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Abstract: Ultrasound (US) was compared with mammography
(MMG), computed tomography (CT), and digital subtraction
angiography (DSA) in its effectiveness to detect breast cancer
masses and metastatic axillary nodes. Forty-seven breast
cancer patients who all underwent MMG, US, CT, and DSA
preoperatively in our institution between 1986 and 1990 were
studied. US was able to detect tumors in all cases regardless of
tumor size, whereas DSA detected T1-size tumors and MMG
detected T2-size tumors in 40% and 64.7% of cases, respec-
tively, being specifically inferior to US. It was found that
MMG was least likely to detect papillotubular carcinoma,
although microcalcification alone without a tumor mass on
MMG improved detectability from 46.2% to 76.9%, accord-
ing to the histological type. CT was found to be most sensitive
to axillary node metastases (81.8%), followed by US (72.7%),
but DSA was significantly unfavorable (42.9%). Thus, we
concluded that US was superior to MMG, CT, and DSA
for detecting breast cancer masses, but that CT was more
advantageous than US, while DSA was of little value for
evaluating axillary nodal status.
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Introduction

New imaging techniques including Doppler ultrasound
have recently become available for evaluating the blood
supply to tumors in the diagnosis of breast diseases.” In
order to determine the appropriate operative pro-
cedure for breast cancer, it is important not only to
detect the tumor, including the extent of spread, but
also to evaluate the status of axillary nodes before
surgery. In this paper, the effectiveness of conventional
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ultrasound (US) was determined and compared with
mammography (MMG), computed tomography (CT),
and intravenous digital subtraction angiography (DSA)
in the detectability of breast cancers and metastatic
axillary nodes.

Materials and Methods

Forty-seven breast cancer patients who all underwent
US, MMG, CT, or DSA preoperatively at Chiba
University Hospital between 1986 and 1990 were in-
cluded in this study. The US equipment used was a
real-time, electronic linear array scanner (Toshiba
SSA-90A) with 5.0 or 7.5MHz linear transducers.
The other equipment used for MMG, CT, and DSA
included a Senographe 500-T (GE), a GE-9800, and
a Toshiba DEF-03A, respectively. Craniocaudal and
mediolateral projections were obtained routinely on
MMG, with spot MMG being added in some cases.
US images were obtained by scanning manually in
both longitudinal and transverse planes of the breast,
axillary, and subclavian regions. Rounded hypoechoic
lesions over 10 mm in size along the axillary and sub-
clavian vessels were regarded as metastatic nodes. CT
studies were done on a 1-cm slice of breast or axillary
node tissue without the use of contrast material. In the
transverse plane, axillary nodes measuring over 1cm
and/or showing irregular margins were considered
metastatic. DSA was performed by the Seldinger tech-
nique using a FG 5 catheter inserted through an
antecubital vein and positioned in the superior vena
cava. Thirty milliliters of 60% sodium diatrizoate was
injected through the catheter to view image exposures
in real time. When a mass became stained even slightly
in the axilla, it was determined as being metastatic. If
US, CT, and DSA did not detect an image in the
axillary nodes, it was regarded as being negative.
Detectability was assessed by determining the fraction
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Fig. la—d. Images of breast cancer by mammography, ultra-
sound, computed tomography, and digital subtraction angio-
graphy in a 71-year-old woman with a tumor, 2.1 X 1.8cm in
size, on palpation. a A spiculate tumor without calcification is
visualized on mammography (black arrow); b a jagged tumor

of the number of patients with identified masses by the
number of all patients examined by each imaging tech-
nique. Sensitivity was calculated by the fraction of true
positives (TP)/TP + false negatives (FN), whereas
specificity was calculated by the fraction of true nega-
tives (TN)/TN + false positives (FP). Accuracy was
calculated by: TP + TN/TP + FN + TN + FP.

The detectability of tumors in the breast by MMG,
US, CT, and DSA was then compared and the accuracy
for visualizing metastatic axillary nodes by US, CT, and
DSA was also assessed. The images obtained by each
technique were interpreted by the same physician.

Results
The images obtained by MMG, US, CT, and DSA in a

71-year-old woman with a tumor 2.1 X 1.8 cm in size on
palpation are shown in Fig. 1. MMG clearly depicts
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is clearly imaged on ultrasound in the lateral upper quadrant
of the right breast; ¢ a high-density mass is seen on CT (white
arrow); and d a tumor with a feeding vessel is demonstrated
on DSA (black arrow)

a spiculate tumor without calcification; US shows
a jagged tumor clearly imaged in the lateral upper
quadrant of the right breast; CT demonstrates a high
density mass; and DSA depicts a tumor with a feeding
vessel. US was able to detect the tumors in all cases
regardless of age, although the detectability of MMG
on patients under 40 years of age was only 42.9%,
which was low compared to the 71.4% for both CT and
DSA. The detectability of MMG and CT improved in
proportion to age, being 87.5% for MMG and 100%
for CT on patients over 60 years of age. However, no
characteristic improvement by age was seen for DSA
even though it detected all tumors in patients over 60
years of age (Table 1). The detectability of tumor
contours in Tl-sized tumors was as unfavorable as
40%, especially for DSA, while in T2 tumors, MMG
was inferior to the other imaging techniques at 64.7%.
In fact, US was found to be most favorable in detect-
ability, regardless of tumor size (Table 2). Figure 2



706

Table 1. Detectability by age distribution
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1986—1990 Chiba University

Age MMG Us CT DSA

<40 3/7 (42.9%) 7/7 (100) 5/7 (71.4) 57 (71.4)
40= 11/19 (57.9) 19/19 (100) 17/19 (89.5) 13/19 (68.4)
50= 10/13 (76.9) 13/13 (100) 13/13 (100) 10/13 (76.9)
60= 7/8 (87.5) 8/8 (100) 8/8 (100) 8/8 (100)

MMG, Mammography; US, ultrasound; CT, computed tomography; DSA, digital subtraction

angiography

Table 2. Detectability by tumor size

1986-1990 Chiba University

Tumor size MMG Us CT DSA

T1 35 (60%) 5/5 (100) 5/5 (100) 25 (40)
™ 234(64.7)  3434(100) 3234 (94.1)  28/34(82.4)
T3 + T4 658 (75) 858 (100) 78 (87.5) 6/8 (75)

For explanation of abbreviations see Table 1

Fig. 2a—d. Images of breast cancer by mammography, ultra-
sound, CT, and DSA in a 46-year-old patient with a tumor,
1.7 x 1.6cmin size, on palpation. a A tumor is not imaged on
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mammography; b a tumor is clearly seen on ultrasound; ¢ a
tumor is slightly visualized on CT (black arrow); and d no
tumor is demonstrated on DSA
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Table 3. Detectability by histological type
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1986—1990 Chiba University

Histological type MMG UsS DSA
Pap tub ca 6/13 (46.2%) 13/13 (100) 10/13 (76.9) 10/13 (76.9)
Solid tub ca 13/18 (72.2) 18/18 (100) 18/18 (100) 16/18 (88.9)
Scirrhous ca 8/11 (72.7) 11/11 (100) 11/11 (100) 7/11 (63.6)
Special type 4/5 (80) 5/5 (100) 5/5 (100) 3/5 (60)

Pap tub, papillotubular; ca, carcinoma
For explanation of abbreviations see Table 1

shows the MMG, US, CT, and DSA of a 46-year-old
female with a T1 tumor, 1.7 X 1.6cm in size. It can be
seen that only US detected the tumor clearly (Fig. 2b).

Detectability according to the histological types of
the Japanese Breast Cancer Society classification was
unfavorable, specifically in papillotubular carcinoma
for MMG at 46.2%, and in scirrhous carcinoma or
special type for DSA at 63.6%, and 60%, respectively
(Table 3). Thus, the detectability of MMG had a
tendency to be unfavorable compared to US and CT,
although it detected microcalcification alone without
a tumor mass which improved its detectability from
64.7% to 79.4% in T2 tumors (Table 4). According to
histological type, the detectability of MMG was raised
from 46.2% to 76.9% for papillotubular carcinoma,
and from 72.7% to 81.8% for scirrhous carcinoma
(Table 5). Similarly, the number of cases correctly
diagnosed as cancer by MMG increased from 30 to 35
cases due to the presence of microcalcification alone.
The diagnostic accuracy of MMG and US was thus
74.5% and 91.5%, respectively (Table 6). Axillary
nodal status was also examined by US, CT, and DSA
and the metastatic axillary nodes found by each imaging
technique are demonstrated in Fig. 3. US detects right
axillary nodes 9mm and 6 mm in size but the image
does not give sharp contrast to the surrounding, rela-
tively thick, fatty tissue. However, CT clearly depicts
nodes even as small as 3mm in size, while the imaging
on DSA is markedly inferior even to US. In assessing
the sensitivity of axillary node metastases, CT at 81.8%
was more favorable than US at 72.7%, while DSA at
42.9% had little diagnostic value (Table 7).

Table 4. Improved detectability for MMG due to micro-
calcification without a tumor mass, by tumor size

1986-1990 Chiba University

Tumor(-),
Tumor size Tumor(+) calcification(+)
T1 3/5 (60%) —
T2 22/34 (64.7) 27/34 (79.4)
T3 + T4 6/8 (75) —

For explanation of abbreviations see Table 1

Table 5. Improved detectability for MMG due to micro-
calcification without a tumor mass, by histological type

1986—-1990 Chiba University

Tumor(—),
Histological type Tumor(+) calcification(+)
Pap tub ca 6/13 (46.2%) 10/13 (76.9)
Solid tub ca 13/18 (72.2) —
Scirrhous ca 8/11 (72.7) 9/11 (81.8)
Special type 4/5 (80) —
Pap tub, papillotubular; ca, carcinoma
For explanation of abbreviations see Table 1
Table 6. Accuracy of MMG and US

1986—-1990 Chiba University

Imaging technique Accuracy
MMG 35%/47 (74.5%)
Us 43/47 (91.5)

“The number of cases detected increased due to the presence of
microcalcification
For explanation of abbreviations see Table 1

Table 7. Accuracy for axillary node metastases
1986—1990 Chiba University

Imaging

technique Sensitivity Specificity Accuracy
us 16/22 (72.7%)~  18/25 (72.0)  34/47 (72.3)
CT 17/22 (81.8)—, % 22/25(88.0)  39/47 (83.0)
DSA 9/21 (42.9) 2 1 246 (92.3)  33/47 (70.2)
P <0.05

For explanation of abbreviations see Table 1

Discussion

Many imaging techniques have been utilized in the
diagnosis of breast cancer. In order to determine the
most appropriate operative procedure, including breast
conserving surgery, a combination of the commonly
used techniques is indispensable because each modality
is supplementary in detecting lesions. MMG has long
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been used for diagnosing breast cancer, especially that
with microcalcification.>~* However, dense or dysplastic
young breast tissue is difficult to interpret by MMG
even if a tumor is palpable. In comparing US to MMG,
many authors®? advocate the superiority of US; Guyer
et al.” stating that no tumor mass was missed by US in
68 breast cancer patients, as in our experience. How-
ever, with advances in interpreting techniques and
instruments, especially transducers with improved
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Fig. 3a—c. Metastatic axillary nodes imaged by ultrasound, CT, and
DSA. a The right axillary nodes, 9 mm and 6 mm in size, are depicted
on ultrasound but the image does not give sharp contrast to the
subcutaneous fatty tissue (black arrows); b nodes up to 3mm in size
are clearly visualized on CT (white arrows); ¢ the image by DSA is
apparently inferior to that by ultrasound and CT (black arrows)

resolution, US has also often come to play an important
role not only in detecting microcalcification,®'? but also
in diagnosing the intraductal spread of cancer, par-
ticularly in Japanese women.":!?

Ellen et al.!® reported that mammographic features
of breast cancer patients younger than 35 years of age,
detected masses only in 35.1% of 74 patients. Similar
findings were obtained in our series for patients under
40 years of age. Harper,' Feig,’® and Rosner'® there-
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fore recommend sonography as the imaging technique
of choice for women younger than 30 years. To com-
pare the ability of US and MMG, one study showed
detection rates of 58% and 97% of 64 cancers, respec-
tively.'” On the contrary, Guyer et al.® stress the
superiority of US over MMG by reporting the detect-
ability of 68 cancers by MMG and US as 79.4% and
98.5%, respectively, in accordance with our experience.

Concerning the detectability by tumor size of cancers
smaller than 1cm, only 8% were detected by US while
90% were detected by MMG.'” However, according to
reports by Japanese investigators'®'® sonography has
detected as many as 88.5%—-100% of cancers under
1cm in some studies, though there were no such cases
in our series. The detection of T2 tumors by MMG was
unfavorable in our series but this may possibly have
been improved if spot MMG had been routinely added.

According to histological type, papillary carcinoma,
which occurs in less than 2% of all malignant breast
tumors, has a tendency toward revealing a specific
multinodular pattern of increased density in a seg-
mental distribution to involve more than one quadrant
of the breast.”® This may explain why papillotubular
carcinoma is poorly visualized on MMG according to
the Japanese histological classification, as seen in our
series. Mitnick et al.?° also stated that the multinodular
lesions of papillary carcinoma may have associated
microcalcifications, which were observed in 6 of 18
patients in their study. Our series similarly showed
that most of the patients with microcalcifications alone
without a tumor mass were those with papillotubular
carcinoma, which was more frequently detected than
scirrhous carcinoma. According to the report of Ellen
et al.,” the number of patients aged under 35 years
with a well defined mass was almost the same as that of
those with calcifications alone, according to MMG, but
the detectability of cancer was raised from 35.1% to
83.8% by adding the latter finding;'* this being similar
to our results regardless of age distribution.

Rosner et al.'® reported the diagnostic accuracy of
MMG and US to be 84% and 73%, respectively,
showing no significant difference, while an analysis by
Cole-Beuglet et al.'” showed the accuracy of MMG and
US to be 74% and 69%, respectively, but that the latter
improved to 79% with the knowledge of clinical data.
Kobayashi** recorded 85% cancer detectability with
US and 83% with MMG, whereas another paper’
reported mammographic and sonographic accuracies to
be 80.9% and 91.2%, respectively, revealing similar
results to our own.

In a report by Chang et al.,* the superiority of a CT
scan with intravenous contrast medium enhancement
over MMG for detecting cancer in dense breasts was
demonstrated, being 94% versus 77%, respectively.
They stated that even malignant microcalcification
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without an associated mass can be identified. Con-
versely, Gisvold et al.** reported that conventional
MMG was more favorable than CT without contrast
material for detecting malignancies, being 90% versus
68.3%, respectively, but that the detectability by CT
improved to 81.8% when contrast material was used.
We were able to detect a tumor mass by CT without
contrast material much more easily than by MMG,
although it was so difficult to differentiate malignant
lesions from benign ones that its diagnostic accuracy
could not be compared to the other techniques.

DSA is useful for evaluating the vascularity of
tumors.”>2® Watt et al.”® stress that DSA achieves
excellent resolution of the iodine-containing vessels
and can be used in dense breasts, unlike MMG.
Tsurumi?® states that intra-arterial DSA is superior in
detectability to intravenous DSA, showing results of
81% versus 64%, but that detectability is correlated
to tumor size. However, there have few reports which
advocate the advantage of DSA specifically in detect-
ability. In our series, we found DSA inferior to other
techniques for scirrhous and special type carcinomas,
maybe because of the poorer vascularity in the tissue
around the tumor.?’

As axillary node status is important in the prognosis
of breast cancer, preoperative clinical examinations
with US, CT, or magnetic resonance imaging (MRI)
have been employed to detect metastatic axillary lymph
nodes. The sensitivity of US is reported as 66%—
72.7% %873 concurrent with our study. US studies the
nodes by tracing along the axillary or subclavian vessels
in real time, but it is often difficult to perform depend-
ing on the thickness of the subcutaneous fatty tissue.
On the other hand, CT and MRI are more effective in
diagnosing metastatic axillary nodes than assessing
breast lesions®—* because they provide excellent dis-
crimination of a small solid mass from fatty tissue in the
axilla. The sensitivity for detecting metastatic axillary
nodes according to the literature is 76%,>? similar to
our findings. However, Kawakami et al.>? stress that
images at 3-mm intervals must be obtained, so that
axillary nodes are not missed, but are more clearly
visualized for interpretation. Conversely, March®** and
Fossel®® strictly stated that CT does not provide an
accurate assessment of axillary node status primarily
because of its inability to exclude micrometastatic
involvement of nonenlarged nodes.

In conclusion, US is superior to MMG, CT, or DSA
in detecting breast cancer masses. CT is more ad-
vantageous than US or DSA for evaluating axillary
nodal status, while DSA has little diagnostic value
compared to US and CT.
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