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Association between Tsukuba elasticity scores 4 and 5 on
elastography and Bethesda undetermined cytology on US-
guided FNA with 27-G needle, verified by histopathology: a
cut-off point of 20 mm of diameter designated for thyroid

nodules
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Summary

Purpose: The purpose of this study was to assess the perfor-
mance of strain elastography (SE) in predicting malignancy
for the thyroid nodules with undetermined cytology, Bethesda
categories III and IV. The cut-off point was 20 mm of a
thyroid nodule.

Methods: A retrospective analysis from April 2012 to
April 2016 was conducted by examining the records of
547 consecutive eligible patients with 655 thyroid nod-
ules, the undetermined cytology of which surgery had been
recommended.

Results: A sum of 655 nodules in 547 patients were studied.
Eighty-two (12.5%) of 655 thyroid nodules were Bethesda
Category III and IV (undetermined cytology). Of the 655
thyroid nodules examined, 401 (61.2%) were less than 20
mm and 254 (38.8%) were more than 20 mm in diameter.
No significant difference was detected between nodule sizes

Introduction

Cytopathology, a dynamic discipline, is one of
the most essential diagnostic modalities of a thy-
roid nodule, with high sensitivity and specificity
after fine-needle aspiration (FNA), in distinguish-
ing benign from malignant thyroid lesions [1-3].
However, in 5-20% of the cases, the results reveal

more than 20 mm in diameter and Tsukuba Elasticity score
(TES) 4 and 5 by McNemar test and 0.677 area under the
curve (AUC). No significant difference was detected between
nodule sizes over 20 mm in diameter and Bethesda III and IV
(undetermined cytology) by McNemar test and 0.632 AUC.
In addition, no significant difference was detected between
nodule size with the cut-off value of 20 mm and the his-
topathology of the thyroidectomies by McNemar test and
0.607 AUC.

Conclusion: Nodules size 20 mm in diameter was not a
useful cut-off point for distinguishing malignant from be-
nign thyroid nodules among the nodules with TES 4 and 5,
Bethesda III and IV, and malignant histopathology.

Key words: Bethesda, fine-needle biopsy, thyroidectomy,
undetermined cytology, ultrasonography, ultrasound elas-
tography

an undetermined cytology which still impacts a
considerable amount of the outcomes [4,5].

The American Thyroid Association (ATA) [6],
the Academy of Clinical Thyroidologists (ACT) [7],
the Society of Radiologists in Ultrasound (SRU) [8],
the American Association of Clinical Endocrinolo-
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gists (AACE)/Asociazione Medici Endocrinologi
(AME), and the European Thyroid Association (ETA)
[3] are the major guidelines providers for patient
management with nodular thyroid diseases and of-
fer a concensus about the significant indications
of FNA. The Bethesda System for Reporting Thy-
roid Cytopathology (TBSRTC) is currently the most
used system for reporting FNA cytology (FNAC)
worldwide. TBSRTC, a six-diagnostic-category sys-
tem that was established through multidisciplinary
formulation, was proposed at the National Cancer
Institute (NCI) Thyroid Fine-Needle Aspiration
State of the Art and Science Conference held in
Bethesda, Maryland, 2007 [9]. The use of TBSRTC
for the evaluation of the thyroid cytopathology
also has been endorsed by 2015 ATA management
guidelines [6] like 2009 ATA guidelines [10].

A novelty for the term of “non-invasive en-
capsulated follicular variant of papillary thyroid
carcinoma” (FVPTC), was accepted at a face-to-face
conference, The Endocrine Pathology Society Con-
ference, in Boston, Massachusetts, on March 20
and 21, 2015, that was named as “non-invasive fol-
licular thyroid neoplasm with papillary-like nucle-
ar features (NIFTP)”, exhibiting a benign/indolent
clinical behavior regarding invasive FVPTC[11,12].
Moreover, a special 2%-hour symposium entitled
‘The Bethesda System for reporting thyroid cyto-
pathology: Past, present, future’ was moderated by
Ali and Vielh at The 19% International Congress
of Cytology (ICC) in Pacifico Yokohama, Japan, on
28 May-01 June, 2016 [13,14]. The panel’s concen-
sus for the recommendations proposed modifica-
tions and updates for the second edition (TBSRTC
IT [13]) discussed briefly by Pusztaszeri et al. [15].
Furthermore, Cibas and Ali [16] reported ‘The 2017
Bethesda System for reporting thyroid cytopathol-
ogy’, proposing the use of one term instead of the
synonymous terms for the distinct category and
mentioning the updated malignancy risks based on
new (post 2010) data and the recent term, NIFTP.

In 1991, Ophir et al. [17] envisaged and de-
signed elastography at the School of Medicine
University of Texas, Houston, for improving the
diagnostic certainty of the nodular thyroid dis-

eases by using the relative stiffness of the nodular
component, considering the adjacent thyroid pa-
renchyma. Nowadays, ultrasound (US) strain elas-
tography (SE) [18], shear wave elastography (SWE)
[19], and acoustic radiation force impulse (ARFI)
[20,21] are applied for discrimination of malignant
thyroid nodules. Among them, SE requires manual
compression on the tissue, leading to displacement
or distortion of the underlying one to gain an idea
about its stiffnes or elasticity [18]. Pang et al. [19]
asserted SE showing a highly valuable performance
in the diagnostic approach to thyroid nodules. Gay
et al. [20] reported that SE seems to perform bet-
ter than SWE in distinguishing malignancy, while
Liu et al. [21] stated that combining the use of B-
mode US and SE could improve the lymph node
metastasis estimation accuracy for papillary thy-
roid carcinoma (PTC). Borysewicz-Sanczyk et al.
[22] suggested that SE can be complementary to
conventional US and useful while making a de-
cision about FNAC. Ahn et al. [23] reported that
the additional use of super microvascular imag-
ing and SE could potentially lead to an increase in
specificity in thyroid US. However, Yoon et al. [24]
proposed that adding the additional imaging mo-
dalities such as elastography and Doppler does not
improve the diagnostic performance of gray-scale
US in differentiating the thyroid nodules.Yang et al.
[25] asserted that elastographic analysis using the
elasticity score and strain ratio has limited ability
to characterize the benignity or malignancy of the
thyroid nodules with an intermediate suspicion of
malignancy based on the 2015 ATA guidelines.
The majority of the authors underline the use-
fullness of elastography by supplying the diagnos-
tic accuracy, assisting the conventional methods,
such gray-scale and Doppler US examination [26-
29]. However, some authors consider it as gaining
possession of the limited usage [30,31]. The 2015
ATA management guidelines [6] characterise US
elastography cannot be widely applied to all thy-
roid nodules in a similar fashion to gray-scale and
Doppler US examination. However, the committee
of 2015 ATA management guidelines [6] believes
US elastography, when available, may prove to be a

Table 1. Tsukuba elasticity scores and compatible macroscopic/histopathologic features

Scores Definition Histopathologic features

TES 1 Mostly green-coded lesions with equal elasticity with the surrounding tissue Soft nodule (benign)

TES 2 Lesions with nonhomogeneous elasticity and blue-green areas Soft nodule (benign)

TES 3 Lesions coded in blue in the center and green in the surrounding areas Moderately hard (mostly benign)
TES 4 Completely blue lesions with no echogenic halo in the surrounding tissue Hard nodule (malignant)
TES 5 Completely blue lesions with an echogenic halo in the surrounding tissue Hard nodule (malignant)

(loss of elasticity in the surrounding tissue)
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helpful tool for preoperative risk asssesment. Simi-
larly, 2015 Revised Guidelines of Polish National
Societies [32], proclaimed that elastography was
not routinely required for the evaluation of thyroid
nodules but may become helpful in the selection
of thyroid lesion amenable to FNA.

The present study analyzed the thyroid nod-
ules retrospectively to check whether any relation-
ship between the TES 4 and 5 in SE and Bethesda
undetermined cytology, categories III and IV in
FNAG, are taken into consideration as the cut-off
point of 20 mm for the size of the thyroid nodules.
It also analyzed whether there was any relation be-
tween TES 4 and 5 in SE and histopathological re-
sults of the suspicious thyroid nodules. Moreover,
this study intented to investigate whether clinical
prediction level could be improved by using SE
prior to both US-guided FNA (US-g-FNA) with a
27-gauge needle and thyroidectomy as to avoid any
surgical procedure, or even US-g FNA for suspi-
cious thyroid nodules.

Methods

A retrospective analysis was carried out by checking
the records of the cases with thyroid nodules from April
2012 to April 2016. All the cases underwent neck US
(Figure 1a), Doppler US (Figure 1b), SE (Figure 1c), and
US-guided FNA performed by one endocrine surgeon
to rule out malignant formations. Association between
the TES and SE performed by this endocrine surgeon
and Bethesda category of US-guided FNAC (US-g-FNAC)
with histopathologic evaluations of the 82 thyroid nod-
ules with undetermined cytology among 547 cases with
655 nodules was evaluated.

US-guided-FNA and FNAC

Three to eight samples were obtained for each tar-
geted and indicated thyroid nodule by 27-gauge fine nee-
dle (Hayat, 2 ml 3P 27G, 0.40x50 mm, Istanbul, Turkey)
under local anesthesia with prilocaine hydrochloride,
400 mg/flacon. The smear materials were immersed in
95% alcohol for alcohol fixation, were air-dried and then
they were cytopathologically evaluated using haema-
toxylin-eosin (H&E), PAP and May-Griinwald-Giemsa
(MGQG). Cytopathological evaluation was based on TB-
SRTC, a six-tiered diagnostic system, as follows: (1)
non-diagnostic, Category I; (2) benign, II; (3) Atypia of
undetermined significance/follicular lesion of undeter-
mined significance (AUS/FLUS);(4) Follicular neoplasm/
suspicious for follicular neoplasm, IV; (5) suspicious for
malignancy (SM), V; (6) malignant, VI.

Neck ultrasound and elastography

Neck US, Doppler US, and SE were performed us-
ing Esaote MyLab 60 (Geneva, Italy) with a 4-13 MHz
broadband linear probe (mean 12 MHz). SE, a quasi-
static strain imaging and axial and lateral tracking, is
typically applied between each pair of RF-echo frames,

JBUON 2019; 24(1): 384

and the lateral displacements are discarded, leaving a
sequence of axial displacement images. Above the gray-
scale imaging, the imaging modality exhibited real-time
tissue elasticity images in an on-screen presentation,
with a color-mapped translucent appearance, and the
software revealed the color map automatically for each
compression-decompression cycle. The elastograms
were evaluated by using the TES, also known as Itoh-
Score or Elasto-Score, a 5-point strain [33].

D 59mm
PRC 11/2
PST 3

THYROID L;«szsl

Figure 1. (A) A hypoechoic solid nodule 8.8x7.3 mm, with
macrocalcifications and regular borders, adjacent to the
left common carotid artery located at the thyroid left lobe
lateral zone, B-Mode US. (B) Some peripheral vasculariza-
tion of the nodule of Figure 14, indicated by the arrows.
Doppler US. (C) Tsukuba Elasticity Score 4 of the nodule
of Figure 1A. Strain Elastography.
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Tsukuba elasticity score and compatible macroscopic/histo-
pathologic features

The thyroid nodule elastograms were evaluated
by a 5-point-strain Itoh-Score or Elasto-Score TES [37].
TES 1 and 2 were evaluated as soft benign nodules. The
medium consistency, TES 3, was accepted as usually
benign. TES 4 and 5 were hard nodules and considered
malignant.

Inclusion and exclusion criteria

The screening outcome revealed that 547 consecu-
tive patients with 655 thyroid nodules met the criteria
for study enrollment. The inclusion criteria were the
cases possessing thyroid nodules which had undergone
neck US, SE, US-G-FNA, evaluation of FNAC based on
TBSRTC, and thyroidectomy with related histopatholog-
ic outcomes. The exclusion criteria were: (1) the thyroid
nodule had not undergone to US-g FNA and SE; (2) a
purely cystic nodule; (3) presence of a cystic component
>15% of the nodule volume; (4) a large nodule (>85%
of thyroid lobe volume), to have sufficient reference to
normal tissue; (5) nodule with shell calcification; and (6)
thyroid nodule possessing FNAC of Bethesda category
I, “non-diagnostic”, Bethesda category II, “benign”, and
Bethesda category VI, “malignant”.

Figure 2. Photomicrograph revealing the cytopathology
of TBRSTC Category II (PAP; Original magnification, x10).

Figure 3. Photomicrograph revealing the cytopathology of
TBRSTC Category III (MGG; Original magnification, x10).

Statistics

Statistical analyses were performed by using SPSS
23.0 computer software. Bar and boxplot graphs and fre-
quency and crosstab tables were used to describe the
variables in the analyses. The chi-square independence
hypothesis tests and McNemar tests were performed to
determine the relationship among the categorical vari-
ables, and p value less than 0.05 was considered statisti-
cally significant.

Results

A sum of 547 cases, 426 (77.9%) women and
121 (22.1%) men, with 655 thyroid nodules un-
derwent US-g FNA. Cytologically, 24 (3.7%), 526
(80.3%) (Figure 2), 66 (10.1%), 16 (2.4%), 22 (3.4%)
and 1 (0.2%), respectively, were detected as Bethes-
da categories [, II, III, IV, V and VI. A total of 82
of 655 thyroid nodules were Bethesda category III
(Figure 3) and IV (undetermined cytology). His-
topathologically, 55 benign (67.1%), 19 papilllary
thyroid carcinoma (PTC), 19 (23.2%) (Figure 4a-b),
6 follicular thyroid carcinoma (FTC) (7.3%) and 2
Hurthle cell cancer (HCC) (2.4%) were detected
among the 82 thyroid nodules with undetermined

Figure 4. (A) Photomicrograph revealing the histopathol-
ogy of PTC (H&E; Original magnification, x4). (B) Photo-
micrograph revealing the histopathology of PTC (H&E;
Original magnification, x10).
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Table 2a. Numerical distribution of a nodule size with
cut-off value of 20 mm vs. TES

Table 2b. Statistical analyses of a nodule size with cut-off
value of 20 mm vs. TES 4, 5

Nodule size (mm) TES Test Statistics® Nodule size vs. TES
1-3 4,5 N 655
Chi-Square®b 183.115
Under 20 388 13 .
Asymp. Sig. 0,000
Over 20 221 33

TES: Tsukuba Elasticity Score

aMcNemar Test; P Continuity Corrected; TES: Tsukuba Elasticity
Score

Table 2c. AUC for the analyses of a nodule size with cut-off value of 20 mm vs. TES 4, 5

Area Std. Errore Asymptotic Sig.b Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
0.677 0.040 0.000 0.599 0.756

The test result variable(s): Nodule size, under and over 20, has at least one tie between the positive actual state group and the negative

actual state group. Statistics may be biased. 2Under the nonparametric assumption; P Null hypothesis: true area = 0.5. TES: Tsukuba

Elasticity Score; AUC: Area under the curve

cytology (TBSRTC III and IV). Of the 655 thyroid
nodules examined, 401 (61.2%) were less than 20
mm, and 254 (38.8%) were more than 20 mm in di-
ameter. Sonographically, 152 (23.2%), 317 (48.4%),
140 (21.4%), 34 (5.2%) and 12 (1.8%) cases, respec-
tively, were detected as TES 1, 2, 3, 4 and 5 for the
cases with undetermined cytology.

Considering TES 1, 2, and 3 as predictors of
benignity and TES 4 and 5 as suspicious for ma-
lignancy, no significant difference was detected be-
tween nodule sizes more than 20 mm in diameter
and TES 4 and 5 by the McNemar test (Table 2a,b)
and 0.677 area under the curve (AUC) (Table 2c,
Figure 5). No significant difference was detected
between the nodule sizes more than 20 mm in di-
ameter and Bethesda IIT and IV (undetermined cy-

Table 3a. Statistical analyses of a nodule size with cut-off
value of 20 mm and Bethesda Category III and IV

Test Statistics® Nodule size vs. Bethesda Score

N 655
Chi-Square? 94.823
Asymp. Sig. 0.000

aMcNemar Test; » Continuity Corrected; TES: Tsukuba Elasticity
Score

tology) by the McNemar test (Table 3a) and 0.632
AUC (Table 3b, Figure 6). Besides, no significant
difference was detected between the nodule sizes
with cut-off value 20 mm and the malignant histo-
pathology of the thyroidectomies by the McNemar
test (Table 4a) and 0.607 AUC (Table 4b, Figure 7).

Discussion

The thyroid nodules with undetermined cytol-
ogy are still a challenging situation, particularly
for Bethesda category III, AUS/FLUS and Bethes-
da category IV, follicular neoplasm/suspicious for
follicular neoplasm (FN/SFN), with risk of ma-
lignancy (ROM) of 5% to 15% and 15% to 30%,
respectively [29-31]. US-g FNAC is a widely used
and cost-effective method worlwide, reducing the
risk of unnecessary surgery for the benign nodules,
with a diagnostic accuracy ranging from 62 to 85%
[34]. Thereby, to solve this issue by avoiding un-
necessary surgery and its possible complications,
important studies hitherto have examined the risk
factors related to malignancy, regarding the clini-
cal parameters, characteristic US patterns, Doppler
US, repeated US-g FNAs, cytological sub-classifica-
tions, elastography, core-needle biopsy, intraopera-

Table 3b. AUC for the analyses of nodule size with cut-off value of 20 mm vs. Bethesda Category III and IV

Area Std. Errore Asymptotic Sig.b Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
0.632 0.030 0.000 0.573 0.691

The test result variable(s): Nodule size, under and over 20, has at least one tie between the positive actual state group and the negative

actual state group. Statistics may be biased. 2Under the nonparametric assumption; P Null hypothesis: true area = 0.5. TES: Tsukuba

Elasticity Score; AUC: Area under the curve

JBUON 2019; 24(1): 386



Elastography 20 mm vs. thyroid Bethesda TBSRTC Il and IV 387

tive frozen sections, molecular mutational analy- ROC Curve
ses, and diagnostic thyroid lobectomy:.

Recently, Moss et al. [35] proposed that the
routine needle biopsy of thyroid nodules should
be performed without aspiration, and with smaller 55
needle gauges (24-27 G). In the present study, all
US-g FNA were performed with the smallest nee-
dle, 27 G. In the present study, the cytopathologic
outcomes of 24 (3.7%), 526 (80.3%), 66 (10.1%), 16
(2.4%), 22 (3.4%) and 1 (0.2%), respectively were
detected as Bethesda category [, II, III, IV, V, and VI 0.4
, Whereas 82 of 655 thyroid nodules were Bethesda
category III and IV (undetermined cytology).

Nevertheless, the clinical management of thy- ol
roid nodules with undetermined cytology remains
challenging and elastography in this setting is still
controversial. SE, a quasi-static strain imaging US

Sensitivity

. . . . . . !
technique, is intented to differentiate the tissues 0.0 0.2 0.4 08 08 10
according to their stiffness or elasticity as decribed 1 - Specificity
in European Federation of Societies for Ultrasound Diagonal segments are produced by ties.

in Medicine and Biology (EFSUMB) guidelines [36].
SE works by the principle of Hooke’s law, the law of
elasticity, discovered by the Robert Hooke in 1660,
stating for relatively small deformations of an ob-
ject, the displacement or size of the deformation is ROC Curve
directly proportional to the deforming force or load.
SE is performed by comparing the stiffness of the
nodule and the thyroid paranchyma, and Hooke’s
law states that the elastic behaviour of solids can
be explained by the fact that small displacements
of their constituent molecules, atoms, or ions from
normal positions is also proportional to the force
that causes the displacement. Pathologic processes
alter the structure of the tissues and, ultimately,
their elasticity [37-41]. Meta-analyses of SE for the 0,4
diagnosis of malignant thyroid nodules reported

Figure 5. Sensitivity, specificity, and ROC curve of nodule
size over 20 mm in diameter and TES 4 and 5.

0,51

0,51

Sensitivity

0,24

Table 4a. Statistical analyses of nodule size with cut-off
value of 20 mm vs. malignant thyroid histopathology

Test Statistics® Nodule size vs. Histopathology -

R T 1 1 T i
N 655 00 02 04 06 08 10
Chi-Square® 205.124 1-Gpecihicny
Asymp. Sig. 0.000 Diagonal segments are produced by ties.
aMcNemar Test; » Continuity Corrected; TES: Tsukuba Elasticity Figure 6. Sensitivity, specificity, and ROC curve of nodule
Score size over 20 mm in diameter and Bethesda III and IV.

Table 4b. AUC for the analyses of nodule size with cut-off value of 20 mm vs. malignant thyroid histopathology

Area Std. Error® Asymptotic Sig.b Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
0.607 0.056 0.060 0.497 0.716

The test result variable(s): Nodule size, under and over 20, has at least one tie between the positive actual state group and the negative
actual state group. Statistics may be biased. 2Under the nonparametric assumption, PNull hypothesis: true area = 0.5. TES: Tsukuba
Elasticity Score; AUC: Area under the curve
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ROC Curve

0,59

0,64

Sensitivity

0,449

0,24

0,0 T T T
an 02 04 05 05 1.0

1 - Specificity
Diagonal segments are produced by ties.

Figure 7. Sensitivity, specificity, and ROC curve of nodule
size with the cut-off value of 20 mm and the malignant
histopathology of the thyroidectomies.

mean sensitivities of 82-92% and mean specifici-
ties of 67-92% [37-39].

The 20 mm thyroid nodule has been empha-
sized in various studies. In 2015, ATA manage-
ment guidelines for adult patients with thyroid
nodules and differentiated thyroid cancer (DTC),
stated that thyroid nodule diagnostic FNA may be
considered for nodules =2 cm in greatest dimen-
sion with very low suspicious sonographic pattern
(e.g., spongiform) (Recommendation 8, 2D). It is
also stated that if none of the nodules has a high-
or moderate-suspicious sonographic pattern, and
sonographically multiple very low or low suspi-
cious pattern nodules coalesce with no intervening
normal parenchyma, the likelihood of malignancy
is low, and it is reasonable to aspirate the largest
nodules (=2cm) or continue surveillance without
FNA (Recommendation 21, C) [6]. In an American
Joint Committee on Cancer (AJCC) 7th edition/tu-
mour-node-metastasis (TNM) classification system
for DTC, 2 cm is the cut-off point between T1b and
T2 [40]. Machens et al. [41] reported that distant
metastases are rarely observed arising from fol-
licular cancers <2 cm in diameter, which therefore
justifies a higher size cut-off size for hyperechoic
nodules. In another study, no significant differences
were detected in a comparison of rates of success-
ful remnant ablation and long-term recurrences in
patients (176 DTC cases with a primary tumor size
<2 cm in diameter and microscopic extrathyroidal
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extension, treated with 30 mCi 3!, compared with
149 m(i) [42]. Therefore, we intented to investi-
gate whether the thyroid nodule size of 20 mm in
diameter, as a cut-off point, is worthy of note for
predicting malignancy by using SE and TBSRTC for
US-g-FNAC for the thyroid nodules with undeter-
mined cytology, TBSRTC III and IV. No significant
difference was detected between a nodule size more
than 20 mm in diameter, possessing undetermined
cytology, with three other parameters, TES 4 and
5, malignant histopathology, and Bethesda III and
IV in the present study, over a period of 4-year
experience.

Conclusion

Of the 655 thyroid nodules examined, 254
(38.8%) were more than 20 mm in diameter and
they revealed 0.677 AUC for TES 4 and 5, 0.632
AUC for Bethesda III and IV, and 0.607 AUC for the
malignant histopathology.

In our experience, the nodule size of 20 mm
in diameter, as a cut-off point, has no role in pre-
dicting malignancy for the thyroid nodules with
undetermined cytology, among the nodules with
TES 4 and 5, Bethesda III and IV, and malignant
histopathology.

Authors’ contributions

IS and DS contributed in constituting the no-
tion, hypothesis and intellectual planning and man-
agement of the study and writing the whole manu-
script and its linguistic and academical revisions.
Besides, DS contributed in collecting the data and
performing the statistical analyses. IS contributed
in examining each patient in the outpatient clinic
and performing US-guided FNA for each indicated
thyroid nodule. Both authors finally approved the
submitted and proofread version without any con-
flicts of interest.

Acknowledgement

We would like to thank the residents and stu-
dents of the Department of General Surgery and
all the staff and personnel of the Departments of
Pathology and Radiology at Giresun University and
Ministry of Health, Giresum University Prof. Dr. A.
[lhan Ozdemir, Education and Research Hospital,
Giresun, Turkey.

Conflict of interests

The authors declare no conflict of interests.



Elastography 20 mm vs. thyroid Bethesda TBSRTC Il and IV

389

References

1.

10.

11.

12.

13.

Gharib H, Goellner JR. Fine-needle aspiration bi-
opsy of the thyroid: an appraisal. Ann Intern Med
1993;118:282-9.

Gharib H, Papini E. Thyroid nodules: clinical impor-
tance, assessment, and treatment. Endocrinol Metab
Clin North Am 2007;36:707-35.

Gharib H, Papini E, Paschke R et al. AACE/AME/ ETA
Task Force on Thyroid Nodules: American Association
of Clinical Endocrinologists, Associazione Medici En-
docrinologi and European Thyroid Association Medi-
cal Guidelines for Clinical Practice for the Diagnosis
and Management of Thyroid Nodules. Endocr Pract
2010;16:1-43.

Bongiovanni M, Spitale A, Faquin WC, Mazzucchelli
L, Baloch ZW. The Bethesda System for Reporting
Thyroid Cytopathology: a meta-analysis. Acta Cytol
2012;56:333-9.

Baloch ZW, Fleisher S, Livolsi VA, Baloch ZW. Diag-
nosis of “follicular neoplasm”: a gray zone in thyroid
fine-needle aspiration cytology. Diagn Cytopathol
2001;26:41-4.

Haugen BR, Alexander EK, Bible KC et al. 2015 Ameri-
can Thyroid Association Management Guidelines
for Adult Patients with Thyroid Nodules and Differ-
entiated Thyroid Cancer: The American Thyroid As-
sociation Guidelines Task Force on Thyroid Nodules
and Differentiated Thyroid Cancer. Thyroid 2016;26:
1-133.

Academy of Clinical Thyroidologists. Position paper
on FNA for nonpalpable thyroid nodules. Available at:
http://www.Thyroidologists.com/papers.html. Accessed
September 20, 2010.

Frates MC, Benson CB, Charboneau JW et al. Society
of Radiologists in Ultrasound. Management of thyroid
nodules detected at US: Society of Radiologists in Ul-
trasound consensus conference statement. Radiology
2005;237:794-800.

Cibas ES, Ali SZ. The Bethesda system for reporting
thyroid cytopathology. Thyroid 2009;19:1159-65.

American Thyroid Association (ATA) Guidelines Task-
force on Thyroid Nodules and Differentiated Thyroid
Cancer. Cooper DS, Doherty GM, Haugen BR et al.
Revised American Thyroid Association management
guidelines for patients with thyroid nodules and dif-
ferentiated thyroid cancer. Thyroid 2009;19:1167-1214.
doi: 10.1089/thy.2009.0110.

Nikiforov YE, Seethala RR, Tallini G et al. Nomen-
clature revision for encapsulated follicular variant of
papillary thyroid carcinoma: a paradigm shift to re-
duce overtreatment of indolent tumors. JAMA Oncol
2016;2:1023-29.

Zhou AG, Bishop JA, Ali SZ. Non-invasive follicular
thyroid neoplasm with papillary-like nuclear features
(NIFTP). ] Am Soc Cytopathology 2017. Available from,
DOI:10.1016/j.jasc.2017.06.206

Ali SZ, Vielh P, Pusztaszeri M et al. The Bethesda Sys-
tem for reporting thyroid cytopathology: past, present,
future. The 19 International Congress of Cytology in
Pacifico Yokohama, Japan, on 28 May-01 June, 2016,
Symposiunm 12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ali SZ, Cibas ES. The Bethesda System for reporting
thyroid cytopathology II. Acta Cytol 2016;60:397-8.

Pusztaszeri M, Rossi ED, Auger M et al. The Bethesda
System for Reporting Thyroid Cytopathology: Proposed
Modifications and Updates for the Second Edition from
an International Panel. Acta Cytol 2016;60:399-405.

Cibas ES, Ali SZ. The 2017 Bethesda System for Report-
ing Thyroid Cytopathology. Thyroid 2017;27:1341-6.

Ophir J, Céspedes I, Ponnekanti H, Yazdi Y, Li X. Elas-
tography: a quantitative method for imaging the elas-
ticity of biological tissues. Ultrason Imaging 1991;13:
111-34.

Luo S, Kim EH, Dighe M, Kim Y. Thyroid nodule clas-
sification using ultrasound elastography via linear dis-
criminant analysis. Ultrasonics 2011;51:425-31.

Pang T, Huang L, Deng Y et al. Logistic regression
analysis of conventional ultrasonography, strain
elastosonography, and contrast-enhanced ultra-
sound characteristics for the differentiation of benign
and malignant thyroid nodules. PLoS One 2017;12:
e0188987.

Gay S, Schiaffino S, Santamorena G et al. Role of
Strain Elastography and Shear-Wave Elastography in
a Multiparametric Clinical Approach to Indeterminate
Cytology Thyroid Nodules. Med Sci Monit 2018;24:
6273-9.

Liu T, Ge X, Yu J et al. Comparison of the application
of B-mode and strain elastography ultrasound in the
estimation of lymph node metastasis of papillary thy-
roid carcinoma based on a radiomics approach. Int J
Comput Assist Radiol Surg 2018 Jun 21. doi: 10.1007/
s11548-018-1796-5. [Epub ahead of print].

Borysewicz-Sanczyk H, Dzieciol J, Sawicka B, Bossows-
ki A. Practical Application of Elastography in the Diag-
nosis of Thyroid Nodules in Children and Adolescents.
Horm Res Paediatr 2016;86:39-44.

Ahn HS, Lee ]JB, Seo M, Park SH, Choi BI. Distinguish-
ing benign from malignant thyroid nodules using
thyroid ultrasonography: utility of adding superb mi-
crovascular imaging and elastography. Radiol Med
2018;123:260-70.

Yoon JH, Kim EK, Kwak JY, Park VY, Moon H]J. Appli-
cation of Various Additional Imaging Techniques for
Thyroid Ultrasound: Direct Comparison of Combined
Various Elastography and Doppler Parameters to Gray-
Scale Ultrasound in Differential Diagnosis of Thyroid
Nodules. Ultrasound Med Biol 2018;44:1679-86.

Yang BR, Kim EK, Moon H]J, Yoon JH, Park VY, Kwak
JY. Qualitative and Semiquantitative Elastography for
the Diagnosis of Intermediate Suspicious Thyroid Nod-
ules Based on the 2015 American Thyroid Association
Guidelines. J Ultrasound Med 2018;37:1007-14.

Azizi G, Keller J, Lewis M, Puett D, Rivenbark K, Mal-
choff C. Performance of elastography for the evalua-
tion of thyroid nodules: a prospective study. Thyroid
2013;23:734-40.

Bamber ], Cosgrove D, Dietrich CF et al. EFSUMB
guidelines and recommendations on the clinical use
of ultrasound elastography. Part 1: Basic principles and
technology. Ultraschall Med 2013;34:169-84.

JBUON 2019; 24(1): 389



390

Elastography 20 mm vs. thyroid Bethesda TBSRTC Il and IV

28.

29.

30.

31.

32.

33.

34,

35.

Nightingale K, McAleavey S, Trahey G. Shear-wave
generation using acoustic radiation force: in vivo and
ex vivo results. Ultrasound Med Biol 2003;29:1715-23.

Yassa L, Cibas ES, Benson CB et al. Long-term assess-
ment of a multidisciplinary approach to thyroid nodule
diagnostic evaluation. Cancer 2007;111:508-16.

Yang BR, Kim EK, Moon H]J, Yoon JH, Park VY, Kwak
JY. Qualitative and Semiquantitative Elastography for
the Diagnosis of Intermediate Suspicious Thyroid Nod-
ules Bases on the 2015 American Thyroid Association
Guidelines. ] Ultrasound Med 2018;37:1007-14.

Cibas ES, Ali SZ. The Bethesda System for Reporting
Thyroid Cytopathology. Thyroid 2009;19:1159-65.

Gharib H, Goellner JR, Johnson DA. Fine-needle aspira-
tion cytology of the thyroid: a 12-year experience with
11,000 biopsies. Clin Lab Med 1993;13:699-709.

Itoh A, Ueno E, Tohno E et al. Breast disease: clinical
application of US elastography for diagnosis. Radiology
2006;239:341-50.

Zhao CK, Xu HX, Xu JM et al. Risk stratification of
thyroid nodules with Bethesda category III results on
fine-needle aspiration cytology: The additional value
of acoustic radiation force/ Oncotarget 2017;8:1580-92.

Moss W], Finegersh A, Pang ] et al. Needle Biopsy of
Routine Thyroid Nodules Should Be Performed Using
a Capillary Action Technique with 24- to 27- Gauge
Needles: A Systematic Review and Meta-Analysis.
Thyroid 2018 Jun 5. doi: 10.1089/thy.2017.0643. [Epub
ahead of print].

JBUON 2019; 24(1): 390

30.

37.

38.

39.

40.

41.

42.

Cosgrove D, Piscaglia F, Bamber J et al. EFSUMB guide-
lines and recommendations on the clinical use of ul-
trasound elastography. Part 2: Clinical applications.
Ultraschall Med 2013;34:238-53.

Bojunga J, Herrmann E, Meyer G, Weber S, Zeuzem S,
Friedrich-Rust M. Real-time elastography for the dif-
ferentiation of benign and malignant thyroid nodules:
a meta-analysis. Thyroid 2010;20:1145-50.

Ghajarzadeh M, Sodagari F, Shakiba M. Diagnostic ac-
curacy of sonoelastography in detecting malignant thy-
roid nodules: a systematic review and meta-analysis.
Am ] Roentgenol 2014;202:W379-89.

Razavi SA, Hadduck TA, Sadigh G, Dwamena BA. Com-
parative effectiveness of elastographic and B-mode
ultrasound criteria for diagnostic discrimination of
thyroid nodules: a meta-analysis. Am ] Roentgenol
2013;200:1317-26.

Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL,
Trotti A. 2010. Thyroid cancer staging. In: Edge SB,
Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A
(Eds; 7th Edn). New York: AJCC Cancer Staging Manual.
Springer-Verlag; 2010, pp 59-64.

Machens A, Holzhausen HJ, Dralle H. The prognostic
value of primary tumor size in papillary and follicular
thyroid carcinoma. Cancer 2005;103:2269-73.

Han JM, Kim WG, Kim TY et al. Effects of low-dose
and high-dose postoperative radioiodine therapy on the
clinical outcome in patients with small differentiated
thyroid cancer having microscopic extrathyroidal ex-
tension. Thyroid 2014;24:820-5.



