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Background/Aims: The purpose of this study was to develop a diagnostic model utilizing multimodal ultrasound parame-
ters to aid in the detection of cervical lymph node metastasis in papillary thyroid cancer (PTC) patients.
Methods: The study included 84 suspicious lymph nodes from 69 PTC patients, all of whom underwent fine needle aspi-
ration with pathological results. Data from conventional grayscale ultrasound, shear wave elastography (SWE), and superb 
microvascular imaging were analyzed. Key ultrasound features were compared between benign and metastatic groups to 
create a diagnostic model using Fisher’s stepwise discriminant analysis. The model’s effectiveness was assessed with self-test-
ing, cross-validation, and receiver operating characteristic curve analysis.
Results: Four features, namely lymphatic hilum (X1), cortical hyperechogenicity (X2), vascular pattern (X4), and SWEmean 
(X7), were integral to the discriminant analysis, resulting in the equation: Y1 = -3.461 + 2.423X1 + 0.321X2 + 1.620X4 + 
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INTRODUCTION

In the past few decades, the incidence of thyroid carcinoma 
(TC) has continued to increase [1]. Papillary thyroid carcino-
ma (PTC) is the most common type of TC. Although mortal-
ity rates from thyroid cancer have remained relatively stable 
[2], but there are still 20–50% of PTC patients develop cer-
vical lymph node metastasis (CLNM) [3]. The existence of 
CLNM is crucial for selecting neck surgical method and is an 
important risk factor for recurrence and patients’ mortality 
[4,5]. Consequently, accurate identification of CLNM is of 
great significance before surgery for TC patients. Ultrasound 
is the preferred imaging examination for diagnosis of TC 
and lymph node metastasis [6]. However, two-dimensional 
ultrasound has its limitations. A meta-analysis [7] showed 
the sensitivity of conventional ultrasound for diagnosis of 
CLNM was not excellent, especially for central compart-
ment, the diagnostic sensitivity was to be 28% (95% con-
fidence interval [CI], 21–36%). With the development of 
multimodal ultrasound such as high-frequency ultrasound, 
shear wave elastography (SWE), superb microvascular im-
aging (SMI) in recent years, the diagnostic sensitivity of new 
ultrasound technologies has greatly improved, and new ul-
trasound technologies have become the preferred imaging 
method for evaluating CLNM. 

Among the various ultrasound-based techniques, SWE 
and SMI have emerged as powerful tools for detecting a 
range of thyroid diseases [8-10]. SWE is a medical imaging 
technique that assesses the elasticity or hardness of tissue by 
generating shear waves within the tissue through the emis-
sion of sound waves, and then tracking the speed of these 
waves using ultrasound. Because the speed of shear waves 
is correlated with the tissue’s elasticity, analyzing these 
waves provides valuable information about tissue hardness 
[11]. SMI, on the other hand, facilitates the visualization of 

slow-moving blood flow and offers a more detailed rep-
resentation of vascular circulation. This technological ad-
vancement enables the acquisition of high-quality images of 
microvascular flow without the necessity of contrast media 
[12]. As a novel ultrasound imaging technology, SMI can 
depict low-speed blood flow and small blood vessels with 
high resolution and sensitivity, and it does so without relying 
on contrast agents. It is capable of evaluating the perfusion 
of micro blood flow within tissues and organs. SMI outper-
forms power Doppler ultrasound sonography in providing 
detailed information about nodal vessels by visualizing small 
nodal vessels that would otherwise be challenging to detect 
[13]. Both SWE and SMI have been utilized to differentiate 
lymph nodes with varying pathologies, demonstrating im-
pressive performance in doing so [13-15].

While the utility of any single diagnostic feature is limited, 
combining multiple sonographic characteristics can enhance 
the thoroughness and effectiveness of diagnostic assess-
ments. Thus far, investigations into the comparative effec-
tiveness of the different ultrasound modalities, individually 
or in conjunction as part of a multimodal imaging strategy, 
for diagnosing cervical lymph node conditions in thyroid 
cancer patients are limited. Discriminant analysis, a multi-
variate technique, is used to differentiate between groups 
of interest and aids in identifying which variables contribute 
to or predict the classification of observations into distinct 
groups. This approach can be adapted for either diagnostic 
or predictive analyses, depending on the research objectives 
[16]. The objective of this study was to develop a diagnos-
tic model that utilizes multimodal ultrasound characteris-
tic parameters (including grayscale ultrasound, SMI, SWE) 
through discriminant analysis, aiming to furnish dependable 
insights for the identification of CLNM in PTC patients.

0.109X7, Y2 = -8.053 + 0.414X1 + 2.600X2 + 2.504X4 + 0.192X7. If Y1 < Y2, the LN would be diagnosed as metastatic 
lymph nodes. The model demonstrated an area under the curve of 0.833, with a sensitivity of 83.33% and specificity of 
83.33%.
Conclusions: The multimodal ultrasound diagnostic model, established through Fisher’s stepwise discriminant analysis, 
proved effective in identifying metastatic lymph nodes in PTC patients.

Keywords: Lymphatic metastasis; Thyroid neoplasms; Diagnostic imaging; Elasticity imaging technique; Discriminant  
analysis
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METHODS

Study population
This prospective study was conducted in accordance with 
the declaration of Helsinki and received approval from the 
Ethics Committee at The First Affiliated Hospital of Shan-
dong First Medical University & Shandong Provincial Qian-
foshan Hospital (YXLL-KY-2022[043]).

Patients who were diagnosed with TC and had under-
gone thyroidectomy with newly discovered suspicious 
lymph nodes between January 2022 and July 2023 were 
considered for inclusion in this study. The inclusion criteria 
were as follows: (1) Postoperative patients with PTC who 
develop new abnormal cervical lymph nodes. (2) The lymph 
nodes had successfully undergone fine needle aspiration 
(FNA) and obtained clear cytological diagnosis results. The 
exclusion criterion was lymph nodes without clear cytolog-
ical results because of inadequate cytological specimen or 
inconclusive result. All participants in this study provided in-
formed consent prior to their participation.

Ultrasound examinations
Conventional grayscale ultrasound, SWE, and SMI images 
were obtained using an Aplio i900 or i800 system (Canon 
Medical Systems Corporation, Tochigi, Japan) equipped 
with a linear array transducer with a bandwidth of 5 to 18 
MHz. Two radiologists (YH and FL) with experience of 3 
and 8 years in ultrasound performed lymph node examina-
tions. Two or more grayscale images were acquired for each 

lymph node. We evaluated the size, location, echogenicity 
of the cortex and visualization of the hilar fatty tissue. 

After that, SMI and SWE were performed with minimum 
pressure from the transducer. The mean value of the vas-
cular index (VI) and SWE for each lymph node was calculat-
ed from three measurements of each node obtained from 
longitudinal views. The parameters of SMI were shown as 
follows: velocity scale was 1.5 cm/s. For qualitative analysis, 
vascular pattern of lymph node was observed and report-
ed. For quantitative analysis, VI was measured at the image 
with the strongest blood signal. VI is the ratio of number of 
pixels of vascular signal to the whole lymph node (tracing 
the outline of lymph node) and was automatically calculated 
and displayed on the screen (Fig. 1A). Margin of each lymph 
node was manually traced and the outline was on behalf 
of region of interest (ROI). We then switched to SWE mode 
and stiffness of lymph node was measured. Shear waves 
generated from the probe and displayed in a real-time color 
map. The average stiffness of lymph node (SWEmean) was 
assessed by placing ROI (tracing the outline of lymph node) 
and was expressed in kPa (Fig. 1B).

Sonographic features evaluation
According to 2021 Korean Thyroid Imaging Reporting and 
Data System [17], we selected suspicious lymph nodes. 
Lymph nodes with any of the following features are defined 
as suspicious: cystic areas, hyperechoic foci (calcifications), 
cortical hyperechogenicity (focal/diffuse), or abnormal vas-
cularization (peripheral/diffuse). We carefully evaluated 

A B

Figure 1. Examples of measurement using SMI and SWE. Margin of each lymph node were manually traced and the outline was on be-
half of ROI. (A) VI was the ratio of number of pixels of vascular signal to the whole lymph node (tracing the outline of lymph node) and 
was automatically calculated and displayed at the bottom. (B) Average elasticity (kPa) of ROI was displayed automatically. SMI, superb mi-
crovascular imaging; SWE, shear wave elastography; ROI, region of interest; VI, vascular index.
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the ultrasound features of the lymph nodes, including the 
presence or absence of a lymphatic hilum, the presence 
or absence of cortical hyperechogenicity, the presence or 
absence of calcification, the presence or absence of cystic 
components (Fig. 2) and the vascular pattern. There are four 
acknowledged vascular patterns, including hilar, peripheral, 
mixed and avascular or spot vascularity (Fig. 3). Mixed or 
peripheral vascularity was considered a malignant feature.

Due to the subjective nature of ultrasound feature evalu-
ation, two ultrasound physicians with more than five years 
of work experience independently reviewed the images and 
evaluated the features. Consistency analysis was performed 
on the results. The final ultrasound features of the lymph 
nodes were determined based on the results of these two 
evaluations. In case of disagreement, a third senior physician 
was consulted for a final determination.

FNA
Under the guidance of color ultrasound, puncture site was 
selected. After routine disinfection, a sterile drape was 
placed and 2% lidocaine was used for local anesthesia. A 
23G biopsy needle (BN-MAR-1/GA1; GMT Medical, Beijing, 
China) was inserted into the lymph node avoiding blood 
vessels. The aspiration was performed for three times and 
smear was made. After that, smears were sent for cytologi-
cal examination. To prevent complications, all patients were 
monitored for 30 minutes after the procedure and under-
went an ultrasound follow-up before discharge.

Cytological examination
The gold standard of cytological diagnosis for distinguish-
ing benign from metastatic lymph nodes were that thyroid 
follicular epithelial cells with papillary nuclear features were 

A

C

B

D

Figure 2. Sonographic features of lymph nodes. (A) Lymphatic hilum (arrow) of a benign lymph node. Normal lymph nodes are oval, with 
a peripheral cortex hypoechoic to the strap muscles, with a central echogenic hilum. (B) Focal cortical hyperechogenicity (arrow) to the 
cortex with absence of the hilum in a metastatic lymph node. (C) Echogenic foci (microcalcifications) (arrows) in a metastatic lymph node. (D) 
An anechoic space (arrow) representing small cyst change in a metastatic lymph node. 
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found in the cytological smears.

Statistical analysis 
The normality of the distribution of the continuous data was 
verified using the Shapiro–Wilk tests. Patients were divided 
into two groups: benign and malignant. Continuous data 
(such as age, size, VI, and SWEmean) were expressed as 
mean ± standard deviation or median with range (interquar-
tile range). The independent samples t-test or Mann–Whit-
ney U test was used to compare the two groups. Percent-
ages of categorical data were calculated and Fisher’s exact 
test or the χ2 test were used to calculate the significance of 
the difference of categorical variables such as sex, laterality 
and location of lymph nodes, grayscale ultrasound features 
between the metastatic group and benign group. The re-
producibility of the ultrasound feature evaluation was tested 
using Kappa consistency analysis. The diagnostic capacity of 

parameters was evaluated using receiver operating char-
acteristic (ROC) curve analysis. The diagnostic accuracy of 
parameters was showed by calculating the area under the 
ROC curve (AUC). We calculated sensitivity, specificity, posi-
tive and negative predictive values and diagnostic accuracy. 
Using ultrasound features as the independent variable and 
the pathologic diagnosis as the dependent variable, linear 
regression analysis was performed to diagnose multi-collin-
earity of ultrasound indicators with statistical significance 
(p < 0.05) between the benign group and the metastatic 
group. Variables that could be included in the model were 
selected, and further Fisher stepwise discriminant analysis 
was used to eliminate variables that cannot be included. 
Some ultrasound features were then selected through Fish-
er’s stepwise discriminant analysis. The stepwise process 
involves iteratively adding and removing variables based 
on their Lambda values. In each step of the stepwise dis-

A
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D

Figure 3. Four kinds of vascular pattern by SMI. (A) Hilar vascular. (B) Peripheral vascular. (C) Mixed vascular. (D) Spot vascular. SMI, superb 
microvascular imaging.
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criminant analysis, the variable with the smallest Lambda 
proceeds to the next step. A comprehensive diagnostic 
model for metastatic lymph nodes based on multimodal 
ultrasound was established. And self-testing method and 
leave one cross validation were performed for testing and 
ROC curve was constructed to evaluate the effectiveness of 
the diagnostic model.

All statistical analysis was performed using SPSS (version 
25.0; IBM Corp., Armonk, NY, USA) and MedCalc version 
15.8 statistical software (MedCalc Software bvba, Ostend, 
Belgium). A p value < 0.05 was considered to indicate sta-
tistical significance.

RESULTS

Demographic data and sonographic features
A total of 84 lymph nodes from 69 patients were eligible for 
inclusion in this study, including 51 females and 18 males 
with a mean age of 43.6 years (range, 20–74 yr). All patients 
included in our study were diagnosed with PTC. Table 1 dis-
plays the characteristics lymph nodes. There were no sig-
nificant differences in the location, size of lymph nodes be-
tween the two groups. Among the 48 benign lymph nodes, 
16 (33.33%) presented with a lymphatic hilum, while only 
1 of the 36 malignant lymph nodes (2.78%) did. Cortical 

Table 1. Sonographic characteristics of LNs

Variable Total (n = 84) Benign (n = 48) Malignant (n = 36) F/Z/χ2 value p value

Laterality of LN 9.583 0.002

Left 51 (60.71) 36 (75.00) 15 (41.67)

Right 33 (39.29) 12 (25.00) 21 (58.33)

Location of LN 6.128 0.404

I 1 (1.19) 1 (2.08) 0 (0)

II 16 (19.05) 10 (20.83) 6 (16.67)

III 32 (38.10) 18 (37.50) 14 (38.89)

IV 15 (17.86) 11 (22.92) 4 (11.11)

V 4 (4.76) 1 (2.08) 3 (8.33)

VI 7 (8.33) 4 (8.33) 3 (8.33)

Supraclavicular 9 (10.71) 3 (6.25) 6 (16.67)

Size (mm)

Long diameter 11.10 (7.73–15.63) 10.05 (7.60–16.22) 11.65 (8.85–15.45) 1.031 0.303

Short diameter 5 (4.00–6.28) 5 (3.70–5.90) 5.35 (4.10–7.28) 1.831 0.067

L/S ratio 2.16 (1.65–2.60) 2.21 (1.66–2.90) 2.04 (1.64–2.57) -1.008 0.314

Grayscale ultrasound

Lymphatic hilum (yes/no) 17/67 16/32 1/35 11.898 0.001

Cortical hyperechogenicity (yes/no) 32/52 8/40 24/12 21.808 < 0.001

Calcification (yes/no) 11/73 3/45 8/28 0.048

Cystic area (yes/no) 4/80 0/48 4/32 0.031

Vascular pattern 42.586 < 0.001

Hilar 34 (40.47) 32 (66.67) 2 (5.55)

Peripheral 16 (19.05) 4 (8.33) 12 (33.33)

 Mixed 19 (22.62) 3 (6.25) 16 (44.44)

Avascular or spot 15 (17.86) 9 (18.75) 6 (16.67)

VI 11.90 (4.83–22.05) 6.70 (4.13–15.98) 18.10 (9.25–30.28) 3.105 0.002

SWEmean 17.45 (13.23–28.25) 15.35 (12.85–19.05) 28.05 (16.95–44.93) 4.181 < 0.001

Values are presented as number (%), median (interquartile range), or number only.
LN, lymph node; L/S, long diameter/short diameter; VI, vascular index; SWEmean, the mean value of shear wave elastography.
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hyperechogenicity was obsevred in 8 of 48 benign lymph 
nodes (16.67%) and 24 of 36 (66.67%) metastatic lymph 
nodes. Calcification was detected in 3 of 48 benign lymph 
nodes (6.25%) and 8 of 36 (22.22%) metastatic lymph 
nodes. Cystic area was found in 4 of 36 (11.11%) metastat-
ic lymph nodes. The hilar vascularity was present in 32 of the 
48 benign lymph nodes (66.67%), while 28 of the 36 met-
astatic lymph nodes (77.78%) showed peripheral or mixed 
vascular signal. All these differences were statistically signif-
icant (p < 0.05). The VI and SWEmean values of metastatic 
lymph nodes were significantly higher than those of benign 
lymph nodes (p = 0.002, p < 0.001). The cutoff values for 

VI and SWEmean were 12.9 and 21.4 kPa, respectively. The 
kappa coefficients for sonographic features (the presence 
or absence of a lymphatic hilum, cortical hyperechogenici-
ty, calcification, cystic area, and vascular pattern) between 
the two observers were approximately 0.688, 0.845, 0.950, 
0.851, and 0.950, respectively. This analysis demonstrates 
that the ultrasound features were evaluated with good re-
producibility and consistency.

Diagnostic performance of different 
sonographic features
Figure 4 illustrates the AUCs for various sonographic fea-
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Figure 4. ROC analysis of grayscale ultrasound features (A) and SMI, SWE (B) in differentiating benign and metastatic lymph nodes. VI, 
vascular index; ROC, receiver operating characteristic; SMI, superb microvascular imaging; SWE, shear wave elastography.

Table 2. Diagnostic performance of sonographic features

Variable
Cutoff 
value

AUC
Sensitivity  

(%)
Specificity  

(%)

Positive  
predictive  
value (%)

Negative  
predictive 
value (%)

Accuracy (%)

Absence of Lymphatic hilum 0.653 97.22 (35/36) 33.33 (16/48) 52.24 (35/67) 94.12 (16/17) 60.71 (51/84)

Cortical hyperechogenicity 0.750 66.67 (24/36) 83.33 (40/48) 75 (24/32) 76.92 (40/52) 76.19 (64/84)

Calcification 0.580 22.22 (8/36) 93.75 (45/48) 72.73 (8/11) 61.64 (45/73) 63.10 (53/84)

Cystic area 0.556 11.11 (4/36) 100 (48/48) 100 (4/4) 60 (48/80) 61.90 (52/84)

Vascular pattern 0.816 77.78 (28/36) 85.42 (41/48) 80 (28/35) 83.67 (41/49) 82.14 (69/84)

VI 12.9 0.699 66.67 (24/36) 70.83 (34/48) 63.16 (24/38) 73.91 (34/46) 69.05 (58/84)

SWEmean 21.4 kpa 0.768 72.22 (26/36) 87.50 (42/48) 81.25 (26/32) 80.77 (42/52) 80.95 (68/84)

AUC, area under the curve; VI, vascular index; SWEmean, the mean value of shear wave elastography.
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tures. Among the gray-scale sonographic features, the 
vascular pattern exhibited the highest AUC. The sensitivity, 
specificity, positive predictive value, negative predictive val-
ue, and accuracy of vascular pattern in SMI were 77.78%, 
85.42%, 80.00%, 83.67%, and 82.14% respectively. Table 
2 lists the diagnostic performance of various sonographic 
features in distinguishing between benign and metastatic 
lymph nodes.

Fisher stepwise discriminant analysis
The pathological type of lymph nodes was used as the de-
pendent variable, and the features of multimodal ultrasound 
with statistically significant differences (p < 0.05) were as-
signed as independent variables (Table 3). To avoid strong 
linear relationships between variables, which may lead to 
inaccurate parameter estimation in the Fisher discriminant 
equation, collinearity diagnosis was performed before con-
structing the diagnostic model. The values of tolerance of all 
the variables were > 0.1, and the values of variance inflation 
factor were all < 10 (Table 4). Therefore, it was believed 

that there was no multi-collinearity between the above vari-
ables, and Fisher discriminant analysis can be used for the 
study. Furthermore, Fisher’s stepwise discriminant analysis 
was performed for analysis. The stepwise process involved 
iteratively adding and removing variables based on their 
Lambda values. In each step of stepwise discriminant anal-
ysis, the variable with the smallest Lambda would proceed 
to the next step (Supplementary Table 1). The standardized 
canonical discriminant function coefficients for the four se-
lected variables, namely lymphatic hilum (X1), cortical hy-
perechogenicity (X2), vascular pattern (X4), and SWEmean 
(X7), have been calculated to determine the magnitude of 
each variable’s influence on the dependent variable. The 
order of the variables by their influence, from the most to 
the least, was as follows: SWEmean (X7), cortical hypere-
chogenicity (X2), vascular pattern (X4), and lymphatic hilum 
(X1). Discrimination equations based on their classification 
function coefficients were established. Benign group: Y1 = 
-3.461 + 2.423X1 + 0.321X2 + 1.620X4 + 0.109X7. Malig-
nant group: Y2 = -8.053 + 0.414X1 + 2.600X2 + 2.504X4 

Table 3. List of variables and assignment score

Variable Score

Presence of lymphatic hilum (X1) Yes = 1; No = 0

Cortical hyperechogenicity (X2) Yes = 1; No = 0

Calcification (X3) Yes = 1; No = 0

Vascular pattern (X4) Hilar = 1; Peripheral = 2; Mixed = 3; Avascular or spot = 4

Cystic area (X5) Yes = 1; No = 0

VI (X6) Continuous variable

SWEmean (X7) Continuous variable

VI, vascular index; SWEmean, the mean value of shear wave elastography.

Table 4. Multivariate collinearity diagnosis of metastatic LN based on ultrasonic features

Variable β Standard error β' t p value Tolerance VIF

Constant -0.132 0.112 -1.177 0.243

Lymphatic hilum -0.237 0.103 -0.192 -2.296 0.024 0.909 1.100

Cortical hyperechogenicity 0.289 0.091 0.284 3.166 0.002 0.797 1.255

Calcification 0.065 0.125 0.044 0.520 0.604 0.882 1.134

Cystic area 0.264 0.197 0.114 1.338 0.185 0.885 1.129

Vascular pattern 0.112 0.037 0.260 3.075 0.003 0.891 1.122

VI 0.002 0.003 0.057 0.614 0.541 0.743 1.346

SWEmean 0.009 0.003 0.262 2.686 0.009 0.673 1.485

LN, lymph node; VIF, variance inflation factor; VI, vascular index, SWEmean, the mean value of shear wave elastography.
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+ 0.192X7. If Y1 < Y2, the lymph node would be diagnosed 
as metastatic lymph node.

The diagnostic model was validated using both self-valida-
tion and leave one cross-validation methods, and the results 
showed high accuracy, with accuracy rates of 83.3% and 
79.8% (Supplementary Table 2, 3). The diagnostic perfor-
mance of the model was evaluated by constructing an ROC 
curve, and the results showed that the area under the curve 
was 0.833, with a 95% CI of 0.736–0.906. The sensitivity 
(83.33%) and specificity (83.33%) were both good (Fig. 5).

DISCUSSION

In this study, we utilized multimodal ultrasonic features of 
lymph nodes (including grayscale ultrasound, SWE and SMI) 
to construct a diagnostic model for identifying metastatic 
lymph node in PTC patients. Fisher’s stepwise discriminant 
analysis was employed and four sonographic features were 
ultimately included (vascular pattern, SWEmean, presen-
tence or absence of cortical hyperechogenicity and lym-
phatic hilum). The multimodal ultrasound diagnostic model, 

established through Fisher’s stepwise discriminant analysis, 
proved effective in identifying metastatic lymph nodes in TC 
patients.

The American Thyroid Association recommends that all 
patients who undergo thyroidectomy for thyroid cancer 
confirmed by biopsy must undergo preoperative ultrasound 
examination to assess neck lymph nodes and as part of risk 
stratification for recurrence [18]. It has been reported that 
the sensitivity of punctate calcification and cystic changes in 
lymph nodes is usually low (less than 50%), and the specific-
ity is relatively high (more than 90%). The sensitivity of lym-
phatic hilum disappearance was high (88% to 93%), and 
the specificity was not very bad (53% to 90%). The sensitiv-
ity of clustered high echogenicity was low, and the specific-
ity was relatively high (sensitivity: 55% to 86%, specificity: 
70% to 95.5%) [19,20]. This is consistent with our study 
results. In this study, the sensitivity of lymphatic hilum and 
cortical hyperechogenicity was 97.22% and 66.67%, re-
spectively, and the specificity was 33.33% and 83.33%, re-
spectively. The sensitivity of calcification and cystic changes 
in lymph nodes was 22.22% and 11.11%, respectively, and 
the specificity was 93.75% and 100% respectively. 

Increased abnormal vascularity and altered vascular pat-
terns in the lymph node are well-recognized imaging fea-
tures of metastatic lymph nodes that have been widely ac-
knowledged [17]. Hilar vascularity or absence of vascularity 
is typically observed in normal and reactive nodes while 
mixed or peripheral vascularity is invariably seen in metastat-
ic or malignant lymph nodes [21,22]. Ahuja and Ying [23] 
found that the presence of peripheral vascularity, regardless 
of sole peripheral or mixed vascularity, was highly suspicious 
for malignancy. Similar to previous study, 85.42% of benign 
lymph nodes presented as one of hilar or spot vascularity, or 
absence of vascularity, while 77.78% of metastatic lymph 
nodes showed peripheral or mixed vascularity in this study. 
SMI is a novel type of ultrasound imaging technology that 
can visualize low-speed blood flow and small blood vessels 
with high resolution, high sensitivity, and without the need 
for contrast agents. It allows for the evaluation of microvas-
cular perfusion within tissues and organs. In this study, we 
demonstrated the AUC for vascular pattern evaluated using 
SMI was the highest when evaluating lymph nodes using a 
single parameter.

Compared to vascular pattern, VI is a quantitative index 
that represents the ratio of the number of pixels of vascular 
signal to the entire lymph node area. In a previous study, 
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Figure 5. ROC analysis of Fisher discriminant analysis model in 
differentiating benign and metastatic lymph nodes. The AUC 
was 0.833 (blue solid line), with a 95% CI of 0.736–0.906 (blue 
dashed line). ROC, receiver operating characteristic; AUC, area 
under the ROC curve; CI, confidence interval.
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VI values obtained via SMI were found to be useful in dif-
ferentiating malignant lymphoma and acute lymphadenitis 
from normal lymph nodes [14]. In our study, VI values of 
metastatic lymph nodes were significantly higher than those 
of benign lymph nodes. However, VI was excluded in the 
final Fisher’s stepwise discriminant equations. In previous 
research, the hilar vascularity of malignant lymph nodes was 
observed to decrease due to lymphatic sinusoid obstruction 
and vascular displacement. Therefore, the overall vascular 
distribution of metastatic lymph nodes did not increase sig-
nificantly as anticipated [14]. This may explain why VI was 
not as effective as vascular pattern in diagnosing metastat-
ic lymph node. Yamaki et al. [24] proved that in the early 
stage of lymph nodes metastasis, tumor cells infiltrated and 
replaced microvascular areas, leading to perfusion defects. 
During the development of perfusion defects, the normal 
tissue was replaced by tumor, which was supported by only 
a limited number of micro vessels. This led to an increase in 
intranodal pressure [25], while pO2 levels remained stable 
and tumor-induced neovascularization was not observed 
[26,27]. This could be the possible underlying mechanism.

SWE has been proven to be a valuable imaging method 
for diagnosing malignant lymph nodes. The AUCs of SWE in 
the diagnosis of malignant lymph nodes ranged from 0.77 
to 0.976. [28-30]. Adding SWE to conventional ultrasound 
improved the sensitivity of lymph node diagnosis (from 
81.1% to 92.0%) but decreased its specificity (from 73.2% 
to 67.6%) [31]. In this study, we compared the elasticity 
of benign and metastatic lymph nodes and found that the 
elasticity of metastatic lymph nodes was stiffer than that 
of benign ones. This finding was similar to previous studies 
[30,32,33]. In metastatic lymph nodes, due to the invasion 
and proliferation of tumor, the stiffness of metastatic lymph 
node was higher [30]. However, previous study showed the 
hardness of lymph nodes might decrease when necrosis oc-
curs in malignant lymph nodes [32].

Relying solely on a single ultrasound feature cannot ac-
curately diagnose metastatic lymph nodes. With the exten-
sive application of clinical databases, discriminant analysis 
has been utilized in many medical fields. This study applied 
Fisher’s stepwise discriminant analysis to the diagnosis of 
metastatic lymph nodes, establishing a discriminant model 
using four ultrasound features. Compared to using a single 
ultrasound feature, this model can significantly improve the 
accuracy of diagnosis. The discriminant function we con-
structed has a high area under the ROC curve of 0.833, sur-

passing all other indicators, indicating that the discriminant 
function holds greater value than a single indicator in diag-
nosing metastatic lymph nodes post-thyroid cancer surgery. 
This warrants further research. 

There were some limitations in this study. First, this study 
was a single-center study, and the number of patients re-
cruited in this study was small. Second, we only collect-
ed grayscale ultrasound, SMI and SWE features of lymph 
node. Other parameters such as quantitative analysis of 
contrast-enhanced ultrasound were not included. Third, 
only suspicious lymph nodes in patients were included in 
this study, while volunteers with normal lymph nodes did 
not included in our study. Although this model has shown 
high diagnostic efficiency, more external validation should 
be used to confirm its effectiveness. 

In conclusions, the multimodal ultrasound diagnostic 
model in patients with PTC established using Fisher’s step-
wise discriminant analysis was useful for differentiating 
benign from metastatic lymph node. Vascular pattern ob-
served in SMI, the value of SWEmean, the presence cortical 
hyperechogenicity and absence of lymphatic hilum were the 
four most important features.

KEY MESSAGE
1.	 We conducted a Fisher’s discriminant analysis mod-

el to differentiate benign from metastatic lymph 
node in PTC patients. 

2.	Of the grayscale sonographic features, the AUC of 
vascular pattern was highest.
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Supplementary Table 1. Results of Fisher’s stepwise discriminant analysis

Variable

Wilk’s Lambda standard
Standardized canonical discriminant  

function coefficientsLambda
Fisher exact test

Statistic p value

SWEmean 0.733 29.918 < 0.001 0.542

Cortical hyperechogenicity 0.617 25.180 < 0.001 0.489

Vascular pattern 0.546 22.152 < 0.001 0.475

Absence of lymphatic hilum 0.507 19.235 < 0.001 -0.384

SWEmean, the mean value of shear wave elastography.
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Supplementary Table 2. Self-validation results of discriminant analysis model for metastatic LN

Pathologic results
Predictive results of discriminant analysis model

Total
Benign Metastatic

Benign LN 40 8 48

Metastatic LN 6 30 36

LN, lymph node.
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Supplementary Table 3. Cross-validation results of discriminant analysis model for metastatic LN

Pathologic results
Predictive results of discriminant analysis model

Total
Benign Metastatic

Benign LN 37 11 48

Metastatic LN 6 30 36

LN, lymph node.
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