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Contribution of Doppler Sonography Blood Flow
Information to the Diagnosis of Metastatic Cervical

Nodes in Patients with Head and Neck Cancer:
Assessment in Relation to Anatomic Levels of the Neck

Koichi Yonetsu, Misa Sumi, Masahiro Izumi, Masafumi Ohki, Sato Eida, and Takashi Nakamura

BACKGROUND AND PURPOSE: Although sonographic evaluation of cervical adenopathy
by use of size criteria is effective, the sensitivity and specificity fall short of that required to
make adequate judgments regarding neck dissection. Therefore, we tested whether the com-
bined use of size criteria and Doppler sonographic findings would improve the predictive ability
for metastatic cervical nodes.

METHODS: We analyzed 338 histologically proved cervical lymph nodes (108 metastatic and
230 nonmetastatic) in 73 patients with head and neck cancer. The sonographic topography of
the nodes was compared with dissected specimens, and their position in the neck was catego-
rized into three levels (I, II, and III1IV). The diagnostic accuracy of sonography was evaluated
by using the single criterion of short-axis diameter of the node or by the combined criteria of
short-axis diameter and Doppler blood flow features (the absence or presence of normal hilar
flow).

RESULTS: As compared with the single criterion of short-axis nodal diameter, the combined
criteria of nodal size and Doppler blood flow patterns increased the diagnostic accuracy of
sonography at all levels in the neck. Accordingly, the best cut-off values were improved to 6,
7, and 5 mm for nodes at levels I, II, and III1IV, respectively. In addition, the combined
criteria yielded high sensitivites ($89%) and specificities ($94%).

CONCLUSION: Hilar blood flow information obtained by Doppler sonography significantly
improves diagnostic accuracy for the detection of nodes metastatic from head and neck squa-
mous cell carcinoma.

Advancements in imaging techniques such as he-
lical CT, MR imaging, and high-resolution sonog-
raphy (1–5) have improved the detection of meta-
static cervical nodes in patients with head and neck
cancer. Accordingly, several investigators have at-
tempted to determine reliable criteria for detecting
these nodes. One of these is the criterion of size.
Most recently, van den Brekel et al (6) refined the
previously reported size criteria for assessing met-
astatic cervical nodes with cross-sectional tech-
niques. Other studies with CT and MR imaging
have shown that interpretive criteria on CT studies,

gasaki University School of Dentistry (K.Y., M.S., M.I., S.E.,
T.N.) and the Department of General Education, School of
Health Sciences, Kyushu University (M.O.).

Address reprint requests to Dr. Takashi Nakamura, Depart-
ment of Radiology and Cancer Biology, Nagasaki University
School of Dentistry, 1-7-1 Sakamoto, Nagasaki 852-8588,
Japan.

q American Society of Neuroradiology

including size, are superior to those on MR studies
(7, 8), and that the criterion of nodal size yielded
high predictive values only when short-axis diam-
eters of 10 mm or more were used (8).

Doppler sonography has recently been proposed
as an additional tool for the detection of metastatic
cervical nodes (9, 10). Parenchymal (or peripheral)
blood flow, as depicted by Doppler sonography, is
one of the most predictive criteria for metastatic
nodes. Nevertheless, a substantial number of met-
astatic and nonmetastatic nodes have been shown
to exhibit an avascular pattern on Doppler sono-
grams (9). Thus, Doppler characteristics may be
less accurate than nodal size (ie, short-axis diam-
eter) in predicting metastatic nodes. In contrast, the
presence of normal hilar flow on Doppler sono-
grams was highly suggestive of nonmetastatic
nodes (11). These studies may indicate that the ab-
sence of normal hilar flow is the most, if not only,
reliable Doppler criterion in the diagnosis of met-
astatic nodes. Therefore, we hypothesized that the
combined criteria of nodal size, as determined by
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FIG 1. Schematic representation of neck levels I through IV for
the classification of cervical lymph nodes. SMG, submandibular
gland; DGM, digastric muscle; HB, hyoid bone; OHM, omohyoid
muscle; SCMM, sternocleidomastoid muscle; TM, trapezius mus-
cle; CCA, common carotid artery; CL, clavicle.

short-axis diameter, and absence of normal hilar
flow on Doppler sonograms could improve the pre-
dictive ability of sonography for metastatic nodes.

Cervical lymph nodes may be classified into sev-
eral groups on the basis of their anatomic location
in the neck (12). A number of studies have con-
firmed the notion that enlarged nodes at different
levels require different size criteria for predicting
metastatic nodes. For example, Curtin et al (8) as-
sessed the predictive value of size criteria by CT
and MR imaging in cervical nodes that were clas-
sified into three anatomic levels. Furthermore, van
den Brekel et al (6) showed that, among nodes at
different levels, different cut-off values for size cri-
teria were required for the best combination of sen-
sitivity and specificity. In these two studies, how-
ever, the topographic correlation between images
and dissected nodes was performed by level, not
by node. In addition, no evaluation was performed
with respect to Doppler sonographic criteria in re-
lation to anatomic location of the nodes. Therefore,
after topographic correlation by node in patients
with head and neck cancer, we tested whether a
combination of size and Doppler sonographic cri-
teria could improve the predictive ability for met-
astatic cervical nodes.

Methods

Patients

We retrospectively reviewed the sonographic features of 338
histologically proved cervical lymph nodes in 73 patients with
head and neck cancer. The study group included 20 women
with an average age of 68 years (age range, 47–85 years) and
53 men with an average age of 61 years (age range, 35–80
years). All 73 patients had neck dissections. The primary sites
of the lesions were the oral mucosa (42 squamous cell carci-
nomas), the pharynx (19 squamous cell carcinomas: 11 hy-
popharynx, four nasopharynx, and four oropharynx), and the
larynx (12 squamous cell carcinomas).

Sonographic Examination

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. Gray-scale sonography was per-
formed at 10 MHz. Power Doppler sonography was performed
at 8 MHz, and standardized Doppler settings were chosen to
optimize detection of the signals from the lymph node vessels,
which had low-velocity flow. Common settings for pulse rep-
etition frequency (500 Hz) and for the wall filter (75 or 62 Hz)
were used. Representative images by gray-scale and power
Doppler sonography were obtained from each lymph node so
that the maximal area of the node appeared on the sonograms,
with an axial orientation to the neck.

Comparison between Dissected Lymph Nodes and
Sonograms

Topographic correlation between dissected nodes and sono-
grams was performed node by node by using a reporting sys-
tem as described previously (9). The report included data con-
cerning the approximate location relative to the surrounding
anatomic structures, such as vessels and muscles, and the size
of the enlarged nodes on sonograms. At surgery, the lymph
nodes were excised en bloc along with the adjacent reference

structures to ascertain more easily the spatial relationship be-
tween the excised nodes and surrounding structures, such as
muscles, salivary glands, and veins. The size of the node was
also compared with the sonographic findings. Surgeons and at
least one of the radiologists who performed the sonographic
examination together compared the excised nodes with the
nodes studied sonographically. Final decisions were reached
by consensus. The excised nodes that matched those on sono-
grams were then examined histopathologically. These data
were compared with a map illustrating the metastatic or non-
metastatic nodes depicted sonographically, thus enabling the
surgeon to correlate the dissected nodes with the nodes de-
picted on the sonograms.

Classification of Lymph Nodes in Relation to Anatomic
Location in the Neck

The nodes were grouped into three levels, as described in a
previous report (8). Briefly, nodes assigned to level I were
those in the submental and submandibular regions (Fig 1). This
segment was bordered posteriorly by the posterior margin of
the submandibular gland. Level II was bordered anteriorly by
the posterior border of level I and inferiorly by the axial line
through the carotid bifurcation. Curtin et al (8) used the infe-
rior border of the hyoid bone instead of the carotid bifurcation;
however, the carotid artery was useful as a reference for so-
nography. Level III was bordered superiorly by the inferior
border of level II, posteriorly by the anterior margin of the
trapezius muscle, and inferiorly by the inferior border of the
cricoid cartilage. Level IV was also bordered posteriorly by
the trapezius muscle, and represented the entire area of the
neck inferior to the cricoid cartilage. Because of the paucity
of nodes in level IV, we categorized the nodes at levels III and
IV collectively as level III1IV.
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FIG 2. Sonogram shows definition of the short-axis diameter
(arrow) of a node.

FIG 3. Doppler sonographic features of reactive (A–C) and metastatic (D–F) nodes located at level I (A, D), level II (B, E), and level
III1IV (C, F). Arrows indicate normal hilar blood flow.

A, Reactive node (7 mm in short-axis diameter) in 55-year-old man with squamous cell carcinoma of lower gingiva shows normal
hilar blood flow.

B, Reactive node (8 mm in short-axis diameter) in 66-year-old man with squamous cell carcinoma of soft palate shows normal hilar
blood flow.

C, Reactive node (6 mm in short-axis diameter) in 64-year-old man with squamous cell carcinoma of lower gingiva shows normal
hilar blood flow.

D, Absence of normal hilar blood flow and presence of parenchymal flow in a metastatic node (7 mm in short-axis diameter) in a 48-
year-old man with squamous cell carcinoma of the tongue.

E, Absence of normal hilar blood flow and presence of parenchymal flow in a metastatic node (8 mm in short-axis diameter) in a 53-
year-old man with squamous cell carcinoma of the hypopharynx.

F, Absence of normal hilar blood flow in a metastatic node (5 mm in short-axis diameter) in a 49-year-old man with squamous cell
carcinoma of the upper gingiva.

Interpretation of Sonograms and Assessment of Predictive
Ability of Sonographic Features

All sonograms were interpreted by a single radiologist who
had over 10 years’ experience performing sonography and who
had no knowledge of any clinical information about the pa-
tients. To assess nodal size, short-axis diameters were mea-
sured on hard copies of sonograms using calipers and a length
standard and then expressed in millimeters. The short-axis di-
ameter was defined as the greatest diameter on the maximum
axial cross-sectional area of a node (Fig 2). Doppler blood flow
features of the node were categorized into two types: 1) normal
hilar blood flow, which was depicted as club- or Y-shaped flow

present in the hilar echoes (Fig 3A–C); and 2) abnormal hilar
blood flow, which was considered to be a parenchymal or avas-
cular pattern (Fig 3D–F). The combined-criteria diagnosis of
metastatic nodes relied both on short-axis diameter cut-off val-
ues (which varied from 5 to 10 mm) and presence or absence
of normal hilar blood flow at Doppler sonography; the single-
criterion diagnosis relied just on measurements of short-axis
nodal diameters.

Negative and positive predictive values were used to assess
the performance of sonographic examinations in the detection
of metastatic nodes. The negative predictive value is the per-
centage of nodes interpreted on sonograms as negative for me-
tastasis that were histopathologically proved not to be metas-
tases. The positive predictive value is the percentage of nodes
interpreted at sonography as positive for metastasis that were
histopathologically proved to be metastases. We also calculated
the sensitivity (true-positive results/[true-positive results 1
false-negative results]) and specificity (true-negative results/
[true-negative results 1 false-positive results]). The accuracy
was calculated by the following formula: (true-positive results
1 true-negative results)/total number of nodes.

Although the increase in positive predictive value would de-
crease the number of patients who undergo unnecessary treat-
ment, the decrease in negative predictive value would increase
the number of patients in whom metastatic tumor would be
left untreated. If these patients were untreated, the residual
metastatic tumor would continue to grow and lower the pa-
tients’ rate of survival. Undertreatment is not as acceptable as
overtreatment. From this point of view, the relatively high neg-
ative predictive value (.90%) and high positive predictive val-
ue (.80%) should be considered promising criteria for the
diagnosis of metastatic nodes (8). We selected 90% negative
predictive value and 80% positive predictive value as the min-
imum cut-offs for acceptable sonographic criteria.
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Table 1: Performance of the single criterion of short-axis length in predicting metastatic cervical nodes*

Short-axis Length (mm)
Positive Predictive

Value (%)
Negative Predictive

Value (%) Accuracy (%) Sensitivity (%) Specificity (%)

Level I
5
6
7
8
9

10

22
35
44
82
87
92

100
100
96
96
95
94

42
69
80
94
94
94

100
100
83
78
72
67

30
63
79
97
98
99

Level II
5
6
7
8
9

10

43
52
63
72
88
92

100
100
100
96
92
85

54
67
80
85
90
87

100
100
100
94
85
70

28
48
68
80
93
97

Level III1IV
5
6
7
8
9

10

56
68
86
93
92

100

95
89
90
81
77
74

67
77
88
85
81
80

96
88
86
68
60
51

46
70
90
96
96

100

* The nodes considered to be metastatic by sonographic evaluation are those with a short-axis diameter equal to or greater than the varying cut-
off values of 5 to 10 mm.

Histopathologic Procedures

Histologic examinations on the excised nodes were first per-
formed by bivalving the large nodes. The specimens were then
fixed and embedded in paraffin. Sections with a thickness of
6 mm were obtained at intervals of 20- to 30-mm from either
half of each of these nodes. The small nodes were fixed with-
out bivalving, embedded in paraffin, and sections were ob-
tained at intervals of 20 to 30 mm from each half. Although
most of the histopathologic sections were reevaluated by one
of the investigators, we could not rule out the possibility that
there was micrometastasis in the nodes that were considered
not to be metastases. This should be considered a possible
potential flaw in the technique.

Statistical Analysis

The Mann-Whitney U test was used to evaluate the differ-
ences in overall accuracy between the single criterion (short-
axis diameter) and the combined criteria (short-axis diameter
plus absence of hilar flow on Doppler sonograms) for meta-
static nodes. The differences in performance of sonographic
criteria (accuracy, sensitivity, and specificity) for the best cut-
off value at each neck level between the single and combined
criteria were assessed by the McNemar test or the exact form
of the McNemar test (13).

Results

Predictive Ability for Metastasis by Short-Axis
Diameter Criteria

Table 1 shows positive and negative predictive
values and sensitivity and specificity yielded by
varying cut-off values for short-axis nodal diame-
ters. At level I, combinations of high positive
(.80%) and negative (.90%) predictive values
were obtained at cut-off values of 8, 9 and 10 mm.
Of these, the best compromise of sensitivity and

specificity was obtained at the short-axis diameter
of 8 mm. Combinations of high positive and neg-
ative predictive values were associated with good
compromises of sensitivity and specificity at cut-
off values of 9 mm at level II and at 7 mm at level
III1IV. These diameters also provided the highest
accuracy at each level.

Effects of Combined Use of Size and Doppler
Criteria on Predictive Ability of Sonography for

Metastatic Nodes

The presence of normal hilar flow, which ap-
peared as a club- or Y-shaped blood flow signal in
the hilum, significantly contributed to the correct
diagnosis of reactive (nonmetastatic) nodes, even if
the reactive nodes had short-axis diameters equiv-
alent to those of the metastatic nodes (11), which
did not exhibit normal hilar blood flow patterns
(Fig 3).

The combined use of short-axis diameter and
Doppler criteria (absence of normal hilar flow) in-
creased the positive predictive values at the mini-
mal expense of negative predictive values at each
of the corresponding cut-off values at all levels in
the neck (Table 2). Consequently, the combined cri-
teria significantly increased the overall accuracy at
all levels in the neck: Mann-Whitney U test, P ,
.0000001, z(0.975) 5 1.96 for level I; P ,
.0000001, z(0.975) 5 1.96 for level II; and P 5
.000121, z(0.975) 5 1.96 for level III1IV. Thus, a
combination of high positive (.80%) and negative
(.90%) predictive values was obtained even at
cut-off values of 6, 7, and 5 mm for nodes at levels
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Table 2: Performance of the combined criteria of short-axis length and Doppler blood flow in predicting metastatic cervical nodes

Short-axis
Length (mm)

Positive
Predictive

Value
(%)

Negative
Predictive

Value
(%)

Accuracy
(%)

Sensitivity
(%)

Specificity
(%)

Level I
5
6
7
8
9

10

73
84
88
93

100
100

98
98
96
95
95
94

93
95
94
94
95
94

89
89
78
72
72
67

93
97
98
99

100
100

Level II
5
6
7
8
9

10

97
97

100
100
100
100

97
97
97
94
90
83

97
97
98
96
92
87

94
94
94
88
79
64

98
98

100
100
100
100

Level III1IV
5
6
7

91
96
98

93
89
89

92
91
92

89
82
82

94
98
99

8
9

10

100
100
100

81
78
74

86
83
80

67
60
51

100
100
100

* The nodes considered to be metastatic by sonographic evaluation are those exhibiting parenchymal flow or an avascular pattern on Doppler
sonograms and having a short-axis diameter equal to or greater than the varying cut-off values of 5 to 10 mm.

I, II, and III1IV, respectively. Furthermore, these
cut-off values yielded high sensitivities ($89%)
and specificities ($94%), resulting in the highest
accuracy at each level of the neck. Therefore, the
combined criteria decreased the best cut-off values
at all levels in the neck (Table 2). When overall
accuracy was compared for the 338 nodes between
the single and combined criteria, Doppler flow in-
formation significantly increased the accuracy
(McNemar test, P 5 .01963).

Discussion

We assessed whether the Doppler sonographic
evaluation of intranodal blood flow patterns could
improve the predictive ability of size as the single
criterion for metastatic cervical nodes in patients
with head and neck cancer. To this end, we com-
pared negative and positive predictive values along
with sensitivity and specificity between the single
criterion of size (short-axis diameter) and the com-
bined criteria of size plus Doppler sonographic
characteristics (absence of hilar flow). The sono-
graphic topography of the nodes was compared
with dissected specimens to assess the performance
of the sonographic criteria by node. We found that
the addition of Doppler information improved
sonographic evaluation by decreasing the cut-off
values of the short-axis diameters of metastatic
nodes at all levels of the neck.

Performance of the Short-axis Diameter Criterion

Investigators have proposed a variety of cut-off
values (ranging from 8 to 30 mm) as sonographic
size criteria for establishing metastatic cervical
nodes (14–18). More recently, van den Brekel et al
(6) showed that a minimal axial diameter of 7 mm
for nodes at level II and 6 mm for nodes elsewhere
in the neck offered the best compromise between
sensitivity and specificity. However, the accuracy
obtained by these authors was moderate. Our find-
ings using a single criterion were somewhat differ-
ent, indicating that higher cut-off values were re-
quired for obtaining high predictive ability. Since
we and van den Brekel et al (6) measured nodal
size in a similar fashion, the discrepancies between
our studies may be due to differences in the meth-
ods used to assess concordance between sono-
graphic and histopathologic evaluations; they did
not compare sonograms and dissected specimens
by node but rather by levels in the neck.

Our study indicated that the best cut-off value
for the short-axis diameter of nodes at level II was
higher than that for nodes at the other two levels
of the neck when size criterion was used alone,
which is consistent with the findings of van den
Brekel et al (6). The best cut-off value at level I
was higher than that at level III1IV. This may be
due in part to the fact that nodes at these levels are
subject to inflammatory extension from the oral
cavity, since they are located on the main routes of
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Table 3: Summary of proposed sonographic criteria for establish-
ing metastatic cervical nodes

Criteria

Level in the Neck

I II III1IV

Hilar flow on Doppler sonograms plus
short-axis length

(2)
$6 mm

(2)
$7 mm

(2)
$5 mm

lymphatic drainage from the teeth and periodontal
tissues. Therefore, the size criterion for these nodes
may be affected by oral infection (12).

Combined Criteria of Short-axis Diameter and
Doppler Sonographic Findings

Several lines of evidence suggest that blood flow
information is useful in predicting metastatic nodes
in patients with head and neck cancer (4, 9, 10,
19). Multivariate analysis has shown that Doppler
flow information (the presence of hilar flow) sig-
nificantly contributes to the prediction of reactive
(nonmetastatic) nodes in patients with head and
neck cancer (11). In one study in which the pop-
ulation consisted predominantly of patients with
malignant lymphomas, the combined criteria of
long-to-short axis ratios and vascular sonographic
features were found to improve the diagnostic per-
formance of sonography in establishing nodal ma-
lignancies (20).

We have extended these previous findings to
show that the combined criteria of short-axis di-
ameter and Doppler sonographic evidence of an ab-
sence of normal hilar flow significantly increase the
predictive ability of sonography in diagnosing met-
astatic nodes in patients with head and neck cancer.
The combination of Doppler characteristics and
short-axis diameter allowed the use of smaller size
criteria (for measurements of the short-axis diam-
eter of cervical nodes) for establishing metastatic
nodes at all levels in the neck. The best cut-off
values for the short-axis diameter decreased to 6
mm for nodes at level I, 7 mm for nodes at level
II, and 5 mm for nodes at level III1IV. These cut-
off values were equivalent to or lower than those
reported by van den Brekel et al (6) and others.
Importantly, our study yielded higher sensitivity
(89%) together with higher specificity (94%) than
reported previously. Therefore, the present findings
indicate that use of the combined criteria of Dopp-
ler sonography (blood flow information) and nodal
size (short-axis diameter) may facilitate earlier de-
tection of metastatic nodes than does use of the
single criterion of size.

Our results may be somewhat biased toward a
higher rate of accuracy, because the techniques we
used to correlate nodes on sonograms with those at
histopathologic examination may have been subject
to selection bias. A similar study on metastatic
nodes from head and neck squamous cell carcino-
ma that used sonography with sonographically
guided fine-needle aspiration biopsy yielded a low-
er rate of accuracy than ours (21).

Conclusion
Taken together with previous findings, our re-

sults indicate that Doppler sonographic evaluation
improves the performance of sonographic diagnosis
of metastatic nodes in patients with head and neck
cancer (Table 3). Although the sonographic evalu-

ation of metastatic nodes has several disadvantages
(9), it predicts the presence of metastatic nodes
with accuracy equivalent or superior to that ob-
tained with CT and MR imaging (8). Furthermore,
for the detection of nodes in the submental and
submandibular regions, where CT and MR studies
have occasionally been impaired by artifacts from
bones and dental amalgam, the addition of Doppler
techniques to the sonographic evaluation facilitated
the early detection of metastatic nodes. Therefore,
sonography may be an adjunct, if not the main, tool
in diagnosing metastatic nodes in patients with can-
cer. In particular, the proposed criteria may be help-
ful for detecting metastatic nodes with high rates
of sensitivity and specificity, thus precluding un-
necessary treatment of patients with no neck dis-
ease (22).
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