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Power Doppler Sonography of Cervical Lymph
Nodes in Patients with Head and Neck Cancer
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PURPOSE: The purpose of this preliminary study was to evaluate the usefulness of power
Doppler sonography in differentiating metastatic from nonmetastatic cervical lymph nodes in
patients with cancer.

METHODS: Histologically proved metastatic (n 5 71) and nonmetastatic (n 5 220) lymph
nodes were examined with power Doppler sonography in 77 patients with head and neck cancer.
Power Doppler sonography was assessed for its ability to differentiate metastatic from non-
metastatic lymph nodes.

RESULTS: Power Doppler sonography showed characteristic features of parenchymal blood
flow signal in 59 (83%) of the 71 metastatic lymph nodes. By contrast, only four (2%) of the 220
nonmetastatic nodes showed these power Doppler signals. In addition, power Doppler sonog-
raphy showed high levels of sensitivity (83%) and specificity (98%) in depicting metastatic
lymph nodes, which were superior to the values (66% sensitivity and 92% specificity) obtained
by applying size criteria (transverse to longitudinal ratio). However, a combination of the two
criteria (parenchymal color signal and transverse to longitudinal ratio) improved diagnostic
accuracy to 92% sensitivity and 100% specificity.

CONCLUSION: Our preliminary findings suggest that the power Doppler criteria of no hilar
flow, peripheral parenchymal nodal flow, and a transverse to longitudinal ratio of more than
0.65 together constitute a powerful tool for depicting metastatic lymph nodes in patients with
cancer.
The presence of cervical lymph node metastasis in
patients with cancer of the oral cavity or other head
and neck regions is an important prognostic determi-
nant in staging cancers and in planning radiation
therapy. In this regard, the presence of one or more
metastatic lymph nodes in the ipsilateral or contralat-
eral side of the neck, or both, reduces the 5-year
survival rate by about 50% (1). Increasing evidence of
lymph node metastasis has been accumulating as we
gain more experience with computed tomography
(CT), magnetic resonance (MR) imaging, and sonog-
raphy in the examination of cancer patients (2). Re-
cent reports have shown that assessment of nodal
blood flow by Doppler sonography may serve as an
adjunct to these other imaging techniques in the iden-
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tification of metastatic lymph nodes in cancer patients
(3, 4).

Power Doppler sonography was first introduced by
Rubin et al (5). It is essentially angle-independent
and has a greater dynamic range than conventional
color Doppler sonography, which increases its sensi-
tivity. Since its introduction, power Doppler sonogra-
phy has been found capable of depicting blood flow in
the kidney and orbit and to show hyperemia (6–8),
and its usefulness as an adjunct to gray-scale sonog-
raphy and its superiority over conventional Doppler
sonography have been confirmed.

The extended dynamic range of power Doppler
sonography may enhance visibility of the microvascu-
larity of the lymph nodes. Our goal was to evaluate
the efficacy of power Doppler sonography in depict-
ing metastatic cervical lymph nodes in patients with
head and neck cancers.

Methods

Subjects and Examination Procedures
Seventy-seven patients with head and neck cancer were

studied prospectively to assess a total of 71 metastatic and 220
nonmetastatic cervical lymph nodes. Sixty-six patients had
squamous cell carcinomas and the others had mucoepidermoid
03
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carcinomas (n 5 4), adenocarcinomas (n 5 3), adenoid cystic
carcinomas (n 5 2), and papillary carcinomas (n 5 2). The
study population included four patients with proved metastatic
nodes bilaterally. All patients in whom neck dissections had
been planned were included in the study, and all had CT and
sonography. Informed consent was obtained from all partici-
pants.

Examination procedures are summarized in Figure 1. First,
lymph nodes were surveyed by CT, after which, the large nodes
were studied by both conventional and power Doppler sonog-
raphy. Metastatic lymph nodes were confirmed by histopatho-
logic examination of the excised specimen. To ensure that the
node removed surgically during a neck dissection was the same
as the node seen at sonography, we performed a series of
maneuvers. First, large nodes seen on CT scans were numbered
sequentially from the most cephalad to the most caudal. Then,
each of these nodes was examined by sonography. During a
sonographic examination, additional abnormal nodes, distin-
guished by their size and/or absent hilum (9, 10), were some-
times found. In such cases, we renumbered the large or abnor-
mal nodes that had been diagnosed at conventional
sonography, and reported our findings to the surgeons. The
sonographic report thus included data concerning the approx-
imate location, size (transverse to longitudinal ratio deter-
mined at sonography), and internal structure (such as the
presence or absence of the hilum) of the nodes (Fig 2). These
features seen at conventional sonography have been reported
to be important in determining the presence of metastatic
lymph nodes (10). The sonographic report also included the
radiologist’s suppositions regarding nodal malignancy. On the
basis of the report, surgeons decided which of the procedures,
radical or supraomohyoid dissection, should be performed. At
surgery, the lymph nodes were excised en bloc along with the
adjacent reference structures to more easily ascertain the spa-
tial relationship between the excised nodes and the surround-
ing structures, such as muscles, salivary glands, and veins. The
size of the node was also used to compare the excised node with
the image. Just after removal, the excised lymph nodes were
compared with those studied sonographically. Surgeons and at
least one of the radiologists together compared the excised
nodes with the nodes studied sonographically, and a final de-
cision was reached by consensus. The excised nodes that
matched those on the sonograms were then examined histolog-

FIG 1. Flow chart shows the procedure for examining cervical
lymph nodes in patients with head and neck cancer. See text for
details.
ically. We were able to match all the large lymph nodes de-
tected on CT scans to the corresponding excised nodes.

Nodes found to be large at CT but that were considered
negative for cancer at power Doppler sonography were judged
to be nonmetastatic if they did not increase in size during the
follow-up period and if no therapy, such as irradiation, had
been performed (10). Therefore, in the present study, large
nodes on the side opposite the metastatic lymph node(s) were
considered inflammatory or reactive when no untoward fea-
tures developed during 1 year of follow-up from the initial
examination or surgery. During the follow-up periods, these
lymph nodes were periodically examined by sonography. Thus,
the nonmetastatic lymph node group included those that were
seen at CT but not excised and whose nonmalignant nature was
confirmed sonographically at the 1-year follow-up or those that
were excised and proved histologically to be nonmetastatic.
No patient received radiation therapy during the follow-up
periods.

Power Doppler Sonography
Conventional and power Doppler sonography were per-

formed using a Logiq 500 (GE Yokogawa Medical Systems,
Tokyo, Japan) unit equipped with a 6.5-MHz wide-bandwidth
(range, 4 to 9 MHz) transducer. The Doppler settings were
chosen to optimize detection of the signals and the low Dopp-
ler shift frequencies expected from the lymph node vessels with
low-velocity flow. The settings were as follows: color gain, 20
dB; dynamic range, 66 dB; and Doppler scale, 0.04 m/s. The
lymph nodes were classified as hilar, parenchymal, or as show-
ing no color signals. On sonograms, the parenchyma appears
homogeneous in texture because of its exclusively predominant
component of solid tissues with few lymph sinuses (10). On the
other hand, the hilum is seen as an echogenic structure in the
node because of its abundance of lipocytes. The hilar signal was
detected as Y-shaped or club-shaped color signals invading the
hilar region of the lymph node (Fig 3A). The parenchymal
signals were seen as multiple, variably colored signals scattered
in the parenchyma of the lymph node (Fig 3B).

The classification was done independently by two investiga-
tors using real-time images of power Doppler sonograms of the
lymph nodes. Locations of color signals indicative of blood
vessels in the lymph nodes were carefully confirmed by shifting

FIG 2. Representative report of sonographic examination. In
this patient, a 39-year-old man, six large nodes were seen at CT.
Sonography showed that lymph nodes 2 and 3 (hatched areas)
were metastatic, since these nodes had an increased transverse
to longitudinal ratio (.0.65) and lacked a hilum.
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FIG 3. Power Doppler sonographic features of metastatic and nonmetastatic cervical lymph nodes.
A, Inflammatory lymph node shows color gains in the hilar region (arrows indicate blood flow signal).
B, Metastatic lymph node shows parenchymal color gains (arrows indicate blood flow signal).
C, Metastatic lymph node shows no color gain.
and tilting the probe so that extranodal vessels might not be
misinterpreted as intranodal vessels. The transverse to longi-
tudinal ratio of the lymph nodes was measured directly on the
sonographic display equipment, as previously described (10).
Most normal nodes in the jugular and spinal accessory chain
are oval or kidney shaped, with a long axis often oriented
vertically along the long axis of the neck. When a node is
replaced by tumor, it becomes more spherical, thus raising the
transverse to longitudinal ratio closer to 1.0.

CT
CT examinations were performed on a Somatom DR

(Siemens, Erlangen, Germany) unit with patients in the supine
position. Axial scans were obtained contiguously with a section
thickness of 4 mm and the scan plane parallel to the inferior
margin of the mandible. CT examinations were performed
after patients received an intravenous injection, via rapid drip,
of 100 mL of contrast medium (Iopamiron 300, Schering). We
classified the lymph nodes detectable on CT scans as “large,” as
they were more than 5 mm in diameter.

Data Analysis
Fisher’s discrimination analysis was used to evaluate the

sensitivity and specificity of the different imaging techniques
and criteria for the detection of metastasis. Sensitivity and
specificity were assessed by the following formulas: sensitiv-
ity 5 A/F (%) and specificity 5 B/NF (%), where A is the
number of correctly diagnosed metastatic lymph nodes, B is the
number of correctly diagnosed nonmetastatic lymph nodes, F is
the total number of metastatic lymph nodes, and NF is the total
number of nonmetastatic lymph nodes.

Results
Power Doppler sonograms showed color signal in

the hilar regions only in the nonmetastatic lymph
nodes (Fig 3A). Conversely, in the metastatic lymph
nodes, the color signal never appeared in the hilar
region but rather was apparent predominantly in the
parenchyma of the nodes (Fig 3B). However, four
(2%) of the 220 nonmetastatic lymph nodes showed
color signal in the parenchyma. Forty-one (19%) of
220 nonmetastatic lymph nodes and 12 (17%) of 71
metastatic lymph nodes showed no color signal on the
power Doppler images (Fig 3C). Of these 12, three
were found to have necrotic areas in the central por-
tion of the nodes, as determined by histopathologic
examination.
We further assessed the diagnostic capability of
power Doppler sonography in depicting metastatic
lymph nodes by calculating sensitivity and specificity.
When metastasis was diagnosed on the basis of the
presence of parenchymal color signal, sensitivity was
83% and specificity 98%.

We next tested whether size, as determined on
sonograms, could help distinguish metastatic from
nonmetastatic cervical lymph nodes. In this regard,
we compared the diagnostic ability of power Doppler
sonography with that of transverse to longitudinal
ratios in depicting metastatic lymph nodes. We calcu-
lated sensitivity and specificity by classifying lymph
nodes with transverse to longitudinal ratios greater
than 0.65 as metastatic, since this threshold provided
the best diagnostic accuracy. Sensitivity and specific-
ity based on the transverse to longitudinal ratio were
66% and 92%, respectively. However, when the node
was classified as metastatic on the basis of both pe-
ripheral parenchymal flow on power Doppler sono-
grams and a transverse to longitudinal ratio greater
than 0.65, diagnostic accuracy improved substantially,
reaching 92% sensitivity and 100% specificity.

Discussion
In our preliminary study, metastatic cervical lymph

nodes showed characteristic blood flow patterns in
the parenchyma on power Doppler sonograms. This
parenchymal blood flow appeared infrequently in
nonmetastatic lymph nodes in patients with cancer.
However, 17% of the metastatic lymph nodes and
19% of the nonmetastatic lymph nodes showed no
color signals, indicating that power Doppler sonogra-
phy has an apparent limitation in differentiating met-
astatic from nonmetastatic nodes.

Accurate differentiation of metastatic from non-
metastatic lymph nodes has long been a primary focus
of surgeons and radiologists who treat and diagnose
cancer patients. Several attempts have been made to
achieve this goal. Van den Brekel et al (9) proposed
that the minimum diameter of lymph nodes on axial
CT scans was one of the most accurate size criteria for
predicting lymph node metastasis. High-resolution
sonography was thought to be another tool for the
detection of metastatic lymph nodes, and this was
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partly substantiated by the observation of Vassallo et
al (10), who showed that an increased transverse to
longitudinal ratio and eccentric widening of the nodal
cortex were useful structural parameters for differen-
tiating benign from malignant nodes.

Differentiation of benign from malignant cervical
lymph nodes has also been attempted with color
Doppler sonography. In one study (4), color Doppler
flow patterns were found to be abnormal in both
benign (19%) and malignant (81%) lymph nodes,
suggesting that the clinical value of color Doppler
sonography is limited in making this differentiation.
The study also showed that 51% of the lymph node
metastases from head and neck cancers had abnormal
flow patterns. By contrast, we found in the present
study that 59 (83%) of 71 malignant lymph nodes that
had metastasized from head and neck cancers exhib-
ited abnormal (parenchymal) color signals. This dis-
crepancy may be due to the extended dynamic range
of power Doppler sonography relative to that of con-
ventional Doppler sonography (5), with a resultant
increase in sensitivity for depicting increased flow in
metastatic lymph nodes.

By analyzing the spectral waveform, Steinkamp et
al (3) and, more recently, Choi et al (11) appraised
the clinical usefulness of color Doppler sonography in
differentiating superficial lymph nodes involved in
metastasis from those affected by benign disease.
They showed that the resistive index was significantly
higher in the metastatic than in the benign lymph
nodes, and they proposed that this difference was due
to compression by tumor cells of vessels in the lymph
node and/or tumor-evoked angiogenesis. On the
other hand, vessels were dilated in the nonmetastatic
lymph nodes. Our results obtained with power Dopp-
ler sonography were consistent with these studies and
showed that abnormal (parenchymal) blood flow sig-
nals, which may represent an additional angiogenesis
in response to the infiltrating tumor cells, were char-
acteristic of metastatic lymph nodes. However, these
abnormal blood flow signals appeared infrequently in
the nonmetastatic nodes as well. On the other hand,
dilated vessels in the hilar region were characteristic
of the nonmetastatic lymph nodes. Steinkamp et al
(3) further stated that nonmetastatic lymph nodes
showed greater hilar blood flow whereas metastatic
nodes showed increased peripheral blood flow.
Therefore, taken together with our study, these re-
sults indicate that increased parenchymal blood flow
is an effective clinical hallmark highly suggestive of
lymph node metastasis.

In one study with sonographically guided fine-nee-
dle aspiration biopsy (FNAB), sensitivity was 98%
and specificity 95% for differentiating metastatic
from nonmetastatic lymph nodes (12). A subsequent
multicenter study found a sensitivity of 77% and a
specificity of 100% (13). The present study with
power Doppler sonography showed comparable re-
sults, with a sensitivity of 83% and a specificity of
98%. However, our study may contain pitfalls in that
our patient population was relatively small. An in-
creased number of subjects may result in a lower
sensitivity or specificity. A study population with a
greater number of patients with advanced metastatic
lymph nodes will result in a higher sensitivity for the
method. On the other hand, a study population with
more patients with nonmetastatic lymph nodes will
result in a lower sensitivity (13). Since our study
population consisted of a relatively high proportion of
patients with nonmetastatic lymph nodes, it is unlikely
that the obtained high sensitivity and specificity were
overestimations.

Finally, it is noteworthy that 12 (17%) of 71 meta-
static lymph nodes showed no apparent color signal
on power Doppler sonograms, suggesting a limitation
of power Doppler sonography in differentiating met-
astatic from nonmetastatic nodes. Similar results
were reported previously with color Doppler sonog-
raphy, which showed that blood flow was not detect-
able in 23% of the metastatic lymph nodes from
squamous cell carcinomas (4). These findings indicate
that, in an early stage, destruction of the organ vessels
and the subsequent angiogenesis have not occurred,
and the tumor is still fed by the host organ vessels
even when invading tumor cells have already enlarged
the host lymph nodes (3). Additional limitations of
sonography of the neck nodes relative to CT include
1) inability to show retropharyngeal and tracheo-
esophageal grove nodes, 2) inability to show extracap-
sular spread, 3) occasional difficulty in showing a
specific node relative to adjacent reference structures
for the surgeon, and 4) difficulty in determining
whether the node is the same or a different one at
follow-up scanning.

Our follow-up period for nonmetastatic nodes was
1 year. We do not think that a 1-year follow-up is long
enough; however, this study was a preliminary report,
and a 2- to 5-year disease-free follow-up is required to
obtain more reliable results.

Conclusion

This preliminary study suggests that power Doppler
sonography may be a powerful diagnostic tool for
identifying metastatic superficial cervical lymph
nodes in patients with head and neck cancer. How-
ever, other sonographic criteria, such as the trans-
verse to longitudinal ratio of the lymph node, should
be considered simultaneously for accurate diagnosis
of metastasis. Therefore, we propose the following
power Doppler (or sonographic) criteria for establish-
ing metastatic cervical lymph nodes: 1) no hilar flow,
2) peripheral parenchymal nodal flow, and 3) a trans-
verse to longitudinal ratio of more than 0.65.
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