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Multivariate Feature Analysis of Sonographic Findings of
Metastatic Cervical Lymph Nodes: Contribution of Blood
Flow Features Revealed by Power Doppler Sonography

for Predicting Metastasis

Toru Chikui, Koichi Yonetsu, and Takashi Nakamura

BACKGROUND AND PURPOSE: Sonographic criteria of the lymph node have been found
to be good indicators for metastatic lymph nodes. We determined which sonographic features
are most predictive of metastasis in cervical lymph nodes among patients with head and neck
cancer.

METHODS: Gray-scale and power Doppler sonograms were retrospectively analyzed in 133
cervical lymph nodes (57 metastatic and 76 reactive nodes) from 52 patients with head and
neck cancer. The gray-scale sonographic features of the presence or absence of hilar echoes,
parenchymal echogenicity, and short and long axis lengths as well as the power Doppler fea-
tures of normal hilar flow and abnormal parenchymal flow were evaluated. Univariate and
multivariate logistic regression analyses were conducted to determine the relative value of each
sonographic feature.

RESULTS: At univariate analysis, all sonographic features assessed were found to be im-
portant. Multivariate analysis, however, suggested that the presence or absence of hilar echoes,
increases in short axis length, and the presence of normal hilar flow were the only sonographic
features that were predictive of reactive (presence of hilar echoes and hilar flow) and metastatic
(increases in short axis length) lymph nodes. Although multivariate analysis did not indicate
any significant contribution of the color-flow criteria for predicting metastatic nodes, the color-
flow criteria appeared to improve the overall diagnostic accuracy for the less experienced
observer.

CONCLUSION: The sonographic criteria most predictive of metastatic cervical lymph nodes
were absent hilar echoes and increases in short axis length, as assessed by logistic regression
analysis. Compared with these gray-scale criteria, color-flow criteria had fewer predictive
advantages.

Cervical lymph node status has been shown to be
prognostically important in head and neck cancer
outcome (1, 2). Several studies have attempted to
establish diagnostic criteria for differentiation of
metastatic from non-metastatic cervical lymph
nodes in these patients (3, 4). Sonographic criteria
based on gray-scale images of the lymph node have
been found to be good indicators for metastatic
lymph nodes (5). These included the absence of
hilar echoes, increases in nodal size as assessed by
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short and long axis lengths, and abnormal echo-
genicity in the nodal parenchyma. More recently,
Doppler sonographic evaluation of lymph nodes for
patients with head and neck cancers showed that
certain intranodal angioarchitectural changes were
reliable and reproducible indicators of metastatic
cervical lymph nodes (6, 7). These studies showed
that the presence of parenchymal or peripheral
blood flow signals in nodes were potentially sug-
gestive of metastatic nodes. The relative contribu-
tion of each of the sonographic findings in diag-
nosing metastatic lymph nodes has, however, not
been evaluated.

Previous studies have shown that multivariate lo-
gistic regression analysis is useful for indicating
clinical data that can be efficiently and indepen-
dently predictive of prognosis. Successful attempts
using this method have been performed for patients
with breast or prostate cancer (8–10). Therefore,
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FIG 1. Case of a 61-year-old man with squamous cell carcinoma of the hard palate.
A, Gray-scale sonogram of a reactive cervical lymph node shows homogeneous and low echogenicity of the parenchyma and normal

hilar echoes (arrows).
B, Power Doppler sonogram of the same node as that shown in panel A shows a normal reactive hilar blood flow.

we studied sonographic features, such as the pres-
ence or absence of hilar echoes, parenchymal ech-
ogenicity, increases in the short and long axis
lengths of the node, and the presence or absence of
hilar and parenchymal flows. Using multivariate
feature analysis, we sought to determine which of
the features is most predictive of metastasis in the
cervical lymph nodes among patients with head
and neck cancers.

Methods

Patients

The study was retrospectively conducted using sonographic
images obtained from 52 patients (20 women and 32 men;
average age, 63 years; age range, 44–85 years) with head and
neck cancers. These malignant carcinomas had originated from
the oral cavity (n 5 31), hypopharynx (n 5 8), larynx (n 5
8), oropharynx (n 5 3), nasopharynx (n 5 1), and tonsil (n 5
1). Primary sites in the oral cavity encompassed the tongue (n
5 11), buccal mucosa (n 5 7), oral floor (n 5 4), lower gin-
giva (n 5 5), and upper gingiva (n 5 4). All patients had
squamous cell carcinomas. These carcinomas were reported to
be associated with rich vascular supplies (6, 7). A total of 133
lymph nodes were assessed by gray-scale and power Doppler
sonography. Of these nodes, 57 were metastatic and 76 were
reactive. All metastatic nodes were confirmed by histologic
anlaysis after neck dissection (n 5 52) or needle biopsy (n 5
5). Of the reactive lymph nodes, 23 were histologically proved.

Histologic examinations of the excised nodes were first per-
formed by bivalving the large nodes. The specimens were then
fixed and embedded in paraffin. Six-micrometer sections were
obtained at 20- to 30-mm intervals from either half of each of
these nodes. The small nodes were fixed without bivalving and
were embedded in paraffin, and sections were obtained at 20-
to 30-mm intervals from each half. Although most of the his-
topathologic sections were re-evaluated by one of us, we could
not rule out the possibility that there were micrometastases in
the nodes that were diagnosed as having no metastasis. Thus,
one should consider the possible potential flaw in these tech-
niques. The non-malignant nature of the remaining nodes was
confirmed by a follow-up study using sonography. During the
follow-up periods, these nodes were periodically examined by
sonography for at least 1 year to confirm that they did not
increase in size. We had omitted all lymph nodes that were not
histopathologically examined or that were obtained from the
patients treated by radiation therapy or chemotherapy or both.

Correlation of Dissected Lymph Nodes to Sonograms

Using a previously described reporting system (6), topograph-
ical correlation between dissected nodes and sonograms was per-
formed by node. The report includes data concerning the ap-
proximate location relative to the surrounding anatomic
structures, such as to vessels and muscles, and the sizes of the
enlarged nodes on sonograms. During surgery, the lymph nodes
were excised en bloc along with the adjacent reference structures
to ascertain more easily the spatial relationship between the ex-
cised nodes and surrounding structures such as muscles, salivary
glands, and veins. The size of the node was also used for com-
parison with nodes studied sonographically. Surgeons and at
least one of the radiologists who performed sonographic ex-
amination together compared the excised nodes with the nodes
studied sonographically. Final decisions were reached by con-
sensus. The excised nodes that matched those on sonograms
were then examined histopathologically. These procedures en-
abled the surgeons to correlate the dissected nodes to the nodes
evaluated by sonography. The average time course between son-
ographic examination and surgery was 37 days (range,
14–58 days).

Sonography

Gray-scale and power Doppler sonography were performed
using a Logiq 700 unit (General Electric Yokogawa Medical
Systems; Tokyo, Japan) equipped with a wide bandwidth
(range, 6–13 MHz) transducer. All examinations were per-
formed by a single examiner experienced in head and neck
sonography and power Doppler sonography techniques. Gray-
scale sonography was performed at 11 MHz. Power Doppler
sonography was performed at 8 MHz, and the standard Dopp-
ler settings were chosen for optimal detection of the signals
from the lymph node vessels, which had low-velocity flow.
Common settings of pulse repetition frequency (500 MHz) and
of wall filter (75 or 62 MHz) were used. Representative images
by gray-scale and power Doppler sonography were obtained
from each lymph node so that the maximal area of the lymph
node appeared on the gray-scale sonographic images.

The sonographic criteria used in this study were: 1) the pres-
ence or absence (obliteration) of hilar echoes, 2) parenchymal
echogenicity, 3) short axis length, 4) long axis length, 5) the
presence or absence of normal hilar blood flow, and 6) the
presence or absence of abnormal parenchymal blood flow. The
normal parenchyma exhibits homogeneous and low echogen-
icity because of the predominance of a homogeneous cell pop-
ulation of lymphocytes without much tissue interface (6). On
the other hand, the hilum is identified as a highly echogenic
structure in the central part of the node (Fig 1). A preceding
report showed that abnormal echogenic structures in the pa-
renchyma could be caused by metastatic disease (11). There-
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FIG 2. Case of a 53-year-old man with squamous cell carcinoma of the hypopharynx.
A, Gray-scale sonogram of a metastatic cervical lymph node shows abnormal, heterogeneous echogenicity of the parenchyma.
B, Power Doppler sonogram of the same node as that shown in panel A shows abnormal parenchymal blood flow, characteristic of

metastasis.

FIG 3. Sonograms of a reactive node from a 54-year-old man with squamous cell carcinoma of the larynx (A) and a metastatic node
from 64-year-old man with squamous cell carcinoma of the hypopharynx (B) show a preferential increase in short axis diameter of the
metastatic node.

A, Gray-scale sonogram shows reactive cervical lymph node with relatively flat shape. Arrows indicate hilum.
B, Gray-scale sonogram shows metastatic cervical lymph node. Note that the lymph nodes in panels A and B exhibit similar longitudinal

axis lengths, but that the metastatic node in B has a greater short axis length. The metastatic node also shows a focal area of necrosis
(arrows).

fore, we also assessed the parenchymal heterogeneity. The pa-
renchymal heterogeneity appeared as echogenic streaks (Fig 2)
or concomitant presence of echogenic (eg, metastatic tumor)
and hypoechoic (eg, necrosis) areas.

Alterations of the intranodal angioarchitecture were postu-
lated as potential pathognomic indicators of metastatic lymph
nodes (6, 7). Therefore, power Doppler sonography was used
to evaluate the maximal area of blood in the lymph node. Son-
ographic images were documented on color print papers by
using a Mavigraph video printer (Sony Co.; Tokyo, Japan). The
angioarchitecture of the lymph node was classified as hilar
flow (Fig 1), parenchymal flow (including subcapsular flow
[7]) (Fig 2), and no color flow (6). In non-metastatic nodes,
the normal hilum exhibits hilar flow signal on Doppler sono-
gram, and normally, one sees the echoes (hilar echoes) on a
gray-scale image.

The lymph node size was assessed by measuring with a
calliper the smallest (short axis length) and greatest (long axis
length) diameters on the same image, expressed as millimeters
(5) (Fig 3). These length measurements were then entered di-
rectly into the logistic regression model, as described in the
following section, to evaluate whether the increase in size con-
tributed significantly to the determination of metastatic nodes.

For sonographic criteria other than size measurements, the
three observers were independently asked to assess the sono-
graphic features and to decide whether a particular node was
metastatic or reactive. For the length measurements, they were
asked simply to measure the previously described short and long
axis lengths for each node. The observers had varying degrees
of clinical experience in head and neck sonography; they had
12 years (observer 1), 6 years (observer 2), and 2 years (ob-

server 3) of experience with interpreting head and neck sono-
graphic images. The observers had no knowledge of the clinical
stage of disease in the neck, findings based on the other tech-
nique, or interpretations of the other observers. The observers
were first asked to evaluate the lymph nodes only on gray-scale
sonographic images. Then, at least 3 weeks after the first as-
sessment, the observers were asked again to evaluate each
lymph node on the gray-scale and power Doppler sonographic
images.

The likelihood that each of the sonographic findings (the
hilar echoes, parenchymal echogenicity, hilar flow, and paren-
chymal flow) was present was estimated by the observers with
a 5-point rating scale (1 5 definitely not present, 2 5 probably
not present, 3 5 possibly present, 4 5 probably present, 5 5
definitely present) (12). Overall impressions by the observers
were also estimated with a 5-point rating scale (1 5 definitely
not metastatic, 2 5 probably not metastatic, 3 5 questionable,
4 5 probably metastatic, 5 5 definitely metastatic). The 5-
point rating system was not applied on the length measurements.

Multivariate Logistic Regression Analysis and Receiver
Operating Characteristic Curve Analysis

Logistic analysis was conducted to identify sonographic im-
aging characteristics that could be used as predictive indicators
for differentiating metastatic from non-metastatic cervical
lymph nodes (12). Sonographic features on gray-scale and
power Doppler images that were found to be important for
univariate analysis were entered into multivariate models to
determine their independent predictive value (13).
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TABLE 1: Estimation by three observers of the presence or ab-
sence of sonographic criteria in 133 nodes

Sonographic criteria Rating

Observer

1 2 3

Presence of hilar echoes 1 35 30 46
2 23 24 12
3 25 18 17
4 20 21 17
5 30 40 41

Parenchymal echogenicity 1 24 42 60
2 31 31 17
3 41 22 12
4 16 27 16
5 21 11 28

Precence of hilar flow 1 41 33 35
2 11 18 5
3 10 3 12
4 17 13 10
5 54 66 71

Presence of parenchymal flow 1 67 90 105
2 26 16 6
3 21 2 7
4 11 18 5
5 8 7 10

Note.—The likelihood that each of the sonographic criteria was pres-
ent was estimated by the three observers with a 5-point rating scale:
1, definitely not present; 2, probably not present; 3, possibly present;
4, probably present; 5, definitely present. Data are expressed as num-
ber of 133 nodes.

TABLE 2: Univariate logistic regression analysis of lymph node sonographic features

Variable Coefficient SE P value Odds ratio

Observer 1 Presence of hilar echoes* 21.10 0.18 ,.0001 0.33
Hilar blood flow** 21.05 0.15 ,.0001 0.35
Parenchymal echogenicity* 0.89 0.18 ,.0001 2.44
Increase in short axis length* 0.58 0.11 ,.0001 1.79
Increase in long axis length* 0.20 0.05 ,.0001 1.22
Parenchymal blood flow** 0.71 0.17 ,.0001 2.03

Observer 2 Presence of hilar echoes* 21.15 0.18 ,.0001 0.32
Hilar blood flow** 21.40 0.20 ,.0001 0.25
Parenchymal echogenicity* 1.15 0.19 ,.0001 3.17
Increase in short axis length* 0.60 0.10 ,.0001 1.83
Increase in long axis length* 0.23 0.05 ,.0001 1.26
Parenchymal blood flow** 1.19 0.41 ,.0001 3.28

Observer 3 Presence of hilar echoes* 20.72 0.13 ,.0001 0.49
Hilar blood flow** 21.20 0.18 ,.0001 0.30
Parenchymal echogenicity* 0.63 0.13 ,.0001 1.88
Increase in short axis length* 0.67 0.12 ,.0001 1.88
Increase in long axis length* 0.22 0.05 ,.0001 1.25
Parenchymal blood flow** 1.51 0.43 .0001 4.53

Note.—Sonographic features were assessed on gray-scale images (*), or gray-scale plus power Doppler images (**).

The results were also evaluated by calculating odds ratios
per unit increase in the rating scale or per millimeter increase
in length measurements. An odds ratio of 1.0 indicated no
correlation between a particular sonographic imaging feature
with the presence or absence of metastasis. A ratio greater than
1.0 indicated a positive predictive value for metastasis. A ratio
smaller than 1.0 indicated a negative predictive value for
metastasis.

Stepwise analysis was conducted as a forward stepping pro-
cedure based on a likelihood ratio test, with P , .05 for vari-

able inclusion and P . .1 for exclusion from the model. Step-
wise logistic regression analysis was conducted with the
statistical software package SPSS for Macintosh, version 6.1
(SPSS; Chicago, IL).

Descriptive statistical data, including accuracy, sensitivity,
and specificity, were determined for each sonographic finding
by presuming that P . .5 was indicative of a metastatic lymph
node. Areas (Az) under the receiver operating characteristic
(ROC) curves for each observer were calculated to compare
the discriminative ability of each observer based on a fitted
probability calculated from data on the multivariate model.
ROC curve analysis was also conducted of data obtained from
observers’ overall impressions. A univariate z-score test was
performed to evaluate statistically significant differences be-
tween the areas under two ROC curves (area test). A true-
positive fraction value at 0.1 of false-positive fraction was also
calculated to compare different ROC curves (true positive frac-
tion test). Interobserver agreement was assessed by quantifying
kappa statistics; in general, a kappa value less than 0.40 in-
dicates poor agreement and a kappa value of 0.40 to 0.75 in-
dicates moderate agreement (12).

Results

Logistic Regression Analysis

The incidences of lymph nodes assessed at a rat-
ing of 2 to 4 with a 5-point rating scale were lower
than those of the nodes rated at 1 or 5 for the per-
centage of hilar and parenchymal blood flows (Ta-
ble 1). In contrast, the incidence was approximately
even among the ratings for the presence or absence
of hilar echoes and parenchymal echogenicity.
These findings may indicate that Doppler sono-
graphic features are easy to interpret.

Univariate logistic regression analysis showed
that the six sonographic features were correlated
with reactive or metastatic cervical lymph nodes
(Table 2), indicating that these six sonographic fea-
tures, if used alone, could be effectively predictive
of the reactive or metastatic nodes. The presence
of hilar echoes and hilar blood flow yielded odds
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ratios smaller than 1.0 among the three observers.
Thus, these features were indicative of normal (re-
active) nodes. On the other hand, the presence of
parenchymal echogenicity, increases in short and
long axis lengths of the lymph node, and the pres-
ence of parenchymal blood flow yielded odds ratios
greater than 1.0 among the three observers, indi-
cating features of metastatic nodes. When P . .5
was considered to indicate a metastatic node, de-
scriptive statistical data showed that the presence
of hilar blood flow on power Doppler sonographic
images yielded the highest accuracy among the
three observers (81.2%, 88.7%, and 84.2%). The
other sonographic features also showed good de-
scriptive statistical data, indicating consistent de-
tection of the predictive sonographic features by
univariate analysis.

Multivariate analysis, however, indicated that
only three of these sonographic features identified
by the three observers (presence or absence of hilar
echoes, increases in short axis length of the lymph
node on gray-scale sonographic images, and hilar
blood flow on gray-scale plus power Doppler son-
ographic images) showed statistically significant
correlation with reactive (hilar echoes and hilar
blood flow) and metastatic (increases in short axis
length) lymph nodes (Table 3). These findings sug-
gest that, if used in combination, the sonographic
features such as the presence of abnormal paren-
chymal echogenicity, the presence of abnormal pa-
renchymal flow, or increases in long axis length
may not significantly contribute to the prediction
of metastatic nodes. The odds ratio indicated that
the presence of hilar echoes and hilar blood flow
were indicative of reactive nodes (,1), and in-
creases in short axis length were suggestive of met-
astatic nodes (.1).

Discriminative Power Analysis
Considering three gray-scale and power Doppler

sonographic features that are independently and
significantly predictive of metastatic lymph nodes,
we next assessed whether the resultant bivariate
models actually reflected the overall impressions of
the observers. To this end, we determined the fitted
probabilities from the bivariate models. ROC
curves and Az values estimated from the bivariate
models for each of the three observers closely ap-
proximated those of the overall impressions by the
same observers, indicating that the bivariate mod-
els effectively simulated the discriminative ability
of each of these observers. Close approximation
between the Az values for ROC curves from the
bivariate models and from the overall impressions
by the observers was observed both in the results
with gray-scale sonography and gray-scale plus
power Doppler sonography. Az values for gray-
scale sonography in the bivariate model and the
overall impression, respectively, were 0.89 and
0.92 (observer 1), 0.94 and 0.90 (observer 2), and
0.92 and 0.89 (observer 3). Az values for the gray-

scale plus power Doppler sonography in the bivar-
iate model and the overall impression, respectively,
were 0.90 and 0.92 (observer 1), 0.95 and 0.93 (ob-
server 2), and 0.91 and 0.94 (observer 3). There
was no significant difference in the Az values of
each of the observers between gray-scale sonog-
raphy and gray-scale plus power Doppler sonog-
raphy, indicating that blood flow features depicted
by power Doppler sonography did not provide ad-
ditional predictive value over that of gray-scale
sonography in the multivariate model. As an over-
all impression, however, observers 2 and 3, who
showed relatively lower discriminative ability with
gray-scale evaluation, showed a small but statisti-
cally significant improvement in discriminative
ability when using gray-scale plus power Doppler
sonographic evaluation, as evidenced by the true
positive fraction test.

Interobserver Variability
In general, the interobserver agreement is low

(kappa value is low) when the determinations by
the more experienced observers are compared with
those by the less experienced observers, and agree-
ment is relatively high (kappa value is high) when
compared among the equally experienced observ-
ers. The present study showed that the interobserv-
er agreement was higher when gray-scale and pow-
er Doppler sonography were combined. Kappa
values for gray-scale sonography alone were 0.60
(observer 1 versus observer 2), 0.57 (observer 1
versus observer 3), and 0.59 (observer 2 versus ob-
server 3), and kappa values for gray-scale plus
power Doppler sonography were 0.69 (observer 1
versus observer 2), 0.75 (observer 1 versus observ-
er 3), and 0.75 (observer 2 versus observer 3).

Effects of Doppler Sonography on the Rate At
Which the Presence of Hilar Echoes Is

Observable
The rate at which the hilar echoes were inter-

preted to be present on the sonograms was different
among the three observers. The rates for observers
1, 2, and 3, respectively, were 58%, 71%, and 64%
for reactive nodes and 8%, 9%, and 12% for met-
astatic nodes. These rates were increased when the
interpretation was performed on gray-scale plus
Doppler images. The rates for observers 1, 2, and
3, respectively, were 83%, 92%, and 89% for re-
active nodes and 14%, 16%, and 23% for meta-
static nodes.

Discussion
To evaluate each of the sonographic features on

gray-scale and power Doppler sonographic images
for differentiating metastatic from reactive lymph
nodes, we have conducted multivariate feature
analysis to identify the sonographic features that
are most predictive of metastasis to the cervical



AJNR: 21, March 2000566 CHIKUI

TABLE 3: Multivariate logistic regression analysis of sonographic features of the lymph nodes

Variable Coefficient SE P value Odds ratio

Observer 1 Gray scale
Presence of hilar echoes 20.81 0.20 .0001 0.44
Increase in short axis length 0.43 0.11 .0001 1.53

Gray scale 1 power Doppler
Hilar blood flow 20.78 0.17 ,.0001 0.46
Increase in short axis length 0.35 0.11 .0016 1.42

Observer 2 Gray scale
Presence of hilar echoes 21.11 0.23 ,.0001 0.33
Increase in short axis length 0.57 0.12 ,.0001 1.78

Gray scale 1 power Doppler
Hilar blood flow 21.14 0.13 ,.0001 0.32
Increase in short axis length 0.31 0.13 ,.0190 1.36

Observer 3 Gray scale
Presence of hilar echoes 20.60 0.12 ,.0001 0.57
Increase in short axis length 0.60 0.12 ,.0001 1.82

Gray scale 1 power Doppler
Hilar blood flow 20.96 0.15 ,.0001 0.38
Increase in short axis length 0.51 0.13 .0002 1.65

lymph nodes in patients with head and neck can-
cers. Univariate logistic regression analysis has
shown that the six sonographic features assessed
show significant correlations with the reactive or
metastatic lymph nodes. By using multivariate lo-
gistic regression model, however, only three of
these sonographic features (ie, the presence or ab-
sence of hilar echoes, increases in short axis length
of the lymph node, and the presence or absence of
hilar blood flow) were identified as predictive of
reactive or metastatic lymph nodes. In addition,
ROC curve analysis did not support the additional
predictive value of power Doppler sonography.

The presence of the hilum, as depicted by son-
ography, has been reported to be highly indicative
of reactive lymph nodes among patients with head
and neck cancers (5). Nevertheless, the predictive
value of the hilar blood flow remains controversial.
For example, Ariji et al (6) reported that the hilar
blood flow was shown only in reactive lymph
nodes and never appeared in the metastatic nodes.
In contrast, Tschammler et al (7) found that hilar
blood flow appeared both in the reactive and met-
astatic lymph nodes at equivalent rates. The dis-
crepancy between these two studies may be owing
to the heterogeneity in their study populations.
Tschammler et al (7) studied patients with several
types of malignant tumors, including lymphomas,
malignant melanomas, and squamous cell carcino-
mas. In the present study of squamous cell carci-
nomas, we confirmed that hilar blood flow was
shown exclusively in reactive lymph nodes. The
possibility raised by Tschammler et al (7) that pa-
renchymal blood flow patterns (or subcapsular ves-
sels) indicate metastatic lymph nodes is consistent
with the findings presented by Ariji et al (6), who
reported that when a metastasis was diagnosed on
the basis of the presence of parenchymal blood
flow, high sensitivity (83%) and specificity (98%)
were obtained. Despite these previous findings,

however, the present study showed that neither
Doppler features could provide significant predic-
tive value in differentiating metastatic from reac-
tive nodes.

Considered together with the previous results,
the present findings suggest that the presence of
hilar echoes is a major predictive indicator of re-
active nodes, whereas enlargement of the short axis
diameter is predictive of metastatic cervical lymph
nodes. Doppler flow patterns may not contribute
significantly to differentiating metastatic from re-
active lymph nodes. These findings may in part re-
flect that one sonographic feature might be depen-
dent on another (5). In other words, Doppler flow
patterns in the lymph node may be influenced by
the structural changes in the node and must be in-
terpreted with consideration of such changes.

The present findings are consistent with the no-
tion that power Doppler sonographic features do
not provide any significant contribution to differ-
entiating metastatic from reactive lymph nodes, as
evidenced by multivariate analysis. On the other
hand, the ROC curve study on the observers’ over-
all impression of sonographic features showed a
small but significant increase (as evidenced by the
true positive fraction test) in diagnostic perfor-
mance of observers 2 and 3, who showed lower
diagnostic performance among the three observers.
No improvement, however, was noted for the re-
maining observer. Furthermore, interobserver
agreement was higher when gray-scale and Doppler
sonography were combined. These results may in-
dicate that power Doppler sonographic features
could assist observers who are less experienced in
sonographic diagnosis of the lymph node by pro-
viding information in interpreting gray-scale son-
ographic findings that are critical for predicting
metastatic or benign lymph nodes, such as the pres-
ence or absence of hilar echoes. In this regard, hilar
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FIG 4. Case of a 66-year-old man with
squamous cell carcinoma of the upper gin-
giva. This case shows the value of the
presence of hilar echoes over that of in-
creased short axis diameter. The pres-
ence of normal hilar flow as detected by
Doppler sonography is helpful for confirm-
ing the presence of normal hilar echoes.

A, Gray-scale sonogram of a reactive
cervical lymph. The short axis length is in-
creased, suggestive of metastatic node;
however, the normal hilar echo is present
(arrows).

B, Power Doppler sonogram of the
same reactive node as that shown in panel
A shows a normal hilar flow (arrows).

TABLE 4: A summary of the most important criteria for detecting
cervical lymph node metastasis on sonography

1) Preponderant increases in the short axis length with resultant oval
or round shape of the nodes (reactive nodes)

2) Absence of normal hilar echoes (metastatic nodes)

blood flow signals on power Doppler images may
facilitate detection of hilar echoes (Fig 4).

The present results may be affected by the pos-
sible microscopic metastasis in non-enlarged nodes.
Detailed studies may be required for the incidence
of and prognosis with the microscopic metastasis
in non-enlarged nodes of patients with head and
neck cancer. In this regard, long-term follow-up
studies should be conducted to examine whether
possible microscopic metastasis may become de-
tectable in enlarged nodes that were diagnosed as
non-metastatic and were not excised.

Among the advantages of sonographic exami-
nation are its low cost and no radiation. When the
enlargement of short axis diameter was used as a
predictive factor for metastatic cervical nodes, we
(unpublished data) and van den Brekel et al (14)
found that sonographic evaluation yielded good
sensitivity and specificity for predicting metastatic
nodes in patients with head and neck cancer. In
such conditions, sonography was predictive of met-
astatic cervical nodes with accuracy equivalent to
that reported with CT and MR imaging (15). Fur-
thermore, sonography may be useful for examina-
tion of nodes in the submental and submandibular
regions, where artifacts from the mandible and met-
als may result in a poor study. Therefore, despite
several limitations (6), sonography could be an ad-
junct, if not a main, tool to CT and MR imaging
in predicting metastatic nodes among patients with
head and neck cancer.

In conclusion, we have verified the gray-scale
criteria for lymph node metastasis, partly diminish-
ing the credibility of color flow Doppler analysis.
The most predictive criteria of metastatic cervical
lymph nodes were absence of the normal hilar ech-
oes and increases in the short axis length (Table 4).

Compared with these gray-scale criteria, color-flow
criteria had less predictive values. In this regard,
color-flow criteria may alter psychological confi-
dence but may not alter the conclusion reached by
gray-scale criteria.
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