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The study was conducted to investigate the correlation between the ultrasonographic appearance of a thyroid nodule and the
BRAF V600E mutation. Patients with thyroid nodules (n = 186), for which BRAF V600E testing and cytopathology analysis
were performed, and who underwent subsequent surgery for nodule resection were enrolled in this study. For each patient,
color Doppler ultrasonography was performed to observe the variables of the nodules. The nodules were then characterized
using the thyroid imaging reporting and data system classification TI-RADS. Furthermore, the ultrasonographic appearance of
the control group, encompassing patients with nodular thyroid goiters, and the case group, encompassing patients with
papillary thyroid microcarcinoma (PTMC), was statically analyzed. Similarly, a statistical analysis of the ultrasonographic
appearance of the BRAF V600E-positive and BRAF V600E-negative subgroups was also performed. The accuracy was
significantly different for the corresponding values when color Doppler ultrasonography, BRAF V600E testing, or
cytopathology alone was used for diagnosis. There were significant differences in the ultrasonographic appearance variables
between the control and case groups. Comparing with the BRAF V600E-negative subgroup of the case group, the
ultrasonographic appearances of the BRAF V600E-positive subgroup showed less circumscribed and more irregularly shaped
nodules, with significantly different aspect ratios of >1. The combination of BRAF V600E testing and color Doppler
ultrasonography or cytopathology improved the accuracy of the PTMC diagnose. We found that the ultrasonographic
appearance of thyroid nodules was related to PTMC.

1. Introduction

Thyroid carcinoma is the most common malignant tumor of
the endocrine system, and it has been increasingly studied by
clinicians and researchers. In the past years, its incidence has
gradually increased, with the fastest increase observed
among all types of malignant tumors [1]. Specifically, in
terms of pathological type of thyroid carcinoma, there has
been a growing incidence of papillary carcinoma, while in
terms of pathological stage microcarcinoma has exhibited
the fastest increase in incidence [2, 3]. According to the lat-
est SEER statistics, nearly 90% of thyroid carcinomas are
papillary carcinomas [4], reinforcing the importance of
studying papillary thyroid microcarcinoma (PTMC). In
addition, microcarcinoma has a high cervical lymph node

metastasis rate of 30–70% [5–7]. Some patients with micro-
carcinoma have local recurrences very soon after surgery or
can even present initially with distant metastases to the lungs
or bones [8, 9]. Therefore, the present study is aimed at
assessing the risk of PTMC by exploring the ultrasonogra-
phic appearance of thyroid nodules.

Many thyroid carcinomas, mainly follicular cell-derived
thyroid carcinomas, are caused by genetic mutations,
through effects on molecular signaling pathways like MAPK
and PI3K/AKT. The most commonly found mutated genes
include BRAF, H-RAS, K-RAS, N-RAS, and PTEN. The
BRAF V600E mutation is the most common in papillary
thyroid carcinoma (PTC) [10], corresponding to 28–83%
of all gene mutations observed and accounting for about
90% of all BRAF mutations [11–13]. However, it has not
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been found in normal thyroid tissues or benign lesions
[14–18]. In addition, the BRAF V600E mutation is closely
related to recurrence of papillary carcinomas and patient
death. Therefore, the main objective of this study was to
investigate PTMC and evaluate the correlation between its
ultrasonographic appearance and the BRAF gene. According
to the World Health Organization (WHO), a PTC with a

maximum tumor diameter < 1:0 cm is considered a PTMC
[13, 19, 20]. As defined by WHO in the 2004 edition of the
Tumor Pathology and Genetics of Endocrine Organs, micro-
carcinoma is a subtype of thyroid carcinoma, and thyroid
microcarcinoma is only referred to as a PTMC [21]. There-
fore, all thyroid microcarcinomas examined in this study
were PTMC.

(a) (b)

(c) (d)

(e) (f)

Figure 1: Ultrasonography of thyroid nodules. (a, b) Ultrasonographic appearance of a thyroid nodule pathologically diagnosed as a
nodular thyroid goiter showing hypoechogenicity, unclear borders. (c, d) Ultrasonographic appearance of a thyroid nodule pathologically
diagnosed as PTMC and negative for the BRAF V600E mutation, showing hypoechogenicity and central blood flow. (e, f)
Ultrasonographic appearance of a thyroid nodule pathologically diagnosed with PTMC and positive for the BRAF V600E mutation,
showing hypoechogenicity, unclear borders, and aspect ratios > 1.
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2. Material and Methods

2.1. Research Subjects. This study was approved by the Ethics
Committee of China Medical University. Informed consent
was obtained from all patients enrolled after full explanation
of the purpose and nature of all procedures performed.

The study included 186 patients presenting thyroid nod-
ules with a maximum diameter of <1.0 cm, for which preop-
erative BRAF V600E testing and cytopathology analysis were
performed, and who underwent subsequent surgery to
remove thyroid nodules at the Department of Thyroid Sur-
gery of the First Affiliated Hospital of China Medical Uni-
versity from January 2017 to March 2018. None of the
patients had surgical contraindications. The patients were
aged 19–70 years, mean age of 38:6 ± 2:7 years, and included
143 females and 43 males. There were 100 pathologically
diagnosed cases of PTMC, 80 cases of nodular goiters, and
6 cases of follicular thyroid carcinomas. All PTMC were sol-
itary nodules. The diameters of PTMCs and nodular goiters
were in the range of 0.5–1.0 cm, while nodules with diame-
ters of less than 0.5 cm were excluded from this study. Addi-
tionally, the patients with two nodules were also excluded.

2.2. Procedures. Color Doppler ultrasound diagnostic appa-
ratuses (Aixplorer, Supersonic Imagine, France; EPIQ7, Phi-
lips, USA) with probe frequencies of 5–12MHz were used.
The subjects were scanned in the supine position for thyroid
gland to determine the size, number, location, internal echo,
border, morphology, and blood flow of thyroid nodules; the
nodules were examined to determine if their aspect ratios
were >1 and if they had had cystic change, microcalcifica-
tion, and/or attenuation. Moreover, the elasticity modulus
values were measured and the nodules were classified
according to TI-RADS. Before surgery, each module was
subjected to fine needle aspiration for BRAF V600E testing

and cytopathology analysis. The pathological diagnosis was
conducted after nodular surgery. The nodule locations were
classified as either in the central or peripheral regions, where
the peripheral region included the isthmus and anterior,
posterior, lateral, and medial margins.

Regarding the method to measure the elasticity modulus
values, we used the Shear Wave Elastography (SWE) mode,
in which the elastic range was set to 180 kPa, the diameter
of the elasticity value measurement area was set to 5.0mm,
and the sampling frame was uniformly filled with color.
During each measurement, patients were requested to hold
their breath for 3–5 s, and, when stabilized, the images were
stored as frames. Meanwhile, two-dimensional and elasticity
images (with color coding in the range of 0–180 kPa) were
displayed to determine the range and position of the region
of interest (ROI) within the selected mass. Subsequently, the
ROI elasticity modulus values were calculated, including the
mean and minimum and maximum values in kPa. Each
nodule was measured in triplicate and the results were aver-
aged. Each patient was examined by the same methods, and
the BRAF V600E testing was performed by the Amplifica-
tion Refractory Mutation System (ARMS) method.

Patients with PTMC and nodular goiters were desig-
nated as the case and control groups, respectively. To diag-
nose thyroid nodules by either color Doppler
ultrasonography, BRAF V600E testing, or cytopathology
alone or by the latter two methods combined, we calculated
the specificity, sensitivity, accuracy, and positive and nega-
tive predictive values; the accuracy was then statistically ana-
lyzed. Ultrasonographic appearance variables of the nodules
(location, border, internal echo, morphology, microcalcifica-
tion, aspect ratio > 1, attenuation, cystic change, blood flow,
and elasticity modulus value) and patient age and gender
were statistically compared between the two groups. The
case group was further divided into two subgroups

Table 1: PTMC diagnostic results obtained via color Doppler ultrasonography, BRAF V600E testing, or cytopathology analysis alone and in
combination, versus the pathological results.

Classification
Pathology

(number of cases) Accuracy P value∗

M B

(1) Color Doppler ultrasonography
M 85 18 81.67% >0.05
B 15 62

(2) BRAF V600E testing
M 56 0 75.56% >0.05
B 44 80

(3) Cytopathology analysis
M 61 6 78.62% >0.05
B 28 64

Uncertain 11 10

Combination of (1) and (2)
M 96 18 87.78% <0.05
B 4 62

Combination of (2) and (3)
M 83 6 88.55% <0.05
B 13 64

Uncertain 4 10
∗P < 0:05: statistically different; P > 0:05: not statistically different; M: malignant nodule; B: benign nodule.
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according to the BRAF V600E testing results (positive or
negative). The ultrasonographic appearance variables of the
nodules and patient age and gender in each subgroup were
analyzed statistically to determine whether there was a cor-
relation with BRAF V600E.

The thyroid nodules were diagnosed as benign and
malignant using color Doppler ultrasonography based on
the following criteria: the nodules of TI-RADS grades 3
and 4a were benign, while those of TI-RADS grades 4b, 4c,
and 5 were malignant. The thyroid nodules were diagnosed
as malignant or benign using BRAF V600E testing based

on the following criteria: the nodules positive for BRAF
V600E were malignant, while those that were negative were
benign.

Each patient was examined using the same method,
supervised by at least two physicians, both being associate
professors, who reached an agreement through discussion
in the case of controversy.

2.3. Statistical Analysis. Statistical analysis was performed
with SPSS software version 19.0, and measurement data
were expressed as the mean ± standard deviation. The

Table 2: Correlation between the ultrasonographic appearances of PTMC and nodular thyroid goiter.

Factor Number of cases
Pathological expression

P value∗
PTMC positive PTMC negative

Location

Marginal region or near isthmus 131 69 62 0.194

Central region 49 31 18

Gender

Female 140 82 58 0.128

Male 40 18 22

Age (years)

≥45 97 51 46 0.385

<45 83 49 34

Border echo

Unclear 96 68 28 <0.001∗

Clear 84 32 52

Internal echo

Hypoechoic 152 92 60 0.002∗

Hyperechoic 28 8 20

Morphology

Irregular 112 80 32 <0.001∗

Regular 68 20 48

Microcalcification

Yes 136 84 52 0.003∗

No 44 16 28

Aspect ratio

>1 56 36 20 0.113

<1 124 64 60

Attenuation

Yes 36 12 24 0.003∗

No 144 88 56

Cystic change

No 152 96 56 <0.001∗

Yes 28 4 24

Blood flow

Central 64 36 28

Marginal 116 64 52 0.889

Elasticity modulus value

>63 kPa 89 60 29 0.002∗

<63 kPa 91 40 51
∗P < 0:05: statistically different; P > 0:05: not statistically different.
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specificity, sensitivity, accuracy, and positive and negative
predictive values were calculated. Chi-square tests were used
to compare the ultrasonographic appearance of thyroid nod-
ules between the case and control groups and between the
BRAF V600E-positive and BRAF V600E-negative subgroups
of the case group. Univariate and multivariate analyses were
performed by Cox proportional hazards regression models
to estimate HR and 95% CI.

3. Results

The control group consisted of 80 patients, of whom 16 were
diagnosed with thyroid nodules of TI-RADS grade 3, 46 of
grade 4a, and 18 of grade 4b, according to the color Doppler
ultrasonography. The BRAF V600 testing results of these
thyroid nodules were all negative (Figures 1(a)–1(f)); and
the cytopathology analysis diagnosed 6 cases of malignant
nodules and 64 of benign, with 10 diagnostically uncertain
cases. The case group consisted of 100 patients, of whom
15 were diagnosed with thyroid nodules of TI-RADS grade
4a, 67 of grade 4b, and 18 of grade 4c, according to the color
Doppler ultrasonography. The BRAF V600 testing of the
thyroid nodules showed positive results for 56 patients,
while it was negative for 44 patients (Figures 1(a)–1(f)).
The cytopathology analysis diagnosed 61 cases of malignant
nodules and 28 of benign, with 11 diagnostically uncertain
cases.

The color Doppler ultrasonography of the thyroid nod-
ules alone exhibited specificity of 77.5%, sensitivity of 85%,
accuracy of 81.67%, positive predictive value of 82.52%,
and negative predictive value of 80.52%. Diagnosis of the
nodules by BRAF V600E testing alone showed specificity
of 100%, sensitivity of 56%, accuracy of 75.56%, positive pre-
dictive value of 100%, and negative predictive value of
64.52%. Diagnosis of the nodules by cytopathology analysis
alone showed specificity of 91.43%, sensitivity of 68.54%,
accuracy of 78.62%, positive predictive value of 90.04%,
and negative predictive value of 69.57%. The combination

of color Doppler ultrasonography and BRAF V600E testing
showed specificity of 77.5%, sensitivity of 96%, accuracy of
87.78%, positive predictive value of 84.21%, and negative
predictive value of 93.94%. The combination of BRAF
V600E testing and cytopathology analysis showed specificity
of 91.43%, sensitivity of 86.46%, accuracy of 88.55%, positive
predictive value of 93.26%, and negative predictive value of
83.12%.

There was no significant difference (P > 0:05) in the
accuracy of the PMTC diagnosis among color Doppler ultra-
sonography, BRAF V600E testing, and cytopathology analy-
sis. However, each of the three methods, when used alone,
was significantly different (P < 0:05) from their combina-
tions in terms of accuracy of PMTC diagnosis, as shown in
Table 1.

There was a statistically significant difference (P < 0:05)
between the case and control groups for some of the Doppler
ultrasonographic appearance variables, including unclear
border, hypoechogenicity, irregular morphology, microcalci-
fication, attenuation, cystic change, and elasticity modulus
value. However, there was no statistical difference in loca-
tion, gender, age, aspect ratio > 1, or blood flow type
(P > 0:05) between the two groups, as shown in Table 2.

The univariate analysis showed that the PTMC was cor-
related with border echo, internal echo, morphology, micro-
calcification, aspect ratio, attenuation, cystic change, and
elasticity modulus value. Further, the multivariate Cox
regression analysis showed that the border echo
(HR = 6:812, 95%CI = 2:897 – 16:016, P < 0:001), internal
echo (HR = 7:977, 95%CI = 3:211 – 19:817, P < 0:001), mor-
phology (HR = 6:154, 95%CI = 2:687 – 14:095, P < 0:001),
microcalcification (HR = 6:768, 95%CI = 2:835 – 16:159, P
< 0:001), attenuation (HR = 0:208, 95%CI = 0:076 – 0:572,
P = 0:002), cystic change (HR = 7:313, 95%CI = 2:521 –
21:211, P < 0:001), and elasticity modulus value
(HR = 3:074, 95%CI = 1:369 – 6:901, P = 0:006) were inde-
pendent predictors for diagnosis of PTMC (Table 3).

Table 3: Univariate and multivariate Cox regression of ultrasonographic appearances for PTMC.

Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

Location 0.617 (0.315~1.208) 0.159 — —

Gender 1.728 (0.851~3.507) 0.130 — —

Age (years) 0.903 (0.499~1.635) 0.737 — —

Border echo 4.333 (2.313~8.118) <0.001∗ 6.812 (2.897~16.016) <0.001∗

Internal echo 2.697 (1.205~6.034) 0.016∗ 7.977 (3.211~19.817) <0.001∗

Morphology 4.500 (2.381~8.503) <0.001∗ 6.154 (2.687~14.095) <0.001∗

Microcalcification 2.629 (1.312~5.269) 0.006∗ 6.768 (2.835~16.159) <0.001∗

Aspect ratio 3.392 (1.417~8.121) 0.006∗ 2.054 (0.862~4.894) 0.104

Attenuation 0.412 (0.199~0.853) 0.017∗ 0.208 (0.076~0.572) 0.002∗

Cystic change 4.929 (2.072~11.721) <0.001∗ 7.313 (2.521~21.211) <0.001∗

Blood flow 1.091 (0.591~2.014) 0.781 — —

Elasticity modulus value 2.638 (1.438~4.838) 0.002∗ 3.074 (1.369~6.901) 0.006∗

∗P < 0:05: statistically different; P > 0:05: not statistically different.
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There was a statistically significant difference (P < 0:05)
between the BRAF V600E-positive and BRAF V600E-
negative subgroups for some of the color Doppler ultraso-
nographic variables, namely, unclear border, irregular mor-
phology, and aspect ratio > 1. However, there was no
statistical difference (P > 0:05) for the other variables (loca-
tion, gender, age, echo, microcalcification, attenuation, cystic
change, blood flow type, and elasticity modulus value)
between the two subgroups, as shown in Table 4.

The univariate analysis showed that the BRAF V600E
mutation was correlated with border echo, morphology,
aspect ratio, attenuation, and elasticity modulus value. Fur-
ther, the multivariate Cox regression analysis showed that
the border echo (HR = 17:889, 95%CI = 3:674 – 87:093, P
< 0:001), morphology (HR = 0:07, 95%CI = 0:012 – 0:414,
P = 0:003), and aspect ratio (HR = 23:476, 95%CI = 4:555 –
121:004, P < 0:001) were independent predictors for BRAF
V600E mutation (Table 5).

Table 4: Correlation between the ultrasonographic appearance of PTMC and the BRAF V600E mutation.

Factor Number of cases
BRAF V600E mutation

P value∗
Positive Negative

Location

Marginal region or near isthmus 68 38 30 0.972

Central region 32 18 14

Gender

Female 82 47 35 0.571

Male 18 9 9

Age (years)

≥45 55 34 21 0.195

<45 45 22 23

Border echo

Unclear 70 49 21 <0.001∗

Clear 30 7 23

Internal echo

Hypoechoic 89 48 41 0.236

Hyperechoic 11 8 3

Morphology

Irregular 75 35 40 0.001∗

Regular 25 21 4

Microcalcification

Yes 83 45 38 0.427

No 17 11 6

Aspect ratio

>1 36 30 6 0.001∗

<1 64 26 38

Attenuation

Yes 14 11 3 0.067

No 86 45 41

Cystic change

No 92 49 43

Yes 8 7 1 0.061

Blood flow

Central 37 18 19 0.256

Marginal 63 38 25

Elasticity modulus value

>63 kPa 58 37 21 0.065

<63 kPa 42 19 23
∗P < 0:05: statistically different; P > 0:05: not statistically different.
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4. Discussion

The progression of PTMC is rapid, and its incidence has sig-
nificantly increased in recent years. Despite controversy over
PTMC surgery, its metastasis to the central lymph nodes is
indisputable, occurring at a high rate of 24–64%. Moreover,
PTMC has high recurrence and mortality rates [22, 23].
Therefore, a high diagnostic accuracy is necessary in clinical
settings, as surgery is the commonly accepted method of
treating metastatic PMTC. However, currently, the diagnos-
tic accuracy of PTMC is not high, and missed diagnoses and
misdiagnoses occur frequently. At present, the main diag-
nostic method is color Doppler ultrasonography with an
accuracy of 75–90% [24].

Recently, with the advances in molecular biology tech-
nology, rapid developments have occurred in the field of bio-
molecular research on thyroid carcinoma. As a research
hotspot in recent years, the BRAF V600E mutation has
become a new prospect for the early detection of PTMC.
In fact, the BRAF V600E allele is an oncogene for thyroid
carcinoma. However, the sensitivity of BRAF V600E testing
is very low (reaching only 45%), while its specificity is as
high as 99.5% [13, 25–27]. Moreover, Li et al. [13, 28]
reported that the BRAF V600E mutation is closely related
to extracapsular invasion of PTC, lymph node metastasis,
and high TNM stage, leading to a higher capsular invasion
rate 29. PTCs with the BRAF V600E mutation are highly
invasive and prone to infiltrate the tissues surrounding the
thyroid gland, leading to late clinical staging [28–30] and
worse prognosis [29, 31, 32]. Therefore, obtaining positive
BRAF V600E testing results is a pivotal step for diagnosis.
In this study, the BRAF V600E testing results and the ultra-
sonographic appearance of the thyroid nodules were com-
bined to increase the accuracy of PTMC diagnosis,
allowing the invasiveness of nodules to be inferred. With this
combination, PTMC can be detected in a more reasonable
manner to identify the nodules that are susceptible to
metastasis.

In agreement with the literature [23, 25, 27], our findings
revealed 100% specificity and 56% sensitivity for the BRAF
V600E testing. This specificity rate means that patients pos-
itive for BRAF V600E are diagnosed with PTC without mis-
diagnoses. Therefore, positive results in BRAF V600E testing
are of great value. However, the very low diagnostic sensitiv-
ity results in many missed diagnoses of PTC. Considering
this, it is necessary to seek new markers to evaluate thyroid
carcinoma. The statistical difference found between the
combination of BRAF V600E testing with color Doppler
ultrasonography or cytopathology and either method alone
indicated that the combined diagnosis compensated for the
limitations of the methods individually (i.e., the low sensitiv-
ities of BRAF V600E testing and cytopathology and the low
specificity of color Doppler ultrasonography), thereby
greatly enhancing the accuracy of PTMC detection and
greatly reducing the proportion that cannot be determined
by cytopathology analysis. For nodules that cannot be
defined or tend to be benign by cytopathology analysis, once
a positive result for BRAF V600E testing is determined, the
nodule would be diagnosed as malignant. Therefore, BRAF
V600E testing is a good auxiliary means for improving the
diagnosis rate of thyroid nodules 34.

Statistically significant differences were observed in some
of the ultrasonographic appearance variables (unclear bor-
der, hypoechogenicity, irregular morphology, microcalcifica-
tion, attenuation, cystic change, and elasticity modulus
value) between the control and case groups, indicating that
these variables can be considered specific manifestations of
thyroid malignant nodules, consistent with previously
reported findings [33]. PTMC nests are not susceptible to
liquefied necrosis, and cystic change is rarely seen, while
they have a tendency to undergo longitudinal division.
Therefore, irregular morphologies, unclear borders, and
nodular attenuation are more likely to occur in microcarci-
nomas. However, there is no statistical difference in aspect
ratios > 1, which is inconsistent with the research results of
other scholars. The main reason is that the object of this

Table 5: Univariate and multivariate Cox regression of ultrasonographic appearances for BRAF V600E mutation.

Univariate analysis Multivariate analysis
HR (95% CI) P value HR (95% CI) P value

Location 0.985 (0.422~2.297) 0.972 — —

Gender 1.343 (0.483~3.733) 0.572 — —

Age (years) 1.693 (0.762~3.761) 0.196 — —

Border echo 7.667 (2.853~20.602) <0.001∗ 17.889 (3.674~87.093) <0.001∗

Internal echo 0.439 (0.109~1.764) 0.246 — —

Morphology 0.167 (0.052~0.532) 0.002∗ 0.070 (0.012~0.414) 0.003∗

Microcalcification 0.646 (0.218~1.910) 0.430 — —

Aspect ratio 7.308 (2.666~20.035) <0.001∗ 23.476 (4.555~121.004) <0.001∗

Attenuation 6.668 (1.299~34.241) 0.023∗ 2.079 (0.345~12.541) 0.425

Cystic change 0.163 (0.019~1.377) 0.096 — —

Blood flow 0.623 (0.275~1.413) 0.258 — —

Elasticity modulus value 2.513 (1.105~5.712) 0.028∗ 1.995 (0.228~17.475) 0.533
∗P < 0:05: statistically different; P > 0:05: not statistically different.

7Journal of Oncology



study is nodules with a maximum diameter of less than 1 cm,
and the number of cases is relatively small. Among them, the
proportion of malignant nodules with an aspect ratio greater
than 1 is not significantly higher than that of benign nodules.

In this study, the presence of unclear borders, irregular
morphologies, and aspect ratios > 1 in the ultrasonographic
appearance of the BRAF V600E-positive subgroup was sig-
nificantly more common than in that of the negative group.
This is also consistent with the findings of Skubisz et al. [34].
Malignant nodules with irregular morphologies are prone to
mutations, meaning that it is necessary to pay attention to
irregular morphologies when evaluating and classifying nod-
ules. Moreover, unclear borders are usually accompanied by
aspect ratios > 1. If such a nodule is suspected to be malig-
nant, it should be surgically removed to prevent lymph node
metastasis, because the probability that its oncogene test
result will be positive is greatly increased, compared to more
regular nodules. An explanation for the statistically signifi-
cant difference in ultrasonographic appearance is that the
cells of cancer nodules grow and are arranged in a longitudi-
nal manner; in the early stages of thyroid carcinoma, the
cancer cells in the anterior and posterior sides of the tumor
undergo division, while those growing in other directions are
at a relatively quiescent phase. This difference results in lon-
ger radial extension of the tumor in the anterior and poste-
rior directions than in the right and left directions—a
growth pattern totally contrasting with that of benign nod-
ules [35]. In addition, the malignancy assessed by ultrasound
was not obvious for six patients, but the BRAF V600E testing
was positive, and surgery was not performed immediately.
After one year, the nodule increased significantly and the
anteroposterior diameter exceeded 1.0 cm, accompanied by
lymph node metastasis. Therefore, BRAF V600E expression
was positive and tumor invasiveness could be related [36,
37]. Further research is needed for future follow-up.

The diameter of the nodules selected in this study was
between 0.5 and 1.0 cm, mainly because the study was pri-
marily focused on papillary microcarcinomas (which have
diameters < 1:0 cm). Additionally, the minimum diameter
of the nodules investigated in the case group was 0.5 cm, pri-
marily because examining smaller nodules would allow even
smaller cancer nests to be used for BRAF V600E testing via
fine needle aspiration, resulting in a higher false-negative
rate.

Regarding the limitations of this study, as BRAF V600E
testing in our hospital is performed relatively late and no
large sample size was collected, a larger sample is needed
to verify further our conclusions. Moreover, one patient with
multiple nodules was excluded from the study and thus was
not subjected to ultrasonographic analysis.

In conclusion, the combined application of BRAF V600E
testing and color Doppler ultrasonography or cytopathology
can improve the accuracy of PTMC diagnosis. Among the
ultrasonographic observations of thyroid nodules, unclear
borders, hypoechogenicity, irregular morphologies, micro-
calcification, attenuation, the absence of cystic change, and
the elasticity modulus value can be used in combination as
indicators to distinguish between benign and malignant
nodules. For malignant nodules, ultrasonographic appear-

ances with unclear borders, irregular morphologies, and
aspect ratios > 1 were associated with positive results of
BRAF V600E testing, suggesting that such nodules are prone
to metastasis and are associated with poor prognosis. This
correlative study of ultrasonographic appearances of thyroid
nodules may represent a scientific foundation for artificial
intelligence-based ultrasonographic diagnosis of thyroid
carcinoma.
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