recorded from a struc-
ture about 1.5 cm in diameter. wWith a 5 db change in instrument attenuation,
as shown in Figure 35, reflections are recbrded from the tissue beneath the

' areola but the attenuation phenomena is still evident by the shadow just

distal to the 1.5 cm diameter structu}e faintly visualized in Figure 3a. A
fgrther 5 d5 change as shown in Fiqure 3c results in-increased intensity
of reflections in the region below the areola, but the shadow due to the
attenuation of the sound is still present. The focus placement (F) in all
“nfhree of the echograms shown in Figure 3 was in thé region of the shadow.
The focus was also placed witﬂin the mass with no essential difference in
the results. The attenuation shadow was recorded for a 3 cm distance along
the superior-inferior axis.

Figure 4 is a black-and-white duplication of one of the stained histo-
logical sections obtained of the region of the breast shown by the echograms
of Figures 3a, b and c. In the original stained histoiogical section, the

- --small areas of necrosis and fibrosis within the sub-areolar tumer can be
o é;gilf differentiated histologically and by their individual staining charac-
. terisiics. In Figure 4 the fibrxotic area is shown as a small region of light=

exr gray,-and«the—necrptic-tisshe is indicated by the small, dark dot—like

structures, the result of fragmentation in sectioning. In terms of Gallager

oy and Marein's 82
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Fig. 4 Histological section of whole breast specimen with large malignant tumor.
Echograms of this breast specimen shown in Fig. 3.

characteristics, the mass would be categorized as “knobby." Such tumors are
spherical or oveid with smoothly founded protuberances on the periphery; the
adva#cing edge of the mass is histologically sharp and is either séparated
froﬁ the surrounding tissue by a narrow band of collagen or is in direct con—
tact with it. In masses of this type which are of the order of 3 cm or more
in-diameter, central necrosis often occurs and may include cyst formation.
The centers of knobby carcinomas are usually fibrotic, while the peripheral

areas are intensely cellular. The cells are usually arranged in solid masses f

or nests, but an occasional tumor may show giandular or ductal differentiation.
Figures 2a and b apparently indicate that an attenuation phenomena

is associated with the complete malignant mass, rather than just the central |
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- The echograms obtained at greater sensitivity (3b and ¢) clearly demonstrate

of sﬁecial interest. It was known prior to the ultrasound scans that the

._tumor was provided by tha‘specimen radiograph. Nonetheless, despite de-
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est attenuation is in the fibrotic, necrotic region as shown by the eéhograms
of Figures 3b and ¢. 1In regard to delineating the regions of attenuation,
within the ‘tumor, there is a unique factor associated with this specific
tumo}, described here, namely, that it is located just below the nipple-
areola region. Apart from the question of the structural composition of the
tissues in this region (ductal structures and glandular tis§ge) in comparison
to other regions of the breast and the variation of this sfrﬁcturallbattern'
with age, the significance of this location of the tumor is the pos;ible at-
tenuating characteristics of the nipple. One of the authors of this ehapter
(E.K.F.) found attenuation of the sound in the region of the nipple for the
normal breast, as judged by ultragound visualization. There is also some
attenuation in the areolar region bﬁé this is considerably less. Similar
results were found in studies of formalin-fixed breasts and it was found in
these specimgns that, as expected, the attenuation was frequency dependent.
Consideration must be given, therefore, to the effect of this nipple-areola
attenuation on the results shown in Figures 3a, b and c¢. The sharp demarca-
.tion of the attenuation shown in Figure 3a, the low frequency of the sound
beam (1.7 MHz) and the fact that the aftenuation was evident over the whole
region of the areola and not confined to the more attenuating nipple region,

leads to the conclusion, in this case, that the cellular mass is attenuating.

that the attenuation shown in the deeper regions of the tumor is not & func-
tion of attemuation by structures in the region of the skin line.
In view of the above findings the results obtained with cne of the other

breast specimens in this series, also examined with the 1.7 MHz transducer, are
" specimen contained a 2.5 cm malignant tumor and the general location of the
tailed scans in both the transverse and longitudinal mode, the tumor could

not be located with absolute certainty. There were two reasons for this:

(1) attenuation was present but not sharply defined in the presumed tumor
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Fig. 5

~ Tk

Echogram obtained by longitudinal scan of formalin-fixed in vitro breast

in region of malignant tumor.

Mammary Tissue

, Sﬁbcutaneous

Fat Lobules

Histological section of whole breast specimen, w1th deep invasive tumor.
razicf this breast specimen shown in Fig:r 5 -above
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‘region, that is, some structures were visualized through the area, and (2) a
non-attenuating, walled structure of'approximately the same size as the
tumor and located immediately adjacent to it was identified on the echogram.
Figure~5 is a duplication of one of the echograms showing both of these
structures. In view of the nebulous attenuation and the distinctness of the
walled sgructure, there was serious doubt about the identific;tiqn of the
tumoxr region. In attempts to resolve this problem, some lineaisscans ﬁére
made of this specimen, using a relatively simple laboratory scanner and the
same transducer. The linear scans more clearly defined the attenunation
region but the result was generally the same, that is, the presumed tumor
had a low grade attenuating characteristic.
- The histological findings on thi; specimen are significant in clari-
fying both the structural character of the malignant tumor and the adjacent
_tissue structure which gave the appearance of an encapsulated mass. The
mass identified on the echograms as mildly attenuating was classified as
invasive carcinoma of the knobby type, but with no solid, clearly defined
neérosis and only a small.(O.S cm) central fibrotiec focus. There were small,
dispersed necrotic foci within the mass but these did not form a coalescent
‘mass. The adjaéent walled structure observed on the echogram was found on the
histological sections to.be a mass of fat, loculated by residual mammary
tisspe. Figure 6 is a duplication of one of the histological sections-and
clearly shows the tumor and the adjacent fat structures surrounded by the
mamméry tissﬁe.
In consideripq echogram patterns of middle—aged breasts, it should be
remembered that atrophy of the ducts and lobules (these are the epithelial
'_pgppogents of the mammary tissue of the mature, young breast) acce}e?q?gs
éfte; ménopause and that the supporting fibrous tissue of the breast partici-
paéés,i; this process and is gradually rgplaced by adiposé.tissﬁe. As a
. result, mammary tissue in the post-menopausal breast consists of thin 6ver—

lapping plates of periductal collagenous connective tissue, which contain

“‘residual epithelidl structures and are separated by 1;lands of»fat of varylng e
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size and shape. There is great variability in the rate and extent of this
process of atrophy and replacement depending upon, among other things, length
of menstrual life, number of pregnancies and nutritional status.

Another specimen examined was from a 65-year-old subject whose pre-

operative mammogram revealed a 2 cm mass located deep in the lateral aspect

of the left breast. For this specimen the 2.4 MHz transducer was used. There-
.was no difficulty in identifying' the tumor because it was distinctly attenu-

ating. ‘Figure 7 shows the result of a single scan in the region of the tumor.

: The histological sections for this specimen are of considerable interest be-
cause they showed that the breast malignancy in this subject consisted of a
_discrete knobby mass of duct cell carcinoma approximately 1.5 c<m in diameter
overlying an irregular, comma-shaped nodule of invasive lobular carcinoma.
% Figure 8 is a black and white duplica;ion of one of the histological sectio&s.

‘ In view of the position of the duct cell carcinoma and the fact that it

was attenuating, it is not possible, for this specimen, to define the echogram

characteristics of the lobular mass. Figure 9 shows another echogram of this

.

same specimen in which an outline of the duct cell carcinoma mass is imaged.

Attenuation Shadow -

Fig. 7 ‘ Echogram obtained by longitudinal scan of formalin-fixed breast in
region of malignant tumor. Flg 3 shows a hlstologlcal section of thzw
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of whole breast tissue with mixed type of malignant
this breast specimen shown in Figs. 7 and 9.

Echogram obtained by longitudinal scan of formalin-fixed, in vitro
breast with intact maligpant tumor. Ductal cell carcinoma mass is imaged
in region marked "tumor.” Fig. 8 shews a histological section of this |

breast:specimen.
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It is cémmonly stated that 70 to 75% of breast carcinomas arise from,
ductal epithelium, 15 to 20% from lobular epithelium-while the remainder are
of undetermined source. This is probably an oversimplification. Recent
observations strongly suggest that in ﬁany cases - perhaps as many as 50% -
poth cell typeé are present, duct cells usually in larger numbers. Neo—
plastic cells of ductal origin-are comparatively large, variﬁbié in sﬁgucture
andAdifferentiation and are arranged in nodules ox form neop}astic ducts.
About half of invasive masses containing predominantly duct cells are of the
‘knobby pattern already described. Roughly a third are masses of stellate
form, with long tentaculate projections extending outward in many directions.
Such masses are characteristically diffusely fibrstic, the concentration of
neoplastic cells varying little petween the centex and the periphery.

Invasive lobular carcinoma is typified by small cells with intensely
hyperchromatic round or wedge shaped nuclei and scanty cytoplasm. They are
arranged in rows 2 single cell wide between collagen fibers and form whorl-
like .formations around pre-existing normal ducts and blood vessels. Invasive
masses thus formed are jrreqular in shape put lack the tentaculate pro—
jections of the stellate carcinoma of duct cell origin.

Figure 10 is a black and white duplication of one of the histological
seétions of a subject who had a large tumox cétegorizgd as invasive carci-
noma in ; region other than that shown in this figure.

The structure of the invasive carcinoma was somewhat unusual in that
surrounding the main tumor mass and in all parts of tse preast there was 2
spectaculaxr involvement of intramammary lymphatic vessels by the carcinoma

and from this intralymphatic tumor, innumerable tiny invasive nodules had

ariseﬁ.: Many Of ‘thése were in remote parts‘of’the“breaét. Many were -only 7

a fraction of a millimeter in dismeter, while others werée of the order of

one millimeter or more in size. Many of these nodules were associated

with the high density mammary rissue. Some of the invasive nodules are

circled in Figure 10 in an attempt to differentiate them from other stxuc-—
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Fig. 10 Histological section of whole breast tissue with small malignant tumors.

The large primary tumor discussed above will not be discussed here

but, rather, in order to illustrate the advantage of whole breast section-

“f;'ing technique for checking the ability of ultrasound visualization systems

to detect small tumors, only the results obtained for the minute, distri-
;gggédvtumors_thaf were histologiéally identified. in this specimen will be
Vgéé%%qqu; Thglmost significant result was that in examininé the echograms
,(oﬁtainéd with.the. 2.4 MHz transducer) prior to the histological sectioning,
léghe of these small nodules were recognized. The smallest tumor mass &e—

tected -with certainty was 0.5 cm in diameter. Other aspects of this will

be _lscussed below.
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5. DISCUSSION

Ultrasound visualization techniques can, at the present time, provide
diagnostic inforxmation not otherwise available for some benign and malignant
breast diseases. If such information is used in conjunction with the data
provided by other methods, it contributes to successful differential diag-
nosis. However, as a result of the llmlted research on appllcatlons of

ultrasound for breast examination, there is a lack of sufflc;ent correlatlve

data on the macro and micro structure of the various types of malignant
breast tumors and the types of ultrasound imaging patterns they produce. If
available, such correlative information could improve thé present accuracy
of differentiating between benign and malignant solid tumors and, in

addition, should improve ultrasound visualization capabilities of detect-

ing tumors less than 0.5 cm in diameter.

It is now generally agreed that some classes of malignant breast

tumors attenuate ultrasound to a sufficient’ degree that they are easily
detectable. Since benign tumors do not, apparently,.significantly attenu-
ate ultrasound, benign and malignant tumors can be differentiated by the

M s " . 20,45

acoustic shadow" formed as a result of the attenuation. The results
cbtained up to the present time may .indicate that attenuation is character-

- istic of that broad classification of malignant tumors commonly referred

" +o as “"breast carcinoma" or “"breast carcinoma of no special type.” Includ-

| ' ’ ed under this category are a wide range of histologic categories. All of

. the primaxry tumorS‘di5cussea in this chapter comé under this classification.
If this prediction proves valid, it will be a significant factor in regard
to the success of ultrasound as a diagnost@é technique s%nce the classifi-

| : : .- cation "breast carcinoma" represents approximately 75% of malignant breast

tumors.

; 1l o It deserves to be pointed out at this juncture that much of the con-
i i . .
: I, fusion in' published results of correlative studies is due to the chaotic
nature of the classification of breast cancer among pathologists. The-

|

G . . . .
i 9 .
i

_.older classification systems, many still in widespread use, are empirically
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based and essentially illogical. Not only are different terms used for

the same entity but, even moxe confusing, the same term may have entirely
diffefent significance in two different classification systems. The classi-
ficatibﬂ recently proposed by the Pathology Working Group of the National
Cancer Institute's Breast Cancer Task Force46 is the most orderly of the
systems extan;, but it has received little acceptance among pathplogists.

To this difficulty is added the, restriction of the sampligéﬁ;rior“"
inherent in conventional histologic proégdures. When one realizes tha; ;
mass 3 cm in diameter has a volume in excess of 14,000 mm3 and that a his-
tologic section of average diﬁensions and thickness represents only a little
more than 0.005% of this, the fallacy of extrapolation becomes apparent. As

for the entire breast, assuming a volume on the order of 106 mm3, even 100

average sections, a number far in excess of that usually prepared, would

.represent only 0.0001% of the total structure. It is predictable, therefore,
tﬁaﬁ.correlative studies employing-conventional histologic sectioning and
lacking close understanding between the representatives of the disciplines

involved will produce only erratic and uninterpretable results.

. 40 | . s
Jellins, et al. in ultrasound scans of in vivo breasts found the

. . . ' 47 | .

medullary tumor to be non-attenuating as did calderon, et al. in their
iE>§itrb studies of formalin-fixed breast tumors. Since not all malignant
tumdrs attenudte the sound, and of the types that do exhibit this character-—
istic, the degree of attenuation is variable for the same fregquency of sound,
it is critically important to determine which parameters of the tumor struc—
‘ture are significant to the attenuation phenomena. It is equally important
to determine which normal tissue structures will exhibit the attenuation

' . .48
_characteristic. In this regard, it is of special interest that Xobayashi

foﬁﬁd that fat-necrosis Qithin(the_hreast is attenuating.
The .results presented in this chapter are primarily concerned with
the. success of the experimental approach applied and the specific findings

.on overt tumors. The experiments, however, were multi-purposed in design and
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ognition, from the echogram‘pattern, of the normal structures within the
breast. It should be realized in this regaxd that in ultrasound scanning
of in yivo subjects and, in particular, middle-aged subjects who normally
have‘large deposits of fat within the-breast, as well as mammary tissue

which is in a process of change, that the echograms obtained cover a rather

wide range of differing patterns. Further, these patterﬂéié%téh-include
reflections from discrete mass structures that must be diagnosed~$sAbenign,
matignant or normal. The information obtained on the appearance of normal
structures within these specially prepared breasts were incorporated into

the studies of in vivo breasts and is not discussed in this review of

.visualization of formalin-fixed preparations.

As indicated, the specific breast specimens that were studied in the
experiments described here contained tumors that come under the general

category mentioned above of carcinoma of the breast. None of these speci-

mens contained significant calcium deposits (as revealed by x-ray exami~

nation) and no efforts were made to ultrasonically visualize calcium.

The most significant finding, for the two frequencies used in this study
(1.7 and@ 2.4 MHz), is that apparently the attenuation phenomena is associ-
ated with the tetﬁl cellular mass, but dense necrotic-~fibrotic tissue within
this cel;ular mass increases the extent of thé attenuation. It can be
expected that the attenuation phenomena will be more p;onounced with the
higher freguencies.

The failure to detect the small distributed invasive tumors illustrated
in Figure 8 is primarily associated with the fregquency of the transducex and
the necessary gain settings of the instrumentation. The 2.4 MHz unit was
used in studying this particular specimen, and for physical target tests this
focused -transducer gives a range resolution of the order of one millimeter.
Such resolution will not be realized at the gain settings required for
visualization of the breast tissue structures. In re-examining the echo-
grams, following the completion of the histological studies, somé of the

attenuating tumor masses under 0.5 cm in diameter could be recognized but




this dubious level of recognition is not adeguate.
The potential of the ultrascnic tecﬁnique, in regard to specific dis-
play of the malignant mass as opposed to simply showing an acoustic shadow,
even at the relatively low frequepcy (2.4 MHz) used in these early studies,
is demonstrated in Figure 9. Clearly, comparative whole breast histology

studies and ultrasound visualization will improve the present -sugcess, in

iebogniziﬁg the differences between normal, benign and_malignaﬁt structéfeé-
Fufther; it will stimulate changes.in the design of transducers and asspgi—
ated instrumentatiocn basea ;n the knowledge of the precise st;uctural fea-~
tures of breast tissue.

In considering the early résults-on these formalin-fixed specimens and
data provided py subsequent studies of breasts of‘ig_zizg_patiénts, one of

the writers (E.X.F.) designed a simple, small diameter, SIMHz, single focus

;;éﬁsducéi £ha£ is éapabie, when used in conjunction with adequate log ampli-
fiers and display systems, of resolving some of the fine structural features
within such eéxcised, fixed bregst preparations. ‘Figures lla and b are echo-~
grams obtained by linear scanning with the-new transducer of a formalin-fixed
breast specimen (obtained from M. D. Anderson Hospital) with an intact maiig—
-nant tumor. At the time of this writing, only the ultrasound scanning has
ﬁéén completed. When the histological data are évaiiable, the resilts will
bé‘éubmitted fér publication. The echograms are shown here only to demon—
- “; -strate the level of improvement that can be obtained with transducers de-
éigned‘spgcifically for visualization of breast structures. In Figure lla,
wﬁich'is a section through the approximate nid~region of the tumor (the
lé;;tioglof tﬁe tumor was known from a radiograph of the specimen), shaxp
'épﬁg#uéﬁiph"§f the sound beam is evident; in Figure 11b, obtained by scamn-

- . .

7~~~~.pingfone'of~thé borders of the . tumor,.a distinctive outiine of the tumor is

6btained and- the changes in the tissue in the narrow region extending from

‘the iumor'to the skin line can be recognized. Further, the various normal

: 'siructures of the breast are displayed in excellent detail.

" Finally, the correlation of whole breast histology and ultrasound vis-




Fig. 11

walization offers the opportunity to determine on a fundamental level the
relation between frequency of the sound wave, echographic pattern and tissue
structure. Earlier studies on liver demonstrated the differences in echogram
pattern related to the varying connective tissue structure of the hepatic

. . . . 32,49,50
Jobule of the liver of young pig and adult pig and other species.
It has been suggested that the elastic properties of tissues are ldargely
responsible for the differences in echographic visiﬁility by ultrasound .

téchnigtes, and that the greatest difference in elasticity occurs at the -

Echograms cbtained by linear, longitudinal scans with 5 MHz focused trans-
A, B ducer, of formalin-fixed, in vitro breast with intact malignant tumor.
Echogram A represents mid-region of tumor:; B, one border of the tumor.
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interface of collagenous and non-collagenous tissue.Sl If valid, this is
of fundamental significance to the visualization of pathological tissue

. ’ . 41,42
masses which have altered collagen deposits. The Gallager and Martin
histological studies on classification of overt breast tumors have empha-
sized tissue configuration of the tumors such as cellular distribution,

the diffuse or central character of fibrosis, collagen layers and necrosis.

There is an immediate need for contimued fundamental_studies onmiigﬁ;eléji_‘

tion between. the structure of the tumor mass, the echoé;amApatterﬁ and*fhé-:j i
dependence of this pattern on frequency of the applied ultrasound. chever,
there is also sufficient evidence on the generalized changes that take
place in Dreasts containing a mallgnant tumor to encourage whole breast

R "hlstologlcal‘ultrasound visualization" studies aimed at detection of breast

carcinoma.prior.to formation of an overt tumnor mass. .For example, in some

‘bféést'carcinomé cases, Gallager and Mértin41'42 found changes in the sup-

,pért;Qé cohnectivertissue, or an increased density of the breast due to pro-
'Elifé;ation cf.dollagéﬁ'in the mamméry tissue and, in fact, consider these .
'EYécc.of'Changesito:bc diagnoctically significant. 'fnécfar as early actec—
tibﬁ.by ﬁltxascund is conce;ned, the knowledge that such changes in the |
~ . mammary ticsue are nct confined to the region of the tumor mass but are ex-
hibited. as widespread dcnsify‘effects should be a significant aid to pattern
recognltzon of such changes. 'As shown in earlier publications, it is possi-
:ble to recognize dlstrlbuted changes within the breast. -3
ST “‘f‘"”'The abiove suggested "histological-ultrasound visualization™ studies
:”should of course, include ultrasound visualization of the breasts of the.

-patient prior to any surgical.procedure, as well as study of the fresh and

VL,A;'flnally, the formalln-flxed breast The relationship between early detec-

_tlon o‘ b ast carcinoma ‘and the ultrasonic detection of specific alterations

"of ductal structures that sometimes accompany the mallgnant process has been

) 38
dlscussed in a previous publication and will not be lrcluded here.

Mm!’-—.—'
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6. SUMMARY -
it was shown, as a result of the combined ultrasound and histological

;nvestigations, that: (1) ultrasonic scanning of formalin-fixed preast tis—

sue is a valid and valuable research method, which can provide diagnostic

information which is applicable to ultrasound scanning of the breasts of in

vivo patientss (2) malignant masses classified undexr the broaa%éafégo:yA0€

“breast carcinoma” attepuated the incoming sound beam; {3) the attenuatiéu?
of the sound was associated with the complete cellulax malignant mass but
was increased in rggions of necrosis oY fivrosis, (4) =2 preast carcinoma
as wide as 3 cm in @iameter was found to attenuate the sound beam, (5) it
- was possible, in some cases; to wltrasonically visualize the contours of
the attenuating, maiignant mass itself, and (B) some noxmal tissue config-
urations in the preasts of middle—aged subjects, such as a mass ;f fat sur-
rounded by dense reflecting tissue, appeaxed on the echograms as encapsulat-
ed masses. Such normal tissues can be misdiagnosed as pathological tumox s

unless these patterns are recognized.
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