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Background: Our study aims to test the diagnostic performance of contrast-enhanced ultrasound (CEUS)
combined with the detection of serine/threonine-protein kinase V600E (BRAF V600E) in nodules of unclear
significance by thyroid fine-needle aspiration (FNA).

Methods: From January 2015 to December 2019, 244 patients were subjected to ultrasonic strain imaging
and elastography, CEUS, and BRAF V600E gene detection at Lishui Hospital of Zhejiang University.
Thyroid FNA does not confirm the benignancy and malignancy of the thyroid nodules. With postoperative
pathology as the gold standard, the diagnostic value of CEUS, BRAF V600E detection, and the combination
in differentiating benign and malignant thyroid nodules were evaluated. The negative predictive value (NPV)
and accuracy of CEUS, BRAF V600E detection, and the combination were calculated along with sensitivity,
specificity, and positive predictive value (PPV).

Results: In this study, the sensitivity, specificity, PPV, NPV, accuracy, and AUC of CEUS alone in
predicting benign and malignant thyroid nodules were 69.8%, 94.9%, 98.6%, 37.4%, 73.8% and 0.884,
respectively. The sensitivity, specificity, PPV, NPV, accuracy and AUC of BRAF VV600E detection alone were
65.4%, 100%, 100%, 35.5%, 70.9% and 0.827, respectively. The sensitivity, specificity, PPV, NPV, accuracy
and AUC of the combination were 73.2%, 94.9%, 98.7%, 40.2%, 76.6% and 0.923, respectively.
Conclusions: Therefore, compared with CEUS or BRAF V600E gene detection alone, the combination
of CEUS and BRAF V600E gene detection has a higher sensitivity, NPV, and accuracy in the diagnosis of
thyroid nodules.
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Introduction

Thyroid cancer is one of the most common endocrine
malignancies. The SEER database shows that its incidence
has increased rapidly in recent years (1). Thyroid cancer
can be divided into papillary cancer, follicular cancer,
medullary cancer, and undifferentiated cancer on the
pathological type. Among them, papillary thyroid cancer
(PTC) is the primary type of thyroid cancer, accounting for
80-90% of thyroid malignancies (2,3). With early diagnosis
and surgical treatment, the 5-year survival rate can reach
90% (4). Therefore, many scholars have proposed there
is excessive diagnosis and treatment for thyroid cancer,
most of which may not cause a threat to people’s lives (5-7)
and only a small part of which may have extraglandular
invasion, central or lateral cervical lymph node metastasis
or even distant metastasis. At present, ultrasound-guided
thyroid fine-needle aspiration (FNA) is the most common
and effective method for the diagnosis of thyroid nodules.
In 2017, the Bethesda System for Reporting Thyroid
Cytopathology II (TBSRTC) (8) issued by the National
Cancer Institute (NCI) standardized the interpretation
of FNA results. However, because of the limitations in
detection methods and techniques, some thyroid nodules
still cannot be diagnosed by FNA (9). Considering thyroid
malignancies, especially PT'C, with a high mutation rate in
the BRAF V600E gene, BRAF V600E gene detection with
FNA can assist in the diagnosis of benign and malignant
thyroid nodules. Moreover, contrast-enhanced ultrasound
(CEUS) has been a heated topic in medical research in
recent years. This technique can supply microvascular
information that cannot be reflected by conventional
ultrasound and observe the enhancement mode of nodules.
In recent years, CEUS has been widely applied in the clinic.
However, a combination of these two techniques has not
been reported for unclear significance nodule evaluation by
FNA. Therefore, this study aims to evaluate the diagnostic
performance of CEUS combined with BRAF V600E gene
detection in nodules of unclear significance by ultrasound-
guided thyroid FNA.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-705).

Methods
Subjects

Two hundred forty-four nodules were selected from 244
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patients with nodules of unclear significance by FNA and
surgical treatment who underwent CEUS and BRAF V600E
detection in Lishui Hospital of Zhejiang University from
January 2015 to December 2019. There were 197 females
and 47 males, aged 18-80 years (45.52+10.79 years), and
the largest diameter of the nodules was 2.00-51.00 mm
(9.26+8.98 mm). The inclusion criteria were as follows:
(I) age >18 years, but no limitation in gender; (II) CEUS,
FNA, and BRAF V600E were detected within eight weeks
before surgery, and the pathological results of FNA showed
atypical lesions of unclear significance; (III) complete
clinical data, imaging data, and laboratory data; and (IV)
first surgical treatment and confirmation by pathology.
The exclusion criteria are as follows: (I) age <18 years; (II)
pregnant women; and (III) other malignant tumors.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The Ethics
Committee of Lishui Hospital of Zhejiang University
School of Medicine approved the present study, and all
subjects supplied written informed consent before their
examinations.

Instruments and methods

CEUS

A color Doppler ultrasound diagnostic instrument and
the high-frequency linear array transducer L.12-3 enabled
contrast pulse sequence (CPS) imaging, with a mechanical
index of 0.08. The system supplied a dual-mode display
interface. SonoVue (Bracco, Italy) was used as the contrast
agent. A bottle of freeze-dried powder was dissolved by
adding 5 mL of 0.9% sodium chloride solution, which
was shaken sufficiently and mixed well to prepare a
suspension holding 45 pg/mL sulfur hexafluoride. After
the microbubbles were evenly mixed and dispersed by
shaking forcefully, 2.4 mL of contrast medium suspension
was suctioned into an injector and at once injected into the
superficial vein of the elbow. Then, 5 mL of 0.9% NaCl
solution was injected to flush the vein, and continuous
dynamic images were stored synchronously for 3-5 min.
The echo changes and lesion microbubble distribution
were observed before and after the injection of the
contrast agent. The positive indexes were as follows: (I)
ring enhancement was not visible or interrupted; (II) the
boundaries of the enhancement were unclear; (III) the
enhancement of the nodules began later than that of the
peripheral thyroid parenchymal; (IV) the clearance time of
the nodules was earlier than the disappearance time of the
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surrounding thyroid parenchymal; (V) the enhancement of
the lesions was inhomogeneous; (VI) the peak intensity of
the nodules was hyperechoic or isoechoic compared with
the surrounding thyroid parenchymal (10,11). We invited
two attending doctors to read and score according to the
positive indicators. The CEUS score was the sum of the
above six indexes, and each positive item was 1, which could
be accumulated.

BRAF V600E gene detection

The patients were in a supine position with the neck fully
exposed. After disinfection and covering with a sterile towel
and local anesthesia by subcutaneous injection with 2%
lidocaine, the puncture needle was inserted into the target
nodule under the guidance of ultrasound. Five repeated
aspirations were performed in different directions, and FNA
samples were injected into the Thinprep solution and sent
to the Department of Pathology. The puncture samples
were added to the gene detection kit (ADx-BR02) provided
by Amoy Diagnostics Co., Ltd. (Xiamen), followed by
DNA extraction and polymerase chain reaction (PCR)
amplification (real-time fluorescence quantitative PCR-
ARMS was used for detection). The results were analyzed
according to the instructions, and mutations in the BRAF
V600E gene were obtained. The presence of the mutation
was scored as 1, and the absence of the mutation was scored
as 0.

Combined diagnostic criteria were used in this study.
With pathological results as the gold standard, the
diagnostic value of CEUS, BRAF V600E gene mutation
detection, and the combined application in nodules of
unclear significance by thyroid FINA was evaluated and
compared by adding the scores of CEUS and BRAF V600E

gene mutation detection.

Statistical methods

Statistical analysis was performed by SPSS 23.0. The
measurement data with a normal distribution are expressed
as the mean + standard deviation and are analyzed by the
group design #-test. The enumeration data were compared
using the y’ test. The sensitivity, specificity, PPV, NPV,
and accuracy of CEUS, BRAF V600E gene detection, and
the combination in the diagnosis of benign and malignant
nodules were calculated, with postoperative pathological
results as the gold standard. Additionally, a ROC curve
was constructed, the area under the ROC curve (AUC)
was calculated and compared, and the optimal diagnostic
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boundary value of the benign and malignant nodules was
determined. P<0.05 was considered statistically significant.

Results
Surgical and pathological results

A total of 244 nodules of unclear pathological significance
by FNA were obtained, and routine pathological reports
were obtained after surgery. There were 205 malignant
nodules, including 203 cases of PTC, 1 case of medullary
thyroid cancer, and 1 case of follicular thyroid cancer. In
the benign nodules, there are 18 cases of nodular goiter,
13 cases of Hashimoto’s thyroiditis, 5 cases of thyroid
adenoma, and 3 cases of granulomatous inflammation.

Comparison of CEUS with the pathological results

After injection of the contrast agent into 205 cases of
malignant nodules, 125 malignant nodules presented low
inhomogeneous enhancement with unclear boundaries, 53
showed centripetal inhomogeneous peripheral enhancement
with punctate enhancement in the center, and 27 exhibited
homogeneous equal or high enhancement. Among the 39
benign nodules, 29 benign nodules presented homogeneous
equal or high enhancement (high ring enhancement was
found in 23 benign nodules), and the other 10 showed low
enhancement or inhomogeneous enhancement. According
to different manifestations, scoring was conducted, and
ROC curves were drawn. The optimal threshold score
of CEUS in the differential diagnosis of thyroid nodules
of unclear significance by FNA was 3 (AUC =0.884,
Figure 1). Its sensitivity, specificity, PPV, NPV, accuracy and
AUC were 69.8%, 94.9%, 98.6%, 37.4%, 73.8% and 0.884,

respectively.

Comparison of BRAF V600E gene detection with the
pathological results

Among the 244 nodules, 134 were BRAF V600E-positive
and were all confirmed as PTC by pathological results.
Of the 110 nodules that were BRAF V600E-negative,
71 were confirmed as PTC (Figure 2), one as medullary
thyroid cancer, one as follicular thyroid cancer, 18 as
nodular goiter (Figure 3), 13 as Hashimoto’s thyroiditis, 5
as thyroid adenomas and 3 as granulomatous inflammation.
With the BRAF V600E mutation as the positive standard,
the sensitivity, specificity, PPV, NPV, accuracy, and AUC
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Figure 1 ROC curve of CEUS and BRAF V600E in determining
malignant thyroid nodules. The AUC in predicting malignant
thyroid nodules was 0.884 for CEUS, 0.827 for BRAF V600E, and
0.923 for CEUS + BRAF V600E, respectively (all P<0.001). ROC,
receiver operating characteristics; CEUS, contrast-enhanced
ultrasound; BRAF V600E, the detection of serine/threonine-
protein kinase V600E; AUC, area under curve.

in diagnosing thyroid nodules of unclear significance by
FNA were 65.4%, 100%, 100%, 35.5%, 70.9% and 0.827,
respectively.

CEUS combined with BRAF V600E gene mutation
detection results

The sensitivity, specificity, PPV, NPV, accuracy, and AUC
of CEUS combined with BRAF V600E gene mutation
detection in diagnosing thyroid nodules of unclear
significance by FNA were 73.2%, 94.9%, 98.7%, 40.2%,
76.6% and 0.923, respectively. ROC curve analysis showed
that the optimal threshold of their combination in diagnosis
was 3 (AUC =0.923). The sensitivity, NPV, and accuracy
of the combined application in the diagnosis of thyroid
nodules of unclear significance by FINA were significantly
higher than those of the single applications (P<0.001)
(1ables 1,2; Figure 1).

Discussion

Thyroid cancer has increased rapidly in the last few
years (1). At present, the preoperative diagnosis of PTC
mainly depends on high-frequency ultrasound and FNA
(12,13). Color Doppler ultrasound and elastic imaging
can evaluate the benignancy and malignancy of nodules by
semiquantitative analysis of differences in tissue hardness.

© Gland Surgery. All rights reserved.

331

These techniques have high diagnostic value for PTC and
cervical lymph node metastasis, with fibrosis in lesions as the
main change. The diagnostic accuracy of PTC is 74-82%.
Also, FNAB is a critical preoperative diagnostic method
for PTC. More than 80% of lesions can be diagnosed by
observing the characteristics of cell morphology under
a microscope (14,15). However, due to the limitations
in examination methods and techniques and insufficient
specificity of cytology and morphology in some PTCs, there
are still difficulties in the preoperative diagnosis of some
thyroid nodules, which has made it difficult to improve the
accuracy of the preoperative diagnosis of PTC. Although
repeated FNA is recommended in the 2nd edition of the
Guidelines for Thyroid Cell Pathology Report System for
nodules of unclear significance, up to 50% of these repeated
FNA analyses result in missed diagnosis due to insufficient
cells or other causes. Moreover, surgical resection is also
suggested, which leads to the overtreatment of thyroid
nodules.

CEUS is a novel noninvasive imaging technology
developed in recent years and is also a hot topic in
current medical research. This technique can display the
microvasculature in nodules with diameters <10 pm by
intravenous injection of a microbubble contrast agent
combined with ultrasonic pulse inversion harmonic
imaging. Then, the technique allows for the evaluation of
the characteristics of intranodal perfusion and provides
a corresponding diagnosis by observing the differences
in perfusion patterns between benign and malignant
nodules. These factors make it possible to quantitatively
analyze the state of microvascular perfusion with a time-
intensity curve (16), which allows for the investigation
of microcirculatory perfusion in tumors. In this study,
malignant nodules accounted for 84.02% (205/244),
of which 86.83% (178/205) presented inhomogeneous
low enhancement and slow-forward and fast-backward
substantial enhancement, which is consistent with the
results reported by Ma et al. (17). Another 27 cases show
homogeneous equal or high enhancement, which may be
related to the mild infiltration of neovascularization and
small perforating vessels in the tumor and the low tumor
volume. Also, 25.64% (10/39) of the benign nodules in this
study showed low inhomogeneous enhancement, which
may be related to the histological characteristics of the
nodules themselves. There were recurrent hemorrhagic
cystic changes and repeated hyperplasia of fibrous tissue
or accompanied by coarse calcification, which led to
inhomogeneous enhancement in imaging (18,19).
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Figure 2 The patient (female, 48 years) showed mutation negative in BRAF V600E gene detection. (A) CEUS presented centripetal

inhomogeneous low enhancement, with surrounding strong echo spots, in slow-forward and fast-retreat mode; (B) cytology of FNA showed

a few follicular epithelial cells, with unclear significance (HE stain, 20x); (C) postoperative pathology confirmed PTC (HE stain, 20x, size,

1.2 cm x 1.3 cm). The arrow points to the follicular or trabecular arrangement of tumor cells with an infiltrating fibrous stroma. Nuclear

large, ground glass-like, visible nuclear sulcus. CEUS, contrast-enhanced ultrasound.

With the continually deepening exploration of tumor
pathogenesis and biological behavior, increasing reports
on chromosomes and specific molecular markers related to
PTC pathogenesis have been found (20-23). The current
research results show that PTC-specific genetic events
include the activation of the mitogen-activated protein
kinase (MAPK) signaling pathway, which initiates a cascade
reaction leading to tumorigenesis (22,23). Mutations or
rearrangements of oncogenes in the RET/PTC, BRAF
and RAS families cause the activation of tyrosine kinase
and related pathways, which are the early and independent
activators of the MAPK signaling pathway in PTC and
have a significant impact on the transformation of thyroid
follicular cells into PTC (23). Among them, BRAF V600E
gene mutations are the most common (22). Some scholars
even believe its occurrence is related to the prognosis of
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PTC (21-23). In this study, the sensitivity and specificity
of BRAF V600E gene detection in the diagnosis of benign
and malignant thyroid nodules were 65.4% and 100%,
respectively, which is consistent with the conclusion of
Rodrigues er al. (24) that this gene has high specificity and
low sensitivity.

Currently, reports about the correlation between CEUS
of PTC and the expression of pathological molecular
markers are lacking at home and abroad. In this study, the
correlation between the perfusion characteristics of PTC in
ultrasound microvascular imaging and molecular markers
was analyzed to improve the diagnosis further, provide a
theoretical basis, and determine the clinical value. After
comparing the results, we found that the combination of
CEUS and BRAF V600E detection could improve the
sensitivity, NPV, and accuracy of the diagnosis, suggesting
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Figure 3 The patient (female, 44 years old) showed mutation negative in BRAF V600E gene detection. (A) CEUS presents non-centripetal
inhomogeneous low enhancement; (B) cytology of FNA shows a few atypical follicular epithelial cells, with unclear significance (HE stain,
20x); (C) postoperative pathology confirms nodular goiter accompanied by collagenization (HE stain, 20x). The arrows indicate thyroid
follicles of varying sizes, filled with colloid, and flat, non-atypical follicular epithelial cells. CEUS, contrast-enhanced ultrasound.

Table 1 CEUS, BRAF V600E gene and their joint application

Positive predictive value Negative predictive value

Detection method Sensitivity (%) Specificity (%) (%) (%) Accuracy (%)
CEUS 69.8 (143/205) 94.9 (37/39) 98.6 (143/145) 37.4 (37/99) 73.8 (180/244)
BRAF V600E gene 65.4 (134/205) 100 (39/39) 100 (134/134) 35.5 (39/110) 70.9 (173/244)
CEUS + BRAF VB00E gene 73.2 (150/205) 94.9 (37/39) 98.7 (150/152) 40.2 (37/92) 76.6 (187/244)

CEUS, contrast-enhanced ultrasound.

Table 2 ROC area comparison of CEUS, BRAF V600E gene and their joint application

Detection method AUC ¥ value P value 95% Cl floor The upper limit of 95% CI
CEUS 0.884 114.054 0.000 0.839 0.929
BRAF V600E gene 0.827 121.987 0.000 0.776 0.878
CEUS + BRAF VB00E gene 0.923 109.427 0.000 0.887 0.959

ROC, receiver operating characteristic; CEUS, contrast-enhanced ultrasound.
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that the combination reduced false negative and positive
pathological results of CEUS or BRAF V600E gene
detection alone. Second, ROC curve analysis revealed that
the AUC of CEUS combined with BRAF V600E gene
detection was significantly larger than single-use. When the
diagnostic score was 3, the sensitivity and specificity were
ideal. Therefore, we believe that a CEUS score of 3 can be
regarded as the optimal quantitative score, that is, a score
<3 is benign, and one >3 is malignant. However, the sample
size of this study is inadequate, so the correct optimal
boundary value needs to be further verified by expanding
the sample size.
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