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Objective: This study aims to evaluate the value of contrast-enhanced
ultrasound (CEUS), shear wave elastography (SWE), and their combined use
in the differentiation of American College of Radiology (ACR) thyroid imaging
reporting and data system (TI-RADS) 4 and 5 category thyroid nodules
coexisting with Hashimoto's thyroiditis (HT).

Materials and methods: A total of 133 pathologically confirmed ACR TI-RADS 4
and 5 category nodules coexisting with HT in 113 patients were included; CEUS
and SWE were performed for all nodules. The sensitivity, specificity, negative
predictive value (NPV), positive predictive value (PPV), accuracy, and the area
under the receiver operating characteristic curve (AUC) of the SWE, CEUS, and
the combined use of both for the differentiation of benign and malignant
nodules were compared, respectively.

Results: Using CEUS alone, the sensitivity, specificity, PPV, NPV, and accuracy
were 89.2%, 66.0%, 81.3%, 78.6%, and 80.5%, respectively. Using SWE alone,
Emax was superior to Emin, Emean, and Eratio for the differentiation of benign
and malignant nodules with the best cutoff Emax >46.8 kPa, which had
sensitivity of 65.1%, specificity of 90.0%, PPV of 91.5%, NPV of 60.8%, and
accuracy of 74.4%, respectively. Compared with the diagnostic performance of
qualitative CEUS or/and quantitative SWE, the combination of CEUS and SWE
had the best sensitivity, accuracy, and AUC; the sensitivity, specificity, PPV, NPV,
accuracy, and AUC were 94.0%, 66.0%, 82.1%, 86.8%, 83.5%, and 0.80 (95%
confidence interval: 0.713, 0.886), respectively.

Conclusion: In conclusion, CEUS and SWE were useful for the differentiation of
benign and malignant ACR TI-RADS 4 and 5 category thyroid nodules
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coexisting with HT. The combination of CEUS and SWE could improve the
sensitivity and accuracy compared with using CEUS or SWE alone. It could be a
non-invasive, reliable, and useful method to differentiate benign from
malignant ACR TI-RADS 4 and 5 category thyroid nodules coexisting with HT.

KEYWORDS

shear wave elastography, Hashimoto's thyroiditis, thyroid nodule, American College of
Radiology, thyroid imaging reporting and data system, contrast-enhanced ultrasound

1 Introduction

Thyroid nodules are a common disease and have shown a
prevalence of 5% to 7% in the adult population with physical
examination alone, while ultrasound examination shows a
prevalence of 20% to 76% in this same population (1-3).
Thyroid nodules are the most commonly found tumors in the
cervical region, with nearly 10% being malignant nodules (4). It
has been reported that one-third of thyroid cancer cases are
prone to lymph node metastasis; thus, precise diagnosis and
early treatment are significantly important for the recovery and
better outcome of patients (5).

Hashimoto’s thyroiditis (HT) is the most common
autoimmune thyroid disease, and the link between HT and
thyroid cancer has been debated and remains controversial (6).
The diagnosis of thyroid nodules with HT may be confusing in
clinical work. Conventional ultrasound can differentiate benign
from malignant nodules based on some characteristics,
including marked hypo-echogenicity, a shape which is taller
than wide, irregular margin, and micro-calcification (7).
However, these characteristics have overlaps between benign
and malignant nodules, especially those coexisting with HT.
Some studies found that the irregular or micro-lobulated
margins of benign nodules were more frequent in HT patients
with a heterogeneous echogenicity background, and some
conventional ultrasound characteristics were difficult to
identify in the heterogeneous thyroid gland coexisting with
HT, such as margin and calcification (8, 9). Thus, it is
important to find a method to differentiate benign from
malignant nodules coexisting with HT.

Abbreviations: HT, Hashimoto’s thyroiditis; FNA, fine-needle aspiration;
ACR, American College of Radiology; TI-RADS, thyroid imaging reporting
and data system; SWE, shear wave elastography; CEUS, contrast-enhanced
ultrasound; EI, elasticity index; RFA, radiofrequency ablation; MI, mechanical
index; SE, stain elastography; PPV, positive predictive value; NPV, negative
predictive value; AUC, area under the curve; ROC, receiver operating

characteristic curve.
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Currently, fine-needle aspiration (FNA) is the most effective
and practical method used to reach a definitive diagnosis (10).
However, most nodules are benign, and some malignant nodules
frequently present an indolent behavior; therefore, not all
thyroid nodules need FNA. To identify the most clinically
significant malignant nodules and reduce the number of
biopsies, the American College of Radiology (ACR) presents
the thyroid imaging reporting and data system (TI-RADS) (7).
However, the cancer risk levels were 5%-20% for ACR TI-RADS
4 category and at least 20% for ACR TI-RADS 5 category (11).
There was a great overlap between benign and malignant
nodules in ACR TI-RADS 4 and 5 categories, especially for
nodules coexisting with TH. Thus, it is important to find a
reliable and noninvasive method to differentiate benign from
malignant ACR TI-RADS 4 and 5 category nodules, especially
for nodules without recommendation of FNA.

In recent years, shear wave elastography (SWE) and
contrast-enhanced ultrasound (CEUS) have been widely used
in the diagnosis of thyroid nodules. SWE can quantitatively
measure real-time tissue elasticity, along with a color-coded
elasticity map (12). Many studies have found that the elasticity
index of thyroid cancer is higher than that of benign thyroid
nodules (13-17). CEUS can qualitatively or quantitatively
evaluate the macro- and micro-vascularization patterns of
thyroid nodules compared with the surrounding tissue, which
is a promising noninvasive method for differentiating benign
from malignant nodules. However, there were overlapping
parameters and patterns with CEUS qualitative and
quantitative evaluation in the differentiation of benign and
malignant nodules, which indicate a limitation in the
interpretation of tumor vascularization (18).

ACR TI-RADS 4 and 5 category thyroid nodules coexisting
with HT were difficult to differentiate, and using CEUS or SWE
alone had its limitation. The study aimed to explore the
diagnostic performance of SWE, CEUS, and the combination
of CEUS and SWE in ACR TI-RADS 4 and 5 category thyroid
nodules coexisting with HT and find the reliable and
noninvasive method to differentiate benign from malignant
nodules, which would be beneficial to manage patients and
improve their prognosis.
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2 Materials and methods

This prospective study was approved by the ethics
committee of Yueyang Central Hospital.

2.1 Patients

From April 2020 to July 2021, a total of 113 patients with 133
ACR TI-RADS 4 and 5 category thyroid nodules were recruited.
The inclusion criteria were listed as follows: (a) patients aged 18
years or older with at least a thyroid nodule detected on the
conventional ultrasound, (b) all patients gave signed informed
consent before the SWE and CEUS examinations, (c) the
pathology of all the thyroid nodules was confirmed via surgery
according to standard clinical protocols, and (d) all patients were
pathologically diagnosed as HT. Patients were excluded if they
previously had a FNA, previously had radiofrequency ablation,
had a contraindication of CEUS, or had unsatisfactory images.

2.2 Ultrasound examination

All ultrasound examinations including conventional
ultrasound, SWE, and CEUS were performed with a high
frequency transducer (L15-4 or L10-5 Aixplorer, Supersonic
Imaging, France).

Conventional ultrasound was performed. When a target
thyroid nodule was detected, the general characteristics were
observed, including composition, echogenicity, shape, margin,
and echogenic foci (7). Each lesion was classified into ACR TI-
RADS 4 category (moderately suspicious) or ACR TI-RADS 5
category (highly suspicious).

The SWE imaging examinations were induced by the L10-5
transducer. In order to overcome the effect of artery pulsation on
SWE measurement, a longitudinal section is often selected to
conduct the SWE imaging. The probe was lightly applied while
the patients were asked to hold their breath. The region of
interest included the whole thyroid nodules, and in order to
obtain satisfactory SWE imaging, several tips were suggested: (1)
the upper edge of the region of interest is more than 1 cm away
from the skin, (2) the depth of the lower edge of the region of
interest should not exceed 4 cm, and (3) the length of the region
of interest is two to three times larger than the nodules. The
stiffness range of color map was from blue to red (0-180 kPa);
the standard SWE imaging was obtained with several seconds of
immobilization. The SWE measurement used quantification box
(Q-box), and the Q-box should contain the nodules, excluding
the surrounding organizations, which can automatically obtain
Young’s modulus of Emin, Emean, and Emax. Eratio was
defined as the ratio of Young’s modulus, which was obtained
from the ratio of two Q-box in the same depth. The first Q-box
was placed in the hardest region of the nodules, while the second
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Q-box was placed in the surrounding normal thyroid tissues.
The diameter of the Q-box was 2 mm. The median was taken for
five measurements to obtain more accurate results.

After the SWE imaging examination, CEUS was performed by
using the L10-5 transducer. The patients were asked to lie down in
the supine position, and the double-contrast mode was used to
display nodules clearly. To avoid micro-bubble disruption, the focus
was placed slightly deeper than the nodules with a low mechanical
index that ranged from 0.06 to 0.08. A total of 25 mg sulfur
hexafluoride (SonoVue®, Bracco International, Milan, Italy) was
dissolved in 5 ml 0.9% sodium chloride and was injected with an
intravenous bolus of 2.4 ml per patient, followed by a 5-ml saline
flush. Each contrast imaging acquisition that lasted at least 120 s was
stored in the machine hard disk.

All sonographic examinations were performed by the same
investigator who had more than 10 years of experience in
thyroid ultrasound and 5 years of experience in SWE and CEUS.

2.3 Statistical analysis

SPSS 23.0 and MedCalc 19.0 were used for all statistical
analyses. The parameters of SWE and the enhancement patterns
of CEUS were compared with the t-test, Kappa analysis, or
Fisher’s exact test. A receiver operating characteristic (ROC)
curve differentiating benign from malignant thyroid nodules was
drawn according to Young’s modulus for each nodule. The
optimal cutoff value and area under the curve (AUC) were
calculated. The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), accuracy, and AUC of
SWE, CEUS, or the combination of SWE and CEUS were
calculated and compared, respectively. P <0.05 was considered
to indicate statistical significance.

3 Results

3.1 General information between the
benign and malignant nodules

Of the 133 nodules, the surgical pathological results showed
that 50 nodules were benign and 83 nodules were malignant; all
nodules were coexisting with HT (Figure 1). There was no
significant difference in sex, age, the maximum diameter of
nodules, and the number of nodules between benign and
malignant nodules (P >0.05) (Table 1).

3.2 CEUS in the differentiation of the
benign and malignhant nodules

The enhancement patterns of all thyroid nodules are
summarized in Table 2. There were significant differences in peak

frontiersin.org


https://doi.org/10.3389/fonc.2022.1022305
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

ACR TI-RADS 4 and 5 category thyroid
nodules with HT which underwent
surgery histology within 1 month after
examination (n=146)

Exclusion:

-No satisfying CEUS or SWE images
(0=9)

v -Had a previous needle biopsy (n=4)

ACR TI-RADS 4 and 5 category thyroid
nodules with HT (n=133)

I

Compared the diagnostic performance of
CEUS and/or SWE in the ACR TI-RADS 4
and 5 category thyroid nodules with HT

FIGURE 1
Flow chart for the selection of thyroid nodules.

enhancement, enhancement evenness, and ring enhancement with
qualitative CEUS between benign and malignant thyroid nodules
(P < 0.05). The benign thyroid nodules mostly manifested no
enhancement, hyper-enhancement, iso-enhancement,
homogeneous enhancement, or ring enhancement, while the
malignant thyroid nodules mostly manifested hypo-enhancement,
heterogeneous enhancement, or without ring enhancement. Using

TABLE 1 General information between benign and malignant nodules.

10.3389/fonc.2022.1022305

CEUS alone, the sensitivity, specificity, PPV, NPV, and accuracy
were 89.2%, 66.0%, 81.3%, 78.6%, and 80.5%, respectively.

3.3 SWE in the differentiation of the
benign and malignant nodules

A ROC curve was drawn based on Emin, Emean, Emax, and
Eratio to determine the optimal cutoff point for discriminating
benign from malignant nodules. The optimal cutoff point was
27.8 kPa for Emin, 34.1 kPa for Emean, 46.8 kPa for Emax, and
1.25 for Eratio, respectively. Compared with the diagnostic
performance of Emin, Emean, Emax, and Eratio (Table 3),
Emax was superior to Emin, Emean, and Eratio, which had
sensitivity of 65.1%, specificity of 90.0%, PPV of 91.5%, NPV of
60.8%, and accuracy of 74.4%.

3.4 Comparing the diagnostic
performance of CEUS, SWE, and
the combination of CEUS and SWE
in differentiating benign and
malignant nodules

The standard of the combination of qualitative CEUS and
quantitative SWE was that the nodules were recognized as

Sex Number of nodules
Male Female Solitary nodule Multiple nodules
Benign group 50 6 44 46.16 + 11.71 19 31 9.00 + 5.56
Malignant group 83 13 70 46.21 £ 10.57 34 49 7.82 £327
2/Fisher/t 0.342 0.485 0.114 1.540
P-value 0.559 0.629 0.735 0.125

TABLE 2 Enhancement patterns of all thyroid nodules.

: . Rin
Peak intensity Enhancement evenness 9
enhancement
Case  No enhancement Iso-enhance- Hypo-
or hyper-enhance- yp Homogeneous Heterogeneous @ With = Without
ment enhancement
ment
Benign 50 17 16 32 18 10 40
Malignant 83 1 10 7 76 1 82
x*/Fisher 44.124 46.487 -
P-value 0.000 0.000 0.000

Frontiers in Oncology

frontiersin.org


https://doi.org/10.3389/fonc.2022.1022305
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al. 10.3389/fonc.2022.1022305

TABLE 3 Diagnostic performance of Emin, Emean, Emax, and Eratio in differentiating benign and malignant nodules.

. . o - Pos!ti\{e Negative predictive
Elastography Pathology Benign Malignant = Sensitivity —Specificity = predictive Accuracy
value value

Emin Benign 47 3 45.80% 94.0% 92.7% 51.1% 63.9%
Malignant 45 38

Emean Benign 41 9 62.7% 82.0% 85.2% 56.9% 69.6%
Malignant 31 52

Emax Benign 45 5 65.1% 90.0% 91.5% 60.8% 74.4%
Malignant 29 54

Eratio Benign 30 20 79.5% 60.0% 76.7% 63.8% 72.2%
Malignant 17 66

benign when qualitative CEUS manifested benign enhancement 3.5 Management and recommendation
patterns and Emax <46.8 kPa simultaneously (Figure 2). of ACR TI-RADS 4 and 5 category thyroid

Compared with using CEUS or SWE alone, combination of nodules coexisting with HT
CEUS and SWE had the best sensitivity, accuracy, and AUC

(Figure 3). The sensitivity, specificity, PPV, NPV, accuracy, and According to the ACR TI-RADS, TI-RADS 4 category
AUC were 94.0%, 66.0%, 82.1%, 86.8%, 83.5%, and 0.80 (95% nodules with the maximal diameter 21.5 cm or TI-RADS 5
confidence interval: 0.713, 0.886), respectively (Table 4). category nodules with the maximal diameter 21 cm were

+Q-Box™ Ratio
Ratio (kPa) 0.6

FIGURE 2

A 32-year-old woman with a nodule in the left lobe of the thyroid. (A) Conventional ultrasound revealed a 5 X 6-mm solid hypo-echoic nodule
with a smooth margin, shape that was taller-than-wide, and without obvious calcification; this was categorized ACR TI-RADS 5. (B) The nodule
presented a rich blood flow signal. (C) Quantitative shear wave elastography (SWE) revealed 7.7 kPa for Emin, 20.7 KPa for Emean, 31.2 kPa for
Emax, and 0.6 for Eratio. (D) Qualitative contrast-enhanced ultrasound (CEUS) of the nodule revealed homogenous, hyper-enhancement. The
combination of CEUS and SWE revealed that this nodule may be benign. The surgical pathology was focal Hashimoto's thyroiditis.
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FIGURE 3

ROC of contrast-enhanced ultrasound (CEUS), shear wave
elastography (SWE), and the combination of CEUS and SWE in
differentiating benign and malignant nodules. ROC, receiver
operating characteristic; AUC, area under the ROC curve.

recommended for FNA. In this study, the malignant rate of TI-
RADS 4 and 5 category nodules coexisting with HT and
recommended for FNA was 50% (13/26), while the malignant
rate of TI-RADS 4 and 5 category nodules coexisting with HT
recommended for follow-up was 64.5% (70/107).

4 Discussion

Our study found that CEUS could evaluate tumor
vascularization with enhancement patterns, and SWE could
provide additional stiffness information, which was useful for
the differentiation of ACR TI-RADS 4 and 5 category thyroid
nodules coexisting with HT. The combination of CEUS and
SWE could improve the sensitivity and accuracy compared with
using CEUS or SWE alone.

ACR TI-RADS (7) presents a system for risk stratification of
thyroid nodules, which was widely used to identify the most

10.3389/fonc.2022.1022305

clinically significant malignant nodules and recommend them
for FNA. According to the ACR TI-RADS, TI-RADS 4 category
nodules with maximal diameter 1.5 cm or TI-RADS 5 category
nodules with maximal diameter 21 cm were recommended for
FNA; however, small thyroid cancers with maximal diameter
<10 mm might mainly cause the “epidemic” of thyroid
carcinoma (19). In this study, many TI-RADS 4 or 5 category
nodules coexisting with HT and recommended for follow-up
might be malignant. The malignant rate accounted for 65.4%.
These small thyroid carcinomas made the patients endure a
great psychological burden. Moreover, the ACR TI-RADS 4 and
5 category nodules coexisting with HT in patients were difficult
to differentiate because of the heterogeneous and coarse thyroid
parenchyma caused by the repetitive damage of chronic
inflammation (20). Thus, it is a major challenge in the
management of thyroid nodules with indeterminate cytology
or suspicious conventional ultrasound features.

There were many studies on the qualitative CEUS features in
differentiating benign thyroid nodules from malignant ones.
According to the EFSUMB guidelines and recommendations
for the clinical practice of contrast-enhanced ultrasound in non-
hepatic applications (18), hypo-enhancement and
heterogeneous enhancement are the predictors of malignancy
on CEUS (21-26). A hypo-enhancement pattern was the most
precise predictor of malignancy, which had sensitivity,
specificity, and accuracy of 82%, 85%, and 84%, respectively
(18, 23), while a heterogeneous enhancement pattern had
sensitivity, specificity, and accuracy of 88.2%, 92.5%, and
90.4%, respectively (24-26). Some studies (27) found that a
ring enhancement pattern was a very strong indicator of benign
nodules, which had sensitivity, specificity, and accuracy of
83.0%, 94.1%, and 88.5%, respectively (24, 25). In this study,
we observed CEUS enhancement patterns in ACR TI-RADS 4
and 5 category thyroid nodules coexisting with HT; it was
consistent with a previous study. HT did not seem to affect the
CEUS enhancement patterns in thyroid nodules.

When CEUS was used alone, 80.5% ACR TI-RADS 4 and 5
category nodules coexisting with HT could be accurately
diagnosed. However, there were 34.0% (17/50) benign nodules
that presented heterogeneous and hypo-enhancement, including
11 nodules that were nodular goiter with fibrosis or calcification,

TABLE 4 Diagnostic performance of contrast-enhanced ultrasound (CEUS), shear wave elastography (SWE), and the combination of CEUS and
SWE in differentiating benign and malignant nodules.

Sensitivity = Specificity Positive predictive Negative predictive Accuracy  Area under the
(%) (%) value (%) value (%) (%) curve
CEUS 89.2 66.0 81.3 78.6 80.5 0.776 (0.687-0.864) -
Emax 65.1 90.0 91.5 60.8 74.4 0.775 (0.695-0.856) | 0.99
CEUS +
94 66.0 82.1 86.8 83.5 0.800 (0.713-0.886) | 0.04
Emax

Data are expressed as percentage (numbers). *Comparison of diagnostic performance of using CEUS alone with using SWE alone and the combination of CEUS and SWE.
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five nodules that were focal HT, and one nodule that was
subacute thyroiditis. The malignant CEUS enhancement
patterns of focal HT may be related to focal hypothyroidism
with severe follicular degeneration (28), while that of subacute
thyroiditis may be caused by the heterogeneous distribution of
inflammatory cells with focal fiber hyperplasia. There were
10.8% (9/83) malignant nodules that present hyper-
enhancement, iso-enhancement, or homogeneous
enhancement, while the maximal diameter of 88.9% (eight out
of nine) of these nodules was <10 mm, which may be because it
was difficult to observe the enhancement patterns in small
nodules or the neo-vascularization of some small thyroid
nodules was not obvious. Therefore, using CEUS alone was
insufficient to differentiate benign from malignant ACR TI-
RADS 4 and 5 category nodules coexisting with HT.

In recent years, elastography has become available for
thyroid nodule evaluation as reported in many studies, which
is emerging as a potential method for the differentiation of
benign and malignant thyroid nodules and may provide
additional information to support clinical decision-making
(29). Some studies (30-33) reported that strain elastography
(SE) was useful for the prediction of malignancy and
differentiation of thyroid nodules with indeterminate FNA
cytology. Sengul et al. (31) found that SE score could affect the
clinical decision-making for patients with indeterminate FNA
cytology. Zhu et al. (32) reported that a high SE score was a
significant predictor for malignancy. However, SE was
challenged and criticized due to its operator dependency (34).

Compared with SE, SWE is less influenced by the experience
and operation of the operator. Zhang et al. (35) found that SWE
had high diagnostic efficiency for ACR TI-RADS 4 and 5
category thyroid nodules; the accuracy was 76.1%, with the
best cutoff of Emax being 40.9 kPa. Chen et al. (36) conducted
a meta-analysis with 4,296 thyroid nodules and found that
Supersonic shear imaging showed high accuracy in the
differentiation between benign and malignant thyroid nodules,
which could serve as a noninvasive and important tool for
thyroid nodule evaluation. Liao et al. (37) found that SWE
could be an independent predictor for malignant thyroid
nodules; the sensitivity and specificity were 81% and 65%,
respectively, with the best cutoff of Emean being 32 kPa. In
this study, we found that SWE was useful in the differentiation of
benign and malignant ACR TI-RADS 4 and 5 category thyroid
nodules, which was consistent with a previous study (35-37),
and HT did not seem to affect the stiffness of thyroid nodules.
Compared with Emin, Emean, and Eratio, Emax >46.8 kPa had
the best diagnostic performance for ACR TI-RADS 4 and 5
category thyroid nodules coexisting with HT in this study.

When using Emax alone, there were 10% (five out of 50)
benign nodules with Emax >46.8 kPa, which may be because
some nodular goiter nodules with fibrosis and calcification could
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significantly improve the Emax. There were 34.9% (29/83)
malignant nodules with Emax <46.8 kPa, and the maximal
diameter of 100% (29/29) of these nodules was <10 mm
(Figure 4). In general, the characteristics of thyroid nodules
may be determined already during the initial formation, such as
the growth of malignant nodules, the normal follicle damage, the
interstitial components being reduced, fibrosis in nodules which
increased, and partial nodules presenting calcium and salt
deposition. All the above-mentioned features could improve
the hardness of thyroid nodules. Therefore, the tissue
components gradually change, and the hardness increases,
accompanied by the nodules’ increase in size. Thus, the
elastography in the differentiation of benign and malignant
thyroid nodules might be affected by nodule size. Sengul et al.
(38) found that nodule size over 15 mm might strengthen the
prediction among high SE scores. Li et al. (39) found that thyroid
nodule size affects the optimal Emax cutoff value of SWE. Shang
et al. (40) found that Emax was significantly correlated with the
size of the nodules. Wang et al. (41) found that conventional
ultrasound combined with SWE had higher specificity for
nodules smaller than 10 mm and higher sensitivity for nodules
larger than 10 mm. Therefore, it was insufficient to identify the
characteristics of ACR TI-RADS 4 and 5 category thyroid
nodules coexisting with HT, especially for those with maximal
diameter <10 mm, which may be related to the small malignant
nodules with inconspicuous fibrosis or calcification.

When CEUS was combined with SWE, the sensitivity and
accuracy increased compared with using CEUS or SWE alone.
Only 6.0% (five out of 83) malignant thyroid nodules were
misdiagnosed due to benign enhancement patterns on CEUS
and SWE <46.8 kPa. The maximal diameter of all these nodules
was <10 mm, including 80% (four out of five) of them which
were 5 to 6 mm, which may be caused by inconspicuous neo-
vascularization and atypical fibrosis or calcification. Thus, the
combination of CEUS and SWE should be carefully used for
these small thyroid nodules.

There were several limitations in this study. First, it was a
preliminary study in one center with a small sample. Second,
qualitative CEUS was used in this study, and no comparison was
made with quantitative CEUS. Third, some final pathology
results of patients were not available, which may have caused a

selection bias of enrolment.

5 Conclusion

In conclusion, CEUS and SWE were useful for the
differentiation of benign and malignant ACR TI-RADS 4 and
5 category thyroid nodules coexisting with HT. The combination
of CEUS and SWE could improve the sensitivity and accuracy
compared with using CEUS or SWE alone, which could be a
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FIGURE 4

10.3389/fonc.2022.1022305

A 38 year-old-woman with a nodule in the right lobe of the thyroid. (A) Conventional ultrasound revealed an 8 x 9-mm solid hypo-echoic
nodule with an irregular margin, shape that was taller-than-wide, and with punctate echogenic foci; this was categorized ACR TI-RADS 5

(B) The nodule presented a spot blood flow signal. (C) Quantitative shear wave elastography (SWE) revealed 25.7 kPa for Emin, 30.4 kPa for
Emean, 34.8 kPa for Emax, and 1.9 for Eratio. (D) Qualitative contrast-enhanced ultrasound (CEUS) of the nodule revealed heterogenous, hypo-
enhancement. Even the Emax was <46.8 kPa; the CEUS presented malignant enhancement patterns. The combination of CEUS and SWE
recognized this nodule as malignant. The surgical pathology was papillary thyroid carcinoma with Hashimoto's thyroiditis

non-invasive, reliable, and useful method to differentiate benign
from malignant ACR TI-RADS 4 and 5 category thyroid nodules
coexisting with HT, and it might be beneficial to manage patients
and improve their prognosis.
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