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Patients with Breast Cancer:
Differences in Color Doppler
Flow and Gray-Scale US
Features of Benign and
Malignant Axillary
Lymph Nodes1

PURPOSE: To document differences in color Doppler flow and gray-scale ultrasono-
graphic (US) features between benign and malignant axillary lymph nodes in
women with primary breast cancer.

MATERIALS AND METHODS: The longitudinal-transverse axis ratio and hilar status
on color Doppler flow and gray-scale US images were prospectively studied for each
of 145 axillary nodes in 135 women (74 palpable nodes in 69 women, 71
nonpalpable nodes in 66 women) with primary breast cancer. Intranodal flow
distribution was described as peripheral, central, or central perhilar. Resistive and
pulsatility indexes and peak systolic velocity were documented. For comparison of
benign and malignant features, nodes were divided into three groups: palpable and
nonpalpable, palpable, and nonpalpable.

RESULTS: Color flow was demonstrated equally well in benign and malignant
axillary lymph nodes for all three groups. For all nodes, peripheral flow was
significantly higher in malignant (118 of 153 nodes [77%]) than benign (45 of 160
nodes [28%]) nodes (P , .001); central flow and central perhilar flow were
significantly greater (P , .002 and , .001, respectively) in benign than malignant
nodes. Similar differences were not observed in nonpalpable nodes. The mean
longitudinal-transverse axis ratio (6 SD) was significantly lower in malignant (1.8 6
0.6) than benign (2.6 6 0.8) nodes. Logistic regression analysis showed peripheral,
central, and central perhilar flow and the mean longitudinal-transverse axis ratio to
be significant independent predictors of malignancy.

CONCLUSION: Color Doppler flow and gray-scale US features applicable to the
identification of disease in palpable axillary nodes in patients with breast cancer are
not applicable to nonpalpable nodes.

Traditionally, axillary lymph node status has been an important prognostic factor in
women with early-stage breast cancer (1–3) and is critical in the planning of systemic
adjuvant therapy (4). However, axillary lymph node dissection is associated with substan-
tial cost and morbidity, including seroma formation and arm edema. Increasingly, it is
becoming recognized that not all patients need to undergo lymph node dissection,
especially those without nodal metastases (5–7). Hence, the necessity for routine surgical
axillary lymph node staging for all patients with breast cancer is increasingly controversial
(6,7), and alternative accurate predictors of lymph node metastases would be important in
selecting those patients who would benefit from axillary node dissection.

Clinical assessment and attempts at axillary staging by imaging with mammography,
ultrasonography (US), and radionuclide techniques, including positron emission tomogra-
phy, are currently inadequate (8–12). High-frequency US probes with improved spatial and
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contrast resolution have been used to
study both primary breast cancer and
superficial nodes, with encouraging re-
sults (13). US is valuable in the detection
of enlarged nodes, while morphology is
useful in the differentiation of benign
from malignant disease (14). Further-
more, tumor vascularity, particularly in
the breast, can be assessed in vivo with
current techniques of color Doppler US
(15,16). The morphologic and hemody-
namic changes of tumor vessels have
been used to differentiate benign from
malignant tumors at duplex US (15).

Although a discriminatory role of color
Doppler US has been shown for primary
breast cancer (17), the value of Doppler
spectral waveform analysis and color Dopp-
ler US in differentiating benign from malig-
nant cervical lymph nodes remains contro-
versial (18,19). To our knowledge, there is
only one study in which color Doppler flow
has been addressed as a diagnostic criterion
for axillary nodal metastasis (20). However,
no formal evaluation of the color Doppler
US characteristics of axillary lymph nodes
was performed in this earlier study.

The aim of our study was to determine
prospectively the predictive value of gray-
scale and color Doppler flow US features
in axillary lymph nodes for the diagnosis
of nodal metastases in patients with pri-
mary breast cancer.

MATERIALS AND METHODS

Study Population

One hundred forty-five lymph nodes
in 135 women with breast cancer (mean
age, 52 years; age range, 28–82 years)
were prospectively studied with gray-
scale and color Doppler US. Sixty-nine
women had 74 palpable axillary lymph
nodes, and 66 women had 71 nonpal-
pable axillary lymph nodes. In all pal-
pable axillary nodes, notch-type, soft-
tissue needle biopsy and/or fine-needle
aspiration biopsy and cytologic analysis
were performed prior to dissection. Non-
palpable nodes that were ultrasonographi-
cally abnormal according to previously
published criteria (21) were also subjected
to fine-needle aspiration biopsy and cyto-
logic analysis. All patients subsequently un-
derwent axillary dissection for histopatho-
logic correlation. This study received local
ethics committee approval, and informed
consent was obtained from all patients.

Imaging and Color Doppler US

Conventional mammography and US
of the breast were performed in all pa-
tients. Gray-scale and color Doppler flow
US were performed after mammography
with a 10-5-MHz linear-array transducer
with a VST Master’s Series unit (Diason-
ics, Santa Clara, Calif) or with an HDI
3000 unit (Advanced Technology Labora-
tories, Bothell, Wash).

Before histologic diagnosis, all women
prospectively underwent US examina-
tion by one breast radiologist (W.T.Y.)
who was blinded to the patient history.
Gray-scale US evaluation of the breast
and axilla was performed. The size of
each lymph node was measured by using
the longitudinal and transverse axis di-
mensions to obtain the longitudinal-
transverse axis ratio. The presence of a
normal central echogenic hilum was also
documented.

Color Doppler flow US studies were
performed with optimized color Doppler
parameters set at low wall filter (50–100
Hz) and low velocity scale (pulse repeti-
tion frequency, 800–1500 Hz). Color gain
was adjusted dynamically to maximize
depiction of blood vessels while avoiding
artifactual color noise. For each axillary

lymph node, color Doppler interrogation
was performed and the number and distri-
bution of vessels were noted.

The vascular pattern of each node was
then subjectively assessed according to
modifications of the criteria by Na et al
(22). Central perhilar vascularity was de-
fined as a simple hilar vessel signal or
centrifugal branches that were either cen-
tral or eccentric (Fig 1); central nodal
vascularity was defined as scattered spots
or segments of vessel signals distributed
within the node that were either radial,
deformed radial, or aberrant multifocal
(Fig 2); peripheral vascularity was defined
as circumferential linear vascularity along
the periphery of the node (Fig 3); and
mixed vascularity was defined as more
than one vascular pattern in a node. In
lymph nodes where the hilum was ab-
sent, vascularity was described as either
central, peripheral, or mixed.

Doppler spectral waveforms were ob-
tained from three different vessels when-
ever possible for each node, and the high-
est value was selected. Spectral Doppler
analysis was performed on the vessel with
the most rigorous flow, and the peak
systolic velocity, pulsatility index, and
resistive index were noted. The probe was
gently placed on the surface to avoid an
artifactual increase in vascular resistance
caused by compression of the superficial
vessels. The sample volume of 1.5 mm
was centered in the vessel, and the angle
of insonation was kept at 60° or less in all
examinations. The color Doppler features
for all lymph nodes (combined) and for
palpable and nonpalpable lymph nodes
were then compared with the histologic
diagnoses to determine their predictive
value in differentiating benign from ma-
lignant disease.

Statistical Methods

Color flow and spectral Doppler, as
well as gray-scale, parameters were ana-
lyzed by using the two-tailed x2 test with
continuity correction, or the Fisher exact
test, for the combined group (all lymph
nodes), the palpable group, and the non-
palpable group. Multiple logistic regres-
sion analysis was performed to determine
independent predictors of the significant
individual variables obtained from uni-
variate analysis.

RESULTS

Histopathologic Findings

A total of 145 axillary nodes were de-
tected with US in 135 women with pri-

a.

b.

Figure 1. Central perhilar vascularity on lon-
gitudinal color Doppler US images from two
patients. (a) Simple hilar vessel (large arrow)
within a normal axillary node (small arrows).
(b) Central hilar centrifugal branches seen as
blue and red linear structures within a normal
axillary node (arrows).
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mary breast cancer. In the combined
group, metastasis was confirmed with
histologic findings in 66 (46%) of the 145
nodes. In the palpable group, metastasis
was confirmed in 56 (76%) of the 74
nodes. In the nonpalpable group, nodal
metastasis was present in 10 (14%) of the
71 nodes. All 10 nonpalpable metastatic
nodes had fine-needle aspiration biopsy
cytologic confirmation.

Color Doppler US Findings

Distribution of nodal vascularity.—The
color Doppler characteristics of all lymph
nodes are shown in Table 1. Color Dopp-
ler flow signal was present in more than
80% of malignant and benign axillary
lymph nodes for all three groups.

For the combined group, there was
greater peripheral flow in malignant
nodes and greater central flow in benign
nodes. The percentage of vessels with
peripheral flow was significantly higher
in malignant (77%) than in benign (28%)
nodes (P , .001), while the percentages of
central and central perhilar flow were
significantly greater in benign (18% and
54%, respectively) than in malignant (5%
and 18%, respectively) nodes (P , .002
and P , .001, respectively).

For the palpable group, a similar find-
ing was observed. Flow was peripheral in
84% of malignant compared to 60% of
benign nodes (P 5 .009), flow was central
in 4% of malignant compared to 9% of
benign nodes (P 5 .142), and flow was
central perhilar in 13% of malignant com-
pared to 31% of benign nodes (P 5 .002).
However, no significant difference in flow
distribution was shown between benign
and malignant nonpalpable nodes. Com-
parison of vascular distribution between
malignant and benign axillary nodes is
graphically represented in Figure 4.

Doppler waveform of nodal vessel.—The
resistive index, pulsatility index, and peak
systolic velocities in this population over-
lapped between benign and malignant
lymphadenopathy (Table 2), so that be-
nign and malignant disease could not be
distinguished on the basis of these in-
dexes.

Gray-Scale Characteristics

Nodal shape and echogenic hilum.—Gray-
scale characteristics of all lymph nodes
are tabulated in Table 3. The longitudinal
axis diameter of nodes ranged from 5 to
41 mm (mean, 19 mm), with no substan-
tial difference in the mean diameter be-
tween benign (16 mm) and malignant (20

mm) lymph nodes. The mean longitudinal-
transverse axis ratio (6 SD) was signifi-
cantly lower in malignant (1.8 6 0.6)
than in benign (2.6 6 0.8) nodes
(P , .001).

Using a longitudinal-transverse axis ra-
tio of 2 or lower resulted in a sensitivity of
67% (44 of 66) and a specificity of 71%
(56 of 79) in differentiating benign from
malignant nodes. A sensitivity and speci-
ficity of 44% (29 of 66) and 92% (73 of
79), respectively, were obtained by using
a longitudinal-transverse axis ratio of 1.5
or less.

Malignant nodes showed a signifi-
cantly higher percentage of abnormal hila
(55%) than did benign nodes (16%) (P ,
.001). At subset analysis, these significant
differences were not observed in the pal-
pable and nonpalpable groups.

Multiple Logistic Regression
Analysis

Multiple logistic regression analysis of
the pattern of vascularity gave a predic-
tive accuracy of 79% for all lymph nodes
and 75% for palpable nodes in determin-
ing nodal metastasis. The number of pe-
ripheral vessels was positively and the
number of central vessels was negatively
associated with malignancy. All color flow
variables, including peripheral, central,
and central perhilar flow and the mean
longitudinal-transverse axis ratio, were
significant independent predictors of ma-
lignancy (Table 4). The presence of an
abnormal hilum was not independently
associated with malignancy (P 5 .465).

DISCUSSION

US has consistently been shown to yield
relatively high preoperative sensitivity in
the prediction of axillary lymph node
status (9,12,21). Findings of our prospec-
tive study showed significant differences
in flow distribution and gray-scale fea-
tures for benign and malignant nodes in
patients with primary, operable breast
cancer. Benign disease tended to retain
central and/or central perhilar vascular-
ity. The malignant group frequently
showed peripheral and mixed vascularity
in keeping with the characteristically tor-
tuous and aberrant pattern of neovessels,
which are displaced and encased by tu-
mor. At multiple regression analysis, pe-
ripheral distribution of vascular flow and
a low mean longitudinal-transverse axis
ratio were independently associated with
malignant disease, while central and cen-
tral perhilar flow and a high mean longi-

tudinal-transverse axis ratio were associ-
ated with benign nodal status.

Although the percentages of peripheral
and central vessels were significantly dif-
ferent for benign and malignant axillary

a.

b.

Figure 2. Central vascularity on (a) trans-
verse and (b) longitudinal color Doppler US
images from two patients. (a) Scattered spots of
vessel signals (arrowheads) within rounded
nodes with no central hila (arrows). (b) Vessel
segments (arrows) radially aligned within a
node with partially obliterated fatty hilum.

Figure 3. Peripheral vascularity on transverse
color Doppler US image. Image shows linear
vascularity (straight arrows) along the periph-
ery of a node (curved arrows) with a low
longitudinal-transverse axis ratio.
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nodes, it should be emphasized that these
numbers represent a significant differ-
ence between two proportions. A small
difference between both groups can be
detected if the sample size is large enough.
These results could best be translated into
clinical practice and management recom-
mendations by suggesting that an axil-
lary node with a low longitudinal-trans-
verse axis ratio and predominantly
peripheral flow is more likely to be malig-
nant and that US-guided biopsy is war-
ranted. Conversely, an axillary node with
a high longitudinal-transverse axis ratio
and predominantly central flow is more

likely to be benign, and it may be reason-
able to avoid biopsy.

In 1988, Morton et al (23) described flow
signals in the hilum and center of reac-
tive lymph nodes. Other reports (24,25)
have shown the presence of flow in all
enlarged lymph nodes, whether benign
or malignant. It is believed that the hilar
nodal artery, medullary arterioles, and
sinuous capillaries in the cortex form the
histologic basis for the longitudinal and
radial configuration of normal nodal vas-
cularity that appears on color Doppler US
images (22). US-histopathologic correla-
tion by Na et al (22) demonstrated re-

sidual subcapsular vessels in lymph tissue
after central malignant lymph node infil-
tration. Another recent article (26) de-
scribed intranodal angioarchitecture as a
reliable aid in the differentiation between
reactive and malignant superficial lymph
nodes. Reactive lymph nodes tend to
involve a diffuse histologic process and
are more likely to preserve a normal vascu-
larity pattern with central hilar vessels
(26). Malignant changes caused by infil-
trating tumor cells, on the other hand,
lead to distortion and destruction of pre-
existing nodal vascular structures (26).

Malignant tumors a few millimeters in
size generally stimulate neovasculariza-
tion by means of the secretion of angio-
genesis factors (27,28). These bizarre new
blood vessels have thin walls without a
muscular layer and frequently show cha-
otic anastomoses and shunts that end in
amorphous spaces (29). Tumor vascular-
ity has been detected with Doppler US in
carcinoma of the breast, liver, and other
organs (15,16,30,31). Although arteriove-
nous shunts and lack of muscular layers
in vessels in malignant tumors have been
reported (15,16), the same has not been
reported in metastatic lymph nodes to
date.

Color Doppler US provides informa-
tion about flow and morphology. The use
of high-frequency transducers increases
the detectability of low-velocity signals
from superficial structures. With the in-
creased sensitivity in flow detection per-
mitted with advancements in transducer
and equipment technology, up to 85% of
ultrasonographically normal axillary
lymph nodes in women with no breast

Figure 4. Graph of nodal vascular distribution in benign and malignant disease for the
combined group. Flow is present in benign and malignant nodes. Malignant nodes show greater
peripheral flow than benign nodes, while benign nodes show greater central flow than malignant
nodes.

TABLE 1
Color Doppler US Features of 145 Lymph Nodes

Parameter

Combined Group Palpable Group Nonpalpable Group

Benign Malignant P Value Benign Malignant P Value Benign Malignant P Value

No. of patients 72 63 . . . 15 54 . . . 57 9 . . .
No. of lymph

nodes
Total 79 66 . . . 18 56 . . . 61 10 . . .
With vessels 68 (86) 56 (85) ..05 17 (94) 47 (84) ..05 51 (84) 9 (90) ..05

No. of vessels
Total 160 153 . . . 55 140 . . . 105 13 . . .
Arteries 106 (66) 103 (67) ..05 34 (62) 95 (68) ..05 70 (67) 8 (62) ..05
Veins 54 (34) 50 (33) ..05 21 (38) 45 (32) ..05 35 (33) 5 (38) ..05
Peripheral ves-

sels 45 (28) 118 (77) ,.001 33 (60) 117 (84) .009 12 (11) 1 (8) .534
Central vessels 29 (18) 8 (5) ,.002 5 (9) 5 (4) .142 24 (23) 3 (23) .611
Central perhilar

vessels 86 (54) 27 (18) ,.001 17 (31) 18 (13) .002 69 (66) 9 (69) .565
Mean no. of ves-

sels 6 1 SD 2.4 6 1.5 2.7 6 2.3 ..05 3.2 6 1.9 3.0 6 2.4 ..05 2.1 6 1.3 1.4 6 0.5 ..05

Note.—Statistical univariate analysis of variables was conducted by using the x2 test with continuous correction. Numbers in parentheses are percentages.
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disease show the presence of color Dopp-
ler flow (32). It is thus inappropriate to
diagnose axillary lymph node metastasis
on the basis of the presence of color
Doppler flow signal alone. The results of
our study lend further support to this
premise, as 86% of benign and 85% of
malignant nodes showed the presence of
color flow.

The results of pulsed Doppler US (resis-
tive index, pulsatility index, and peak
systolic velocity) in this study are in
contradiction with those of previous stud-
ies (18,19,22,33), which were primarily
studies on cervical lymph nodes. Find-
ings of these studies showed a higher
resistive index and pulsatility index in
malignant nodes than in benign nodes
(18,19,22,33). No significant difference
was demonstrated in the resistive index
and pulsatility index between malignant
and benign axillary disease in our study,
which thus precludes the use of pulsed
Doppler US in obviating axillary nodal
biopsy.

A sensitivity and specificity of 67% and
71%, respectively, were obtained by using
a longitudinal-transverse axis ratio of 2 or
less to differentiate benign from malig-
nant nodes in this study. The presence of

an abnormal hilum, although seen in a
significantly higher percentage of malig-
nant than benign nodes, was not a signifi-
cant independent predictor of malig-
nancy. These findings are at variance
with a recent axillary lymph node in vitro
report that described the absence of hi-
lum as the sign with the highest positive
predictive value in nodes 10 mm or larger
(34). Nodal size beyond 1–1.5 cm has
been employed as the sole criterion to
assess malignancy at computed tomogra-
phy and magnetic resonance imaging,
but this has been not been shown to be
helpful at US (13).

The contribution of color Doppler and
gray-scale US to identifying diseased axil-
lary lymph nodes in women with pri-
mary breast cancer is especially pertinent

given the current interest in seeking meth-
ods other than axillary dissection or sam-
pling, notably sentinel node imaging and
surgery, for staging and treating breast
cancer. These promising findings may
have clinical applicability if imaging and
flow features can be used to identify
nodes that merit imaging-guided biopsy.
This method may be useful in the diagno-
sis and management of breast cancer,
particularly early invasive and in situ
cancers, for which axillary nodal dissec-
tion is not routinely practiced, in an
effort to reduce morbidity from surgery.
An easy and reproducible method of diag-
nosis and follow-up of axillary nodal dis-
ease is desirable with the current shift
toward neoadjuvant medical and hor-
monal therapy for primary breast cancer.

TABLE 2
Spectral Doppler Features of 145 Lymph Nodes

Parameter

Combined Group Palpable Group Nonpalpable Group

Benign Malignant P Value Benign Malignant P Value Benign Malignant P Value

Mean resistive
index 6 1 SD 0.67 6 0.09 0.76 6 0.12 ..05 0.69 6 0.11 0.78 6 0.12 ..05 0.66 6 0.09 0.68 6 0.10 ..05

Mean pulsatility
index 6 1 SD 1.17 6 0.52 1.29 6 0.53 ..05 1.13 6 0.42 1.30 6 0.51 ..05 1.18 6 0.56 1.24 6 0.65 ..05

Mean peak systolic
velocity 6 1 SD
(cm/sec) 18.06 6 8.41 24.1 6 12.1 ..05 20.12 6 10.10 24.61 6 12.50 ..05 18.23 6 7.94 21.45 6 9.65 ..05

Note.—Statistical univariate analysis of variables was conducted by using the x2 test with continuous correction.

TABLE 3
Univariate Analysis of Variables of Gray-Scale US Features in 145 Lymph Nodes

Feature

Combined Group Palpable Group Nonpalpable Group

Benign Malignant P Value Benign Malignant P Value Benign Malignant P Value

No. of lymph nodes 79 66 . . . 18 56 . . . 61 10 . . .
Longitudinal-trans-

verse axis ratio
#2 23 (29) 44 (67) ,.001 12 (67) 41 (73) 0.813 11 (18) 3 (30) .699
#1.5 6 (8) 29 (44) ,.001 5 (28) 27 (48) 0.212 2 (3) 2 (20) .124

Abnormal hilum 13 (16) 36 (55) ,.001 11 (61) 35 (62) ,1.000 2 (3) 1 (10) .370
Mean longitudinal-

transverse axis
ratio 6 1 SD 2.6 6 0.8 1.8 6 0.6 ,.001 2.1 6 0.9 1.7 6 0.6 .073 2.7 6 0.7 2.3 6 0.8 .117

Note.—Numbers in parentheses are percentages.

TABLE 4
Multiple Logistic Regression Analysis of Variables in 145 Lymph Nodes

Variable Coefficient SE P Value

Central perhilar vessel 20.8035 0.2712 .003
Central vessel 20.9240 0.4564 .049
Peripheral vessel 10.2776 0.1450 .056
Longitudinal-transverse axis ratio 21.2643 0.3682 ,.001
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An important caveat to this study is
that the differences in the proportions of
peripheral, central, and central perhilar
vessels between benign and malignant
palpable axillary nodes were not demon-
strated in the nonpalpable group; thus, cau-
tion should be employed when applying
such criteria to the latter. Features applicable
to the identification of malignant involve-
ment of palpable nodes are not applicable to
nonpalpable nodes. Identification of meta-
static involvement of nonpalpable nodes by
using noninvasive techniques unfortu-
nately remains an unfulfilled goal. Larger
studies are required in patients with non-
palpable lymph node disease to deter-
mine its role in this subgroup of women.
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