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Abstract

Background: The preoperative assessment of cervical lymph node metastasis (LNM) is considered a challenging clinical problem
in papillary thyroid microcarcinoma (PTMC) patients. Ultrasonic examination is significant for the cervical LNM in PTMC patients,
but there are difficulties and limitations in observing lymph nodes in the cervical central region.

Objectives: To investigate the diagnostic value of dual-energy computed tomography (DECT) iodine for characterization of PTMC
and better prediction of metastatic cervical lymph nodes of PTMC.

Patients and Methods: Ninety-five patients with PTMC who underwent DECT examinations were retrospectively enrolled in the
study. The iodine image morphological features of primary tumor were analyzed in the arterial phase and quantitative DECT pa-
rameters of the primary tumor were recorded in the arterial and venous phase. Chi-square test and independent-sample t test were
performed to compare the differences of morphological features and quantitative parameters of tumors between LNM and non-
LNM groups. Receiver operating characteristic curves were generated to assess the diagnostic performance of each DECT parameter
and their combinations.

Results: Six primary tumor morphological features of the LNM group demonstrated significant differences compared with the
non-LNM group (all p < 0.05). Normalized iodine concentration (NIC) and normalized CT value in the LNM group were significantly
higher than those of the non-LNM group in both arterial and venous phase, respectively (all p < 0.001). The area under the curve
(AUC) was improved from 0.814 to 0.843 after adding maximum diameter compared with incomplete thyroid capsule alone. In
addition, the combination of NICs in arterial and venous phases had higher AUC than other quantitative parameters.

Conclusion: Morphological features and quantitative parameters of DECT are valuable for predicting cervical LNM in patients with
PTMC.
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1. Background

Papillary thyroid carcinoma (PTC) is the most fre-
quently malignant tumor of the thyroid gland. The inci-
dence of PTC has increased rapidly worldwide in the re-
cent years, mainly because of the early detection of papil-
lary thyroid microcarcinoma (PTMC), which is defined as
PTC < 1cm in the greatest dimension (1). PTMC has a rel-
atively good prognosis, with a high survival rate and low
recurrence rate. However, the treatment of patients with
PTMC is controversial. Studies by Pacini (2) and Zhang et
al. (3) showed that PTMC had all the biological character-
istics of malignant tumors and the lymph node metastasis

(LNM) rate was up to 50% with the main predictors of inva-
sion, recurrence, and distant metastases. The 2015 guide-
lines of the American Thyroid Association do not recom-
mend cervical lymph node dissection (LND) in PTMC pa-
tients without clear evidence of existing LNM (4, 5). At
present, whether PTMC patients need thyroidectomy or
cervical LND depends on the occurrence of cervical LNM.
Some studies have predicted the LNM by clinical and patho-
logic features, but the results were varied, and further in-
vestigation is warranted (3, 6, 7). Ultrasonic examination is
significant for the preoperative diagnosis of cervical LNM
in PTMC patients; however, it has difficulties and limita-
tions for observing the lymph node at the cervical central
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region. Several studies have found that dual-energy com-
puted tomography (DECT) is prior to conventional CT in vi-
sualizing the morphological edge and internal structure
of lesions, and the iodine image obtained from DECT is
helpful in differential diagnosis of benign and malignant
thyroid nodules (8, 9).

2. Objectives

The aim of this retrospective study was to provide new
evidence for characterization of PTMC and better predic-
tion of metastatic cervical lymph nodes in PTMC patients
with DECT.

3. Patients and Methods

3.1. Patients

This retrospective study was approved by our institu-
tional review board and patient consent was waived. All
neck DECT examinations performed between January 2013
and June 2018 were retrospectively reviewed. A radiologist
who had access to complete patient files, including clin-
ical, surgical, histopathological data and ultrasound re-
sults, as well as CT reports, reviewed the DECTs of PTMC pa-
tients with pathological nodes, either LNM or non-LNM in
the neck. Tissue diagnosis and interpretation were based
onthe 2015 guidelines of the American Thyroid Association
(4). The selection process for PTMC patients is shown in Fig-
ure 1. Finally, a total of ninety-five PTMC patients (24 men, 71
women,; average age of 43.32 £ 11.34 years; LNM, n=59; non-
LNM, n=36)were included in the study. And the number of
subclinical LNM cases diagnosed by ultrasound was only 7,
but ultrasound results showed cervical lymphadenopathy
in 23 of non-LNM cases. All patients were from southwest
China (most of the patients were from Yunnan Province)
and received primary treatment in our hospital.

3.2. Dual-Energy CT Scan Protocol

All CT scans were performed on a second-generation
128-section dual-source CT scanner (SOMATOM Definition
Flash; Siemens Healthcare, Forchheim, Germany). The
DECT protocol was as follows: tube A, 80 kVp, reference cur-
rent time product of 150 mAs per rotation; tube B, Sn140
kvp with tin filter, automatic tube current. Dedicated
tube current-modulation software (CARE Dose 4D, Siemens
Healthcare) automatically set the tube current in real time
to reduce the radiation dose. Additional parameters were:
128 X 0.6 mm collimation, 0.28 s rotation time, 0.7 pitch,
0.75 mm slice thickness, 0.50 mm slice increment, linear
blended M = 0.5, and convolution kernel D30f. Contrast
medium (iopromide injection, 370 mgl/mL, Bayer Health-
care, Germany) was injected through an antecubital vein

at a flow rate of 3 mL/s with a total amount of 65 mL. The
test bolus technique was used to determine the scan delay
time. The aortic arch was selected as the monitoring level,
and 100 Hounsfield unit (HU) was selected as the trigger
threshold. The delay time of arterial phase was 5 s after in-
jection, and venous phase was 25 s later. DECT examination
has radiation risks, but we monitored radiation for each
patient and followed the criteria of as low as reasonably
achievable.

3.3. Analysis of Morphological Features and Quantitative Pa-
rameters in lodine Images

The dual-energy data of arterial and venous phases
were loaded into a dual-energy virtual non-contrast (VNC)
application software package (Multi-Modality Workplace
70212, Siemens Healthcare, Forchheim, Germany). The
analysis of PTMC morphological features and measure-
ment of quantitative parameters were performed by two
senior radiologists with 10 years of experience in head and
neck radiology. The radiologists focused only on tumor
and were blind about clinical information and pathologi-
calresults of LNM. The final diagnosis was arrived at by con-
sensus. PTMC morphological features of primary lesions
were analysed in the arterial phase, including multiple le-
sions (number of lesions > 1, and located lesions based
on pathological findings), maximum diameter of nodule
> 5.0 mm, aspect ratio > 1(the anteroposterior and trans-
verse diameter ratio [A/T] on axial view), irregular shape,
incomplete nodule enhanced ring (i.e. enhanced ring of
PTMC nodular is incomplete), incomplete thyroid capsule
(i.e. defined as the imaging findings of PTMC invasion out-
side the thyroid capsule), microcalcification (calcification
with diameter < 2.0 mm), and enhanced degree of the re-
gion of interest (ROI) in arterial phase (mild and moder-
ate enhancement when the net increased CT value was <
40 HU, and significant enhancement when it was > 40 HU)
(10).

Iodine concentration (IC) and CT value of the arte-
rial and venous phase were measured separately at the
solid components of PTMC and ipsilateral internal carotid
artery by placing ROIs at the same slice in the largest cross-
sectional area of the lesions, and carefully avoiding calci-
fication and necrosis. The accurate tumor location infor-
mation was based on pathological results. Cases with un-
clear solid component of the lesion were excluded. ROIs ac-
counted for 70% to 80% of the total area of the PTMC solid
components at the largest level. All measurements were
performed three times by the two above-mentioned radiol-
ogists and the average values were calculated. In addition,
normalized IC (NIC) and CT value were calculated as fol-
lows: NIC = ICroi[ICinternal carotid artery; NOrmalized CT value =
CcT ROI/ CTinternal carotid artery-
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532 patients suspected papillary thyroid
carcinoma underwent thyroidectomy from
January 1, 2013 to December 31,2017.

Exclusion step 1, n =227 - Tube voltage or tube current is different from

- No DECT exam (n=173)

v

Patients with thyroid nodules who underwent
standard DECT exam (n =305)

Exclusion step 2, n =210

standard scanning (n =36)
- Lesions with poor image quality (n =6)
- Only postoperative DECT (n =12)

v

- Lesions size more than 1.0 cm (n =163)
- Non PTMC confirmed by pathology (n =4)

PTMC patients with standard DECT exam (n =95)

v

- No cervical central and lateral LND (n =38)
- PTMC with other tumors (n =5)

PTMC with cervical LNM (n =59)

PTMC without cervical LNM (n= 36)

Figure 1. Selection process for papillary thyroid microcarcinoma (PTMC) patients in this retrospective study

3.4. Statistical Analysis

All analyses were performed using the statistical soft-
ware SPSS® II for Windows v. 22.0 (IBM SPSS Inc., Chicago,
IL, USA). A P value < 0.05 was considered to indicate a sig-
nificant difference. All measured values were expressed as
mean = standard deviation. Chi-square and Fisher exact
tests were used for categorical data. The Spearman’s rank
correlation analysis was used to evaluate the correlation
between iodine image morphological features in primary
lesions and cervical LNM in patients with PTMC. An inde-
pendent two-sample t test was used to compare the dif-
ferences of six quantitative parameters between the LNM
group and the non-LNM group in both arterial and venous
phases. In addition, diagnostic efficiency of various DECT
parameters was evaluated and compared using receiver-
operating characteristic (ROC) curves analysis.

4. Results

4.1. Association of Morphological Features with Cervical LNM in
lodine Image

The boundary and internal structure of PTMC in iodine
images were more clear than those in the linear blend-
ing images (Figure 2A-C and Figure 3A-D). Incomplete thy-
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roid capsule (Figure 2D and Figure 3D), multiple round
low-density nodules, and blurred edge in the thyroid (Fig-
ure 2C) could be shown in the iodine images. Table 1
demonstrates the correlation between morphological fea-
tures and cervical LNM. Six features of the iodine image
were significantly related to cervical LNM: multiple lesion,
maximum diameter > 5 mm, aspect ratio > 1, irregular
shape, incomplete nodule enhanced ring, and incomplete
thyroid capsule. Microcalcification and enhanced degree
were not significantly related to the presence of cervical
LNM. The correlation rank was as follows: incomplete thy-
roid capsule (r = 0.495), multiple lesion (r = 0.397), “aspect
ratio> 1” (r = 0.348), irregular shape maximum (r=0.309),
“maximum diameter > 5 mm” (r = 0.303), incomplete nod-
uleenhanced ring (r=0.258)(Table1). Diagnostic efficiency
of morphological features for prediction of LNM is pro-
vided in Table 2. The sign of incomplete thyroid capsule
in primary lesions had the highest diagnostic efficiency
for the potential of LNM: sensitivity = 77.97%, specificity
= 72.22%, accuracy = 75.79%, AUC = 0.757. After combin-
ing two significant morphological features, the sensitivity
was significantly increased, but the specificity decreased.
Combination of incomplete thyroid capsule and “maxi-
mum diameter > 5 mm” had the highest diagnostic effi-
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ciency among all parameters. AUC of this combination was
higher than that of alone incomplete thyroid capsule and
“maximum diameter > 5 mm” (Table 3).

4.2. Differences in DECT Quantitative Parameters between LNM
and Non-LNM Groups

Comparisons of ICROI, IC internal carotid artery, NIC,
CT value ROI, CT value internal carotid artery, and normal-
ized CT value in the arterial and venous phases are shown
in Figure 4A-F. No significant difference was found in ICROI,
ICinternal carotid artery, CT value ROI, or CT value internal
carotid artery between LNM group and non-LNM group (all
Ps > 0.05). However, the NIC and normalized CT value of
the LNM group were statistically higher than those of the
non-LNM group in both phases (all Ps < 0.05).

4.3. Diagnostic Efficacy of Alone and Combined DECT Quantita-
tive Parameters

ROC curve was drawn to compare the comprehensive
diagnostic efficiencies of the four statistically significant
quantitative parameters (Figure 5A). The ROC curve analy-
sis found that the AUC of the NIC in the arterial phase was
the highest, with an area under the ROC curve of 0.814. Tak-
ing 0.208 as the threshold, the sensitivity was 73.50% and
the specificity was 79.20%. The diagnostic efficiency rank of
AUC was NIC in the arterial phase, NIC in the venous phase,
normalized CT value in the arterial phase, and normalized
CT value in the venous phase. Figure 2E-H and Figure 3E-H
showed the NIC of iodine image in a PTMC patient with cer-
vical LNM and their pathological results. After combining
two parameters separately in four significant parameters
and comparing their ROCs, the combination of NICs in the
arterial and venous has higher diagnostic efficiencies and
AUC (0.843) than the other combinations (Figure 4B).

5. Discussion

Ultrasound is the most commonly used imaging ex-
amination for diagnosis of PTMC. The advantage of CT ex-
amination is that the cervical lymph nodes can be ob-
served. Previous studies found that DECT-derived iodine
content and overlay differ significantly among normal, in-
flammatory and metastatic squamous cell carcinoma cer-
vical lymph nodes (11). However, there are still difficulties
in locating cervical lymph nodes and the missed diagno-
sis of subclinical cervical LNM. Therefore, the main clini-
cal significance of this study is that the clinical diagnosis
of cervical LNM could also be implemented by analyzing
the primary tumor of PTMC, even if the cervical LNM is not
clear.

In this study, the metastasis rate of incomplete thyroid
capsule in the LNM group (77.97%) was significantly higher

than that in the non-LNM group (27.78%), and incomplete
thyroid capsule had the highest correlation and diagnos-
tic efficacy among morphological features. Its pathologi-
cal mechanism is that PTMC may invade the thyroid cap-
sule, and expand the contact area between the PTMC and
lymphatic vessels and blood vessels, because it mostly oc-
curs in the marginal region of the thyroid gland (12). The
incidence of LNM in multiple lesions was higher than that
in a single lesion (71.19% Vs 30.56%) in our study, which was
consistent with the results of a study conducted by Zhao et
al. (13). This result was associated with the spread of can-
cer tissue in the thyroid gland, and multiple lesions also
increased the possibility of PTMC occurring at the thyroid
marginal region which leads to an increased risk of LNM
(14). In addition, LNM was more likely to occur when the
maximum diameter was> 5 mm, and the aspectratio> 10of
PTMC and metastasis rates increased by 30.14% and 31.97%,
respectively. Several previous reports (15,16) indicated that
the maximum diameter was linearly related to the cervi-
cal LNM, and a maximum diameter > 5 mm can be used to
predict metastasis and prognosis of PTMC, because the mi-
crovessels inside the larger PTMC are more abundant. The
aspect ratio > 1 suggests that the PTMC grew in a noncir-
cular shape and there is a possibility of multipolar inva-
sive growth. When the PTMC showed incomplete nodule
enhanced ring, the metastasis rate of the LNM group in-
creased by 20.39% compared with the non-LNM group, in-
dicating that PTMC broke through its own capsule and in-
filtrated the thyroid gland. Therefore, incomplete thyroid
capsule, maximum diameter > 5.0 mm, irregular shape,
and incomplete nodule enhanced ring could indicate that
PTMC broke through the thyroid capsule and the tumor’s
own capsule, increasing the chance of PTMC contact with
the surrounding capillary lymphatic vessels and the poten-
tial of cervical LNM. Further, combining incomplete thy-
roid capsule and maximum diameter can improve the di-
agnostic performance of LNM. In addition, we found that
iodine image has an advantage over linear blending image
in showing the structure of PTMC, especially the edge of
the primary tumor. Surprisingly, the detection rate of mi-
crocalcification was low, and there was no correlation with
LNM in the neck in this study, because the growth period
of PTMC was short and there was less calcium deposition
in infarcted tumor tissue and mucopolysaccharide calcifi-
cation (17).

Compared with traditional morphological features,
PTMC quantitative parameters of DECT are also significant
for predicting cervical LNM. In this study, the results indi-
cated that NICs and normalized CT values in arterial and
venous phases had some value in predicting cervical LNM.
Related research (18) showed that when the maximum di-
ameter of PTMC was > 3 mm, the vascular density and tu-
mor neovascularization were significantly increased, and
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Figure 2. A 52-year-old male papillary thyroid microcarcinoma (PTMC) patient with lateral lymph node metastasis (LNM). The left lobe nodule of the thyroid was found after
the health examination. Postoperative pathological results showed that the maximum diameter of the left PTMC with lateral LNM. Dual-energy linear blending image in non-
enhanced CT images and arterial phase (A,B). lodine images (C-F). Compared with the linear blending images, the boundary and internal structure of PTMC were clearer in
the iodine image (black and white arrow in B, C). The iodine images show the left thyroid lobe’s multiple noncircular low density lesions (white arrows in C, D). Incomplete
thyroid capsule (white arrow in C), multiple lesion (white arrow in D), and normalized iodine concentration (NIC) of PTMC in arterial phase = 0.259 (E). All morphological
features and quantitative parameters suggest that the thyroid nodules were malignant, and the cervical LNM potential was high. Image F shows a metastatic lymph node
in the right area of the neck (white arrow). Postoperative pathological results showed that the maximum diameter of the left PTC was 7.0 mm (G, H&E staining, X 200) with
lateral LNM (H, H&E staining, X 200).

Figure 3. A 62-year-old female patient with papillary thyroid microcarcinoma (PTMC) and central lateral lymph node metastasis (LNM). PTMC was shown on dual-energy linear
blending image in arterial phase (white arrow, A). Iodine images (B - F). PTMC with microcalcifications (white arrow, B). Incomplete nodule strengthening ring (white arrow,
C). Incomplete thyroid capsule (white arrow, D). Normalized iodine concentration (NIC) of PTMC in arterial phase = 0.4 (E). The left central group LNM in the iodine image
(white arrow, F). Postoperative pathological assessment shows PTMC and LNM (G,H); (H&E staining, X100 and X 40, respectively).

the neovascular basement membrane was not well devel- tential. The ROC analysis showed that when the diagnostic
oped, leading to the larger vascular endothelium gapand  threshold of NICROI in arterial phase was 0.208, the AUC
the higher permeability. Therefore, blood flow was richer =~ was 0.814, which is the highest of the four quantitative pa-
in larger-diameter PTMC, and the NIC and standardized CT ~ rameters of iodine images. The sensitivity and specificity
values were higher, resulting in higher LNM metastaticpo- ~ were 73.5% and 79.2%, respectively, which were better than
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Table 1. Correlation Between Morphological Features in PTMC and Cervical LNM

Morphological PTMC with LNM )
features X . X P r P
Negative (n=36)  Positive (n=59)
Multiple lesion 14.965 < 0.001° 0.397 < 0.001
Present 11(30.56) 42(71.19)
Absent 25(69.44) 17(28.81)
Maximum 8.724 0.004" 0303 0.003"
diameter, mm
> 5.0 16 (44.44) 44(74.58)
<5.0 20 (55.56) 15 (25.42)
Aspect ratio > 1 11.494 0.002° 0348 0.001°
Present 19 (52.78) 50 (84.75)
Absent 17(47.22) 9(15.25)
Irregular shape 8.097 0.007° 0309 0.004"
Present 20 (55.56) 41(69.49)
Absent 16 (44.44) 18 (30.51)
Incomplete nodule 6324 0.025" 0.258 0.012°
enhanced ring
Present 25(69.44) 53(89.83)
Absent 11(30.56) 6(10.17)
Incomplete 23.272 < 0.001° 0.495 < 0.001°
thyroid capsule
Present 10 (27.78) 46(77.97)
Absent 26(72.22) 13 (22.03)
Microcalcification 1411 0.337 0.122 0.239
Present 7(19.44) 18 (30.51)
Absent 29(80.56) 41(69.49)
Enhanced degree 1.475 0.242 0.119 0.229
Mild and 26(72.22) 27(45.76)
moderate
Significant 10 (27.78) 32(54.24)
Abbreviations: LNM, lymph node metastasis; PTMC, papillary thyroid microcarcinoma.
*Values are expressed as No. (%).
l)Signiﬁcance was considered when P < 0.05.
Table 2. Diagnosis Efficiency of Morphological Features in PTMC for Cervical LNM
Morphological features Sensitivity, % Specificity, % Accuracy, % AUC
Multiple lesion 7110 69.40 70.50 0.703
Maximum diameter 74.50 55.60 67.40 0.595
Aspectratio > 1 84.70 47.20 70.50 0.660
Irregular shape 69.49 44.44 60.00 0.570
Incomplete nodule enhanced ring 89.83 30.56 67.36 0.602
Incomplete thyroid capsule 77.97 72.22 75.79 0.757

Abbreviations: AUC, the area under the curve; LNM, lymph node metastasis; PTMC, papillary thyroid microcarcinoma.

those in the venous phase. The reason might be the arterial
phase images showed more neovascularization branches
of the tumors, with a high permeability. When normal
follicular cells in PTMC were replaced by cancer cells and

hyperplastic interstitial fibres, the iodine uptake capacity
was reduced significantly, resulting in a lower IC (19). The
growth of PTMC is mainly divided into two periods: slow
growth without vascularization (pre-vascular phase) and
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Table 3. Diagnosis Efficiency of Feature Combinations in PTMC for Cervical LNM

Feature combinations Sensitivity, % Specificity, % Accuracy, % AUC

AandB 94.92 55.56 80.00 0.752
Aand C 93.22 55.56 78.95 0.744
AandD 93.22 52.78 77.89 0.730
Aand E 93.22 63.89 82.11 0.786
AandF 94.92 38.89 73.68 0.669
Band C 96.61 44.44 76.84 0.705
Band D 89.83 44.44 72.63 0.671
BandE 93.22 38.89 72.63 0.661
Band F 93.22 36.11 7158 0.647
CandD 88.14 41.67 70.53 0.649
CandE 91.53 47.22 74.74 0.694
Cand F 91.53 3333 69.47 0.624
DandE 91.53 38.89 7158 0.652
DandF 91.53 41.67 72.63 0.666
Eand F 93.22 36.11 71.58 0.647

Abbreviations: A, Incomplete thyroid capsule; AUC, the area under the curve; B, Multiple lesion; C,aspectratio> 1; D, irregular shape; E, maximum diameter; F,incomplete
nodule enhanced ring LNM, lymph node metastasis; PTMC, papillary thyroid microcarcinoma.
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Figure 4. Iodine values and CT values in PTMC for prediction of cervical LNM. A and B, IC of PTMC and ICA in arterial and venous phases; C and F, Comparison between
non-LNM group and LNM group in the NICs and normalized CT values. D and E, CT values of PTMC and ICA in arterial and venous phases. Bars mean standard deviation. *,
Significance was considered when P < 0.05; **, significance was considered when P < 0.01; ***, significance was considered when P < 0.001. LNM, lymph node metastasis; IC,
iodine concentration; RO, region of interest; ICA, internal carotid artery; NIC, normalized iodine concentration. PTMC, papillary thyroid microcarcinoma.

rapid growth with a large number of neovascularizations
(vascular phase). PTMC growth during the vascular phase
is accelerated, so that LNM is more likely to occur during
this period. Several studies have found that the LNM poten-
tial of PTMC was closely related to the density of lymphatic
vessels and microvessels (20, 21). Further, when combining
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NICsin both arterial and venous phases, the diagnostic per-
formance was improved compared with quantitative pa-
rameters alone. According to the results in this study, we
should pay more attention to those PTMC patients with CT
morphological features and quantitative parameters, es-
pecially incomplete thyroid capsule and NICROJ, and then
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Figure 5. ROC (receiver operating characteristics) curves of iodine values and CT values for the diagnosis of lymph node metastasis (LNM) in patients with papillary thyroid mi-
crocarcinoma (PTMC). A, ROC comparison of normalized iodine concentration (NIC) in arterial phase, normalized CT value in arterial phase, NIC in venous phase, normalized
CT value in venous phase; and B, Combinations of two parameters in the four significant iodine values and CT values.

carefully examine the neck for suspicious LNM. ically confirmed PTMC cases with dual-energy CT exami-
nation of the neck, which is why univariate and multi-

The present study had some limitations. First, this ret-  yarjate logistic regression were not used to determine the

rospective study enrolled a limited number of patholog-
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factors with a statistically significant effect on LNM. We
would rather had used Spearman’s rank correlation anal-
ysis. Thus, further studies with large samples are needed.

In conclusion, incomplete thyroid capsule and NIC of
PTMC in the arterial phase could provide useful informa-
tion in potential for cervical LNM. Furthermore, the combi-
nation of DECT parameters and morphological features of
PTMC facilitates the discrimination of LNM and non-LNM,
leading to more accurate diagnosis than using morpholog-
ical features or quantitative parameters alone.
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