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ABSTRACT

Background: Cervical lymph node metastasis (CLNM) significantly influences the
prognostic outcomes of papillary thyroid cancer (PTC), and accurate preoperative
evaluation is essential. The aim of study was to evaluate contrast-enhanced
ultrasound (CEUS) combined with computed tomography (CT) for diagnosing CLNM.
Materials and Methods: Retrospective analysis of 120 PTC patients, categorizing them
into metastatic (n=56) and non-metastatic (n=64) groups based on pathological
confirmation of CLNM. The imaging characteristics and diagnostic accuracy of CEUS,
CT, and their combination were estimate. P<0.05 indicates a significant difference.
Results: Metastatic group exhibited significantly higher rates of CT features (granular
calcification, cystic necrosis within lymph nodes, enhancement of lymph node
margins, indistinct borders between lymph nodes and surrounding tissues, irregular
lymph node morphology, lymph node length >5 mm) and CEUS features (hyper
enhancement, centripetal perfusion, circumferential enhancement) than non-
metastatic group (P<0.05). Metastatic lymph nodes also showed significantly higher
marginal zone peak intensity (PI) (9.35+£2.29 vs 5.54+2.15) and area under curve (AUC)
(243.7441.83 vs 164.2+34.86) (P<0.001). The lymph node detection rate of the
combined diagnosis (95.31%) was significantly higher than that of single CEUS
(82.81%) or CT (71.88%) (P<0.05). In addition, combined diagnosis was associated with
higher sensitivity (90.6% vs. 87.5% vs. 85.9%), specificity (94.6% vs. 83.9% vs. 76.8%),
and area under the receiver operating characteristic (ROC) curve (0.926 vs. 0.857 vs.
0.814) were also superior to single CEUS or CT. Conclusion: The combination of CEUS
and CT enhances the preoperative diagnosis of CLNM in PTC.

INTRODUCTION

Accounting for roughly 80% to 90% of all
instances, papillary thyroid carcinoma is the
predominant type of thyroid cancer (1-3). A key factor
that adversely impacts the prognosis of PTC patients
is CLNM, which occurs at a high frequency of 20%-
90% despite the disease's typically indolent growth
and good overall prognosis (4-6). Precise preoperative
evaluation of CLNM is essential for tailoring surgical
plans, enhancing patient outcomes, and lowering
recurrence risks (7-9. Currently, the commonly used
imaging methods in clinical practice include
ultrasound, CT, magnetic resonance imaging (MRI),
etc. The noninvasive nature, convenience, and
absence of radiation make ultrasound the preferred
imaging way for cervical lymph node assessment. It
can clearly show the bulk, form, border, internal
structure and blood flow signal of lymph nodes (10-12),
However, conventional ultrasound may be affected by
subjective factors in some cases, and there may be
some underdiagnoses of small, early lymph node
metastases or lymph node lesions with low contrast

with surrounding tissues (3-15). CT scanning can
provide cross-sectional anatomical images, which are
good for evaluating the distribution of cervical lymph
nodes, their relationship with the surrounding
tissues, and the presence or absence of fusion, but its
sensitivity to subtle structural changes within the
lymph nodes is relatively low, and there is a certain
amount of radiation dose (16-18), Contrast-enhanced
ultrasound (CEUS) has emerged as a novel method
for evaluating the thyroid and cervical lymph nodes.
By injecting contrast material intravenously, CEUS
enables real-time observation of thyroid and lymph
node perfusion, enhancing the contrast between
tissues and lesions, it aids in identifying
microvascular changes within minute lesions and
early metastatic lymph nodes that are undetectable
with conventional ultrasound (1% 20). The combined
application of CEUS and CT imaging is expected to
give full play to the advantages of the two imaging
techniques, realize complementary advantages, and
enhance the diagnostic accuracy and sensitivity of
preoperative CLNM in PTC.

A number of studies have examined the role of
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CEUS or CT imaging alone in the diagnosis of thyroid
disease (21-24), However, studies on the combined
application of the two in the evaluation of
preoperative CLNM in PTC are still in the stage of
continuous exploration and validation. The study is
aim to comprehensively evaluate the value and
efficacy of CEUS together with CT imaging in the
diagnosis of CLNM by retrospectively analyzing the
clinical data of patients with PTC, so as to provide
scientific basis and theoretical support for further
optimizing the preoperative diagnostic process and
increasing the effectiveness of operation treatment
for PTC. The study is the first to comprehensively
integrate the functional perfusion characteristics of
CEUS and the detailed morphological features of CT,
establishing a more accurate and comprehensive
preoperative lymph node assessment method. The
findings not only validate the complementary
advantages of CEUS and CT but also propose a
practical imaging strategy that enhances clinical
decision-making for patients with PTC.

MATERIALS AND METHODS

Patients

The data of 120 patients who underwent
preoperative CEUS and CT in our hospital from
January 2022 to January 2024 and were
pathologically diagnosed as PTC were retrospectively
selected. All patients received central neck lymph
node dissection. When preoperative CEUS or CT
indicated suspicious lymph nodes in the lateral neck
region, dissection was also performed in the
corresponding areas. Postoperative pathological
findings served as the gold standard for determining
the presence of cervical lymph node metastasis.
According to the pathological findings, the patients
were sorted into two groups: 56 cases with
metastasis and 64 cases without metastasis. Ethical
approval for the study was obtained from the Ethics
Committee of the First Affiliated Hospital of Yangtze
University (YYLL-2022015).

Inclusion and exclusion criteria

Inclusion criteria: (1) the diagnosis of papillary
thyroid carcinoma was diagnosed as by pathological
examination in all enrolled patients; (2) all patients
underwent CEUS examination as well as CT
examination; (3) intraoperative prophylactic central
neck lymph node dissection (LND) or therapeutic
central or lateral neck zone LND; (4) no previous
invasive surgery, radiotherapy or chemotherapy in
the neck. Exclusion criteria: (1) patients with limited
clinical information available; (2) patients with
concurrent malignant tumors at other sites; (3)
patients with infectious conditions; (4) patients with
hematopoietic system diseases; (5) patients with
mental disorders and communication disorders.

Imaging methods

CT examination: a GE Revolution 256-row spiral
CT scanner (General Electric Company, USA) was
used to perform a CT-enhanced scan of the patient.
The patients were injected with contrast agent
iohexol (Omnipaque®, GE Healthcare, USA) 60-70mL,
pushed intravenously at an injection rate of 3mL/s,
and the thickness of the scanning layer was 0.625mm,
and then the number, morphology, and location of the
patients’ lymph nodes were observed. CEUS
examination: a diagnostic color Doppler ultrasound
(GE LOGIQE9, General Electric Company, USA; Philips
EPIQ7C, Philips Healthcare, Netherlands) was used
for the examination, with a wire-array probe L5-12 at
12 MHz. First use conventional ultrasound to show
the best viewed section of the lymph node, enter the
ultrasonography mode, adjust the depth and gain
parameters of the image, and observe the section
containing the intact lesion and the surrounding
normal tissue. The patient was instructed to breathe
calmly during the examination and to avoid
swallowing maneuvers.2.0 mL of Sonazoid (GE
Healthcare, Norway) contrast agent was infused
intravenously into the patient, then administer 5 mL
of 0.9% saline to flush the tube, and the contrast
agent was injected and stored in the dynamic image,
recording the ultrasonographic performance of the
lymph node lesion for more than 60 seconds (figure
1).

Figure 1. Preoperative imaging of a 38-year-old female patient
with papillary thyroid carcinoma. A: Contrast-enhanced
ultrasound (CEUS) image of a metastatic lymph node in the
left neck shows circular enhancement; B: CT image of the
metastatic lymph node in the left neck shows a regularly
shaped lymph node with granular calcification, endocystic
necrosis, and peripheral enhancement; C: CEUS images of a
benign lymph node in the central region at 10s (C2), 13s (C3),
and 17s (C4) demonstrate centrifugal perfusion and
homogeneous enhancement; D: CT image of the benign lymph
node in the central region shows clear boundaries and no
granular calcification or endocystic necrosis.
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Observation indicators

(1) Positive lymph node diagnosis by three
different diagnostic modalities: CT, CEUS and
combined diagnosis. (2) Characterization of CT and
CEUS in the two groups of patients. (3) The
quantitative parameters related to CEUS, the main
recording items include mean transit time (MTT),
peak intensity (PI), rising time (RT), area under the
curve (AUC), time to peak height (TPH), wash-in
slope (WIS) and time to peak (TTP). (4) The value
efficacy of CT, CEUS, and co-diagnosis.

Statistical analysis

Statistical analysis and graph generation were
performed using GraphPad Prism 8.0 software (USA).
Normally distributed measurement data are
presented as mean * standard deviation and
compared using the t-test. Categorical data are
expressed as number of cases (percentage), and
group comparisons were carried out with the chi-
square test; when the theoretical frequency in the chi
-square test was below 5, Fisher’s exact test was
applied. The diagnostic performance of CEUS, CT, and
their combination in detecting CLNM was estimated
using the area under the receiver operating
characteristic (ROC) curve (AUC). P<0.05 indicates a
significant difference.

RESULTS

General data

The sum of 120 patients were included in the
study.56 patients with PTC had metastatic lymph
nodes (metastatic group), 22 males (39.29%), 34
females (60.71%), mean age (44.15 * 8.60) years.64
patients had no metastatic lymph nodes (non-
metastatic group). There were 26 males (40.62%)
and 38 females (59.38%) with a mean age of (42.75 %
8.31) years. The results showed that the clinical and
pathological characteristics data of the two groups,
such as age, gender, tumor size, capsular invasion,
tumor node metastasis (TNM) stage, location of
primary lesions, and number of primary lesions, did
not show any significant difference upon comparison
(P>0.05) (table 1).

Metastatic lymph node positivity rate

Pathologic diagnosis detected 128 positive lymph
nodes, of which 92 (71.88%) were detected by CT,
106 (82.81%) were detected by CEUS, and 122
(95.31%) were detected by combined examination.
The positive rate of CEUS examination was greater
than that of CT examination (P=0.037), and the
positive rate of combined examination was greater
than that of CEUS examination (P=0.001) (table 2).

Characterization of CT and CEUS
CT features showed granular calcification

(29.35% vs. 11.11%), cystic necrosis within lymph
nodes (32.61% vs. 13.89%), enhancement of lymph
node margins (31.52% vs. 8.33%), unclear borders
between lymph nodes and surrounding tissues
(39.13% vs. 19.44%), irregular lymph node
morphology (41.30% vs. 22.22%), and lymph node
length 25 mm (35.87% vs. 13.89%) were significantly
greater in the metastatic group than in the non-
metastatic group (P<0.05) (table 3). CEUS features
showed that 36 metastatic lymph nodes were hyper-
enhanced (64.29%), whereas only 15 of the non-
metastatic lymph nodes were hyper-enhanced
(17.9%); 29 metastatic lymph nodes had a centripetal
perfusion pattern (51.79%), whereas only 21 of the
non-metastatic lymph nodes were centripetal
perfused (32.81%); and circular enhancement was
visible in 19 metastatic lymph nodes under CEUS
(33.93%), while ring enhancement was seen in only 5
cases of non-metastatic lymph nodes (7.81%). The
two groups differed significantly in contrast
enhancement pattern, perfusion pattern, and annular
enhancement (P<0.05); whereas no significant
difference was detected in enhancement types
(P=0.807) (table 4).

Table 1. Comparison of clinical and pathological characteristics
between the two groups.

Characteristic CLNM group\g Non-CLNM | P

(n =56) roup (n = 64)|value

Age (years) 44.15 + 8.60| 42.75 £ 8.31 |0.372

Gender, n (%) 0.881
Female 34 (60.71) | 38(59.38)
Men 22(39.29) | 26(40.62)

1.67+0.47 | 1.59+0.41 |0.343
36 (64.29) | 32(50.00) 0.115

Tumor size (cm)
Capsular invasion, n (%)

TNM stage, n (%)

T1 30(53.57) | 40(62.50) |0.322

T2 16 (28.57) | 18(28.13) |0.957

T3 10 (17.86) 6(9.37) 10.173
Location of primary lesion

Left lobe 23(41.07) | 29(45.31) |0.640

Right lobe 28 (50.00) | 27(42.19) [0.392

Bilateral lobe 5(8.93) 8(12.50) [0.571
Number of primary lesions, 0.922
n (%)

Number of single lesions | 24 (42.86) | 28 (43.75)

Number of multifocal lesions| 32 (57.14) | 36 (56.25)

CLNM: cervical lymph node metastasis; TNM: tumor node metastasis.

Table 2. Comparison of detection rates of metastatic lymph
nodes using CT, contrast-enhanced CEUS, and their

combination.
. . e Diagnostic
Classification Lymphatic|Metastasis positive positivity rate
node (n) | lymph nodes (n) (%)
(]
CT 128 92 71.88
CEUS 128 106 82.81
CT+CEUS 128 122 95.31
X2 4.369 / 10.27
P value 0.037°/0.001°

CT: Computed Tomography; CEUS: Contrast-enhanced ultrasound; a:
Comparison of the positivity rate of CT and CEUS examinations; b:
Comparison of the positivity rate of CEUS and CT+CEUS examinations.
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Table 3. Comparison of CT imaging features between
metastatic and non-metastatic cervical lymph node groups

[n (%)].
Classification CLNM " INon-CLNM X2 P
group group value

92 (71.88)[36 (28.12)
27 (29.35)| 4 (11.11) |4.689]0.030

30 (32.61)| 5 (13.89) |4.564{0.033

Lymphatic node
Granular calcification
Endocystic necrosis of

lymph nodes
Enhancement of lymph
node margins
Lymph nodes and
surrounding tissue

29 (31.52)| 3(8.33) [7.420/0.006

4.495|0.034

combined diagnosis (AUC: 0.926, 95%CI: 0.810-
0.956) was higher than that of single CEUS (AUC:
0.857, 95%CI: 0.772-0.935) and CT examination
(AUC: 0.814, 95%CI: 0.754-0.924) (table 6 and figure
2).
Table 5. Comparison of quantitative CEUS parameters

between metastatic and non-metastatic cervical lymph node

groups (mean * SD).
CLNM group | Non-CLNM

(n =56) group (n = 64)

Classification t |Pvalue

RT (s)
Marginal area | 2.96+1.03

3.40+1.68 |1.684| 0.095

Clear boundaries 56 (60.87)| 29 (80.56)

Central District | 4.48 +1.64 3.93+1.51 |1.923| 0.057

Unclear boundary 36 (39.13)| 7 (19.44)

Pl (dB)

Lymph node morphology 4.092|0.043

Marginal area | 9.35+2.29 5.54+2.15 [9.402(<0.001

Regularly 54 (58.70)|28 (77.78) Central District | 4.32+2.15 4.02+2.05 [0.776| 0.439
Irregularly 38 (41.30)| 8 (22.22) MTT (s)
Lymph node longitudinal 5.989/0.014 Marginal area | 9.58+4.23 | 10.25+4.02 |0.899] 0.371
line ) ’ Central District | 10.19+4.14 | 9.57+4.71 [0.765| 0.446
<5 mm 59 (64.13)|31 (86.11) AUC (dBs)
>5 mm 33 (35.87)| 5(13.89) Marginal area |243.7 +41.83 | 164.2 + 34.86 |11.35|<0.001
CT: Computed Tomography; CLNM: cervical lymph node metastases. Central District | 93.98 £42.73 | 86.96 + 33.84 |1.003| 0.318

Table 4. Comparison of CEUS enhancement patterns between
metastatic and non-metastatic cervical lymph node groups

[n (%)].
Non-CLNM
Classification CL?nN_I %rsc;up group X2 |Pvalue
- (n=64)
Contrast-enhanced 20.39]<0.001
mode
Highly enhanced 36 (64.29) |15 (23.44)
Equal or low 20 (35.71) |49 (76.56)
enhancement
Type of enhancement 0.060| 0.807
Inhomogeneous | o1, ey |30 (46.88)
enhancement
Homogeneous | 5) 55 36) |34 (53.13)
enhancement

Perfusion mode 4.423| 0.035

Centripetal perfusion | 29(51.79) |21 (32.81)

Centrifugal perfusion | 27 (48.21) |43 (67.19)

Circular enhancement 12.73|<0.001
Yes 19(33.93) | 5(7.81)
No 37 (66.07) |59 (92.19)

CEUS: Contrast-enhanced ultrasound; CLNM: cervical lymph node
metastases.

Quantitative parametric analysis of CEUS

A comparison of the two groups revealed no
statistically significant differences in the parameters
RT, MTT, TPH, WIS, and TTP (P > 0.05). The marginal
zone PI (9.35 = 2.29 vs. 5.54 + 2.15, P < 0.001) and
marginal zone AUC (243.7 + 41.83 vs. 164.2 + 34.86,
P < 0.001) in the metastatic group were significantly
greater than those in the non-metastatic group (table
5).

Diagnostic effectiveness assessment

Using pathologic examination as the gold
standard, the sensitivity (90.6% vs. 87.5% vs. 85.9%)
and specificity (94.6% vs. 83.9% vs. 76.8%) of the
combined diagnosis were significantly higher than
those of CEUS examination and CT examination. In
addition, ROC curve analysis showed that the AUC of

TPH (s)
Marginal area | 12.04 £5.20 | 13.23+5.66 |1.195| 0.234
Central District | 12.31+5.21 | 11.61+4.90 [0.762| 0.448

WIS (dB/s)
Marginal area | 3.23+1.54
Central District | 2.26 +1.14

TTP (s)
Marginal area | 13.43+3.59 | 14.16+4.16 |1.024| 0.308
Central District | 13.64 £3.62 | 14.93+3.99 |1.847| 0.067
CEUS: Contrast-enhanced ultrasound; CLNM: cervical lymph node
metastases; RT: rising time; Pl: peak intensity; MTT: mean transit time;

AUC: area under curve; TPH: time to peak height; WIS: wash-in slope;
TTP: time to peak.

2.90+1.54 |1.164|0.247
1.90+1.03 |1.822|0.071

Table 6. Diagnostic performance of CT, CEUS, and combined
CT+CEUS for detecting cervical lymph node metastasis in
papillary thyroid cancer.

Classification CcT CEUS CT+CEUS
0.814 0.857 0.926

AUC (95% CI) (0.754-0.924) | (0.772-0.935) | (0.810-0.956)
Standard error 0.042 0.037 0.027

P <0.001 <0.001 <0.001
Youden index 0.627 0.714 0.852
Sensitivity (%) 85.9 87.5 90.6
Specificity (%) 76.8 83.9 94.6

CT: Computed Tomography; CEUS: Contrast-enhanced ultrasound;
AUC: area under curve; Cl: confidence interval.
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together with CT imaging in the diagnosis of CLNM
was systematically evaluated for the first time by
retrospectively analyzing the imaging and pathology
data of 120 PTC patients. The results showed that the
lymph node detection rate of combined diagnosis
was significantly greater than that of single CEUS or
CT (P<0.05), and the sensitivity, specificity and area
under the ROC curve of combined diagnosis were
better than that of single examination. This finding
provides strong support for imaging strategies to
optimize preoperative staging of PTC.

The core advantage of CEUS is the real-time
dynamic assessment of lymph node microvascular
perfusion. In this study, we found that metastatic
lymph nodes mostly showed hyper improvement,
centripetal perfusion and circumferential
improvement in CEUS. These features are closely
related to the abnormal proliferation of
neovascularization and enrichment of marginal blood
supply in the metastatic foci (25 26). Tumor cells
promote neovascularization in the marginal zone
through other factors such as vascular endothelial
growth factor, leading to enhanced perfusion (27.28),
Whereas centripetal perfusion patterns may arise
from hemodynamic changes in metastatic foci
infiltrating from the sub peritoneal sinus of lymph
nodes to the medulla oblongata (29 30), In addition,
ring enhancement suggests peritumoral vascular
proliferation, a specific marker for identifying
metastasis (1. Notably, compared to the non-
metastasis group, the metastasis group demonstrated
significantly elevated PI and AUC values in the
marginal zone (P<0.001), suggesting that the
microvessel density of the marginal zone versus the
volume of blood flow is an important quantitative
index for identifying metastasis (32 33). However, CEUS
has limitations in displaying deep lymph nodes or
areas with complex anatomy. CT feature analysis in
this study showed that the metastatic group had a
significantly  greater incidence of granular
calcification, cystic necrosis within the lymph nodes,
lymph node margin enhancement, unclear borders
between the lymph nodes and the surrounding
tissues, irregular lymph node morphology, and lymph
node longitudinal lines =5 mm than the non-
metastatic group (P<0.05). These features reflected
the morphological and pathophysiological changes
after lymph node metastasis. For example, granular
calcification may be the result of tumor cell necrosis,
degeneration, and calcium salt deposition (4. Cystic
necrosis in the lymph node suggests rapid tumor
growth and relative lack of blood supply leading to
necrotic liquefaction in the central area (%),
Enhancement of lymph node margins may be
associated with tumor neovascularization (36). Lymph
nodes with unclear boundaries with surrounding
tissues, irregular morphology, and increased
longitudinal lines are signs of increased size and
structural damage after lymph node metastasis 37).

Although CT compensates for the limitations of CEUS
in displaying deep lymph nodes or areas with
complex anatomy, CT is less sensitive to
microvascular changes and tends to miss early
metastases.

CEUS and CT have their own advantages in
evaluating CLNM, but it is often difficult for a single
imaging method to comprehensively and accurately
assess lymph node metastasis (38-40)., The meta-
analysis of Suh and Cho also pointed out that CT has
certain diagnostic efficacy in diagnosing PTC lymph
node metastasis, but there are still limitations,
suggesting the need for multimodal imaging
combination (21 22). CEUS identifies microvascular
abnormalities, and CT localizes the extent of the
lesion in relation to the surrounding tissues, and the
combination of the two realizes a two-dimensional
assessment of the functional perfusion and
anatomical structure, which significantly reduces the
rate of diagnosis leakage (41.42), For patients with the
risk of lateral CLNM, the combined imaging
examination can detect potential metastases in
advance, enabling the surgeon to perform
simultaneous lateral cervical lymph node dissection,
optimizing the surgical process and improving the
therapeutic effect. In addition, accurate preoperative
evaluation also helps doctors to fully communicate
with patients, so that patients have a clearer
understanding of the surgical plan and prognosis, and
enhance the compliance of treatment.

Limitations

This study has some limitations. As a
retrospective single-center study, there may be
potential selection and information biases that affect
the accuracy and reliability of the results. The sample
size included is relatively limited, which may restrict
the generalizability of the findings. Additionally, this
study did not perform subgroup analyses on the
imaging differences of central and lateral CLNM.
Further validation of these findings will require
future multi-center prospective studies with larger
sample sizes.

CONCLUSION

CEUS combined with CT imaging significantly
improved the diagnostic accuracy of preoperative
CLNM in PTC by integrating functional perfusion and
morphologic features of lymph nodes. This combined
strategy provides a reliable basis for individualized
surgical decision-making for PTC and is expected to
further improve patients' prognosis and quality of
life.
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