www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Identification of superficial invasive
and indolent lymphomatous lymph
nodes by multiple ultrasonographic
vascular imaging
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Xinhua Ye?**

This study aimed to explore whether superficial invasive lymphomas and indolent lymphomas could be
identified by Ultrasonographic vascular imaging. A retrospective study enrolled 82 lymphoma patients.
According to proliferation rates and clinical course, the lymph nodes were classified as invasive and
indolent lymphomatous lymph nodes. All patients underwent ultrasound (US) with three established
techniques: color Doppler flow imaging (CDFI), angio plus ultrasound imaging (AngioPLUS™), and
contrast-enhanced ultrasound (CEUS). Qualitative and quantitative parameters from the two groups
were compared. Finally, the area under the receiver-operating characteristic (ROC) and regression
analysis were used to compare the differences between the two groups and determine the diagnostic
efficiency of the three techniques for differentiating invasive lymphoma from indolent lymphoma.

The types of blood flow distribution between invasive and indolent lymphomatous lymph nodes were
statistically different in all three Ultrasound techniques. In CDFI, invasive or indolent lymphomatous
lymph nodes were determined by resistance index (RI) (p <0.001). AngioPLUSTM offered better blood
flow performance and diagnostic sensitivity than CDFI. In CEUS, the differences between the two
groups in necrosis and arrival time (ATM) (p=0.026, 0.043) were statistically significant. Finally, CDFI
combined with CEUS had the highest diagnostic sensitivity of 98.1%. Interobserver agreements for
qualitative parameters were all excellent. Ultrasonographic Vascular imaging is useful in identifying
invasive and indolent lymphomatous lymph nodes, and CDFI combined with CEUS had the highest
diagnostic sensitivity, which can guide clinicians to make more accurate diagnosis and better
treatment for patients.
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According to the fifth edition of the World Health Organization Classification of Lymphoid Neoplasms of the
Haematological System, lymphomas can be divided into more than 100 subtypes'. Based on the proliferation rates
and clinical course, they are broadly divided into invasive and indolent lymphomas?. Clinically, transformation
may occur in various low-grade indolent non-Hodgkin’s lymphomas (NHL), which is defined as the progression
from a histologically indolent lymphoma to a more invasive lymphoma. In this stage of the disease, there are
different types of lymphomas in the body (FL with DLBCL, etc.). This transformation is associated with disease
progression and poor prognosis®. Obtaining specific tissues to produce pathological findings is currently the
predominant method of diagnosing lymphoma. However, simply obtaining the most accessible lymph node may
not establish the diagnosis as transformation usually only occurs in part of lymph nodes or extranodal sites®.
Consequently, it is necessary to determine the radiological presentation of invasive lymphoma to select biopsy
sites and subsequent treatment.

PET/CT has been proven helpful in identifying transformed lymph nodes with clinical signs®. However,
its high cost and ionizing radiation are a deterrent for some patients. Besides, current studies have shown that
PET/CT accuracy for indolent lymphoma is suboptimal (sensitivity: 68%, specificity: 72%)°. So, the attention is
focused on a non-invasive and easy-to-use diagnostic technique, which is ultrasonographic vascular imaging.
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Based on the pathophysiological background, angiogenesis has a vital role in lymphoma biology, and
lymphoma subtypes differ significantly in terms of angiogenesis’~°. Menzel et al.!! found that the progression
of invasive lymphoma is usually accompanied by a so-called "vascular phase," which represents extensive
vascularization of the lymph nodes, with the exponential growth of the internal vessels and no intervals, while
indolent lymphomas are well differentiated, with relatively normal blood flow. Hence, we focus on the advantages
of ultrasonographic Vascular imaging for qualitative and quantitative assessment of lymph node blood flow. The
techniques include color Doppler flow (CDFI), angio plus ultrasound imaging (AngioPLUS™), and contrast-
enhanced ultrasound (CEUS). It was proved that CDFI is helpful to the differential diagnosis of superficial
enlarged lymph nodes and to reflect the aggressiveness of lymphoma!?. AngioPLUS maximizes the velocity
resolution of blood flow with a detailed resolution of up to 50 microns, which can detect the tiny vessels'*. And
CEUS combines real-time visualization of microvascular perfusion in nodules and time-intensity curve (TIC)
analysis to provide an objective and quantitative way to analyze perfusion characteristics of lymph nodes'*15.

Therefore, this study evaluated whether ultrasonographic vascular imaging could help differentiate superficial
lymph nodes of different WHO lymphoma subtypes, thus providing preliminary insights for clinical biopsy.

Materials and method
All the qualitative and quantitative indicators of ultrasonographic vascular imaging were assessed by two
radiologists with more than five years of experience.

Patients

We conducted a retrospective analysis of 116 patients between September 2020 and November 2022, who
underwent ultrasonographic vascular imaging for superficial enlarged lymph nodes. Then, 34 patients
were further excluded based on the following exclusion criteria: selected lymph nodes without pathological
confirmation(n = 12); fused lymphomas(n = 6); interval between US examination and histopathology more than
60 days(n=0); pregnant or breast-feeding women(n =0); prior chemotherapy/radiation therapy(n=>5); contrast
allergy (n=3); severe comorbidities(n = 8); those with more than one histologically subtype of NHL or coexistence
of Hodgkin’s disease and NHL(n =0). Inclusion required adults (> 18 years) with histopathologically confirmed
lymphoma; superficial lymph nodes (neck, axillary, inguinal) showing high uptake on PET/CT. Ultimately, 82
patients with 82 lesions were enrolled in the study with an effect size of 0.5, a=0.05, and power =0.8, which
exceeded calculated minimum sample size 64. Diagnosis adhered to the 5th WHO Classification of Lymphoid
Neoplasms (2022)!. Pathologists classified lymphomas as invasive (e.g., DLBCL, ALCL) or indolent (e.g., FL,
MZL) based on proliferation rates and clinical behavior?. Recruitment followed institutional protocols, and all
participants provided informed consent. The study was approved by the Ethics Committee under ethics number
2022-SR-058. All methods were performed in accordance with the relevant guidelines and regulations. Two
radiologists specializing in ultrasound independently analyzed the results of three ultrasonographic vascular
imaging modalities (CDFI, AngioPLUS, and CEUS) for each lymphoma case.

CDFI

CDFI was performed on the Aixplorer ultrasound system (SuperSonic Imagine, Aix-en-Provence, France)
equipped with an SL15-4 linear transducer . The sampling frame was sized to completely encapsulate the mass.
The color gain was adjusted to a level where low velocity vascular flow in the target lesion can be detected
with minimal background noise. The velocity scale for color Doppler examination was 10 cm/s. Multi-sectional
scanning was used to show the maximum vascular flow in the target lesion. If lymphatic hilar structures were
present, they need to be adequately displayed. Patients took a supine position, breathed calmly, and fully exposed
the area to be examined. The patterns of CDFI were categorized as the following four types'®: (1) hilar; (2)
peripheral; (3) mixed: the existence of both hilar and peripheral flow signal or scattered short rod-shaped blood
flow signals; and (4) absent. The resistance index (RI) of blood flow should be measured at different sites!2.
Besides, the sampling volumes were all adjusted to the smallest size to avoid bias caused by different volumes
sizes'.

AngioPLUS™

AngioPLUS™ was also performed on the Aixplorer ultrasound system with SL15-4 linear transducer. The color
gain and sampling frame were adjusted in line with that of the color Doppler, while the scale was set at 3 cm/s. The
same lymph nodes as described above were selected for AngioPLUS™ . Referring to the previous literature!'>17,
we assessed the microvascular condition within the lymphoma in terms of AngioPLUS amount, distribution of
vessels, and Four-tier vascularity score. The number of vessels in the lymphoma could be qualitatively defined
as follows: (1). Absent; (2). Minimal: 1-2 vessels within the mass or at the edge of the mass; (3). Moderate: 3-4
vessels within the mass or at the edge of the mass; (4). Marked: 5 or more penetrating vessels in the mass; The
distribution of blood vessels was defined as: (1). Absent; (2). Vessels in the rim; (3). Internal blood flow: punctate
or perforating vessels exist in the mass; (4). Combined. For four-tier vascularity score, we referred to the scoring
method designed by Min Ji Son et al.!:

Score 1: no vessels; central or peripheral punctate vessels;

Score 2: 1 or 2 peripheral vessels that do not enter the nodes;

Score 3: 3 or more peripheral vessels, or 1-2 penetrating vessels;

Score 4: 3 or more penetrating vessels or disrupted internal blood flow.
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CEUS

The LogiqE9 ultrasound machine (GE Medical Systems, Milwaukee, W1, USA) with a 9L linear transducer was
used to perform the CEUS examination in MSK GEN mode. The mechanical index (MI) and thermal index
(TT) was set at 0.14, 0.0 respectively. Then 5 ml of 0.9% saline was added into the contrast medium (SonoVue,
Bracco, Milan, Italy) and shaken forcefully to make emulsion-like microbubbles for preparation. The patient was
positioned as above, and the same lymphoma section as above is selected for observation. Afterward, 2.4 ml of
contrast medium was injected rapidly into the patient’s elbow vein, followed by 5 ml of saline. The timer built
into the machine started simultaneously and recorded the angiography process in real-time for approximately
60 s. During this procedure, the probe was kept fixed. After the angiography, the dynamic video was saved, and
the patient was closely observed for any side effects.

CEUS imaging analysis

The characteristics of lymphomas in CEUS included enhancement mode, boundary, intensity, distribution,
and necrosis'®®. (1) Enhancement intensity was divided into no enhancement, low enhancement (lower than
surrounding normal tissue), moderate enhancement (equal to the surrounding normal tissue), high enhancement
(higher than surrounding normal tissue, but lower than surrounding arteries), and intense enhancement
(equal to the surrounding arteries). (2) Enhancement distribution was classified as hilar, central (enhanced
from peripheral to the interior), centrifugal (enhanced from the center to peripheral), mixed (simultaneously
enhanced at the margins and the center or diffuse enhancement), and peripheral. (3) Enhancement boundary
was divided into clear and unclear. (4) Enhancement patterns: homogeneous and heterogeneous.

Observe the process of lymphoma angiography and intercept the period from 1 s before the start of
enhancement to 40 s of enhancement for TIC analysis, using GE LogiqE9 quantification software. The entire
enhanced lymph node was selected as the region of interest (ROI). It was essential to avoid surrounding tissues
and blood vessels when outlining the ROI. The parameters provided by TIC analysis had to be measured three
times and averaged, including arrival time (ATM); time to peak (TP); AT =TTP-ATM; area under the gamma
curve (Area); curve gradient (Grad); base intensity (BI); peak intensity (PI)'.

Histologic analysis

Experienced hematopathologists reviewed all tissue specimens at our institution. The pathological diagnosis was
confirmed for all patients based on the fifth edition of the World Health Organization Classification of Lymphoid
Neoplasms of the Haematological System.

Statistical analysis

SPSS software (version 21.0; IBM Corporation, NY, USA) was used for data analysis. The quantitative parameters
were expressed as mean + SD. Statistical analysis between the two groups was done using independent samples
t-test for quantitative parameters and chi-square test for qualitative parameters. Regression analysis was used to
diagnose image characteristics and quantitative parameters jointly. Meaningful characteristics of each technique
were chosen to assess the diagnostic efficacy of the technique. The diagnostic value of different ultrasound
techniques was analyzed by the area under the receiver-operating characteristic (ROC) with the Medcalc 18.2.1.0
software. P <0.05 was statistically significant. Observer consistency was assessed using intra-group correlation
(ICC) and kappa for continuous and categorical variables. Consistency was considered poor when ICC/kappa
was 0-0.4; 0.4-0.59, fair; 0.6-0.74, good; and 0.75-1, excellent?!.

Results
ICC

ICC and kappa values showed excellent inter-observer agreement (Table 1).

Clinical features

Eighty-two patients (37 males and 45 females; average age, 60.3 years; range, 28-88 years) with 82 lymphomatous
lymph nodes were enrolled in our research. Of the 82 lymphomatous lymph nodes, there were 54 cases of
invasive lymphoma (45 cases of diffuse large B-cell lymphoma, DLBCL; 3 cases of anaplastic large cell lymphoma,
ALCL; 6 cases of grade III follicular lymphoma) and 28 cases of indolent lymphoma (13 cases of I-II follicular

Features ICC/Kappa | Features | ICC/Kappa
Patterns of CDFI 0.883 AT 0.883
Amount of vessels 0.857 TP 0.882
Distribution of vessels 0.873 AT 0.814
Four-tier vascularity score | 0.903 BI 0.903
Enhancement intensity 0.878 PI 0.912
Enhancement distribution | 0.801 Al 0.857
Enhancement boundary | 0.812 Grad 0.842
Necrosis 0.89 AUC 0.853
Enhancement pattern 0.855 RI 0.837

Table 1. Consistency of the observers with regard to US features of lymphomas.
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lymphoma, FL; 11 cases of nodal marginal zone lymphoma, MZL; 2 cases of lymphoplasmacytic lymphoma,
LPL; and 2 cases of B-Cell Lymphoproliferative Disease, BCLD). Besides, 54 enlarged lymph nodes were in the
neck, 17 in the inguinal region, and 11 in the axillary.

CDFl and AngioPLUS™

Characteristics of CDFI and AngioPLUS™ in invasive lymphoma and indolent lymphomas are compared in
Table 2. Regarding CDFI and AngioPLUS™, the blood flow distribution was significantly different between
invasive lymphoma and indolent lymphomas.In invasive lymphomas, it mainly presented as “mixed” blood flow
(Fig. 1) and an absence of blood flow, whereas half of the indolent lymphoma manifested as “hilar” type of
blood flow (P=0.002) (Fig. 2). Besides, “marginal” blood supply was only present in invasive lymphomas. The
RI of invasive lymphoma (0.66 £0.09, range 0.51-0.84) was higher than that of indolent lymphomas (0.56 +0.07,
range 0.41-0.69) (P <0.001) (Fig. 3). The optimal cut-off value of RI was 0.625, with the sensitivity, specificity,
accuracy and the area under the curve (AUC) of 67.4%, 84.6%, 81.3% and 0.813 respectively. AngioPLUS™
offered better performance than CDFI for all features. CDFI showed no vascularity in 1(3.6%) of the 28 indolent
lymphomas and in 9 (16.7%) of the 54 invasive lymphomas, whereas 0 (0%) of the indolent lymphomas and 2
(3.7%) of the invasive lymphomas were avascular on AngioPLUS™.

CEUS

Quantitative results of CEUS are shown in Table 3. For the optimization of the threshold values for ATM
(15.058 s), differences were observed between the two groups, with the AUC of 0.636, the sensitivity of 53.6%,
and the specificity of 83.3%, respectively (P=0.043). There were no statistical differences for the remaining
parameters. Qualitative findings of CEUS are summarized in Table 4. The results showed that the majority of
invasive (43/54, 79.7%) and indolent (28/28, 100%) lymphomas displayed hyperenhancement, and no statistical
difference was found between them (P=0.141). Concerning enhancement distribution, invasive lymphomas
(19/54, 35.2% vs. 4/28,14.3%) showed more of a centripetal enhancement distribution. Besides, “marginal”
enhancement (P =0.028) and necrosis (p=0.026) (Fig. 4) were only seen in invasive lymphomas.

The combination of Ultrasound techniques

The two groups’ sensitivity, specificity, and accuracy of single and multiple combined imaging techniques were
compared (Table 5). The results indicated that the combination of the three had the highest diagnostic efficacy
(AUC=0.941), with diagnostic sensitivity, specificity of 90.7%, 85.7%, respectively (Fig. 5). In contrast, CDFI
combined with CEUS had the highest diagnostic sensitivity of 0.981. And there was no statistically significant
difference in diagnostic efficacy between CDFI combined with CEUS and the combination of the three primary
ultrasonographic Vascular imaging techniques (p=0.261) (Table 6).

Pathology type
Characteristic Invasive lymph (n=54) | Indolent lymph (n=28) | Pvalue
RI 0.66+0.09 0.56+0.07 <0.001
Patterns of CDFI
Absent 9 (16.7%) 1 (3.6%) 0.002
Hilar 10 (18.5%) 14 (50.0%)
Mixed 25 (46.3%) 13 (46.4%)
Peripheral 10 (18.5%) 0 (0.0%)
Amount of vessels
Absent 2 (3.7%) 0 (0.0%) 0.185
Minimal 10 (18.5%) 1(3.6%)
Moderate 12 (22.2%) 7 (25.0%)
Marked 30 (55.6%) 20 (71.4%)
Distribution of vessels
Absent 2 (3.7%) 0(0.0%) 0.024
Internal vascularity | 7 (13.0%) 10 (35.7%)
Vessels in rim 11 (20.4%) 1(3.6%)
Combined 34 (63.0%) 17 (60.7%)
Four-tier vascularity score
1 6(11.1%) 0 (0.0%) 0.115
2 10 (18.5%) 2(7.1%)
3 16 (29.6%) 12 (42.9%)
4 22 (40.7%) 14 (50.0%)

Table 2. CDFI and AngioPLUS in 82 Invasive and Indolent lymphomas.
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Fig. 1. (A) Invasive lymphoma appears on CDFI as a punctate “central” blood flow with a bit of “Peripheral”
blood flow signal. (B) On AngioPLUS, the same lymphoma shows an abundant “mixed” blood flow signal.

Discussion

There is growing evidence of a correlation between the type of vascular condition and the aggressiveness of
lymphomas”?>?, To identify signs of transformation and to identify potential biopsy sites, this retrospective
study was designed to clarify invasive and indolent Lymphomatous lymph nodes through Ultrasonographic
Vascular imaging, which finally impact the selection of treatment programs.

The three ultrasound techniques, including CDFI, AngioPLUS™, and CEUS, are all capable of showing
vascular distribution. The results indicated that indolent lymphomas presented more often with “hilar” and
“centrifugal” blood flow types, while invasive lymphomas had a greater distribution of “mixed” and “central”
This is consistent with previous research findings’*?*. Besides, “peripheral” blood flow type was only found
in invasive lymphomas. In line with this, Giovagnorio et al.?® found that six lymphomas showing “peripheral”
vessels pathologically were all confirmed as high-grade invasive lymphoma. In conclusion, there is a correlation
between the type of vascular distribution and the tissue aggressiveness of the lymphoma. In terms of biological
behavior, lymphoma center is initially infiltrated by tumor cells. But indolent lymphoma is slow to develop,
so the surrounding area may remain untouched for a long time. As the inside-out invasion of the tumor cells,
microinfiltrates may have developed in the surrounding areas, but CDFI cannot detect the microinfiltrates'2.
Thus, early lymphomas and indolent lymphomas were more likely to present a “hilar” distribution. In invasive

Scientific Reports |

(2025) 15:9886 | https://doi.org/10.1038/s41598-025-93545-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

(B): On AngioPLUS™, the same lymphoma shows an abundant “mixed” blood flow signal.

Fig. 2. The indolent lymphoma shows a typical “hilar” flow on CDFI (A), and the amount of flow signal is
increasing on AngioPLUS (B).

lymphomas, tumor cells can even reach the lymph nodes from the external side, when the disease has its origin
in another lymph node of the cluster and thereafter invades the rest of the nodes, similar to metastasis, which
explains why invasive lymphomas show a predominance of “mixed” and “peripheral” distribution®.

The RI values were higher in invasive lymphoma and lower in indolent lymphoma, with optimal cut-off value
of 0.625, providing sensitivity, specificity, and accuracy of 67.4%, 84.6%, and 81.3% respectively. Likewise, in the
JIANG et al."’ study, the RI cut-off value was 0.595, providing a sensitivity, specificity, and accuracy of 85%, 79%,
and 81.5%. In molecular biology, angiogenesis and translocation of vessels occur in the course of multiplication
and infiltration of malignant tumor cells. This process is accompanied either by the destruction of the basement
membrane of the blood vessels or by the migration and proliferation of endothelial cells, leading to the narrowing
of blood vessels and an increase in blood flow resistance?’. In contrast, in early-stage lymphoma or indolent
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Fig. 3. Distribution of RI in invasive and indolent non-Hodgkin’s lymphoma (NHL), demonstrating a higher
RI in invasive NHL. However, in the lower RI levels, there is an overlap between invasive and indolent NHL.

Invasive lymphoma Indolent lymphoma
Parameter | Range Mean + Standard Deviation | Range Mean + Standard Deviation | P value
AT 3.55-21.62 11.90+3.80 5.88-21.35 13.84+4.50 0.043
TP 9.22-38.77 23.3+£16.25 14.81-36.81 24.21+6.19 0.547
AT 5.67-23.83 11.44+3.57 6.61-16.37 10.38+2.67 0.171
BI —70.90to - 54.43 | —63.18+3.46 —-70.50 to—57.5 | —63.82+3.38 0.426
PI —60.64 to -34.31 —46.35+5.52 —56.70 to—32.57 | —46.46+6.09 0.937
Al 6.96-26.84 16.82+3.92 8.60-30.33 17.36+4.86 0.592
Grad 0.442-3.802 1.72+0.65 0.57-3.85 1.78+0.75 0.891
AUC 96.41-567.958 329.36+£103.29 117.37-795.52 328.23+143.27 0.968

Table 3. Qualitative results of CEUS.

lymphoma, the biological behavior of the lymphoma cells and the morphology of the vessels are similar to that
of normal and, therefore, may have a lower RI. Consequently, as the aggressiveness of the lymphoma increases,
the RI increases accordingly®.

In CEUS, necrosis was only observed in invasive lymphomas. Although the rate of necrosis in lymphomas
is low, necrosis can occur when the growth rate of tumor cells exceeds the rate of blood supply. The presence
of necrosis, in turn, is often a late event in the invasion of lymph nodes and is highly suggestive of tumor
aggressiveness®. The previous paper has noted that massive necrosis suggests complete lymph node invasion
by neoplastic tissue!%.

Among the quantitative parameters of CEUS, ATM is shorter in invasive lymphomas (<15.058), with a low
AUC of 0.636, poor sensitivity of 53.6%, and high specificity of 83.3%, respectively. This probably is related
to the fact that the more advanced the stage of the tumor, or the more aggressive it is, the more vascular the
tumor contains. As a result, there is an increase in blood flow velocity within the tumor and, accordingly, a
shorter ATM!". However, in the previous study by Jiang et al.'%, they did not find any meaningful quantitative
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Pathology type

Characteristic | Invasive lymph Indolent lymph Pvalue

Enhancement intensity

None 0(0.0%) 0(0.0%) 0.141
Weak 3(5.5%) 0(0.0%)

Moderate 7(13.0%) 0(0.0%)

High 16(29.6%) 11(39.3%)

Intense 28(51.9%) 17(60.7%)

Enhancement pattern

Homogeneous | 23(42.6%) 18(64.3%) 0.062
Heterogeneous | 31(57.4%) 10(35.7%)

Enhancement distribution

Hilar 11(20.4%) 11(39.3%) 0.028
Central 19(35.2%) 4(14.3%)

Centrifugal 4(7.4%) 6(21.4%)

Mixed 15(27.8%) 7(25.0%)

Peripheral 5(9.3%) 0(0.0%)

Enhancement boundary

Clear 25(46.3%) 17(60.7%) 0.215
Unclear 29(53.7%) 11(39.3%)

Necrosis

Yes 11(20.4%) 0(0.0%) 0.026
No 43(79.6%) 28(100%)

Table 4. Comparison of the invasive and indolent lymphoma qualitative parameters using CEUS.

parameters in the differential diagnosis of invasive and indolent lymphomas by CEUS, given that their sample
size of indolent lymphomas was only 12 cases.

Although the number of vessels was not statistically different in our study; it is still an indicator we need to
keep an eye on. Rich blood supply is the hallmark of malignant lymphoma®. In our study, both the indolent
and invasive lymphomas had an abundant number of microvessels, and there was no statistical difference
between them. Consistent with this, most lymphomas showed high enhancement in CEUS, especially indolent
lymphomas, all of which exhibit hyperenhancement. Likewise, in the study by MA et al.% four indolent
lymphomas they included all showed a rapid homogenous hyper-enhanced pattern in CEUS, noting that
CEUS imaging of indolent lymphomas was only affected by blood flow. Although there is massive angiogenesis
within both invasive and indolent lymphomas, the vessels within the former are more immature, straggly, and
tiny®!. However, Over-angiogenesis is an independent marker of poorer survival in part of indolent lymphomas
and may promote transformation®. Promisingly, the prediction of transformation of indolent lymphoma by
angiography is a study direction.

AngioPLUS™ improves the detection of abnormal blood flow distribution in malignant lymphomas and
increases the diagnostic sensitivity (87%), reflecting the better performance of AngioPLUS. With AngioPLUS,
18% of the lymphomas (10 cases of invasive lymphoma, 5 cases of indolent lymphoma) displayed a more
complex distribution in our study. CDFI showed no vascularity in 1(3.6%) of the 28 indolent lymphomas and in
9 (16.7%) of the 54 invasive lymphomas, whereas 0 (0%) of the indolent lymphomas and 2 (3.7%) of the invasive
lymphomas were avascular on AngioPLUS™ Relative to CDFI and AngioPLUS, the CEUS had the highest
diagnostic specificity of 87.9%. It was also found that CEUS is less sensitive for diagnosis than AngioPLUS, which
is consistent with the results obtained by Kratzer et al.*® in their comparative study of AngioPLUS™ and CEUS in
breast tumors. It may be that excessive contrast concentration does not match the injection rate, resulting in high
contrast concentration in the target area, blurred image contrast, and reduced fine resolution®*3>. Besides, the
combination of the three techniques has the highest diagnostic efficacy (AUC =0.941), with a sensitivity of 90.7%,
specificity of 85.7%. CDFI combined with CEUS had the highest diagnostic sensitivity of 98.1%. Unexpectedly,
there was no statistically significant difference between CDFI combined with CEUS and the combination of the
three. Therefore, we recommend using CDFI in combination with CEUS to differentiate invasive and indolent
lymphomas for the highest sensitivity and excellent diagnostic efficacy.

However, our study has limitations. Firstly, the sample size was relatively small, especially for indolent
lymphomas. Secondly, selection bias is due to selecting only superficial lymph nodes. For the cases of deep
lymph node enlargement, extra-nodal infiltration, and hepatosplenic infiltration, this is still where the
limitations of ultrasonography lie. Thirdly, the parameters of TIC may be affected by many factors, including
the dose of contrast, the machine, the patient’s metabolism, and the speed of contrast agent injection. Fourthly,
CEUS requires specifically trained operators to ensure an adequate interpretation of contrast patterns and
that there are no standardized protocols to guide the performance of CEUS examinations in the lymph nodes.
Therefore, ultrasonographic vascular imaging can currently only be an aid in identifying invasive and indolent
lymphomatous lymph nodes. It still requires a large sample size for further study.
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Fig. 4. (A): An indolent lymphoma appears as a well-defined homogeneous hyperenhancement on CEUS,
suggesting that the blood supply is also abundant in indolent lymphomas. (B): Two invasive lymphomas show
heterogeneous enhancement on CEUS, with a large area of necrosis.

Index AUC | P-value | CI95% Sensitivity (%) | Specificity (%)
CDFI 0.808 | <0.001 |0.714-0.902 | 0.667 0.857
AngioPLUS 0.676 0.009 | 0.556-0.796 | 0.870 0.357
CEUS 0.879 | <0.001 |0.794-0.963 | 0.778 0.857
CDFI+CEUS 0.925 | <0.001 |0.861-0.988 | 0.981 0.750
CDFI + AngioPLUS 0.808 | <0.001 |0.714-0.902 | 0.667 0.857
AngioPLUS + CEUS 0.880 | <0.001 |0.799-0.887 | 0.889 0.750
CDFI+CEUS + AngioPLUS | 0.941 | <0.001 | 0.887-0.996 | 0.907 0.857

Table 5. ROC analysis: invasive lymphoma vs. indolent lymphoma.

Conclusion

Obtaining accurate pathological tissue for the early identification of transformed lymphoma before the onset
of clinical symptoms is an ongoing endeavour for clinicians. Our study demonstrated that Ultrasonographic
Vascular imaging can help identifying invasive and indolent lymphomatous lymph nodes, and CDFI combined
with CEUS has the highest diagnostic sensitivity, which can guide clinicians to make more accurate diagnosis.
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Fig. 5. Receiver operating characteristic (ROC) curve for assessing the diagnostic value of different vascular

imaging.

CDFI vs CDFlvs | CDFI+CEUS vs CDFI +CEUS vs CDFI +CEUS vs AngioPLUS + CDFI vs

AngioPLUS | CEUS CDFI + AngioPLUS | AngioPLUS + CEUS | CDFI+ CEUS + AngioPLUS | CDFI+ CEUS + AngioPLUS
Difference
between 0.132 0.071 0.117 0.044 0.017 0.134
areas

—-0.035 to

95%CI 0.034 to 0.230 0.176 0.040 to 0.193 -0.006 to 0.09 —-0.013 to 0.046 0.046 to 0.221
P value 0.009 0.189 0.003 0.086 0.261 0.003

Table 6. A precise comparison of the diagnostic accuracy of different ultrasound techniques.

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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