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Abstract. The present study aimed to evaluate the value
of elasticity imaging and contrast-enhanced ultrasonog-
raphy (CEUS) in the differential diagnosis of papillary
thyroid microcarcinoma (TMC). In total, 73 patients exhib-
iting a total of 80 small thyroid nodules, which were difficult
to diagnose using conventional ultrasonography, underwent
elasticity imaging and CEUS. The diagnostic findings were
subsequently clarified by intraoperative and pathological
examination, and the accuracy of the 2 diagnostic methods
was compared. The correct diagnostic rate of CEUS was
85% (68/80 nodules), of which 6 cases of TMC were
misdiagnosed as benign lesions and 6 benign nodules were
misdiagnosed as TMC. By contrast, the accuracy rate of the
elasticity imaging, based on the 5-point diagnostic method,
was 92.5% (74/80 nodules), of which 3 cases of TMC were
misdiagnosed as benign nodules and 3 benign nodules were
misdiagnosed as TMC. Furthermore, elasticity imaging in
the diagnosis of TMC was determined to have sensitivity,
specificity and accuracy rates of 94.0, 90.0 and 92.5%,
respectively, whereas the corresponding rates for CEUS were
88.0, 80.0 and 85.0%, respectively. Thus, ultrasonographic
elasticity imaging exhibited significant advantages in the
diagnosis of TMC compared with CEUS (P<0.05). The use
of CEUS demonstrates no evident advantage in the diagnosis
of TMC; however, an elasticity score of =3 is of high clinical
value as a diagnostic criterion for TMC.
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Introduction

At present, there are >300 million individuals with thyroid
disease worldwide (1). In particular, thyroid nodules, which
are the second most common endocrine system disease, have
received increasing attention (2,3). Conventional ultrasonog-
raphy was previously considered to be the preferred diagnostic
tool for patients with thyroid disease, and has been reported
as the most effective method for the clinical assessment and
treatment of this disorder (4). However, with the develop-
ment of high-frequency ultrasonography, the early detection
of thyroid lesions has improved (5). Thus, high-frequency
ultrasonography has become the preferred method for the
clinical evaluation and treatment of thyroid disease (6).
Accordingly, thyroid nodules identified on cervical ultrasono-
graphic examination account for 50% of all reported thyroid
nodules (7). Papillary thyroid microcarcinoma (TMC) is an
early-stage subtype of thyroid carcinoma with a maximum
tumor diameter of <10 mm and a frequency of 65-99% among
all thyroid carcinomas (8). However, nodular thyroid lesions
measuring <1 c¢m in diameter may possess features that are
characteristic of different types of lesions, commonly resulting
in an uncertain diagnosis during pre-operative conventional
ultrasonography (8). Therefore, the development of novel
pre-operative diagnostic methods is required.

In previous years, contrast-enhanced ultrasound (CEUS)
and ultrasonic elastography (UE) have become popular
research topics, and these modalities have been proposed for
the diagnosis and differential diagnosis of thyroid lesions,
as well as for enhancing the diagnostic confidence for such
lesions (9-11). However, due to differences in the patients
investigated and the evaluation indices and methods employed
between studies, the reported evaluation criteria are inconsis-
tent (12). For example, Giuseppetti et al (13) considered the
enhanced contrast patterns of thyroid nodules to be closely
associated with nodule size as opposed to pathological type,
and proposed that nodule size had a particular influence on
the UE results. This criterion may be appropriate as UE meth-
odology is based on external pressure applied to the inspected
tissues, which may result in compressive deformation, and
therefore may objectively reflect tissue stiffness. To date, the
majority of studies investigating thyroid nodule diagnosis
using UE have focused on differentiating between benign and
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malignant nodules (14-16). Conversely, only a limited number
of studies have been conducted on the use of CEUS and UE
to differentiate between papillary TMC and other types of
lesions. Thus, the present study proposes that these 2 novel
technologies may have the potential to enhance the accuracy
of benign and malignant thyroid nodule diagnosis. Accord-
ingly, the aim of the current study was to explore the value
of UE and CEUS in the differential diagnosis of benign and
malignant lesions of the thyroid.

Subjects and methods

Subjects. Between May 2012 and September 2013, a retrospec-
tive analysis was performed on 73 patients that possessed a
total of 80 micro-thyroid space-occupying lesions. The patients
all underwent thyroid surgery in Shaanxi Provincial Cancer
Hospital Affiliated to Medical School (Xi'an, Shaanxi, China).
The diagnoses of 50 TMC tumors and 30 benign lesions
were confirmed by pathological examination. The patients
consisted of 21 men and 52 women aged 19-61 years (mean
age, 39.5+10.3 years). All patients underwent pre-operative
contrast examination with CEUS and UE based on conven-
tional ultrasonography. The present study was conducted in
accordance with the Declaration of Helsinki (17) and with
approval from the Ethics Committee of Xi'an Jiaotong Univer-
sity (Xi'an, China). Written informed consent was obtained
from all participants.

Instruments and reagents. The Philips iU22 xXMATRIX ultra-
sonography diagnostic apparatus and L.9-3 probe (Koninklijke
Philips N.V., Amsterdam, Netherlands) were used to select the
thyroid examination conditions. The angiographic region of
interest was defined as thyroid nodules with surrounding healthy
tissue. The inclusion criterion was the presence of suspicious
solid nodules without a background of diffused thyroid lesions.
The instrument was equipped with UE and CEUS analysis soft-
ware, with the mechanical index set at 0.06-0.08. The contrast
agent used was SonoVue, which consisted of sulfur hexafluo-
ride (SF6) packaged by lipid membrane (Bracco, Milan, Italy).
Prior to use, 59 mg dry lyophilized SonoVue powder was added
to 5 ml normal saline and repeatedly agitated to form the white
SF6 microbubble suspension.

Ultrasonography. The patients were placed in the supine
position, and conventional 2-dimensional and color Doppler
ultrasonography of the thyroid were performed for all patients.
If suspicious nodules were identified, the patient underwent
qualitative evaluation of the lesions in accordance with
the benign and malignant lesion differentiation standards
proposed by Stacul et al (18).

Thyroid CEUS was conducted using the dual-contrast
mode and by adjusting the gain to only capture the thyroid
tunica. Additionally, the single focus was set at the lower level
of the lesion. Subsequent to noting the name, age and sex of
each patient and ensuring that the setting parameters were
correct, the position of the probe was fixed to prevent slippage.
Next, the long axis view was selected. The mode was switched
to ultrasonography contrast mode and a venous channel was
created using a 20-ml trocar to puncture the superficial elbow
vein. Following agitation and blending for the rapid bolus
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injection, 2.4 ml contrast agent was intravenously injected
prior to washing the pipe with 5.0 ml saline. Simultaneously,
and maintaining same observation view, the timer was started.
This allowed real-time observation of the dynamic images
to be performed exactly 3 min after administration of the
contrast agent. The recorded observations were stored on the
built-in hard disc for subsequent off-line analysis, with the
imaging data coded according to a random order. The ultra-
sonography results included the size, location and shape of the
radiographic lesion. These data were confirmed by a surgeon
and a pathologist to ensure that the intraoperative lesion corre-
sponded with the nodules observed during contrast-enhanced
ultrasonography and pathological examination.

Following adjustment of the position and size of the sampling
frame to ensure that the lesions and surrounding healthy tissue
were contained, UE was conducted using the dual mode for
observation in the vertical section. The probe was vertically
vibrated using light pressure according to the indicator to ensure
that the pressure index remained constant between 3 and 4 for
3-4 5. Subsequently, the color change of the sampling frame was
observed and hardness scores were calculated for each lesion.
Different colors represent the elasticity and hardness of the
tissue. Red represents soft tissue, green represents moderate hard
tissue, and blue represents inelastic hard tissue; if >50% of the
lesion area was green, the lesion was considered predominantly
green, and vice versa for blue. All patients were examined by
2 senior clinicians specialized in contrast-enhanced ultrasonog-
raphy.

Result evaluation. A double blind method was used for the
2 examinations and evaluation methods. Prior to thorough
discussion of each case, the CEUS and UE findings were
confirmed by 2 experienced ultrasonography specialists and
diagnoses were determined. The following 5-point method
was used to analyze the UE data: If the cystic lesions exhib-
ited blue and green or red-green-blue coloring, the score was
0 points; if the lesions and the surrounding tissue demonstrated
homogeneous green coloring, the score was 1 point; if the lesion
area was >90% green, the score was 2 points; if the lesion
exhibited no incidences of blue and green, and predominantly
blue (60-90%), the score was 3 points; and if >90% of the lesion
was blue, the score was 4 points. If the lesion scored =3 points,
the lesion was diagnosed as a malignant tumor, whereas if the
lesion scored <2 points, it was diagnosed as a benign tumor (19).
CEUS evaluation was performed by initially comparing the
enhancement degree of the lesion and surrounding healthy
tissue. Enhancement was categorized into light and weak (low
enhancement), equal and high enhancement, according to the
difference between nodules and surrounding tissues, judged by
eye. Next, the enhancement mode (homogeneous degree) was
divided into homogeneous and inhomogeneous enhancement.
The phenomenon of enhancement decreasing below surrounding
tissues quickly was defined as early regression. Inhomogeneous
perfusion and whole course low enhancement were considered
to be the diagnostic indices for malignant nodules (12,18).

Statistical analysis. The accuracy of the 2 diagnostic
methods was calculated using SPSS statistical software,
version 13.0 (SPSS, Inc., Chicago, IL, USA). Comparisons
between the sensitivity, specificity and accuracy rates were
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Figure 1. Ultrasound contrast imaging of thyroid microcarcinoma nodules indicating a lack of good blood supply, and therefore low perfusion. The ultrasonic

appearance was consistent with the pathological findings.

Figure 2. (A and B) Comparison between contrast-enhanced ultrasound (CEUS) and ultrasonic elastography (UE) images of thyroid microcarcinoma nodules
in a single patient. (A) CEUS cross-section demonstrating weak enhancement of the nodule. The ultrasonic indication was that the nodular nature was to
be determined. (B) Longitudinal UE section demonstrating >90% blue coloring of the nodule (score, 4 points). The coloring indicates a malignant lesion,

consistent with the pathological findings.

analyzed using the * test and P<0.05 was considered to indi-
cate a statistically significant difference.

Results
CEUS features. The CEUS features of the 80 thyroid

micronodules are indicated in Table I. With regards to
enhancement degree, 10 benign nodules and 31 malignant

nodules presented a low degree; 14 benign and 15 malignant
nodules presented an equal degree; and 6 benign and 4 malig-
nant nodules presented a high degree. A total of 22 benign
and 37 malignant nodules presented homogeneous enhance-
ment, while 8 benign and 13 malignant nodules displayed
no homogeneous enhancement. A total of 6 benign and
18 malignant nodules exhibited early regression, while the
remaining nodules did not. The CEUS indices exhibited no
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Table I. Comparison of contrast-enhanced ultrasound enhancement modes between the benign and malignant thyroid micronod-
ules (diameter, <10 mm; n=80)".

Homogeneous
Enhancement degree enhancement Early regression
Diagnosis Low Equal High Yes No Yes No
Benign 10 14 6 22 8 6 24
Thyroid microcarcinoma 31 15 4 37 13 18 32

“No statistical differences was identified between the benign and malignant nodules (P>0.05).

Table II. Results of CEUS and UE in the examination of thyroid microlesions.

Pathological diagnosis

Examination method Imaging diagnosis T™C Benign Sensitivity, % Specificity, % Accuracy, %

CEUS TMC 44 6 88.0 80.0 850
Benign 6 24

UE TMC 47 3 94.0° 90.0°* 92.5°
Benign 3 27

*P<0.05 vs. corresponding CEUS results. CEUS, contrast-enhanced ultrasound; UE, ultrasonic elastography; TMC, thyroid microcarcinoma.

Figure 3. Contrast-enhanced ultrasound of a nodular goiter demonstrating uniform high enhancement.

Figure 4. Ultrasonic elastography of a thyroid microcarcinoma, resulting in a score of 4 points, which was consistent with the pathological findings.
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significant differences between benign and malignant thyroid
nodules (diameter, <10 mm; P>0.05), indicating that CEUS
has no evident advantage in the diagnosis of TMC.

Comparison of CEUS and UE. The consistency and accuracy
of CEUS and UE for the diagnosis of thyroid micronodules are
indicated in Table II. The results of the pathological diagnosis
were considered as the gold standard for diagnosis. Accord-
ingly, the correct diagnostic rate of CEUS was determined to
be 85% (68/80 thyroid micronodules), out of which 6 benign
cases were misdiagnosed as TMC and 6 cases of TMC were
misdiagnosed as benign nodules. The correct diagnostic rate
of the UE 5-point scoring method was 92.5% (74/80 cases),
with 3 cases of TMC misdiagnosed as benign nodules and
3 cases of benign nodules misdiagnosed as TMC. An elasticity
imaging score of =3 points for the diagnosis of TMC was
determined to have diagnostic sensitivity of 94.0%, specificity
of 90.0% and accuracy of 92.5%; whereas the corresponding
rates for CEUS were 88.0, 80.0 and 85.0%, respectively. Thus,
ultrasonographic elasticity imaging was determined to demon-
strate more statistically significant advantages in the accurate
diagnosis of TMC compared with CEUS (P<0.05).

Ultrasound Contrast Imaging. Four typical patients were
selected for the representative images. The first patient was
female and 26 years old, whose ultrasound contrast imaging
of thyroid microcarcinoma nodules indicated a lack of good
blood supply, and therefore low perfusion, and the ultrasonic
appearance was consistent with the pathological findings
(Fig. 1.) The second patient was female and 38 years old,
whose CEUS cross-section demonstrated weak enhancement
of the nodule. The ultrasonic indication was that the nodular
nature was to be determined (Fig. 2A) Longitudinal UE section
demonstrating >90% blue coloring of the nodule (score, 4
points). The coloring indicates a malignant lesion, consistent
with the pathological findings (Fig. 2B). The third patient was
female and 61 years old whose contrast-enhanced ultrasound
of a nodular goiter demonstrated uniform high enhancement
(Fig. 3). The fourth patient was female and 61 years old whose
ultrasonic elastography of a thyroid microcarcinoma, resulted
in a score of 4 points, which was consistent with the patho-
logical findings (Fig. 4).

Discussion

Currently, there is significant controversy regarding the
application of CEUS in the diagnosis of thyroid diseases,
with different studies reporting contradictory results on
its value (12,20). Zhang et al (12) reported that thyroid
nodule-enhancing CEUS models may be divided into homoge-
neous, inhomogeneous (heterogeneous), ring (ring-enhancing)
and no enhancement nodules. In addition, homogeneous
enhancement was considered to be characteristic of benign
tumors, with the sensitivity and specificity of heterogeneous
low enhancement in the prediction of malignant thyroid
tumors determined as 88.2 and 92.5%, respectively. Further-
more, Bartolotta et al (21) reported that nodules measuring
<1 cm in diameter were predominantly characterized by
poorly-vascularized features; nodules measuring 1-2 cm
in diameter were characterized by a low level of speckled
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enhancement; and nodules measuring >2 cm in diameter
were characterized by a diffused enhanced performance. In
the present study, CEUS identified poor vascularization, and
a low (Fig. 1) or faint/weak (Fig. 2) enhancement degree
in 31/50 TMC nodules (62%). By contrast, the remaining
19 nodules (38%) exhibited iso- or high enhancement, through
high or full coverage of the lesions by the contrast agent, in
the lesions and surrounding tissues when the contrast agent
was injected. Among these 19 nodules, 6 were diagnosed
as benign. Among the 30 pathologically confirmed benign
nodules, 20 nodules (66.66%) exhibited iso- or high enhance-
ment (Fig. 3), which pre-operatively confirmed the diagnosis
of benign nodules. However, the remaining 10 nodules (33.4%)
exhibited low or weak enhancement on CEUS. Among these,
6 nodules were misdiagnosed as TMC. Fine-needle puncture
biopsies were subsequently performed to diagnose these
nodules as 1 granulomatous nodule, 1 case of old blood clot
and 4 hyperplastic nodules with calcification. Thus, in contrast
to the findings of Bartolotta et al (21), the present study
determined that benign nodules measuring <1 cm in diameter
and malignant thyroid nodules exhibit numerous overlapping
features on CEUS.

The results of the present study indicate that CEUS has
no significant advantage in the identification of TMCs. The
current authors hypothesize that the observed overlap in CEUS
perfusion was a result of the specific tissue biostructures of
the investigated nodules. Jebreel er al (22) reported that differ-
ences in the microvessel density of benign lesions measuring
<1 cm in diameter and malignant nodules may not be evident
when the tumors are small. Furthermore, small malignant
nodules may not exhibit typical characteristics of malignant
tumors, including a large variation in vascular diameter and
shape, a large number of vascular branches, easy formation of
arteriovenous fistulae, low efficiency of new tumor vessels, or
edema and fibrosis of the lesion stroma (22). In addition, the
overlapping may be associated with the instrument sensitivity,
and the adjustments and parameters employed during use of
the instrument.

UE was originally reported by Ophir ef al (23) in 1991, and
is based on the interpretation of amplitude changes of echo
signals prior to and following compression of the tissue. The
amplitude changes are transferred into real-time color images,
where the color elasticity coding of various tissues reflects the
tissue hardness (24). A long-term clinical study determined
that the hardness of lesions differs between malignant and
benign tissues, with increased hardness being associated with
an increased risk of malignancy (25). Furthermore, a study
conducted by Wang et al (26) identified that UE had high
diagnostic sensitivity and specificity for nodules measuring
<1 mm in diameter. Similarly, the sensitivity, specificity and
accuracy of UE diagnosis of the 80 TMC cases in the present
study (Fig. 4) were 94.0, 90.0 and 92.5%, respectively. These
results were significantly increased compared with the corre-
sponding values obtained by CEUS (P<0.05).

The current authors propose that the advantages of UE
in diagnosing TMC compared with CEUS may be due to the
close association of the TMC nodule with the surrounding
tissues. Thus, the corresponding deformation required may
have been small. Furthermore, the nodules were commonly
accompanied by psammoma bodies, resulting in the lesions
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exhibiting a certain level hardness and consequently a higher
elasticity score, thus, improving the diagnostic accuracy rate
of UE for TMC (27).

However, the elastic coefficients of different pathological
tissues may overlap (28), indicating that UE is associated
with various influencing factors that may result in misdiag-
nosis. Accordingly, 3/50 TMC nodules were misdiagnosed in
the present study due to elastic scores of <2 points, including
2 cases of follicular carcinoma. We hypothesize that the
reason for this misdiagnosis may be that the investigated
lesions were composed of various degrees of differenti-
ated follicular tissue. For example, the stroma is rich in
thin-walled vasculature and the blood flow is more evident
in these lesions compared with in papillary carcinoma (29).
If follicular differentiation is good, the hardness does not
markedly differ from that of healthy thyroid tissue, resulting
in a low elastic classification (29). In the present study, the
other misdiagnosed lesion was in a patient with Hashimoto's
disease accompanied by small papillary carcinoma. This
lesion was likely misdiagnosed due to the increasing hard-
ness of the thyroid caused by extensive damage to the thyroid
parenchyma and tissue fibrosis hyperplasia, resulting in
hardness differences between the lesions and a reduction in
the size of peripheral tissues, thereby resulting in a reduced
nodular elastic classification. A total of 3 nodules in the
benign group had an elastic score of 4 points, 1 of which was
diagnosed as a cystic adenoma. Due to the increase in liquid
tension in the cystic sac, the true hardness of internal solid
nodule was not accurately reflected, resulting in increased
hardness and a higher score, according to the elasticity
imaging 5-point diagnostic method. Furthermore, the current
cohort included 1 case of subacute thyroiditis and 1 case
of Hashimoto's thyroiditis, in which the nodules appeared
hard due to repeated stimulation of inflammation, fibrosis,
hyalinization and other pathological changes. Additionally,
the hardness of the thyroid gland itself may affect the thyroid
nodules in elasticity imaging (30).

According to the literature (31), ~20-50% of all TMC
cases may be associated with cervical lymph node metastasis.
Lyshchik ez al (32) and Alam et al (33) reported that UE may
improve the accuracy of the differential diagnosis of cervical
lymph node metastasis. The results of the present study require
exploration in future large-scale studies to clarify these find-
ings.

In conclusion, it was determined that there was no
significant advantage of using CEUS in the diagnosis of TMC.
However, the novel technology of UE was demonstrated to
be superior to conventional ultrasonography in evaluating
the tissue biomechanics of TMC, and may provide relevant
and useful data regarding tissue hardness, expanding the use
of ultrasonography for diagnosis. Furthermore, the current
results indicate a potential role of UE and hardness testing in
the diagnosis of small papillary thyroid nodules.
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