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Early differentiation of cervical lymphoma from benign lymphadenopathy remains challenging

on conventional imaging. This study assesses the diagnostic efficacy of perfluorobutane contrast-
enhanced ultrasound (CEUS) in differentiating early-stage cervical lymphoma from benign lymph
nodes (LNs). From November 2023 to January 2025 we prospectively enrolled patients suspected

of having cervical lymphoma based on ultrasound (US) findings and scheduled for LN biopsy. All
patients underwent CEUS to evaluate LN vascular (5-60 s post-injection) and postvascular (10-30 min
post-injection) phases before biopsy. Histopathology served as the reference standard. Diagnostic
performance metrics, including sensitivity, specificity, and accuracy, were calculated. Logistic
regression analyzed the area under the receiver operating characteristic curve (AUC) for US, CEUS,
and combined features. Forty-seven LNs (23 lymphomas, 24 benign) were analyzed. The sensitivity

of the postvascular phase starfield sign was 91.30%, specificity was 83.33%, positive predictive value
was 84.00%, negative predictive value was 90.91%, and the AUC was 0.87 (95% CI 0.76-0.98). The AUC
for CEUS was 0.89 (95% Cl 0.79-1.00), and the AUC for the combination of postvascular phase and US
features was 0.92 (95% CI 0.82-1.00), significantly higher than that for US features alone (AUC, 0.68;
95% Cl 0.53-0.84; P <0.05). Perflubutane CEUS can effectively distinguish between cervical lymphoma
and benign LNs. The postvascular phase starfield sign demonstrates significant diagnostic efficacy and
could improve clinical management strategies.
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Abbreviations

LN Lymph node

CEUS  Contrast-enhanced ultrasound

Us Ultrasound

AUC Area under the receiver operating characteristic curve
CNB Core needle biopsy

ROC Receiver operating characteristic

Lymphoma accounts for 12% of all malignant tumors in the head and neck region, making it a common
malignancy!. Early diagnosis of lymphoma is crucial for patient prognosis®>. Because most patients with cervical
lymphoma have no obvious clinical symptoms in the early stages; sometimes, cervical lymphadenopathy is the
only clinical manifestation*. Although ultrasound is the preferred imaging modality for superficial tumors®, the
accuracy of conventional ultrasound (US) in diagnosing cervical lymphoma is not high. Studies have shown that
lymphomas share similar imaging characteristics with non-malignant lymph nodes(LNs)®’, mainly because the
US features of early lymphomas overlap with those of benign reactive hyperplastic LNs, making differentiation
difficult®-!!. Ultrasound-guided core needle biopsy(CNB) or histological biopsy is invasive, costly, and not
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the preferred diagnostic method, Although PET-CT has a relatively high diagnostic accuracy for lymphoma,
its radiation exposure and high cost make it unsuitable as a first-line diagnostic method. Contrast-enhanced
ultrasound (CEUS) uses microbubble backscatter to enhance US imaging performance'?, CEUS can dynamically
assess the microvascular status and blood supply of LNs in real-time'”. To date, multiple studies have shown that
using SonoVue as a contrast agent in CEUS performs better in diagnosing benign cervical lymphadenopathy
and lymphoma, with higher accuracy than conventional US', The sensitivity of lymphoma diagnosis is 80.00%,
but the specificity is very low, only 47.62%"°. Therefore, it is necessary to find more accurate, non-invasive, and
relatively inexpensive diagnostic methods, The diagnostic value of using perfluorobutane in CEUS to evaluate
suspected cervical lymphoma has not been reported.

Perflubutane was initially widely used for diagnosing focal liver nodules because it can be phagocytized
by hepatic macrophages and provide prolonged imaging enhancement!'¢'°. This phase is defined as the
postvascular phase (10-30 min after injection, also known as the Kupffer phase). Similar to the liver, normal LNs
contain macrophages in their cortex and medulla?*?!. Studies have found that SonoVue microbubbles can also
be phagocytized by macrophages within LNs for up to four hours??. Goldberg et al.”>. confirmed the presence of
perflubutane microbubbles in macrophages within LNs under a scanning electron microscope after subcutaneous
injection. Because early-stage lymphoma has a similar blood supply pattern to benign LNs?*, conventional
contrast-enhanced imaging lacks specificity. Therefore, in this study, we hypothesize that the vascular phase and
postvascular phase of perflubutane may help improve the early diagnosis of suspected cervical lymphomas. The
aim is to explore the diagnostic value of perfluorobutane CEUS in differentiating suspected cervical lymphoma
from benign LNs.

Material and method
Participants
The Fujian Provincial Hospital review committee approved this prospective, single-center study (Ethics No.
K2023-11-006), which adhered to the Declaration of Helsinki and national guidelines. All participants provided
written informed consent. From November 2023 to January 2025, we prospectively collected data on patients
presenting to Fujian Provincial Hospital, affiliated with Fuzhou University, with suspected cervical lymphoma
who were scheduled for ultrasound-guided CNB or surgical biopsy following an US examination.

Inclusion criteria were as follows:

1. Painless, enlarged cervical LNs persisting for more than 3 months;

2. Maximum LN diameter <4 cm;

3. Indeterminate ultrasound features include cortical thickening, a visible but thinned or partially absent hi-
lum, absence of abnormally rich non-hilum blood flow, no obvious liquefaction, calcification, hyperechoic
nodules, or reticular extremely hypoechoic areas.

4. No history of malignancy or tuberculosis.

Exclusion criteria were as follows:

1. Histologically confirmed malignancy with cervical LN metastases or ultrasound features strongly suggestive
of metastasis;

Tuberculosis;

Acute lymphadenitis (local redness, swelling, heat, and pain within <3 months, accompanied by high fever);
Contraindications to CEUS, including severe allergic reactions;

Pregnancy or lactation;

Severe heart failure, coronary heart disease, or pulmonary hypertension.

A

A total of 47 patients met the inclusion criteria (Fig. 1).

Equipment and materials

US examinations were conducted using a Philips EPIQ7 color Doppler system with a C12-5 probe (5-12 MHz).
The contrast agent used was Sonazoid (Daiichi Sankyo), composed of microbubbles containing perfluorobutane
gas. It was prepared by mixing dry powder with 2 mL of 0.9% NaCl.

US and CEUS examination

Patient data, including age, gender, and lesion type, were recorded prior to imaging. All US and CEUS
examinations were conducted by a single experienced radiologist (W.S.S), who has 20 years of experience in
superficial US and 15 years in CEUS. Patients were scanned in the supine position with the neck fully exposed.
Standard US parameters, such as LN size, shape, margins, internal echoes, cystic changes, homogeneity, hilum
status, and vascularity, were assessed.

For CEUS, the US system was set to CEUS mode (mechanical index: 0.20-0.25), and the contrast agent
(0.015 mL/kg) was manually injected via the antecubital vein, followed by a 5 mL saline flush. A timer and video
recording were started simultaneously at the time of injection. Imaging was performed continuously from 5 to
180 s, with an additional assessment in the postvascular phase (10-30 min post-injection). If the LN assessment
was unsatisfactory, a second injection was administered after 15 min. All images and videos were stored for
further analysis.

Immediately after CEUS, patients underwent lesion CNB or surgical biopsy to obtain a definitive pathological
diagnosis. All participant slides were independently reviewed by a dedicated thyroid pathologist (W.C), who has
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Patients with suspected cervical Excluded patients (n=8) :
lymphoma on US (n=59) Diagnose Lymphoma and
chemotherapy (n=3)
Other primary
Included in study (n=51) malignancies (n=4)
Allergy to egg(n=1)
CEUS examination Excluded patients (n=4) :
Patient refused surgery or
Biopsy or surgery biopsy (n=1)
Pathology was metastatic
n=47 tumor (n=3)
Lymphoma Benign lymph
(n=23) nodes (n=24)

Fig. 1. Flowchart of participant selection. CEUS = contrast-enhanced, ultrasoundLN =lymph node.

over 15 years of experience in superficial LN pathology and was blinded to the participants’ clinical histories
and US data.

Image interpretation

US and CEUS images were independently reviewed by two radiologists (L.X and Z.X.T, with>8 years of
experience in superficial US and 6 years in CEUS). If disagreements occurred, a third senior radiologist (Y.J.C,
with 15 years of experience) made the final decision. Cervical lymphoma suspicion on US was based on'*: (a)
absence of lymphatic hilum, (b) non-hilar blood flow.

CEUS characteristics
Vascular phase

1. Enhancement patterns: Centripetal (from periphery to center), centrifugal (from center outward), or mixed.

2. Peak enhancement intensity: Compared to the adjacent muscle tissue at peak enhancement, the degree of
enhancement is classified as high, equal, or low.

3. Enhancement uniformity: homogeneous (complete perfusion without defects) or heterogeneous (focal per-
fusion defects or mixed enhancement).

Postvascular phase
Enhancement patterns were categorized as follows:

1. Sunburst Sign: Uniform enhancement of the LN (Fig. 2).
2. Starfield Sign: Uneven low enhancement with scattered residual enhancement spots (Fig. 3).
3. Black Hole Sign: Complete absence of enhancement.

Diagnostic evaluation

The diagnostic performance of US and CEUS was assessed using sensitivity, specificity, accuracy, positive
predictive value (PPV), negative predictive value (NPV), and the area under the receiver operating characteristic
curve (AUC), with histopathology serving as the reference standard. Benign lymph nodes were confirmed
by histopathological and immunohistochemical analyses of surgical specimens (e.g., reactive hyperplasia,
granulomatous inflammation) with no evidence of malignancy, complemented by clinical/imaging stability
during follow-up (=12 months).

Statistical analysis

Statistical analyses were performed using SPSS (v20.0, IBM) and MedCalc (v22.001, MedCalc). Sample size
calculation was conducted using PASS (v15.0, NCSS) with a one-sided McNemar test. Based on previous studies
and our center’s experience, the accuracy of perflubutane CEUS in diagnosing cervical lymphoma increased
from 50 to 80%'“. With an alpha of 0.05 and a sample size of 23 pairs (46 subjects), the study achieved a power of
89.4% at a significance level of 0.05. Continuous variables were presented as mean + standard deviation (SD) and
analyzed using the t-test, while categorical variables were expressed as frequencies and percentages and analyzed
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Fig. 2. Images from a 60-year-old male patient with an enlarged lymph node in the right cervical level IV
region, histologically confirmed as reactive hyperplasia. (A) Ultrasound image shows an 18 mm x 10 mm
suspicious cervical lymph node (arrow), with a plump shape, uneven cortical thickening, and a narrowed,
displaced hilum. The hilum shows a detectable blood flow signal. (B) Contrast-enhanced ultrasound (CEUS) in
the early enhancement phase shows uniform high enhancement. (C) In the late enhancement phase, uniform
slightly higher enhancement is observed. (D) In the postvascular phase, there is no significant regression,
and the lymph node shows sustained uniform enhancement. This persistent homogeneous enhancement
throughout the node, without perfusion defects or focal hypoenhancement, meets the criteria we define as
the "sunburst sign." This sign is characterized by complete, uniform enhancement > 10 min post-injection,
indicating preserved macrophage function and likely benignity. Panels a, b, ¢, and d correspond to schematic
diagrams: (a) two-dimensional image, (b) early enhancement, (c) late enhancement, (d) postvascular phase.

Fig. 3. A 71-year-old female patient histologically confirmed with follicular lymphoma. (A) Ultrasound
image shows a suspicious 37 mm x 12 mm cervical lymph node (arrow), elliptical in shape with uniform
cortical thickening. The hilum and hilar blood flow signal are visible, resembling a benign lymph node. (B)
Contrast-enhanced ultrasound (CEUS) in the early enhancement phase shows uniform high enhancement. (C)
In the late enhancement phase, rapid regression occurs, with uneven enhancement. (D) In the postvascular
phase, the lymph node exhibits large perfusion defects, with residual enhancement showing a scattered,
spotty distribution. This enhancement pattern is defined as the “starfield sign”—marked by heterogeneous
hypoenhancement with multiple discrete, punctate enhancing foci throughout the node in the postvascular
phase (10-30 min). This pattern reflects disrupted macrophage distribution and suggests malignancy. Panels
a, b, ¢, and d correspond to schematic diagrams: (a) two-dimensional image, (b) early enhancement, (c) late
enhancement, (d) postvascular phase.

using Pearson’s chi-squared test or Fisher’s exact test. Receiver operating characteristic (ROC) curve analysis
was performed to determine the sensitivity, specificity, PPV, NPV, and accuracy of each diagnostic method.
Logistic regression was used to evaluate the association between US, CEUS, and US combined with postvascular
phase characteristics in diagnosing cervical lymphoma. The percentage of correct classifications, AUC, and 95%
confidence interval (CI) were calculated for each method. The DeLong test was applied to compare differences in
diagnostic performance among the models. A P-value of <0.05 was considered statistically significant.
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Result

Participant characteristics

Among the 47 patients included in the study, there were 25 males and 22 females. All cases underwent either
surgery or CNB to obtain pathological samples. There were 23 cases of lymphoma and 24 cases of benign
LNs. The mean age of patients with lymphoma was 60.39 +21.13 years, while the mean age of patients with
benign LNs was 50.29 + 18.76 years. The histological types of the 23 lymphoma cases were as follows: diffuse
large B-cell lymphoma (n=11), T-cell lymphoma (n=6), follicular lymphoma (n=2), small B-cell lymphoma
(n=2), marginal zone mucosa-associated lymphoid tissue lymphoma (n=1), and classical Hodgkin lymphoma
(n=1). The demographic and lesion size data of the two groups are shown in Table 1. There were no statistically
significant differences in age and gender between patients with lymphoma and those with benign LNs (P=0.09
and 0.30, respectively). The follow-up period for benign LNs was more than 12 months(mean 13.7 + 3.2 months).
No changes in size or characteristics of these LNs were observed in follow-up US examinations.

Diagnostic agreement between the two radiologists

Among the 47 lesions, 42 (93.62%) had concordant results from both radiologists using conventional US, with 5
lesions (6.38%) showing discrepancies. Using CEUS, 44 lesions (95.74%) had concordant results, with 3 lesions
(4.26%) showing discrepancies. The kappa values for the diagnostic results were 0.79 (95% CI 0.61, 0.97) for US
and 0.87 (95% CI 0.73, 1.01) for CEUS. These kappa values, both above 0.75, indicate good diagnostic agreement
between the two radiologists.

Comparison of clinical and US indicators

Univariate analysis showed significant differences between lymphoma and benign LNs in terms of maximum
lesion diameter (Table 1), enhancement direction, and postvascular phase (Table 2). Multivariate analysis
was used to identify independent indicators of lymphoma. The results showed that the starfield sign was an
independent indicator associated with lymphoma (Table 3). The AUC was 0.87 (95% CI 0.76-0.98), with a
sensitivity of 91.30%, specificity of 83.33%, positive predictive value of 84.00%, and negative predictive value of
90.91%. The sunburst sign was an independent indicator associated with benign LNs. The AUC was 0.81 (95% CI
0.68-0.94), with a sensitivity of 70.83%, specificity of 91.30%, positive predictive value of 89.47%, and negative
predictive value of 75.00%.

Diagnostic efficacy of US and CEUS in cervical LNs

Overall performance of US: Of the 32 LNs diagnosed as lymphoma by US, 15 cases (46.88%) were confirmed by
pathology. The sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of US for
cervical lymphoma were 46.88% (15/32 LNs, 95% CI 0.30%, 0.65%), 46.67% (7/15 LNs, 95% CI 0.22%, 0.73%),
46.81% (22/47 LNs, 95% CI 32.55%, 61.07%), 65.22% (15/23 LNs, 95% CI 42.82%, 82.81%), and 29.17% (7/24
LNs, 95% CI 13.44%, 51.25%), respectively.

Overall performance of CEUS: Of the 23 LNs diagnosed as lymphoma by CEUS, 21 cases (91.30%) were
confirmed by pathology, while 2 cases (8.70%) were ultimately diagnosed as benign LNs. Multivariate analysis
showed that postvascular phase starfield sign in CEUS is a specific feature of lymphoma (Fig. 3). When the
maximum lesion diameter is greater than 3 cm, the sensitivity of starfield sign in the postvascular phase can
reach 100% (Table 4). The sensitivity, specificity, accuracy, positive predictive value, and negative predictive
value of CEUS for cervical lymphoma were 87.50% (21 of 24 LNs; 95% CI 66.54%, 96.71%), 91.30% (21 of 23
LNs; 95% CI 70.49%, 98.48%), 89.36% (42 of 47 LNs; 95% CI 80.54%, 98.18%), 91.30% (21 of 23 LNs; 95% CI
70.49%, 98.48%), and 87.50% (21 of 24 LNs; 95% CI 66.54%, 96.71%), respectively. The diagnostic performance
of US and LCEUS is shown in Table 5.

The AUC for the combination of the postvascular phase and US feathe postvascular phasetures was 0.92 (95%
CI 0.82-1.00), significantly higher than that for US features alone (AUC, 0.68; 95% CI 0.53, 0.84; P <0.05), as
shown in Table 5 and Fig. 4.

Discussion

Cervical lymphoma is often simply distinguished from benign LNs by determining the presence of the hilum.
Lymphomas within the LNs grow from the inside out, and early lymphomas cause minimal damage to the small
single arteriovenous structures of the hilum, which may present as gate-like blood flow signals. Therefore, it is
difficult to differentiate from benign enlarged LNs. In this study, the hilum was present in 39.13% of lymphomas
(9 of 23 cases) and in 58.33% of benign LNs (14 of 24 cases). Comparing the two groups under conventional US,
no significant differences were found in other indicators except for the presence of the hilum. Lymphomas rarely

Characteristic Lymphoma | Benign LNs | P-value
Age(y) 60.39+21.13 | 50.29+18.76 | 0.09
Sex

Male 14 11 0.30
Female 9 13

Maximum diameter(cm) | 2.28+0.74 2.36+£0.93 0.04

Table 1. Basic characteristics of patients with lymph nodes. Data are means + standard deviation, LN: lymph
node.
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Modality and feature ‘ Description Lymphoma | Benign LNs | P-value
Us
Round/oval 16 22 0.06
Shape
Irregular 7 2
Yes 21 23 0.61
Smooth edge
No 2 1
Hypo-echoic 22 23 1.00
Echogenicity
Mixed-echoic 1 1
Yes 2 1 0.61
Cystic degeneration
No 21 23
Yes 12 19 0.06
Homogeneous echo
No 11 5
Yes 9 14 0.19
Hilum
No 14 10
Yes 9 16 0.06
Portal blood flow
No 14 8
CEUS
Vascular phase
Centripetal 17 11 0.02
Perfusion pattern Centrifugal 2 11
Diffuse 4 2
Hyperenhancement | 15 20 0.09
Enhancement intensity | Isoenhancement 1 4
Hypoenhancement |7 0
Homogeneous 22 23 0.71
Homogeneity
Heterogeneous 1 1
Sunburst sign 2 17 <0.01
Postvascular phase Starfield sign 21 4
Black hole sign 0 3

Table 2. Univariate analysis of US and CEUS characteristics. US: ultrasound, CEUS: contrast-enhanced
ultrasound, LN =lymph node, Categorical variables were analyzed using Pearson’s chi-squared test and Fisher’s

exact test.
Description B SE | OR (95%Cls) P-value
Maximum diameter | — 0.30 | 0.55 | 0.74 (0.26-2.16) | 0.58
Centripetal —-1.59 | 1.16 | 0.20 (0.02-1.99) | 0.17
Diffuse —1.97 | 1.57 | 0.14 (0.01-3.04) | 0.21
Starfield sign —-3.71 [ 0.96 | 0.03 (0.00-0.16) | <0.01

Table 3. Multivariable analysis of US and CEUS. B: regression coefficient, SE: standard error; OR (95% CI):
odds ratio (95% confidence interval), US: ultrasound, CEUS: contrast-enhanced ultrasound.

LNs size ‘ N ‘ Starfield sign (n) ‘ Correct proportion
>3cm (n=18)

Lymphoma | 10 | 10 100.00%

Benign LNs |7 |2 28.57%

<3cm (n=29)

Lymphoma | 13 | 10 76.92%

Benign LNs | 17 | 2 11.76%

Table 4. Performance of Starfield Sign based on LNs size. LN =lymph node.
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Predicted groups of
neck LNs
Model and actual groups | Lymphoma | Benign LNs | Correct proportion | AUC (95%Cls) | Youden Index J
uUs
Lymphoma (n=23) 15 8 15/23 (65.2) 0.68 (0.53-0.84) | 0.36
Benign LNs (n=24) 17 7 7/24 (29.2) - -
Correct proportion - - 22/47 (46.8) - -
CEUS
Lymphoma (n=23) 21 2 21/23 (91.3) 0.89 (0.79-1.00) | 0.79
Benign LNs (n=24) 3 21 21/24 (87.5) - -
Correct proportion - - 42/47 (89.4) - -
US combined with postvascular phase
Lymphoma (n=23) 22 1 22/23(95.7) 0.92 (0.82-1.00) | 0.83
Benign LNs (n=24) 3 21 21/24 (87.5) - -
Benign LNs - - 43/47 (91.5) - -

Table 5. Diagnostic performance of US, CEUS, and US combined with postvascular phase. A multivariable

logistic regression model was used to evaluate diagnostic performance. Both the actual group and the
predicted group included 47 cases of suspicious cervical lymphomas. The actual group comprised histologically
confirmed benign LNs and lymphomas, while the predicted group comprised benign LNs and lymphomas
classified by the diagnostic model. LN: Lymph node, AUC: Area under the receiver operating characteristic
curve, US: ultrasound, CEUS: Contrast-enhanced ultrasound. Data represent the number of LNs, with

percentages in parentheses.
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Fig. 4. The receiver operating characteristic (ROC) curves show the diagnostic performance of US, CEUS, and
the combination of US with the postvascular phase features, along with the area under the curve (AUC) for

each. US: ultrasound, CEUS: contrast-enhanced ultrasound.
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undergo necrosis?® and most show homogeneous high enhancement in the arterial phase on CEUS?, similar

to benign enlarged LNs. In this study, both lymphomas and benign LNs mostly exhibited homogeneous high
enhancement (15 of 23 lymphomas and 20 of 24 benign LNs). Therefore, CEUS using sulfur hexafluoride as a
contrast agent has limited diagnostic value for evaluating cervical lymphoma'®. European guidelines also discuss
the limitations of CEUS in lymphoma and do not recommend its routine use for differentiating lymphoma
from benign LNs, recommending CEUS only in special circumstances®’. In our clinical practice, we found that
CEUS using Sonazoid (perfluorobutane microbubble contrast agent) has its own advantages in lymphoma.
Perfluorobutane can be phagocytosed by macrophages, causing the highlighted areas to appear, while areas
without macrophages do not show enhancement. This prospective study found that CEUS using perfluorobutane
as a contrast agent showed good diagnostic performance for suspected cervical lymphoma. The AUC for CEUS
was 0.89. The AUC for the combination of the postvascular phase and US features was 0.92, significantly higher
than the AUC for US features alone (P <0.05). Notably, the postvascular phase starfield sign demonstrated strong
diagnostic performance. The combination of US with the postvascular phase features improved the accurate
diagnosis of 7 cervical lymphomas and 14 benign LNs.

Normal LNs contain macrophages in both the cortex and medulla?*?!. When foreign substances (such
as perfluorobutane) enter the LNs through the bloodstream?®%, they can be phagocytosed by macrophages.
Therefore, benign LNs exhibit uniform enhancement during the postvascular phase®’, which we describe as
the “sunburst sign”(Fig. 2). The sunburst sign is an independent indicator associated with benign LNs. Its AUC
is 0.81, with a sensitivity of 70.83%, specificity of 91.30%, positive predictive value of 89.47%, and negative
predictive value of 75.00%. Therefore, LNs exhibiting the sunburst sign in the postvascular phase are likely
benign and may be exempt from biopsy. In contrast, lymphoma cells can invade and destroy the normal structure
of LNs, leading to a significant reduction in macrophages and less phagocytosis of microbubbles. Therefore, in
the postvascular phase, lymphomas show scattered punctate heterogeneous hypoechoic enhancement within
the LNs, which we describe as the “starfield sign”(Fig. 3). Its sensitivity is 91.30%, specificity is 83.33%, positive
predictive value is 84.00%, negative predictive value is 90.91%, AUC is 0.87, and diagnostic accuracy is 89% (23
of 21 LNs). There was no difference in the AUC between the combination of CEUS and postvascular phase and
US features (P>0.05). We observed that in lesions larger than 3 cm (21 out of 23 cases), uneven enhancement
in the postvascular phase had a sensitivity of 100% for lymphoma, indicating strong diagnostic performance.
Based on these results, we believe that CEUS using perfluorobutane as a contrast agent is a promising tool for
differentiating suspected cervical lymphomas.

Notably, 3 cases of benign LNs showed no enhancement in the postvascular phase (black hole sign). The final
pathological results for these 3 cases were non-tuberculous granulomatous lymphadenitis (2 cases) and necrotizing
lymphadenitis (1 case). The possible reason for no enhancement in the postvascular phase is the presence of
excessive fibrous tissue within the lesion and a lack of phagocytes, preventing contrast agent visualization in the
lesion. This phenomenon was not observed in the postvascular phase of lymphomas. Therefore, we hypothesize
that no enhancement in the postvascular phase may be seen in specific types of inflammatory lesions or other
types of malignant tumors, which requires further research to confirm. Additionally, we observed that 4 cases
of benign LNs showed heterogeneous hypoechoic enhancement (starfield sign) in the postvascular phase. This
may be related to the formation of new fibrous tissue after the destruction of the normal structure of the LNs,
leading to a reduction in phagocytes.

In the univariate analysis, the maximum tumor diameter on conventional ultrasound showed a statistically
significant difference between lymphomas and benign LNs (P<0.01). The maximum tumor diameter in
lymphomas is larger than that in benign LNs, likely because lymphomas are malignant tumors with uncontrolled
clonal proliferation, resulting in larger size. In contrast, most benign enlarged LNs are due to reactive hyperplasia,
which is regulated growth, resulting in relatively smaller size. This study also found that the direction of
enhancement on CEUS showed a statistically significant difference between the two groups (P=0.02), with
lymphomas more often exhibiting centripetal enhancement (17 of 23 cases). While previous studies have reported
that only approximately half of lymphomas show centripetal enhancement (e.g., 58.73%), this difference may not
solely be explained by selection bias. Other contributing factors may include differences in the contrast agent
used (perfluorobutane vs. sulfur hexafluoride), tumor subtype composition, vascular remodeling patterns, and
operator technique. Further comparative studies across multiple centers using standardized protocols are needed
to clarify the variability in enhancement patterns observed in lymphoma. If the hilar vessels are destroyed and
tumor neovascularization predominates, it can result in centripetal enhancement. If hilar vessels predominate,
centrifugal enhancement may occur, a phenomenon also reported in the literature®!.

Our study has several limitations. First, it is a single-center study with a small sample size, which may limit
statistical power and generalizability. Second, selection bias may exist, as only patients already scheduled for
biopsy were included, excluding borderline cases commonly seen in clinical practice. Third, metastatic and
tuberculous lymph nodes were not included as comparison groups, limiting evaluation of the starfield sign’s
specificity across diverse pathologies. Fourth, CEUS was performed by a single radiologist involved in study
design, which may introduce observer bias. Fifth, some benign lymph nodes were classified based on core needle
biopsy and short-term follow-up (mean 13.7 months), which may not fully exclude indolent malignancies.
Sixth, the study relied on subjective visual signs without quantitative CEUS parameters, which may affect
reproducibility. Finally, the novel terms “starfield sign” and “sunburst sign” lack standardized definitions, which
may limit cross-institutional application and require further validation.

Conclusion
In conclusion, CEUS using perfluorobutane as a contrast agent can effectively differentiate cervical lymphomas
from benign LN, especially with the starfield sign showing good diagnostic performance. The sunburst sign
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indicates a high likelihood of benignity, potentially avoiding unnecessary biopsy. Further large-scale, multicenter
studies are needed to validate these findings.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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