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Abstract

Objectives To evaluate the predictability of shear-wave ul-
trasound elastography (SWE) for thyroid malignancy and to
compare the diagnostic performances of SWE and B-mode
US.

Methods Retrospective review of 99 patients who underwent
SWE before US-guided fine-needle aspiration of thyroid
nodules was performed. SWE elasticity indices of the mean
(Emean ), maximum (Eyay), and minimum (E;,) of nodules
were measured. Diagnostic performance of SWE was com-
pared with that of B-mode US.

Results Among a total of 99 nodules, 21 were papillary
thyroid carcinoma (PTC) and 78 were benign. E can, Emaxs
and E,;, were significantly higher in PTCs than in benign
nodules (P<0.001). Sensitivity and specificity for predicting
malignancy were 76.1 %, 64.1 % with E .. (65 kPa),
61.9 %, 76.1 % with Enin (53 kPa), and 66.6 %, 71.6 %
with Eean (62 kPa). Areas under the ROC curves (Az) of
SWE values were not significantly different from those of
US categories on B-mode US. However, combining E,can
and E,;, with B-mode US of probably benign lesions im-
proved the specificity (P=0.02, 0.007) for predicting PTC.

Conclusions The quantitative parameter of SWE was sig-
nificantly higher in PTC than in benign nodules, and com-
bined use of quantitative SWE and B-mode US provided
higher specificity for predicting malignancy.
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Key Points

* Quantitative shear-wave elastography (SWE) helps differ-
entiate benign from malignant nodules

* SWE and conventional ultrasound have comparable diag-
nostic performance for predicting thyroid malignancy

» Combined quantitative SWE and B-mode ultrasound is
highly specific for thyroid malignancy

Keywords Shear-wave elastography - Thyroid nodule -
Elasticity - Ultrasound - Papillary thyroid carcinoma

Introduction

Thyroid ultrasonography (US) and fine-needle aspiration
(FNA) biopsy play an important role in differentiating be-
nign from malignant thyroid lesions. In expert centres, FNA
provides helpful results in 65-75 % of examined nodules
[1]. Approximately 60—70 % of aspirates are proven to be
benign and 5 % are positive for papillary thyroid carcinoma
(PTC); 5-15 % of aspirates are persistently non-diagnostic.
The remaining 15-25 % of aspirates is indeterminate or
suspicious [2]. FNA is limited by non-diagnostic aspirates
and difficulty in interpretation of cytology due to the overlap
of morphological signs between benignity and malignancy
[2]. The poor quality of FNA specimens may be the source
of diagnostic errors, with false-negative and false-positive
results that reached from 0 % to 13 % and 10 %, respec-
tively [3, 4]. Therefore, there is a demand for another tool
for evaluating thyroid nodules.

Elastography is a new dynamic tool that uses ultrasound
to evaluate tissue stiffness by measuring the degree of
distortion under the application of an external force [5-7].
Elastography utilises tissue strain caused by compression,
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which is estimated by pre- and post-compression ultra-
sonic signals [5]. Elastography with freechand compression
has several limitations because it is highly dependent on
the organ’s compressibility limits or on the extent of
tissue compression and is operator dependent. Recently,
a new method has been developed that uses tracking of
shear-wave propagation through tissue to obtain the elas-
tic modulus [8]. This shear-wave elastography (SWE) is
operator-independent, reproducible, and quantitative. Pre-
vious reports suggested that SWE may add a new dimen-
sion to ultrasound evaluation of thyroid nodules [9]. They
suggested that SWE can overcome the limitations of strain
elastography with high reproducibility and quantitative
elasticity measurement.

The purposes of this study were to evaluate the
predictability of quantitative SWE for thyroid malignan-
cy and to compare the diagnostic performance of SWE
and B-mode US for differentiating benign and malignant
thyroid nodules.

Materials and methods

This study was conducted with institutional review board
approval and a waiver of patient informed consent.

Patients

From July 2011 to February 2012, 113 thyroid nodules
underwent SWE before US-FNA for thyroid lesions vis-
ible on greyscale US. Fourteen thyroid nodules were
excluded because of indeterminate cytology and lack of
follow-up FNA cytology (n=9) or lack of surgical path-
ologic results (n=5). Thyroid nodules with satisfactory
cytological evaluation or pathological diagnosis made by
surgery were included. A total of 99 thyroid nodules in
99 patients (mean age, 45.7 years; range, 25-77 years)
were included in this study.

US examination

Thyroid US examinations including B-mode US and
SWE were performed with the Aixplorer US system
(SuperSonic Imagine, Aix-en-Provence, France) equipped
with a 15-4-MHz linear-array transducer. B-mode US
features of thyroid nodules were prospectively recorded
and assessed in US categories before the time of FNA by
the radiologists who performed the US examinations and
FNA at our institution. Suspicious US features included
marked hypoechogenicity (more hypoechoic than the
surrounding anterior strap muscles of neck), poorly de-
fined margins, microcalcification, and taller than wide
shape [9, 10]. When thyroid nodules showed one or

more of these suspicious US features, they were assessed
as suspicious for malignancy, and the other nodules were
assessed as probably benign if they had no suspicious
US features [10, 11].

After obtaining B-mode US, SWE images were
obtained for the thyroid nodules that were scheduled to
be aspirated. The built-in region of interest (ROI) (Q-
box; Super Sonic Imagine) of the system was set to
include the lesion and the surrounding normal tissue,
which demonstrated the semitransparent colour map of
the tissue stiffness overlaid B-mode image with a range
from dark blue, indicating the lowest stiffness, up to red,
indicating the highest stiffness (0-180 kPa). Fixed 2x2
or 1x1-mm ROIs were placed by an investigator over
the stiffest part of the lesions noted on colour overlay
images, including the immediately adjacent stiff tissue or
halo, selecting one of the two fixed ROIs depending on
the lesion size or extent of the SWE colour map. The
system calculated the mean (Eean ), minimum (E.;, ),
and maximum (E.., ) elasticity indices (EI) in kPa for
the lesions. A second ROI of the same size was placed in
the normal thyroid parenchyma and anterior strap mus-
cle. The elastic ratios of mean stiffness for the lesion-to-
normal parenchyma (Encan-p) and the lesion-to-strap
muscle (Eean.m) Were calculated.

Statistical analysis

The elasticity values of all lesions were correlated with the
pathologic diagnosis of nodules. The Els of Ecan,, Emaxo,
Emins, Emean-p> a0d Epcan-m for lesions were compared
between benign and malignant thyroid nodules using
Student’s #-test or Mann—Whitney U-test for unpaired
data. For all analyses, two-tailed P values of less than
0.05 were considered to be statistically significant. Corre-
lations between SWE indices and lesion size were
analysed using Spearman’s rank correlation coefficients.
Receiver-operating characteristic (ROC) curve analysis
was performed for each elasticity value to predict malig-
nancy, and optimal SWE cutoff values yielding the max-
imal sum of sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accu-
racy were calculated. ROC curves for the B-mode US
categories and EI of SWE were analysed to compare the
diagnostic performances of US categories with EI for
predicting malignancy. The logistic regression model
was used to perform ROC analysis of a combined set of
US categories and parameters on SWE. Areas under the
ROC curves (Az) were calculated and compared between
the B-mode US categories and the parameters of SWE
images, and we evaluated the potential effect of adding
SWE EI to categories of B-mode US. The McNemar
test was used for paired comparison of proportions
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Table 1 Comparison of elasticity indices of papillary thyroid carcino-
ma (PTC) and benign thyroid nodules

SWE Elasticity PTC Benign P value

indices (kPa)

Enmean 85.52+41.94 51.46+22.75 <0.001
(21-166) (10-128)

Enmax 100.00£51.07 59.71+28.10 <0.001
(23-218) (17-174)

Enmin 60.04+30.04 40.56+20.28 <0.001
(18-140) (1-86)

Emean-p 3.70+2.31 3.53+£2.62 0.841
(1.41-10.33) (1.22-9.32)

Enmean-m 6.34£17.3 1.87+£0.93 0.275
(0.89-77.5) (0.46-4.9)

E nean: Mean elasticity index of the stiffest portion of mass or surround-
ing tissue

Enax: maximum elasticity index of the stiffest portion of mass or
surrounding tissue

Emin: minimum elasticity index of the stiffest portion of mass or
surrounding tissue
Emean-p: the ratio of mean elasticity score of the lesion and parenchyma

E nean-m: the ratio of mean elasticity score of the lesion and strap muscle

(sensitivity, specificity, and accuracy) (PASW Statistics,
version 18.0.0; SPSS, Chicago, IL, USA; MedCalC, ver-
sion 10.3.0.0, MedCalC Software, Mariakerke, Belgium,;
MAGREE SAS Macro, SAS Institute Inc., Cary, NC,
USA). Statistically significant differences between Az
values were reported at 95 % confidence intervals. The
mean differences were regarded as being statistically
significant at the 5 % level when the corresponding
confidence interval did not encompass zero.

Fig. 1 A 43-year-old woman
with surgery-proven papillary
thyroid carcinoma. Thyroid
sonography (US) shows a
markedly hypoechoic nodule
with irregular margins that was
assessed as a suspicious nodule
on greyscale US. Shear-wave
elastography (SWE) displays
heterogeneous colour elasticity
signal with high SWE areas,
such as E, ., of 165.7 kPa,
Epmin of 139.6 kPa, and E, .«
of 172.7 kPa

@ Springer

Results
Pathologic result

Pathologic diagnoses of thyroid nodules were obtained
by FNA or surgery. Twenty-one nodules out of 99 were
malignant and 78 were benign. Twenty-one nodules
were confirmed as PTC by surgery; among them, 20
nodules were conventional PTC and 1 nodule was a
follicular variant PTC. Seventy-eight benign lesions
were confirmed by two consecutive FNA cytology tests
with 3-6 month (mean 4.5 month) interval periods
between the two consecutive FNAs.

SWE findings

Emean> Emax> and E;, were significantly higher in malig-
nant nodules than in benign nodules (P<0.001) (Table 1)
(Figs. 1 and 2). The differences of Ecanp and Epcan-m
between malignant and benign nodules were not statis-
tically significant (P=0.841 and 0.275) (Table 1). Nod-
ule size was not correlated with SWE indices including
benign and malignant thyroid nodules (Spearman’s cor-
relation coefficient, 0.01-0.27; P=0.29-0.95).

The optimal sensitivity and specificity cutoff values
for Eneans Emax, and E;, are presented and the diag-
nostic performances for predicting malignancy are listed
using PPV, NPV, and accuracy in Table 2. The AUC
(Az) values are listed in Table 3. The Az values of
all SWE parameters were not significantly different
from that of US categories on B-mode US (P>0.05)
(Table 3).

+Q-Box™
Mean 165.7
Min 139
Max 172.
5 8

a
.3kPa
.O0mm
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Fig. 2 A 54-year old woman
with FNA-proven benign
follicular thyroid nodule.
Thyroid sonography (US)
shows a well-defined and oval-
shaped nodule with
hypoechogenicity that was
assessed as a probably benign
nodule on B-mode US category.
The majority of the nodule
displays low stiffness with
mean elasticity (Epean) of

24.9 kPa on SWE

There were no significant differences in sensitivity,
accuracy, and AUC (Az) values between B-mode US
and combined use of SWE EI and B-mode US
concerning probably benign thyroid nodules (Table 4).
However, upgrading the probably benign lesions on
B-mode US to suspicious lesions if they have a greater
value than the cutoff value in E. .., (=62 kPa), E.;,
(=65 kPa), or E..x (=53 kPa) has increased the speci-
ficity for predicting malignancy significantly (Table 4).
The specificity increased from 59.7 % with the US
category on B-mode US to 82.5 % adding E,;, with
the US category.

Table 2 Diagnostic performance of elasticity indices for predicting
papillary thyroid carcinoma on SWE

Elasticity Sensitivity ~ Specificity PPV NPV  Accuracy
indices (kPa) (%) (%) %) (%) (%)
Cutoff values

Enean 62 66.6 71.6 40.6  85.7 69.3
Ennax 65 76.1 64.1 37.8 862 65.9
Enmin 53 61.9 76.1 444 852 72.7

Enean: mean elasticity index of the stiffest portion of the mass or
surrounding tissue

Eax: maximum elasticity index of the stiffest portion of the mass or
surrounding tissue

Enin: minimum elasticity index of the stiffest portion of the mass or
surrounding tissue

PPV: positive predictive value

NPV: negative predictive value

SD )
Diam

Discussion

SWE is a newly developed method that uses tracking of
shear-wave propagation through tissue to obtain the
elastic modulus [8]. Previous report suggested that
SWE may add a new dimension to ultrasound evalua-
tion of thyroid nodules [9]. There have been only a few
studies about SWE evaluation of thyroid nodules, and
reference standards of SWE indices have not been
established. Sebag et al. reported that significantly
higher EI was noted in malignant thyroid nodules than
benign nodules, and they reported the sensitivity and
specificity of SWE were 85.2 and 93.9 % using a cutoff

Table 3 Comparison of diagnostic performances of B-mode US and
SWE for predicting thyroid malignancy

Parameters  AUC (95 % CI) P value (compared with B-mode)
Emean 0.768 (0.619-0.917) 0.114
Emax 0.759 (0.631-0.887) 0.136
Enin 0.695 (0.557-0.833) 0.131

US category 0.823 (0.786-0.924)

Emean: mean elasticity index of the stiffest portion of the mass or
surrounding tissue

Enax : maximum elasticity index of the stiffest portion of the mass or
surrounding tissue

Enin: minimum elasticity index of the stiffest portion of the mass or
surrounding tissue

AUC: areas under the ROC curves (numbers in parentheses are 95 %
confidence intervals)
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Table 4 Diagnostic performance of combined use of elasticity indices of SWE with probably benign thyroid nodules on US category for predicting

malignancy

Parameters Specificity P-value” Sensitivity P-value” Accuracy P-value” AUC P-value”
US category 59.7 % 90.5 % 67 % 0.823

US+E pean’™ 80.0 % 0.02 50.0 % 0.26 78.6 % 0.153 0.650 0.693
US+Ejax** 72.5 % 0.167 50.0 % 0.26 71.4 % 0.609 0.613 0.589
US+E i *** 82.5 % 0.007 50.0 % 0.26 81.0 % 0.077 0.663 0.730

*Probably benign nodules on US category were upgraded to suspicious nodules if the mean elasticity value was 62 kPa or more

**Probably benign nodules on US category were upgraded to suspicious nodules if the maximum elasticity value was 65 kPa or more

***Probably benign nodules on US category were upgraded to suspicious nodules if the minimum elasticity value was 53 kPa or more

# P-value was that to test the null hypothesis that there is no change in sensitivity/specificity/accuracy/AUC with addition of SW elasticity value

E nean: mean elasticity index of the stiffest portion of the mass or surrounding tissue

Enax: maximum elasticity index of the stiffest portion of the mass or surrounding tissue

Enin: minimum elasticity index of the stiffest portion of the mass or surrounding tissue

level of 65 kPa [12]. They reported higher diagnostic
performance with a combined score (SWE+B-mode US)
than that of B-mode US only. Other SWE studies
[12, 13] showed variable cutoff values yielding a max-
imal sum of diagnostic performance to predict thyroid
malignancy.

We found that the E, .., was significantly higher in PTC
(85.52 kPa+41.94) than in benign thyroid nodules
(51.46 kPa+22.75; P<0.001). The E,.x and E;, were also
significantly higher in malignant (100.00 kPa+51.07,
60.04 kPa+30.04) than in benign (59.71+28.10, 40.56+
20.28) nodules (P<0.001). Our result was compatible with
the previous reports [11, 13]. The reported sensitivity and
specificity ranged between 15.7 % and 65.4 % and between
58.2 % and 95.3 % with real-time elastography [14]. In this
study, the sensitivity and specificity of SWE for predicting
malignancy were 66.6 % and 71.6 using a cutoff value of
62 kPa in E ..., and the sensitivity and specificity were
76.1 %, 64.1 % with the cutoff value of 65 kPa in E, .. Our
study provided higher sensitivity for predicting thyroid ma-
lignancy than the reports with real-time elastography [14].
However, our data showed lower sensitivity and specificity
compared with the previous study that reported 85.2 %
sensitivity and 93.9 % specificity using SWE [12]. In our
study, 49.4 % of nodules were less than 1 cm and 16.2 % of
nodules were associated with macro-calcification. The ac-
curacy of EI measurement might be altered if the thyroid
nodules are small or are associated with macro-calcification
or egg shell calcification [12, 14]. It was reported that the
nodules associated with macro-calcifications showed a high
false-positive rate for malignancy on SWE [12]. It was also
reported that higher elasticity indices were noted in larger
lesions for both malignant and benign lesions using real-
time elastography [14, 15]. In another study, size was not
correlated with SWE indices for papillary cancer [13]. In
this study, lesion size was not correlated with SWE values
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for either benign or malignant thyroid nodules. Further
prospective studies with larger case scales about SWE
values’ correlation with the size of thyroid nodules are
necessary.

A previous study [13] about SWE for thyroid nodules
also reported that SWE ratios (calculated by dividing the
SWE of the lesion by the SWE of normal parenchyma) were
higher in papillary cancers than in benign thyroid lesions.
We measured the elasticity at the thyroidal nodules and
surrounding parenchyma to calculate the mean stiffness
ratios for lesion-to-normal parenchyma (Enean-p ) and
lesion-to-strap muscle elasticity (Ecan-m ), but there were
no statistically significant differences between the ratios of
malignant and benign thyroid nodules. We assume the rea-
sons for these observations are that the width and stiffness of
strap muscles and the condition of thyroid parenchyma
surrounding the nodules are different according to the indi-
vidual patients, and we did not standardise these factors for
comparison.

It has been reported that static elastography is not appro-
priate for differentiating between benign and malignant
thyroid nodules when underlying diffuse thyroidal disease
such as multinodular goitre or thyroiditis is associated with
the thyroidal nodule [2, 7]. Lymphocytic infiltration and
fibrosis, which modify thyroidal structure, may result in a
change of thyroidal stiffness [16]. As the estimation of
elasticity is altered by the presence of a nearby hard area,
the elasticity of a nodule on static elastography may not be
clearly distinguishable from nearby thyroid parenchyma
[7, 16]. This could be a limitation of elastographic US for
the diagnosis of thyroid nodules.

Previous studies have reported that static elastography
alone or the combined use of elastography and B-mode
US showed inferior diagnostic performance to B-mode US
features in distinguishing benign and malignant thyroid
nodules [14]. Our study reported that the diagnostic
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performances of Ecan, Emax, and E;, on SWE were com-
parable to that of US categories on B-mode US for
predicting thyroid malignancy. Furthermore, we did not
compare the value of SWE for predicting PTC with US-
FNA but only with B-mode US. A review of recently
published data regarding thyroid cancer detection at US-
FNA indicates a sensitivity of 76 %—98 %, specificity of
71 %—-100 %, false-negative rate of 0 %—5 %, false-positive
rate of 0-5.7 %, and overall accuracy of 69 %97 % with
the use of this method by Kim et al. [4]. Further studies on
the correlation of diagnostic performance between SWE or
combined SWE with B-mode US and US-FNA could be
needed.

Although SWE did not provide superior diagnostic per-
formance for predicting malignancy, SWE still provides
adjunctive information about the lesions as a quantitative
and more objective method to conventional US. In our
study, combined use of quantitative SWE EI based on the
greyscale US category provided significantly higher speci-
ficity for predicting PTC (Table 4). Therefore, with the
quantitative EI information, we could reassess the US cate-
gory for the probably benign lesions on B-mode US and we
expect unnecessary FNAB in benign thyroid nodules could
be avoided. However, combined use of quantitative SWE EI
based on greyscale US for probably benign thyroid nodules
in our study had relatively low sensitivity and Az values
even though it had a higher specificity. Therefore, further
prospective studies are necessary for suggesting a clinical
guideline. In this study, we observed that malignant nodules
showed higher EI than the benign nodules and we suggest
that SWE can guide targeting the thyroid nodules during
US-FNA by providing the quantitative information about
the tissue elasticity and composition of lesions.

This study had several limitations. First, selection bias
may exist because patients included in our study were
scheduled for US-FNA for known thyroid nodules with
suspicious US features, which may have affected the diag-
nostic performance on B-mode US. Second, SWE was
performed by one radiologist and the interobserver variabil-
ity for SWE was not assessed. Third, elastic indices of
lesions were not correlated with the histopathological find-
ings. In our study, all malignant thyroid nodules were PTC
and follicular carcinoma was not included. A previous study
reported that elasticity values show differences according to
the histologic subtypes of thyroid malignancy [12]. For
example elasticity values of follicular neoplasm were higher
than those of papillary carcinoma, which are composed of
small micro-follicles with variable amounts of colloid, af-
fecting their elasticity and echogenicity. Therefore, further
prospective studies with larger case scales on the correlation
between elasticity values on SWE and various histologies of
thyroid nodules are necessary. Finally, long-term follow-up

for the benign lesions with US-FNAB was not performed in
this study.

In conclusion, quantitative EI of SWE was significantly
higher in PTC than in benign thyroid nodules, and combined
use of quantitative SWE and B-mode US provided higher
specificity for predicting malignancy.
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