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Papillary Thyroid Carcinoma: MR Diagnosis of
Lymph Node Metastasis

Shodayu Takashima, Shusuke Sone, Fumiyoshi Takayama, Qian Wang, Tetsuro Kobayashi,
Arata Horii, and Jun-Ichi Yoshida
PURPOSE: The purpose of this study was to ascertain the usefulness of MR imaging in the
diagnosis of nodal metastasis of papillary thyroid carcinoma and to establish the most indic-
ative MR criteria of metastasis.

METHODS: Pathologic records and MR images in 50 patients with papillary thyroid carci-
noma were reviewed. Each neck was divided into four nodal levels, so that 200 nodal levels were
assessed in all. The maximum of the minimum transverse diameters of the lymph nodes on each
nodal level measured on MR images and the certainty of metastasis as determined by a head
and neck radiologist on the basis of morphologic aspects were compared with the pathologic
findings by using receiver operating characteristic curves. The presence or absence of cystic
nodes on each nodal level was also evaluated.

RESULTS: Metastasis was found on 87 (44%) of the nodal levels in 34 (68%) of the patients.
A cystic node was identified on 33 (17%) of the nodal levels in 13 (26%) of the patients and was
seen only on positive nodal levels. Morphologic diagnosis by the radiologist was better than that
obtained by measurement. With the combined criteria of a cystic node or a node of 13 mm or
more for the maximum of the minimum transverse diameters, specificity was 100% with an 82%
accuracy and always indicated metastasis (100% positive predictive value). However, 41% of the
metastatic nodes were missed with this criterion (59% sensitivity).

CONCLUSION: MR imaging was useful for diagnosing metastatic nodes; a nodal diameter
threshold of 13 mm or the presence of a cystic node strongly indicated metastasis from papillary
thyroid carcinoma.
Papillary thyroid carcinoma is the most common
neoplasm in the thyroid gland and accounts for about
70% of all thyroid carcinomas (1). This tumor peaks
in the third or fourth decades of life; the female-to-
male ratio ranges from 1.6:1 to 3:1 (1–4). The mor-
tality rate for patients in whom the tumor is confined
within the thyroid gland is less than 2.5% (5). How-
ever, when the tumor has spread beyond the thyroid
capsule, mortality increases to 38%. In patients older
than 40 years of age, this tumor grows more rapidly
and tends to infiltrate adjacent structures (1, 5, 6).

Papillary carcinoma has a marked propensity for
lymphatic infiltration (5, 7). When the regional nodes
are systematically examined, most patients with pap-
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50
illary carcinoma are found to have microscopic nodal
metastases (7). Van den Brekel et al (8) observed that
the minimum axial diameter is the most accurate size
criterion for lymph node metastasis in patients with
head and neck squamous cell carcinoma, and that
maximum axial diameter or a ratio of maximum-to-
minimum axial diameter is less valid. Although many
studies have described the magnetic resonance (MR)
imaging appearance of focal and diffuse thyroid dis-
ease, little has been written on the role of MR imag-
ing in the diagnosis of nodal metastases from thyroid
carcinoma (9–12). This series was designed to study
the diagnostic accuracy of MR imaging in detecting
lymph node metastasis in patients with papillary thy-
roid carcinoma and to establish the optimal criteria
for nodal metastasis on MR images.

Methods
Pathologic records and MR images of 50 patients with pap-

illary thyroid carcinoma were reviewed. The subjects comprised
37 women and 13 men, ranging in age from 24 to 81 years
(average age, 57 years). Between November 1989 and Decem-
ber 1996, these consecutive patients who had an original (n 5
43) or a recurrent thyroid carcinoma (n 5 7) underwent MR
imaging before surgical intervention to define the extent of the
9
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tumor. The seven patients with recurrent disease had had prior
neck surgery, including hemithyroidectomy, subtotal thyroidec-
tomy, and total thyroidectomy with neck dissection. The inter-
val between MR imaging and surgery ranged from 1 to 18 days.

MR imaging was performed on a Magnetom or a Signa unit
with a volume neck coil or a Helmholtz coil. The acquisition
matrix was 256 3 192. Conventional unenhanced spin-echo
T1-weighted images (700/13/2 or 900/15/2 [repetition time/echo
time/excitations]) were obtained in all patients. T2-weighted
images were obtained with a conventional spin-echo sequence
(2000/70/1) in 38 patients and with a fast spin-echo T2-
weighted sequence (3200/91/1) in the 12 most recent patients.
Contrast-enhanced T1-weighted images (700/13 or 900/15)
were obtained with (n 5 10) or without (n 5 24) fat suppres-
sion immediately after intravenous bolus injection of 0.1
mmol/kg gadopentetate dimeglumine. A total of 18 axial im-
ages from the level of the mandibular angle to the sternal notch
were obtained with a section thickness of 5 mm and an inter-
section gap of 1.0 to 2.0 mm using presaturation pulses placed
above and below the acquired sections.

The resected nodes were classified according to the nodal
classification scheme of the Japanese Society of Thyroid Sur-
gery (prelarynx, pretrachea, paratrachea, thyroid related, upper
internal jugular, lower internal jugular, accessory, submandib-
ular, submental) and were submitted for pathologic examina-
tion with the names of their nodal class. Pathologic reports
documented how many nodes were positive or negative in each
nodal class. Although we could not make a node-by-node
comparison of MR findings with pathologic findings, we could
at least identify the presence or absence of metastasis in each
nodal class, even in retrospect.

For our study, we did not use such detailed classifications,
because we feared that any errors made in nodal localization
might eventually lead to misdiagnosis of the metastatic nodes.
Instead, each side of the neck was divided into two parts (upper
and lower) at the level of the lower edge of the cricoid carti-
lage. Thus, the neck was classified into four compartments
(right upper, right lower, left upper, and left lower). Without
knowledge of the pathologic and surgical findings, two radiol-
ogists measured in concert a maximum of the minimum trans-
verse diameters of the lymph nodes in each compartment on
MR images. They also evaluated the presence or absence of
cystic portions within the nodes and compared the signal in-
tensity of the solid and cystic portions of the nodes with that of
surrounding fat tissue. Signal intensity on both T1- and T2-
weighted images that was less than that of fat was called
hypointense; that which was equal to or greater than that of fat
was called hyperintense. Signal intensity on T2-weighted images
that was equal to or greater than that of cerebrospinal fluid was
called markedly hyperintense.

A precise schema of the surgical findings, including location
and size of all the dissected nodes and other relative anatomic
landmarks (internal jugular vein, carotid artery, trachea, cri-
coid cartilage, etc), were documented in surgical records in 15
of the 50 patients. Pathologic results were superimposed on the
same schema. Therefore, we could make a node-by-node com-
parison in these 15 patients (a total of 60 nodal compartments).
Of these 60 nodal compartments, 27 contained one or more
metastatic nodes. Metastasis was found in the node with the
largest minimum diameter in 25 (93%) of 27 positive nodal
compartments. For the other two positive nodal compartments
(both in the lower part of the neck), we could not reliably
identify which node was positive, because they were too small
(3 mm and 4 mm, respectively, on MR images) to distinguish
from other nodes of similar size. Therefore, the largest node
was considered the representative of each nodal compartment
and was used for MR and pathologic correlation.

Independently, an experienced head and neck radiologist
predicted the probability of lymph node involvement according
to the morphologic findings. His judgment was based on the
shape (rounded or not), the presence of cystic portions, and the
inhomogeneity of the node regardless of size. The MR findings
in the 200 largest nodes in 200 nodal compartments of the 50
patients were then compared with the surgical and pathologic
records.

The diagnostic performance of the maximum of the mini-
mum transverse diameters and the morphologic criteria for
predicting metastasis were compared with the pathologic diag-
nosis by using receiver operating characteristic (ROC) curves.
Next, these two types of readings were compared. ROC curves
were calculated by using continuous data with a maximum
likelihood method and comparisons between the areas under
the two curves (Az) were calculated, adjusting for the correla-
tion between the data. Finally, we proposed the optimal criteria
for lymph node metastasis. In statistical calculation, a P value
of less than .05 was considered significant.

Results
Of the 200 nodal compartments in the 50 patients,

metastasis was verified pathologically in 87 nodal
compartments (44%) (19 right upper, 25 right lower,
16 left upper, and 27 left lower compartments) of 34
patients (68%). The relationship between the number
and the maximum of the minimum transverse diam-
eters of the nodes is summarized in Table 1. Of the 87
largest metastatic nodes, 54% measured 10 mm or
less in minimum transverse diameter. Of these 87
nodes, 82 (94%) were detected with MR imaging and
five were not detected because of their small size
(Figs 1 and 2). All 82 of the largest nodes that were
identified with MR imaging appeared hypointense
relative to fat on unenhanced T1-weighted images.
On T2-weighted images, signal intensity was hypoin-
tense relative to fat in 28 nodes (34%), isointense in
37 (45%), and hyperintense in 17 (21%) (Fig 1).

Of the 42 largest metastatic nodes in which con-
trast-enhanced T1-weighted images were obtained,
fat suppression was used in 11 and not used in 31. Of
the 31 nodes imaged without fat suppression, 26
(84%) appeared hypointense and five (16%) ap-
peared isointense relative to fat. Of the 11 nodes
imaged with fat suppression, five (45%) were hypoin-
tense, five (45%) were hyperintense, and one (9%)
was isointense. x2 tests revealed that signal-intensity
patterns of metastases were statistically significantly
different between the two groups with and without fat
suppression (P , .001).

Cystic areas were detected in 31 (38%) of the 82
largest metastatic nodes (Fig 2). Of these 31 positive
nodal compartments, 23 (74%) contained an addi-

TABLE 1: Distribution of the maximum of the minimum transverse
diameters of metastatic lymph nodes

Maximum of the Minimum
Transverse Diameters, mm

No. (%)

#3 12 (14)
5–3.1 10 (11)
8–5.1 16 (18)
10–8.1 10 (11)
13–10.1 9 (10)
13, 30 (34)
Total 87 (98)*

Note.—Total is less than 100% due to rounding off.
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FIG 1. Lymph node metastasis in a 53-year-old woman with primary disease.
A metastatic lymph node 15 mm in minimum transverse diameter (arrowheads) is seen in the right lower part of the neck. The node

appeared as a hypointense area of inhomogeneous composition relative to surrounding fat on both T1-weighted (900/15/2) (A ) and
T2-weighted (2000/70/1) (B ) MR images, and as a hyperintense area on a contrast-enhanced fat-suppressed T1-weighted image
(900/15/2) (C ). A small markedly hyperintense area within the node is seen on the T2-weighted image (arrow, B ). Although this portion
was thought to represent hemorrhage and/or thyroid protein, no pathologic verification was obtained. Calcification in the node was
confirmed pathologically. The primary tumor in the right lobe of the thyroid gland was not identified on unenhanced T1- and T2-weighted
images, but it was depicted as a mass of rim enhancement on a contrast-enhanced fat-suppressed T1-weighted image (arrows, C).
FIG 2. Lymph node metastasis in a 67-
year-old man with primary disease.

A metastatic lymph node 14 mm in min-
imum transverse diameter with extensive
cystic change (arrowheads) is seen in the
right upper part of the neck. The node
appeared hypointense relative to fat on a
T1-weighted image (700/13/2) (A ) and as a
markedly hyperintense area of homoge-
neous composition on a fast spin-echo
T2-weighted image (3200/91/2) (B ). Aspi-
rated fluids obtained via sonographically
guided biopsy contained high levels of
thyroglobulin.
tional one or more smaller nodes with cystic changes.
Another two positive nodal compartments in which
the largest nodes had no cystic changes contained
smaller nodes with cystic portions on MR images.
Thus, cystic nodes were identified in a total of 33
nodal compartments in 13 patients. Of the 31 largest
nodes with cystic changes, pathologic proof of cystic
changes was obtained in 22. Of these 22 nodes, five
underwent sonographically guided fine-needle aspira-
tion biopsy before surgery; markedly elevated thyro-
globulin levels of the aspirated fluid were verified in
all. On unenhanced T1-weighted images, the cystic
portions appeared hypointense relative to fat in 23
(73%) of the 31 largest nodes and hyperintense in
eight (27%), whereas on T2-weighted images, all
were markedly hyperintense.

Lymph nodes were identifiable on MR images in
189 (95%) of the 200 nodal compartments (107 non-
metastatic nodes and 82 metastatic nodes). The max-
imum of the minimum transverse diameters mea-
sured on MR images ranged from 2 to 12 mm (mean,
4 mm 6 2 SD) in nodes without metastasis and
ranged from 2 to 37 mm (mean, 12 mm 6 8) in nodes
with metastasis. Morphologic diagnosis by the expe-
rienced head and neck radiologist (Az 5 0.88 6 0.03)
was better than that obtained by measurement (Az 5
0.85 6 0.03) (Fig 3); however, the difference was not
statistically significant (P 5 .23).

By using a threshold of 8 mm or more for the
maximum of the minimum transverse diameter, we
attained 81% accuracy with 61% sensitivity, 96%
specificity, 93% positive predictive value (PPV), and
76% negative predictive value (NPV) (Table 2). In-
creasing the threshold to 13 mm produced no false-
positive diagnoses (100% specificity), and gave a 37%
sensitivity, 72% accuracy, 100% PPV, and 67% NPV.
When the combined criteria of a cystic node or an
8-mm threshold was used, we obtained the highest
accuracy of 84%, with 96% specificity and 93% PPV;
however, sensitivity (67%) was not adequate. Using
the criterion of a cystic node regardless of its size, we
attained 100% PPV and 100% specificity, with 40%
sensitivity and 74% accuracy. With the combined cri-
teria of a cystic node or a 13-mm threshold, sensitivity
(59%) and accuracy (82%) were improved while
maintaining the 100% PPV.
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Discussion
There is some debate as to the clinical significance

of regional lymph node metastasis (1, 3–5, 13–15).
Many investigators insist that nodal metastases have
an adverse effect on the rate of survival or recurrence
(1, 3, 13, 14). Mazzaferri and Young (3) found recur-
rence rates to be increased approximately fivefold in
patients over age 40 who were found to have regional
nodal metastases at initial surgery. Harwood et al (14)
reported that death resulting from papillary carci-
noma occurs more frequently in patients with nodal
involvement than in those without nodal metastasis.
Others have found that differentiated thyroid carci-
nomas, including primary-site tumors and nodal me-
tastasis, have the potential to develop into anaplastic
carcinoma (1, 5, 6, 15, 16). Although this is an un-
common event, when such transformation does occur,
the outcome for patients is invariably death within a
year from the time of diagnosis (15, 16). Thus, al-
though the most important prognostic indicator for
patients with papillary thyroid carcinoma is whether
the tumor is confined to the thyroid gland or has
spread beyond the glandular capsule (1, 5, 6), we
think it is worthwhile clinically to define the useful
criteria for nodal metastasis.

The frequency of regional node metastasis in pa-
tients with papillary carcinoma is reported to vary
from 39% to 90% (2–4, 7, 14), depending on the
surgical method undertaken and the population stud-
ied. More radical surgery yields a greater number of
metastatic nodes; and young patients with differenti-
ated thyroid carcinoma are reported to have a higher
prevalence of nodal metastases than older patients
(14). Therefore, the greater the proportion of young
patients in a studied population, the higher the fre-

FIG 3. ROC curves for the diagnosis of lymph node metastasis
by morphologic assessment by a head and neck radiologist and
by measurement of the maximum of the minimum transverse
diameters of the lymph nodes.
quency of nodal metastases. Carcangiu et al (4) found
that 54% of 241 patients with papillary thyroid carci-
noma had nodal metastasis. They also noted that 75%
of these had cystic foci, with 25% of these being
marked.

We found nodal metastasis in 68% of the 50 pa-
tients studied. Cystic lymph nodes were detected in 13
(38%) of the 34 patients with nodal metastasis and
were specific to metastasis from papillary carcinoma.
Therefore, we suggest that if the largest node has a
normal signal intensity and a smaller node appears to
have a cystic component, the smaller node would be
more important in diagnosing metastasis. In our ret-
rospective study, we evaluated only the maximum of
the minimum transverse diameters in each nodal
compartment, because studies have shown that the
largest node has the highest possibility of metastasis
(8), and because our node-by-node comparison in 15
patients revealed that the largest node almost always
contained metastasis in the corresponding positive
nodal compartment.

In our series, solid portions of the metastatic nodes
appeared hypointense on unenhanced T1-weighted
images and hypointense (34%), isointense (45%), or
hyperintense (21%) on T2-weighted images obtained
without fat suppression. On contrast-enhanced T1-
weighted images without fat suppression, most nodes
were hypointense relative to fat, whereas with fat
suppression, approximately half the nodes were hy-
perintense. Our results support the usefulness of con-
trast-enhanced fat-suppressed T1-weighted imaging
for detecting metastatic nodes. The MR features seen
in this study were indistinguishable from those of
benign or other malignant conditions (17). Som et al
(11) reported that a thin-walled cystic mass that ap-
peared hyperintense on both T1- and T2-weighted
images might be suggestive of nodal metastasis from
papillary thyroid carcinoma. As for the signal inten-
sity of cystic portions within the node, hyperintensity
relative to fat was seen in 27% of the subjects in our
study on both T1- and T2-weighted images; the rest of
these cystic components were hypointense on T1-
weighted images and markedly hyperintense on T2-
weighted images. Although our pathologic and chem-
ical studies were limited, we think that cystic portions
of metastatic nodes represent thyroid protein of various
concentrations, hemorrhagic fluid, or tumor necrosis.

Despite the fact that the head and neck radiologist
in our study judged the nodal metastasis from various
viewpoints, his diagnostic accuracy was not statisti-
cally different from that obtained via measurement of
the maximum of the minimum transverse diameters
of the nodes. Our optimal size criterion (8 mm or
more of the minimum transverse diameter) was
slightly smaller than that (10 mm) for metastasis from
squamous cell carcinoma (8). The diagnostic accuracy
in this series (81%) was slightly inferior to that (84%
or 85%) obtained in a series of patients with meta-
static neck disease from squamous cell carcinoma (18,
19). When the finding of cystic areas within a node
was added to this size criterion, accuracy increased to
84%. A threshold of 13 mm or a cystic node of any
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TABLE 2: Diagnostic statistics for lymph node metastasis with MR findings

MR Findings Sensitivity Specificity Accuracy
Positive

Predictive Value
Negative

Predictive Value

Lymph node diameter, mm*
3# 96 24 56 49 90
4# 87 53 68 59 84
5# 80 70 75 67 82
6# 73 85 80 79 81
7# 63 93 80 88 77
8# 61 96 81 93 76
9# 56 98 80 96 74

10# 50 98 77 95 72
11# 43 98 74 95 69
12# 40 99 74 97 68
13# 37 100 72 100 67

Cystic node 40 100 74 100 69
Cystic node 8 mm # 67 96 84 93 79
Cystic node 13 mm # 59 100 82 100 76

Note.—Data are given as percentages.
* Maximum of minimum transverse diameters of lymph nodes on MR images.
size was specific and strongly suggestive of metastasis
from papillary thyroid carcinoma (100% PPV).

Even with our most accurate criterion, one third of
the metastatic nodes were missed with MR imaging
(67% sensitivity). With the most indicative criterion,
41% of the neck metastases were not identified. Accord-
ing to the literature, more than half the metastatic nodes
from papillary carcinoma are less than 3 mm in diame-
ter (7). Despite this fact, metastatic nodes develop clin-
ically in fewer than 10% of patients (14). The prognosis
or the rate of recurrence in patients with papillary thy-
roid carcinoma depends on the presence of clinically
overt nodal metastasis but not on the microscopic nodal
disease (13). Furthermore, relatively large metastatic
nodes are frequently missed with palpation because of
large thyroid tumors (20).

Conclusion
A cystic node or a node of 13 mm or more in the

minimum transverse diameter strongly indicates me-
tastasis from papillary thyroid carcinoma on MR im-
ages. These criteria should contribute to the ability to
plan appropriate surgery and to predict the prognosis
for patients with this disorder.
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