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Abstract

Objectives: To evaluate the diagnostic performance of real-time elastography (RTE) combined
with fine-needle aspiration (FNA) biopsy in identifying malignant thyroid nodules.

Methods: This was a single-centre, retrospective study and involved patients who had under-
ogone partial or total thyroidectomy from Ol January 2014 to 31 December 2018 at our centre.
Eligible patients were at least|8 years of age, had reliable grayscale ultrasound imaging results, a
RTE evaluation and had undergone a FNA biopsy.

Results: Data were available from 437 patients. A high RTE score was a significant independent
risk factors for malignancy. RTE plus FNA biopsy increased diagnostic accuracy compared with
either method alone and the sensitivity and specificity of the combined model were 86% and 78%,
respectively.

Conclusions: The combination of RTE imaging with FNA biopsy improves the diagnostic per-
formance in differentiating benign and malignant thyroid nodules.
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Introduction

Thyroid nodules can be detected by imag-
ing in more than 60% of the general popu-
lation.! Moreover, the incidence is
increasing mainly due to the more frequent
use of sensitive ultrasound imaging and
fine-needle aspiration (FNA) of thyroid
nodules."? Although most thyroid nodules
are asymptomatic and benign, the main
challenge for their management is to rule
out malignancy, which is present in approx-
imately 5% of all nodules.?

Grayscale ultrasound imaging is often
used to identify thyroid nodules and based
on the American Thyroid Association
(ATA) guidelines nodules can be catego-
rized into five suspicion patterns according
to their grayscale features.* These features
include: hypoechoic component; irregular
margins; microcalcification; taller than
wide shape; extrathyroidal extension; inter-
rupted rim calcifications with soft tissue
extrusion.* However, ultrasound patterns
show diagnostic sensitivity for only 27—
63% of differentiating malignant nodules.’
FNA biopsy is recommended for nodules
with an intermediate suspicion of malignan-
cy on ultrasound imaging. ® Although a
classification scheme for reporting thyroid
FNAs has been proposed (i.e., Bethesda
System for Reporting Thyroid
Cytopathology).® its accuracy has been
challenged.”® Therefore, there is a need
for a definitive evaluation in the clinical
workup for thyroid nodules.

Real-time elastography (RTE) is a non-
invasive and inexpensive diagnostic tech-
nique that measures tissue stiffness and

has been widely used in the detection of
superficial tissues including thyroid, pros-
tate and breast.” !' The sensitivity and spe-
cificity of elastography have been reported to
be better in differentiating between benign
and malignant thyroid nodules than conven-
tional technologies.'” Furthermore, studies
have demonstrated the value of RTE in
improving diagnostic accuracy by comple-
menting grayscale ultrasound results.'* '

Therefore, the purpose of this retrospec-
tive study was to evaluate the diagnostic
potential of RTE in combination with
FNA biopsy by comparing results with
those from either method alone, in patients
who had undergone surgical resection and
had final histopathological diagnosis of
thyroid nodules.

Patients and methods

Study population

In this single-centre, retrospective study,
consecutive patients who underwent partial
or total thyroidectomy from 01 January
2014 to 31 December 2018 at our centre
were selected for the analysis. Eligible
patients were at least 18 years of age, had
reliable grayscale ultrasound imaging
results, a RTE evaluation and had under-
gone a FNA biopsy. Patients without a
RTE or who had unreliable results were
excluded from the analysis. The FNA cytol-
ogy results were graded using the Bethesda
system for reporting cytopathology.®
Histopathology of the resected nodules
was confirmed by two experienced
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independent pathologists. For patients with
multiple nodules, a FNA had been per-
formed on the most suspicious thyroid nod-
ules based on Thyroid Imaging Reporting
and Data System (TI-RADS) grading of
their ultrasound features.'® The study was
approved by the Medical Ethics Committee
of Lishui Municipal Central Hospital, Lishui,
China (July 31, 2018) and written informed
consent was obtained from each patient.

Grayscale ultrasonography and RTE

Results from the Grayscale ultrasound were
categorized using Kwak-TIRADS parame-
ters.'® According to these guidelines, stan-
dard, suspicious features of malignant
thyroid nodules included: those with a
solid structure, hypo-echogenicity, irregular
margins, microcalcifications and taller than
wide shape (aspect ratio >1). TI-RADS
categories were determined as follows:
TI-RADS 3, no suspicious features; TI-
RADS 4a, 1 suspicious feature; TI-RADS
4b, 2 suspicious features; TI-RADS 4c, 3 or
4 suspicious features; TI-RADS 5, 5 suspi-
cious features.

The same radiologist performed RTE
using an Hitachi HiVision Preirus ultra-
sound machine and graded the results
according to previously established criteria
for elastography.'”'® The grades were: ES1,
green nodules with the same elasticity as the
adjacent tissue; ES2, 50-90% of the nodule
were green, and evenly distributed elastici-
ty; ES3, blue-green nodules, that showed
uneven elasticity distribution; ES4, nodules
>90% blue, representing hard thyroid
tissue with little elasticity. While ES1 and
ES2 suggested benign nodules, ES3 and
ES4 suggested malignant nodules.

Ultrasound-guided FNA and surgical
management

Diagnosed or suspicious malignancies
had been treated by surgical resection.

These included nodules with intermediate
or malignant cytology (Bethesda 3—6) and
nodules with at least two suspicious ultra-
sound patterns (TI-RADS 4b or higher).
Nodules causing compression or symptoms
of hyperthyroidism and retrosternal nod-
ules also had undergone surgical resection.
The surgical procedures used (i.e., lobecto-
my, sub-total or total thyroidectomy with
or without regional lymph node dissection)
were based on multifocality, nodule size
and results of frozen section examination.

Statistical analyses

All  analyses were performed using
Statistical Package for Social Sciences
(SPSS®) for Windows® release 25.0 (IBM
Corp. Armonk, NY Released 2017). The
data were expressed as the mean =+ standard
deviation (SD). Differences between groups
were analysed using a y° test. The odds
ratio (OR) and 95% confidence interval
(CI)s for relationships between each vari-
able and malignant thyroid nodules were
calculated wusing uni- and multivariate
binary logistic  regression  methods.
Diagnostic potential of different models
was evaluated using receiver operating
characteristic (ROC) curves. A P-value
<0.05 was considered to indicate statistical
significance.

Results

Patient Characteristics

In total, 3103 patients who underwent par-
tial or total thyroidectomy and had con-
firmed pathology results were included in
the study. Of these, 512 patients had FNA
cytology results and grayscale ultrasound
images. Following exclusion of patients
without evaluable RTE results, the final
sample size was 437 patients (Figure 1).
Most patients were female (332, 76%).
The mean age+SD was 47.2+10.7 years
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Patients with thyroid nodules who had
undergone partial or total thyroidectomy with

confirmed pathology resuits
(n=3103)

l

cytology results
(n=512)

Patients who had undergone FNA biopsy with

l

(n=512)

Patients who had undergone gray-scale US

RTE not performed or

unreliable RTE results
(n=75)

(n=437)

Patients who had successful RTE imaging

Figure |. Flowchart of patient selection.

(range, 14-80 years) and 323 (74%) patients
were younger than 55 years. Most patients
(297, 68%) had nodules no larger than lcm
(Table 1). Malignant nodules confirmed by
post-operative histopathology were found
in 397 (91%) patients, while 40 (9.2%)
patients had benign disease. Seven patients
had hyperthyroidism, compression or retro-
sternal lesions.

Ultrasound and cytologic characteristics
of the thyroid nodules

Of the 437 patients, 407 (93%) had solid
nodules, the remaining 30 patients had nod-
ules with mixed components. Most nodules
were hypoechogenic (429, 98%) and the
majority had irregular margins (351,
80%), microcalcification (252, 58%) and
aspect ratio <1 (307, 70%) (Table 1). The
prevalence of malignancy in nodules cate-
gorized as TI-RADS 4a, 4b, 4c were 40%,
97% and 90%, respectively. All TI-RADS 5
nodules were confirmed as malignant in a
post-operative histopathological diagnosis.
Solidity, = hypo-echogenicity,  irregular
margin, microcalcification and aspect ratio
>1 were ultrasound features significantly
associated with malignancy.

From FNA biopsies, 67 (15%) patients
were diagnosed as having benign nodules
(Bethesda 1-2), 62 (14%) intermediate
(Bethesda 3-4), and 308 (71%) malignant
(Bethesda 5-6). The rates of histology con-
firmed malignancy were 66%, 84%, 98% in
each Bethesda cytological category (Table 1).

Diagnostic performance of RTE in
differentiating malignant thyroid nodules

Representative images of each of the four
RTE grades (i.e., ES1, 2, 3 and 4) are shown
in Figure 2. There were significantly more
malignancies in the high elastography
grades (ES 3-4) (P<0.001; Table 1). The
number of patients in each ES category
and the prevalence of malignant nodules
are shown in Figure 3.

Univariate logistic regression showed
that high RTE values, nodule size >1cm,
solidity, hypo-echogenicity, irregular mar-
gins, microcalcification and aspect ratio
>1 were significant predictors of malignan-
cy (Table 2). These risk factors were includ-
ed in a multivariate logistic regression
analysis to determine if they independently
predicted malignancy. Results showed
that high RTE wvalues (P <0.001),
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Table |. Patient characteristics, ultrasound and fine needle aspiration findings (n =437).

Number of Benign Malignant Statistical
Characteristics patients n (%) n (%) significance
Sex
Male 105 99 96 (91) ns
Female 332 31 (9) 301 (91)
Age
<55 323 25 (8) 298 (92) ns
>55 114 15 (13) 99 (87)
Nodule size
<lecm 297 20 (7) 277 (93) P=0.011
>l cm 140 20 (14) 120 (86)
Internal components
Solid 407 33 (8) 374 (92) P=10.005
Mixed 30 7 (23) 23 (77)
Hypo-echogenicity
Yes 429 35 (8) 394 (92) <0.001
No 8 5 (63) 3 (38)
Margins
Irregular 351 24 (7) 327 (93) P=0.001
Regular 86 16 (19) 70 (81)
Calcification
Micro 252 17 (7) 235 (93) P=0.042
Macro or no 185 23 (12) 162 (88)
Aspect ratio
> 130 6 (5) 124 (95) P=0.032
<I 307 34 (1) 273 (89)
Elastography (ES) scores
I 17 4 (24) 13 (77) P <0.001
2 126 29 (23) 97 (77)
3 250 7 (3) 243 (97)
4 44 0 44 (100)
Benign (1-2) 143 33 (23) 110 (77) P <0.001
Malignant (3—4) 294 7(2) 287 (98)
TI-RADS
3 | I (100) 0 P <0.001
4a 10 6 (60) 4 (40)
4b 33 1 (3) 32 (97)
4c 330 32 (10) 298 (90)
5 63 0 63 (100)
FNA biopsy
Benign (1-2) 67 23 (34) 44 (66) P <0.001
Intermediate (3—4) 62 10 (16) 52 (84)
Malignant (5-6) 308 7 (2%) 301 (98)

Abbreviations: TI-RADS, Thyroid Imaging Reporting and Data System assessment categories; FNA, fine needle aspiration;
ns, not statistically significant.
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Figure 2. Representative images of the four real-time elastography (RTE) scores. Higher scores

correspond to a greater probability of malignancy.

17,18

(a) ESI, green nodules with the same elasticity as the adjacent tissue; (b) ES2, 50-90% of the nodule
were green, and evenly distributed elasticity; (c) ES3, blue-green nodules, that showed uneven elasticity
distribution; (d) ES4, nodules >90% blue, representing hard thyroid tissue with little elasticity.

hypo-echogenicity (P =0.018) and irregular
margins (P=0.043) were independent risk
factors associated with malignant thyroid
nodules (Table 2).

Diagnostic performance of RTE and
FNA biopsy in differentiating malignant
thyroid nodules

Combination model of RTE and FNA
biopsy (RTE plus FNA) was scored by
the sum of ES and Bethesda grades. The
ROC area under curve values for RTE,
FNA and RTE plus FNA were 0.78, 0.84
and 0.89, respectively (Figure 4). The cut-
off value of RTE plus FNA was chosen as
5.5 for best performance (2-5 as negative;
6-10 as positive). Based on this cut-off
point, the sensitivities of RTE, FNA and
RTE plus FNA were, 72%, 77% and
86%, respectively. The specificities of
RTE, FNA and RTE plus FNA were,
83%, 83% and 78%, respectively. The neg-
ative predictive values for RTE, FNA and
RTE plus FNA were 23%, 26% and 36%,

respectively (Table 3). These results sug-
gested that the combination of RTE and
FNA cytology increased the diagnostic
accuracy.

Discussion

Results from this retrospective study in a
cohort 437 patients with thyroid nodules
who had undergone surgical resection, sug-
gest that the combination of RTE with
FNA biopsy results may improve the diag-
nostic effectiveness in identifying malignan-
cy. We found 91% patients who had
undergone thyroid surgery had histology-
proven malignant nodules. These findings
are greater than those reported previously
in studies evaluating the diagnostic
performance of elastography in thyroid tis-
sues.'”!” The difference in results is proba-
bly because although we included patients
with confirmed pathology, surgery had
been performed in cases with intermediate/
malignant cytology grading (i.e., Bethesda
3-6/ TI-RADS >4b) and those patients with
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Figure 3. Prevalence of thyroid cancer stratified by real-time elastography (RTE). The columns represent
the total number of patients and the line represents the percentage of malignancies for each respective

group.

hyperthyroidism, compression or retroster-
nal lesions.

Although FNA biopsy is recommended
as a routine diagnostic method for suspi-
cious thyroid nodules, its precision has
been questioned.”® Problems in accuracy
are thought to have occurred primarily
because the diagnostic criteria of individual
international society guidelines vary.*
Indeed, studies have shown that the sensi-
tivity of FNA biopsy ranges from 54-90%
and its specificity ranges from 60-98%.%!
One study showed that there was no differ-
ence in malignancy rates among patients
who went directly to surgery after a single
intermediate FNA diagnosis, patients who
had two successive intermediate FNA
results and patients who had a benign

aspirate following an intermediate result.
"At our centre we use the TI-RADS grading
system and for cases with two or more
ultrasound  malignant  features  (i.e.,
TI-RADS 4b or higher) we recommend sur-
gical biopsy even if FNA cytology is
benign. Therefore, because of our protocol,
we had included 40 (9%) patients with
benign disease which yielded a negative pre-
dictive value of 26%. We found the sensi-
tivity and specificity of FNA biopsy to be
77% and 83% respectively.

As a non-invasive and inexpensive imag-
ing technique, RTE, which examines the
stiffness and hardness of tissues, has been
suggested as a useful, alternative tool in the
examination of malignant thyroid nodules.
The diagnostic performance of RTE in
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Table 2. Univariate and multivariate logistic regression analysis of clinical and ultrasound predictors for
malignant thyroid nodules (n =437).

Univariate analysis Multivariate analysis

Odds Ratio Statistical Oddds Ratio Statistical
Risk Factors (95% Cl) significance  (95% Cl) significance
Sex (male vs. female) 091 (042, 1.98) ns - -
Age (<55 vs. >55 years) 0.55 (0.28, 1.09) ns - -
Nodule size (<I vs. >1cm) 0.43 (0.23,0.84) P=0.012 0.47 (0.22, 1.01) ns
Internal components (mixed vs. solid)  3.45 (1.38, 8.64) P=0.008 1.00 (0.31, 3.23) ns
Hypo echogenicity (No vs. Yes) 18.8 (4.30,81.8) P<0.001 8.85 (1.46,53.7) P=0.018
Margins (regular vs. irregular) 3.11 (1.57, 6.17) P=0.001 2.35(1.03,5.39) P=0.043
Calcification (macro or no vs. micro) 1.96 (1.02, 3.79) P=0.045 1.37 (0.63,2.97) ns
Aspect ratio (<1 vs. > cm) 2.57 (1.05, 6.29) P=0.038 2.14 (0.76, 6.00) ns
Elastography scores 12.3 (5.29, 28.6) P <0.001 5.02 (2.81,8.98) P<0.00l

(Benign [1-2] vs. Malignant [3—4])

Abbreviations: ns, not statistically significant.

1.0

0.8

Sensitivity
o
[=)]

2
'S

0.2

-

RTE (AUC = 0.784)

] —= FNA (AUC = 0.8386)
[ — RTE + FNA (AUC = 0.894)
]
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 4. The receiver operating characteristic (ROC) curve and area under the curve (AUC) for real-time
elastography (RTE), fine needle aspiration (FNA) and combination model of RTE plus FNA.
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Table 3. Comparison of the diagnostic performance of real-time elastography (RTE), fine needle aspiration
(FNA) and a combination model of RTE plus FNA for imaging of thyroid nodules.

Positive Negative
predictive predictive
Sensitivity Specificity value value
RTE scores (3,4 vs 1,2) 72.3% 82.5% 97.6% 23.1%
FNA (Bethesda scores 4,5,6 vs 1,2,3) 76.8% 82.5% 97.8% 26.4%
RTE + FNA 85.9% 77.5% 97.4% 35.6%

Abbreviations: RTE, real-time elastography; FNA, fine needle aspiration.

differentiating between benign and malig-
nant thyroid nodules has been found to be
comparable with shear wave elastography
(SWE) another ultrasound-based tech-
nique, but with a statistically higher specif-
icity.'> Furthermore, the addition of RTE
had been shown to improve the diagnostic
accuracy of TI-RADS.* In suspected pros-
tate cancer, RTE has been found to be
useful in combination with Prostate
Cancer Gene 3 (PCG3) scores as a pre-
biopsy diagnostic indicator to reduce the
number of prostate biopsies.” In addition,
RTE in combination with magnetic reso-
nance imaging (MRI) has been found to
increase precision of localizing prostate
cancer lesions compared with MRI alone.**

We found that a high RTE score (i.e.,
thyroid nodules with poor -elasticity) as
well as hypo-echogenicity and irregular
margins were significant independent risk
factors associated with malignant thyroid
nodules. Although higher than in two pre-
vious studies,'>?’ the sensitivity and specif-
icity of RTE in this study were 72% and
83%  respectively.  Interestingly, we
observed that while the combination of
RTE high score and FNA cytology had a
higher sensitivity compared with cytology
alone (86% vs. 77%), specificity was lower
(78% vs. 83%). However, the ROC area
under curve values were greatest for the
combination of RTE and FNA biopsy com-
pared with either method alone which indi-
cated better diagnostic accuracy.

The study had some limitations. Firstly,
it was a retrospective and in a single-centre
and so the results require validation in a
prospective study involving a large cohort.
Secondly, RTE imaging is highly operator-
dependent, and so some measurement bias
may have existed. Thirdly, we only included
patients who underwent surgery. Therefore,
selection bias may have affected the evalu-
ation of accuracy of the different diagnostic
tools. Finally, we did not evaluate the ultra-
sound features or RTE of nodules that did
not undergo biopsy and so a controlled
study is warranted.

To our knowledge, this is the first study
to evaluate RTE with FNA biopsy in the
identification of malignancy in thyroid nod-
ules. Our results suggest the complement of
RTE to FNA biopsy could improve diag-
nostic effectiveness in identifying malignan-
cy in thyroid nodules. The algorithm used
in this study is a simple summation of the
ES grade plus the Bethesda grade. We
believe that this model is easily applicable
and will effectively augment diagnostic
accuracy compared with either technique
alone. We suggest that the model may be
made more accurate by applying an opti-
mized weighting and cut-off value for
both parameters.
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