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[ Abstract ] Background and Purpose: The incidence rate of thyroid cancer in children and adolescents is increasing year by
year, and there is a high rate of metastasis and recurrence. The application of diagnostic criteria for thyroid nodules based on adult
characteristics in children has a high rate of missed diagnosis rate, misdiagnosis rate and unnecessary biopsy. This study aimed
to establish a graded diagnostic model of thyroid nodules in children and adolescents, and to compare its diagnostic efficacy with
American College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TI-RADS). Methods: One Hundred and forty-
four patients with thyroid nodules aged 0-18 years in Peking Union Medical College Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College from January 2000 to October 2017 were included as the training set, and 41 patients with thyroid
nodules aged 0-18 years in China-Japan Friendship Hospital and Civil Aviation General Hospital from November 2015 to January
2022 were included as the testing set. Taking pathological diagnosis as the gold standard, the statistically significant ultrasonic
characteristics were analyzed by multivariate binary logistic regression. The ultrasonic grading diagnostic model was established
and brought into the testing set to compare its diagnostic efficiency with ACR TI-RADS. Results: There was significant difference
in solidity, hypoechoic, taller-than-wide shape, irregular edge and microcalcification between the two groups (P<<0.05). Logistic
regression analysis showed that hypoechoic, solidity, irregular margin and calcification were independent predictors for the diagnosis
of thyroid cancer in children and adolescents. When the ultrasonic grade was established based on the above independent predictors,
this graded model had higher diagnostic accuracy in the testing set compared with ACR TI-RADS (92.7% vs 82.9%). Conclusion:
The graded diagnostic model based on solidity, hypoechoic, irregular margin and microcalcification can be used in the diagnosis of
thyroid nodules in children and adolescents. Compared with ACR TI-RADS, it has higher diagnostic accuracy.

[ Key words ] Thyroid cancer; Children; Adolescents; Ultrasound; Graded diagnotic model
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Tab. 1 The clinical characteristics of thyroid nodules in children and adolescents in training set

Pathological result

Clinical characteristic P value
Benign (N=63) Malignant (N=113)
Age/year median (range) 16 (10-18) 16 (6-18) 0.885
Gender n 0.035
Male 28
Female 43 66
Number of nodules n 0.053
Single 22 57
Multiple 28 34
Diffuse calcification 0 3
Diffuse glandular lesions 7 (%) 0.095
With 23 (36.5) 56 (49.6)
Without 40 (63.5) 57 (50.4)
Size n (%) 0.001
<lcm 11 (17.5) 27 (23.9)
1-2 cm 9(14.3) 38 (33.6)
2-3 cm 14 (22.2) 27 (23.9)
>3 cm 29 (46.0) 21 (18.6)
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Tab. 2 The training set Sonographic representation of thyroid nodules in children and adolescents

Ln(%)]
Ultrasonic characteristic Pathological result P value
Benign (N=63) Malignant (N=113)
Composition <0.010
Solid 18 (28.6) 101 (89.4)
Mixed cystic 45(71.4) 12 (10.6)
Cystic 0(0.0) 0(0.0)
Echogenicity <<0.010
Hyperechoic 15(23.8) 4(3.5)
Isoechoic 35(55.6) 16 (14.2)
Hypoechoic 13 (20.6) 93 (82.3)
Very hypoechoic 0(0.0) 0(0.0)
Anechoic 0(0.0) 0(0.0)
Margin <<0.010
Rule 57 (90.5) 18 (15.9)
Irregular 6(9.5) 95 (84.1)
Calcification <0.010
Microcalcification 0(0.0) 83 (73.5)
Other calcification 2(3.2) 1(0.9)
None 61 (96.8) 29 (25.7)
Shape <0.026
Wider-than-tall 62 (98.4) 95 (84.1)
Taller-than-wide 1(1.6) 18 (15.9)

Bl B, 18%, FRIRISRAE
Fig.1 Male, 18 years old, papillary thyroid carcinoma

A, B: Diffuse punctate calcification in the left lobe of thyroid gland. C: The distribution of blood flow signals in glands is irregular. D: Multiple
abnormal lymph nodes were found in the left neck.
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Fig.3 Male, 16 years old, nodular goiter

A: Cystic solid nodule in the left lobe of thyroid, with regular margin. B:
No obvious blood flow signal was found in the nodule.

ROC curve
1.0 /
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Fig. 2 Female, 18 years old, papillary carcinoma of the right lobe
0.0
of the thyroid gland 0.0 02 04 06 08 1.0
. . . . . e 1-Specificity
A: The rlghF lobe of thyroid gland is hypoec‘hmc, with irregular edges, E4 =tlogisticEIHROCHZ
local extension outside the capsule, and multiple punctate strong echoes
inside. B: Punctate blood flow signals can be seen in the nodules. Fig. 4 ROC curve of binary logistic regression

R3 ILERF D ERKRE T ERERE ) = jTlogistic[m 13 5347

Tab.3 Binary logistic regression analysis of malignant risk of thyroid nodules in children and adolescents

Independent variable Partial regression coefficient Standard error Wals P value OR 95% CI
Composition (solid) 1.782 0.594 8.987 0.003 5.942 1.853-19.05
Echogenicity (hypoechoic) 1.414 0.612 5.333 0.021 4.113 1.239-13.66
Margin (irregular) 1.779 0.669 7.067 0.008 5.924 1.596-21.994
Calcification (with calcification) 3.051 0.905 11.356 0.001 21.129 3.584-124.579
Shape (taller-than-wide) -0.842 1.252 0.452 0.501 0.431 0.037-5.015
Constant -2.873 0.552 27.071 0.000 0.057 NA

NA: Not available.
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Tab.4 The diagnostic efficiency of ACR TI-RADS and graded diagnostic model in training set and testing set
Item Sensitivity Specificity PPV NPV Accuracy Jordan index
Training set
ACR TI-RADS 75.2 96.8 97.7 68.5 83.0 0.72
The graded diagnostic model 83.2 95.2 96.9 75.9 87.5 0.78
Testing set
ACR TI-RADS 73.1 100.0 100.0 68.2 82.9 0.73
The graded diagnostic model 96.2 86.7 92.6 92.9 92.7 0.83
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