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Background: The role of quantitative contrast-enhanced ultrasound (CEUS) in the evaluation of thyroid 
nodules with Hashimoto’s thyroiditis (HT) has received little attention. 
Methods: This was a retrospective cohort study. We consecutively enrolled 242 patients (49 males, 193 
females, average age 52 years) with a combined total of 248 thyroid nodules coexisting with HT who 
underwent biopsy/resection-proven pathology from December 2016 to June 2021. All patients underwent 
preoperative ultrasound (US) and CEUS examinations performed by 2 radiologists independently. 
Quantitative analysis of CEUS using time-intensity curves (TIC) was measured by an expert radiologist from 
the thyroid intra-nodule and the surrounding parenchyma and their ratios. Receiver operating characteristic 
(ROC) analysis was performed to evaluate their diagnostic performance.
Results: The patients were divided into the nodular HT (NHT) group (n=42), the papillary thyroid 
carcinoma (PTC) group (n=154), and the primary thyroid lymphoma (PTL) group (n=52) according to their 
pathological results. TIC parameters revealed that PTC and PTL showed faster time to peak (TTP) (P=0.044, 
P=0.049), lower peak intensity (PI) (both P<0.001), and smaller areas under the curve (both P<0.001) than 
those of NHT. The intra nodule of PTL showed an obviously slower perfusion (ratio =0.90, P<0.001) and 
lower PI (ratio =0.84, P<0.001) compared with the thyroid parenchyma. TIC improved performance in 
distinguishing PTL from NHT [area under the curve (AUC): 0.947, 95% confidence interval (CI): 0.903–
0.991], but inferior performance in differentiating PTC and NHT (AUC: 0.838, 95% CI: 0.759–0.917).
Conclusions: CEUS quantitative analysis could be valuable in differentiating thyroid malignancies in 
patients with HT.
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Introduction

Among endocrine malignancies, the incidence of thyroid 
cancer has increased substantially over the past 50 years (1). 
It is the 9th most common disease globally, with 586,000 
cases reported in 2020 (2). A link between inflammation 
and cancer is well-known (3). Hashimoto’s thyroiditis (HT) 
is now considered the most prevalent autoimmune disease, 
as well as the leading cause of hypothyroidism (4). In fact, 
in HT, the gland microenvironment is characterized by 
the presence of infiltrating lymphocytes and other immune 
competent cells (5). It has been hypothesized that chronic 
inflammatory stimulus and immune processes may be 
linked to tumorigenesis among certain tissues, and can 
lead to neoplastic transformation through an oncogene 
signaling pathway that is induced by the expression of 
inflammation-related genes (3). Although still inconsistent, 
epidemiological and histological data have indicated that HT 
has a strong association with papillary thyroid carcinoma 
(PTC) and primary thyroid lymphoma (PTL) (6-8). Unlike 
other types of thyroid cancer, thyroid lymphoma arises from 
lymphocytes, most commonly B lymphocytes (9). Patients 
with HT are at greater risk for developing PTL, with a 
relative risk of 40- to 80-fold compared to those without 
thyroiditis (10). Epidemiologic studies have reported that 
HT is found in 20–50% of PTC samples and it is linked 
itself to a higher risk of PTC (11). 

Ultrasound (US) is used as the basis for several thyroid 
nodule risk stratification systems (12). Unfortunately, 
none of the existing recommendations specifically address 
how to deal with the nodules with a background of 
diffuse HT, whereby patients have both a sonographically 
abnormal gland and an increased risk of malignancy. 
Chronic inflammation causes damage to surrounding 
tissues and blood vessels, resulting in US characteristics 
of heterogeneous hypo-echoic thyroid parenchyma, 
micronodulation, and hypervascularity (13). HT may form 
discrete nodules within a diffusely altered parenchyma 
known as nodular HT (NHT) (14).  NHT largely 
underscores the difficulty in distinguishing from malignant 
nodules due to its more hypoechoic and heterogeneous 
appearance with irregular margins,  leading to an 
unnecessary biopsy rate (15,16). 

Contrast-enhanced ultrasound (CEUS) is an efficient 
technique to evaluate the vascularity distribution 
and hemodynamics of tumors compared to tumor-
surrounding tissues (17). CEUS focuses on displaying the 
microvascularity of tissues, and the contrast agent used 

is a pure blood-pool, negating some of the limitations of 
Doppler US in the assessment of the microvascular flow 
pattern in tumorous lesions (18). Doppler US helps to 
characterize blood flow, with limitations of attenuation, 
low sensitivity for very slow blood flow, and angle  
dependency (19). The European Federation of Societies for 
Ultrasound in Medicine and Biology (EFSUMB) guidelines 
suggested that CEUS allowed reliable diagnostics (20). The 
pooled sensitivity, specificity, and accuracy of CEUS for 
diagnosing malignant thyroid nodules have been reported to be 
76.9–88.2%, 84.8–95.1%, and 82.6–90.4%, respectively (21).  
However, CEUS features in thyroid nodules lack consensus 
reporting standards, leading to bias between results from 
different observers. Thus, the introduction of a time-
intensity curve (TIC) to evaluate and characterize the 
information of the microvascular density of the thyroid 
nodules is highly important. Most studies focusing on the 
diagnosis of thyroid lesions using a TIC have concentrated 
mainly on normal parenchyma (22-24). 

To further extend those prior reports, our study aimed 
to retrospectively evaluate the diagnostic performance of 
CEUS based on quantitative enhancement analysis in the 
differentiation of thyroid nodules accompanied with HT. 
We present this article in accordance with the STARD 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-601/rc).

Methods

Patients

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This retrospective cohort 
study was approved by the institutional review board of the 
West China Hospital, Sichuan University, Chengdu, China 
(No. 20230927). The committee waived the requirement 
for individual consent for this retrospective analysis. The 
US images and CEUS videos of patients who underwent 
thyroid biopsy/surgery were consecutively collected in West 
China Hospital from December 2016 to June 2021, with the 
following inclusion criteria (Figure 1): (I) ≥18 years old; (II) 
US and CEUS exams within 3 months before percutaneous 
biopsy or surgical resection; (III) thyroid parenchyma was 
clinically confirmed as HT; and (IV) thyroid nodules had 
reliable pathological diagnosis. Patients were excluded if 
they (I) had a history of ablation; and (II) had nodules with 
diameter <1 cm. 

The clinical diagnosis of HT is currently established 

https://qims.amegroups.com/article/view/10.21037/qims-23-601/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-601/rc
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by serum antibodies against thyroid antigens (mainly 
thyroperoxidase ≥34 IU/mL or thyroglobulin ≥115 IU/mL). 
The pathological features suggest that HT may be present. 
All of our patients were diagnosed with HT by serum 
antibodies against thyroid antigens.

US and CEUS examination

The gray-scale US and CEUS examinations were 
performed using a US system (iU22, Phillips Healthcare, 
Bothell, WA, USA) with a 5–12 MHz linear probe for gray-
scale US and a 3–9 MHz linear probe for CEUS. CEUS 
was performed using reverse pulse imaging technique with 
a real-time, low-mechanical index (MI =0.06). A contrast 
medium SonoVue (1.0–2.0 mL; Bracco, Milan, Italy) bolus 
was injected intravenously, followed by injection of 0.9% 
sodium chloride solution (5 mL). The image focus was 
placed below the region of interest (ROI) and a dual screen 
format was used for all the CEUS examinations showing 
a gray-scale image alongside the contrast-specific image. 
The image was dynamically observed after the bolus, and 
the timer on the US system was initiated simultaneously. 

The CEUS dynamic videos were recorded continuously 
for at least 3 minutes for further analysis. The set of CEUS 
imaging was stored on the hard drive of the US system and 
copied to portable hard drive for later evaluation. 

US and CEUS image analysis

The images were reviewed by two radiologists (C.Y. 
and Y.H. with at least 5 years of experience in US and at 
least 2 years of experience in CEUS of the thyroid gland 
and neck area) who were blinded to clinical information 
and pathological results and recorded their judgments 
independently. Interobserver agreement on the baseline 
qualitative US and CEUS imaging features was evaluated by 
the kappa value. If no consensus was reached, discrepancies 
were resolved by the judgement of a third reviewer (B.M., 
with 20 years’ experience in head and neck US and 10 years 
in CEUS).

The conventional US (gray-scale US and color Doppler 
US) features of each nodule were evaluated as follows: 
size on US (maximum diameter); inner echogenicity (very 
hypo-, hypo-, or hyper-/iso-echoic); shape (taller than 

Patients who underwent thyroid biopsy/surgery 
resection-proven pathology from December 
2016 to June 2021 was enrolled (n=26,890)

Inclusion for enrollment (n=2,286)
•	 ≥18 years old
•	 With both US and CEUS exams 
•	 Thyroid nodules with reliable pathological 

diagnosis 
•	 Thyroid parenchyma with clinically 

diagnosed as HT

Exclusion for enrollment (n=2,044)
•	 A history of ablation (n=545)
•	 Nodules with diameter <1 cm 

(n=1,499)

242 patients with 248 nodules 
were finally enrolled

148 PTC patients 
with 154 nodules

52 PTL patients 
with 52 nodules

42 NHT patients 
with 42 nodules

Figure 1 Flow diagram of our study population. US, ultrasound; CEUS, contrast-enhanced ultrasound; HT, Hashimoto’s thyroiditis; PTC, 
papillary thyroid carcinoma; PTL, primary thyroid lymphoma; NHT, nodular Hashimoto’s thyroiditis.
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wide or wider than tall); margin (smooth or ill-defined, 
lobulated, or irregular, extrathyroidal extension); posterior 
acoustic enhancement (normal, attenuation, enhancement); 
calcification (none, micro, or macro); Adler grade [Grade 0: 
no blood flow in the lesion; Grade 1: 1–2 pixels contained 
blood flow (usually <1 mm in diameter) was observed in the 
lesion; Grade 2: 3–4 pixels or a main vessel were visualized 
in the lesion; Grade 3: ≥5 pixels or ≥2 main vessels were 
visualized inside the lesion] (25). Nodules were classified 
according to the American College of Radiology (ACR) 
Thyroid Imaging Reporting and Data System (TI-RADS) 
lexicon (26) and User’s Guide (27).

The CEUS imaging features were assessed including the 
enhancement pattern (homogeneous or heterogeneous), 
the degree (hypo-, iso-, or hyper-enhancement), and the 
direction (centripetal/centrifugal or scattered perfusion). 
Homogeneous lesions were defined as those in which the 
entire lesion showed uniform and diffuse enhancement 
at the time of peak intensity (PI), regardless of the extent 
of enhancement. Heterogeneous lesions, on the other 
hand, were defined as enhanced lesions that contain partial 
enhancement. Centripetal/centrifugal enhancement was 
characterized by microbubbles expanding from either the 
margins of the nodule towards the center, or from the 
center towards the margins. The nodules showed hypo-/
iso-/hyper-enhancement, which was detected as decreased/
the same/increased internal echogenicity compared to the 
surrounding thyroid tissue.

The TIC analysis of nodules was performed with Q-LAB 
software (Philips Healthcare, USA) (Figure 2). A radiologist 
(B.M.) manually defined the ROI that was placed on the 
thyroid nodules on each image. A second ROI was drawn in 
the adjacent thyroid parenchyma as an internal reference. It 

was ensured that both ROIs were located at the same level, 
the same depth, and were of similar size.

Perfusion parameters: (I) PI (dB), defined as the maximal 
signal intensity measured in the selected ROI; (II) time to 
peak (TTP, seconds), defined as the time from the starting 
point to the PI of the curve; (III) rise time (RT, seconds), 
defined as the time from the instant where the maximum 
slope tangent intersects the x-axis to the peak. Clearance 
parameters: time from peak to one-half (TPH, seconds), 
defined as the time from the peak point to the PI drop to 
50% of the curve. Comprehensive parameters: (I) mean 
transit time (MTT, seconds), defined as the time from the 
starting point to the PI drop to 50% of the curve; and (II) 
area under the curve (AUC), defined as the area under the 
whole-time intensity curve. 

Pathologic analysis

The histological results were the reference diagnostic 
standard. A tissue sample of the lesion was obtained by 
surgical resection or biopsy. The pathological diagnoses 
of nodules were confirmed according to the World Health 
Organization (WHO) classification of tumors (28). 

HT pathologica l  fea tures  are  as soc ia ted  wi th 
lymphoplasmacytic infiltration with germinative center 
formation, oxyphilic cell metaplasia (Hürthle), atrophy, and 
fibrosis of thyroid follicles were classified as HT (5).

Statistical analysis

Categorical variables were summarized using frequencies 
and percentages, whereas continuous variables were 
summarized using the median and interquartile range and 
mean and standard deviation. The Mann-Whitney U test 
was used for continuous variables, and the χ2 or Fisher 
exact test was used for categorical variables. Logistic 
regression analysis was used for univariate analysis of all 
parameters. Then, the absolute and relative parameters 
that were statistically related to malignant nodules at a level 
of significance of P<0.05 (two-sided) were included in a 
multivariate logistic regression analysis model to identify 
independent risk factors for malignancies. Multivariate 
logistic regression analysis was used to develop AUCs 
based on the optimal features for diagnosing. The AUCs 
with 95% confidence intervals (CIs) were compared using 
the DeLong test. Interobserver agreement in analyzing 
the imaging features of thyroid nodules was evaluated 
with Cohen’s kappa coefficient. A κ value <0.2 indicated 
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Figure 2 The perfusion parameters obtained from the time 
intensity curve analysis of the Contrast-enhanced ultrasound 
examination. AUC, area under the curve; PI, peak intensity; RT, 
rise time; TTP, time to peak; TPH, time from peak to one-half. 
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poor agreement; 0.2–0.4 indicated fair agreement; 0.41–
0.6 indicated moderate agreement; 0.61–0.8 indicated 
good agreement; and 0.81–1.00 indicates almost perfect 
agreement. Data were analyzed with SPSS 26.0 (IBM 
Corp., Armonk, NY, USA) and MedCalc, version 15.0 
(MedCalc Software, Ostend, Belgium). A P value <0.05 was 
considered indicative of a statistically significant difference.

Results

Patients and thyroid nodules characteristics

On the basis of the selection criteria, 242 patients with 248 
thyroid nodules were enrolled, which included 42 NHT 
patients (3 male and 39 female; average age 46.6±12.4 years), 
52 PTL patients (15 male and 37 female; average age 
58.7±9.3 years), and 148 PTC patients (31 male and 117 
female; average age 49.5±17.6 years). Among these nodules, 
the mean size of 42 NHT nodules was 18.2±7.6 mm, 52 
PTL nodules was 49.9±18.9 mm, and 154 PTC nodules 
was 17.2±6.9 mm. The patients with PTL were significantly 
older (P<0.001) and their nodules had larger size (P<0.001) 
than those with NHT. Clinical characteristics of patients 
including age, sex, nodule size, and tumor histopathologic 
results are displayed in Table 1.

Comparison of qualitative analysis

Interobserver agreement in two readers (C.Y. and Y.H.) in 
US and CEUS of the thyroid had excellent interobserver 
agreement with κ value of 0.81. In terms of qualitative 
analysis for the gray-scale US features (Table 2), PTC 

appeared more frequently as taller than wide shape (61.7% 
vs. 16.7%, P<0.001), extrathyroidal extension margin (76.6% 
vs. 16.7%, P=0.009), micro-calcification (66.2% vs. 4.8%, 
P<0.001), and posterior echo attenuation (20.8% vs. 0.0%, 
P<0.001) than NHT on gray-scale US. PTL tended to have 
posterior echo enhancement (46.2% vs. 16.7%, P<0.001) 
and intra-nodular visualized vascularity (Adler grade 0: 
5.8% vs. 23.8%, P<0.001) more than NHT. Compared with 
NHT, the CEUS parameters of PTL and PTC were more 
likely to be centripetal/fugal, heterogeneous and hypo-
enhancement (all P<0.001) (Table 3). 

Comparison of quantitative analysis 

As shown in Table 4, perfusion parameters: in malignant 
lesions (PTC and PTL), the PI was significantly lower 
(P<0.001, P<0.001) and TTP (P=0.044, P=0.049) was faster 
than those of NHT. RT in PTC nodule was significantly 
faster (P=0.029) than in NHT. The ratios of lesion and 
background in PI, RT, and TTP between PTL and NHT 
were significantly different. PTL showed that the PI 
(ratio =0.84 vs. 0.97, P<0.001) of intra-lesions were much 
lower than their backgrounds, or RT (ratio =0.89 vs. 0.97, 
P<0.001) and TTP (ratio =0.90 vs. 1.00, P<0.001) of intra-
lesions presented much faster. 

Clearance parameters: compared with NHT, TPH in 
PTL was significantly longer (P<0.001). 

Comprehensive parameters: AUC in PTL and PTC 
were significantly smaller than in NHT (P<0.001, P<0.001). 

In this study, NHT and PTC nodules were divided into 
two groups (10–<20 and ≥20 mm), and PTL nodules were 
divided into two groups (10–<50 and ≥50 mm), according 

Table 1 Clinical characteristics of 242 study patients with 248 thyroid nodules combined with Hashimoto’s thyroiditis

Parameters PTL PTC NHT
P

PTL vs. NHT PTC vs. NHT

No. of patients 52 148 42

No. of nodules 52 154 42

Sex† 0.005* 0.035*

Female 37 (71.2) 117 (79.1) 39 (92.9)

Male 15 (28.8) 31 (20.9) 3 (7.1)

Age‡ (year) 58.7±9.3 49.5±17.6 46.6±12.4 <0.001* 0.005*

Size‡ (mm) 49.9±18.9 17.2±6.9 18.2±7.6 <0.001* 0.501
†, data are numbers of patients, with percentages in parentheses. ‡, data are means ± SDs. *, P<0.05 was considered statistically significant. 
PTL, primary thyroid lymphoma; PTC, papillary thyroid carcinoma; NHT, nodular Hashimoto’s thyroiditis; SD, standard deviation.



Quantitative Imaging in Medicine and Surgery, Vol 14, No 1 January 2024 949

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(1):944-957 | https://dx.doi.org/10.21037/qims-23-601

Table 2 Comparison of US qualitative parameters in thyroid nodules combined with Hashimoto’s thyroiditis

US parameters PTL (n=52), No. (%) PTC (n=154), No. (%) NHT (n=42), No. (%)
P

PTL vs. NHT PTC vs. NHT

Echogenicity 0.184 0.202

Very hypoechoic 4 (7.7) 0 0

Hypoechoic 47 (90.4) 142 (92.2) 41 (97.6)

Hyper/iso-echoic 1 (1.9) 12 (7.8) 1 (2.4)

Shape 0.866 <0.001*

Wider than tall 44 (84.6) 59 (38.3) 35 (83.3)

Taller than wide 8 (15.4) 95 (61.7) 7 (16.7)

Margin 0.042* 0.009*

Smooth or ill-defined 7 (13.5) 3 (1.9) 9 (21.4)

Lobulated or irregular 24 (46.2) 33 (21.4) 26 (61.9)

Extrathyroidal extension 21 (40.4) 118 (76.6) 7 (16.7)

Calcification 0.280 <0.001*

None 45 (86.5) 31 (20.1) 40 (95.2)

Micro 5 (9.6) 102 (66.2) 2 (4.8)

Macro 2 (3.8) 21 (13.6) 0

Posterior echo <0.001* <0.001*

Normal 28 (53.8) 121 (78.6) 35 (83.3)

Attenuation 0 32 (20.8) 0

Enhancement 24 (46.2) 1 (0.6) 7 (16.7)

Adler <0.001* 0.122

Grade 0 3 (5.8) 35 (22.7) 10 (23.8)

Grade 1 27 (51.9) 86 (55.8) 19 (45.2)

Grade 2 19 (36.5) 32 (20.8) 13 (31.0)

Grade 3 3 (5.8) 1 (0.6) 0

ACR TI-RADS 0.019* <0.001*

TR4 25 (48.1) 1 (0.6) 31 (73.8)

TR5 27 (51.9) 153 (99.4) 11 (26.2)

*, P<0.05 was considered statistically significant. US, ultrasound; PTL, primary thyroid lymphoma; PTC, papillary thyroid carcinoma; NHT, 
nodular Hashimoto’s thyroiditis; ACR, American College of Radiology; TI-RADS, Thyroid Imaging Reporting and Data System. 

to the different size distributions of NHT, PTC, and PTL 
nodules. Unexpectedly, we found that all relative parameters 
of qualitative and quantitative CEUS had no significant 
difference in nodules of different sizes (Tables S1-S3).

Comparison of diagnostic performances

The risk factors for malignant thyroid nodules combined 

with HT are shown in Figures S1,S2. The diagnostic 
results of US, CEUS, and TIC in differentiating thyroid 
malignancies in patients with HT are shown in Table 5 
and Figure 3. TIC parameters showed more effective in 
differentiating NHT and PTL (sensitivity of 84.62%, 
specificity of 97.62%, AUC of 0.947), but not as effective 
as conventional US in differentiating NHT and PTC 
(sensitivity of 90.91%, specificity of 73.81%, and AUC of 

https://cdn.amegroups.cn/static/public/QIMS-23-601-Supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-23-601-Supplementary.pdf
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Table 3 Comparison of CEUS qualitative parameters in thyroid nodules combined with Hashimoto’s thyroiditis

CEUS parameters PTL (n=52), No. (%) PTC (n=154), No. (%) NHT (n=42), No. (%)
P

PLT vs. NHT PTC vs. NHT

Enhancement direction <0.001* <0.001*

Scattered 0 11 (7.1) 23 (54.8)

Centripetal/fugal 52 (100.0) 143 (92.9) 19 (45.2)

Enhancement pattern <0.001* <0.001*

Homogeneous 1 (1.9) 1 (0.6) 21 (50.0)

Heterogeneous 51 (98.1) 153 (99.4) 21 (50.0)

Enhancement intensity <0.001* <0.001*

Hypo-enhancement 49 (94.2) 143 (92.9) 23 (54.8)

Iso-enhancement 3 (5.8) 2 (1.3) 19 (45.2)

Hyper-enhancement 0 9 (5.8) 0

*, P<0.05 was considered statistically significant. CEUS, contrast-enhanced ultrasound; PTL, primary thyroid lymphoma; PTC, papillary 
thyroid carcinoma; NHT, nodular Hashimoto’s thyroiditis. 

Table 4 Comparison of TIC qualitative parameters in thyroid nodules combined with Hashimoto’s thyroiditis

TIC parameters PTL (n=52) PTC (n=154) NHT (n=42)
P

PTL vs. NHT PTC vs. NHT

PI (dB)

Lesion 13.07±3.24 12.55±3.05 15.37±2.62 <0.001* <0.001*

Parenchyma 15.79±2.47 14.97±2.18 15.96±2.14 0.747 <0.001*

Ratio 0.84±0.13 0.92±0.13 0.97±0.10 <0.001* 0.710

RT (s)

Lesion 19.78±3.19 19.67±3.93 20.66±3.94 0.357 0.029*

Parenchyma 21.65±4.20 19.59±3.90 21.01±4.19 0.139 0.282

Ratio 0.89±0.10 0.96±0.09 0.97±0.11 <0.001* 0.057

TTP (s)

Lesion 30.31±5.82 29.89±6.40 32.55±6.10 0.049* 0.044*

Parenchyma 32.32±6.80 30.77±5.70 31.74±7.36 0.342 0.334

Ratio 0.90±0.10 0.97±0.10 1.00±0.09 <0.001* 0.175

TPH (s)

Lesion 136.67±12.75 121.04±6.78 119.74±6.76 <0.001* 0.640

Parenchyma 128.50±18.18 120.20±6.53 119.47±6.61 <0.001* 0.807

Ratio 1.01±0.11 1.01±0.02 1.00±0.03 0.052 0.108

MTT (s)

Lesion 24.03±5.42 23.47±4.44 24.69±5.69 0.858 0.843

Parenchyma 25.12±5.21 24.09±3.97 23.63±6.69 0.551 0.876

Ratio 0.96±0.13 0.99±0.14 0.98±0.09 0.403 0.446

AUC (dB sec)

Lesion 1,683.31±289.65 1,541.61±235.50 1,886.24±302.87 <0.001* <0.001*

Parenchyma 2,022.87±310.77 1,674.65±231.68 1,951.04±297.61 0.091 <0.001*

Ratio 0.85±0.13 0.93±0.14 0.98±0.11 <0.001* 0.006*

Data were presented as median ± interquartile range. *, P<0.05 was considered statistically significant. TIC, time-intensity curve; PTL, 
primary thyroid lymphoma; PTC, papillary thyroid carcinoma; NHT, nodular Hashimoto’s thyroiditis; PI, peak intensity; RT, rise time; TTP, 
time to peak; TPH, time from peak to one-half; MTT, mean transit time; AUC, area under the curve. 
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Table 5 Comparison of diagnostic performances in differentiation thyroid nodules combined with Hashimoto’s thyroiditis.

Variables AUC (95% CI) Sensitivity (%) Specificity (%) Youden index

PTL vs. NHT

US 0.808 (0.721–0.894) 55.77 90.48 0.463

CEUS 0.774 (0.671–0.876) 100.00 54.76 0.548

TIC 0.947 (0.903–0.991) 84.62 97.62 0.822

US + CEUS 0.866 (0.795–0.938) 100.00 54.76 0.548

US + TIC 0.940 (0.892–0.988) 86.54 92.86 0.794

CEUS + TIC 0.965 (0.935–0.995) 88.46 92.86 0.813

US + CEUS + TIC 0.972 (0.945–0.998) 92.31 90.48 0.827

PTC vs. NHT 

US 0.954 (0.915–0.994) 87.66 92.86 0.805

CEUS 0.747 (0.646–0.847) 99.35 50.00 0.404

TIC 0.838 (0.759–0.917) 90.91 73.81 0.647

US + CEUS 0.960 (0.921–1.000) 92.86 90.48 0.833

US + TIC 0.968 (0.935–1.000) 94.81 92.86 0.877

CEUS + TIC 0.914 (0.858–0.970) 88.96 80.95 0.699

US + CEUS + TIC 0.975 (0.952–0.999) 90.91 95.24 0.862

US, ultrasound; CEUS, contrast-enhanced ultrasound; TIC, time-intensity curve; PTL, primary thyroid lymphoma; PTC, papillary thyroid 
carcinoma; NHT, nodular Hashimoto’s thyroiditis; AUC, area under the receiver operating characteristic curve; CI, confidence interval.

0.838). Compared with using US, CEUS, or TIC alone, 
the combination of US, CEUS, and TIC had the best 
sensitivity, specificity, and AUC. The sensitivity, specificity, 
AUC, and Youden index in diagnosis between PTL and 
NHT were 92.31%, 90.48%, 0.972, and 0.827, respectively. 
The sensitivity, specificity, AUC, and Youden index in 
distinguishing between PTC and NHT were 90.91%, 
95.24%, 0.975, and 0.862, respectively.

Discussion 

This study mainly explored the diagnostic value of 
quantitative CEUS using TIC analysis in the differentiation 
of thyroid nodules coexistent with diffuse HT, and 
compared its diagnostic accuracy with that of qualitative US 
and CEUS. 

Prev ious  re search  d i scovered  tha t  grey- sca le 
U S  c h a r a c t e r i s t i c s  o f  P T C  c o m m o n l y  i n c l u d e 
microcalcif ications,  a taller than wide shape, and 
extrathyroidal extension (13). However, few studies have 
investigated whether the above features also apply to 

malignant nodules in the presence of HT in the thyroid 
parenchymal background, and the HT background often 
interferes with the discrimination of malignant nodules. 
Our research compared the US characteristics of NHT to 
those of PTC. The results showed that PTC is more likely 
to have a taller than wide shape, extrathyroidal extension, 
micro-calcification, and posterior echo attenuation US 
characteristics when accompanied by HT background, 
compared to NHT. However, some studies have considered 
that conventional US characteristics, such as margin and 
calcification, were difficult to identify in the heterogeneous 
thyroid gland coexisting with HT (29). PTL has a few 
common features with other malignant nodules on 
conventional US, such as micro-calcification or taller 
than wide shape (10). Furthermore, grey-scale US and 
color Doppler US images are inadequate in distinguishing 
between NHT and PTL. This difficulty arises because 
PTL exhibits more overlapping signs with HT on US 
images, whereas conventional US characteristics may 
lack the sensitivity to detect subtle changes (14,30). Our 
study demonstrated that conventional US features only 
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Figure 3 Comparison of diagnostic performances between conventional US, CEUS, TIC, and their combination. (A,C) The ROC curves 
based on differentiation PTC and NHT. (B,D) The ROC curves based on differentiation PTL and NHT. TIC, time-intensity curve; US, 
ultrasound; CEUS, contrast-enhanced ultrasound; ROC, receiver operating characteristic; PTC, papillary thyroid carcinoma; NHT, nodular 
Hashimoto’s thyroiditis; PTL, primary thyroid lymphoma.

with posterior acoustic enhancement and extrathyroidal 
extension were likely to be thyroid lymphoma, which 
is consistent with previous findings (31). In conclusion, 
intranodular vascularity itself, as well as a combination of 
vascularity and suspicious gray-scale US features, did not 
perform as well as gray-scale US features in differentiating 
benign and malignant thyroid nodules. The ACR TI-RADS 
classification of our selected nodules focused on TR4 as 
well as TR5, and the TI-RADS grading was statistically 
different between NHT and malignant lesions (PTC and 
PTL). However, we agree that there is a significant overlap 
between benign and malignant nodules in ACR TI-RADS 
classifications 4 and 5, especially for nodules coexisting with 
HT (29). Furthermore, we chose nodules with definitive 
pathological findings after biopsy or surgery in our study, 
and the US features of the selected lesions were more likely 

to be solid and hypoechoic, which are considered suspicious 
for malignancy in ACR TI-RADS. Another statistically 
significant finding in our study was the centripetal, 
heterogeneous, and hypo enhancement pattern for the 
detection of malignant lesions (PTC and PTL) (P<0.001). 
This finding is in concordance with other studies that have 
indicated that heterogeneous hypo-enhancement is the most 
precise predictor of malignancy on CEUS with improved 
diagnostic performance (20,29,32,33); however, our study 
did not show high sensitivity, specificity, and accuracy using 
CEUS features. In fact, these three CEUS features were 
also identified in roughly 50% of the NHT lesions in our 
study. The presentation may be due to the fact that the 
heterogeneous and highly vascularized nature of the thyroid 
tissue can affect the contrast enhancement pattern between 
the lesion and surrounding tissue (30). Some researchers 
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have suggested that CEUS in the characterization of 
thyroid nodules has a relationship with the size of the 
nodules (24). However, in our study, we concluded that 
CEUS features showed no significant differences between 
groups of different nodule sizes. We believe that this may 
be because we excluded tiny nodules (<10 mm) that were 
not suitable for CEUS imaging observation at the stage 
of patient inclusion. In addition, larger data should be 
evaluated and the role of TIC in CEUS patterns should be 
further assessed. We believe that it would be more reliable 
to continue to expand the data in question to investigate 
whether nodule size has an effect on CEUS parameters 
or not, and that a larger amount of data would yield more 
reliable results.

TIC analysis revealed that thyroid malignancies (PTC 
and PTL) showed significantly faster perfusion and lower 
intensity than did NHT, which was consistent with the 
previous studies (18,34). This might be explained by 
that thyroid benign nodules showed profuse, regular, 
and intra-nodular vascularity (18). In contrast, low-
efficiency vascularity was often seen in thyroid malignant 

nodules, possibly due to calcifications, focal necrosis, 
and internal microthrombi (23). PTL tended to exhibit 
a later clearance than did NHT lesions, which might be 
somewhat contradictory to the prior literature involving 
TIC analysis reporting that malignant nodules are apt to 
go early perfusion and early clearance (23). The intra-
nodule perfusion of PTL showed obvious slower perfusion 
and lower PI compared to the background parenchyma. 
Therefore, we performed pathological analysis to identify 
the pathological background explaining the paradox 
between our observation and others (Figures 4-6). 
We primarily analyzed the different ultrasonographic 
manifestations of the lesion from the pathological images 
and our samples were larger than those in previous studies. 
In pathological analysis, PTL usually shows increased fibrotic 
structures and microvascular changes after lymphocytic 
infiltration (10), and larger thyroid malignant nodules tend 
to show focal necrosis (22). PTL in our study appeared to 
have a later clearance, which may be related to alterations in 
the number, arrangement, and role of blood vessels (35), or 
to a particularly large size compared to that of other thyroid 

Figure 4 A 45-year-old female was found to have a 13 mm × 9 mm × 12 mm solid nodule in a background of heterogeneous parenchyma. 
(A) Grey-scale ultrasound showed this lesion (arrow) in the left lobe of thyroid had irregular margin and hypoechoic. (B) Color Doppler 
ultrasound showed this lesion (arrow) in the left lobe of thyroid had Adler grade 3. (C) The TIC showed this lesion (arrow) and thyroid 
parenchyma both had homogeneous iso-enhancement after injection of contrast agent. Red circles represented ROI that was placed on the 
thyroid nodules. Yellow circles were drawn in the adjacent thyroid parenchyma as an internal reference. (D) The pathological diagnosis after 
biopsy was a nodular Hashimoto’s thyroiditis (HE staining, ×40). TIC, time-intensity curve; ROI, region of interest; HE, hematoxylin and 
eosin.



Yang et al. CEUS and thyroid lesions954

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(1):944-957 | https://dx.doi.org/10.21037/qims-23-601

A B

C D

A B

C D

Figure 5 A 23-year-old male was found to have a 12 mm × 8 mm × 6 mm solid nodule in a background of heterogeneous parenchyma. (A) 
Grey-scale ultrasound showed this lesion (arrow) in the right lobe of thyroid had hypoechoic, taller than wide shape, microcalcification, and 
extra-thyroidal extension margin. (B) Color Doppler ultrasound showed this lesion (arrow) in the right lobe of thyroid had Adler grade 2. (C) 
The TIC showed this lesion (arrow) had lower heterogeneous hypo-enhancement than the thyroid parenchyma after injection of contrast 
agent. Red circles represent the ROI that was placed on the thyroid nodules. Yellow circles were drawn in the adjacent thyroid parenchyma 
as an internal reference. (D) The pathological diagnosis after surgery was a papillary thyroid carcinoma (HE staining, ×40). TIC, time-
intensity curve; ROI, region of interest; HE, hematoxylin and eosin. 

Figure 6 A 66-year-old male was found to have a 24 mm × 14 mm × 14 mm solid nodule in a background of heterogeneous parenchyma. (A) 
Grey-scale ultrasound showed this lesion (arrow) in the left lobe of thyroid had wider than tall shape and markedly hypoechoic. (B) Color 
Doppler ultrasound showed this lesion (arrow) in the left lobe of thyroid had Adler grade 0. (C) The TIC showed this lesion (arrow) had 
much lower heterogeneous hypo-enhancement than the thyroid parenchyma after injection of contrast agent. Red circles represent the ROI 
that was placed on the thyroid nodules. Yellow circles were drawn in the adjacent thyroid parenchyma as an internal reference. (D) The 
pathological diagnosis after biopsy was a primary thyroid lymphoma (HE staining, ×40). TIC, time-intensity curve; ROI, region of interest; 
HE, hematoxylin and eosin.



Quantitative Imaging in Medicine and Surgery, Vol 14, No 1 January 2024 955

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(1):944-957 | https://dx.doi.org/10.21037/qims-23-601

malignant nodules. Thus, the TIC parameters may provide 
quantitative complementary information to US and CEUS 
results regarding the microvascular characteristics of NHT 
and malignant nodules (PTC and PTL). 

Our results indicated that CEUS showed relatively 
poorer performance when conventional US, CEUS, and 
TIC were used respectively for nodule classification. Wang 
et al. also argued that CEUS was inadequate to differentiate 
benign from malignant ACR TIRADS 4 and 5 category 
nodules coexisting with HT (29). In our study, combining 
the above three US modalities for the differential diagnosis 
of NHT from malignant nodules (PTC and PTL) resulted 
in an at least 3% improvement in diagnostic performance 
(AUC). Adding qualitative and quantitative CEUS features 
to the TI-RADS classification, which currently relies only 
on grey-scale mode, would be a meaningful improvement. 
Ruan et al. constructed the CEUS TI-RADS by adding 
CEUS to widely accepted nonenhanced US features based 
on ACR TI-RADS (36). This would help to standardize the 
process of evaluating CEUS for thyroid nodules. However, 
overlapping data between CEUS qualitative and quantitative 
evaluation parameters and criteria of benign and malignant 
nodules indicate a limitation in the interpretation of tumor 
microvascularity. The EFSUMB guidelines suggested that 
no single indicator is sufficiently sensitive or specific (19). 
Thus, to improve the diagnostic performance in thyroid 
nodules with HT, the results should be interpreted in 
conjunction with clinical data, conventional US, and other 
imaging findings.

There are several limitations in our study. First, we did 
not include more nodules of different sizes and normal 
backgrounds as controls for comparison. Due to sample 
selection bias, we had a limited range of pathological 
types (only including NHT, PTC, and PTL). We failed 
to reflect all of the CEUS characteristics associated with 
thyroid nodules compared with some studies involving 
CEUS (36,37), which may have affected the assessment of 
the diagnostic performance of qualitative CEUS. However, 
we designed this study as a preliminary study investigating 
the feasibility of quantitative CEUS analysis for the 
distinction of thyroid nodules with HT. Second, a lack of 
reproducibility is one of the major obstacles to quantitative 
assessment in imaging studies including CEUS. Our study 
used a single type of contrast agent and US machine; 
generalization of our results to other contrast agents 
and machine requires caution. We used different doses 
depending on the size of the nodule, generally 1 mL for the 
US scan of the patient and 2 mL for patients with larger 

nodules (≥50 mm). There is no evidence that this affected 
the results, but we supposed it could be a potential bias 
factor. Our study only had one reader to draw the ROIs and 
this may have introduced some subjective bias regarding 
selecting locations and determining the size of the ROIs. 
These limitations affected the outcome of enhancement 
evaluation and produced a certain deviation. Thus, some 
studies have suggested that quantitative CEUS analysis 
could be of little importance (37).

In conclusion, a quantitative analysis of nodular micro-
vascularization with CEUS can provide useful additional 
information to differentiate thyroid nodules under HT, 
compared with unstable visual diagnostic US criteria of 
nodule morphology and vascularity. This method may have 
the potential to reduce unnecessary biopsies. 
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Supplementary

Figure S1 Forest plots of PTC and NHT based on the US, CEUS, and TIC features. Determined with multivariate analysis. PTC, 
papillary thyroid carcinoma; NHT, nodular Hashimoto’s thyroiditis; US, ultrasound; CEUS, contrast-enhanced ultrasound; TIC, time-
intensity curve; PI, peak intensity; AUC, area under the curve; OR, odds ratio; CI, confidence interval.
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Figure S2 Forest plots of PTL and NHT based on the US, CEUS, and TIC features. Determined with multivariate analysis. PTL, primary 
thyroid lymphoma; NHT, nodular Hashimoto’s thyroiditis; US, ultrasound; CEUS, contrast-enhanced ultrasound; TIC, time-intensity 
curve; PI, peak intensity; TTP, time to peak; AUC, area under the curve; TPH, time from peak to one-half; OR, odds ratio; CI, confidence 
interval.
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Table S1 Comparison of qualitative and quantitative CEUS parameters PTC nodule size 

Parameters ≥20 mm (n=40) 10–<20 mm (n=114) P

Quantitative CEUS†

PI (dB)

Lesion 12.70±1.67 12.53±2.01 0.157

Parenchyma 13.72±1.55 13.69±1.92 0.204

Ratio 0.93±0.11 0.92±0.13 0.262

RT (s)

Lesion 19.18±3.58 19.84±4.04 0.442

Parenchyma 20.63±4.09 20.42±3.88 0.815

Ratio 0.93±0.08 0.97±0.11 0.559

TTP (s)

Lesion 30.31±5.82 29.89±6.40 0.605

Parenchyma 32.00±6.03 31.99±5.76 0.824

Ratio 0.95±0.08 0.99±0.17 0.492

TPH (s)

Lesion 136.67±12.75 121.04±6.78 0.468

Parenchyma 119.26±8.18 118.95±7.08 0.335

Ratio 1.03±0.88 1.00±0.04 0.128

MTT (s)

Lesion 23.81±4.33 25.19±6.16 0.435

Parenchyma 25.08±4.62 25.31±6.67 0.483

Ratio 0.96±0.11 1.01±0.20 0.536

AUC (dB sec)

Lesion 1552.05±193.68 1537.41±249.19 0.077

Parenchyma 2022.87±310.77 1674.65±231.68 0.831

Ratio 0.94±0.12 0.93±0.15 0.901

Qualitative CEUS‡

Enhancement direction 0.241

Scattered 5 (12.5) 6 (5.3)

Centripetal/fugal 35 (87.5) 108 (94.7)

Enhancement pattern

Homogeneous 0 1 (0.9) 0.552

Heterogeneous 40 (100.0) 113 (99.1)

Enhancement intensity

Hypo-enhancement 36 (90.0) 107 (93.9) 0.309

Iso-enhancement 0 2 (1.8)

Hyper-enhancement 4 (10.0) 5 (4.4)
†, data were presented as median ± interquartile range. ‡, data were numbers of patients, with percentages in parentheses. CEUS, con-
trast-enhanced ultrasound; PI, peak intensity; RT, rise time; TTP, time to peak; TPH, time from peak to one-half; MTT, mean transit time; 
AUC, area under the curve; PTC, papillary thyroid carcinoma.
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Table S2 Comparison of qualitative and quantitative CEUS parameters PTL nodule size 

Parameters ≥50 mm (n=38) 10–<50 mm (n=14) P

Quantitative CEUS†

PI (dB)

Lesion 12.77±2.18 13.88±2.01 0.756

Parenchyma 15.74±2.35 13.34±1.53 0.211

Ratio 0.82±0.12 0.91±0.13 0.953

RT (s)

Lesion 19.82±4.03 19.59±3.55 0.824

Parenchyma 22.38±5.22 21.75±3.02 0.301

Ratio 0.89±0.10 0.90±0.10 0.473

TTP (s)

Lesion 30.28±6.22 30.26±4.51 0.678

Parenchyma 34.49±7.92 32.71±4.38 0.242

Ratio 0.88±0.10 0.92±0.07 0.119

TPH (s)

Lesion 143.74±16.23 129.32±9.04 0.107

Parenchyma 129.50±16.21 126.86±8.23 0.335

Ratio 1.12±0.16 1.02±0.02 0.087

MTT (s)

Lesion 24.62±5.00 23.97±3.32 0.487

Parenchyma 26.26±8.35 25.39±3.11 0.362

Ratio 0.96±0.15 0.95±0.07 0.536

AUC (dB s)

Lesion 1676.76±310.25 1717.21±226.45 0.317

Parenchyma 2022.87±310.77 1674.65±231.68 0.214

Ratio 0.82±0.13 0.91±0.12 0.651

Qualitative CEUS‡

Enhancement direction 0.110

Scattered 1 (2.6) 2 (14.3)

Centripetal/fugal 37 (97.4) 12 (85.7)

Enhancement pattern

Homogeneous 0 1 (7.1) 0.096

Heterogeneous 38 (100.0) 13 (92.9)

Enhancement intensity

Hypo-enhancement 37 (97.4) 12 (85.7) 0.110

Iso-enhancement 1 (2.6) 2 (14.3)

Hyper-enhancement 0 0
†, data were presented as median ± interquartile range. ‡, data were numbers of patients, with percentages in parentheses. CEUS, 
contrast-enhanced ultrasound; PI, peak intensity; RT, rise time; TTP, time to peak; TPH, time from peak to one-half; MTT, mean transit 
time; AUC, area under the curve; PTL, primary thyroid lymphoma.
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Table S3 Comparison of qualitative and quantitative CEUS parameters NHT nodule size 

Parameters ≥20 mm (n=15) 10–<20 mm (n=27) P

Quantitative CEUS†

PI (dB) 12.77±2.18 13.88±2.01 0.064

Lesion 16.29±1.53 15.16±2.11 0.403

Parenchyma 0.94±0.10 0.97±0.10 0.784

Ratio

RT (s) 21.19±4.20 20.36±3.83 0.824

Lesion 21.79±4.49 20.57±3.73 0.384

Parenchyma 0.98±0.10 0.99±0.07 0.177

Ratio

TTP (s) 32.90±5.89 32.36±6.31 0.099

Lesion 33.76±7.25 32.28±5.64 0.458

Parenchyma 0.98±0.10 0.99±0.07 0.646

Ratio

TPH (s) 119.16±5.93 120.06±7.27 0.107

Lesion 118.28±7.22 120.13±6.28 0.473

Parenchyma 1.00±0.03 1.01±0.02 0.412

Ratio

MTT (s) 24.52±3.75 24.78±3.59 0.360

Lesion 24.61±4.01 25.65±5.76 0.362

Parenchyma 0.98±0.09 0.97±0.10 0.829

Ratio

AUC (dB sec) 1901.54±182.36 1877.73±355.72 0.036*

Lesion 2031.59±239.71 1870.04±269.22 0.689

Parenchyma 0.95±0.12 0.97±0.11 0.664

Ratio

Qualitative CEUS‡

Enhancement direction 0.152

Scattered 6 (40.0) 17 (63.0)

Centripetal/fugal 9 (60.0) 10 (37.0)

Enhancement pattern 0.334

Homogeneous 6 (40.0) 15 (55.6)

Heterogeneous 9 (60.0) 12 (44.4)

Enhancement intensity 0.611

Hypo-enhancement 6 (40.0) 13 (48.1)

Iso-enhancement 9 (60.0) 14 (51.9)

Hyper-enhancement 0 0

*, P<0.05 was considered statistically significant. †, data were presented as median ± interquartile range. ‡, data were numbers of patients, 
with percentages in parentheses. CEUS, contrast-enhanced ultrasound; PI, peak intensity; RT, rise time; TTP, time to peak; TPH, time from 
peak to one-half; MTT, mean transit time; AUC, area under the curve; NHT, nodular Hashimoto’s thyroiditis


