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Abstract

Contrast-enhanced endoscopic ultrasound (CH-EUS) can overcome the limi-
tations of endoscopic ultrasound-guided acquisition by identifying microvessels
inside inhomogeneous tumours and improving the characterization of these
tumours. Despite the initial enthusiasm that oriented needle sampling under CH-
EUS guidance could provide better diagnostic yield in pancreatic solid lesions,
further studies did not confirm the supplementary values in cases of tissue
acquisition guided by CH-EUS. This review details the knowledge based on the
available data on contrast-guided procedures. The indications for CH-EUS tissue
acquisition include isoechoic EUS lesions with poor visible delineation where CH-
EUS can differentiate the lesion vascularisation from the surrounding
parenchyma and also the mural nodules within biliopancreatic cystic lesions,
which occur in select cases. Additionally, the roles of CH-EUS-guided therapy in
patients whose pancreatic fluid collections or bile ducts that have an echogenic
content have indications for drainage, and patients who have nonvisualized
vessels that need to be highlighted via Doppler EUS are presented. Another
indication is represented if there is a need for an immediate assessment of the
post-radiofrequency ablation of pancreatic neuroendocrine tumours, in which
case CH-EUS can be used to reveal the incomplete tumour destruction.

Key Words: Endosonography; Contrast-enhanced endoscopic ultrasound; Tissue
acquisition; Fine needle aspiration; Fine needle biopsy; Drainage; Pancreatic fluid
collections; Biopsy; Pancreas
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Core Tip: Contrast-enhanced endoscopic ultrasound may be better at identifying the targeted area in lesions by avoiding
necrosis and vessels and improving the delineation of lesion margins. Guided fine-needle aspiration or fine-needle biopsy is
simple and safe, but its benefit is limited to isoenhanced lesions or those with important surrounding fibrosis. These guided
endoscopic ultrasound techniques can also be useful for guiding drainage in patients who have very echogenic content of
pancreatic fluid collections or bile ducts.
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INTRODUCTION

Endoscopic ultrasound (EUS) has been developed as a valuable diagnostic technique for different intra-abdominal
conditions, especially for tissue acquisition for the confirmation of oncologic diseases. A meta-analysis comprising 18
randomized controlled studies and 2718 patients with solid masses showed that the diagnostic accuracy of EUS-fine
needle aspiration (EUS-FNA) was 67%-100%, the diagnostic accuracy of EUS-fine needle biopsy (EUS-FNB) was 69-100%
and there was an advantage of using EUS-FNB needles [risk ratio: 0.94, 95% confidence interval (95%ClI): 0.92-0.97; P =
0.0002][1]. Limited sample adequacy leads to false negative results, caused by technical difficulty due to the needle
positioning (e.g., head/uncinate processus lesions) or intrinsic fibrosis of solid pancreatic masses[2]. Additionally, the
presence of avascular areas inside pancreatic solid lesions was associated with a 72.9% sampling sensitivity, as compared
to a 94.3% sampling sensitivity in lesions without avascular areas|3].

To improve and overcome the limitations of grayscale images, harmonic contrastenhanced EUS (CH-EUS) has become
a promising imaging modality for visualizing microvessels inside targeted lesions for diagnostic or therapeutic purposes
by using contrast microbubbles to enhance the low flow of capillary vascular network signals.

More than ten years ago, a study that combined EUS-FNA with CH-EUS guidance reported a sensitivity of 100% for
diagnosing malignancies, and a hypoenhanced pattern was considered to indicate malignancy when there were false-
negative FNA results[4]. In a subsequent study on 100 pancreatic solid lesions, CH-EUS helped to identify the target for
EUS-FNA in the subgroup of mixed enhancement patterns (26% of adenocarcinoma cases) by targeting the hypoen-
hanced area, which led to a very good sensitivity of 95%[5].

Guiding CH-EUS-FNA was developed as an advanced medical procedure for improving the characterization of the
margins and internal components of solid and cystic lesions and subsequently for improving the diagnostic accuracy.

Another rare application of CH-EUS is during the drainage of pancreatic fluid collections or bile ducts because it
allows for better visualization of the structures that are to be crossed during puncture, but related data in the literature
are scarce.

METHODOLOGY

We performed a systematic search of the English literature published in the PubMed, Embase and Cochrane Library

vou

databases using the following keywords: “Contrastenhanced endoscopic ultrasound”, “contrast enhancement”, “contras-
tenhanced endosonography”, “biopsy”, “fine needle aspiration”, “fine needle biopsy”, “interventional EUS”, “radiofre-
quency ablation”, “pancreatic cancer”, “pancreatic fluid collection”, “drainage”, “walled-off necrosis”, “biliary drainage”,
“gallbladder drainage”, “radiofrequency ablation”, and “tumour ablation”. All the authors participated in the search and

7 "
selection of relevant studies.

SOLID PANCREATIC LESIONS

According to recent guidelines, CH-EUS is recommended for the characterization of pancreatic solid lesions[6-10],
especially inhomogeneous lesions[6]. The hypoenhanced pattern had a sensitivity of 93% and a specificity of 80% for the
diagnosis of pancreatic adenocarcinoma[l1]. In contrast, the hyperenhanced pattern was described in cases of benign
lesions such as autoimmune pancreatitis, mass forming chronic pancreatitis or an intrapancreatic accessory spleen or in
cases of neuroendocrine tumours or pancreatic metastases[12-16]. The presence of the hyperenhanced pattern had a
sensitivity of 78.9% and a specificity of 98.0% for its ability to predict neuroendocrine tumours[4]. A hypoenhanced or
heterogeneous aspect of neuroendocrine tumours is an indicator of a poor prognosis[15] and aggressiveness[17].
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An improvement in the sensitivity and specificity of up to 94% was obtained using an artificial neural network model
[18,19]. Moreover, the use of time-intensity curve analysis improved the conventional EUS diagnosis rate by using
qualitative analysis (OR = 6) or quantitative analysis (OR = 10): Low peak enhancement and low in-slope in adenocar-
cinomas; high peak enhancement and normal in-slope in neuroendocrine tumours; and normal peak enhancement and
low in-slope in cases of mass forming chronic pancreatitis[20]. Postprocessing analysis of the CHEUS timeintensity curve
revealed that the contrast uptake ratio (representing the uptake of the mass vs the normal parenchyma) was significantly
lower in adenocarcinoma than in mass-forming chronic pancreatitis, with a cut-off value of 0.17[21].

Technical points
As the poorer contrast enhancement areas contained a greater number of necrotic and fibrotic cells[5,15,22], vessels
should be avoided while using the contrast EUS for fine needle aspirate guidance in solid pancreatic lesions (Figure 1A
and B) and nonenhanced regions, as they could represent an area of haemorrhage or necrosis.

While placing the needle, the areas with contrast uptake (the most hypoenhanced areas in hypoenhanced lesions or the
most contrast-enhanced regions in hyper/isoenhanced lesions) should be targeted[12,23].

The large vessels are visible with contrast enhancement, so they are easily avoided, but the needle visibility could be
impaired in cases where there is a deep lesion located away from the EUS probe.

Literature data
There are nine studies on CH-EUS-FNA, seven of which have shown that compared with conventional EUS-FNA, CH-
EUS-FNA has no statistical benefit (Table 1).

The first randomized controlled study used parallel small groups with twenty patients each and used up to five passes,
and they compared Sonazoid contrastenhanced EUS to conventional EUS-guided FNA using 22 G and 25 G needles. The
only significant difference was a higher diagnosis rate of the first pass with the use of contrast EUS (60% vs 25%), but the
final diagnosis rate was similar in both groups[24]. Additionally, 25 G needles were used only in the conventional EUS-
FNA group, but perhaps this did not influence the outcome, as the noninferiority of using 25 G needles as compared to 22
G needles for FNA has been demonstrated in a meta-analysis[25].

A second randomized controlled study involving parallel groups, which included 120 patients in the contrast EUS
group (80% using first-generation EUS-FNB) and 120 patients in the conventional group, used needles of different sizes
and up to five passes. In that study, no difference was revealed when contrast agent was used for guiding tissue
acquisition (85.8% vs 88.3%)[26]. Neither the use of EUS-FNB needles nor the use of larger needles showed any difference
in the multivariate analysis or in improving the diagnosis, although these needles are associated with a higher diagnostic
yield[26]. The diagnostic accuracy of first-generation EUS-FNB was shown to be similar to that of EUSFNA[27,28], so the
results of this study again reflect the same efficiency of EUS-guided tissue sampling, with and without contrast.

The third randomized controlled study included 148 patients who underwent crossover randomization; each patient
had one EUS-FNA pass with contrast enhancement guidance and one EUS-FNA pass without contrast guidance. The
diagnostic accuracy for each pass was 89.2% vs 88.5%, and the false-negative rate was similar for hypoenhanced or
hyperenhanced lesions, for different mass locations and for masses of different sizes[29]. That study included 34 patients
with chronic pancreatitis features and who had a pancreatic mass suspected to be malignant. The diagnostic rate of
malignancy in this group was 85% for the CH-EUS-FNA passes compared to 79.4% for the EUS-FNA passes, which were
lower rates than that for patients without chronic pancreatitis features (90.4% compared to 88.6%, respectively), but the
difference was not significant[29].

Only one prospective study, including 93 patients, reported advantages in the use of CH-EUS-FNA using 22 G needles;
however, that study reported a lower sensitivity than that reported in the literature (76.5% in the CH-EUS-FNA group vs
58.8% in the conventional EUS-FNA group), perhaps related to the limitations of only using two FNA passes only and the
operator’s experience (300 EUS-FNA procedures)[30].

A preliminary meta-analysis that included only six studies (among which two were retrospective) and 701 patients
reported superiority for CH-EUS-FNA[31], but subsequent studies[23,26,32] did not confirm this conclusion.

The results concerning the use of newer EUS-FNB needles were published recently. A retrospective study using
Sonazoid contrast agent and second-generation EUSFNB needles achieved 91.7% accuracy in 48 patients with CH-EUS-
FNB and 90.6% accuracy in 85 patients with conventional EUS-FNB; however, there was a lower number of passes in the
CH-EUS-FNB group (2.21 £ 0.68 compared to 3.64 +1.20)[32]. There have been no prospective studies that have compared
the time needed for each type of procedure (with and without contrast), but an additional 3 to 5 min are suggested for the
preparation and observation of contrast agents[23,33], but the lower the number of passes might compensate for this
needed time[32]. Another randomized controlled trial compared the fanning technique vs contrast-enhanced guidance for
EUSFNB sampling and reported no differences in the sensitivity or accuracy (98% vs 100%). However, that study was
monocentric, used up to five passes, and yielded false positive results; additionally, 24.6% of the samples were nondia-
gnostic on histology, which is unusual with the use of FNB needles[23].

Overall, based on the literature results, there is no demonstrable advantage with the use of routine CH-EUS tissue
acquisition over conventional EUS tissue acquisition. Perhaps further research on chronic pancreatitis patients will show
that the use of CH-EUS-FNB has advantages, especially when a differential diagnosis of a pancreatic mass is required or
when it is used in patients with recent acute pancreatitis and suspicion of a pancreatic tumour.

Another potential field for CH-EUS tissue acquisition could be extravascular migratory metastasis (Figure 1C and D),
which were identified by EUS-FNA as a perivascular soft-tissue cuff in 28% of 223 patients and changed the management
of 29 patients[34].
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Table 1 Studies comparing contrast-enhanced endoscopic ultrasound-guided fine needle aspiration versus conventional endoscopic

ultrasound-guided fine needle aspiration

Stud No. of pts Needle Contrast Sensitivity (%), CH-EUS-
Ref. desi yn CH-EUS/ size (G), agent FNA/B vs no CH-EUS- value Other findings
9" Eus type g FNA/B
Hou et al[71], R 58/105 22, FNA Sonovue 81.6 vs 70.8 NS
2015
Sugimotoetal ~ RCT 20/20 22,25,FNA  Sonazoid 90.0 vs 85.0 NS Adequate for the 1% pass only
[24], 2015
Seicean et al I 51 22, FNA Sonovue 829 vs73.2 NS
[12], 2017
Facciorussoetal R 103/103 22, FNA Sonovue 87.6 vs 80.0 NS
[72], 2020
Seicean et al RCT 148 22, FBA Sonovue 87.6 vs 85.5 NS
[29], 2020
Cho et al[26], RCT 120/120 19-25,FNA, Sonovue 85.8 vs 88.3 NS Procore in 80%
2021 FNB
Itonaga et al P 93 22, FNA Sonazoid 84.9 v5 68.8 0.003  Better adequacy in homogenous lesions
[30], 2020 and heterogenous lesions with non-
enhancement areas
Lai et al[32], R 48/85 22, FNB Sonazoid 91.0 vs 90.0 NS 2.2 vs 3.6 passes
2022
Kuo et al[23], RCT 59/59 22, FNB Sonazoid 100.0 vs 100.0 NS A nodule < 4 cm and a sample length >
2023 1 cm improved the rate of diagnosis

R: Retrospective; RCT: Randomized controlled trial; P: Prospective; CH-EUS-FNA/B: Contrast-enhanced endoscopic ultrasound fine-needle
aspiration/biopsy; EUS: Endoscopic ultrasound; NS: Not significant; FNA: Fine needle aspiration; FNB: Fine needle biopsy.

PANCREATIC CYSTS

Pancreatic cysts are mostly incidental findings, and there has been an increasing frequency of pancreatic cysts in recent
years mainly because of improvements in the resolution of imaging methods. CH-EUS has limited yield for the character-
ization and differential diagnosis of pancreatic cystic lesions, but CH-EUS is recommended for the identification of mural
nodules[6] because the contrast agent can highlight fine vascularisation while discharging nonenhanced mucin plugs[6,
35,36].

A meta-analysis reported that the size of the mural nodule after contrast enhancement had a considerable effect on
predicting malignancy, while another group reported a sensitivity of 97% and a specificity of 90% for the discrimination
of malignant mural nodules[37,38]. Previous studies have shown that malignancy is present in 70%-100% of patients with
mural nodules[35,39,40]. A size greater than 5 mm represents an absolute indication for surgery according to the
European and Fukuoka guidelines[41,42], while the American guidelines recommend resection of cysts with mural
nodules, regardless of their size[43].

Only one prospective study assessed the role of CH-EUS-FNA in cases of mural nodules within cysts. Among the 21
patients suspected of having mural nodules, only 13 had arterial enhancement, and only 10 (76.9%) had high dysplasia or
carcinoma. The remaining patients had low or moderate dysplasia; the authors showed that not all the mural nodules
were malignant; therefore, close follow-up is needed, regardless of the lesion size[44] (Figure 1E and F).

HEPATOBILIARY LESIONS

CH-EUS has been recommended for the guidance of tissue acquisition of liver masses in which a previous attempt had
been negative[6]. CH-EUS allows the differentiation of millimetric lesions not visible via conventional imaging, and a
longer follow-up into the late washout phase, over 240 s, is required for this purpose. Oh et al[45] published a
retrospective series including 28 patients who underwent tissue acquisition after CH-EUS for confirmation. Metastases
had typical non or hypo-enhancement behaviour; moreover, half of the neuroendocrine tumours presented early
enhancement with early washout, while only 40% of the hepatocellular carcinomas presented hyperenhancement with
delayed washout. The diagnostic value of CH-EUS-FNA was 86.7%[45], which is similar to other data from the literature
that showed an 86.3% accuracy by using the same type of needle[46].

EUS tissue acquisition of suspected extrahepatic cholangiocarcinoma is indicated in selected cases of undetermined
biliary strictures, unresectable tumours or metastatic masses forming cholangiocarcinomas[47-49]. A meta-analysis of 6
studies including 497 patients with extrahepatic biliary tumours and who underwent EUS-FNA revealed a diagnostic
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Figure 1 Contrast-enhanced endoscopic ultrasound. A and B: Contrast-enhanced endoscopic ultrasound (CE-EUS)-guided fine needle aspiration (FNA).
CE-EUS-guided FNA (white arrow) of a pancreatic mass suggestive of adenocarcinoma. A large vessel near the gut wall is more visible during contrast enhancement
(orange arrow); C and D: CE-EUS view of perivascular tumour infiltration. CE-EUS view of perivascular tumour infiltration (superior mesenteric artery, orange arrow)
as a hypoenhanced rim (white arrow, both images) around the artery in a patient with pancreatic head adenocarcinoma; E and F: Contrast enhanced endoscopic
ultrasound-guided FNA from a hyperenhanced mural nodule inside a branch-duct intraductal papillary mucinous neoplasm (IPMN). CHEUSFNA was performed on a
hyperenhanced mural nodule inside a branchduct IPMN, revealing carcinoma cells. On the left, a conventional endoscopic ultrasound image of an IPMN with multiple
hyperechoic nodules in the wall (white arrows) is shown. On the right, only one of the nodules was hyperenhanced by the contrast agent, so endoscopic ultrasound-
guided FNA sampling was performed.

sensitivity of 76% and an accuracy of 94.5% for EUS-FNA[49]. However, the role that contrast-enhanced EUS-guided
tissue acquisition played in improving the analysis of these lesions has not yet been identified.

GASTROINTESTINAL LESIONS

The CH-EUS features suggestive of lymph node malignancy include heterogeneous hyperenhancement and fast washout
[50], but the actual guidelines do not recommend routinely performing this technique in addition to EUS tissue
acquisition for differentiating between malignant and benign lymph nodes[6]. In a cohort of 37 subjects with oesophageal
cancer, the use of CH-EUS identified suspected lymph nodes that were not identified by conventional EUS and increased
the rate of malignancy detection from 45% to 86%[51]. However, no studies on guiding CH-EUS tissue acquisition in
lymph nodes or subepithelial lesions have been published.

THERAPEUTIC EUS

The utility of intracavitary contrast transabdominal ultrasound for assessing drainage quality, such as in cases of stent
dislodgements, the need for additional therapeutic procedures or the presence of communications with the surrounding
structures, has been demonstrated by previous experience[52]. Additionally, complications such as fistulas associated
with the biliary system, blood vessels, small or large intestine or to the peritoneal cavity were noted[53]. However, the
daily usefulness of intracavity contrast in EUS-guided therapeutic procedures is less known.
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CH-EUS PANCREATIC FLUID COLLECTIONS DRAINAGE

The use of CH-EUS before endoscopic drainage was proposed for a better evaluation of the wall, which is less visible on
standard EUS, especially when the content is thick (blood or pus)[54-56]. In such situations, CH-EUS shows the collection
wall as an unenhanced structure and the vessels within the wall as hyperenhanced structures, and CH-EUS allows safe
needle puncture as the first step of drainage[52]. The presence of vessels crossing the fluid collection area is also
important because their visualization might change the drainage strategy (e.g., choosing plastic stents instead of lumen-
apposing metal stents). Additionally, the interposition of the vascularized parenchyma between the gut wall and the fluid
collection can be identified during CH-EUS. Moreover, CH-EUS can reveal necrosis as unenhanced areas and can differ-
entiate the vascularized tissue within cystic pancreatic lesions to avoid a mis diagnosis and allow for the drainage of such
lesions. However, large studies on its use during drainage are lacking.

CH-EUS BILIARY DRAINAGE

The aim in the use of CEH-EUS to guide biliary drainage is to obtain better detection of a poorly visible intrahepatic bile
duct due to echogenic, concentrated bile or intrabilliary neoplastic material[57]. The use of CH-EUS has been reported for
only seven patients, and it allowed for clarifying the borders of the intrahepatic (3 patients) and extrahepatic (4 patients)
bile ducts before planning EUS drainage[58-62].

EUS gallbladder drainage is contraindicated in cases of gangrenous cholecystitis with special transabdominal
ultrasound features (decreased focal wall perfusion on colour Doppler, irregular mucosal outline, gallbladder wall
thickening and delamination, gas within the gallbladder, absence of gallstones, and large pericholecystic collections) or
computed tomography scan features (gas in the wall or lumen, intraluminal membranes, an irregular or absent wall)[63-
66]. Its identification (disruptive layered structure, focal hypoenhanced gallbladder wall) could represent a potential
application for CH-EUS prior to gallbladder drainage[60,62,63]. To our knowledge, no specific study in this area has been
published.

The evaluation of residual stones in the common bile duct after endoscopic retrograde cholangio-pancreatography by
the injection of a contrast agent through a nasobiliary tube was reported in 6 patients and confirmed by EUS cholan-
giography[67], but its usefulness remains anecdotical.

CH-EUS-GUIDING RADIOFREQUENCY ABLATION

Contrast enhancement allows for real-time visualization of the perfusion of the target nodule in parallel with that of the
normal parenchyma, similar to what occurs in hepatic conditions treated by ultrasoundguided procedures. Choi et al[68]
evaluated the dynamics of perfusion of solid intraabdominal nodules 5-7 d after radiofrequency ablation and reported
incomplete ablation in 12 of 19 patients. At the 1-year followup, a complete response was reported in 68.4% of patients,
with a median of 2 sessions[68]. Similar to the use of CH-EUS after ablation of liver masses, its immediate use after

ablative procedures might reveal incomplete ablations and prevent 3-6 months of waiting until a CT scan evaluation[69,
70].

CONCLUSION

CH-EUS tissue acquisition is a promising advanced EUS technique that can improve the diagnosis in selected patients by
differentiating tumoral vascularisation from the surrounding parenchyma, thus improving the histological results.
Additionally, this technique reveals vessels that are not visible via colour Doppler EUS, and allows the identification of
structures with thick content to be targeted for drainage while avoiding the puncture of these vessels. Additionally, CH-
EUS assessment allows for timely evaluation of any tissue destruction after ablative procedures.
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