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ABSTRACT

Background: Grayscale ultrasound (US) is the most common imaging modality for
the assessment of thyroid nodules. Objective: This research aimed to assess the value
of using the elasticity index (El), obtained using shear wave elastography (SWE), to dis-
criminate between malignant and benign thyroid nodules. Materials and methods: A
total of 86 patients (94 distinct thyroid nodules) were operated on at Vietnam National
Cancer Hospital from June 2018 to June 2019. Comparisons of the grayscale ultrasound
(US) findings and the El values between the benign and malignant groups were performed
using the Chi-square test and Student’s ¢-test, respectively. The discrimination abilities
of El were determined through receiver operating characteristic (ROC) curve analysis,
with the computation of optimal cut-off points. Results.: The El values of the benign and
malignant groups were 37.6 + 26.1 kPa and 105.4 + 48.8 kPa, respectively. The area under
the ROC curve (AUROC) value for discrimination between groups based on El values was
0.889 when using an optimal cut-off point of 74.5 kPa, which resulted in a sensitivity of
74.3% and a specificity of 90%. Logistic multivariate regression analysis found that El
and microcalcification were significant factors for the discrimination between groups,
with an odds ratio (OR): 1.487 [95% confidence interval (95% Cl): 1.124-1.968, p = 0.005]
and OR: 12.119 (95% CI: 2.031-72.323, p = 0.006), respectively. Combining grayscale
US imaging with SWE can increase the specificity of the diagnosis but does not increase
the accuracy. Conclusion: SWE can be helpful for predicting the malignancy of thyroid
nodules, although the accuracy of this method is only moderate.

Keywords: shear wave elastography, thyroid nodule, malignancy, elasticity index.

1. INTRODUCTION

nodule malignancy. When these fea-
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Grayscale ultrasound (US) is the
most common imaging modality for
the assessment of thyroid nodules
(1). Although grayscale US is a very
sensitive method for the detection of
thyroid nodules, the accuracy (Acc)
of grayscale US for the differentia-
tion between malignant and benign
thyroid nodules remains limited.
Reported ultrasound features that
have been associated with thyroid
nodule malignancy include: micro-
calcification, marked hypoechoge-
nicity, irregular margins, and a tall-
er-than-wide shape (2). However,
these characteristic features are not
specific and can also be found in be-
nign thyroid nodules. Separately,
each of these features has low ac-
curacy for the prediction of thyroid

tures are combined, specificity in-
creases, but sensitivity decreases (3).

Ultrasound elastography is a new
tool capable of complementing gray-
scale US assessments by evaluating
tissue stiffness. The results are pre-
sented as color images for qualita-
tive assessments, strain ratios for
semi-quantitative assessments, and
elasticity indices (Els) for quanti-
tative assessments (4). Among the
various available elastography tech-
nologies, shear wave elastography
(SWE) is a newly developed form of
elastography that assesses the elas-
ticity of tissues by measuring the
velocity of a shear wave generated
through the acoustic radiation force
impulse (ARFI). This technique is
thought to depend less on the skill
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of the individual operator than other techniques and is
both quantitative and reproducible (3). Several studies
have reported that SWE can be useful for differentiating
between malignant and benign thyroid nodules, indi-
cating that Els represent significant parameters for the
differentiation of malignant from benign lesions, which
are independent of grayscale US parameters. Four me-
ta-analyses, performed by Lin et al. (5), Zhan et al. (6),
Dong et al. (7) and Liu et al. (8-11), which included more
than 6,000 nodules, revealed that SWE had high Acc,
with an area under the receiver operating characteristic
curve (AUROC) value ranging from 0.91-0.94, a sensi-
tivity (Se) from 80%-86%, and a specificity (Sp) of 84%-
90%.

However, in recent years, some studies have reported
contrasting results. Bardet et al. found that the SWE pa-
rameters were similar between benign and malignant
nodules, including the EI mean (20.2 vs. 19.6 kPa), the EI
max (34.3 vs. 32.5 kPa), and the ratio between EI of nodule
and that of normal-appearing parenchyma (1.57 vs. 1.38),
respectively, and the EI values failed to discriminate be-
tween benign and malignant thyroid nodules (12). Swan
et al. found that the EI values displayed large overlaps
between malignant and benign nodules and that differ-
ence between the two groups was not significant. The
cut-off point identified for EI for the prediction of ma-
lignancy was not found to be clinically meaningful (13).
These discrepancies suggested that the stiffness of tissue
is a complex issue that requires further study.

2. AIM

The aim of present research was to evaluate the role of
SWE in differentiating malignant from benign thyroid
nodules.

3. METHODS

Patients

The present study was approved by the Ethical Review
Committee of Hanoi Medical University. All patients
signed written informed consent. The study was con-
ducted from June 2018 to June 2019 at Vietnam National
Cancer Hospital, Hanoi, Vietnam, and the data were pro-
spectively assessed. A total of 86 patients, featuring 94
thyroid nodules, were enrolled in the study. All patients
underwent thyroidectomy, and the histopathological re-
sults of the resected specimens were obtained. All pa-
tients were examined by grayscale US and SWE, which
were both administered by the same investigator. The
inclusion criteria included thyroid nodules > 10 mm in
the largest dimension. The exclusion criteria included
nodules with predominant cystic characteristics or the
inability to obtain SWE registration.

Ultrasound examination

Thyroid US examinations were performed by a radiol-
ogist with 10 years of experience in ultrasound using a
4-15 MHz linear array transducer (LOGIQ S8 XDclear
2.0, GE Healthcare, the USA). The data for grayscale US
and SWE findings were prospectively recorded.

The grayscale US finding included: echogenicity,
margin, calcification, and shape. The vascularity of the
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lesion on Color-Flow Doppler US was also recorded.
Echogenicity findings were categorized as hyperechoic,
isoechoic, hypoechoic, or marked hypoechoic, based
on the comparison between the nodule and the thyroid
gland or the surrounding strap muscle (marked hypoe-
chogenicity was defined as decreased echogenicity com-
pared with the surrounding strap muscle) (2). The mar-
gins of the lesions were categorized as smooth or irreg-
ular. Irregular or lobulated margins were defined as the
presence of many smalllobules on the surface of anodule.
Calcification was classified as the presence or absence
of microcalcification, which was defined as tiny, punc-
tate hyperechoic foci, either with or without acoustic
shadows. The shape was divided into either wider-than-
tall or taller-than-wide. Thyroid nodules that presented
one or more characteristic findings (marked hypoecho-
genicity, lobulated, microcalcification, and taller-than-
wide) were regarded as malignant according to the gray-
scale US evaluation (2).

SWE was performed on the thyroid nodules immedi-
ately following grayscale US by the same radiologist. In
patients with multiple nodules, SWE was performed on
each nodule, in turn. The SWE images were obtained
in the longitudinal plane to reduce the motion artifacts
generated by the trachea and carotid artery. The size of
the acquisition box was adjusted to cover the entire thy-
roid nodule. A color-coded image was displayed, which
showed soft tissue in blue and stiff tissue in red. The EI
was automatically calculated and expressed in kilo-pas-
cals (kPa). For each thyroid nodule, five measurements
were performed, and the average of all five measure-
ments was calculated. The US probe was used without
the application of pressure by the radiologist.

Statistical analysis

SPSS version 26 (IBM corp., New York, USA) was ap-
plied. The EI were expressed as mean values + standard
deviations. Chi-square tests and Student’s t-test were
used to compare the grayscale US findings and the EI
values between two groups with benign and malignant
thyroid nodules, respectively. The diagnostic ability of
EI to differentiate malignant from benign thyroid nod-
ules was evaluated using AUROC analysis. The optimal
cut-off points were identified based on the Youden index,
which were then used to calculate the Se, Sp, and Acc
values. Logistic multivariate regression was performed
to estimate the ability to correctly assess the malignancy
of the thyroid nodules using both the grayscale US and
El variables. McNemar’s test was used to compare the di-
agnostic performances of grayscale US alone compared
with the diagnostic performance of grayscale US com-
bined with EI. A p-value of < 0.05 was considered signif-
icant.

4. RESULTS

In the present study, 86 patients were examined, in-
cluding 9 men and 77 women, aged between 22-73 years,
with a mean + standard deviation age of 46.94 * 12.69
years. Men ranged in age from 32-73 years, with a mean
age of 46.44 =+ 16.26 years, whereas women ranged in
age from 22-72 years, with a mean age of 47.00 * 12.34
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Examined param-

eters Benign (n=20)  Malignant (n=74) P
Taller-than-wide 0.012a
shape
Yes 3(15) 34 (45.9)
No 17 (85) 40 (54.1)
Irregular margin 0.002a
Yes 6(30) 51(68.9)
No 14 (70) 23(31.1)
Marked h.ypoecho— 0.018a
genicity
Yes 1(5) 23(31.1)
No 19 (95) 51(68.9)
Microcalcification <0.001a
Yes 2(10) 49 (66.2)
No 18 (90) 25(33.8)
Intranodu!ar vascu- 0.713a
larity
Yes 12 (60) 41 (55.4)
No 8 (40) 33 (44.6)
Elasticity index (kPa) 37.6 +26.1 105.4 + 48.8 0.002b

Table 1. Grayscale ultrasound features and elasticity index values for
benign and malignant thyroid nodules

years. No age difference was observed between men and
women (p = 0.902).

A total of 94 thyroid nodules were identified, com-
prised of 20 benign and 74 malignant nodules. Benign
thyroid nodules included 14 follicular adenomas and 6
adenomatous hyperplasias. All of the malignant thyroid
nodules were papillary carcinomas.

The US characteristics of the nodules are presented in
Table 1. Malignant nodules were significantly more likely
to feature taller-than-wide shape (45.9% vs. 15%), irreg-
ular margins (68.9% vs. 30%), marked hypoechogenicity
(31.1% vs. 5%), and microcalcification (66.2% vs. 10%)
than benign nodules (p < 0.05). No differences in vas-
cularity were identified between the two groups. Table
1 also shows the EI values for both malignant and be-
nign thyroid nodules. The mean

‘ ROC Curve
08
z 0.6+
‘§ ~ AUROC 0.889
04 Se 74.3%
Sp 90%
Cut off 74.5
0.2
00 / T T T T
00 02 04 06 08 10
1 - Specificity

Figure 1. ROC curve, indicating the sensitivity, specificity, and optimal
cut-off value of the elasticity index-based differentiation between benign
and malignant thyroid nodule groups.

ules and 18/20 benign thyroid nodules. The Se, Sp, and
Acc for SWE alone were 74.3%, 90%, and 77.7%, respec-
tively.

Upon logistic multivariate regression analysis for all
imaging parameters that showed significant differences
between the two groups, only microcalcification [odds
ratio (OR): 12.119; 95% confidence index (95% CI): 2.031-
72.323; p = 0.006] and EI (OR per 10-kPa increase: 1.487;
95% CI: 1.124-1.968; p = 0.005) were found to be signif-
icant factors for the discrimination between groups
(Table 2). The identification of microcalcification or an EI
increase of 10 kPa increased the probability of correctly
differentiating malignant thyroid nodules by 12-fold and

El value for malignant thyroid Tested parameter

Univariate analysis Multivariate analysis

nodules (105.4 + 48.8 kPa) was

0dds ratio (95% Cl) P

0dds ratio (95% Cl) P

significantly higher than that Taller-than-wide shape

. . 4.817 (1.300-17.847 0019  5.342(0.952-29.966 0.057
for benign thyroid nodules (37.6 (yes-no) ( ) ( )
+ 26.1 kPa). '"efi”"‘" arein 5.174 (1.765-15.169) 0003 1.015(0.199-5.189) 0.986

Data for grayscale ultrasound yes-no
findings are reported as the Ma’nk;:’t;“(’;’::f]':)’ge 8.569(1.081-67.923)  0.042  2.379(0.202-28.043) 0.491
number (percentage). Data for Microcalcification
the elasticity index are reported rosnol 17640 (3788-82.139)  <0.001  12.119 (2.031-72.323) 0.006
as the mean + standard devia- icity i
Elasticity indexper 104 565 (1 65_1.936)  <0.001  1.487 (1.124-1.968) 0.005

tion. kPa

* p-values were calculated by Ttaple 2. Univariate and multivariate logistic regression models evaluating the use of various grayscale

Chi-square test

ultrasound imaging parameters and the elasticity index to discriminate malignant from benign thyroid

b p-values were calculated by nodules. 95% CI: 95% confidence interval. P-values shown in bold indicate significance.

Student’s t-test.

P-values shown in bold indicate significance.

To evaluate the ability of the EI to differentiate malig-
nant from benign thyroid nodules, receiver operating
characteristic (ROC) curve analysis was performed.
Figure 1 shows that the optimal cut-off value for EI was
determined to be 74.5 kPa. Using this threshold value,
SWE correctly diagnosed 55/74 malignant thyroid nod-
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Se Sp Acc
Gray scale US 95.9 (71/74) 50 (10/20) 86.2(81/94)
Elasticity index 74.3 (55/74) 90 (18/20) 77.7 (73/94)
Combined use of GSU with EI  74.3 (55/74) 90 (18/20)  77.7 (73/94)

Table 3. The abilities of grayscale ultrasound, elasticity index, and the
combination of grayscale ultrasound with elasticity index to differentiate
malignant from benign thyroid nodules
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1.5-fold, respectively.

Using the grayscale US-based morphologic criteria
(taller-than-wide shape, irregular margin, marked hy-
poechogenicity, and microcalcification) to differentiate
malignant from benign thyroid nodules resulted in the
correct diagnosis of 71/74 malignant thyroid nodules
and 10/20 benign thyroid nodules. The Se, Sp, and Acc of
using grayscale US criteria alone were 95.9%, 50%, and
86.2%, respectively (Table 3).

When the grayscale US criteria were combined with
SWE, we defined malignant thyroid nodules as those
that featured one or more characteristic morphologic
features and had an EI value > 74.5 kPa. Using these cri-
teria, the combination of SWE and grayscale US correctly
diagnosed 55/74 malignant thyroid nodules and 18/20
benign thyroid nodules, with Se, Sp, and Acc values of
74.3%,90%, and 77.7%, respectively. The diagnostic per-
formance of grayscale US alone was compared with the
diagnostic performance of combining grayscale US with
SWE using McNemar’s test. The Se of grayscale US alone
was significantly higher than that for the combination of
grayscale US with SWE (p < 0.0001). In contrast, the Sp of
the combination of grayscale US with SWE was signifi-
cantly higher than that of grayscale US alone (p = 0.007).
No significant difference was identified between the
Acc values of grayscale US alone and the combination of
grayscale US with SWE (p = 0.169).

Se, selectivity; Sp, specificity; Acc, accuracy; GSU, gray-
scale ultrasound; EI, elasticity index. For selectivity, data
are presented as the percentage (correctly identified/
total) of correctly identified malignant tumors identi-
fied. For specificity, data are presented as the percentage
(correctly identified/total) of correctly identified benign
tumors. For Acc, the data are presented as the percentage
(correctly identified/total) of correctly identified tumors.

5. DISCUSSION

SWE is a novel technique that is believed to show
promise for the differentiation between malignant and
benign thyroid nodules. Previous studies have demon-
strated the EI values were significantly different be-
tween benign and malignant groups. Sebag et al. per-
formed SWE in 146 thyroid nodules and found that the
mean EI of malignant nodules (150 + 95 kPa) was sig-
nificantly higher than that of benign nodules (36 + 30
kPa). The optimal cut-off SWE value of 65 kPa achieved
an AUROC of 0.94, with the Se of 85.2% and the Sp of
93.9% (3). According to Baig et al. (14), the SWE indices
(including E max and E mean) of malignant nodules (85.2
+ 8.1 kPa and 26.6 + 2.5 kPa, respectively) were signifi-
cantly higher than those of benign nodules (50.3 = 3.1 kPa
and 20.2 + 1 kPa, respectively). The optimal cut-off values
identified the distinction between benign and malignant
nodules for EI max and EI mean were 67.3 kPa and 23.1
kPa, respectively. Applying these cut-off values pro-
duced AUROC values of 0.785 and 0.71, Se values of 70.4%
and 74.1%, and Sp values of 70.2% and 66.7% for EI max
and EI mean, respectively.

However, large disparities were observed in the EI
values associated with malignant lesions, and large dif-
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ferences in the identified cut-off values were reported by
different studies (15-18 kPa). The optimal cut-off values
reported for EI mean ranged from 23.1 kPa in the study
by Baig et al. [14] to 85.2 kPa in the study by Park et al.
(19). Applying these different cut-off points resulted in
different AUROC, Se, and Sp values. These wide varia-
tions interfere with the widespread application of thy-
roid SWE in clinical practice.

The differences in the optimal EI values reported by
various studies are likely due to heterogeneity among
methodological studies. First, the malignant nodule rate
among the total nodules in each study, as well as the pap-
illary thyroid carcinoma (PTC) rate within the malignant
group, could affect the results. PTC appears to be stiffer
than other malignant thyroid nodules (12). According to
Bhatia et al., the discrimination between malignant and
benign nodules can be performed using a threshold of
42.1 kPa, which produced an AUROC value of 0.61, with
52.9% Se and 77.8% Sp. If non-PTC malignancy were ex-
cluded from the analysis, the Acc increased, with an
AUROC value of 0.74, an Se of 76.9%, and an Sp of 71.1%
(20). In contrast, the highest cut-off value of 85.2 kPa
was reported by Park et al., who studied 379 malignant
nodules among 476 total thyroid nodules (19). The high
EI value identified in this study might have been influ-
enced by the large proportion of malignant nodules. In
the present study, up to 74 of the 94 total nodules were
malignant, and the cut-off value was determined to be
74.5 kPa.

Second, the uniaxial compression (pre-compression)
level could affect the EI values that were measured by
SWE. Studying 67 surgically resected thyroid samples,
Lyshchik et al. found that the EI values of the normal pa-
renchyma, benign thyroid tumors, and PTC were cor-
related with an increase in the pre-compression value.
At a pre-compression value of 5%, the EI values of these
samples were 9.0 + 4.0 kPa, 15.0 = 5.3 kPa, and 44.5 = 27.8
kPa, respectively, which increased to 23.9 + 7.4 kPa, 53.0
+30.5 kPa, and 373.4 + 219.0 kPa with a pre-compression
value of 20% (21). Studying the influence of pre-compres-
sion on the EI values of thyroid nodules, Lam et al. found
that the EI values of normal thyroid glands, benign hy-
perplastic nodules, and PTCs were 10.3 + 3.3 kPa, 17.7 £ 7.6
kPa, and 22.2 + 11.9 kPa at pre-compression (0% strain),
respectively, which increased to 21.I + 4.2 kPa, 42.3 = 16.0
kPa, and 97.6 + 46.8 kPa at high pre-compression (22%-
30% strain) (22).

Third, the EI measurements could be affected by
nodule size. Studying 81 focal thyroid lesions, Bhatia et
al. found that lesion size was positively correlated with
El values among benign nodules but not for PTC nodules
(20). In contrast, Liu et al. found that nodule size showed
a positive correlation with EI values in malignant nod-
ules but not in benign nodules (8). Kim et al. (23) reported
no correlations between nodule size and Els, in either
benign or malignant thyroid nodules. Therefore, this
issue remains controversial.

Finally, the cut-off values differed depending on the
shear wave speed imaging system used. After per-
forming measurements in 140 focal thyroid nodules
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using the Toshiba SWE (T-SWE; 60 Toshiba Medical
System, Tochigi, Japan) and the SuperSonic SWE (S-SWE;
Aix en Provence, France), He et al. reported cut-off values
of 26.6 kPa and 42.9 kPa, respectively (24).

In clinical practice, SWE is not used alone but in com-
bination with grayscale US. Grayscale US is always the
first modality of choice for differentiating between ma-
lignant and benign thyroid nodules. Although no single
suspicious finding has been found to be reliable for dif-
ferentiating between malignant and benign tumors, the
classification of a malignant nodule based on the pres-
ence of any suspicious finding was found to be highly
sensitive, reaching a sensitivity of 93.8% (2). In contrast,
SWE has been determined to be a highly specific diag-
nostic modality. Therefore, combining SWE with gray-
scale US could increase the Sp compared with grayscale
US alone. The results reported by Baig et al., who exam-
ined 111 thyroid nodules (including 27 malignant and 84
benign nodules), showed that grayscale US alone had a
high Se (96.3%), a low Sp (46.4%), and an overall Acc of
58.5% for the discrimination between benign and ma-
lignant nodules. When grayscale US was combined with
SWE parameters (cut-off EI max value of 67.3 kPa and
a cut-off EI mean value of 23.1 kPa), the overall Acc in-
creased to 80.2% and 78.4%, with Se values of 70.4% and
74.1%, and Sp values of 83.3% and 79.8%, respectively
(14). Veyrieres et al. performed SWE analysis in 297 thy-
roid nodules (including 35 malignant nodules) and found
that the optimal cut-off value was 66 kPa. Applying this
cut-off point, the AUROC, Se, and Sp were 0.852, 80%,
and 90.5%, respectively. However, by combining the SWE
with grayscale US, the Se and positive predictive value
(PPV) were excellent, at 97% and 99.5%, respectively,
whereas the Sp and negative predictive value (NPV) were
low, at 55.30% and 22.5%, respectively (15). According to
Dobruch-Sobczak et al., an EI max value of 67 kPa was
a significant parameter for differentiating between be-
nign and malignant lesions, with an Se of 42% and an Sp
of 88.24%. However, no significant difference was found
between the diagnostic performance of using grayscale
US alone and using the combination of grayscale US and
SWE (AUROC for grayscale US alone was 0.854, whereas
the AUROC for combined grayscale US and SWE param-
eters was 0.872, p = 0.22) (18). Thus, although the com-
bination of SWE with grayscale US appears promising,
the diagnostic effectiveness of this combination has not
been consistent across studies. The results of our study
showed that compared with grayscale US alone, com-
bining an EI cut-off value 74.5 kPa resulted in a signifi-
cant increase in Sp, from 50% to 90%, accompanied by a
simultaneous decrease in Se, from 95.9% to 74.3%. How-
ever, the Acc was not significantly different between
these two diagnostic models. These results were likely
affected by the high proportion of malignant thyroid
nodules in the present study. The reduction in Se would
result in the failure to identify a large proportion of ma-
lignant nodules, whereas the increase in Sp would result
in the correct identification of only a few benign nodules.

In addition to studies supporting the use of SWE for
differentiating between malignant and benign thyroid
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nodules, some recent studies have presented results con-
tradicting the usefulness of SWE for this purpose. In
SWE, shear waves are produced in tissues stimulated by
ARFI. Although SWE is generally considered to be less
operator-dependent and more reproducible than other
techniques, the data about it remains limited. By exam-
ining inter-rater and intra-rater agreement, along with
a day-to-day agreement, Swan et al. recently presented
suboptimal reproducibility data. The inter-rater and in-
tra-rater agreements were low, and the EI varied from
day-to-day. These findings indicated that SWE might be
unreliable for the differentiation of malignant from be-
nign nodules in individual patients (25). To assess the role
of SWE in the differentiation of malignant from benign
thyroid nodules, Nattabi et al. performed a meta-anal-
ysis of 14 studies, including 2,851 thyroid nodules (1,092
malignant and 1,759 benign nodules) from 2,139 patients.
They found that the diagnostic performance of quanti-
tative SWE for the malignancy risk stratification of thy-
roid nodules was suboptimal, with mediocre Se and Sp
(26). In the most recent study, Swan et al. described a pes-
simistic view of SWE for the purposes of diagnosing ma-
lignant thyroid nodules. Among 413 thyroid nodules, the
El values showed a large degree of overlap between ma-
lignant and benign nodules (ranges for EI mean: malig-
nant 3-100 kPa, benign 4-182 kPa), and differences be-
tween malignant and benign nodules were not found for
any EI parameter. No association between EI values and
histological diagnosis was identified by ROC analysis
(AUROC 0.51-0.56). The author concluded that defining
an EI cut-off point for the prediction of malignancy was
not clinically meaningful (13).

Our study has some limitations. First, only a small
number of patients were examined. Second, because all
patients underwent thyroid surgery, more malignant
thyroid nodules were identified than benign thyroid
nodules. These numbers are not representative of the
prevalence of benign and malignant thyroid nodules in
the general population. The high portion of malignant
nodules could result in a high EI cut-off value (19).

6. CONCLUSIONS

In conclusion, the present study showed the EI value
obtained from SWE was an independent predictor of
thyroid malignancy. Combining grayscale US with SWE
can improve the specificity of the differentiation be-
tween malignant and benign thyroid nodules. However,
this combination did not increase the Acc of diagnosis
compared with grayscale US alone, and the threshold EI
values reported in the literature is vast. Therefore, SWE
should only be considered as a supplemental tool to com-
plement grayscale US when assessing thyroid nodules.
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