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This study selected the medical record data of patients who underwent ultrasound
examination and surgical treatment at Shaw Hospital, affiliated with Zhejiang University
Medical College, from January 2018 to June 2020 and screened nine high-risk patients with
thyroid papillary carcinoma and eight low-risk patients who met the enrollment criteria. The
pathological and ultrasonic imaging data of the thyroid nodules and cervical lymph nodes
of the enrolled patients were retrospectively analyzed. Clinicopathological aspects: age,
number of lesions, lymph node area, and number of lymph nodes were significant. The
younger the age, the higher the risk of cancer metastasis; the more the lymph node metastasis
areas, the greater the number of lesions, and the higher the risk of cancer metastasis. An
ultrasound image analysis of thyroid nodules showed that the number of microcalcifications
and lesions was significantly and positively correlated with the risk of cancer metastasis.
Ultrasonic image analysis of cervical lymph nodes showed that the indicators of cystic
change, the number of calcifications, number of lymph node fusions, and number of clear
lymph node boundaries were significantly and positively correlated with the risk of cancer
metastasis. This study is crucial in the clinical diagnosis of thyroid papillary carcinoma
metastasis and provides a theoretical basis for surgeons to formulate diagnosis and treatment

plans for thyroid carcinoma.

1. INTRODUCTION

Thyroid cancer accounts for approximately 90% of all
endocrine system malignant tumors and 3.1% of all human
malignant tumors [1]. Recently, thyroid cancer has become the
fastest-growing solid tumor [2]. Among these, papillary
thyroid carcinoma (PTC) is the main pathological type,
accounting for approximately 89.9% of cases [3]. The
prognosis of PTC is good, with a 5-year mortality rate of <2%.
However, approximately 25% of PTC patients experience
recurrence during follow-up, and cervical lymph node
metastasis can occur in early PTC [4]. Cervical lymph node
metastasis, a regular, step-by-step process, is an independent
risk factor that affects local recurrence and prognosis. It is
usually "primary focus-central lymph node-ipsilateral cervical
lymph node-contralateral cervical lymph node-distant
metastasis" [5]. Therefore, cervical lymph node metastasis
usually occurs first in central lymph node metastasis and rarely
in leaping metastasis [6]. Theoretically, the size of the primary
tumor is an essential clinicopathological feature, and the
smaller the tumor's diameter, the lower the probability of
lymph node metastasis. However, in our clinical practice, we
found that some patients had small tumor diameters, but the
number and area of lymph node metastases were high. These
patients are also prone to the postoperative recurrence of
regional lymph nodes.
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Presently, clinical surgery routinely requires total or
subtotal thyroidectomy and preventive neck central lymph
node dissection for patients with PTC. However, there is still
controversy about whether lymph nodes in the contralateral
neck region should be resected [7]. Generally, the surgical
method is determined based on imaging examination. If the
preoperative report indicates suspicious abnormal lymph
nodes in the lateral cervical region, corresponding regional
lymph node dissection should be performed. Conversely, if the
preoperative report indicates no suspicious abnormal lymph
nodes in the lateral cervical region, the lateral cervical lymph
node dissection should not be performed [8]. Therefore,
surgeons must make surgical plans and select the scope of
lymph node dissection to accurately evaluate the metastasis of
cervical lymph nodes by preoperative neck ultrasound-
selective enhanced examination, which can reduce the
recurrence rate and improve the prognosis of patients [9].
Owing to its simplicity, safety, good repeatability, and low
cost, ultrasound has become the most commonly used
examination method to evaluate cervical lymph node
metastasis [10, 11]. High-frequency ultrasound can describe
and accurately evaluate the area, number, size, shape, internal
structure, and blood vessel distribution of lymph nodes from
all aspects and make more accurate qualitative judgments of
lymph nodes.
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In this study, the diagnosis of lateral cervical lymph node
metastasis in patients with PTC was determined using neck-
selective enhanced ultrasound, and its clinical value was
discussed.

2. MATERIALS AND METHODS
2.1 Sample information

Patients with thyroid diseases at Run Run Shaw Hospital,
affiliated with Zhejiang University Medical College, were
selected between January 2018 and June 2020. After the
inclusion and exclusion criteria were determined, a small
amount of diseased tissue was removed from the patients
surgically (immediately after surgery). Next, samples were
washed with phosphate buffered saline, cut into four pieces,
placed in a liquid nitrogen bottle, and then transferred into the
sample bank within half an hour and kept at -80°C for long-
term storage. Furthermore, informed consent was obtained
from the enrolled patients, for using the samples for scientific
research purpose. Subsequently, the relevant experiments
were carried out after being approved by the hospital's ethics
committee.

PTC inclusion criteria:

1) The postoperative pathological results indicated PTC.

2) No anti-cancer treatment was administered before the
operation.

Exclusion criteria for PTC:

1) No preoperative thyroid ultrasound examination
2) Having other malignant tumors at the same time
3) Poor quality of the ultrasound image

4) Pregnant and lactating patients.

2.2 Ultrasound examination and grading criteria for
thyroid cancer

GE Logiq E9, Siemens Acuson S3000, Philips EPIQ 7, and
other color Doppler ultrasound instruments and linear array
probes (frequency: 5-18 MHz) were selected as ultrasonic
instruments. Before the operation, the patient's thyroid nodule
ultrasound and neck regional lymph ultrasound were examined,
focusing on the size of the nodule, growth direction (whether
it grows vertically), internal echo (whether it is high or low,
whether there is cystic change, etc.), whether the boundary is
clear, whether the edge is smooth, whether there is
calcification, the type and location of calcification, the
relationship between the thyroid capsule and surrounding
tissues, and the blood flow distribution. The thyroid nodules
were graded according to the report of the Guidelines for the
Diagnosis and Treatment of Thyroid Cancer (2018 version)
[12] and the American Thyroid Association (ATA) Guidelines
for Diagnosis and Treatment of Thyroid Diseases (2015
version) [13], and ultrasound-guided FNA cytological
examination of suspicious nodules was carried out according
to the guidelines.

PTC classification criteria:
Patients with PTC were classified into high-risk and low-
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risk PTC groups, according to the Guidelines for the Diagnosis
and Treatment of Thyroid Cancer (2018 version) [12] and the
ATA Guidelines for Diagnosis and Treatment of Thyroid
Diseases (2015 version) [13]. The high-risk PTC group was
defined as: tissue invasion around the thyroid, distant
metastasis, > 3 regional lymph node metastasis, >5 lymph
node metastasis, or metastatic lymph nodes >3 cm.
Contrastingly, the low-risk PTC group was defined as: no
invasion of surrounding thyroid tissue, no distant metastasis,
<3 regional lymph node metastasis, < 5 lymph node metastasis,
and metastatic lymph nodes <3 cm.

2.3 Statistical analysis

The data were statistically analyzed using SPSS 25.0 (IBM
Corp., Armonk, NY, USA). The chi-square test or Fisher's
exact test was used for classification variables, and the
difference was statistically significant at P<0.05. The
measurement data (age) conforming to the normal distribution
are expressed as x =+ s, and non-normally distributed
measurement data are expressed as M (QR). Differences were
considered statistically significant at P<0.05, determined using
an independent sample t-test.

3. RESULTS

3.1 Clinicopathological characteristics of patients with
PTC of different grades

From January 2018 to June 2020, thyroid patients from Run
Run Shaw Hospital, affiliated with Zhejiang University
Medical College, were selected for retrospective analysis. PTC
patients were screened using strict inclusion and exclusion
criteria. According to the set criteria, nine samples from the
high-risk PTC group and eight from the low-risk group were
screened. The case information for the high-risk and low-risk
groups is shown in Tables 1 and 2.

The average age of high-risk patients with PTC was 34.4 +
4.8 (29-38) years, including two males and seven females,
with a ratio of 1:3.5. The average age of patients in the low-
risk PTC group was 45.3 = 11.9 (29-56 years), including two
males and six females (ratio, 1:3). The t-test analysis of two
independent samples showed that there was a statistically
significant difference in the overall mean age of patients in the
two groups (t=-2.058, P=0.001<0.05), and the Pearson 2 test
showed that there was no significant sex difference between
high- and low-risk patients (P,=0.167, P>0.05) (Table 3).

In the high-risk PTC group, the number of metastatic lymph
nodes was 9-50+, the number of metastatic areas was 5-6, and
the maximum diameter of the lesion was 0.8-2 cm. In addition,
there were four cases of single lesions and five cases of > 2
lesions. In the low-risk PTC group, the number of metastatic
lymph nodes was 0-3, the number of metastatic area was 0-2,
and the maximum diameter of the lesion was 1.2-2.5 cm. There
was a statistically significant difference in the number of
metastatic lymph nodes and metastatic regions between the
two groups (P<0.05); however, the difference in the maximum
diameter of the lesions was not statistically significant
(P>0.05), and the difference in the number of lesions was
statistically significant (F=9.251, P=0.008<0.001) (Table 3).



Table 1. Pathological information of cases in the high-risk group of thyroid papillary carcinoma

Major Number of Number of Larger lymph
diameter lymph node metastatic node tumor Tumor type
(cm) metastasis areas  lymph nodes type

Single/multiple

Case Gender Age
focus

Thyroid papillary
carcinoma (solid
subtype), with
intraglandular
dissemination and
invasion of the capsule
Thyroid papillary
carcinoma with
intraglandular
dissemination
Thyroid papillary
3# F 34 S 0.8 5 47+/143 1.82cmx0.78cm carcinoma; invading
capsule
Thyroid papillary
carcinoma with
4# F 33 S 1.5 5 9+/57 1.60cmx0.86cm intraglandular
dissemination; encapsule
invasion
Papillary thyroid
carcinoma
Thyroid papillary
6# F 29 M 2.2 5 29+/94 1.75cm*0.99cm carcinoma; invading
capsule
Thyroid papillary
carcinoma with
intraglandular
dissemination
Thyroid papillary
carcinoma with
intraglandular
dissemination
Papillary thyroid
carcinoma
Note: The high-risk PTC group is defined as surrounding thyroid tissue invasion, distant metastasis, > 3 regional lymph node metastasis, >5 lymph nodes
metastasis, or metastatic lymph nodes > 3 cm. F, female; M, male; S, single; M, multiple

1# F 29 S 1.0 6 23+/79 3.89cmx1.35cm

2# F 35 M 1.5 5 50+/113 3.52cm*0.86cm

5# F 31 M 1.5 5 25+/96 3.26cm*0.42cm

TH# M 44 M 1.5 6 41+/228 2.49cmx1.34cm

8# M 38 S 1.0 5 15+/52 1.39cmx1.13cm

O# F 37 M 2.0 5 15+/50 3.2cmx1.3cm

Table 2. Pathological information of cases in the low-risk group of thyroid papillary carcinoma

Major Number of Number of
diameter lymph node metastatic
(cm) metastasis areas lymph nodes

Single/multiple
focus

Larger lymph

Case Gender Age node tumor type

Tumor type

Papillary
10# F 56 S 1.4 2 2+/53 0.69cmx0.57cm thyroid
carcinoma
Papillary
11# F 29 M 1.7 2 2+/64 0.88cmx0.76cm thyroid
carcinoma
Papillary
12# F 56 S 1.5 0 0 / thyroid
carcinoma
Papillary
13# M 54 S 2.2 1 2+/14 1.15cmx0.23cm thyroid
carcinoma
Papillary
14# F 56 S 2.5 1 3+/13 1.05cmx0.37cm thyroid
carcinoma
Papillary
15# F 29 S 2.3 0 0 / thyroid
carcinoma
Papillary
16# F 43 S 1.2 0 0 / thyroid
carcinoma
Papillary
17# M 39 S 2 1 1+/118 1.50cmx*0.45cm thyroid
carcinoma
Note: The low-risk PTC group is defined as follows: no surrounding thyroid tissue invasion, no distant metastasis, <3 regional lymph node metastases, < 5 lymph
node metastases, or <3 cm metastatic lymph nodes. F, female; M, male; S, single; M, multiple

391



Table 3. Statistical analysis of pathological information of PTC case samples

Classification Gender F Age Single multiple foci (number F ocus Number of lymph Number of lymph
™M) of cases) size node areas nodes
High-risk 7(2) 34.4+4.8 4(5) >3 >5
Low-risk 6(2) 45.3+11.9 7(1) <2 <5
P-Value p>0.05 p<0.05 p<0.05 p>0.05 p<0.05 p<0.05
* * * %

F, female; M, male

3.2 Ultrasound analysis of cases in the high and low-risk
PTC groups

Partial ultrasound images of the large and small PTC
transfer are shown in Figures 1 and 2. It can be seen from the
figure that the number of regional lymph node metastases in
the ultrasound images of the PTC high-risk group was
significantly higher than that of the low-risk group.

Figure 1. Ultrasound and pathological examination results of
the PTC high-risk group; image A: A hypoechoic nodule
with a size of 1.07 cm was detected in the superior thyroid on
the left side x 0.88 cm X 1.05 cm, the boundary is unclear,
the edge is not smooth, growing in a vertical position, and
small dotted strong echo can be seen. Ultrasonic findings: left
thyroid nodule (TI-RADS 5); ultrasonographic appearance of
image B: there are several hypoechoic areas in the left
cervical region III, with unclear demarcations between the
cortex and medulla, small bright spots and irregular cystic
dark areas can be seen, and some of them are fused with each
other. Ultrasound showed the left cervical region III
abnormally swollen lymph nodes

The ultrasonographic manifestations of patients in the high-
risk and low-risk PTC groups are summarized in Tables 4 and

of thyroid nodules, the number of microcalcifications and
lesions are significant indicators of difference, positively
correlated with the risk of cancer metastasis. The ultrasonic
characteristics of the cervical lymph nodes showed statistical
differences in the indicators of cystic change, calcification,
cases of lymph node fusion, and whether the lymph node
boundary was clear in the high- and low-risk PTC groups.
Cystic change, calcification, and lymph node fusion positively
correlated with the risk of cancer metastasis. In addition, the
clearer the lymph node boundary, the lower the risk of cancer
metastasis.

Figure 2. Ultrasound and pathological examination results of
the PTC low-risk group; image A: A hypoechoic nodule with
a size of 2.03 cm was detected in the middle and upper parts
of the right thyroid x 1.95 cm % 1.82 cm; the boundary is
unclear, the edge is not smooth, and it grows vertically. It is
close to the front and back envelopes, and thick and small
strong echoes can be seen inside, with a good shadow behind.
Ultrasonic findings: right thyroid nodule (TI-RADS 4C); B-
image ultrasound findings: several hypoechoic areas in the
right cervical region IV, with a clear boundary between
cortex and medulla, and uniform cortical echo. Ultrasound
showed that the right cervical region IV lymph nodes were

5. As shown in the table, among the ultrasonic characteristics detected
Table 4. Ultrasonic characteristics of thyroid nodules
Number Growtlt Number of Number of Number of
of Boundary: number in Number of R . .
. . . . . . . adjacent consolidated single and
Classification  internal unclear an upright microcalcifications: . .
o e capsules: bridgeheads: multiple stoves:
echoes: (clear) position: yes (no) es (n0) Yes (No) single (multiple)
Yes (No) yes (no) y g P
High-risk 7(2) 6(2) 7(1) 8(1) 5(4) 2(7) 2(6)
Low-risk 6(2) 6(2) 6(2) 3(5) 2(6) 1(7) 7(1)
P-Value F=0.036, F=0.000, F=1.577, F=7.136, F=2.229, F=1.053, F=105,
p=0.853 p=1 p=0.230 p=0.017<0.05 p=0.156 p=0.321 p=0.000<0.01
* k%
Table 5. Ultrasonic characteristics of the cervical lymph nodes
Number of Cases with Number of cases with Number of cases of Number of cases with a
Classification  cystic variants: calcification: yes clear lymphatic hilar lymph node fusion: clear lymph node
yes (no) (no) structure: yes (no) yes (no) boundary: yes (no)
High-risk 6(3) 5(4) 1(8) 4(5) 5(4)
Low-risk 0(8) 0(8) 6(2) 0(8) 8(0)
P-Value F=56.471, F=564.7006, F=2.192, F=564.706, F=564.706,
p=0.000 p=0.000 p=0.159 p=0.000 p=0.000
*k *k *k sk
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4. DISCUSSION

Cervical lymph node metastasis of PTC significantly
impacts local tumor recurrence and even affects the survival
of patients. Generally, PTC is the most common metastasis of
the cervical lymph nodes in the central region, followed by the
lateral cervical lymph nodes. Some studies have found that
7.7% of patients with PTC have metastatic lesions. Therefore,
the selection and scope of lateral neck lymph node dissection
have become an important part of the treatment of PTC.

As the most sensitive way to detect thyroid lesions,
ultrasound is the most commonly used imaging diagnostic tool
for differentiating benign and malignant thyroid nodules [14].
Imaging examination can determine the location, size, and
structure of lymph nodes according to dynamic and static
images, providing more valuable information for determining
lymph nodes; however, there are still a few atypical lymph
nodes that are difficult to determine. Based on postoperative
pathology as the gold standard, this study categorized PTC
into high-risk and low-risk groups, according to the Diagnostic
and Treatment Guidelines for Thyroid Cancer (2018) and the
ATA Guidelines for Diagnosis and Treatment of Thyroid
Diseases (2015). Pathological analysis showed that age, single
and multiple foci, lymph node areas, and the number of lymph
nodes were significantly correlated with PTC risk grouping.
Regarding PTC ultrasound indicators, the number of
microcalcifications associated with PTC risk groups was
significantly correlated, and the number of single multiple
lesions was also significantly correlated. In addition, the
ultrasonic characteristics of cervical lymph nodes, the number
of cystic changes, calcification cases, lymph node fusion cases,
clear lymph node boundaries, and other indicators were
significantly correlated with risk.

Presently, many scholars [15-17] believe that
microcalcification of lymph nodes has high specificity for
thyroid cancer and can be used as the most specific ultrasound
indicator for the diagnosis of lymph node metastasis. The
results of thyroid nodule ultrasound and neck lymph node
ultrasound with microcalcification in the high- and low-risk
PTC groups in this study are consistent with those of previous
studies, indicating that it can be used as an ultrasound indicator
of lymph node metastasis. According to a previous study [18],
the sensitivity and accuracy of lymph node metastasis
diagnosis can be as high as 97% and 58%, respectively, but the
specificity is low (5.8%). In this study, the clear structure of
the lymph nodes was not significant in diagnosing lymph node
metastasis. However, some scholars [19-21] believe that
lymph nodes with cystic changes are precise indicators of
cervical lymph node metastasis in PTC. The sensitivity,
specificity, positive and negative predictive values, and
accuracy were 69%, 96.6%, 90.9%, 83.6%, and 87.4%,
respectively. Therefore, when cystic changes occur, lymph
node metastasis is highly indicated. This study found that the
indicators of cystic changes were very significant, which is
consistent with previous studies. In addition, the number of
lymph node fusions and the number of clear lymph node
boundaries are highly significant, which may provide us with
a new indicator for diagnosing lymph node metastasis in
thyroid cancer.

5. CONCLUSION

In summary, this study is crucial regarding the ultrasound
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diagnosis of PTC metastasis and provides vital information for
surgical treatment to avoid incomplete or unnecessary lymph
node dissection. However, this study also has limitations: the
number of samples included was too small, and there was no
retrospective validation analysis of the prognosis of patients
undergoing PTC surgery. Therefore, in the next step, this study
will expand the number of samples and verify the prognosis of
the key indicators.
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