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Abstract: Objective: To determine the clinical value of ultrasound in assessing cervical lymph node metastasis 
(CLNM) in papillary thyroid carcinoma (PTC). Methods: The medical records of 179 PTC patients treated in Shandong 
Provincial Qianfoshan Hospital between March 2016 and March 2019 were collected. The patients were assigned 
to a transfer group (54 cases) and a non-transfer group (125 cases) according to their pathologic results. The ul-
trasound parameters (peak intensity (PI), time to peak (TTP), and mean transit time (MTT)) of the two groups were 
compared. Then, multivariate logistic regression was used to analysis the results, and receiver operating character-
istic (ROC) curves were plotted to evaluate the value of risk factors in predicting CLNM. Results: The transfer group 
showed notably lower PI, TTP and MTT than the non-transfer group (P<0.001), and focus diameter, microcalcifica-
tion, multiple foci, PI, TTP, and MTT were identified as independent risk factors for LNM in patients (P<0.05). Accord-
ing to the ROC curve, the areas under the curves (AUCs) of microcalcification, multiple foci, and PI were all smaller 
than 0.7; the AUCs of focus diameter and MTT were smaller than 0.8, and the AUC of TTP was 0.855. Conclusion: 
PI, TTP, and MTT all decrease in PTC patients with CLNM, and TTP has a strong predictor for CLNM in them, with an 
AUC of 0.855.
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Introduction

The worldwide incidence of thyroid nodules is 
on the rise, with papillary carcinoma being the 
predominant malignant type [1]. The known 
increase in the thyroid cancer incidence can be 
largely attributed to the progress of ultrasound 
examinations and the formal population scre- 
ening programs [2]. Moreover, covid-19 has led 
to delays in examinations and treatment, con-
tributing to an increased positive rate of thyroid 
malignant tumors [3]. Papillary thyroid carcino-
ma (PTC), the most frequently-seen subtype of 
malignant thyroid tumors, is characterized by 
its indolent nature and slow development [4]. 
Although PTC is generally an indolent tumor, it 
often exhibits metastasis even when its nod-
ules have no obvious characteristics in the 
early stage. This is attributed to the rich lym-

phatic network in the thyroid gland, with 30%-
80% of PTC patients experiencing cervical 
lymph node metastasis (CLNM) [5]. When PTC 
cells invade cervical lymph nodes, it not only 
expands the scope and complexity of the ope- 
ration, but also increases the risk of local tu- 
mor recurrence, resulting a requirement of fur-
ther therapy [6]. Accordingly, early and accurate 
identification of metastatic lymph nodes can 
effectively guide clinicians in performing active 
therapeutic lymph node dissection.

At present, imaging examinations including 
ultrasound, CT and MRI are crucial means to 
evaluate the metastasis of lymph nodes before 
operation [7]. Ultrasound, as a safe and non-
invasive imaging technique, is the first choice 
for thyroid nodule screening [8]. Compared with 
other examination methods, ultrasound has the 
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unique advantages of repeatability, no radia-
tion, and real-time detection of the internal 
structure and adjacent parts of the focal point 
[9]. According to prior research, contrast-
enhanced ultrasound revealed an incidence  
of thyroid nodules of about 20%-76% during 
screening, and a diagnostic rate of PTC of ab- 
out 5%-15%, and it is becoming the first choice 
for detection and diagnosis of CLNM in PTC 
patients [10]. Another study also reported that 
preoperative ultrasound could help diagnose 
CLNM in PTC to some extent [11]. In routine 
ultrasound examinations, tumor size, capsule 
infiltration, nodular microcalcification, and mul-
tiple foci are all important risk factors for CLNM 
[12].

This study analyzed the clinical value of ultra-
sound parameters in assessing CLNM in PTC to 
provide potential indexes for clinical diagnosis 
and prognosis prediction.

Materials and methods

Clinical data

The medical records of 179 PTC patients treat-
ed in Shandong Provincial Qianfoshan Hospital 
between March 2016 and March 2019 were 
retrospectively analyzed. The patients were 
assigned to a transfer group (54 cases) and a 
non-transfer group (125 cases) according to 
their pathologic results. This study had ethical 
approved by the Medical Ethics Committee of 
Shandong Provincial Qianfoshan Hospital.

Inclusion and exclusion criteria

Inclusion criteria: patients who met the clinical 
diagnostic criteria of PTC and were confirmed 
to have CLNM by lymph node biopsy; patients 
with primary thyroid tumors; patients with 
detailed clinical data; patients who had not 
received any surgeries within 6 months before 
admission [13].

Exclusion criteria: patients comorbid with 
Hashimoto’s thyroiditis; patients with clinical 
manifestations, such as obvious hypothyroid-
ism or hyperthyroidism; patients comorbid with 
serious organic or infectious diseases; preg-
nant or lactating women; patients with dysfunc-
tion of important organs or blood system dis-

eases; patients with poor-quality ultrasonic 
images due to the special location of nodules.

Relevant indicators and data collection

The data were collected in each patient, includ-
ing age, sex, body mass index (BMI), focus 
diameter, vascular invasion, microcalcification, 
capsule infiltration, multiple foci, peak inten- 
sity (PI), time to peak (TTP), mean transit time 
(MTT), triiodothyronine (T3), Triiodothyronine 4 
(T4), thyroid-stimulating hormone (TSH), and 
carcinoembryonic antigen (CEA). All ultrasound 
data were tested by IU 22 color Doppler diag-
nostic instrument (Amsterdam, The Nether- 
lands, Philips).

Diagnostic criteria for CLNM

CT examination showed cystic changes in the 
lymph nodes, fine granular calcification, and 
enhancement of the edges. Otherwise, the 
maximum value of the transverse diameter of 
the lymph nodes was observed, and CLNM was 
also considered when submandibular and sub-
chin lymph nodes measured over 10 mm, tra-
cheal or esophageal sulcus lymph nodes mea-
sured over 5 mm, or measured over 8 mm in 
other areas.

Outcome measures

Primary outcome measures: Logistic regres-
sion analysis was conducted to identify the risk 
factors of CLNM in PTC patients. According to 
the independent risk factors obtained after 
regression, receiver operating characteristic 
(ROC) curves were plotted to evaluate their 
diagnostic efficacy.

Secondary outcome measures: The clinical 
data, ultrasound parameters, and levels of T3, 
T4, TSH, and CEA were compared between the 
two groups.

Statistical analyses

GraphPad Prism 8 software was used for data 
visualization, and SPSS20.0 software for sta- 
tistical analyses. Counted data (rate) were ana-
lyzed using the chi-square test. Measured data 
(mean ± standard deviation) were analyzed 
using independent-samples t test for inter-
group comparison and paired t test for intra-
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Table 1. Clinical data

Factor Transfer group 
(n=54)

Non-transfer 
group (n=125) χ2 value P value

Age 0.191 0.661
    ≥45 years old 24 60
    <45 years old 30 65
Gender 0.124 0.724
    Male 15 38
    Female 39 87
BMI 1.273 0.259
    ≥25 kg/m2 22 40
    <25 kg/m2 32 85
Focus diameter 41.948 <0.001
    ≥10 mm 38 25
    <10 mm 16 100
Microcalcification 6.468 0.011
    Yes 43 75
    No 11 50
Capsular infiltration 6.728 0.001
    Yes 15 15
    No 39 110
Multiple foci 22.448 <0.001
    Yes 25 17
    No 29 108
Note: BMI: body mass index.

group comparison. Logistic regression analysis 
was conducted to identify risk factors for CLNM 
in patients. ROC curves were plotted to analyze 
the efficacy of the risk factors for predicting 
CLNM. P<0.05 was considered a significant 
difference.

Results

Clinical data

According to inter-group comparison of clinical 
data, the transfer group had a higher propor-
tion of large focus diameter, microcalcification, 
capsule infiltration, and multiple foci than the 
non-transfer group (P<0.05), but the two groups 
were not significantly different regarding other 
clinical data (P>0.05, Table 1).

Comparison of ultrasound parameters

According to comparison of ultrasound param-
eters between the two groups, the transfer 
group showed notably lower PI, TTP, and MTT 
than the non-transfer group (P<0.001, Figure 

1). A detailed visualization of  
the Time-Signal intensity curves 
(TIC) obtained from ultrasound 
imaging is presented in Figure  
2. Figure 2A presents the in-
lesional images alongside their 
corresponding TICs, illustrating 
signal intensity fluctuations over 
time within the lesion of a 
patient. These curves are repre-
sentative of the dynamic vascu-
lar patterns that occur during  
the contrast uptake and wash-
out phases, with specific anno- 
tations detailing PI, sharpness, 
and area under the curve (AUC). 
Figure 2B illustrates the perile-
sional images and their associ-
ated TICs, delineating signal va- 
riations in the tissue surround- 
ing the lesion. The graphs exhi- 
bit distinct peaks and troughs, 
reflecting the contrast behavior 
at the periphery of the lesion. 
These TICs are instrumental in 
quantifying the vascular charac-
teristics of PTC and may offer 
insight into the presence of 
CLNM, with the quantitative dif-

ferences between the metastasis and non-
transfer groups being statistically significant.

Comparison of hormonal and tumor markers

The hormone indexes and tumor markers col-
lected from the two groups were compared. 
According to the results, the two groups were 
not significantly different in T3, T4, TSH, or CEA 
(P>0.05, Figure 3).

Multivariate analysis of risk factors for CLNM

Significant indicators were assigned (Table 2). 
Then, the backward LR method was adopted 
for logistic regression analysis. According to the 
results, focus diameter, microcalcification, mul-
tiple foci, PI, TTP, and MTT were identified as 
independent risk factors for CLNM (Table 3, 
P<0.05).

Predictive efficacy of risk factors in CLNM

ROC curves were plotted for evaluating the pre-
dictive efficacy of the risk factors for CLNM. 
According to ROC curve-based analysis, the 
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Figure 1. Comparison of PI, TTP, and MTT between the transfer group and the non-transfer group. A. Comparison of 
PI between the transfer group and the non-transfer group; B. Comparison of TTP between the transfer group and the 
non-transfer group; C. Comparison of MTT between the transfer group and the non-transfer group. PI: Peak intensity; 
TTP: Time to peak; MTT: Mean transit time. Compared between the two groups, ***P<0.001.

Figure 2. Intralesional and peripheral TIC curves. A. Intralesional images and TICB; B. Perilesional images and TIC. 
TIC: Time-Signal intensity curve; TICB: Time-Intensity Curve in the Bed.

Figure 3. Comparison of hormonal and tumor markers between the transfer group and the non-transfer group. A. 
Comparison of free FT3 between the transfer group and the non-transfer group; B. Comparison of free FT4 between 
the transfer group and the non-transfer group; C. Comparison of TSH between the transfer group and the non-
transfer group; D. Comparison of CEA between the transfer group and the non-transfer group. FT3: Triiodothyronine 
T3; FT4: Triiodothyronine T4; TSH: Thyroid-stimulating hormone; CEA: carcinoembryonic antigen. Compared between 
the two groups, ns indicates P>0.05.

AUCs of microcalcification, multiple foci, and PI 
were all smaller than 0.7; the AUCs of focus 
diameter and MTT were smaller than 0.8, and 

the AUC of TTP was 0.855, so TTP was a  
strong predictor for CLNM in patients with PTC 
(Figure 4 and Table 4).
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number of microbubbles entering the tumor 
vascular bed, that is, the most significant signal 
intensity enhancement in the region of interest 
can reflect the maximum dose of contrast 
agent reaching this region and reflect the blood 
flow of local tissues to some extent [20]. TTP 
and MTT can help evaluate the neovasculariza-
tion and cell proliferation in thyroid nodules 
[21, 22]. In this study, patients with metastasis 
exhibited lower PI, TTP, and MTT than those 
without, which indicated correlations of PI, TTP, 
and MTT with CLNM in PTC patients. This is 
possibly due to the lack of blood supply after 
CLNM in PTC. After CLNM, the demand for 
blood flow of the tumor is reduced. That is, the 
lower the blood flow signal of the focus, the 
lower the contrast enhancement of the focus, 
the shorter the TTP and MTT, and the smaller 
the PI. Gu et al. revealed lower PI, TTP, and MTT 
in malignant thyroid nodules of PTC than those 
in benign nodules [23]. In addition, Li et al. 
found that TTP and MTT in patients with cho-
roid metastasis were significantly shorter than 
in those with no choroid metastasis [24]. These 
studies all indicate a certain value of PI, TTP, 
and MTT in tumor metastasis. Compared to Li’s 
study, our study has the following novelties and 
advantages: First, we used a more novel ultra-
sound technique and a more refined measure-
ment technique, which improved the accuracy 
and detailed description of the measurement 
[25]. Second, our sample size was larger, whi- 
ch allowed us to have ultrasound parameters 
according to representativeness. In addition, 
we analyzed other ultrasound parameters that 
were not included in Li’s study, thus providing  
a more detailed understanding of CLNM. Our 
study also includes direct comparison of differ-
ent ultrasound parameters and comparative 
analysis with other diagnostic methods, which 
are important contributions. Our findings have 
more direct or practical applications in clinical 
practice, such as treatment strategy planning 
or follow-up programs. In addition, we used 
more sophisticated statistical methods to an- 
alyze the data, leading to more reliable or 
nuanced conclusions.

The typical feature of PTC is the presence of a 
hard mass in the thyroid gland, and some 
patients already have CLNM at the time of ini-
tial diagnosis. This study aimed to analyze the 
risk factors associated with CLNM. The results 
indicated that several factors, including focus 

Table 2. Assignment
Factor Assignment
Focus diameter ≥10 mm =1, <10 mm =0
Microcalcification Yes =1, No =0
Capsular infiltration Yes =1, No =0
Multiple foci Yes =1, No =0
PI <0.885=1, ≥0.885=0
TTP <20.625=1, ≥20.625=0
MTT <33.655=1, ≥33.655=0
Metastasis Yes =1, No =0
Note: PI: Peak intensity; TTP: Time to peak; MTT: Mean 
transit time.

Discussion

Papillary thyroid carcinoma (PTC) develops 
slowly, without causing obvious pain during the 
course of development, and it has a low rate of 
distant metastasis and death, so many poten-
tial patients are only identified postmortem 
[14, 15].

The thyroid gland is an organ with abundant 
blood supply, and it is of great value to assess 
the progression of thyroid-related diseases by 
adopting various measures to understand the 
blood flow status in patients [16]. To a certain 
extent, PTC is prone to CLNM, which directly 
increases the difficulty of disease treatment 
and the risk of recurrence [17]. Currently, there 
is still a lack of effective methods for early diag-
nosis of PTC and early determination of CLNM. 
Most PTC patients already have CLNM at the 
time of diagnosis. Some patients have compli-
cated ultrasonic manifestations, characterized 
by overlapping and intersecting features, mak-
ing accurate differentiation challenging with 
only two-dimensional ultrasound [18]. With the 
development of technology, contrast-enhanced 
ultrasound technology has been gradually ad- 
opted for examining tumor lymph node metas-
tasis [18]. Contrast-enhanced ultrasound can 
help observe and evaluate the blood perfusion 
in tissues through contrast agent. There is 
abundant blood supply in malignant tumors, 
and the contrast agent flowing through such 
blood vessels can cause abnormal related 
parameters, which can provide a reference for 
the clinical judgment of the nature of foci [19]. 
In this study, the PI, TTP, and MTT of PTC 
patients with or without CLNM were quantified. 
Among the quantitative parameters of contrast-
enhanced ultrasound, PI represents the total 



Ultrasound parameters in papillary thyroid carcinoma metastasis

814 Am J Transl Res 2024;16(3):809-816

Table 3. Multivariate logistic analysis

Factor β SE Wald P value OR value
95% CI of EXP (B)

Lower limit Upper limit
Focus diameter 2.828 0.630 20.128 <0.001 16.908 4.916 58.159
Microcalcification 1.208 0.593 4.145 0.042 3.345 1.046 10.699
Capsular infiltration 0.506 0.649 0.607 0.436 1.658 0.465 5.918
Multiple foci 3.300 0.750 19.335 <0.001 27.101 6.227 117.957
PI 1.806 0.647 7.795 0.005 6.088 1.713 21.635
TTP 1.892 0.649 8.490 0.004 6.631 1.858 23.670
MTT 1.468 0.532 7.621 0.006 4.339 1.531 12.302
Note: PI: Peak intensity; TTP: Time to peak; MTT: Mean transit time; OR: odd ratio; CI: confidence interval; SE: standard error.

Figure 4. ROC curves of risk factors in predicting lymph node metastasis in patients. A. ROC curve of focus diameter 
in predicting lymph node metastasis in patients; B. ROC curve of microcalcification in predicting lymph node metas-
tasis in patients; C. ROC curve of multiple foci in predicting lymph node metastasis in patients; D. ROC curve of PT in 
predicting lymph node metastasis in patients; E. ROC curve of TTP in predicting lymph node metastasis in patients; 
F. ROC curve of MTT in predicting lymph node metastasis in patients. ROC: Receiver operating characteristic curve; 
PI: Peak intensity; TTP: Time to peak; MTT: Mean transit time; FPR: false positive rate; TPR: true positive rate; AUC: 
area under curve; CI: confidence interval.

diameter, presence of microcalcification, multi-
ple foci, PI, TTP, and MTT, were independent 
risk factors for CLNM in PTC patients. Nodules 
with a diameter of ≥10 mm were more suscep-
tible to CLNM due to the presence of rich blood 
vessels in the tumor, which accelerates nodule 
growth. As nodules grow and enlarge, the likeli-
hood of invasion of surrounding lymphatic ves-
sels increases, thereby increasing the risk of 

metastasis [26-28]. Microcalcification contrib-
utes to the rapid growth of cancer cells and the 
proliferation of blood vessels and fibrous tissue 
within nodules [17]. The presence of multiple 
cancer foci in glands is a common indication  
of PTC metastasis, as confirmed by numerous 
studies [29, 30]. Additionally, this study discov-
ered for the first time that PI, TTP, and MTT were 
independent risk factors for CLNM in PTC. This 
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Table 4. ROC curve parameters

Predictor variable Area under curve 
(AUC)

Confidence interval 
(CI) Sensitivity (%) Specificity (%) Youden index 

(%)
Focus diameter 0.752 0.681-0.823 80.00 70.37 50.37
Microcalcification 0.598 0.333-0.471 40.00 79.63 19.63
Multiple foci 0.663 0.263-0.410 8640 46.29 32.69
PI 0.690 0.612-0.768 42.40 90.74 33.14
TTP 0.855 0.798-0.912 63.20 92.59 55.79
MTT 0.769 0.695-0.844 76.00 68.51 44.51
Note: PI: Peak intensity; TTP: Time to peak; MTT: Mean transit time; ROC: receiver operating characteristic.

can be attributed to the reduced blood flow 
rate resulting from the presence of rich new 
blood vessels after CLNM, leading to a decrease 
in PI, TTP, and MTT. Furthermore, the study 
revealed a high clinical value of TTP for predict-
ing CLNM in PTC patients, with an AUC of 0.855.

This study demonstrated the value of PI, TTP, 
and MTT in the prediction of CLNM in patients 
with PTC through a retrospective study. How- 
ever, there are some limitations. First, it was a 
single-center study, which may limit the gener-
alizability of the results. Second, of note, the 
number of eligible samples was significantly 
reduced after screening according to the in- 
clusion and exclusion criteria. This may have 
affected the representativeness and statistical 
power of the findings. Due to the reduced sam-
ple size, some analyses may have failed to ade-
quately reveal potential risk factors and their 
relationships. In addition, we were unable to 
collect patient survival data, and thus the rela-
tionship between PI, TTP, and MTT and patient 
survival requires further validation. Given these 
limitations, we hope to conduct additional 
experiments in the future to refine the findings 
and validate these preliminary findings.

To sum up, PI, TTP, and MTT all decrease in PTC 
patients with CLNM, and TTP had a strong pre-
dictive value for CLNM in them, with an AUC of 
0.855.
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