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Objective

To evaluate the diagnostic performance of preoperative contrast-enhanced ultrasound (CEUS) in the detection of extracapsular extension (ECE) and cervical lymph node metastasis (LNM) of papillary thyroid carcinoma (PTC) and the added value of CEUS in the evaluation of PTC invasiveness to conventional ultrasound (US).



Materials and Methods

A total of 62 patients were enrolled retrospectively, including 30 patients with invasive PTCs (Group A, ECE or LNM present) and 32 patients with non-invasive PTCs (Group B). All patients underwent US and CEUS examinations before surgery. US and CEUS features of PTCs and lymph nodes were compared between groups. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of US, CEUS, and the combination of the two in the detection of ECE and LNM of PTCs were calculated. Logistic regression was used to analyze relationships between variables.



Results

The PTC size was larger in group A on both US and CEUS (P = 0.001, P = 0.003). More PTCs showed hyper-enhancement in group A (P = 0.013) than in group B. More PTCs had >25% contact between PTC and the thyroid capsule and discontinued capsule on US and CEUS (all P < 0.05) in group A than in group B. More absent hilum and calcification of lymph nodes were observed in group A (both P < 0.05) than in group B on US. More centripetal perfusion and enlarged lymph nodes were observed in group A (both P < 0.05) than in group B on CEUS. CEUS alone and US combined with CEUS manifested higher diagnostic accuracy (79.0%) than US alone (72.6%) in the detection of ECE. The combination of US and CEUS manifested the highest diagnostic accuracy (95.2%) than CEUS alone (90.3%) and US alone (82.2%) in the detection of LNM. Diagnoses of ECE and LNM by the combination of US and CEUS were independent risk factors for PTC invasiveness [odds ratio (OR) = 29.49 and 97.20, respectively; both P = 0.001].



Conclusion

CEUS or US combined with CEUS is recommended for the detection of PTC ECE, while the combination of US and CEUS is most recommended for LNM detection. CEUS plays an essential role in the preoperative evaluation of PTC invasiveness.
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Introduction

Papillary thyroid carcinoma (PTC) accounts for approximately 80%–90% of thyroid cancers (1, 2). As the incidence of PTC is gradually increasing, overtreatment of low-risk disease has become a worldwide concern (1). Although PTC is considered a moderate subtype of thyroid cancer with a preferable prognosis (3), the presence of extracapsular extension (ECE) and lymph node metastasis (LNM) are adverse prognostic factors, associated with higher recurrence and mortality rate (4). The staging and therapy plan of PTC also vary according to the above two factors. Therefore, accurate preoperative diagnosis of ECE and LNM is essential for the stratified management and precise treatment of PTC.

Among all medical imaging tools, ultrasound (US) is the first-line choice for thyroid disease assessment. Several guidelines (5–7) have been developed to improve the diagnostic performance of US for thyroid cancer, as well as new modalities such as elastography (8, 9). However, US was found to be a useful tool in the evaluation of PTC invasiveness with certain limitations. The reported accuracy for ECE detection by US was around 64.7%–92.6% (10, 11), while the reported accuracy for LNM detection was around 51.9%–84.3% (12, 13). To generalize the use of US in PTC invasiveness assessment in clinical settings, improvement of diagnostic performance is required.

Contrast-enhanced ultrasound (CEUS) techniques have rapidly advanced in the diagnosis of endocrinological tumors, including thyroid cancer, testicular neoplasm, and paraganglioma (14–16). Superior in the detection of microvascularity of tissue, CEUS was proven to be a promising tool in the evaluation of ECE and LNM of PTC (17–23). However, most of the studies focused on either ECE or LNM of PTC. Comprehensive analysis of PTC invasiveness lacked. In addition, inconsistency was found among different studies.

In this study, we investigated the US and CEUS features of invasive PTC, analyzed the diagnostic performance of US and CEUS in the detection of ECE and LNM, and explored the relationship between imaging features and PTC invasiveness, aiming to verify the added value of CEUS in the evaluation of PTC invasiveness.



Materials and Methods


Patients and Study Design

This study was approved by the ethics committee of our hospital. All patients signed an informed consent before examination. From February 2017 to December 2017, a total of 190 patients who underwent US and CEUS examinations of thyroid and cervical lymph nodes in our hospital were reviewed.

Inclusion criteria were as follows: 1) Surgical pathology-approved PTC; 2) US and CEUS examination within 1 month before surgery; 3) PTC size ≥0.5 cm; 4) Lymph node long-axis diameter + short-axis diameter ≥1.0 cm.

Exclusion criteria were as follows: 1) Patients with incomplete data; 2) Unsatisfied demonstration of PTC boundary; 3) Pathology-approved PTC could not be identified on US.

The presence of ECE and LNM was confirmed by surgical pathology. ECE was defined as positive if there was minimal microscopic extrathyroidal extension to surrounding soft tissues, strap muscles, or gross extrathyroidal extension to nerves, blood vessels, and other neighboring organs on pathology. Meanwhile, lymph nodes were considered benign if 1) Diagnosed as benign by surgical pathology or core needle biopsy (CNB); 2) There was a <20% increase in size and absence of US features suspicious for malignancy after a 2-year follow-up (18).

Finally, 62 patients were enrolled, including 51 females and 11 males, with an average age of 45.8 ± 13.4 years.



Ultrasound Examination

All conventional US and CEUS examinations were performed by three physicians with more than 9 years of experience in ultrasound diagnosis using a GE Logiq E9 (General Electric Healthcare, Waukesha, WI, USA) ultrasonic system equipped with a 6–15 MHz linear transducer according to a standard protocol in our department, which was consistent during the study period.

All conventional US images were reviewed and confirmed by two physicians with more than 5 years of experience, without knowing the histological information. Thyroid nodule features including size, the range of contact between PTC and thyroid capsule, and the presence of discontinued capsule were recorded. Nodule size was recorded as the maximum dimension in all planes. The range of contact between PTC and the thyroid capsule was divided into no contact (normal thyroid parenchyma existed between PTC and the thyroid capsule), <25% contact, 25%–50% contact, and >50% contact based on the ratio of contact part to the whole nodule perimeter. Discontinued capsule was recorded if there was the loss of normal thyroid capsule linear echo. The nodule nearest the thyroid capsule was enrolled in multifocal lesions.

For cervical lymph nodes, features including size, shape [long-axis diameter/short-axis diameter ratio (L/S ratio)], margin (well-defined/ill-defined), echogenicity (hypoechoic, isoechoic, or hyperechoic with respect to adjacent muscles), calcification (present/absent), and blood flow distribution (avascular/hilar/peripheral/mixed type) of cervical lymph nodes were recorded (21). In case the patient was present with several suspicious lymph nodes, the largest lymph node was enrolled. If no suspicious lymph node was present, the largest one of all non-suspicious lymph nodes was enrolled.



Contrast-Enhanced Ultrasound Examination

The mechanical index (MI = 0.08–0.10) was selected automatically by the ultrasonic system in relation to beam-focus depth. SonoVue (Bracco, Milan, Italy) was used as the ultrasound contrast agent. Here, 5.0 ml solution of 0.9% saline and SonoVue were mixed by oscillation. Then, 1.2 ml SonoVue was injected as a bolus followed immediately by 5.0 ml 0.9% saline flush via the cephalic vein. In this study, 90 s of CEUS was recorded in real time. TomTec workstation (TOMTEC Imaging Systems GmbH, Unterschleissheim, Germany) was used for CEUS off-line analysis.

All CEUS images were reviewed and confirmed by two physicians with more than 10 years of experience without knowing the histological information.

For PTC, the size of the nodule, the degree of enhancement, the range of contact between PTC and thyroid capsule, and the presence of discontinued capsule were recorded. The degree of enhancement was divided into hyper-enhancement, iso-enhancement, and hypo-enhancement with respect to the surrounding normal thyroid parenchyma. The evaluation of the range of contact between PTC and thyroid capsule was similar to the evaluation on US. Discontinued capsule was noted when the thyroid capsule was discontinued in the early artery phase (17).

For cervical lymph nodes, enhancement direction (centripetal/centrifugal), enhancement type (no enhancement/homogeneous enhancement/peripheral enhancement/mixed enhancement), and enhancement range (enlarged or not) were recorded (21).



Diagnostic Criteria for Extracapsular Extension and Lymph Node Metastasis

If the contact range between PTC and the thyroid capsule was >25%, and discontinued thyroid capsule was observed on US or CEUS, ECE would be diagnosed respectively (20). When combining US and CEUS together, if three or more of the above four features (>25% contact on US, discontinued capsule on US, >25% contact on CEUS, discontinued capsule on CEUS) were observed, ECE would be diagnosed by US+CEUS.

If two or more of the following features (L/S ratio <2, ill-defined margin, hyper-echogenicity, absent hilum, calcification, peripheral or mixed vascularity) were observed on US, LNM would be diagnosed by US. If two or more of the following features (centripetal perfusion, peripheral or mixed enhancement, and enlarged size on CEUS compared to US) were found on CEUS, LNM would be diagnosed by CEUS. Combining US and CEUS together, if three or more of all the above features were observed, LNM would be diagnosed by US+CEUS (21).



Statistical Analysis

SPSS 16.0 software (IBM, Armonk, NY, USA) was used for statistical analysis. Continuous data of normal distribution were described by mean ± standard deviation, continuous data of non-normal distribution were described by median (interquartile range), and categorized data were described by percentage. Using independent-sample t test for the comparison of continuous data of normal distribution, Mann–Whitney test for continuous data of non-normal distribution, and chi-square test or Fisher’s exact test for the proportion comparison of categorized data. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall accuracy of US and CEUS in the diagnosis of ECE and LNM were calculated. Logistic regression was used to explore the relationship between variables. P < 0.05 (two-tailed) was considered to be statistically significant.




Results


Patients

Most enrolled patients were symptomless, with thyroid lesions accidentally discovered during physical examinations (49/62, 79.0%). The most common clinical symptom was painless neck mass (8/62, 12.9%), followed by hoarseness (4/62, 6.5%), cough (3/62, 4.8%), and palpitation (3/62, 4.8%). Among 59 patients (95.2%) with thyroid function test results, one had hyperthyroidism (1/62, 1.6%), while the others had normal thyroid function.

Based on pathology, 15 patients had multifocal PTCs (24.2%). Here, 16 patients had PTCs with ECE (25.8%), 11 patients had PTCs with LNM (17.7%), and 3 patients had PTCs with both ECE and LNM (4.8%). These 30 patients were group A (48.4%). The other 32 patients had PTCs without ECE or LNM (51.6%, group B). Among all patients with ECE, 3 presented with gross extrathyroidal extension (18.8%), and the others presented minimal extrathyroidal extension (13/16, 81.2%). No significant difference was found in age, gender, or multifocality between the two groups (all P > 0.05).



Ultrasound Examination

Most PTCs were solid (60/62, 96.8%), hypoechoic (54/62, 87.1%) nodules with microcalcifications (31/62, 50.0%) and lobulated or irregular margins (27/62, 43.5%). In addition, 18 PTCs (29.0%) showed taller-than-wide shape. Most PTCs (50/62, 80.6%) were grade 5 based on the 2017 American College of Radiology (ACR) Thyroid Imaging, Reporting and Data System (TI-RADS) (5), while the others were grade 4.

The average size of PTC on US was 0.95 (0.68, 1.30) cm, ranging from 0.5 to 6.8 cm. PTC size of group A was significantly larger than that of group B (P = 0.001). More PTCs showed >25% contact with the thyroid capsule and discontinued thyroid capsule in group A than in group B (P < 0.001, P = 0.007, respectively). More absent hilum and calcification were observed in lymph nodes in group A (P = 0.02, P = 0.01, respectively), while no significant difference was found in L/S ratio, ill-defined margin, hyper-echogenicity, or vascularity distribution of lymph nodes between groups, as shown in Table 1.


Table 1 | US and CEUS features of PTCs and lymph nodes in the two groups.





Contrast-Enhanced Ultrasound Examination

The average size of PTC on CEUS was 0.85 (0.60, 1.20) cm. As shown in Table 1, PTC size of group A was significantly larger than that of group B (P = 0.003). More PTCs with hyper-enhancement compared to the surrounding thyroid parenchyma were observed in group A, while more PTCs with hypo-enhancement were observed in group B (P = 0.013). More PTCs demonstrated >25% contact with the thyroid capsule and discontinued thyroid capsule in group A (P < 0.001). More centripetal perfusion and enlarged size of LNs were observed in lymph nodes in group A (P < 0.001, P = 0.029, respectively), while no significant difference was found in the enhancement type of LNs (P > 0.05).



Diagnostic Performance Analysis

CEUS alone and the combination of US and CEUS were more accurate than US alone in the diagnosis of ECE of PTC. However, the combination of US and CEUS did not make much improvement in the diagnostic accuracy than CEUS alone. Meanwhile, the combination of US and CEUS was more accurate than US or CEUS alone in the diagnosis of LNM from PTC. CEUS alone was more accurate than US alone as well. The results are shown in Tables 2, 3 and Figure 1.


Table 2 | Diagnostic performance of US, CEUS, and US combined CEUS for ECE of PTC.




Table 3 | Diagnostic performance of US, CEUS, and US combined CEUS for LNM from PTC.






Figure 1 | (A) A 40-year-old male patient with pathology-confirmed PTC underwent preoperative US and CEUS examination. (A) One 6.8 cm * 4.7 cm mixed cystic and solid nodule was found in the left lobe of the thyroid. The contact range between PTC and the thyroid capsule was >50%. The capsule was continued on US. (B) On CEUS, the contact range between PTC and the thyroid capsule was >50%, and discontinued capsule was observed (white arrow). (C) A 1.2 cm * 0.5 cm hypoechoic lymph node with clear boundary and unclear hilum structure was found on US. (D) This lymph node demonstrated centripetal perfusion and peripheral enhancement on CEUS (white arrows). This patient was diagnosed with non-invasive PTC by US, PTC with ECE and LNM by CEUS and US+CEUS, and was finally confirmed to have PTC with ECE and LNM by pathology. PTC, papillary thyroid carcinoma; US, ultrasound; CEUS, contrast-enhanced ultrasound; ECE, extracapsular extension; LNM, lymph node metastasis.





Logistic Regression Analysis

Based on the above statistical analysis results and clinical data, age, gender, PTC size, degree of enhancement, diagnosis of ECE by US+CEUS, and diagnosis of LNM by US+CEUS were used in binary logistic regression analysis. The results showed that the diagnoses of ECE and LNM by the combination of US and CEUS were independent risk factors for PTC invasiveness [odds ratio (OR) = 29.49, 97.20, respectively; both P = 0.001].




Discussion

In this study, we found that the PTC size in group A was significantly larger than that in group B on both US and CEUS. Nodule size was reported to be an independent risk factor for differentiated thyroid cancer (22–25). This might be due to the aggressive nature of invasive PTC that the aggregation of tumor cells might be promoted at the gene or molecular level compared with non-invasive PTC (26). Meanwhile, more hyper-enhancement was observed in group A than in group B. Generally speaking, PTC tends to be hypo-enhanced compared to benign nodules of the thyroid, since they lack blood supply (27, 28), especially when the PTC size is small (29). However, we found that 20% of PTCs in group A were hyper-enhanced, even though two-thirds of them were smaller than 2.0 cm. Recently, intranodular vascularity evaluated by US has no longer been considered an independent risk factor for malignancy in PTCs (4). Nevertheless, we speculate that vascularity evaluated by CEUS might be associated with PTC invasiveness, consistent with other studies (22, 23, 30). Since angiogenesis is fundamental in the development, growth, and metastasis of PTC (23), this sign might suggest more active neovascularization and greater microvascular density in invasive PTC, which could be reflected by CEUS.

PTCs in group A had a larger contact range between PTC and the thyroid capsule and more presence of discontinued capsule than PTCs in group B. Meanwhile, lymph nodes in Group A showed more absent hilum and calcification on US, as well as more centripetal perfusion and enlarged size on CEUS than in group B. The above ultrasonic features were reported to be indicators for PTC ECE and LNM (17, 18, 21, 31), and our results consistently demonstrated its importance in PTC invasiveness evaluation. These findings helped us to obtain a better understanding of the ultrasonic characterization of invasive PTC.

Several studies have focused on the application of CEUS in the diagnosis of ECE or LNM from PTC (17–23, 28, 31). Most of them suggested that CEUS had better diagnostic performance than US. In this study, we had consistent findings. In both ECE and LNM diagnosis, CEUS showed higher sensitivity, specificity, PPV, NPV, and accuracy than those of US. CEUS is dominant in the detection of tissue perfusion. It is sensitive to microvascularity; hence, it has advantages in the display of lesion contour, thyroid capsule interruption, and hemodynamics of PTC and lymph nodes. These might be the fundamentals of the better diagnostic performance shown by CEUS. Interestingly, for ECE diagnosis, the combination of US and CEUS did not show much improvement in the diagnostic accuracy other than CEUS alone. This might be because for ECE diagnosis, the parameters obtained by US and CEUS were the same. CEUS was superior in the detection of PTC and capsule contact as well as capsule continuity (20), working more like a substitution than a supplement to US. However, for LNM diagnosis, US and CEUS showed different advantages. CEUS is more sensitive in the detection of perfusion direction and microvascularity structure than US (32), yet it has difficulty recognizing other features obtained by US, such as calcification and hyper-echogenicity. Thus, the combination of US and CEUS showed the highest accuracy, followed by CEUS and US alone.

The binary logistic regression analysis showed that the diagnoses of ECE and LNM by the combination of US and CEUS were independent risk factors for PTC invasiveness. The success of surgery for thyroid cancer hinges on thorough and accurate preoperative imaging. At present, US is recommended for the preoperative evaluation of thyroid cancer by the American Thyroid Association (ATA) (33). In commonly used guidelines for thyroid nodule management such as 2015 ATA guideline and 2017 ACR TI-RADS, PTC smaller than 1 cm without high-risk features is considered indolent, and active clinical diagnosis and treatment are not recommended (5, 33, 34). However, effective preoperative evaluation of PTC invasiveness lacks in traditional imaging methods. In our study, we found that the diagnosis of ECE and LNM by the combination of US and CEUS could significantly predict PTC invasiveness, even in subcentimeter PTCs. Thus, we state that the combination of US and CEUS could be a promising tool for the preoperative evaluation of PTC invasiveness and might benefit the optimal stratified management of PTC patients.

There are some limitations of this study: 1) This is a retrospective study with a relatively small sample size. Selection bias might exist because patients with non-invasive micro-PTC might take clinical and ultrasonic follow-up instead of surgery. Larger and prospective studies will be helpful to generalize the results in the future; 2) In this study, size thresholds were set for enrollment of PTC and LN because movement may lead to errors in measurement and difficulty existed in the CEUS feature observation for small lesions; 3) The value of CEUS in the evaluation of different degrees of ECE and different compartment lymph node metastasis will be further addressed in our future study.



Conclusion

US and CEUS features for invasive PTC include larger size, hyper-enhancement, >25% contact between PTC and thyroid capsule, discontinued capsule, absent hilum, calcification in lymph node, centripetal perfusion, and enlarged lymph node on CEUS. CEUS has added value in the evaluation of PTC invasiveness when compared to US. CEUS or US+CEUS is recommended for the evaluation of ECE, while US+CEUS is recommended for the evaluation of LNM. CEUS is a promising tool in the preoperative assessment of PTC invasiveness, which might benefit the clinical stratified management of PTC patients.
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