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Abstract: Background/Objectives: Although contrast-enhanced endoscopic ultrasound (CH-EUS) 

plays an important role in the ultrasound imaging-based diagnosis of intra-abdominal hypervascular 

tumors, detective flow imaging EUS (DFI-EUS), which can detect micro-blood flow without using a 

contrast agent, has recently emerged. In this study, we investigated the usefulness of DFI-EUS for 

detecting intra-abdominal hypervascular tumors. Methods: Thirteen patients with intra-abdominal 

hypervascular tumors detected on contrast-enhanced computed tomography who underwent DFI-

EUS and CH-EUS were included. The lesions were classified into non-enhancement, hypo-

enhancement, iso-enhancement, and hyper-enhancement patterns. Vascular structural patterns were 

classified as non-enhancement, homogeneous or heterogeneous enhancement. On DFI-EUS, patients 

who showed heterogeneous enhancement were evaluated for the presence or absence of dendritic 

and peritumoral capsule-like structures. Contrast patterns, vascular structure patterns, and detection 

capabilities of DFI-EUS and CH-EUS were examined. Results: The final diagnoses were pancreatic 

neuroendocrine neoplasm in 10 patients (76.9%), gastrointestinal neuroendocrine neoplasm in one 

patient (7.6%), gastrointestinal stromal tumor in one patient (7.6%), and metastatic pancreatic tumor 

in one patient (7.6%). The contrast patterns (DFI-EUS vs. CH-EUS) were non-enhancement in 7.7% 

vs. 0%, iso-enhancement in 15.3% vs. 23.0%, and hyper-enhancement in 76.9% vs. 76.9%. The vascular 

structure patterns (DFI-EUS vs. CH-EUS) showed a homogeneous enhancement of 0% vs. 100% and 

a heterogeneous enhancement of 92% vs. 0%. Patients with heterogeneous enhancement on DFI-EUS 

showed a dendritic structure in 91.6% and capsule-like structures in 75.0% of patients. Conclusions: 

DFI-EUS and CH-EUS showed comparable iso-enhancement or hyper-enhancement patterns. In 

contrast, DFI-EUS revealed the characteristic heterogeneous patterns of dendritic and capsular-like 

vascular structures. 

Keywords: endoscopic ultrasound; neuroendocrine neoplasms; detective flow imaging 

 

1. Introduction 

Intra-abdominal tumors include hypovascular tumors such as pancreatic cancer, but 

neuroendocrine neoplasms (NEN), metastatic pancreatic tumors, and submucosal tumors of the 

digestive tract are generally considered to be more likely to be hypervascular tumors [1]. These 

neuroendocrine tumors, metastatic pancreatic tumors, and submucosal tumors of the digestive tract 

are often identified as hypervascular tumors on CT scans. Endoscopic ultrasound (EUS) is also 
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considered useful for hypervascular tumors. EUS has excellent spatial resolution and is widely used 

for the localized diagnosis of intra-abdominal lesions [2–4]. EUS is useful for the accurate diagnosis 

of small lesions and multiple lesions due to its excellent spatial resolution. However, most lesions are 

depicted as hypoechoic on B-mode EUS, making differential diagnosis difficult. The evaluation of 

blood flow in lesions is a useful approach for differential diagnosis. To date, Doppler imaging 

methods such as color Doppler EUS, power Doppler EUS, and e-flow EUS have been developed and 

are excellent for real-time vascular evaluation [5]; however, these methods cannot depict 

microcirculation within lesions [6]. Contrast-enhanced EUS (CH-EUS) has a high detection rate for 

blood vessels, and many studies have reported its usefulness in diagnosing intra-abdominal 

tumors[7–13]. In particular, neuroendocrine tumors and metastatic pancreatic tumors are often useful 

for diagnosis because CH-EUS often provides a strong contrast effect. However, there are also known 

problems with the use of contrast media, such as allergic reactions and high cost of contrast media 

[14]. In recent years, a new technique called detective flow imaging EUS (DFI-EUS) has emerged that 

can detect minute blood flow without using contrast media. DFI-EUS was developed to overcome 

the problems associated with conventional Doppler EUS without the use of contrast media. DFI-EUS 

minimizes the occurrence of motion artifacts to enable the visualization of microvessels, and its 

usefulness has been reported[15,16].  Specifically, it has been reported to be useful in the evaluation 

of biliary and pancreatic tumors [14] and in the evaluation of pancreatic solid tumors [16] .  

However, no studies have examined the usefulness of DFI-EUS for detecting intra-abdominal 

hypervascular tumors. In this study, we examined the usefulness of DFI-EUS for detecting intra-

abdominal hypervascular tumors. 

2. Methods 

We retrospectively registered 13 patients who underwent DFI-EUS and CH-EUS at the 

Yokohama City University Hospital between March 2022 and October 2023. The criteria for inclusion 

in this study were as follows: patients aged 20 years or older, diagnosed with a hypervascular tumor 

of the abdomen on contrast-enhanced CT, DFI-EUS and CH-EUS imaging performed on the same 

day, and a pathological diagnosis. The final diagnosis was determined by pathological examination 

of the resected specimen in surgical cases and by endoscopic ultrasound-guided fine needle 

aspiration (EUS-FNA) in non-surgical cases. This study was approved by the Institutional Review 

Board of Yokohama City University Hospital (F231100001) and was conducted in accordance with 

the latest version of the Declaration of Helsinki and ethical standards established by the Yokohama 

City University Clinical Research Review Committee. In this retrospective study, only medical data 

were used and the privacy of the participants was not violated. An opt-out form was distributed to 

all participants. Patients who did not provide informed consent were excluded from the study. 

2.1. Imaging Equipment 

EUS was performed using an ultrasonic endoscope (GF-UCT260; Olympus, Tokyo, Japan) and 

an ultrasonic observation device (ARIETTA850; FUJIFILM Healthcare, Tokyo, Japan). Patients were 

intravenously administered midazolam, pentazocine, and diazepam for conscious sedation. The dose 

was adjusted according to the patient's physique and age. DFI-EUS was performed after evaluating 

the lesion using B-mode EUS. For DFI-EUS, the dynamic range was adjusted to 85 Hz, transmission 

frequency to 65 Hz, and color gain to 65 Hz. Finally, we performed CH-EUS using perfluorobutane 

(Sonazoid® GE Healthcare Pharm, Daiichi Sankyo, Tokyo, Japan), a second-generation contrast 

agent. Perfluorobutane is a second-generation contrast agent composed of perfluorobutane 

microbubbles with a diameter of 2-3 μm. The suspension was administered at a dose of 0.025 mL/kg 

through peripheral veins. After injection, the lesion was imaged in real-time for at least 90 s. EUS 

images were recorded for vascular assessment. CH-EUS was performed at the end of the 

examination, as it affected the DFI-EUS images. 
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2.2. Image Analysis 

Two gastroenterologists evaluated all EUS images. Based on previous reports [7], the lesions 

were classified into contrast and vascular structure patterns. The enhancement patterns were 

classified as non-enhancement, hypo-enhancement, iso-enhancement, or hyper-enhancement 

compared to the surrounding pancreatic tissue (Figure 1). Vascular structure patterns were classified 

as non-enhancement, homogeneous enhancement and heterogeneous enhancement (Figure 2). 

Furthermore, heterogeneous enhancements were classified into dendritic and capsule-like structures 

in this study. 

 

Figure 1. The lesions were classified into contrast and vascular structural patterns. The enhancement patterns 

were classified as non-enhancement, hypo-enhancement, iso-enhancement and hyper-enhancement, compared 

to the surrounding pancreatic tissue. 

 

Figure 2. The vascular structure patterns were classified as non-enhancement, homogeneous enhancement or 

heterogeneous enhancement patterns. Heterogeneous enhancements were classified as having dendritic 

structures or capsule-like structures. 

2.3. Endpoints 

The primary endpoint of this study was the contrast-enhanced findings of hypervascular 

tumors on DFI-EUS and CH-EUS. The contrast enhancement patterns of lesions were evaluated using 

DFI-EUS and CH-EUS, and the results were compared for non-enhancement, hypo-enhancement, 

iso-enhancement, and hyper-enhancement. The secondary endpoints were contrast and vascular 

structural patterns on DFI-EUS and CH-EUS. The vascular structure patterns were investigated as 

non-enhancement, homogeneous enhancement or heterogeneous enhancement patterns. 

Heterogeneous enhancements were classified as having dendritic structures or capsule-like 

structures and evaluated. The detection rates of iso-enhancement and hyper-enhancement in DFI-

EUS and CH-EUS were compared. 

  

                                                               

               

           

            

                      

                   

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 January 2025 doi:10.20944/preprints202501.1800.v1

https://doi.org/10.20944/preprints202501.1800.v1


 4 of 10 

 

2.4. Statistical Analyses 

Statistical analyses were performed using JMP Pro version 13 (SAS Institute Inc., Cary, NC, 

USA). Vascular detection by DFI-EUS and CH-EUS was compared using McNemar’s test. Statistical 

significance was set than 0.05 is statistically significant. 

3. Results 

Patient characteristics are shown in Table 1. Of the 13 patients included in this study, the median 

age was 72 (range: 30-80), and 4 cases (30.7%) were female. Ten (76.9%) had pancreatic 

neuroendocrine neoplasms (PNENs), one (7.6%) had a gastrointestinal neuroendocrine neoplasm 

(GINEN), one (7.6%) had a gastrointestinal stromal tumor (GIST), and one (7.6%) had a metastatic 

pancreatic tumor. The histological grade of malignancy for PNEN was Grade 1 in 7 cases and Grade 

2 in 3 cases. PNEN was found in 8 cases of non-functional NEN and 2 cases of insulinoma. The 

histological grade of malignancy for GINEN was Grade 1 in 1 case. EUS-FNA was performed in all 

patients, leading to a pathological diagnosis. The median lesion size was 26.0 mm (range: 7-37 mm). 

Table 1. Clinical characteristic. 

GINEN, gastrointestinal neuroendocrine neoplasm; GIST, Gastrointestinal stromal tumor;. PNEN, pancreatic 

neuroendocrine neoplasm 

Table 2 shows the four enhancement patterns on DFI-EUS and CH-EUS. On DFI-EUS, 10 patients 

(76.9%) showed a hyper-enhancement pattern. These included seven patients with PNEN, one with 

GI-NEN, one with GIST, and one with a metastatic pancreatic tumor. Two patients (15.3%) showed 

iso-enhancement patterns, and on CH-EUS, 10 patients (76.9%) showed a hyper-enhancement 

pattern. The remaining three patients exhibited an iso-enhancement pattern. We also examined the 

ratio of iso-enhancement or hyper-enhancement in DFI-EUS and CH-EUS (Figure 3). The ratio of iso-

enhancement or hyper-enhancement in DFI-EUS was 92.3%, and the ratio of iso-enhancement or 

hyper-enhancement in CH-EUS was 100%. There was no significant difference in the frequencies of 

hyper-enhancement and iso-enhancement amplification between DFI-EUS and CH-EUS (P = Ns). 

  

Characteristic n= 13 

Median age, years (range) 72 (30-80) 

Sex, male (%)  4 (30.7) 

Tumor size (mm) (%) 

 Median (range) 

   5-10 mm 

   10-20 mm 

   >20 mm 

 

26.0 (7-37) 

3 (23.0) 

7 (53.8) 

3 (23.0) 

Pathological diagnosis (%) 

PNEN  

(Grade1 / Grade2) 

(Non-function/ insulinoma) 

GINEN (Grade1, non-function) 

GIST 

Metastasis  

 

10 (76.9) 

7 (53.8) / 3 (23.0) 

8 (61.5) / 2 (15.4pp) 

1 (7.6) 

1 (7.6) 

1 (7.6) 
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Table 2. Number with enhancement pattern. 

 Enhancement pattern (%) 

Non-enhancement 
Hypo-

enhancement 
Iso-enhancement 

Hyper-

enhancement 

DFI-EUS 

CH-EUS 

1 (7.7) 

0 (0) 

0 (0) 

0 (0) 

2 (15.3) 

3 (23.0) 

10 (76.9) 

10 (76.9) 

DFI-EUS, Detective flow imaging endoscopic ultrasound; CH-EUS, Contrast-enhanced harmonic 

endoscopic ultrasonography 

 

Figure 3. The rate of detection by iso-enhancement or hyper-enhancement in DFI-EUS and CH-EUS. 

Table 3 shows the vascular structure patterns on the DFI-EUS and CH-EUS images. On DFI-EUS, 

12 (92.3%) patients showed a heterogeneous enhancement pattern, and non-enhancement was 

observed in a patient with PNEN. A homogeneous enhancement pattern was observed in all patients 

who underwent CH-EUS. The number of patients who presented two vascular structures is shown 

among the 12 lesions that showed heterogeneous enhancement patterns on DFI-EUS. Dendritic 

structures were observed in 11 patients (91.6%), and capsule-like structures were observed in nine 

patients (75.0%), all of whom were observed to have capsule-like structures. In addition, one patient 

with PNEN and one with GI-NEN, who did not exhibit capsule-like structures, presented a dendritic 

structure. Figure 4 shows a specific example of the contrast effect in DFI-EUS. 

Table 3. Number with vascular pattern. 

 Vascular pattern (%) 

None Heterogeneous [dendritic structure / capsule-like 

structure] 

Homogeneous 

DFI-

EUS 

1 (7.7) 

0 (0) 

12 (92.3) [11 (91.6) / 9 (75.0)] 

0 (0) [0 / 0] 

0 (0) 

13 (100) 

 

  

  

  

  

  

  

  

  

  

   

             

      

 
 
 
 
  
 
  
  
 
  
 
 
 
 
 
 
 
 
 
  
  
  

  
 

         

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 January 2025 doi:10.20944/preprints202501.1800.v1

https://doi.org/10.20944/preprints202501.1800.v1


 6 of 10 

 

CH-

EUS 

DFI-EUS, Detective flow imaging endoscopic ultrasonography; CH-EUS, Contrast-enhanced 

harmonic endoscopic ultrasonography 

 

Figure 4. A specific patient with a hypervascular pancreatic neuroendocrine neoplasm is shown. a: Plain EUS 

image. A hypoechoic-to-isoechoic tumor is depicted. b: DFI-EUS image. A strong contrast effect was observed 

in the surrounding capsules. A linear contrast effect was observed inside the tumor. c: CH-EUS image. A uniform 

contrast effect was seen. d: DFI-EUS image. A capsule-like structure was observed around the tumor. e: DFI-

EUS image. A dendritic structure was observed inside the tumor. 

4. Discussion 

In this study, we investigated the detection of hypervascular tumor lesions in the abdominal 

cavity using DFI-EUS and CH-EUS. The ratio of iso-enhancement or hyper-enhancement in DFI-EUS 

was 92.3%, and the ratio of iso-enhancement or hyper-enhancement in CH-EUS was 100%. There was 

no significant difference in the frequencies of hyper-enhancement and iso-enhancement amplification 

between DFI-EUS and CH-EUS. This study found that DFI-EUS was able to detect hypervascular 

tumors to the same extent as CH-EUS. The hypervascular tumors in CH-EUS were homogeneous, 

but in DFI-EUS, they were heterogeneous displayed as hypervascular tumors. DFI-EUS revealed 

characteristic heterogeneous patterns of dendritic and capsular-like vascular structures. DFI-EUS has 

the potential to be used as a substitute for CH-EUS, as it can be used to evaluate tumors without 

contrast agents in hypervascular tumors such as NEN and GIST. 

CH-EUS often causes homogeneity in hypervascular tumors [7]; however, in this study, CH-

EUS produced a uniform contrast effect with similar results to DFI-EUS. However, the effect of DFI-

EUS on microcirculation was heterogeneous, with no tumors showing homogeneous staining. In 

many patients, the tumors showed dendritic or capsule-like structures, which may be an important 

finding for DFI-EUS in hypervascular tumors. In a study that included all tumors, blood vessels 

exhibit linear or speckled patterns[16,17]. The finding of dendritic or capsule-like structures in a 

hyper vascular tumor is considered to be a new finding, as far as we have investigated. If a dendritic 
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or capsule-like structure is strongly depicted, it may be useful for the diagnosis of hypervascular 

tumors.  

Advances in multi-detector CT technology have enabled rapid optimization of scanning 

protocols, reduced motion artifacts, and accurate tracking of contrast boluses. This has enabled 

optimal scanning timing, superior arterial phase images, thinner slice image reconstruction, and 

improved image resolution [18]. In this study, tumors as small as 7 mm were able to be detected using 

DFI-EUS. Even in hypervascularized tumors, small tumors are difficult to detect. Small tumors, 

including pancreatic neuroendocrine tumors, often present difficulties in localization diagnosis [19]. 

Small tumors of 1 cm or less are often not detectable by CT. EUS has superior spatial resolution 

compared to CT, so it is possible to detect small tumors of around 5 mm cm or smaller, around 5 mm 

in size, can also be detected [20]. EUS can detect small tumors that cannot be detected by CT in real 

time, and if a small tumor is identified, DFI-EUS can be used for additional examination. Therefore, 

in addition to CH-EUS, DFI-EUS may also be useful for diagnosing small, hypervascularized tumors 

that are difficult to confirm using CT. Accurate lesion location and diagnosis are necessary before 

determining the surgical method. EUS is cost-effective if used early in the preoperative localization 

strategy, reducing the need for additional invasive examinations and avoiding unnecessary 

complications and resource consumption [21]. Therefore, EUS, which has the highest tumor detection 

rate, should be performed before treatment begins. However, EUS is more operator-dependent than 

CT. Therefore, EUS examinations before treatment for NEN and GIST should be performed by 

endoscopists with sufficient experience. 

In this study, insulinomas are considered to be more difficult to detect using EUS and CT than 

non-functioning NENs [19,20]. In general, CT does not have optimal sensitivity for the diagnosis of 

small-sized PNENs. In particular, since most insulinomas are small-sized and low-grade tumors 

(over 6 mm to 1 cm) [22], the detection rate of insulinomas by CT is low (14-30%) [23,24]. Furthermore, 

some tumors are isoechoic with the pancreas, making them difficult to distinguish by EUS [25,26]. 

Factors associated with false-negative EUS results in insulinomas include female sex, young age, and 

low BMI [25]. The authors suggest that this may be due to the low contrast between the tumor and 

healthy pancreatic parenchyma. The pancreatic parenchyma has a low fat content, and in slim young 

women it often has a lower echo than normal. Cases that cannot be diagnosed by EUS and CT are 

diagnosed by selective arterial calcium injection. However, while selective arterial calcium injection 

can identify the location to some extent, it does not provide an accurate localization. In this study, 

two cases of insulinoma were included, and contrast effects were confirmed not only by CH-EUS but 

also by DFI-EUS. If DFI-EUS can be used to accurately diagnose insulinoma, which is difficult to 

localize, it may be useful for surgical treatment. 

By pressing the switch on the ultrasound observation device, it is possible to display the DFI 

image on the screen, and there is no additional invasion to the patient by performing the examination. 

DFI-EUS does not require the administration of drugs or contrast media; therefore, the risk of adverse 

events is lower than that with CH-EUS. In the case of Sonazoid, there were a small number of adverse 

events, such as allergies. Another advantage of DFI-EUS is that it does not incur the cost of contrast 

media. Therefore, DFI-EUS has the advantage of not having the risk of adverse drug reactions or 

additional medical costs compared to CH-EUS. 

CH-EUS also allows observation over a limited time and area, although changes in the contrast 

medium can be observed over time after administration. However, DFI-EUS does not use contrast 

agents, and it is possible to observe all areas that can be imaged using EUS in real time, as many times 

as necessary. For example, DFI-EUS can be used to observe all areas of the pancreas in pancreatic 

tumors, whereas CH-EUS can only be used to observe a fixed imaging site. This difference may be 

useful in patients with multiple PNENs. In cases where it is necessary to observe the entire area of 

the pancreas using contrast-enhanced ultrasound, DFI-EUS may be more useful. 

The usefulness of micro-blood flow measurements using conventional transabdominal 

ultrasound has been reported in many studies [27–31]. Compared with superb microvascular 

imaging (SMI) using transabdominal ultrasound, DFI-EUS has several advantages. In particular, DFI-
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EUS has advantages in obese patients, where the depth of subcutaneous fat affects the clarity of the 

image, and in areas and organs that are difficult to visualize using transabdominal ultrasound, since 

it is difficult to perform microvascular imaging using this modality. In particular, DFI observation 

using EUS may be more useful than transabdominal observation for organs where an EUS can be 

inserted and observed, such as the esophagus, stomach, duodenum, pancreas, and biliary tract. DFI 

evaluation using EUS may also be useful for evaluating the kidneys, liver, and lower digestive tract, 

depending on the location of the lesion. Therefore, microvascular imaging using EUS may be superior 

to microvascular imaging using transabdominal ultrasound. 

This study has several limitations that should be noted when interpreting our findings. First, 

this was a small, retrospective study conducted at a single institution. In the future, it would be 

desirable to conduct a prospective study with a larger and more diverse cohort of patients. Second, 

this study examined only hypervascular tumors; and therefore, future studies should examine 

hypovascular tumors, such as pancreatic cancer. 

In conclusion, DFI-EUS and CH-EUS showed comparable iso-enhancement and hyper-

enhancement patterns in hypervascular tumors. DFI-EUS revealed characteristic heterogeneous 

patterns of dendritic and capsular-like vascular structures. DFI-EUS has the potential to be used as a 

substitute for CH-EUS in hypervascular tumors because it can be used to evaluate tumors without 

contrast agents, such as NEN and GIST. 
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Abbreviations 

CH-EUS contrast-enhanced endoscopic ultrasound 

DFI-EUS detective flow imaging endoscopic ultrasound 

EUS endoscopic ultrasound 

EUS-FNA endoscopic ultrasound-guided fine needle aspiration 

GINEN gastrointestinal neuroendocrine neoplasm 

GIST gastrointestinal stromal tumor 

PNEN 

SMI 

pancreatic neuroendocrine neoplasm 

superb microvascular imaging 
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