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A study on the diagnostic
value of artificial intelligence
combined with a contrast-
enhanced ultrasound scoring
system in partially cystic
thyroid carcinoma
Xiao-Hui Yan1†, Qian Chen2†, Yu-Wei Xin3, Si-Jie Yuan4,
Jing-Jing Liu5, Hai-Yan Jia5, Wen-Ya5, Yan-Jing Zhang1,
Wen-Wen Fan5, Yu-Fang Zhao1, Liang-Ping6* and Li-Ping Liu1*

1Department of Interventional Ultrasound, First Hospital of Shanxi Medical University, Taiyuan,
Shanxi, China, 2Department of Urology Surgery, Shanxi Provincial People’s Hospital, Taiyuan,
Shanxi, China, 3Department of Ultrasound, Peking University People’s Hospital, Beijing, China,
4Department of Ultrasound, Shanxi Bethune Hospital, Taiyuan, Shanxi, China, 5Department of
Ultrasound, First Hospital of Shanxi Medical University, Taiyuan, Shanxi, China, 6Department of
Interventional Ultrasound, Fifth Medical Center of Chinese People's Liberation Army (PLA) General
Hospital, Beijing, China
Objectives: The aim of this study was to investigate the diagnostic value of the

contrast-enhanced ultrasound (CEUS) scoring system, artificial intelligence (AI)

and the American College of Radiology Thyroid Imaging and Reporting Data

Systemwhen used by sonographers of different seniority levels individually and in

combination for the diagnosis of partial cystic thyroid nodules (PCTNs).

Materials and methods: A retrospective analysis of conventional ultrasound and

CEUS images of enrolled patients was performed, and a CEUS scoring system

was established. The sensitivity, specificity, and area under the curve (AUC) of

CEUS and AI individually and in combination for diagnosis were compared

among sonographers with different seniority levels.

Results: A total of 166 nodules (83 benign and 83 malignant) from 152 patients

with PCTNs were analyzed in this study. Nine CEUS features of PCTNs were

observed and summarized; eight of these features differed between the two

groups (all p < 0.05) and were included in the CEUS scoring system. CEUS and AI

used by junior and senior physicians effectively diagnosed PCTNs. AI improved

the diagnostic efficacy of junior physicians. AI assistance combined with CEUS

had the best diagnostic efficacy, with an AUC=0.985 for senior physicians and an

AUC=0.967 for junior physicians, with no significant difference (P>0.05).
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Conclusions: The CEUS scoring system established in this study has high

diagnostic value for PCTNs. The use of CEUS and AI can improve the

diagnostic accuracy of sonographers and improve the prognosis of

PCTN patients.
KEYWORDS

scoring system, ACR TI-RADS, partial cystic thyroid nodules, artificial intelligence (AI),
contrast-enhanced ultrasound (CEUS)
Introduction

Partial cystic thyroid nodules (PCTNs) have a high prevalence in

the population, accounting for approximately 15% to 53.8% of

thyroid nodules detected by ultrasonography (1, 2). Cystic changes

within thyroid nodules, especially when the cystic component is

prominent, are usually considered characteristic of benign nodules.

However, 13% to 26% of thyroid cancers exhibit possible cystic

changes (3, 4), and approximately 10% to 28% of PCTNs are

malignant (5, 6). Therefore, the 2015 American Thyroid

Association guidelines recommend fine needle aspiration biopsy of

nodules with suspicious malignant ultrasound features (3). However,

a cystic component in thyroid nodules has been confirmed to affect

the results of fine needle aspiration biopsy (7). Therefore, it is crucial

to find a non-invasive and easily accessible method to determine the

benignity and malignancy of PCTNs. There are currently a variety of

diagnostic methods for thyroid nodules, including Ultrasound、

CEUS、FNAB、AI etc (8)。As a new technological science,

artificial intelligence (AI)–ultrasound intelligent auxiliary diagnosis

systems have the advantages of speed and high diagnostic accuracy.

AI can also improve ultrasound accuracy and significantly limit inter-

observer variability (9). In addition, contrast-enhanced ultrasound

(CEUS) can provide high-quality auxiliary diagnostic information for

the differential diagnosis of thyroid tumors. However, there has been

no relevant research on a CEUS scoring system or the diagnostic

value of AI for PCTNs. In this study, we not only used the high

efficiency and strong diagnostic ability of AI and CEUS to establish an

innovative CEUS-based scoring system, but also pioneered the use of

AI to improve the recognition of routine ultrasound features of

PCTNs and the diagnostic accuracy of junior physicians. AI and

CEUS were combined to realize the accurate diagnosis of PCTNs.
Materials and methods

Patient data

In this retrospective study, data from 152 patients with PCTNs

(166 nodules) and pathological results obtained by surgery or

puncture biopsy were collected. The patients were divided into

benign and malignant groups according to the pathological results.
02
The inclusion criteria were as follows: 1) clear surgical

pathology and biopsy pathology (Bethesda V and VI for

malignant nodules, Bethesda II for benign nodules); 2) clear and

complete imaging data from conventional ultrasound and CEUS

examinations performed before surgery; and 3) a cystic component

greater than 5% of the nodule volume.

The exclusion criteria were as follows: 1) multiple adjacent

nodules affecting the acquisition of the tumor region of interest; 2)

exposure to high-dose radiation, either inadvertently or as part of

medical treatment, or neck surgery; and 3) no normal thyroid gland

tissue around the nodules.
Ultrasonography evaluation

Ultrasound images of thyroid nodules were
collected using the following devices

A GE LOGIQ E9 Doppler diagnostic instrument with a linear

array high-frequency probe and a probe frequency of 6–15 MHz or

3–19 MHz and a Philips IU-22 Doppler diagnostic instrument with

a linear array high-frequency probe and a probe frequency of 5–12

MHz or 3–19 MHz.

Diagnostic methods of sonographers
A senior physician with experience in thyroid ultrasound and

two residents with 3 years of experience in thyroid ultrasound

diagnosis analyzed PCTNs the images of the enrolled patients,

recorded the characteristics of the thyroid nodules, classified the

nodules according to the American College of Radiology Thyroid

Imaging and Reporting Data System (ACR TI-RADS) guidelines,

and reported the ACR TI-RADS scores. A final consensus was

reached in cases of disagreement in diagnostic opinions among

junior physicians.

CEUS image analysis
The same senior physician analyzed and summarized the

following CEUS features of PCTNs according to the CEUS

enhancement pattern: (1) intensity of enhancement of the solid

component of PCTNs: hypo-, iso-, or hyperenhancement; (2)

internal homogeneity: homogeneity or heterogeneity; (3)

enhancement ring: absent, incomplete or complete; (4) island-like
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enhancement: iso- or hyperenhancement in part of the nodule and

no enhancement in the remainder, with clear demarcation of the

cystic–solid interface; (5) nodule border: ill-defined or well-defined;

(6) sparse/no enhancement: stellar contrast only or no contrast

agent uptake in the solid part of the nodule, as shown on

conventional ultrasound; (7) changes in the size of the

noncapsular portion of the nodule on conventional ultrasound:

enlargement, maintenance, or reduction; (8) speed of wash-in

compared with the surrounding thyroid parenchyma: later,

synchronous, or earlier; and (9) speed of washout compared with

the surrounding thyroid parenchyma: later, synchronous, or earlier.

Only three of these features were evaluated for nodules without

enhancement after CEUS: the nodule border, the change in size of

the noncapsular portion of the nodule on conventional ultrasound,

and sparse/no enhancement.

Establishment of a CEUS enhanced model
scoring system

Positive CEUS indicators were screened for enhancement

differences between benign and malignant PCTNs. Each indicator

was assigned a value with reference to the scoring method in the

literature (10), and the scores were summed to calculate the CEUS

enhancement pattern score of the nodules.
AI–ultrasound intelligent auxiliary diagnosis
system

In this study, the AI-SONIC™ Thyroid Ultrasound Intelligent

Assisted Diagnostic System from Demetics Medical Technology

was used to analyze routine ultrasound images of PCTNs. Before

the study began, the researchers mastered the operation of the AI

system. The AI-Sonictm Thyroid Intelligent Assisted Diagnostic

System is a new artificial intelligence ultrasound-assisted diagnostic

technology, which is a fully automated diagnostic system specialized

in ultrasound images and based on deep learning, which can

provide reference for the differential diagnosis of benign and

malignant thyroid nodules through the analysis of thyroid nodule

big data. The system is based on the ACR version of TI-RADS,

along with the Kwak version of the classification of a comprehensive

Intelligent assessment method. The PCTN images were imported

into the system, and the system automatically generated the

probability of the nodule being benign or malignant: 0 ~ < 0.4

indicated benign, 0.4 ~ < 0.6 indicated suspicious, and 0.6 ~ < 1

indicated malignant. All the nodules were analyzed 3 times, and the

highest value was recorded as the result.
Statistical analysis

SPSS 25.0 and MedCalc 19.3.1 statistical software were used. The

measurement data are expressed as themean ± standard deviation or

(median, interquartile range). T tests or Mann–Whitney U

nonparametric tests were used for comparisons between groups.

Count data are expressed as percentages, and the c2 test was used
Frontiers in Endocrinology 03
for comparisons between groups. Using the pathological results as the

reference standard, the ACR TI-RADS score, CEUS enhancement

pattern score and AI-generated benign/malignant probability value

were used to draw the receiver operating characteristic (ROC) curves

for the diagnosis of PCTNs by senior and junior physicians and the

combination. The optimal diagnostic cut-off value, sensitivity,

specificity, accuracy, positive predictive value (PPV), negative

predictive value (NPV) and AUC were calculated for each curve.

The McNemar test was used to analyze the differences in sensitivity

and specificity between groups, and the Z test was used to compare

the differences in the AUCs between groups. P < 0.05 was considered

statistically significant. AI-assisted sonographer diagnoses and the

combination of diagnostic methods were assessed through the

establishment of a binary logistic regression model, and the model’s

predictions were used to establish an ROC curve.
Results

Clinical and pathological results

In this study, 166 nodules from 152 patients who met the

inclusion criteria were assessed. The included patients had an age

range of 16 to 84 years and an average age of 48.1 ± 13.1 years. A

total of 83 (50.0%) nodules from 75 (49.3%) patients were benign,

and 83 (50.0%) nodules from 77 (50.7%) patients were malignant.

All malignant nodules were confirmed by surgical pathology; 36

(43.4%) benign nodules were confirmed by surgical pathology, and

47 (56.6%) were confirmed by fine needle aspiration biopsy. Seven

(4.2%) benign nodules did not show contrast agent uptake on

CEUS. The basic characteristics of the patients and nodules are

shown in Table 1.
Establishment and diagnostic performance
of a CEUS enhancement pattern scoring
system for PCTNs

Eight CEUS enhancement patterns were significantly different

between the benign and malignant groups (P < 0.05); these CEUS

enhancement patterns are compared in Table 2. According to the

characteristics of the CEUS enhancement patterns in the two

groups, 8 positive CEUS indicators of PCTNs were defined
TABLE 1 Basic information of patients and PCTNs.

Characteristic

Pathology

PMalignant
(n=83)

Benign
(n=83)

Age (years) 44.1 ± 13.9 52.1 ± 11.0 0.000

Sex

Male 22 17 0.405

Female 55 58

Size (cm) (1.9, 1.6) (2.2, 2.0) 0.700
fro
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(Figure 1). The CEUS enhancement pattern score of PCTNs is

shown in Figure 2. The sensitivity, specificity, accuracy, PPV and

NPV of the CEUS enhancement pattern score in the diagnosis of

PCTNs were 86.8%, 80.7%, 83.7%, 81.8% and 85.9%, respectively,

and the AUC was 0.908. The diagnostic performance of the CEUS

enhancement pattern score for PCTNs is shown in Figure 3

and Table 3.
Frontiers in Endocrinology 04
Diagnostic performance of sonographers
of different seniority levels before and after
assistance by AI and the auxiliary system

At a cut-off value of 0.53, the sensitivity, specificity, accuracy,

PPV and NPV for AI in the diagnosis of PCTNs were 86.7%,

85.5%, 86.1%, 85.7% and 86.6%, respectively, and the AUC was
TABLE 2 Comparison of CEUS enhancement patterns between benign and malignant PCTNs groups.

CEUS-characteristic Benign (n=76) Malignant (n=83) c2 Ｐ

Enhancement ring

Absent 18 (23.7%) 56 (67.5%)

63.104 0.000Incomplete 3 (3.9%) 18 (21.7%)

Complete 55 (72.4%) 9 (10.8%)

Internal homogeneity

Homogeneity 36 (47.4%) 30 (36.1%)
2.058 0.151

Heterogeneity 40 (52.6%) 53 (63.9%)

Island-like enhancement

Present 22 (28.9%) 6 (7.2%)
12.898 0.000

Absent 54 (71.1%) 77 (92.8%)

Speed of wash-in

Later 13 (17.1%) 39 (47.0%)

24.270 0.000Synchronous 25 (32.9%) 40 (48.2%)

Earlier 38 (50.0%) 14 (16.9%)

Speed of wash-out

Later 15 (19.7%) 7 (8.4%)

20.667 0.000Synchronous 38 (50%) 21 (25.3%)

Earlier 23 (30.3%) 55 (66.3%)

Enhancement intensity

Hypo 11 (14.5%) 42 (50.6%)

24.852 0.000Iso 33 (43.4%) 26 (31.3%)

Hyper 32 (42.1%) 15 (18.1%)

CEUS-characteristic Benign (n=83) Malignant (n=83) c2 Ｐ

Enhancement border

Ill defined 72 (86.7%) 28 (33.7%)
48.693 0.000

Well defined 11 (13.3%) 55 (66.3%)

Size change of solid part

Reduce 23 (27.7%) 6 (7.2%)

40.531 0.000Monotony 56 (67.5%) 39 (47.0%)

Enlargement 4 (4.8%) 38 (45.8%)

Sparse/no enhancement

Present 26 (31.3%) 4 (4.8%)
19.692 0.000

Absent 57 (68.7%) 79 (95.2%)
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0.897. For junior physicians, the application of ACR TI-RADS

using an ACR score of 5 to differentiate benign from malignant

PCTNs had a sensitivity, specificity, accuracy, PPV, and NPV of

73.5%, 67.5%, 70.5%, 69.3%, and 71.8%, respectively, with an AUC

of 0.736. For the senior physician, the application of ACR TI-

RADS using an ACR score of 4 to differentiate benign from

malignant PCTNs yielded a sensitivity, specificity, accuracy,

PPV, and NPV of 88.0%, 86.8%, 87.3%, 86.9%, and 87.8%,
Frontiers in Endocrinology 05
respect ive ly , with an AUC of 0.915. The diagnost ic

performances of AI, junior physicians and the senior physician

for PCTNs are shown in Figure 3 and Table 3.

The specificity and AUC of AI in the diagnosis of PCTNs were

greater than those of junior physicians (P = 0.0046, P = 0.0001). The

sensitivity, specificity and AUC of AI were comparable to those of

the senior physician (P = 1.000; P = 0.6291; P = 0.5793). The

sensitivity, specificity and AUC of junior physicians were lower
FIGURE 1

CEUS positive indicators of PCTNs. Indicator 1 Solid part hypoenhancement, indicator 2 No or incomplete enhancement rim around nodule, indicator 3
Non-island enhancement, indicator 4 Nodule boundary ill-defined after enhancement, indicator 5 Non-sparse/no enhancement, indicator 6 Enlarged
Solid Part of Nodules on Conventional Ultrasound After Enhancement, indicator 7 wash-in time of solid part of nodules is later than that of surrounding
thyroid parenchyma, indicator 8 wash-out time of solid part of nodules is earlier than that of surrounding thyroid parenchyma.
FIGURE 2

CEUS enhancement pattern score of PCTNs.
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than those of the senior physician (P = 0.0290; P = 0.0113; P =

0.0001). Comparisons of the sensitivity and specificity of PCTN

diagnosis by AI and junior and senior physicians are shown in

Figure 4, and Table 4. AUC comparisons are shown in Table 4.
Frontiers in Endocrinology 06
Junior physicians with AI assistance had a sensitivity,

specificity, accuracy, PPV, and NPV of 90.4%, 88.0%, 88.6%,

88.2%, and 90.1%, respectively, with an AUC of 0.939 for the

diagnosis of PCTNs. Compared with the senior physician, the
FIGURE 3

The diagnostic performance of AI, CEUS, different seniority physicians and their combination for PCTNs. Combination of the three methods 1: AI-
assisted junior physicians combined with CEUS. Combination of the three methods 2: AI-assisted senior physician combined with CEUS. se,
sensitivity; sp, specificity; ac, specificity.
TABLE 3 Diagnostic performance of AI, CEUS, sonographers applied ACR TR and combined methods for PCTNs.

Project Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) AUC

AI 86.7 85.5 86.1 85.7 86.6 0.897

Senior physician 88.0 86.8 87.3 86.9 87.8 0.915

AI Assist senior physician 90.4 86.8 87.3 87.2 90.0 0.960

Junior physicians 73.5 67.5 70.5 69.3 71.8 0.736

AI assisted junior physicians 90.4 88.0 88.6 88.2 90.1 0.939

CEUS 86.8 80.7 83.7 81.8 85.9 0.908

Combination of the three methods 1* 89.2 96.4 91.6 96.1 89.9 0.967

Combination of the three methods 2§ 90.4 97.6 93.4 97.4 91.0 0.985
*Combination of the three methods 1: AI-assisted junior physicians combined with CEUS.
§Combination of the three methods 2: AI-assisted senior physician combined with CEUS.
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FIGURE 4

Comparison of sensitivity and specificity of PCTNs diagnosis by AI, different seniority physicians and combined diagnosis. Combination of the three
methods 1: AI-assisted junior physicians combined with CEUS. Combination of the three methods 2: AI-assisted senior physician combined with
CEUS.
TABLE 4 Comparison.

Comparison Diagnostic methods

Sensitivity Specificity AUC

Numerical (%) P Numerical (%) P Numerical Z
statistics

P

1
AI 86.7

0.6776
85.5

0.0046
0.897

3.894 0.0001
Junior physicians 73.5 67.5 0.736

2
AI 86.7

1.000
85.5

0.6291
0.897

0.554 0.5793
Senior physician 88.0 86.8 0.915

3
Junior physicians 73.5

0.0290
67.5

0.0113
0.736

3.854 0.0001
Senior physician 88.0 86.8 0.915

4
Senior physician 88.0

1.000
86.8

0.0654
0.915

0.806 0.4200
AI assisted junior physicians 90.4 88.0 0.939

5
Senior physician 88.0

0.7905
86.8

0.3877
0.915

2.548 0.0108
AI Assist Senior physician 90.4 86.8 0.960

6
AI assisted junior physicians 90.4

0.6250
88.0

0.0391
0.939

2.155 0.0312
Combination of the three methods1* 89.2 96.4 0.967

7
AI Assist Senior physician 90.4

1.000
86.8

0.0156
0.968

2.204 0.0275
Combination of the three methods2§ 90.4 97.6 0.985

8
Combination of the three methods1* 89.2

0.7266
96.4

1.000
0.967

1.450 0.1471
Combination of the three methods2§ 90.4 97.6 0.985
F
rontiers in Endocrin
ology
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 frontie
*Combination of the three methods 1: AI-assisted junior physicians combined with CEUS.
§Combination of the three methods 2: AI-assisted senior physician combined with CEUS.
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junior physicians with AI assistance exhibited varying degrees of

improvement in each ACR TI-RADS index and comparable

diagnostic performance for PCTNs with that of the senior

physician, with no significant differences in diagnostic sensitivity,

specificity or AUC (P=1.000; P=0.0654; P=0.4200). The diagnostic

performance of AI-assisted PCTN diagnosis by junior physicians is

shown in Figure 3 and Table 3. A comparison of the sensitivity and

specificity of the AI-assisted PCTN diagnosis between junior and

senior physicians is shown in Figure 4 and Table 4. A comparison of

the AUCs is shown in Table 4. Figures 5–8 is referenced below as a

clinical reference case.

With AI assistance, the senior physician had a sensitivity,

specificity, accuracy, PPV, and NPV of 90.4%, 86.8%, 87.3%, 87.2%,

and 90.0%, respectively, with an AUC of 0.960 for the diagnosis of

PCTNs. For the senior physician, the AUC for the diagnosis of

PCTNs improved after AI assistance (P=0.0108). The diagnostic

performance of the senior physician with AI assistance is shown in

Figure 3 and Table 3. The sensitivity and specificity of the senior
Frontiers in Endocrinology 08
physician with AI assistance in diagnosing PCTNs are compared in

Figure 4 and Table 4. A comparison of the AUCs is shown in Table 4.
Diagnostic performance of physicians with
different levels of seniority assisted by AI
combined with CEUS for PCTNs

The sensitivity, specificity, accuracy, PPV and NPV of junior

physicians assisted by AI combined with CEUS for the diagnosis of

PCTNs were 89.2%, 96.4%, 91.6%, 96.1% and 89.9%, respectively,

and the AUC was 0.967. Compared with those of junior physicians

with AI assistance alone, the specificity and AUC for PCTN

diagnosis were improved for junior physicians with AI assistance

combined with CEUS, and the differences were significant (P =

0.0391; p = 0.0312). The diagnostic performance of junior

physicians with AI assistance combined with CEUS for PCTNs is

shown in Figure 3 and Table 3. The sensitivity and specificity of
FIGURE 5

Case 1. The patient is a 34-year-old male. (A) shows a cystic solid nodule in the lower pole of the right lobe of the thyroid gland; (B) shows a
probability value of 0.79 quantified by AI software for benign and malignant, suggesting malignancy; (C) shows isoenhancement of the solid part of
the nodule by CEUS (identifying dotted strong echogenicity as microcalcifications) with indistinct borders and an incomplete peripheral ring of
enhancement, with a CEUS score of 4; (D) shows pathological findings of papillary thyroid carcinoma (HE, ×200).
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junior physicians with AI assistance alone and combined with

CEUS for the diagnosis of PCTNs are compared in Figure 4 and

Table 4. A comparison of the AUCs is shown in Table 4.

The senior physician with AI assistance combined with CEUS

had a sensitivity, specificity, accuracy, PPV, and NPV of 90.4%,

97.6%, 93.4%, 97.4%, and 91.0%, respectively, with an AUC of 0.985

for the diagnosis of PCTNs. Compared with those of the senior

physician with AI assistance alone, the specificity and AUC of the

diagnosis of PCTNs by the senior physician with AI assistance

combined with CEUS were improved, and the differences were

significant (P=0.0156; P=0.0275). There was no difference in

sensitivity, specificity, or AUC between junior and senior

physicians with AI assistance combined with CEUS (P=0.7266;

P=1.000; P=0.1471). The diagnostic performance of the senior

physician with AI assistance combined with CEUS for PCTNs is

shown in Figure 3 and Table 3. The sensitivity and specificity of the

senior physician with AI assistance alone and combined with CEUS

for the diagnosis of PCTNs are compared in Figure 4 and Table 4. A

comparison of the AUCs is shown in Table 4.
Frontiers in Endocrinology 09
Discussion

CEUS qualitative analysis has important value in differentiating

benign and malignant thyroid nodules (11), but most studies have

focused on solid thyroid nodules. In this study, we not only

comprehensively observed and compared 9 CEUS enhancement

patterns of PCTNs but also applied a CEUS enhancement pattern

scoring method to the differential diagnosis of PCTNs for the first

time and achieved good diagnostic performance.

Although the enhancement patterns of benign and malignant

PCTNs overlap, the positive CEUS indicators screened in this study

are consistent with the enhancement patterns of malignant thyroid

nodules reported by most scholars (12–16). Further evaluation of

the CEUS score revealed superior diagnostic performance for

PCTNs, with an AUC of 0.908, which was comparable to that of

AI (AUC=0.897) and the senior physician (AUC=0.915) (both

P<0.05). These findings indicate that the CEUS score may be a

better choice for the diagnosis of PCTNs. It is difficult to compare

different studies because there is no uniform standard for
frontiersin.or
FIGURE 6

Case 2. The patient is a 37-year-old male. (A) Cystic solid nodule in the lower pole of the right lobe of the thyroid gland; (B) Probability value of 0.74
quantified by AI software for benign and malignant, suggesting malignancy; (C) CEUS showing hyperenhancement of the solid part of the nodule
(identifying dotted strong echogenicity as microcalcifications) with indistinct borders and an increase in the extent of the implemented part of the
nodule after enhancement, with a CEUS score of 5. (D) Pathological findings of papillary thyroid carcinoma (HE, ×200).
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enhancement patterns, but the CEUS score has shown good

diagnostic performance in similar studies (17–19). However, the

fol lowing points should be noted: (1) In this study,

hypoenhancement of the solid component of the tumor is defined

as a “positive indicator”, but the degree of enhancement of the solid

component of PCTNs is still controversial, and related studies

suggest that PCTNs have a rich blood supply compared with

solid thyroid malignant nodules and thus have a greater

possibility of showing isoenhancement (20); therefore, when the

diagnosis of in single-enhancement mode is difficult, the

enhancement characteristics of nodules should be observed from

multiple angles and combined with multimodal ultrasound for

further diagnosis. (2) In this study, the proportion of benign

PCTNs with island-like enhancement was greater than that of

malignant nodules (P < 0.05), but some studies have shown that

the sensitivity of diagnosing benign nodules with island-like

enhancement is only 62.5% (21). Therefore, when identifying

benign and malignant PCTNs with conventional ultrasound is
Frontiers in Endocrinology 10
difficult, island-like enhancement may provide valuable

distinguishing information, but clinicians should be aware that

benign and malignant nodules can exhibit overlapping

enhancement patterns. (3) In this study, the proportion of benign

PCTNs with sparse or no enhancement was significantly greater

than that of malignant PCTNs; therefore, sparse or no enhancement

may provide valuable information for an accurate diagnosis (22).

AI can effectively reduce the variation between diagnosticians

and improve the effectiveness of diagnosis using images (17, 23, 24).

In this study, an innovative AI-assisted diagnostic system was

applied to the differential diagnosis of PCTNs and combined with

the CEUS score, which not only compensates for the limitations of

subjective interpretation by physicians but also improves the

accuracy o f PCTN d iagnos i s by comb in ing tumor

microcirculation perfusion information.

The AI-SONIC™ Thyroid Ultrasound Intelligent Auxiliary

Diagnosis System from Demetics Medical Technology showed

superior diagnostic performance for PCTNs, and the sensitivity
FIGURE 7

Case 3. The patient is a female, 62 years old. (A) Large cystic solid nodule in the left lower middle lobe of the thyroid gland; (B) Probability value of 0.38
quantified by AI software for benign and malignant suggests benign. (C) CEUS showed isoenhancement of the peripheral cystic wall of the nodule
without internal enhancement, and the CEUS score was 2. The diagnosis of benign was accurate after combining AI and CEUS. (D) Pathological findings
of nodular goiter with hemorrhage and calcification (HE, ×200).
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and specificity were comparable to those of the senior physician

(AUC=0.915), with no statistically significant difference. This

finding is similar to those of studies on the diagnostic ability of

various computer-aided diagnostic systems for thyroid nodules in

China and abroad (25, 26). This finding indicates that the AI-

assisted diagnostic system can provide more reliable diagnostic

information for the accurate diagnosis of PCTNs. Although PCTNs

can be effectively diagnosed by junior physicians (AUC=0.736), all

diagnostic indicators of junior physicians were significantly lower

than those of AI and senior physicians (both P<0.05). Owing to the

lack of clinical diagnostic experience, junior physicians have

insufficient knowledge of the conventional ultrasound

characteristics of PCTNs, and further training of junior

physicians to strengthen their clinical diagnostic ability is

necessary. When AI was used to assist junior physicians, their

diagnostic ability significantly improved and was comparable to

that of senior physicians. AI assistance also improved the diagnostic

performance of senior physicians for PCTNs. Thus, the AI system

can provide relatively objective diagnostic criteria and reduce the
Frontiers in Endocrinology 11
difference in diagnostic accuracy between physicians with different

levels of experience in different hospitals (27). Finally, after

combining AI and CEUS with the ACR TI-RADS classification,

the AUCs of junior and senior physicians in diagnosing PCTNs

were 0.967 and 0.985, respectively, which were better than those of

the other diagnostic methods in this study, indicating that the

combination of the three methods can be expected to achieve

accurate diagnosis of PCTNs.

In summary, the CEUS enhancement pattern scoring system

established in this study, AI and the application of ACR TI-RADS

by a senior physician can be used to diagnose PCTNs with a high

degree of accuracy. With AI assistance, junior physicians can

achieve a diagnostic performance similar to that of senior

physicians. AI can also be combined with CEUS to achieve

accurate diagnosis of PCTNs. In addition, familiarity with the

advantages and disadvantages of the two diagnostic methods of

AI and CEUS and proficiency in using these technologies will help

sonographers make more rational decisions for patients in their

clinical work and reduce their burden.
FIGURE 8

Case 4. The patient is a female, 52 years old. (A) shows a cystic nodule in the middle of the right lobe of the thyroid gland; (B) shows a probability
value of 0.34 quantified by AI software, suggesting benign; (C) shows isoenhancement of the solid part of the nodule with a clear cystic-solid
interface and “island-like” enhancement, with a CEUS score of 1. (D) Pathological findings of thyroid nodular goiter (HE, ×200).
frontiersin.org

https://doi.org/10.3389/fendo.2025.1514185
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yan et al. 10.3389/fendo.2025.1514185
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

This study involving human participants was approved by

the Ethics Review Committee of First Hospital of Shanxi Medical

University. The studies were conducted in accordance with the

local legislation and institutional requirements. The participants

provided their written informed consent to participate in this

study. Written informed consent was obtained from the

individual(s), and minor(s)’ legal guardian/next of kin, for the

publication of any potentially identifiable images or data

included in this article.
Author contributions

X-HY: Writing – review & editing, Writing – original draft. QC:

Writing – original draft, Writing – review & editing. Y-WX:Writing –

original draft. S-JY: Writing – original draft. J-JL: Writing – review &

editing. H-YJ: Writing – original draft. W-Y: Writing – original draft.

Y-JZ: Writing – review & editing. W-WF: Writing – review & editing.

Y-FZ: Writing – review & editing. L-P: Writing – review & editing. L-

PL: Writing – review & editing.
Frontiers in Endocrinology 12
Funding

The author(s) declare that financial support was received for the

research and/or publication of this article. This work was supported

by Application Basic Research Project of Science and Technology

Department of Shanxi Province (201801D121340), and Key

Research and Development Program of Science and Technology

Department of Shanxi Province (201903D321190).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

The reviewer ZJ declared a shared affiliation with the author L-P

to the handling editor at the time of review.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Xin Y, Liu F, Shi Y, Yan X, Liu L, Zhu J. A scoring system for assessing the risk of
Malignant partially cystic thyroid nodules based on ultrasound features. Front Oncol.
(2021) 11. doi: 10.3389/fonc.2021.731779

2. Shi YZ, Jin Y, Zheng L. Partially cystic thyroid nodules on ultrasound: The
associated factors for Malignancy. Clin Hemorheol Microcirc. (2020) 74:373–81.
doi: 10.3233/CH-190582

3. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
et al. 2015 american thyroid association management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: the american thyroid association
guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid.
(2016) 26:1–133. doi: 10.1089/thy.2015.0020

4. Frates MC, Benson CB, Doubilet PM, Kunreuther E, Contreras M, Cibas ES, et al.
Prevalence and distribution of carcinoma in patients with solitary and multiple thyroid
nodules on sonography. J Clin Endocrinol Metab. (2006) 91:3411–7. doi: 10.1210/
jc.2006-0690

5. Xu X, Yang X, Zhao RN, Zhu SL, Zhang XY, Xia Y, et al. Comparison of ultrasonic
features between anaplastic thyroid carcinoma and papillary thyroid carcinoma.
Zhongguo Yi Xue Ke Xue Yuan Xue Bao. (2015) 37:71–4. doi: 10.3881/j.issn.1000-
503X.2015.01.013

6. Tang JL, Hou CJ, Fan XM. Ultrasonographic classification system in differential
diagnosis of partially cystic thyroid nodules. Zhejiang Med J. (2014) 18):3. doi: CNKI:
SUN:ZJYE.0.2014-18-006

7. Jung SL, Jung CK, Kim SH, Kang BJ, Ahn KJ, Kim BS, et al. Histopathologic
findings related to the indeterminate or inadequate results of fine-needle aspiration
biopsy and correlation with ultrasonographic findings in papillary thyroid carcinomas.
Korean J Radiol. (2010) 11:141–8. doi: 10.3348/kjr.2010.11.2.141
8. David E, Grazhdani H, Tattaresu G, Pittari A, Foti PV, Palmucci S, et al. Basile
A.Thyroid nodule characterization: overview and state of the art of diagnosis with
recent developments, from imaging to molecular diagnosis and artificial intelligence.
Biomedicines. (2024) 12. doi: 10.3390/biomedicines12081676

9. Sorrenti S, Dolcetti V, Radzina M, Bellini MI, Frezza F, Munir K, et al. Artificial
intelligence for thyroid nodule characterization: where are we standing? Cancers
(Basel). (2022) 14.

10. Ma C, Liu X, Mu WN. Contrast-enhanced ultrasound scoring in ACR thyroid
imaging report and data system stratification. Chin J Med Imaging. (2019) 194:75–9.
doi: 10.3969/j.issn.1005-5185.2019.07.016

11. Xue T, Liu C, Liu JJ, Hao YH, Shi YP, Zhang XX, et al. Analysis of the relevance
of the ultrasonographic features of papillary thyroid carcinoma and cervical lymph
node metastasis on conventional and contrast-enhanced ultrasonography. Front Oncol.
(2021) 11:794399. doi: 10.3389/fonc.2021.794399

12. Song Q, Tian X, Jiao Z, Yan L, Lan Y, Zhu Y, et al. Value of conventional
ultrasonography with contrast-enhanced ultrasonography in the differential diagnosis
of partial cystic thyroid nodules. Ultrasound Med Biol. (2021) 47:2494–501.
doi: 10.1016/j.ultrasmedbio.2021.03.009

13. Zhang Y, Luo YK, Zhang MB, Li J, Li CT, Tang J, et al. Values of ultrasound
features and MMP-9 of papillary thyroid carcinoma in predicting cervical lymph node
metastases. Sci Rep. (2017) 7:6670. doi: 10.1038/s41598-017-07118-7

14. Zheng ZW. Study on the clinical significance of ceus in the differential diagnosis
of benign and Malignant thyroid nodules. Modern Med Imagelogy. (2020) 029:229–33.
doi: CNKI:SUN:XDYY.0.2020-02-010

15. Jiang XH, Cen J, Wang MY, Zhou DW, Xin J, Zheng L. Diagnostic value of
contrast-enhanced ultrasound in the invasiveness of papillary thyroid microcarcinoma
frontiersin.org

https://doi.org/10.3389/fonc.2021.731779
https://doi.org/10.3233/CH-190582
https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1210/jc.2006-0690
https://doi.org/10.1210/jc.2006-0690
https://doi.org/10.3881/j.issn.1000-503X.2015.01.013
https://doi.org/10.3881/j.issn.1000-503X.2015.01.013
https://doi.org/CNKI:SUN:ZJYE.0.2014-18-006
https://doi.org/CNKI:SUN:ZJYE.0.2014-18-006
https://doi.org/10.3348/kjr.2010.11.2.141
https://doi.org/10.3390/biomedicines12081676
https://doi.org/10.3969/j.issn.1005-5185.2019.07.016
https://doi.org/10.3389/fonc.2021.794399
https://doi.org/10.1016/j.ultrasmedbio.2021.03.009
https://doi.org/10.1038/s41598-017-07118-7
https://doi.org/CNKI:SUN:XDYY.0.2020-02-010
https://doi.org/10.3389/fendo.2025.1514185
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yan et al. 10.3389/fendo.2025.1514185
without lymph node metastasis. J China Clinic Med Imaging. (2020) 31(5):6. doi: CNKI:
SUN:LYYX.0.2020-05-006

16. Yuan Z, Quan J, Yunxiao Z, Jian C, Zhu H. Contrast-enhanced ultrasound in the
diagnosis of solitary thyroid nodules. J Cancer Res Ther. (2015) 11:41–5. doi: 10.4103/
0973-1482.147382

17. Chang T-C. The role of computer-aided detection and diagnosis system in the
differential diagnosis of thyroid lesions in ultrasonography. J Med Ultrasound. (2015)
23:177–84. doi: 10.1016/j.jmu.2015.10.002

18. Wang Y, Cui KF, Ma X. Value of contrast-enhanced ultrasonography and TI-
RADS 4 in differentiating thyroid solid nodules. Chin J Ultrasound Med. (2015) 10):4.
doi: CNKI:SUN:ZGCY.0.2015-10-006

19. Zeng MX Wang Y, Luan YY, Dan HJ, Li Y, Hu B. CEUS and ultrasonographic
elastography in diagnosing papillary microcarcinoma of thyroid. Chin J Med Imaging
Technol. (2012) 28:4. doi: CNKI:SUN:ZYXX.0.2012-06-017

20. Song Q, Tian XQ, Lan Y, Zhang Y, Zhang Y, Zhu YQ, et al. Conventional
ultrasound combined with contrast-enhanced ultrasound in the diagnosis of benign
and Malignant cystic thyroid nodules. Chin J Med Imaging. (2020) 28:5. doi: 10.3969/
j.issn.1005-5185.2020.03.008

21. Pang LN, Qin WD, Yang X, Gu F, Luo W. CEUS perfusion patterns in
differential diagnosis of benign and Malignant thyroid nodules. Chin J Med Imaging
Technol. (2019) 314:34–7. doi: 10.13929/j.1003-3289.201811044
Frontiers in Endocrinology 13
22. Wu Q, Wang Y, Li Y, Hu B, He ZY. Diagnostic value of contrast-enhanced
ultrasound in solid thyroid nodules with and without enhancement. Endocrine. (2016)
53:480–8. doi: 10.1007/s12020-015-0850-0

23. Ba L, Liu QQ, Tian J, Li DX, Yu LC, Wu CJ. Study on the diagnostic value of
computer-aided detection and diagnosis system in differentiating benign and
Malignant thyroid nodules. Chin J Ultrasound Med. (2018) 34:4. doi: 10.3390/
biomedicines12081676

24. Yoo YJ, Ha EJ, Cho YJ, Kim HL, Han M, Kang SY. Computer-aided diagnosis of
thyroid nodules via ultrasonography: initial clinical experience. Korean J Radiol. (2018)
19:665–72. doi: 10.3348/kjr.2018.19.4.665

25. Li TT, Lu M, Wu MG, Wang L, Wei T, Liao JF, et al. Performance of computer-
aided diagnosis system versus radiologists in diagnosis of thyroid nodules. Chin J Med
Ultrasound (Electronic Edition). (2019) 16:660–4. doi: 10.3877/CMA.J.ISSN.1672-
6448.2019.09.004

26. Jeong EY, Kim HL, Ha EJ, Park SY, Cho YJ, Han M. Computer-aided diagnosis
system for thyroid nodules on ultrasonography: diagnostic performance and
reproducibility based on the experience level of operators. Eur Radiol. (2019)
29:1978–85. doi: 10.1007/s00330-018-5772-9

27. Gong ZJ, Yang HX, Yang Q, Wang Y, Xin J Gu JY. Preliminary study of
diagnostic value of AI intelligent assistant diagnostic system for thyroid nodules. J
China Clinic Med Imaging. (2021) 32:5. doi: 10.12117/jccmi.2021.11.005
frontiersin.org

https://doi.org/CNKI:SUN:LYYX.0.2020-05-006
https://doi.org/CNKI:SUN:LYYX.0.2020-05-006
https://doi.org/10.4103/0973-1482.147382
https://doi.org/10.4103/0973-1482.147382
https://doi.org/10.1016/j.jmu.2015.10.002
https://doi.org/CNKI:SUN:ZGCY.0.2015-10-006
https://doi.org/CNKI:SUN:ZYXX.0.2012-06-017
https://doi.org/10.3969/j.issn.1005-5185.2020.03.008
https://doi.org/10.3969/j.issn.1005-5185.2020.03.008
https://doi.org/10.13929/j.1003-3289.201811044
https://doi.org/10.1007/s12020-015-0850-0
https://doi.org/10.3390/biomedicines12081676
https://doi.org/10.3390/biomedicines12081676
https://doi.org/10.3348/kjr.2018.19.4.665
https://doi.org/10.3877/CMA.J.ISSN.1672-6448.2019.09.004
https://doi.org/10.3877/CMA.J.ISSN.1672-6448.2019.09.004
https://doi.org/10.1007/s00330-018-5772-9
https://doi.org/10.12117/jccmi.2021.11.005
https://doi.org/10.3389/fendo.2025.1514185
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A study on the diagnostic value of artificial intelligence combined with a contrast-enhanced ultrasound scoring system in partially cystic thyroid carcinoma
	Introduction
	Materials and methods
	Patient data
	Ultrasonography evaluation
	Ultrasound images of thyroid nodules were collected using the following devices
	Diagnostic methods of sonographers
	CEUS image analysis
	Establishment of a CEUS enhanced model scoring system

	AI–ultrasound intelligent auxiliary diagnosis system
	Statistical analysis

	Results
	Clinical and pathological results
	Establishment and diagnostic performance of a CEUS enhancement pattern scoring system for PCTNs
	Diagnostic performance of sonographers of different seniority levels before and after assistance by AI and the auxiliary system
	Diagnostic performance of physicians with different levels of seniority assisted by AI combined with CEUS for PCTNs

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


