Color Doppler sonography:
characterizing breast lesions

This article discusses the utilization of Doppler sonography in the breast. The article encompasses the use
of Doppler sonography to differentiate benign from malignant lesions to assess neovascularity in tumors
to assess the response after chemotherapy and to differentiate benign from malignant lymph nodes based
on various blood-flow patterns. The discussion also incorporates the recent advances in the current
literature regarding the value of techniques such as sonoelastography, 3D Doppler imaging and the use
of tissue harmonics. While mammography remains the prime modality to evaluate breast lesions, advances
in the field of ultrasound demonstrate promising results and future hope for a more specific role of

ultrasound in this cause.
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Breast ultrasound

Breast ultrasound is an extremely useful tool to
evaluate breast lesions. Ultrasound of the breast
can be categorized as either a screening or a diag-
nostic examination. The goal of screening is to
detect breast abnormalities in a large population
of asymptomatic patients, whereas the goal of a
diagnostic ultrasound is to perform a focused
examination to either evaluate a sign or symp-
tom, such as a palpable mass, or an abnormality
noted on a previous imaging modality.

The following are the American College
of Rheumatology (ACR) practice guidelines
for the performance of a breast ultrasound
examination [101]:

* Evaluation and characterization of palpable
masses and other breast-related signs
and/or symptoms;

®* Evaluation of suspected or apparent abnormal-
ities detected in other imaging studies, such
as mammography or MRI;

® Initial imaging evaluation of palpable masses
in women under 30 years of age and in
lactating and pregnant women;

= Evaluation of problems associated with
breast implants;

= Evaluation of breasts with microcalcifications
and/or architectural distortion suspicious for
malignancy or highly suggestive of malignancy
in a setting of dense fibroglandular tissue, for
detection of an underlying mass that may be
obscured on the mammogram;
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* Guidance of breast biopsy and other
interventional procedures;

= Treatment planning for radiation therapy.

Screening breast ultrasound is only recom-
mended in selected populations owing to low
specificity, high false-positive results and limited
cost—effectiveness. Currently, ultrasound may
be helpful in mamographically dense breasts,
in cases of silicone breast implants, in preg-
nant patients and in intermediate- to high-risk
patients, especially if they are unable to tolerate
breast MRI.

In practice, ultrasound is mostly used as a
diagnostic modality as studies have proven it to
be less effective than mammography as a screen-
ing tool. If used according to the recommend-
ations, diagnostic breast ultrasound prevents
unnecessary negative biopsies, detects cancer
that was missed or under-classified by mammo-
graphy, stages cancers and determines the extent
of malignant disease [1].

Doppler sonography

Continuous-wave Doppler sonography was the
first development of its kind to investigate the
vascularity of breast tcumors. In 1977, Wells ez al.
published the first study demonstrating continu-
ous-wave Doppler blood-flow signals associated
with malignant tumor neovascularization [2].
This technique could be used to record vascu-
lar signals from a palpable breast mass, but this
signal was difficult to observe in nonpalpable
lesions (3]. Pulsed-Doppler techniques were
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Figure 1. Color Doppler of a simple cyst.
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introduced for the evaluation of these tumors.
Tumors with grossly visible vessels are visualized
by duplex ultrasound. However, not all tumor
vessels are accessible by B-mode imaging. Color
Doppler sonography was accessible by the 1990s,
allowing a combination of grayscale and Doppler
technique to effectively locate tumor vessels.
Technical parameters to optimize Doppler imag-
ing include a low pulsatile-repetition frequency,
ideally not exceeding 1 kHz, use of appropriate
filters and amplification (slightly over the noise
threshold of each ultrasonographic system). It is
important that the cursor size is appropriately
adjusted to vessel lumen in order to reduce the
flow artifacts and augment the sensitivity [4.5].
Power Doppler allows a better detection of small
vessels with slow blood circulation, but is much
more sensitive to flow artifacts.

Uses of color Doppler sonography
Color Doppler sonography serves as a useful
tool to differentiate cystic lesions from their
solid counterparts, to distinguish benign nod-
ules from malignant ones, to determine the
aggressiveness of a suspicious lesion, to eval-
uate inflammatory conditions of the breast, to
identify vascular abnormalities and to evaluate
response to tumor therapy. Although Doppler
sonography is currently considered as a useful
adjunct to grayscale ultrasound to differentiate
benign from malignant lesions, the definite role
of Doppler sonography in this respect remains
to be established. There are many new studies
performed using various models to identify neo-
vascularity that have demonstrated its promis-
ing role. However, further work is required to
establish its efficacy to differentiate benign from
malignant tumors.

Distinguishing solid nodules from
complex cysts with low-level

internal echoes

One of the most important contributions of
breast ultrasound is the confident diagnosis of a
simple cyst. Simple cysts have no internal blood
flow (Ficure 1). Some lesions detected on ultra-
sonography cannot be classified as either solid
or cystic with certainty. These include complex
benign cysts, cystic cancers and fibroadenomas.
Color Doppler sonography can demonstrate an
internal vessel, indicating that a lesion is solid
(Fieure 2). Pseudocystic lesions are solid lesions
that are markedly hypoechoic and have a pseudo-
cystic appearance. These are often misdiagnosed
as cysts. Some of the tumors that may present
as pseudocystic lesions include high-grade duc-
tal carcinoma, medullary carcinoma, metastasis

and lymphoma. Color Doppler sonography can

Figure 2. (A) Grayscale image of a palpable breast mass that could be cystic or solid, and
(B) color Doppler images demonstrate internal vessels, thus, this is a solid lesion.
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Figure 3. Grayscale (A) and color (B) Doppler image of a necrotic tumor or
‘pseudocystic lesion’.

demonstrate the presence of blood vessels within
these pseudocystic lesions (Ficure 3). False nega-
tives can be seen in necrotic tumors presenting as
pseudocystic lesions.

Another function of color Doppler sono-
graphy in the assessment of intracystic lesions
is to evaluate fibrovascular stalks in these
lesions. Benign intracystic lesions usually have
a single feeding vessel within the stalk (Ficure 4),
while malignant intracystic lesions usually have
multiple feeding vessels (Ficure 5) [1]. Assessing
the role of color Doppler in intracystic breast
lesions, Catalano ez a/. analyzed the flow differ-
ences between carcinomas and papillomas. The
color Doppler imaging showed a lack of flow in
four papillomas and subtle flow in the remain-
ing four papillomas. All 13 carcinomas showed
diffuse vascularity, with multiple sparse ves-
sels and multiple vascular poles. The average
resistive index (RI), measurable in four out of
eight papillomas, was 0.43. Spectral analysis
was measured in all carcinoma cases, yielding
a mean RI of 0.71 [6].

Distinguishing benign from
malignant lesions

There have been numerous studies performed
utilizing the color Doppler, power Doppler and
spectral waveform with qualitative, quantita-
tive and distribution analysis of the tumor vas-
cularity to see its usefulness for the purpose of
differentiating benign from malignant lesions.
Some have demonstrated promising results while
others have found Doppler sonography not very
helpful in this regard. Among the initial studies
performed for this purpose, Cosgrove ez al. found
that almost 99% of malignant lesions presented a
color Doppler signal, whereas only 4% of benign
lesions were found to have a detectable vascular-
ization [7]. Sehgal ez al. demonstrated that benign
lesions were found to be 2.2-times more vascular-
ized than normal breast parenchyma, whereas
malignancies were five-times more vascularized
(8]. Vessel distribution was found to be equivalent
for the core and periphery of the lesion in case of
benignity, whereas malignant lesions had greater
vascularization towards their center. A higher

Figure 4. Grayscale (A) and color (B) Doppler image of a benign intracystic lesion with a
single feeding vessel.
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Figure 5. Color Doppler of blood flow in a
papillary cystic carcinoma.

number of penetrating vessels and higher values of
pulsatility index (PI), RI and maximum velocity
were considered as indicators of malignancy [s).
In another study, Raza ez al. obtained a sensitivity
0f 68% and a specificity of 85% in distinguishing
benign nodules from malignant nodules [9].

However, in the study of Ozdemir ez al., nei-
ther morphologic nor spectral Doppler analysis
proved to be successful on its own, but the infor-
mation obtained could increase the diagnostic
certainty of grayscale ultrasound and mammo-
graphy [10]. Similar results were obtained in the
study by Buadu ez /., who concluded that even
the combination of color and spectral Doppler
analysis does not appear to contribute signifi-
cantly to the differentiation between benign and
malignant breast lesions [11]. Currently, color
Doppler imaging holds a complementary role in
the evaluation of breast lesions.

m Utilizing differences in

blood-flow physiology

Blood flow to a tissue correlates with the level
of its metabolic activity. Most benign lesions
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Figure 6. Pulse-wave Doppler of peripheral
blood flow in a benign lesion.
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have low metabolic demands and, therefore,
require a relatively low blood supply. Malignant
lesions usually have high metabolic demands and
necessitate a greater amount of blood flow.

Doppler sonography is able to detect neo-
vascularity based on a number of factors.
Tumors are neovascular and, thus, have an
increased number of vessels supplying them.
Often, these tumors are surrounded by vessels
and this is referred to as a pattern of peripheral
net of vessels. Normal capillary beds are usually
absent in tumors and thus the sinusoidal spaces
serve as arteriovenous connections. This results
in blood flow with a higher velocity than nor-
mal and a resistance that is lower than normal.
Pulsed Doppler waveforms may help to distin-
guish benign lesions from malignant lesions by
flow pattern (peripheral vs central blood flow),
peak systolic velocity and RI. Benign lesions
exhibit central and peripheral blood flow in
equal amounts, have relatively low peak systolic
velocity, have a rounded systolic peak and have
lower RI (Ficure 6). Malignant lesions exhibit dif-
ferences in blood flow centrally and peripherally.
Peripheral blood flow has lower systolic velocity,
round systolic peak and lacks a diastolic notch
(Ficure 7). Central blood flow has high systolic
velocity, a sharp systolic peak and a high RI.
A noticeable difference in waveform patterns
between central and peripheral vessels is a strong
predictor of malignancy (Ficure 8). Nevertheless,
it should be kept in mind that overlap may exist
between benign and malignant lesions.

In a recent study, del Cura er al. suggested
diagnostic criteria for Doppler sonography of
breast lesions [12]. They performed power and
duplex color Doppler sonography in breast
lesions to evaluate lesion vascularity, Pl and RI of
the vessels, and correlated with histologic results.
Although color flow was more frequently seen in
malignant than in benign lesions, the sensitivity,
specificity, and positive- and negative-predictive
values for this sign were low (68, 64, 58 and
73%, respectively). The RI and PI values were
appreciably higher in cancers. Although an
overlap in these values between benign and
malignant lesions was observed, no noteworthy
relationship was found between PI, RI or flow
visualization on power Doppler sonography and
tumor grade or lymph node involvement in can-
cers. Power Doppler sonography pointed out a
higher likelihood of malignancy but did not turn
out to be valuable as a key sign for malignancy.

Kwak et al. assessed the role of power
Doppler sonography in distinguishing benign
from malignant solid breast masses when used
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in conjunction with grayscale sonography and
the relationship with an axillary lymph node
metastasis [13]. On power Doppler, the pres-
ence of identified or penetrating vessels within
the mass was evaluated. Among malignant
cases, tumor vascularity was correlated with
lymph node involvement. Controlling the size
of the masses, the identified or penetrating
vessels were considerably more numerous in
malignant lesions. They used the identified
and penetrating vessels in the mass as one
of the diagnostic criteria for malignancy and
demonstrated that the diagnostic accuracy was
improved. Therefore, they concluded that iden-
tified or penetrating vessels within the mass
on power Doppler sonography can be used
as one of the malignant criterion. Yang et al.
showed a significant correlation between color
power Doppler sonographic measurement of
tumor vascularity and microvessel density by
immunohistochemical analysis [14].

B Using computer-aided systems

& 3D models

While trying to obtain additional information
regarding the present diagnostic approaches in
breast tumor diagnosis via the investigation of
tumor vessels, Du ez al. presented a new tech-
nique that helps to capture the morphological
features from power Doppler sonography images
using a computer-aided system facilitating pixel
relation analysis techniques in the region of
interest [15]. The use of color range was statisti-
cally significant to make a distinction between
benign lesions and malignant lesions by count-
ing more pixels in malignant cases. Deyle ez al.
utilized a computer-aided system facilitating
pixel relation in their study to evaluate the
morphological features from power Doppler
sonography images [16]. Various histologically
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Figure 7. Pulse-wave Doppler of peripheral
blood flow in a malignant lesion.

proven solid breast tumors were studied using
quantitative and qualitative parameters, with
extracted 3D diagrams focused on pixel count-
ing and on physiologic and pathophysiologic
vascular analysis over time. The color range
demonstrated a statistical significance for dis-
tinguishing between benign and malignant
lesions by counting more pixels in malignant
cases. They detected differences in the blood
flow dynamics with a characteristic flow texture
in 89% of benign lesions and periodic oscil-
lations that were identified with a diagnostic
accuracy of 78% in malignant cases [16].

Hsiao et al. proposed a decision model to dis-
tinguish benign from malignant tumors, assess-
ing tumor vascularity utilizing 3D power Doppler
breast ultrasound [17]. They used the Virtual
Organ Computer-Aided Analysis (VOCAL)
imaging program to analyze the stored volume.
Histogram indices of the vascularization index
(VI), flow index (FI) and vascularization—flow
index (VFI) demonstrated that for both intra-
tumor and shells with a thickness of 3 mm sur-
rounding the breast lesion, the malignant lesions
had a higher VI, FI and VFI compared with the
benign lesions. They demonstrated that the model
(including patient age, volume and intratumor FI
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Figure 8. Pulse-wave Doppler of central (A) and peripheral (B) blood flow in a

malignant lesion.
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Figure 9. Color Doppler image of a
low-grade breast carcinoma.

in 3D power Doppler vascularity) was the best
choice for malignant breast tumor character-
ization. In another study, Hsiao ez a/. compared
the diagnostic performance of nonharmonic
ultrasound and tissue harmonic imaging using
3D power Doppler sonographic technique to clas-
sify benign and malignant breast tumors by vas-
cularization. They found that the performance of
3D power Doppler sonography with respect to the
characterization of solid breast masses as benign
or malignant was not significantly improved with
tissue harmonic imaging [(18].

LeCarpentier ez al. also used 3D quantitative
models of color Doppler analysis and found that
the quantitative Doppler sonography vascular-
ity measurements contribute considerably to
malignant breast tissue identification beyond
subjective grayscale evaluation alone [19].

B Contrast-enhanced sonography

The second-generation contrast agents intens-
ively increase the signal level of breast lesions
and new sequences, such as coherence pulse
sequencing, might be accurate to detect malig-
nant vessels in breast lesions. This can be helpful

Figure 10. Color Doppler image of an
intermediate-grade breast carcinoma.

Imaging Med. (2010) 2(2)

to characterize and assess the extent of infiltra-
tive breast carcinoma or to evaluate the tumor
response after chemotherapy. Another possible
clinical application is the differentiation between
postoperative changes and recurrences [20]. In
malignant lesions, enhancement is fast, start-
ing with less than 20 s. Compared with MRI,
enhancement may be more rapid [20]. Balleyguier
et al. found that the malignant vessels were pre-
dominant in the external ring of the nodule;
conversely vessels were seen in the center of the
lesion in benign nodules. Malignant vessels were
also seen outside the lesion [20].

Forsberg et al. used contrast-enhanced
(Levovist®) color flow ultrasound images of the
breast lesions to compare quantifiable measures
of vascularity by ultrasound with pathologic
vascularity [21]. From the ultrasound images, the
number of color pixels before and after contrast
administration, relative to the total area of the
breast mass, was calculated. There was a signifi-
cant increase in flow visualization from pre- to
post-contrast injection (p = 0.001), but no dif-
ferences were found between the 11 benign and
the eight malignant lesions (p > 0.35). They con-
cluded that contrast-enhanced color flow imag-
ing provides a noninvasive measure of breast
tumor neovascularity, corresponding mainly to
vessels 20-39 pm in diameter, when used in a
typical clinical setting [21].

B Sonoelastography

Intrinsic elastic properties of a tissue can be
illustrated by sonoelastography. Thomas ez al.
presented a study to investigate the combined
effect of B-mode imaging with tissue Doppler
imaging and offline analysis of tissue strain
imaging on the specificity of the B-mode ultra-
sound [22]. They performed B-mode ultrasound
on an equal number of benign and malignant
focal breast lesions and the images were over-
laid with color-coded tissue Doppler imaging
information. Area quotients:

Area B-mode view
Area tissue Doppler imaging

AQ =

were calculated and tissue strain imaging views
were reconstructed offline from the source data.
Tissue elasticity was evaluated using a scale
of 1-5 corresponding to the Breast Imaging-
Reporting and Data System (BI-RADS) catego-
ries. Maximum strain factor was determined in
the region of interest. Sensitivities and specifi-
cities were calculated and statistical analysis was

future science group



Color Doppler sonography: characterizing breast lesions

performed. Sensitivity and specificity turned out
to be 96 and 68% for B-mode ultrasound, 100
and 40% for combined B-mode ultrasound
and mammography and 96 and 80% for tis-
sue strain imaging. There was an improvement
in the characterization of focal breast lesions by
evaluating elasticity based on the quantifica-
tion of strain factors. The simple technique of
tissue Doppler imaging showed a lower tissue
displacement in malignant cases.

B Combining color Doppler flow

& imaging changes of breast

fascia & ligament

Zeng et al. tried to explore the value of a com-
bined use of color Doppler flow and imaging
changes of breast fascia and ligament in the dif-
ferential diagnosis of small breast neoplasms [23).
They performed color Doppler flow on benign
and malignant lesions and analyzed the blood
flow and Doppler image both in and around the
breast lesions. The infiltration of breast fascia
and ligament was also taken into account. The
color Doppler flow imaging results were com-
pared with the results of a pathologic examin-
ation. Color Doppler flow imaging correctly
diagnosed benign and malignant small breast
lesions (90.4 and 84.5% correct diagnosis rate,
respectively). Zeng et al. also noted that there
were observable differences in blood flow grad-
ing, systolic maximum velocity, RI and imag-
ing changes of superficial fascia, deep fascia and
Cooper’s ligament between benign and malig-
nant small breast lesions. This combination may
turn out to be valuable in clinical diagnosis and
differential diagnosis of small breast neoplasms.

B Utilizing neural network models

Using a neural network model as a classi-
fier, Kuo ez al. evaluated the role of 3D power
Doppler sonography in the differential diagnosis

Figure 11. Color Doppler image of a
high-grade breast carcinoma.

of solid breast tumors [24]. 3D power Doppler
sonography was used to calculate three indices
(VI, FI and VFI) for the tumor itself and for the
tumor plusa 3 mm shell surrounding it. The data
were applied to a multiplayer perception neural
network model and the model was evaluated as
a classifier to assess the capability of 3D power
Doppler sonography to distinguish between
benign and malignant solid breast tumors. The
accuracy of the multilayer perceptron model for
classifying malignancy was 84.6%, the sensitiv-
ity was 90.3%, the specificity was 79.4%, the
positive predictive value was 80.0% and the neg-
ative predictive value was 90.0%. They also used
neural network to combine the three 3D power
Doppler indices and demonstrated that the area
under the receiver-operating characteristics
curve was 0.89. Therefore, it can be concluded
that the capability of 3D power Doppler sonog-
raphy may be increased by using an multilayer
perceptron neural network model as a classifier.

The study by Chen ez al. used logistic regres-
sion analysis, a support vector machine and a
neural network on a database that contained 3D
power Doppler imaging pairs of nonharmonic
and tissue-harmonic images for 97 benign and 86
malignant solid tumors. They found the A values
of six receiver-operating characteristic curves for
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Figure 12. (A) Color and (B) pulse-wave Doppler of an inflammed cyst.
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Figure 13. Color Doppler of hyperemic
tissues.

the use of logistic regression analysis, support vec-
tor machine and neural network for nonharmonic
or harmonic 3D power Doppler imaging to be
similar. In their view, depending on user empha-
sis for the use of receive-operating characteristic
curve findings, the use of logistic regression anal-
ysis appears to provide better sensitivity compared
with the other statistical models [25].
Neovascularization provides blood supply
for tumor expansion. It also increases the like-
lihood of tumor cells entering the blood or lym-
phatic circulation. Proangiogenic factors such as
VEGF and angiopoietin are implicated in the
growth of endothelial cells. Tumor vasculature is
highly disorganized, tortuous and dilated, with
an uneven diameter and excessive branching.
Chang ez al. presented a new method that helps
to capture different morphologic features from
3D power Doppler sonography images (26). They
narrowed down the vessels into their skeletons
using a 3D-thinning algorithm and extracted
seven features, including vessel-to-volume ratio,
number of vascular trees, number of bifurcation,
mean of radius and three tortuosity measures
from the skeleton. They applied a neural net-
work to classify the tumors by using these fea-
tures. The accuracy, sensitivity, specificity and

positive- and negative-predictive values were
80.09, 80.18, 80.00, 80.18 and 80.00%, respec-
tively, with an AZ value of 0.89. The results were
in agreement with the pathologic diagnosis.
They found that 3D power Doppler sonography
images and neural network analysis of features
can aid in the classification of breast tumors as
benign or malignant [27).

W Limitations

One should be aware that there are certain limita-
tions of Doppler sonography. Low cellular malig-
nant lesions, particularly the ones composed of
desmoplastic tissue, typically have less vascularity;
hence, they have the potential to be missed on
color Doppler sonography. Nevertheless, benign
tumors containing cellular stroma can be more
vascular than low-grade cancers. Some examples
of benign lesions exhibiting high flow on color
Doppler sonography include juvenile fibroad-
enoma and lactating adenoma. The use of color
Doppler in demonstrating the peripheral vascu-
lar pattern around malignant tumors is limited,
depending on the lesion cellularity. Low-grade
invasive ductal carcinoma may show little blood
flow, while high-grade invasive ductal carcinoma
usually exhibits a large peripheral vascular pattern.

Assessing the aggressiveness of a
suspicious lesion

Color Doppler sonography can be used to deter-
mine the aggressiveness of a suspicious lesion.
Neovascular lesions usually have a higher grade
and may be associated with lymph node involve-
ment and metastasis. Lower grade, less cellular
lesions have fewer angiogenesis factors and, there-
fore, have less neovascularity. On color Doppler,
low-grade invasive carcinomas may have little or
no internal vascularity; only feeding vessels are
usually identified (Ficure 9). Intermediate-grade
invasive cancers may have internal and peripheral

Figure 14. Color Doppler of early postlumpectomy site (A) and after several years (B).

Imaging Med. (2010) 2(2)
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flow on color Doppler (Ficure 10). High-grade inva-
sive tumors may have a pattern of a peripheral
net of vessels (Ficure 11). In a study performed by
Svensson ez al., the observed benign vascular pat-
terns were avascularity, vascularity in the periph-
ery and peripheral marginal vessels connecting
with internal vascularity. The observed malignant
vascular patterns were radially aligned external
vessels with internal vessels being more numerous
than external vessels that connected to radial ves-
sels. According to their findings, any breast lesion
with radial rather than marginal connecting
vessels should be regarded with suspicion [28].

Use of color Doppler to demonstrate
inflammatory hyperemia

On color Doppler sonography, acutely inflamed
cysts exhibit wall thickening, fluid-debris levels
and hyperemia within the cyst wall (Ficure 12).
Breast cysts that are not inflamed exhibit an
echogenic, thin outer wall. Usually, blood flow
cannot be detected within the wall of non-
inflammed cysts. Superficial cellulitis (Fieure 13)
shows hyperemia of subcutaneous fat, skin
and fibrous elements. Comparison with the
contralateral mirror image may be helpful in
differentiating mild edema.

Use of color Doppler to evaluate the
lumpectomy site

In the early postoperative period, lumpectomy
cavities demonstrate flow on color Doppler
sonography, indicating a healing response
(Fieure 14). After 6 months, very little blood flow
is noted in the lumpectomy scar. Newly detected
blood flow in a lumpectomy site several years later
is likely to be a recurrent breast cancer (Ficure 15).
On grayscale, fat necrosis may show suspicious
appearance and mimic breast cancers. On color
Doppler, it may show some peripheral vascularity

Figure 15. Color Doppler demonstrating blood flow in recurrence of cancer
at postlumpectomy site.

in acute phase and may resemble breast cancer,
requiring a biopsy to establish tissue diagnosis.
However, fat necrosis usually exhibits no signifi-
cant blood flow (Ficure 16). In general, a positive
study showing blood flow is a better positive pre-
dictor of recurrent cancer, than lack of blood flow
is a negative predictor.

Assessing vascular conditions in

the breast

Vascular conditions of the breast, for example,
superficial venous thrombosis, venous malfor-
mations and cavernous hemangiomas can be
detected by Doppler sonography of the breast.
Thrombosed veins do not show any blood flow
on Doppler and tend to be incompressible.
Venous malformations may show dilated venous
channels and fibrous elements.

Assessing acoustic vibratory
response to vocal fremitus

Acoustic vibratory response to vocal fremitis was
first described by Sohn ez al. in Germany [29].
The underlying mechanism is that when a patient

Figure 16. Color Doppler (A) and power Doppler (B) images of fat necrosis at the
lumpectomy site demonstrating no blood flow.
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Figure 17. Breast mass measured (A) and a color Doppler with vocal fremitus demonstrating
color artifact due to fremitus around the lesion but not within it (B).

speaks, vibrations from the chest wall cause color
artifacts in normal tissue, but not tumors. Even
though it is not useful to distinguish benign from
malignant lesions, it may be helpful in distin-
guishing normal from abnormal tissue and dif-
ferentiating isoechoic tissue from tumor tissue
(Ficure 17). Power Doppler is considered more
effective than color Doppler to assess acoustic
vibratory response to vocal fremitus.

Kim ez al. conducted a study to illustrate the
method and use of power Doppler vocal frem-
itus sonography to detect and diagnose breast
lesions [30]. They evaluated and compared vari-
ous breast conditions, including normal anatomic
structures and abnormal lesions with B-mode
and power Doppler vocal fremitus sonography.
They were successful in differentiating between
isoechoic tumors and isoechoic glandular tis-
sues, and in discriminating entrapped fat lob-
ules from isoechoic tumors with power Doppler
vocal fremitus sonography. They were also able to
determine if intracystic echoes are attached to the
cyst wall. Hence, power Doppler vocal fremitus
imaging may prove to be a valuable adjunct tool
to B-mode sonography to evaluate breast lesions.

Monitoring response to
tumor therapy
The use of color Doppler to monitor the response
to tumor therapy is based on the principle that
tumor vascularity may decrease before tumor
volume after undergoing tumor therapy, includ-
ing chemotherapy, radiotherapy, antiangio-
genesis and immunotherapy. It is of particular
use in antiangiogenesis therapy as a decrease in
blood supply could be immediately picked up by
Doppler sonography (Ficure 18), before a reduction
in tumor size is recognized on ultrasound.
Neoadjuvant chemotherapy improves local
control and surgical outcome in advanced breast
cancer with severe local disease (stage III/IV).
However, approximately 20-30% of these can-
cers either do not respond or show poor response
to chemotherapy. Hence, it is necessary to predict
clinical response to neoadjuvant chemotherapy
to avoid unnecessary treatment. In a study con-
ducted by Kuo ez al., two parameters — VI incre-
ment greater than 5% and peak VI greater than
10% —appeared to be the potential early predictors
for good responses to neoadjuvant chemotherapy
within 1 month in patients with advanced breast

Figure 18. Color Doppler of a breast cancer pre- (A) and post-treatment (B).

Imaging Med. (2010) 2(2)
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Figure 19. (A) High velocity ranging from -100 to 100 cm/s and low diastolic flow in a
malignant lymph node and (B) a benign lymph node showing a relatively lower velocity

and higher diastolic flow.

cancer [31]. Singh e al, in their study, observed
that the patients with an intratumoral blood flow
velocity increase following chemotherapy had a
greater likelihood of local recurrence and metas-
tasis compared with patients in whom blood
flow velocity decreased following chemotherapy
(32). The study also confirmed a greater correla-
tion between Doppler peak systolic velocity and
clinical assessment. Tumor blood flow velocity
measured by Doppler sonography can be used as
an independent marker of disease-free survival in
patients with breast cancer [32].

m Differentiating benign from
malignant lymph nodes

Approximately 85% of the time, breast cancer
metastases to lymph nodes have the same histio-
logic type as the primary tumor [1]. If the primary
tumor is hypervascular, the lymph node metas-
tases are usually hypervascular as well. In cases
where Doppler waveforms of the primary tumors
are characterized by high peak systolic flows and
resistivity indices, the same findings will likely
be seen in malignant lymph nodes (Ficure 194).
Benign lymph nodes usually exhibit lower sys-
tolic velocities, rounded systolic peaks and lower
reistivity indices (Fieure 19B).

The vascular supply of a normal lymph node
enters and exits from the hilum and there are
no vessels transversing the capsule. Neoplastic
nodes may have multiple feeding vessels and
one of the most specific findings for lymph node
metastases is presence of transcapsular feeding
vessels (Ficure 20).

Power Doppler is more sensitive than color
Doppler and may be better for demonstrating
transcapsular vessels. A recent article by Kwak
et al. evaluated solid breast lesions and correlated

future science group

the incidence of malignancy with lymph node
metastasis evaluating penetrating vessels using
power Doppler techniques [13]. Santamaria et al.
prospectively compared power Doppler sono-
graphic findings of invasive breast carcinoma
with histiopathologic and immunohistochemical
parameters to see whether arterial vascular pat-
tern of the primary tumor can predict the nodal
status [33]. They concluded that while Doppler
findings and tumor size are independent pre-
dictors of axillary nodal status, these variables
can contribute to the reliable prediction of the
absence of axillary nodal involvement on the
basis of a mathematical model.

Recommendation

Color Doppler sonography is best used in con-
junction with grayscale imaging. It should be
used with other modalities for the final assess-
ment of breast lesions. However, it should be
noted that negative results should not be used

to negate tissue sampling of a suspicious lesion.

Figure 20. Two adjacent lymph nodes show
hilar as well as peripheral blood flow.
Nonbhilar flow through the peripheral cortex
comes from penetrating vessels at the periphery.

www.futuremedicine.com
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Future perspective

A significant portion of current research in the
field of ultrasound imaging is devoted to the
use of microbubble techniques in evaluating the
vascularity of breast tumors and angiogenesis
effects. Microbubbles serve as echo enhancers
by expanding and contracting to generate back-
scatter when exposed to an ultrasound beam
(34]. At low ultrasound beam power, the bubbles
oscillate in a linear manner and the frequency
of the scattered signalis not altered. At a higher
power the microbubbles behave in a nonlinear
fashion as they resist contraction under positive
pressures more than expansion under negative
pressures. This nonlinear response resulting in
the emission of harmonics, which are specific
to the microbubbles and range between 1 and
20 MHz, needs to be selectively displayed by

novel techniques, such as pulse inversion har-
monic imaging [34]. As an increasing number
of harmonic and phase inversion techniques
are being developed, the use of microbubble
technique in evaluating the vascularity of breast
tumors and angiogenesis effects is likely to
be increased.
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Executive summary

from malignant lesions.

malignant lesions.

= Doppler sonography imaging should be an integral part of the grayscale examination of the breast when evaluating a breast mass.
= Useful information can be obtained from color Doppler, power Doppler and spectral Doppler examinations for differentiating benign

= There are certain patterns and findings on Doppler examinations that are highly suspicious for malignancy when seen on ultrasound.
= Currently, Doppler examination of breast masses is generally not considered very specific for differentiating benign from

= Continued improvement in ultrasound equipment and software hold the hope for improved future capabilities of Doppler examination.
= The use of various computer models to analyze the Doppler findings and by using the contrast agents in conjunction with Doppler
imaging may improve the specificity of ultrasound in future.
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