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[ Abstract] Background and purpose: Pre-operative imaging examination is especially critical to the guidance
on the selection of surgical methods of papillary thyroid cancer. This study aimed to quantitatively assess the diagnostic
value of dual-energy computed tomography (CT) imaging for cervical lymph nodes metastasis in patients with papillary
thyroid cancer. Methods: This study was approved by the ethics committee, and all patients were provided with written
informed consent. Fifty-five consecutive patients with suspected thyroid cancer were prospectively enrolled, and
underwent enhanced dual-energy spectral CT scan from August 2016 to May 2017. The quantitative dual-energy CT
imaging and qualitative conventional CT scanning data were analyzed and compared by different groups of radiologists.
A region of interest was drawn in the cervical lymph nodes with a maximal short axial diameter of greater than or equal
to 5 mm. The normalized iodine concentration (NIC) and the slope of the spectral Hounsfield unit curve () during
both arterial and venous phases were measured respectively from iodine overlay images and spectral curves. Two-sample
t test was performed to compare quantitative parameters at dual-energy CT between the histopathologically proven
benign and metastatic lymph nodes. Receiver operating characteristic (ROC) curves were generated for sensitivity
and specificity analyses as well as evaluating the diagnostic value of dual-energy CT imaging and conventional CT
features. Results: A total of 212 nodes were detected, including 88 benign and 124 metastatic lymph nodes which
were successfully matched and labeled during surgery. By using the conventional CT features including node size,
degree and pattern of enhancement, necrosis, as well as extranodal extension for detection of metastatic lymph nodes,
sensitivity, specificity and accuracy were 4.0%-79.0%, 63.6%-100.0% and 43.9%-72.6%, respectively. Both arterial and
venous phases NIC and Ay, were significantly higher in metastatic than in benign lymph nodes (all P<0.001). The best
quantitative parameter for detection of lymph nodes metastasis was arterial phase NIC with optimal threshold value of
25.8%. The sensitivity, specificity, accuracy, positive predictive value and negative predictive value were 90.3%, 96.6%,
92.9%, 97.4% and 87.6%, respectively. The area under curve (AUC) of arterial phase NIC and A, were significantly
higher than those of venous phases (all P<0.001). Conclusion: Compared with qualitative conventional CT features,
quantitative parameters associated with NIC and Ay, at dual-energy CT showed higher accuracy and better diagnostic
performance for cervical lymph nodes metastasis in patients with papillary thyroid cancer.

[ Key words ] Papillary thyroid carcinoma; Lymph nodes; Tomography, X-ray computed
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Tab.1 The distribution of lymph nodes in the metastasis group and non-metastasis group

Lymph node level I I \Y \Y Vi VI
Metastasis group 0 11 24 20 41 7
Non-metastasis group 10 42 7 5 1 0
Total 10 53 31 25 42 7

F2 PTCHEBMELEEMCTREFZRIISHHEE

Tab.2 The diagnostic effectiveness of conventional CT morphological manifestations for PCT patients with metastatic lymph nodes

Number of case

CT characteristic P value Sensitivity/% Specificity/% Accuracy/%
Metastasis group  Non-metastasis group

Short diameter > 10 mm 56 25 <0.05 45.2 71.6 56.1
Obvious enhancement 98 32 <0.001 79.0 63.6 72.6
Inhomogeneous enhancement 35 2 <0.001 28.2 97.7 57.1
Cystic degeneration/necrosis 18 0 <0.001 14.5 100.0 50.0
Calcification 20 0 <0.001 16.1 100.0 50.9
Invasion to surrounding tissue 5 0 0.078 4.0 100.0 439




(P BBZEAER L) 2018452857

501

22 WEEECTEGEESN

AL 2 1280 ELZ5 3 T Sl ik . FRKIIIC
M Mgk mh gt (K1) o BB S5KER
kI K F BRI BINIC . 22 F A G
S (P<0.001, 3£3) . ShkHI A EKIHNIC,
oS 2 W RE WL 324, LA R A B 455000 2
SAFEZWHME (£4) , HFLHEIRRROC
Mgk (K2, 3) o SKIANIC, Sk, F#E
JOK A Ly X P T C 255 7 B% bk B2 45 12 WAl B 4
B AEL W G 2> 9 925.8% . 1.139F11.362,
H R 3 5°890.3% . 87.9%H182.3%, 455

JE 4> 996.6% . 98.9%F195.5%, AUCTH S5
$70.986. 0.976F10.913, Bk 5 &Ik HINIC
BWIPTCH Rk EL45ROCHTZE XT L, i AL ]
Z5250.089, Z{H=4.338, LR HGI¥E X
(P<0.000 1) ; Zhik#5 &KL, 2 KROCH
At MR 2255 50.0625, Z{H=3.057, 2%
SEGEE X (P=0.002 2) , FKHNIC K
Ao 2 Wi B RE XS & TRk . 4061612 I PTC
TEB MR L5 EE AL B F T, BRI CTIZ Wt Ik 1 45
HREE (BO0RBINEBIEMRELSS) 36/,

B 1 AGIEENNEME AT, FRIKEEIR ENE K feik B AT

Fig. 1 Determination of iodine concentration and energy spectrum curve in arterial phase and venous phase of the cervical lymph nodes of

one PTC patient

A and B show that the NIC values of two metastatic lymph nodes compared with one benign lymph node in the arterial phase are 36.1%, 32.1% and
16.3% respectively. D and E show that the NIC values of two metastatic lymph nodes compared with one benign lymph node in the venous phase are
56.6%, 42.6% and 35.1% respectively. C and F are the Hounsfeld unit curve in the arterial phase and the venous phase respectively. The yellow and
white lines stand for metastatic lymph nodes, while the green line represents benign lymph nodes. The Hounsfeld unit curves of the white and yellow
lines and the green line are significantly different. The 4, of two metastatic lymph nodes compared with one benign lymph node in the arterial phase
are 1.46, 1.47 and 1.00 respectively, while the 4, of two metastatic lymph nodes compared with one benign lymph node in the venous phase are 1.57,

1.59 and 1.27, respectively

#* 3 PTCHEBASAEBAMELEIBRE. BKHINIC, L

Tab.3 Comparisons of NIC values and 1, of lymph nodes between PCT metastasis group and non-metastasis

group in the arterial and the venous phase

(¥£s)
Number of foci Metastatic lymph nodes n=124 Non-metastatic lymph nodes n=88 t value P value
Dual-energy CT quantitative parameters
Arterial phase NIC 41+11 15+6 21.9 <0.001
Venous phase NIC 70+19 42+14 12.4 <0.001
Arterial phase Ay, 2.00+0.70 0.74+0.17 18.9 <0.001
Venous phase Ay 1.80+0.60 1.06+0.18 14.1 <0.001
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Tab. 4 The diagnostic effectiveness of each dual-energy CT quantitative parameter (NIC and Ay

in the arterial phase and the venous phase)

Parameter Arterial phase NIC Venous phase NIC Arterial phase Ay Venous phase Ay
AUC 0.986 (0.960-0.997) 0.897 (0.848-0.935) 0.976 (0.945-0.992) 0.913 (0.867-0.947)
Maximum Yuden index 0.869 0.666 0.868 0.777

Best diagnostic threshold 25.80 50.90 1.14 1.36
Sensitivity/% 90.3 87.1 87.9 823
Specificity/% 96.6 79.5 98.9 95.5
Accuracy/% 92.9 84.0 92.5 87.7

PPV/% 97.4 85.7 99.1 96.2
NPV/% 87.6 81.4 85.3 79.2

1007

L

80

20

s Arterial phase NIC
] - — Venous phase NIC

R L L DV
40 60 80 100

1-Specificity

B2 ZEkHIRERKHANICIS TR M EEROCH 2

Fig.2 The ROC curves of NIC for the diagnosis of lymph node

metastasis in the arterial phase and the venous phase
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Fig.3 The ROC curves of A, for the diagnosis of lymph node

metastasis in the arterial and the venous phase
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