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Background: To investigate the value of single-source dual-energy spectral CT imaging in improving the
accuracy of preoperative diagnosis of lymph node metastasis of thyroid carcinoma.

Methods: Thirty-four thyroid carcinoma patients were enrolled and received spectral CT scanning before
thyroidectomy and cervical lymph node dissection surgery. Iodine-based material decomposition (MD)
images and 101 sets of monochromatic images from 40 to 140 keV were reconstructed after CT scans. The
iodine concentrations (IC) of lymph nodes were measured on the MD images and was normalized to that
of common carotid artery to obtain the normalized iodine concentration (NIC). The CT number of lymph
nodes as function of photon energy was measured on the 101 sets of images to generate a spectral HU curve
and to calculate its slope Ayy. The measurements between the metastatic and non-metastatic lymph nodes
were statistically compared and receiver operating characteristic (ROC) curves were used to determine the
optimal thresholds of these measurements for diagnosing lymph nodes metastasis.

Results: There were 136 lymph nodes that were pathologically confirmed. Among them, 102 (75%) were
metastatic and 34 (25%) were non-metastatic. The IC, NIC and the slope Ay, of the metastatic lymph nodes
were 3.93+1.58 mg/mL, 0.70£0.55 and 4.63+1.91, respectively. These values were statistically higher than
the respective values of 1.77+0.71 mg/mL, 0.29+0.16 and 2.19+0.91 for the non-metastatic lymph nodes
(all P<0.001). ROC analysis determined the optimal diagnostic threshold for IC as 2.56 mg/mL, with the
sensitivity, specificity and accuracy of 83.3%, 91.2% and 85.3%, respectively. The optimal threshold for
NIC was 0.289, with the sensitivity, specificity and accuracy of 96.1%, 76.5% and 91.2%, respectively. The
optimal threshold for the spectral curve slope Ay was 2.692, with the sensitivity, specificity and accuracy of
88.2%, 82.4% and 86.8%, respectively.

Conclusions: The measurements obtained in dual-energy spectral CT improve the sensitivity and

accuracy for preoperatively diagnosing lymph node metastasis in thyroid carcinoma.
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Introduction

Thyroid cancer is the most common tumor in head and
neck, with an increasingly high incidence. The lymph
node metastasis rate of thyroid carcinoma was reported
as from 36% to 90% (1-6), and its occurrence has a direct
impact on staging and prognosis. At present, the method
of preoperative diagnosis of lymph node metastasis
mainly includes ultrasound and CT, but the two have
limited specificity, even if combined there are still some
limitations (7-11). The dual-energy spectral CT imaging
can reconstruct material decomposition (MD) images and
a set of virtual monochromatic images with photon energy
ranging from 40 to 140 keV, to generate spectral HU
curve, i.e., CT attenuation as function of photon energy.
The added MD images and spectral HU curve is expected
to help diagnose the cervical lymph node metastasis of
thyroid carcinoma. The aim of this study was to investigate
the value of the dual-energy spectral CT in improving
the accuracy of preoperatively diagnosing lymph node
metastasis of thyroid carcinoma.

Methods
Objects

This was a retrospective study. From January 2015 to
December 2015, 110 patients received cervical and
upper mediastinal CT scan on their first visit to our
hospital due to thyroid mass. The patient admission
criteria included: (I) over 18 years old; (II) postoperative
pathology confirmed to have thyroid cancer; (III) no
other history of cervical tumors except the thyroid
tumor; (IV) no history of radiation treatment in the neck.
The exclusion criteria included: (I) patients didn’t receive
surgical treatment or postoperative pathology confirmed
to be nodular goiter, adenoma, thyroiditis and other
benign lesions (22 cases); (II) pathology confirmed to
be lymphoma (2 cases); (III) lymph nodes in CT images
were less than Smm and patients didn’t receive cervical
lymph node dissection (52 cases). Finally, 34 patients
aging from 18 to 66 (42.24+14.65) years old, including
16 males (47.1%) and 18 females (52.9%), were included
in the study. These patients received thyroidectomy and
cervical lymph node dissection in the head and neck
surgery department in our hospital. And the pathological
results include 32 cases of papillary carcinoma and
2 cases of medullary carcinoma.
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Imaging scanning protocol and analysis

All CT scans were performed on a Discovery CT750 HD
Scanner (GE Healthcare) using the single-source, dual-energy
spectral CT imaging mode with patient in the supine position
and with the neck stretching as far as possible. CT scans
were from the bottom of the skull to the upper margin of the
aortic arch. Detailed scan protocol included: fast tube voltage
switching (0.5 ms) between 80 and 140 kVp, tube current of
260 mA, pitch of 0.984 and rotation time of 0.7 s. All patients
were injected with 90 mL of non-ionic contrast agent via a high-
pressure syringe at a flow rate of 3 mL/s. The scan delay was
45 seconds. Both the iodine-based MD images and 101 sets of
monochromatic images from 40 to 140 keV were reconstructed
after CT scans at 5 mm slice thickness. These images were
transferred to an advanced workstation (AW4.6. GE Healthcare)
for measurement and analysis using the Gemstone Spectral
Imaging (GSI) viewer image analysis software.

A radiologist (L.L.) with over 17 years’ of experience
in head and neck cancer diagnosis reviewed all the CT
images without knowing the pathological results and made
a diagnosis of lymph node metastasis with the conventional
method using the following morphological criteria:
(I) shortest diameter >5 mm on the cross-sectional plane;
(II) significantly enhanced (The CT value was 30HU higher
than that of muscle at the same slice); (II) containing small
calcification; (IV) cystic degeneration (8,12-16).

Another doctor (Y. L.) with 5 years of experience in head
and neck cancer diagnosis measured spectral-CT image
related parameters by drawing region-of-interest (ROIs)
on the image slice containing the primary lesions with the
highest intensity and all the lymph nodes with the shortest
diameter >5 mm, while avoiding necrosis and calcification
regions (Figures 1,2). The measured Spectral CT
parameters included the iodine concentration (IC) and CT
attenuation value (CT number, HU) in the ROIs (17-19).
IC of lymph nodes was measured on the iodine-based MD
images and was normalized to that of common carotid
artery to obtain the normalized iodine concentration (NIC):
NIC = ICon/IC ommon carotid artery- Lhe CT number of lymph
nodes as function of photon energy was measured on the
101 sets of virtual monochromatic images to generate a
spectral HU curve and to calculate its slope Ay using the
following formula: Ay = CT value (40 keV) - CT value
(100 keV)/(100-40), where CT value (40 keV) and CT
value (100 keV) are the CT attenuation measurements at 40
and 100 keV, respectively.
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Spectral HU Curve 2

Figure 1 Male, 44 years of age with thyroid papillary carcinoma. (A) L1 is the primary tumor in the left lobe of the thyroid, with irregular

shape and unclear margin. IC, NIC and Ay, were 3.24, 0.42 and 3.83 mg/mL, respectively; (B) L2 is a right cervical region IV lymph node,

with regular shape and clear margin. IC, NIC, and X y; were 4.72, 0.62, and 5.55 mg/mL, respectively. The pathology was confirmed to

be metastatic; (C) L3 is a left cervical region III lymph node, with regular shape and clear margin. IC, NIC, and A y;; were 1.24, 0.16, and

1.42 mg/mL. The pathology was confirmed to be non-metastatic; (D) the spectral curve between 40 and 100 keV shows that the curve of

metastatic lymph node is above that of the primary lesion, whereas the curve of non-metastatic lymph node is below that of the primary

lesion. IC, iodine concentration; NIC, normalized iodine concentration.

Surgical pathology analysis and grouping

The radiological, surgical and pathological lymph node
division all followed the Som’s criteria and cervical lymph
nodes were divided into 7 regions on bilateral side, with a
total of 14 regions (20). The surgeons marked on the lymph
nodes dissected in each region and surgical specimens
were stained and diagnosed by experienced pathologists.
Combining surgical and pathological results, a total of
34 patients received partial or total thyroid resection and
cervical lymph node dissection, including 32 cases of
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papillary carcinoma and 2 cases of medullary carcinoma. All
lymph nodes measured on the CT images were correlated
with the pathological results according to the lymph node
division during surgery, and were divided into two groups:
metastasis group and non-metastasis group.

Statistical analysis

Statistical data analysis was performed using SPSS19.0
software, the count data was represented as rate, and the chi-
square test (Pearson method and McNemar method) was

J Thorac Dis 2017;9(11):4758-4766
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Spectral HU Curve 2

Figure 2 Female, 22 years with papillary thyroid carcinoma. (A) L1 is the primary tumor in the right lobe of the thyroid, with irregular
shape and unclear margin. IC, NIC and A iy were 2.61, 0.37 and 3.09 mg/mL; (B) L2 is a right cervical region II lymph node, with regular
shape and clear margin. IC, NIC, and A ;i were 4.03, 0.57, and 4.97 mg/mL. The pathology was confirmed to be metastatic; (C) L3 is
a right cervical region IV lymph node, with regular shape and clear margin. IC, NIC, and A ;y were 4.32, 0.62, and 5.13 mg/mL. The
pathology was confirmed to be metastatic; (D) L4 and L5 are left cervical region IV and V lymph nodes, both with regular shape and clear
margin. IC, NIC, and Ay were 1.71, 0.24, 2.17 and 1.45, 0.20, 1.67 mg/mL, respectively. Both were confirmed to be non-metastatic; (E)
the spectral curve between 40 and 100 keV shows that the spectral curve of metastatic lymph nodes (L2, L3) is above that of the primary
lesion, while the spectral curve of non-metastatic lymph nodes (L4, L5) is below that of the primary tumor. IC, iodine concentration; NIC,

normalized iodine concentration. IC, iodine concentration; NIC, normalized iodine concentration.
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Table 1 Metastatic and non-metastatic lymph node distribution in each area

Group llg I g i, Vg \'A Vg A Vg VI, Vil Total
Metastatic 8 5 14 11 19 17 4 1 13 7 3 102
Non-metastatic 6 9 5 8 1 5 0 0 0 0 0 34
Total 14 14 19 19 20 22 4 1 13 7 3 136

None of the region | lymph node was dissected among all the patients, thus not included.

Table 2 Lymph node morphological signs

Shape Margin Calcification Cystic degeneration
Group
Regular Irregular Clear Unclear None Presence None Presence
Metastatic 56 (54.9%) 46 (45.1%) 61(569.8%) 41 (40.2%) 82 (80.4%) 20 (19.6%) 69 (67.6%) 33 (32.4%)
Non-metastatic 34 (100%) 0 34 (100%) 34 (100%) 0 34 (100%) 0
X2 23.170 96.565 7.816 14.524
P <0.001 <0.001 0.005 <0.001

carried out. T test was used to compare the dual-energy
spectral CT parameters between the two groups, and P
value less than 0.05 was considered to indicate a statistically
significant difference. For the comparison among the
metastatic lymph node, non-metastatic lymph node and
primary lesion, the ANOVA test was used, and P value less
than 0.05 was considered to indicate a statistically significant
difference. The receiver operating characteristic (ROC)
study was carried out for diagnosing lymph node metastasis
based on either the morphological signs or Spectral CT
parameters, using postoperative pathological results as the
gold standard. The optimal threshold values of using Spectral
CT parameters for the diagnosis were determined by ROC
curves, and the sensitivity, specificity and accuracy of these
thresholds were calculated, with significance level a =0.05.

Results
Size and distribution of lymph nodes

In our study, a total of 136 lymph nodes (in 34 patients)
with a shortest diameter of over 5 mm were included and
compared with the pathological results after neck dissection.
Among them, there were 102 (75.0%) metastatic lymph
nodes, and 34 (25.0%) non-metastatic lymph nodes. The
shortest diameter of lymph node was 1.18+1.30 c¢m in the
metastatic group and 0.94£1.96 cm in the non-metastatic
group, without a statistically significant difference
(t =-0.663, P=0.511). The distribution of lymph nodes in
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each region is shown in Table 1.

Table 1 shows that the lymph nodes in the metastatic
group mainly distributed in the bilateral cervical deep chain,
tracheal esophageal groove and mediastinum, ranking
from more to less as region IV, III, VI, II, V and VII, and
that non-metastatic lymph nodes distributed mostly in the
cervical deep chain, ranking from more to less as region II,
111, IV, with none in region V-VIIL.

Morphological signs of lymph nodes

The characteristics on shape, margin, calcification and
cystic degeneration of lymph nodes in the metastatic and
non-metastatic groups are shown in 7able 2.

The sensitivity, specificity and accuracy of using irregular
shape in the diagnosis of lymph node metastasis were
45.1%, 100% and 58.8%, respectively. The sensitivity,
specificity and accuracy of using unclear margin were
40.2%, 100% and 55.1%, respectively. The sensitivity,
specificity and accuracy of using calcification in the
diagnosis of lymph node metastasis were 19.6%, 100% and
39.7%, respectively. The sensitivity, specificity and accuracy
of using cystic degeneration in the diagnosis of lymph node
metastasis were 32.4%, 100% and 49.3 %, respectively.

Spectral parameters of lymph nodes

The dual-energy Spectral CT parameters for the lymph

J Thorac Dis 2017;9(11):4758-4766



Journal of Thoracic Disease, Vol 9, No 11 November 2017

node metastasis group, non-metastasis group and primary
lesions are shown in Tible 3.

There were statistically significant differences in IC, NIC
and Ayy between the three groups. Inter-group comparison
showed significant difference of these parameters between
metastatic lymph nodes and primary lesions, as well as
between metastatic and non-metastatic lymph nodes
(P<0.05). Between non-metastatic lymph nodes and primary
lesions, there were significant differences for IC and Ayy
(P<0.05), while no significant difference for NIC (P>0.05).

The area under the curve (AUC) for the ROC study, the
optimal cut-off value (with the maximum Youden index) and
the sensitivity, specificity and accuracy of each parameter in
diagnosing lymph nodes metastasis are shown in 7able 4.

Among the three dual-energy Spectral CT parameters,
the AUC of IC was the highest at 0.928. But there was
no significant difference compared with the other two
parameters (P>0.05). The sensitivity (83.3-96.1%) and
accuracy (85.3-91.2%) of the three Spectral CT parameters
were significantly higher than the sensitivity (19.6-45.1%)
and accuracy (39.7-58.8%) of using the conventional
CT morphological signs, with statistically significant
difference (P<0.005), but the specificities of the Spectral
parameters were lower than the traditional morphological

Table 3 Dual-energy Spectral CT parameters of the lymph node
metastasis group, non-metastasis group and primary lesions

Spectral curve

Group IC (mg/mL) NIC

slope (Ayy)
Metastatic 3.93+1.58 0.70+0.55 4.63+1.91
Non-metastatic 1.77+0.71 0.29+0.16 2.19+0.91
Primary lesion 3.03+1.34 0.46+0.18 3.58+1.58
t 10.866 6.700 9.917
p? <0.001 <0.001 <0.001

a

, stands for t-test between metastasis group and non-
metastasis group. IC, iodine concentration; NIC, normalized
iodine concentration.
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signs (76.5-91.2% vs. 100.0%). Among the three Spectral
CT parameters, the accuracy of NIC was the highest, but
there was no significant difference compared with the
other two parameters (P>0.05). Combining IC (>0.745),
calcification and cystic degeneration, where the presence
of any of the three would be diagnosed as metastatic, the
sensitivity, specificity and accuracy were 93.1% (95/102),
91.2% (31/34), 92.6% (126/136). The diagnostic accuracy
of combining IC and morphological signs was higher
than any of the three dual-energy spectral CT parameters
alone, with a significant difference compared with IC
(P=0.002, McNemar method), while with no significant
difference compared with NIC (P>0.05, McNemar
method). Combining NIC (>0.289), calcification and cystic
degeneration, where the presence of any of the three would
be diagnosed as metastatic, the sensitivity, specificity and
accuracy were 99.0% (101/102), 76.5% (26/34), 93.4%
(127/136). The diagnostic accuracy of combining energy
spectrum parameters with morphological signs was higher
than any of the three dual-energy spectral CT parameters
alone, with a significant difference compared with IC
and slope (P=0.027, 0.022, McNemar method), while
without significant difference compared with NIC (P>0.05,
McNemar method).

Discussion

Thyroid cancer is the most common tumor in the head
and neck. Clinicians concern a lot about whether there
is cervical lymph node metastasis, because it is closely
related to surgical planning and prognosis (7,10,21,22). For
patients without distant metastasis, lymph node metastasis
is a key factor in determining treatment options. According
to previous articles, the sensitivity, specificity and accuracy
of using ultrasound, CT and ultrasound combined with
CT for diagnosing lymph node metastasis are 51-82%,
88-97%, and 77-81% (2,8,13,15,16). Traditional
methods of diagnosing lymph node metastasis based on
morphological features mostly have high specificity but low

Table 4 Diagnostic value of four energy spectrum parameters in the diagnosis of metastatic lymph nodes

Parameters Youden index AUC Cut-off value Sensitivity (%) Specificity (%) Accuracy (%)
IC 0.745 0.928 >2.56 83.3 91.2 85.3
NIC 0.726 0.875 >0.289 96.1. 76.5 91.2
Spectral curve slope 0.706 0.907 >2.692 88.2 82.4 86.8

AUC, area under the curve; IC, iodine concentration; NIC, normalized iodine concentration.
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sensitivity, and the overall accuracy is limited. Dual-energy
Spectral CT provides not only the traditional morphological
characteristics, but also material separation information
and energy spectrum-related parameters. In our study, we
evaluated the clinical advantages of the combination of
morphological characteristics and dual-energy spectral CT
parameters in improving the sensitivity and accuracy for
lymph node metastasis diagnosis.

CT imaging features such as size, shape, margins (whether
invasive), calcification and necrotic/cystic degeneration
have been widely used to diagnose lymph node metastasis
of thyroid cancer. The size of the metastatic lymph
node in thyroid cancer is often small (less than 1.0 cm),
bringing difficulty to diagnosing lymph node metastasis
based on size (23). Although the shape and margin features
of lymph nodes contribute to the diagnosis of metastasis,
the signs are significantly influenced by the observer's
subjective factors and have a poor stability. In our study, the
sensitivity (45.1%, 40.2%) and accuracy (58.8%, 55.1%) of
using the conventional CT imaging features were low, and
the diagnostic value was limited. Calcification and necrotic/
cystic degeneration are easy to determine on CT, have a
high consistency among observers and these signs provided
a high specificity (100%) in our study, but the sensitivity
(19.6%, 40.2%) and accuracy (58.8%, 55.1%) were very
low, which is consistent with the previous literatures
(2,8,15,16), and the practical value is also limited.

At present, the application of dual-energy Spectral
CT mainly includes the following four aspects: material
separation, single energy imaging, energy spectral curve
and the effective atomic number. In the field of medical
diagnosis, the iodine map (IC) in the material separation
and the slope of the curve in the energy spectral curve are
often used in the diagnosis of benign and malignant lesions
(17-19). In our study, all three spectral CT parameters, IC,
NIC, and Ayy, had a relatively high diagnostic value in the
diagnosis of thyroid cancer lymph node metastasis, which
was significantly higher than that of the CT morphological
signs. IC was a directly measured parameter, and the other
two were calculated parameters. The results of IC, NIC and
Agu were consistent with previous studies in the lung, liver
and pancreas (19,24-26). The IC in tumors or organs is
typically a direct reflection of blood flow (27,28). However,
due to the specific iodine-uptake nature of thyroid, elevated
IC in thyroid may be the sum of blood-supply and the
intrinsic iodine uptake by thyroid. Our results indicated
that the metastatic lymph nodes had higher IC than thyroid
carcinoma which in turn had higher IC than the non-
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metastatic lymph nodes. We hypothesize that thyroid
carcinoma had abnormal blood supply that increased the
IC. But this IC increase was tempered by the reduced iodine
uptake ability of the thyroid carcinoma which partially
offset the blood flow-induced IC increase. On the other
hand, the IC increase in metastatic lymph nodes was mainly
due to the increased blood supply itself. Our study showed
that in the diagnosis of cervical lymph node metastasis, the
AUC of IC was the highest (0.928), and the accuracy of
NIC was the highest (91.2%), but the specificity of NIC
(76.5%) was lower than that of IC (91.2%). On the one
hand, IC is a direct measure, while NIC is the ratio of two
measurements, thus IC is easier to obtain. At the same time,
this study also observed that the Ay, of metastatic lymph
nodes (4.63+1.91) was higher than that of thyroid primary
tumors (3.58+1.58), and the latter was higher than that of
non-metastatic lymph nodes (2.19+0.91).

Calcification, necrosis/cystic degeneration signs on the
CT are easy to recognize and highly consistent among
observers. Combined with morphological signs such as
calcification and necrotic/cystic degeneration, the sensitivity,
specificity and accuracy of IC were increased respectively
from 83.3%, 91.2%, 85.3% to 93.1%, 91.2%, 92.6%, and
the sensitivity, specificity and accuracy of NIC were increased
from 96.1%, 76.5%, 91.2% to 99.0%, 76.5%, 93.4%. Both
IC and NIC combined with morphological signs had a
diagnostic value higher than those of IC, NIC, and Ay alone
in the diagnosis of lymph nodes metastasis. IC combined
with morphological signs was more balanced in terms of
providing high values in both sensitivity and specificity, and
IC is a direct measurement, which is easy to obtain.

Limitations of this study: 136 lymph node lesions came
from 34 patients, which make the data have a certain
homology, reducing the reliability of the results. The
number of metastatic group was significantly higher than
that of non-metastatic group, which may bring bias to the
results and may overestimate the sensitivity and accuracy.
The combination of morphological signs and spectral
CT-specific parameters did not improve the specificity of
differentiating the metastatic and non-metastatic lymph
nodes. This may also because the sample size was small
and the distribution between the metastatic and non-
metastatic lymph nodes was significantly uneven. Also, we
didn’t compare the accuracy of dual-energy Spectral CT
parameters with the accuracy of ultrasound diagnosis.

In conclusion, compared with CT morphological signs,
the dual-energy Spectral CT parameters have a high value
for the diagnosis of thyroid cancer cervical lymph node

J Thorac Dis 2017;9(11):4758-4766
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metastasis, and are less affected by the observers’ subjective
judgment. Among them, IC is the most readily available
spectral parameters. Combining CT morphological signs
such as calcification and necrotic/cystic degeneration
with Spectral CT specific parameters such as IC further
improves the diagnostic accuracy.
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