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Use of strain ultrasound elastography versus fineneedle aspiration cytology for the differential diagnosis of thyroid nodules: a retrospective analysis
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OBJECTIVE: Fine-needle aspiration cytology is the risk stratification tool for thyroid nodules, and ultrasound
elastography is not routinely used for the differential diagnosis of thyroid cancer. The current study aimed to
compare the diagnostic parameters of ultrasound elastography and fine-needle aspiration cytology, using
surgical pathology as the reference standard.
METHODS: In total, 205 patients with abnormal thyroid function test results underwent ultrasound-guided
fine-needle aspiration cytology on the basis of the American College of Radiology Thyroid Imaging-Reporting
and Data System classification and strain ultrasound elastography according to the ASTERIA criteria.
Histopathological examination of the surgical specimens was performed according to the 2017 World Health
Organization classification system. Moreover, a beneficial score analysis for each modality was conducted.
RESULTS: Of 265 nodules, 212 measured X1 cm. The strain index value increased from benign to malignant
nodules, and the presence of autoimmune thyroid diseases did not affect the results (p40.05 for all categories).
The sensitivities of histopathological examination, ultrasound elastography, and fine-needle aspiration cytology
for detection of nodules measuring X1 cm were 1, 1, and 0.97, respectively. The working area for detecting
nodule(s) in a single image was similar between strain ultrasound elastography and fine-needle aspiration
cytology for highly and moderately suspicious nodules. However, for mildly suspicious, unsuspicious, and benign
nodules, the working area for detecting nodule(s) in a single image was higher in strain ultrasound
elastography than in fine-needle aspiration cytology.
CONCLUSION: Strain ultrasound elastography for highly and moderately suspicious nodules facilitated the
detection of mildly suspicious, unsuspicious, and benign nodules.
KEYWORDS: Fine Needle Aspiration Cytology; Interobserver Variability; Strain Index; Thyroid Nodule; Ultrasound;
Ultrasound Elastography.

’ INTRODUCTION

However, when considered separately, none of these features
have high specificity and sensitivity for the identification of
thyroid nodules (2).
Fine-needle aspiration cytology is the risk stratification
tool for thyroid nodules, and it is useful for the management
of thyroid nodules (4). Moreover, it is a cost-effective and
minimally invasive procedure that can be performed by an
experienced professional (2). However, it yields a large number of inconclusive results (5).
Ultrasound elastography is a recently introduced technique. This procedure works on the principle of tissue elasticity
assessment, and it can differentiate malignant (hard tissues)
from benign (soft tissues) nodules (2). A prospective multicenter diagnostic study has reported that ultrasound elastography is effective for differentiating malignant from benign
tumors (6). However, different degrees of fibrosis in the
thyroid parenchyma and lymphocytic infiltration can influence tissue displacement during mechanical compression (7).
Moreover, it is not routinely used in clinical practice.
This retrospective study of prospectively collected data
aimed to compare the diagnostic parameters of strain ultrasound elastography versus fine-needle aspiration cytology for

Thyroid nodules are more common in the Chinese population, and patient evaluation must be performed to rule out
malignancy (1). Only few individuals with thyroid nodules
experience malignancy, and most of them present with
papillary thyroid carcinoma (2). Therefore, benign thyroid
nodules must be differentiated from malignant thyroid
nodules.
Ultrasound features, such as irregular margins, hypoechogenicity, increased vascularization, regional lymphadenopathy,
and microcalcifications, are associated with malignancy (3).
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with thyroid nodule(s) measuring X1 cm on the basis of the
ultrasound examinations. Thereafter, the patients underwent
ultrasound-guided fine-needle aspiration biopsies and strain
ultrasound elastography. The flow diagram of the study is
presented in Figure 1.

the differential diagnosis of thyroid nodules, with the use of
surgical pathology as a reference standard.

’ MATERIALS AND METHODS
Ethics approval and consent to participant
The original protocol of the study (XPH/CL/15/19 dated
September 4, 2019) was approved by the review board of
Xingtai People’s Hospital. The study adheres to the guidelines of the Strengthening the Reporting of Observational
Studies in Epidemiology for cross-sectional studies and the
V2008 Declaration of Helsinki (Chinese version). All participants provided informed consent for diagnosis, radiological examination, biopsies, surgeries (if required), and
publication of the study in all formats, which include
personal data and images (if any) irrespective of time and
language.

Ultrasound evaluation
Thyroid ultrasonography was performed using a realtime ultrasound equipment (Resona 7, Shenzhen Mindray
Bio-Medical Electronics Co., Ltd., Shenzhen, PR China) with
a linear transducer (L11-3U, Shenzhen Mindray Bio-Medical
Electronics Co., Ltd., Shenzhen, PR China) operating at 10–15
MHz. Ultrasonography was performed by ultrasound technologists, with a minimum experience of 5 years in thyroid
imaging.
The nature (i.e., solid, cystic, and mixed type), echogenicity
(e.g., isoechoic, hyperechoic, or hypoechoic with respect to
the normal parenchyma of the neck muscles), homogeneity
(homogeneous or inhomogeneous), size, microcalcifications
(hyperechoic spots o2 mm without acoustic shadowing), and
presence of an irregular margin and a halo sign (hypoechoic
rim) of thyroid nodules were cautiously examined. The
volume of the nodule was calculated using Equation 1 (2):

Study population
From May 1, 2018, to July 30, 2019, 205 patients (aged 25–
65 years) from the Department of Medicine of Xingtai
People’s Hospital, China, and other referral hospitals were
included in the study. The patients had available data on
abnormal thyroid function test results (thyroid-stimulating
hormone, free thyroxine, free triiodothyronine, calcitonin,
anti-thyroglobulin antibody, anti-thyroperoxidase antibody,
and anti-thyroid-stimulating hormone receptor antibody
levels), and they presented with abnormal growth in the
thyroid on the basis of neck examination. All patients
underwent ultrasonography. In total, 178 patients presented

Volume ¼ Width  Length  Depth  0:479

ð1Þ

Fine-needle aspiration biopsy
Under ultrasound guidance, biopsies were performed using
15-mm 25-gauge aspiration needles attached to a 5-mL syringe
(DCHN-23-15.0, Cook Medical, Bloomington, IN, the USA).

Figure 1 - Flow diagram of the study.

2

Strain ultrasound elastography for thyroid nodules
Yang X et al.

CLINICS 2020;75:e1594

The solid mural of the nodule was collected based on
suspicious calcification, hypoechogenic area, and/or presence
of an irregular margin and halo sign (8). Biopsies were
performed by endocrinologists with a minimum experience of
3 years.

the region of interest for measuring the strain index was
standardized using the following equation:

Strain ultrasound elastography

where B is the thyroid nodule strain and A is the strain of the
softest area of the parenchyma.
The ultrasound indices were calculated and then used
numerically using the device.

SI ¼

Strain ultrasound elastography was performed using the
same ultrasound equipment and probe on the growth
detected on the neck (whenever applicable). The probe was
first placed on the neck in a transverse position, rather than a
longitudinal position. Measurements in both positions were
performed separately. In the area of interest, the probe was
compressed (with light pressure) and relaxed two times per
second. Then, it was moved 2–4 cm during compression and
relaxation. Scores were assigned according to the ASTERIA
criteria, as follows: 1: the area examined was homogenously
green (elasticity in the whole area examined), 2: the area
examined was light green and red with peripheral and
central blue mass (the elasticity in the large portion of the
examined area), 3: the examined area was blue with some
light green and red mass (the large portion of the nodule
with stiffness), and 4: the area examined was homogeneously
blue (non-elastic nodule) (9). The color/score was considered
if it was maintained for 15–20s on both positions and in
four repetitions. The level of compression was kept constant
throughout the examinations. The scores were as follows: 1:
benign, 2: not suspicious, 3: mildly suspicious, 4: moderately
suspicious, and 5: highly suspicious. The strain index (SI)
was defined using Equation 2 (10). The average value of
the three measurements in transverse and/or longitudinal
views was considered for analyses. Ultrasound elastography
was performed by ultrasound technologists. The size of

B
;
A

ð2Þ

Cytological examination
The aspirated material in ultrasound-guided fine-needle
biopsies was air-dried and stained with May–Grunwald–
Giemsa stain. Then, Based on the American College of
Radiology Thyroid Imaging-Reporting and Data System,
the results were classified as inconclusive (0), benign (1),
unsuspicious (2), mildly suspicious (3), moderately suspicious (4), and highly suspicious (5) (11). The pathologists in
our institutions were involved in the cytological examination. Patients with inconclusive or indeterminate specimens
did not undergo repeat fine-needle aspiration biopsies.

Thyroidectomy
All patients who had benign and suspicious results in
ultrasound-guided fine-needle aspiration biopsies underwent
partial or complete thyroidectomy under general anesthesia
(3). The surgeons made an incision below the center of the
neck. A part of or the whole thyroid gland with/without
lymph nodes around was removed. Endocrine or head and
neck surgeons with a minimum experience of 3 years performed the procedure. Patients with benign nodules also underwent surgery due to the lesion size and presence of symptoms.

Table 1 - Demographic and clinical characteristics of the patients.
Parameters

Values

Medical records of the participants

205

Age (years)

Minimum
Maximum
Mean±SD
Male
Female

Gender
*Serum thyroid-stimulating hormone level (mIU/L)
Family history

Yes
No

**Serum free thyroxine level (ng/dL)
***Serum free triiodothyronine level (pg/dL)
****Serum calcitonin level (ng/dL)

Male
Female

*****Serum anti-thyroglobulin antibody level (IU/mL)
******Serum anti-thyroperoxidase antibody level (IU/mL)
*******Serum anti-thyroid stimulating hormone receptor antibody level (IU/L)
#
Autoimmune thyroid diseases

Positive
Negative

25
65
50.25±8.47
38 (19)
167 (81)
1.55±3.65
55 (27)
150 (73)
2.91±3.42
675±85
10.12±1.28
8.29±1.12
35±12
65±22
3.12±0.34
76 (37)
129 (63)

Categorical variables are presented as frequency (percentage) and continuous variables as mean±SD.
*Normal value: 0.4–4 mIU/L.
**Normal value: 0.7–1.8 ng/dL for adults; 0.5–1 ng/dL for pregnant women.
***Normal value: 260–480 pg/dL.
****Normal value: o8.8 ng/dL for men; o5.8 ng/dL for women.
*****Normal value: o20 IU/mL.
******Normal value: o35 IU/mL.
*******Normal value: o1.75 IU/L.
#
At least two-times higher than the normal serum levels of anti-thyroglobulin antibody, anti-thyroperoxidase antibody, and/or anti-thyroid stimulating
hormone receptor antibody.
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Histopathological examination of the surgical
specimen

Statistical analysis
InStat version Window 3.0.1 (GraphPad, San Diego, CA,
the USA) was used for statistical analysis. The Fisher’s exact
test was used to analyze categorical data (6). Fleiss kappa (k)
statistic was used to determine interobserver variability, with
consideration of the following k values: 0.1–0.2, slight agreement; 0.21–0.4, fair agreement; 0.41–0.6, moderate agreement; 0.61–0.8, substantial agreement; and 0.8–1, perfect
agreement (14). A confidence interval of 95% was considered
statistically significant.

The surgical specimen was examined microscopically and
was evaluated according to the 2017 World Health Organization classification for tumors of the endocrine organs (12).
The pathologists were involved in the histopathological
examination.

Beneficial score analysis
The beneficial score analysis of each adopted modality was
calculated using Equation 3 (13):
Beneficial score ¼

’ RESULTS

True  positive detected nodule
Total number of nodules analyzed

Demographic and clinical characteristics of the
participants

False  positive detected nodules

Total number of nodules analyzed

In total, 167 of 205 female patients had abnormal thyroid
function test results. Moreover, 76 patients presented with
autoimmune thyroid diseases, and only 55 (27%) had a
family history of thyroid nodule(s). The other demographic
and clinical characteristics of the participants are presented
in Table 1.

Level of diagnostic confidence used as basis for thyroidectomy

1  Level of diagnostic confidence used as basis for thyroidectomy
ð3Þ

Table 2 - Ultrasound examination results of the nodules.
Parameters

205

Total number of nodules analyzed

265

Patients with o1 cm thyroid nodule(s)
Patients with X1 cm thyroid nodule(s)
Nodules measuring o1 cm in size
Nodules measuring X1 cm in size
Size (cm)
Minimum
Maximum
Mean±SD
Nature
Solid
Cystic
Mixed
Echogenicity
Isoechoic
Hyperechoic
*Hypoechoic
Homogeneity
Homogeneous
Inhomogeneous
Microcalcifications
Irregular margin
Absent
Present
Presence of a halo sign
Volume (cubic centimeter)
Minimum
Maximum
Mean±SD

Ultrasound evaluation

Values

Medical records of the participants

In total, 265 nodules were analyzed via ultrasonography.
Of them, 212 measured X1 cm. The ultrasound examination
results of the nodules are presented in Table 2.

27 (13)
178 (87)
53 (20)
212 (80)
0.61
5.82
2.32±0.58
163 (62)
41 (15)
61 (23)
47 (18)
101 (38)
117 (44)
138 (52)
127 (48)
106 (40)
43 (16)
222 (84)
53 (20)
0.75
42.51
9.51±1.21

Ultrasound elastography evaluation
The distribution of nodules on the basis of strain
elastography ultrasound according to the ASTERIA criteria
(Figure 2) is presented in Table 3.
Table 3 - Distribution of nodules based on strain ultrasound
elastography.
Differentiation
Total number of nodules subjected
to ultrasound elastography
Inconclusive
Benign
Unsuspicious
Mildly suspicious
Moderately suspicious
Highly suspicious

Values
212
0
42
90
66
10
4

(0)
(20)
(42)
(31)
(5)
(2)

Strain index
N/A
1.06±0.03
1.94±0.11
2.63±0.13
3.56±0.6
4.02±0.09

Categorical variables are presented as frequency (percentage) and
continuous variables as mean±SD.
N/A: Not applicable.
Based on the ASTERIA criteria.

Categorical variables are presented as frequency (percentage) and
continuous variables as mean±SD.
*With respect to the normal parenchyma of the neck muscles.

Figure 2 - Strain ultrasound elastography. 1: The examined area was homogenously green (elasticity in the whole area examined;
benign nodule), 2: the examined area was light green and red with peripheral and central blue mass (the elasticity in the large portion
of the examined area; indeterminate follicular lesion), 3: the examined area was blue with some light green and red mass (the large
portion of nodule with stiffness; nodule suspicious for malignancy), 4: the area was homogeneously blue (non-elastic nodule;
malignant nodule). A: Real-time ultrasound evaluations. B: Ultrasound elastography evaluation. Real-time ultrasonography and
ultrasound elastography were performed by ultrasound technologists with a minimum experience of 5 years.
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The SI values for the nodules were 3.12±0.25 (Figure 3).
The SI value was increased from benign to highly suspicious nodules. However, no significant difference was
observed in terms of SI values between the unsuspicious and
mildly suspicious nodules (Figure 4). The SI values for
positivity and negativity to autoimmune thyroid diseases
under the same categories were similar (p40.05 for all
categories).

Histopathological examination of the surgical
specimen
In total, 201 patients with nodules underwent surgery, and
the histopathological results of the surgical specimen are
presented in Table 5.

Beneficial score analysis
Ultrasound elastography evaluation and histopathological
examination of the surgical specimen had similar sensitivities. However, fine-needle aspiration cytology had a lower
sensitivity than histopathological examination (1 vs. 0.97,
po0.0001, Table 6).

Fine-needle aspiration cytology
The distribution of nodules on the basis of fine-needle
aspiration cytology is presented in Table 4.

Figure 3 - Determination of the strain index of a 42-year-old male patient with abnormal thyroid function test result. The B-to-A ratio
was the strain index. X: Real-time ultrasonography. Y: Ultrasound elastography evaluation. B: Thyroid nodule strain. A: The strain
of the softest area of the parenchyma. Real-time ultrasonography and ultrasound elastography were performed by ultrasound
technologists with a minimum experience of 5 years.

Figure 4 - Distribution of the strain index according to the different categories of nodules. The ratio of thyroid nodule strain to the
strain of the softest area of the parenchyma was considered the strain index. Ultrasound elastography was performed by ultrasound
technologists with a minimum experience of 5 years.
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Interobserver variability

With the use of surgical pathology as a reference standard, the working area for detecting nodule(s) in a single
image was similar between strain ultrasound elastography and fine-needle aspiration cytology for highly and
moderately suspicious nodules. However, for mildly suspicious, unsuspicious nodules, and benign nodules, the
working area for detecting nodule(s) in a single image
was higher in strain ultrasound elastography than in fineneedle aspiration cytology. However, patients with benign
nodules also underwent surgery, which was inappropriate
(Figure 5).

The interobserver variability for strain ultrasound elastography had a substantial agreement and that for conventional ultrasound examinations had a moderate agreement
(Table 7).

’ DISCUSSION
Strain ultrasound elastography and histopathological
examination had similar sensitivities, and the presence of
autoimmune thyroid diseases did not affect the SI values for
nodules measuring X1 cm. The results of the current study
were in accordance with those of the prospective studies
(2,6,10) but not with those of the prospective study (15).
Strain ultrasound elastography may be a good alternative to
fine-needle aspiration cytology for the differential diagnosis
of thyroid nodules.
The current study reported that the risk of malignancy
increased with higher SI values, and this result was in
accordance with that of prospective studies (2,10). Ultrasound-guided fine-needle aspiration cytology is generally
performed for the differential diagnosis of thyroid nodules
(8). However, the stiffness of thyroid nodules differs, and
conventional ultrasound does not provide information about
this characteristic (10). Strain ultrasound elastography can
evaluate the stiffness of thyroid nodules (16). Thus, it may be
an accurate method for the differential diagnosis of thyroid
nodules.
With respect to the histopathological examination results,
for mildly suspicious, unsuspicious, and benign nodules,
strain ultrasound elastography had a comparatively high
working area for detecting nodule(s) in a single image
than fine-needle aspiration cytology. Ultrasound technologists may have less confidence in identifying suspicious
margin, echogenic foci versus microcalcifications, and irregular margin in ultrasound images. In addition, fine-needle
aspiration biopsies after cytopathology may have procedural
issues (14). However, microcalcifications are found in both
benign and suspicious nodules (16). Although strain ultrasound elastography may be less dependent based on the
experience of operators (17), targeted education about
sonographic findings may improve the interpretations of
ultrasound images.
Moreover, strain ultrasound elastography, ultrasonography, and histopathological examination of the surgical
specimen had substantial, moderate, and perfect agreement,
respectively. The results of the current study were in

Table 4 - Distribution of nodules based on fine-needle
aspiration cytology.
Differentiation

Values

Total number of nodules subjected to
fine-needle aspiration cytology

212

Inconclusive
Benign
Unsuspicious
Mildly suspicious
Moderately suspicious
Highly suspicious

11
35
90
63
9
4

(5)
(17)
(42)
(30)
(4)
(2)

Variables are presented as frequency (percentage).
According to the ACR TI-RADS classification.
Pathologist with a minimum experience of 3 years performed fine-needle
aspiration cytology.

Table 5 - Distribution of nodules according to the
histopathological examination of the surgical specimen.
Differentiation

Values

Total number of nodules subjected to
histopathological examination

201

Inconclusive
Benign
Unsuspicious
Mildly suspicious
Moderately suspicious
Highly suspicious

0
35
88
64
10
4

(0)
(17)
(44)
(32)
(5)
(2)

Variables are presented as frequency (percentage).
According to the 2017 WHO classification for tumors of the endocrine
organs.
Pathologist with a minimum experience of 3 years conducted the
histopathological examination.
N/A: Not applicable.

Table 6 - Comparisons of diagnostic parameters.
Parameters
Total number of nodules evaluated
True-positive detected nodules
False-positive detected nodules
Sensitivity
Accuracy

Histopathological examination of
the surgical specimens

Ultrasound elastography

Fine-needle aspiration
cytology

201

212

*p-value

212

*p-value

201 (100)
0 (0)
1
1

201 (95)
11 (5)
1
0.948**

0.0009
17 (8)
N/A
0.004

195 (92)

o0.0001

0.97**
0.920**

o0.0001
0.0002

Variables are presented as frequency (percentage).
* With respect to the histopathological examination results of the surgical specimen.
N/A: Not applicable.
The Fisher’s exact test was used for statistical analysis.
A p-value o0.05 was considered significant.
Pathologists with a minimum experience of 3 years performed the histopathological examination.
Ultrasound technologists with a minimum experience of 5 years conducted ultrasonography.
**Significantly fewer than the histopathological examination of the surgical specimen.
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Figure 5 - Beneficial score analysis. Pathologist with a minimum experience of 3 years performed the cytological and histopathological
examinations. Ultrasound technologists with a minimum experience of 5 years in thyroid imaging conducted real-time ultrasonography
and ultrasound elastography.

Table 7 - Comparisons of interobserver variability.
Kappa value

Observers
k

Ultrasound
examinations

Fine-needle aspiration
cytology

Ultrasound
elastography

Histopathological examination
of the surgical specimen

4
0.6

2
0.77

4
0.79

2
0.83

Pathologist with a minimum experience of 3 years performed biopsies and histopathological examination. Ultrasound technologists with a minimum
experience of 5 years conducted ultrasound examinations.
k-value: 0.1–0.2, slight agreement; 0.21–0.4, fair agreement; 0.41–0.6, moderate agreement; 0.61–0.8, substantial agreement; and 0.8–1, perfect
agreement.

with calcified nodules are required to assess the hypothesis.
Ultrasound elastography is a good auxiliary method to
identify whether a nodule is a thyroid papillary carcinoma.
Other types of malignant tumors, which may not be stiff,
can develop in the thyroid. However, the significance of
ultrasound elastography in identifying non-stiff malignant
tumors is unclear.

accordance with those of retrospective analyses (14,17) and a
prospective multicenter study (6). In the assessment of SI
values, two regions of interest are required to maintain the
same pressure (2), and strain elastography is pressuredependent (16). Furthermore, it may be a reliable alternative
for the differential diagnosis of thyroid nodules.
The current study had several limitations. That is, it is
retrospective in nature, and a dynamic study was not
performed. Moreover, all patients presented with nodules
measuring 41 cm. However, thyroid papillary carcinoma
can measure o1 cm. Only a small proportion of patients
presented with malignant nodules. The cutoff SI values for
the differential diagnosis of thyroid nodules were not
evaluated, and these values are operator dependent (18).
Finally, fine-needle aspiration cytology was performed only
once in all patients.
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’ CONCLUSION
The conventional ultrasound could not differentiate
benign from suspicious nodules. In addition, unlike that for
conventional ultrasound and fine-needle aspiration cytology,
the interobserver variability for strain ultrasound elastography showed substantial agreement. Strain ultrasound elastography for highly suspicious and moderately suspicious
nodules facilitated the detection of mildly suspicious
nodules, but not suspicious and benign nodules. Thus, it
may be a more accurate and reliable alternative for the
differential diagnosis of thyroid nodules than fine-needle
aspiration cytology. However, a higher number of patients

’ REFERENCES
1. Liu X, Medici M, Kwong N, Angell TE, Marqusee E, Kim MI, et al.
Bethesda Categorization of Thyroid Nodule Cytology and Prediction of
Thyroid Cancer Type and Prognosis. Thyroid. 2016;26(2):256-61. https://
doi.org/10.1089/thy.2015.0376

7

Strain ultrasound elastography for thyroid nodules
Yang X et al.

CLINICS 2020;75:e1594

2. Magri F, Chytiris S, Capelli V, Gaiti M, Zerbini F, Carrara R, et al.
Comparison of elastographic strain index and thyroid fine-needle aspiration cytology in 631 thyroid nodules. J Clin Endocrinol Metab. 2013;
98(12):4790-7. https://doi.org/10.1210/jc.2013-2672
3. Moon HJ, Sung JM, Kim EK, Yoon JH, Youk JH, Kwak JY. Diagnostic performance of gray-scale US and elastography in solid thyroid
nodules. Radiology. 2012;262(3):1002-13. https://doi.org/10.1148/radiol.
11110839
4. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov
YE, et al. 2015 American Thyroid Association Management Guidelines for
Adult Patients with Thyroid Nodules and Differentiated Thyroid Cancer:
The American Thyroid Association Guidelines Task Force on Thyroid
Nodules and Differentiated Thyroid Cancer. Thyroid. 2016;26(1):1-133.
https://doi.org/10.1089/thy.2015.0020
5. Yeon JS, Baek JH, Lim HK, Ha EJ, Kim JK, Song DE, et al. Thyroid
nodules with initially nondiagnostic cytologic results: the role of coreneedle biopsy. Radiology. 2013;268(1):274-80. https://doi.org/10.1148/
radiol.13122247
6. Trimboli P, Guglielmi R, Monti S, Misischi I, Graziano F, Nasrollah N,
et al. Ultrasound sensitivity for thyroid malignancy is increased by realtime elastography: a prospective multicenter study. J Clin Endocrinol
Metab. 2012;97(12):4524-30. https://doi.org/10.1210/jc.2012-2951
7. Magri F, Chytiris S, Capelli V, Alessi S, Nalon E, Rotondi M, et al.
Shear wave elastography in the diagnosis of thyroid nodules: feasibility
in the case of coexistent chronic autoimmune Hashimoto’s thyroiditis.
Clin Endocrinol. 2012;76(1):137-41. https://doi.org/10.1111/j.1365-2265.
2011.04170.x
8. Jiang D, Zang Y, Jiang D, Zhang X, Zhao C. Value of rapid on-site evaluation for ultrasound-guided thyroid fine needle aspiration. J Int Med
Res. 2019;47(2):626-34. https://doi.org/10.1177/0300060518807060
9. Ahn HS, Lee JB, Seo M, Park SH, Choi BI. Distinguishing benign from
malignant thyroid nodules using thyroid ultrasonography: utility of
adding superb microvascular imaging and elastography. Radiol Med.
2018;123(4):260-70. https://doi.org/10.1007/s11547-017-0839-2
10. Cakir B, Aydin C, Korukluoglu B, Ozdemir D, Sisman IC, Tüzun D, et al.
Diagnostic value of elastosonographically determined strain index in the

11.

12.

13.

14.

15.

16.

17.
18.

8

differential diagnosis of benign and malignant thyroid nodules. Endocrine. 2011;39(1):89-98. https://doi.org/10.1007/s12020-010-9416-3
Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland LL, Teefey SA,
et al. ACR Thyroid Imaging, Reporting and Data System (TI-RADS):
White Paper of the ACR TI-RADS Committee. J Am Coll Radiol. 2017;
14(5):587-95. https://doi.org/10.1016/j.jacr.2017.01.046
Zhang Y, Wu QL, Yun JP. [Interpretation of the fourth edition of WHO
pathological classification of the thyroid tumors in 2017]. Zhonghua Er Bi
Yan Hou Tou Jing Wai Ke Za Zhi. 2018;53(9):718-20. https://doi.org/
10.3760/cma.j.issn.1673-0860.2018.09.020
Tao W, Qingjun Z, Wei Z, Fang Z, Lei Z, Yuanyuan N, et al. Computed
tomography versus ultrasound/fine needle aspiration biopsy in differential diagnosis of thyroid nodules: a retrospective analysis. Braz J
Otorhinolaryngol. 2019. pii: S1808-8694(19)30136-3. https://doi.org/
10.1016/j.bjorl.2019.10.003
Hoang JK, Middleton WD, Farjat AE, Teefey SA, Abinanti N, Boschini FJ,
et al. Interobserver Variability of Sonographic Features Used in the
American College of Radiology Thyroid Imaging Reporting and Data
System. AJR Am J Roentgenol. 2018;211(1):162-7. https://doi.org/
10.2214/AJR.17.19192
Unlütürk U, Erdogan MF, Demir O, Güllü S, Baskal N. Ultrasound elastography is not superior to grayscale ultrasound in predicting malignancy
in thyroid nodules. Thyroid. 2012;22(10):1031-8. https://doi.org/
10.1089/thy.2011.0502
Kim MH, Luo S, Ko SH, Jung SL, Lim DJ, Kim Y. Elastography can
effectively decrease the number of fine-needle aspiration biopsies in
patients with calcified thyroid nodules. Ultrasound Med Biol. 2014;
40(10):2329-35. https://doi.org/10.1016/j.ultrasmedbio.2014.03.028
Lim DJ, Luo S, Kim MH, Ko SH, Kim Y. Interobserver agreement and
intraobserver reproducibility in thyroid ultrasound elastography. AJR Am
J Roentgenol. 2012;198(4):896-901. https://doi.org/10.2214/AJR.11.7009
Cantisani V, D’Andrea V, Biancari F, Medvedyeva O, Di Segni M, Olive M,
et al. Prospective evaluation of multiparametric ultrasound and quantitative elastosonography in the differential diagnosis of benign and
malignant thyroid nodules: preliminary experience. Eur J Radiol. 2012;
81(10):2678-83. https://doi.org/10.1016/j.ejrad.2011.11.056

