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Application of artificial intelligence automatic detection system in preoperative ultrasonic diagnosis of thyroid nodules
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[Abstract] Objective To explore the application value of artificial intelligence (AI) automatic detection system
in preoperative ultrasonic diagnosis of thyroid nodules. Methods Totally 98 patients with 137 thyroid nodules admitted
to the General Surgery Department of Changzheng Hospital of Naval Medical University (Second Military Medical
University) from April 2019 to July 2019 were enrolled in this study. Pathological data and ultrasonic diagnosis results were
retrospectively analyzed. All patients underwent conventional ultrasonography and Al automatic detection before surgery.
The diagnoses for benign and malignant thyroid nodules were compared between conventional ultrasonography and Al
automatic detection system, which were based on the postoperative pathology. The sensitivity, specificity and accuracy of
the two examination methods were calculated, and Kappa coefficient was performed to measure the consistency between the
two methods and postoperative pathological diagnosis. Results The sensitivity, specificity and accuracy of conventional
ultrasonography in diagnosis of benign and malignant thyroid nodules were respectively 93.75% (90/96), 80.49% (33/41)
and 89.78% (123/137), and those of Al automatic detection were 89.58% (86/96), 68.29% (28/41) and 83.21% (114/137).
There was substantial coefficience between conventional ultrasonography and pathological diagnosis results (Kappa=0.75,
P<0.001), and that was fair coefficience between Al automatic detection system and pathological diagnosis results (Kappa=0.59,
P<<0.001). Conclusion The sensitivity and accuracy of Al automatic detection system are slightly lower than but close to those
of conventional ultrasonography in differentiating benign from malignant thyroid nodules. Al automatic detection system can be

used as an effective supplement to assist conventional ultrasonography for preoperative assessment of thyroid nodules.
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Fig1 Ultrasonic image feature extraction of thyroid lesions by Al automatic detection system

through convolutional neural network

A: A neural network has thousands of features that are simultaneously adjusted in the direction of increasing classification ability,

that is, changes into true common features. As sample size increases, the characteristics of true commonality will remain, and the

features that occur by chance will tend to be randomly distributed in positive and negative samples (X;-X,: Respective structural

features of different types of thyroid nodules; a,-a;; Common features after classification of different types of thyroid nodules; Black

arrows represent different characteristics toward directional adjustment of classification ability). B: From bottom to top, Al automatic

detection system recognizes thyroid nodules—precise segmentation—pixel-by-pixel quantitative analysis of structural features—Al

automatic detection system gives benign and malignant probability of thyroid nodules. Al: Artificial intelligence
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Fig2 AI-SONIC™ Thyroid System automatically recognizes markers and quantifies thyroid nodule characteristics

(TI-RADS 4c, papillary thyroid carcinoma confirmed by pathological findings)

A: On the longitudinal section of the right thyroid nodule, the benign and malignant probability of this lesion was 0.75 detected by Al;

B: Automatic analysis of red boundary line suggested puncture; C: Edge feature analysis, the color changed from blue, green, yellow

and red in turn to clear to blur; D: Dotted red represented a strong echo; E: Al automatic detection showed that the components of the

lesion were mainly solid ingredient; F: The internal echogenic color of the lesion changed from homogenous to heterogeneous from

blue, green, yellow and red. Al: Artificial intelligence; TI-RADS: Thyroid Imaging Reporting and Data System
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Fig3 AI-SONIC™ Thyroid System automatically recognizes markers and quantifies thyroid nodule characteristics
(TI-RADS 3, cystic degeneration of thyroid adenoma confirmed by pathological findings)
A: On the longitudinal section of the right thyroid nodule, the benign and malignant probability of this lesion was 0.08 detected by Al;
B: Automatic analysis of red boundary line suggested follow-up observation; C: Edge feature analysis, the color changed from blue,
green, yellow and red in turn to clear to blur; D: Dotted red represented a strong echo; E: Al automatic detection showed that the purple
area was the cystic component of the lesion; F: The internal solid ingredient echogenic color of the lesion changed from homogenous to

heterogeneous from blue, green and red. Al: Artificial intelligence; TI-RADS: Thyroid Imaging Reporting and Data System
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Fig4 Four unidentified cases of thyroid nodules by AI-SONIC™ Thyroid System

A: A 33-year-old woman with right thyroid papillary carcinoma (arrows), and nodule was not found by Al on longitudinal section;
B: A 42-year-old woman with cystic changes in the right thyroid adenoma (arrows), and nodules were not found by Al on transverse
section; C: A 39-year-old woman with a right nodular goiter penetrating the sternum (arrows), and nodule was not found by Al on

longitudinal section; D: A 49-year-old woman with left papillary carcinoma of the thyroid (arrows), and nodule was not found by Al
on transverse section. Al: Artificial intelligence
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