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- Original Article

Comparing the Sensitivity and Specificity of Two-Dimensional Shear
Wave Elastography and Fine Needle Aspiration in Determining Malignant

Thyroid Nodules

Abstract

Background: Malignancy in thyroid nodules is a common clinical problem, and epidemiological
studies have shown that it is increasing. Since malignancy is a very important problem in treating
patients and misdiagnosis leads to many physical and financial damages, the importance of
diagnostic methods becomes more important. Hence, the aim of this study was to investigate the
sensitivity and specificity of the two dimensional-shear wave elastography (2D-SWE) diagnostic
method in comparison with fine-needle aspiration (FNA) in determining the malignant thyroid
nodules. Materials and Methods: This study is cross-sectional which was performed on 57 thyroid
nodules are proven by conventional ultrasound. Afterward, 2D-SWE images were taken with the
help of a superSonic ultrasound machine. Then, FNA was performed from the thyroid nodules
and the specimens were evaluated in a single specialized thyroid pathology center. The results of
conventional sonography and 2D-SWE were compared with histopathologic results as a gold standard
method. The elasticity quantity was recorded by measuring the amount of the appropriate quantities
by a recording machine and analyzed using the SPSS and MedCalc software. Results: From 57
nodules studied, 50 nodules were evaluated with benign diagnosis and 7 nodules with the malignant
diagnosis. Among all the parameters recorded by the machine, SWE. ratio provided the highest
surface area under the curve and the highest sensitivity and specificity with 0.94, 100% and 84%,
respectively, and a cut-off point of 1.7. Conclusion: The 2D-SWE method and the conventional
ultrasound can be good references for decision making about with the thyroid nodules.

Keyword: Fine-needle aspiration, malignancy, two-dimensional shear wave elastography, thyroid
nodules, ultrasound

of thyroid-stimulating hormone, radioisotope
scans, fine-needle  aspiration  (FNA),
frozen section during surgery and finally
conventional or advanced ultrasound.

Introduction

Single or multiple thyroid nodules are one of
the most common reasons for referrals of the
head and neck patients or to specific clinics
for endocrine disorders.!"! The thyroid nodule
is not only prevalent in Iran but also in the

In recent years, contrast-enhanced ultrasound
and elastography®®® by determining the

whole world as includes an amount of 19%
and 68% of the general population.>* In the
meantime, the important thing is that thyroid
gland cancers appear to be in the form of
a nodule. However, only a few thyroid
nodules are malignant,”) and unfortunately,
the prevalence of thyroid nodules has
increased in recent years® Therefore, it is
necessary to use a precise and appropriate
method to detection malignancy of the thyroid
nodules to prevent unnecessary surgeries
in this field. The methods used to evaluate
quantitatively and qualitatively the thyroid
nodules include measuring the serum level
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structure of atypical nodules have come to
help the conventional sonography to show
information about perfusion and elasticity of
the tissue with high quality. High-resolution
ultrasound is one of the most distinguished
methods for detecting thyroid nodules. This
method, in spite of having limitations in
the diagnosis and differentiation of benign
nodules from malignant, especially atypical
nodules, is generally cited as a source.

Since the malignancy or benignity of
thyroid nodules are directly associated
with the stiffness of the nodules, and this
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is more common in papillary thyroid carcinoma as the
most common cause of malignancy of the thyroid gland
nodules, it seems necessary and logical to refer to the
optimal, reliable, and cited methods of supplementary
recognition.”) Elastography is a new ultrasound tool
that can assess the stiffness of various tissues such as
breast, thyroid, prostate, liver, and kidney, and on the
other hand, by monitoring surgical procedures, also
evaluates the efficacy of these procedures.!'” Studies have
proved the value of diagnostic quasi-static elastography
in determining the structure of thyroid nodules.!"!
However, the quasi-static elastography depends heavily
on the operator, whereas the two-dimensional-shear
wave elastography (2D-SWE) is independent and
repeatable. The SWE, which is based on Young’s
modulus (quantitative elasticity values), works on the
combination of the radiation force induced in a tissue and
the recording of images that reflects these shear waves, is
able to estimate the tissue stiffness.l'>!*] The stiffer tissue
in Young’s modulus (kPa) is higher.

Therefore, the present study was conducted with the aim of
quantitative estimation of 2D-SWE for thyroid malignant
nodules and the identification of interfering factors in a
2D-SWE, we hope that this method will be a good way to
diagnose, evaluate, and treat thyroid nodules.

Materials and Methods

This cross-sectional study was conducted in Isfahan in
2017 and 2018 in patients with thyroid nodules, whose
nodules were approved by conventional ultrasound which
is done in an easy and accessible way and according to the
criteria for entry and exit.

Inclusion criteria

Patients with 18 years of age or older which have a thyroid

nodule selected for FNA or surgery.

1. Existence solid or nearly solid thyroid nodules in the
previous ultrasound (in patients with multiple nodules,
a nodule that is more suspected or larger was scheduled
to undergo FNA)

2. Patients have no previous treatment for thyroid nodules
and no history of radiotherapy in the head and neck
area

3. Completely cystic nodules were not studied.

Exclusion criteria

Patients with unknown FNA pathology were followed up
for 6 months after the study. In patients who had surgery
for 6 months after performing FNA, the results of 2D-SWE
were compared with the result of the surgical nodule
pathology, and patients with unspecified FNA which after
6 months of FNA did not undergo surgery, were removed
from the study.

In the present study, the patients were referred to the
2D-SWE imaging center on the basis of their history,

2

examination, disease records, and clinical and para-clinical
findings.

In the first meet with the patients, the purpose of the study
and the manner in which it was implemented was described
to them in detail and an informed written consent of the
patients was taken. After recording the required personal
data and recording the medical history of the thyroid gland,
the patients were studied using a 2D-SWE.

It should be noted that for patients with multiple thyroid
nodules, a nodule or nodules based on 2D-SWE had more
chance for malignancy were marked and finally, after doing
2D-SWE, by Radiology Resident, from those nodules, FNA
were performed.

Sher wave elastography

Following conventional ultrasound by using supersonic US
machine (SuperSonic Imagine, Aix en Provence, France),
2D-SWE was recorded by the same operator and transducer.
When the SWE mode was activated, the transducer was
held without movement and pressure. To evaluate surface
nodules, more gels were used to prevent the nodule from
being exposed to a transducer pressure. In the color box,
the blue-colored machine was matched with soft areas and
red with stiffer areas. When the images were kept in stable
condition for about 10 s, the operator froze the image and
stored the frozen image to match with the standard images
of the machine.

Young’s modulus (quantitative elasticity values) was
measured. Two round quantification regions of interests
(ROIs) (Q-Box™) were used to measure the lesion
stiffness: One with a size of 2 mm in the stiffest area of
the lesion and the other with the largest possible size in the
entire lesion.

The area was selected with three features: (1) This area
corresponds to the solid part of the nodule. (2) The selected
area should not be in calcified or necrotic areas. (3) It was
tried that the largest area be selected from the stiffest part
of the lesion. The Young’s modulus (quantitative elasticity
values) was displayed in the ROI on the monitor, and the six
quantities measured below were recorded by the machine.

+ SWE. Ratio

*  SWE. Whole. mean

*  SWE. whole. mean

e SWE. mean
* SWE. mean
* SWE. mean
« SWE. Max.

During the measurement, another area of the normal thyroid
tissue surrounding the nodule with the size of 2 mm at the
same depth was measured and was recorded. The whole
process took about 5 min for each nodule.

Finally, the results were analyzed by analyzing the standard
SWE parameter and determining the cut-off value to
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determine the probability of malignant or benign thyroid
nodules. In this regard, the data were evaluated statistically
after entering to SPSS version 21 (Chicago: SPSS Inc. IBM
Corp.) and Med Calc software version 13.3.3.3 (Health
Care Computer Systems Ltd. Data-Med, P.O. Box 148)
and using the receiver operating characteristic curve,
Mann—Whitney, and Chi-square tests, at a significant level
of 0.05.

Results

Among 57 nodules studied, 50 nodules (87.7%) were
diagnosed with benignity and 7 nodules (12.3%) with
malignancy. The two groups did not differ significantly in
terms of gender distribution (P = 0.63) and age (P = 0.91)
[Table 1].

Regarding the type of pathology, benign follicular nodule
had the highest number in the benign group as well
as papillary thyroid carcinoma in the malignant group
[Table 2].

Predicting the diagnosis of malignancy through the
diagnostic function of the main views of conventional

Table 1: Summary of patient’s demographic information

Parameter  Benign, n (%) Malignant, n (%)  x* P
Sex
Female 39 (68.4) 6(10.5) 0.22 0.63
Male 11 (19.3) 1(1.8)
Parameter Mean SD Mean SD t-test P
value
Age 4328 13456 4271 8.61 0.10 0091

SD: Standard deviation

Table 2: Frequency distribution of pathology types

Type of pathology Benign, n (%) Malignant, n (%)
Benign follicular nodule 16 (28.10) 0
Cystic degeneration 7(12.3) 0
Adenomatous goiter 4(7) 0
Benign follicular nodule with 4(7) 0
cystic degeneration

Papillary thyroid carcinoma 0 6 (10.5)
Lymphocytic thyroiditis 4(7) 0
Subacute granulomatous 1(1.8) 0
thyroiditis

Fibrotic lesion 2(3.5) 0
Hashimoto thyroiditis 2(3.5) 0
colloid cyst 1(1.8) 0
Colloid goiter with cystic 1(1.8) 0
degeneration

Vascular lesion 3(5.3) 0
Follicular lesion 1(1.8) 0
Subacute granulomatous 1(1.8) 0
thyroiditis

Follicular carcinoma 0 1(1.8)
Colloid goiter 3(5.3) 0
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ultrasound scales, only was significant in the presence of
micro calcification (71.4% sensitivity and 82.9% specificity,
P = 0.002) and the nodule shape (28.5% sensitivity
and 97.9% specificity, P = 0.004). In the meantime, the
remaining views did not show a significant difference. The
best predictor of malignancy in conventional ultrasound
was also micro calcification due to its sensitivity and
specificity [Table 3].

The measured 2D-SWE values shows a significant
difference between the two diagnostic groups for 57
thyroid nodules with SWE. ratio (P < 0.001), SWE.
whole. Mean (P = 0.03), SWE. mean (P = 0.03), and
SWE. min (P = 0.03), as mainly the meanings in the
malignant group have taken much higher values. SWE.
whole. min and SWE. max did not show a significant
difference between the two groups (P > 0.05). The nodule
size did not show significant differences between the two
groups (P = 0.25). In other words, the size of the node was
not evaluated for benign or malignant factors [Table 4].

The wvalues corresponding to the area under the
curve (AUC), the predictive value, and the sensitivity and
specificity indicate that SWE. ratio reported the highest
level (AUC = 0.94) [Figure 1].

SWE. mean with an area under the curve of 0.79 and SWE.
whole. mean and SWE. min with the same area under
the curve of 0.74 had the most area under the curve. By
looking at the sensitivity and specificity of each parameter,
it found that SWE. ratio with a sensitivity of 100% and
specificity of 84% is a convenient option to choose cut-off
point (cut-off value >1.7) [Figure 2].

Sensitivity for SWE. whole. mean, SWE. whole. min, SWE.
mean, SWE. min, SWE. max was 71.4%, 71.4%, 85.7%,
57.1%, and 71.4%, respectively and the specificity with
74%, 80%, 66%, 82%, and 84% was reported [Table 5].

Discussion

Results achieved from 57 thyroid nodules from patients in
Isfahan showed that the majority of patients had benign
nodules with 87.7% of the total population. Although
the majority in the study were women, it seems that
thyroid nodules do not have a significant relationship
with gender (P = 0.63) and age was also not an effective
factor (P = 0.91). The pathological type performed was
highest in benign follicular nodule and papillary thyroid
carcinoma in benign and malignant groups, respectively.
Five absolute parameters of 2D-SWE and SWE. ratio were
taken to evaluate the stiffness of the nodule. The results
showed that all 2D-SWE measurements in malignant
nodules are more than benign nodules which these
inequality in SWE. ratio, SWE. whole. mean, SWE. mean
and SWE. min became significant (P > 0.05). Among all
calculated values, SWE. ratio got the highest under the
curve area and the highest sensitivity and specificity with
values of 0.94, 100% and 84%, respectively. Accordingly,
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Table 3: Diagnostic function of main conventional ultrasound imaging

Parameter Benign, n (%) Malignant, n (%) V4 P Sensitivity (%) Specificity (%)

Echogenicity
Hypo echogenicity 21 (38.2) 3(5.5) 0.002 096  57.1(18.90-8.1)  43.7 (29.5-58.8)
Nonhypo echogenicity 27 (49.1) 4(7.3)

Echotexture
Inhomogeneous 30 (54.4) 6 (10.9) 1.45 0.22 85.7 (42.1-99.6) 37.5 (24-52.6)
Homogeneous 18 (32.7) 1(1.8)

Margin
Poor 10 (18.2) 2 (3.6) 0.21 0.64 28.7 (3.7-71) 79.1 (65-89.5)
Well 38 (69.1) 50.1)

Shape
Irregular 1(1.8) 2 (3.6) 831  0.004 28.5 (3.7-71) 97.9 (88.99-9.9)
Oval 47 (85.5) 5091)

Halo sign
Absence 38 (69.1) 7 (12.7) 1.78 0.18 100 (100-59) 20.8 (10.5-35)
Presence 10 (18.2) 0

Aspect ratio
>1 3(5.5) 1(1.8) 0.58 0.44 14.2 (1.4-57.9) 93.7 (82.8-98.7)
<1 45 (81.8) 6(10.9)

Micro calcifications
Presence 8 (14.8) 509.3) 9.86  0.002 71.4 (29-96.3) 82.9 (69.2-92.4)
Absence 39 (72.2) 2(3.7)

Nodular vascularization
Absence of blood flow 5(8.9) 0 1.14 0.76 85.7 (42.1-99.6)  28.6 (16.6-43.3)
Peripheral vascularization 9 (16.1) 1(1.8)
Peri-and interanodular vascularization 34 (60.7) 6 (16.7)
Markedly increased vascularization 1(1.8) 0

Color Doppler flow
I-1I type 14 (25) 1(1.8) 0.63 0.42 14.3 (1.4-57.9) 28.6 (3.7-71)
MI-1V type 35 (62.5) 6 (10.7)

Table 4: Two-dimensional shear wave elastography measurements of thyroid nodules and size of nodules

Parameter Benign Malignant Mann-Whitney U P
Mean SD Mean SD

SWE. ratio 1.43 0.92 3.51 1.48 3.75 <0.001
SWE. whole. mean 24.74 18.70 49.01 35.93 2.11 0.03
SWE. whole. min 8.06 9.15 5.21 7.72 1.24 0.21
SWE.mean 43.64 32.96 83.30 46.72 2.50 0.01
SWE.min 33.10 24.01 66.00 41.33 2.09 0.03
SWE max 53.41 45.03 90.65 56.55 1.89 0.06
Size of nodule 23.58 13.37 19.50 14.22 1.16 0.25

SD: Standard deviation, SWE: Shear wave elastography

Table 5: Diagnostic function of two-dimensional shear wave elastography parameters in detection of thyroid nodules

Parameter AUC Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
SWE.ratio 0.94 (0.84, 0.98) >1.7 100 (59, 100) 84 (70.9,92.8) 46.7(21.3,73.4) 100 (91.6, 100)
SWE.whole.mean 0.74 (0.61, 0.85) >31.2 71.4 (29, 96.3) 84 (70.9,92.8) 38.5(13.68,9.4) 95.5(85.5,99.4)
SWE.whole.min 0.64 (0.50, 0.76) <0.4 57.1(18.90,4.1)  82(68.6,91.4) 30.8(9.1,61.4) 93.2 (81.3, 98.6)
SWE.mean 0.79 (0.66, 0.89) >39.6 85.71 (42.1,99.6) 66(51.2,78.8) 26.1(10.2,48.4) 97.1 (84.7,99.9)
SWE. . 0.74 (0.61, 0.85) >41.9 71.4 (29, 96.3) 80 (66.3, 90) 33.3(11.61, 8.6) 65.2 (83.99, 8.4)
SWE 0.71 (0.57, 0.82) >51.5 71.4 (29, 96.3) 74 (59.7, 85.4) 27,8 (9.7, 53.5) 99.95 (82.99, 7.4)

“ma

AUC: Under the curve area, SWE: Shear wave elastography, PPV: Negative predictive value, NPV: Positive predictive value

the best cut-off point can be considered by referring
to SWE. ratio (cut-off value >1.7). On the other hand,

4

the diagnostic function of the main views of ultrasound
scans showed the presence of microcalcification as the
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Figure 1: The fitting of Receiver Operating Characteristic curve for shear
wave elastography.ratio and Figure 2 shows the fitting of Receiver Operating
Characteristic curve for all the parameters

most common predictor of malignancy in conventional
ultrasound. However, due to the sensitivity and specificity
obtained for microcalcification of 71.4% and 82.9%, which
is far less than SWE. ratio values, it is possible to say that
2D-SWE has a good diagnostic accuracy.

As we know, a little study that examined and compared
the structure of thyroid nodules by the 2D-SWE method
was found. Meanwhile, Liu ef al. in a study on 331
thyroid nodules found that 101 nodules were malignant
and 230 were benign. In this study, all were meaningfully
evaluated among the features of thyroid nodules in
conventional ultrasonography which was not heterogeneous
and inconsistent with the present study. Since the
implementation method was partly inspired by the project,
perhaps the only reason for the heterogeneity of the results
can be generalized to the sample size. On the other hand,
the best predictor of microcalcification was evaluated,
which is consistent with this study. From the aspect of
2D-SWE, SWE. mean it had the highest area under the
curve with AUC = 0.808 which reported a sensitivity,
specificity and the cut-off point with 66.3%, 39.3%, and
84.4%, respectively, Although the sensitivity and specificity
were significantly lower than the results of the study, but
was not consistent with the present study in terms of the
selected parameter.!”

Sebag et al. also evaluated 146 thyroid nodules using
2D-SWE and found that out of 93 nodules, 29 were
malignant, in their study, malignant nodules showed a
very high SWE-max index relative to benign nodules and
a cut-off value of 65 kPa with a sensitivity of 85.2% and a
specificity equal to 93.9% was reported.”!

Bhatia et al. admitted that malignant nodules are generally
stiffer than benign nodules and optimal cut-off value found
for 2-mm ROI is equal to 34.5 kPa to diagnose papillary
thyroid cancers from benign nodules with sensitivity of
76.9% and specificity equal to 71.1%.
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Figure 2: Performance curve (receiver operating characteristic) for
measuring two dimensional-shear wave elastography

In the present study, nodule size was not evaluated for
benign or malignant effects. In a study by Kim ef al. in
a 2D-SWE study, the size of nodules did not correlate
with the benign or malignant nodules®™ and therefore, it is
consistent with the present study.

Another studies showed that the size of the nodule was not
associated with papillary thyroid carcinoma.l'*!%! Although
achieving more consistent results requires more sample
volumes for more favorable citation, it is clear that the
present study has few shortcomings. One can refer to the
sample size as well as the purposeful and unpredictable
sampling more clearly, the criteria for selecting patients in
this study led to subversion, this means that this population
does not represent a population of screenings, also choosing
patients was from the population of the patients ready to
undergo FNA or surgery, on the other hand, the 2D-SWE
was only performed by a radiologist. Therefore, the lack
of repetition in the measurement and meter can lead to a
measuring error by the researcher.

Conclusion

The 2D-SWE method, with significant capabilities in
providing information related to thyroid nodules, and
using conventional ultrasonography can be the appropriate
reference for important decisions regarding these patients.
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