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Abstract

Background The aim of this study was to evaluate the
accuracy of ['®F]-fluoro-2-deoxy-p-glucose-positron emis-
sion tomography/computed tomography, ultrasonography,
and enhanced computed tomography alone in the preop-
erative diagnosis of lymph node metastasis in patients with
papillary thyroid carcinoma.

Methods In a prospective study performed between Jan-
uary 2007 and December 2009, 74 patients with a diagnosis
of papillary thyroid carcinoma confirmed by fine-needle
aspiration biopsy were referred to our institution for sur-
gery. Preoperative assessment of metastasis in the central
and lateral cervical lymph nodes was done using ['*F]-
fluoro-2-deoxy-p-glucose-positron emission tomography/
computed tomography, ultrasonography, and enhanced
computed tomography. The results for each level of cer-
vical node assessed using these methods were correlated
with the pathology reports after surgery. We determined
the sensitivity, specificity, positive and negative predictive
values, and diagnostic accuracy of the three methods for all
levels of cervical lymph node.

Results There were no significant differences in the
diagnostic results obtained by ['®F]-fluoro-2-deoxy-p-glu-
cose-positron emission tomography/computed tomography
and enhanced computed tomography. However, ultraso-
nography images gave significantly better results than
either ['®F]-fluoro-2-deoxy-p-glucose-positron emission
tomography/computed tomography or enhanced computed
tomography alone in identifying metastases on the basis of
the level of cervical lymph node. In addition, the overall
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diagnostic accuracy tended to be higher for the lateral
compartment than for the central compartment.
Conclusions Preoperative assessment by ultrasonography
of metastases in the central and lateral cervical lymph nodes
might be the best methodology for determining the extent of
surgical resection required to remove metastatic lymph nodes
adequately in patients with papillary thyroid carcinoma.

Introduction

Papillary thyroid carcinoma (PTC) is an endocrine neo-
plasm with a high incidence of lymphatic metastasis.
Metastasis to cervical lymph nodes occurs in 35-80% of
patients [1, 2]. The metastatic spread of PTC to the neck
does not seem to affect overall or disease-specific survival;
however, it does increase the risk of local or regional
recurrence of the tumor and the need for further surgery
[3, 4]. The extent of surgical resection required for the
adequate removal of metastatic lymph nodes is controver-
sial. There is a high frequency of occult metastases to the
central lymph nodes (level VI; the prelaryngeal, pretra-
cheal, and paratracheal nodes); hence, the elective dissec-
tion of these nodes at the same time as total thyroidectomy
is recommended for high-risk patients. For the other cer-
vical lymph nodes (levels I-V), some surgeons advocate
simple limited lymphadenectomy, known as “berry pick-
ing” [5]. This approach has been discontinued because of
the high rate of recurrence of the tumor in the neck and the
morbidity associated with multiple surgeries, which often
involves recurrent laryngeal nerve paralysis and hypo-
parathyroidism. Other surgeons recommend a modified
radical neck dissection, preserving the internal jugular vein,
the spinal accessory nerve, and the sternocleidomastoid
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muscle [6]. However, there are few data to support the use
of this procedure for the treatment of metastases in lateral
cervical lymph nodes in PTC. Disease-specific or disease-
free survival in patients without evidence of macroscopic
disease has not been shown to be improved by modified
radical neck dissection. Therefore, current recommenda-
tions include the removal of all clinically involved meta-
static lymph nodes in the central and lateral compartments,
as determined by preoperative radiological investigations
using, for example, ultrasonography (US), enhanced com-
puted tomography (CT), and magnetic resonance imaging
(MRI) [7]. A recent report has suggested that the evaluation
of metastatic lymph nodes by US can be used to identify
effectively the extent of surgical resection required [8].

Whole-body positron emission tomography (PET) using
['®F)-fluoro-2-deoxy-p-glucose  (‘*FDG) has recently
emerged as a useful tool for the detection of primary tumors
and metastases in a variety of cancers [9, 10]. Many reports
state that '*FDG-PET/CT adequately detects recurrent dis-
ease during the follow-up of PTC patients who have
undergone thyroidectomy, have shown negative diagnostic
iodine-131 (]311) scans, and have abnormal serum thyro-
globulin levels [11]. Several studies also reported that
"EDG-PET/CT can be useful for the preoperative evalua-
tion of cervical nodes in patients with head and neck cancer
[9, 12, 13]. However, few studies have documented the
diagnostic accuracy of '*FDG-PET/CT in the initial evalu-
ation of the involvement of cervical nodes in patients with
PTC [14]. In the current study, we compared the diagnostic
accuracy of 18FDG-PET/CT, US, and enhanced CT alone in
the initial preoperative evaluation of cervical lymph node
metastases in patients with PTC.

Materials and methods
Patients and study design

All patients provided informed consent for examination and
treatment, and the protocol was approved by our institu-
tional review board. This prospective study was carried out
between January 2007 and December 2009 on 74 patients
who were referred to our institution for surgery with a
diagnosis of PTC confirmed by fine-needle aspiration (FNA)
biopsy. The patients included 62 women and 12 men, with
an age range of 16-84 years and a mean age of 65.6 years.
Preoperative assessments were made of metastases in the
central and lateral cervical lymph nodes by '"*FDG-PET/CT,
high-resolution US, and enhanced CT. The node locations
were classified by the operating surgeon using the system
proposed by the American Head and Neck Society, and the
American Academy of Otolaryngology-Head and Neck
Surgery [15]. All patients subsequently underwent total or

subtotal thyroidectomy and cervical lymph node dissection
based on the preoperative evaluation of the presence of
lymph node metastasis.

UsS

The evaluation of lymph nodes by US was performed by a
surgeon using a high-resolution instrument (Nemio SSA-
550A; Toshiba Medical Systems, Japan) equipped with a
high-frequency linear-array 12-MHz transducer. The lymph
nodes were characterized as highly suggestive of metastasis
on the basis of any one of the following criteria: a minor axis
diameter greater than 10 mm, a minor axis diameter greater
than 50% of the major axis diameter, or hyperechogenicity
with or without microcalcification. The area scanned
included the central compartment medial to the carotid
artery, the entire length of the bilateral internal jugular chain
from the mandible to the head of the clavicle, and the pos-
terior lymph node groups along the course of the spinal
accessory nerve.

Enhanced CT scanning

Enhanced CT scans of the neck were performed using
a standard LightSpeed VCT scanner (GE Healthcare,
Milwaukee, WI) with the following parameters: 30-200
mAs, 120 keV, a section width of 5 mm, and a table feed of
5 mm per rotation. For contrast enhancement, 60 ml of the
iodinated contrast medium Iohexol 300 (Fuji Pharma Co.,
Tokyo, Japan) was injected intravenously at 2.0 ml/s using
an automated injector and a scan delay time of 30 s. Lymph
nodes were characterized as highly suggestive of metastasis
on the basis of any of the following criteria: a long axis
diameter greater than 10 mm, a lymph node with a focal
translucency suggestive of necrosis, marginal enhancement,
or focal calcification.

8EDG-PET/CT

All patients fasted for at least 5 h prior to the PET study.
PET/CT scans were performed using a GE Discovery ST
Elite scanner (GE Healthcare) with the following parame-
ters: 30-200 mAs, 120 keV, a section width of 5 mm, and
a table feed of 5 mm per rotation. No intravenous or oral
contrast agents were used. After the CT scan, an emission
scan was performed from the thigh to the head for 5 min
per frame for a total of 45 min after the intravenous
injection of 200-300 MBq FDG. The attenuation-corrected
PET images using the CT data were reconstructed using an
ordered subset expectation-maximization algorithm.
The standardized uptake values (SUVs) were adjusted
using the attenuation-corrected images, the amount of
injected FDG, the body weight of each patient, and the
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cross-calibration factors between the PET and the dose
calibrator. The PET/CT scans were interpreted by a nuclear
medicine radiologist and scored as positive or negative for
residual cervical metastatic disease. The radiologist was
unaware of each patient’s clinical status. Lesions showing
FDG uptake were graded on a scale of 0—4 (0, definitely
benign; 1, probably benign; 2, equivocal; 3, probably malig-
nant; and 4, definitely malignant). Only lymph nodes with
lesions scoring 3 or 4 were considered positive for metastases.

Surgical procedures

After assessing metastases in the cervical lymph nodes, all
patients underwent total or subtotal thyroidectomy and
central compartment (level VI) neck dissection. If metas-
tases were detected in the lateral compartment of the neck by
preoperative radiological investigations, patients underwent
a modified radical neck dissection that included level II-V
lymph nodes with preservation of the internal jugular vein,
sternocleidomastoid muscle, and spinal accessory nerve as
far as possible. The removed cervical lymph nodes were
divided according to level in the operating room by the same
surgeon.

Statistical analysis

We determined the sensitivity, specificity, positive and
negative predictive values, and diagnostic accuracy of
"EDG-PET/CT, US, and enhanced CT for cervical lymph
nodes from different levels. The status of each node
established preoperatively was correlated with the patho-
logical reports, which confirmed the presence or absence of
metastases. Sensitivity was defined as the number of true-
positive cases divided by the sum of true-positive and
false-negative cases. Specificity was defined as the number
of true-negative cases divided by the sum of true-negative
and false-positive cases. Positive predictive value was
defined as the number of true-positive cases divided by the
sum of true-positive and false-positive cases. Negative
predictive value was defined as the number of true-negative
cases divided by the sum of true-negative and false-nega-
tive cases. Diagnostic accuracy was defined as the sum of
true-positive and true-negative cases divided by the total
number of cases. Statistical analyses were done using SPSS
software v2.0 (SPSS, Inc., Chicago, IL). Statistical differ-
ences were analyzed using the Mann—Whitney test. A two-
tailed p < 0.05 was considered significant.

Results

In this study we focused on classifying lymph nodes by
level, rather than by individual node, because the presence
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of malignant tissues at each lymph node level affects the
extent of treatment. Lymph nodes from the 74 patients who
underwent cervical lymph node dissection were examined
pathologically in a total of 349 groups, according to cer-
vical level. Of these groups, 148 were from the central
compartment and 201 were from the lateral compartment.
The groups of lymph nodes pathologically confirmed to
contain metastases are summarized in Table 1.

Figure 1 shows the results of using the three different
diagnostic imaging methods to evaluate all cervical lymph
nodes, analyzed by level (levels II-VI), compared with the
pathological findings. Metastases were identified in 111 of
the groups of cervical lymph nodes examined. There were

Table 1 Pathological results for lymph nodes removed at different
cervical levels

Level No. of Positive Negative
neck levels
Ila 26 5 21
b 26 2 24
I 26 9 17
v 71 20 51
Va 26 5 21
Vb 26 4 22
VI 148 66 82
PET/CT
@AcT ¥ 1 P<0.001
us X 2 P<0.05
X2 X 1 1
X2 X1 X1

100

negative

sensitivity specificity positive diagnostic
predictive predictive accuracy
value value

Fig. 1 Comparison of diagnostic results for 8EDG-PET/CT, enhanced
CT, and US in evaluation of all cervical nodes (levels II-VI). The
sensitivity, specificity, positive predictive value, negative predictive
value, and diagnostic accuracy for '*FDG-PET/CT were 29.7, 93.3,
67.3,74.0, and 73.1%, respectively; those for enhanced CT were 22.5,
94.1,64.1,72.3, and 71.3%, respectively; and those for US were 71.2,
97.1,91.9, 87.8, and 88.8%, respectively
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no significant differences in the diagnostic results obtained B PET/CT
by 8EDG-PET/CT and enhanced CT. However the US @cT % 1 P<0.001
images showed significantly better agreement with the us %2 P<0.05
pathological results than either "*FDG-PET/CT or enhanced X1 X2 X2 X2 %1
CT alone, with the exception of the negative predictive
X2 X2 X1
value.
The results focusing on only the lymph nodes in the 100
central compartment are summarized in Fig. 2. Metastases 90
were identified in 66 of the groups of cervical lymph nodes. 80
In the central compartment, the diagnostic results signifi- 70
cantly differed among 'SFDG-PET/CT, US, and enhanced 60
CT only with respect to sensitivity and diagnostic accuracy. 50
The results focusing on only the lymph nodes from the 40
lateral compartment (levels II-V) are summarized in 30
Fig. 3. Metastases were identified in 45 groups of lymph 20
nodes at these levels. The diagnostic results from all three 10
0

imaging techniques were in better agreement with the
pathological results for the lateral compartment than for
the central compartment. For all five diagnostic indicators,
the US images gave significantly better results than '*FDG-
PET/CT and enhanced CT alone.

Discussion

PTC carries a high risk of cervical lymph node metastasis.
Most commonly, a central compartment neck dissection is

O PET/CT
Ecr %1 P<0.001
%1 us ¥ 2 P<0.05 X2
X1 X2
100
90
80 -
70 -
60 i
50
40
30
20
10
0
sensitivity specificity  positive negative diagnostic
predictive predictive accuracy
value value

Fig. 2 Comparison of diagnostic results for '*FDG-PET/CT, enhanced
CT, and US in evaluation of central cervical nodes (level VI). The
sensitivity, specificity, positive predictive value, negative predictive
value, and diagnostic accuracy for SEDG-PET/CT were 22.7, 98.8,
93.8, 61.4, and 64.9%, respectively; those for enhanced CT were 15.1,
98.8,90.9, 59.1, and 61.5%, respectively; and those for US were 63.6,
97.6,95.5, 76.9, and 82.0%, respectively

sensitivity specificity positive negative diagnostic
predictive predictive accuracy
value value

Fig. 3 Comparison of diagnostic results for 'SFDG-PET/CT,
enhanced CT, and US in evaluation of lateral cervical nodes (levels
1I-V). The sensitivity, specificity, positive predictive value, negative
predictive value, and diagnostic accuracy for 'FDG-PET/CT were
40.0,90.4, 54.5, 83.9, and 79.1%, respectively; those for enhanced CT
were 33.3, 91.7, 53.6, 82.7, and 78.6%, respectively; and those for US
were 82.2, 96.8, 88.1, 95.0, and 94.0%, respectively

performed at the same time as thyroidectomy, with or
without lateral compartment dissection [16]. However, the
management of lateral neck metastasis remains contro-
versial. A modified lateral neck dissection has not been
shown to improve disease-specific or disease-free survival
in patients with no evidence of lateral lymph node metas-
tases [3, 4]; by contrast, it has been reported to improve
survival in patients with clinical evidence of lateral lymph
node metastases [17]. Thus, imaging the neck before sur-
gery for thyroid carcinoma is necessary to determine the
appropriate extent of surgical resection.

The preoperative radiological investigations commonly
used are US, enhanced CT, and MRI. In particular, the
evaluation of metastatic lymph nodes by US has recently
been reported to be effective for assessing the extent of
surgical resection required [8]. At present, US imaging is
used to predict the malignancy of thyroid nodules, and
US-guided FNA can be used to obtain samples for cyto-
logical diagnosis on initial presentation of patients [18]. At
the same time, US examination of the neck is easy and
inexpensive. '"SFDG-PET/CT has recently been shown to
be a remarkable tool for detecting primary tumors and
metastases in a variety of cancers [9, 10]. However, its
diagnostic accuracy in the initial evaluation of cervical
lymph nodes at different levels in patients with PTC has
not been documented [14].
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This prospective study focused on PTC and compared
the diagnostic accuracy of an initial evaluation of the level
of cervical lymph nodes involved using '*FDG-PET/CT,
US, and enhanced CT alone. The US images gave signif-
icantly better results than either 'SFDG-PET/CT or
enhanced CT alone for the detection of cervical lymph
node metastasis in the total neck compartment. However,
the overall diagnostic accuracy of all three methodologies
tended to be lower for lymph nodes of the central com-
partment than for those of the lateral compartment. In
addition, the negative predictive values were lower for the
central compartment. This confirms that central compart-
ment neck dissection should be performed with thyroid-
ectomy regardless of whether suspicious lymph node
metastases are found in preoperative radiological investi-
gations. The poorer diagnostic accuracy for the central
compartment lymph nodes could result from the anatomi-
cal complexity of the thoracic inlet and the difficulty in
interpreting images of individual lymph nodes.

Our finding that the overall diagnostic accuracy of all
methodologies was higher for the lateral than for the cen-
tral compartment was similar to those of previous studies
[14, 19, 20]. In addition, the US images showed signifi-
cantly better results than '*FDG-PET/CT or enhanced CT
alone for the detection of cervical lymph node metastases
in the lateral compartment. Performing a modified lateral
neck dissection in patients with clinical evidence of lateral
lymph node metastases has been reported to improve sur-
vival [17]. Therefore, a modified radical neck dissection
should be performed in patients in whom just one lymph
node metastasis is detected by US in cervical levels II-V.
However, observations such as the low incidence of nodal
metastasis at levels I and V [21] and the low incidence of
“skip” metastasis [6] have caused controversy about the
extent of lateral neck dissection that should be carried out
at thyroidectomy. The incidence of metastasis in level IIb
lymph nodes has been reported to be low if level Ila nodes
are not involved, in which case level IIb node dissection is
probably unnecessary [6].

When cervical node dissection above the spinal acces-
sory nerve is performed, there is a possibility of shoulder
disability and pain from damage to the nerve, even if it is
preserved during surgery. However, the shoulder pain and
disability after surgery are temporary [22].

In our study, 25 patients underwent a modified radical
neck dissection that included levels II-V cervical lymph
nodes because metastases had been detected by US in
cervical lymph nodes in the lateral neck compartment. For
the level IIb lymph nodes, three of the five cases were false
negatives, as were four of the nine cases for level V nodes.
Our results showed that the false negatives initially iden-
tified by US tended to be at high cervical lymph node
levels. Thus, a modified radical neck dissection that
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includes levels II-V lymph nodes should be performed
when metastasis in the lateral cervical lymph nodes is
detected by US.

Although the relatively small number of subjects in our
study limited our conclusions to some extent, our results
showed that 'SFDG-PET/CT did not provide any additional
benefit over either US or enhanced CT in the initial eval-
uation of cervical lymph nodes in patients with PTC. The
ability of "SFDG-PET/CT to visualize tumors is based on
the increased carbohydrate metabolism in malignant cells,
which results in elevated glucose utilization and selective
"SEDG uptake by these cells. After phosphorylation by
hexokinase, "®FDG accumulates intracellularly as it cannot
be metabolized as glucose. Well-differentiated thyroid
carcinomas that show adequate uptake of '*'T are associ-
ated with a reduced glucose metabolism [11]. Lymphatic
metastases, as well as the primary tumor, are relatively
slow growing and have relatively low levels of glucose
metabolism. By contrast, dedifferentiated tumors that do
not accumulate "*'I show an elevated level of glucose
utilization. Therefore, BEDG-PET/CT is considered a
worthwhile method for assessing recurrent or residual PTC
but not for evaluating the initial primary tumor and cervical
lymph node metastases [11, 14]. In recurrent disease,
imaging using '*'I is often negative and responses to "*'I
ablative therapies can be poor; '*FDG-PET/CT might be
useful in predicting the response to such treatments.

In conclusion, our results showed that US provided sig-
nificantly better results than '*FDG-PET/CT and enhanced
CT alone for the detection of cervical lymph node metas-
tasis in the total neck compartment in patients with PTC. In
addition, the overall diagnostic accuracy tended to be higher
for the lateral compartment than for the central compart-
ment. Preoperative assessment of central and lateral cervi-
cal lymph node metastases by US might be used to
determine the extent of surgical resection needed to remove
metastatic lymph nodes in these patients. A central com-
partment neck dissection should be performed with thy-
roidectomy because the negative predictive values were
lower for the central compartment than for the lateral
compartment. Moreover, the false-negative rate for US
images tended to be high for cervical lymph node levels IIb
and V. Thus, a modified radical neck dissection that
includes levels II-V should be performed when metastases
are detected by US in the lateral cervical lymph node com-
partment.
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