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Abstract
Endoscopic ultrasonography (EUS) is superior to other imaging modalities in the detection of pancreatic masses, although 
differentiating the types of pancreatic masses detected on EUS remains challenging. However, the value of contrast-enhanced 
harmonic EUS (CH-EUS) using ultrasound contrast agents for this differentiation has been reported. CH-EUS plays a piv-
otal role in analysis of small lesions that can only be detected with EUS. Recently, CH-EUS was used for staging and/or 
determining the resectability of pancreatic cancer in several clinical trials. In addition, it is used to estimate the response of 
pancreatic cancer to chemotherapy and to determine the prognosis in cases of pancreatic cancer and pancreatic neuroendo-
crine neoplasms. It is also postulated that CH-EUS improves the diagnostic performance of endoscopic ultrasound-guided 
fine-needle aspiration biopsy (EUS-FNAB) through complementary diagnoses using CH-EUS and EUS-FNAB, or CH-
EUS-guided EUS-FNAB. Thus, CH-EUS has been employed for various qualitative diagnoses, including differentiation of 
pancreatic masses. Second-generation contrast agents such as Sonazoid are used clinically for ultrasound diagnostic imaging 
of liver and breast disease. The positioning of CH-EUS with Sonazoid as a test for the diagnosis of solid pancreatic tumors 
is an issue for further studies.
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Introduction

The detection and characterization of pancreatic solid tumors 
are challenging because the pancreas is a retroperitoneal 
organ. Endoscopic ultrasonography (EUS) can depict the 
entire pancreatic parenchyma from the gastroduodenal wall 
and is useful for the detection of pancreatic tumors, with 
sensitivity in the range of 96.9–100% [1–6]. A meta-analysis 
evaluating the diagnostic performance of EUS for detection 
of pancreatic tumors that were negative or inconclusive on 
multi-detector computed tomography (CT) revealed an area 
under the receiver operating characteristics (ROC) curve of 
0.80 (95% confidence interval CI 0.52–0.89) [7]. Thus, EUS 
is superior to other imaging modalities in the detection of 

pancreatic tumors, and is recommended for surveillance of 
patients at high risk for pancreatic cancer [8].

There are various types of substantial pancreatic solid 
tumors, including pancreatic cancer (i.e., pancreatic ductal 
adenocarcinoma), pancreatic neuroendocrine neoplasm 
(PanNEN), inflammatory masses, and localized autoimmune 
pancreatitis. Although EUS has limitations in the differen-
tial diagnosis of these tumors, contrast-enhanced harmonic 
EUS (CH-EUS) using an ultrasound contrast agent can be 
used to evaluate the blood flow in pancreatic tumors detected 
on EUS, and its utility for their characterization has been 
reported [9, 10]. In a meta-analysis evaluating the diagnos-
tic performance of CH-EUS for discriminating pancreatic 
cancer from other pancreatic tumors, its sensitivity, speci-
ficity, and area under the ROC curve were 93%, 80,% and 
0.97, respectively [11]. It is also reported that a combination 
of CH-EUS and endoscopic ultrasound-guided fine-needle 
aspiration biopsy (EUS-FNAB) can further improve diag-
nostic accuracy for pancreatic cancer [12–14].

After definite diagnosis of pancreatic cancers, staging and 
determination of their resectability are clinically required. 

Utility of contrast-enhanced ultrasonography for the pancreaticobiliary region
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Previous systematic reviews and meta-analyses showed 
the utility of EUS for staging pancreatic cancer [15, 16]. 
Recently, it was found that CH-EUS showed improved per-
formance over EUS in the diagnosis of portal vein inva-
sion of pancreatic cancer [17]. In addition, the potential 
of CH-EUS for estimating the effects of chemotherapy on 
pancreatic cancer and predicting the prognosis of pancreatic 
cancer or PanNEN was evaluated in clinical trials [18–20]. 
Thus, CH-EUS has been applied to the characterization of 
pancreatic solid tumors for purposes other than detection 
or differential diagnosis, and the paradigm shift in the use 
of CH-EUS has accelerated in recent years. In this review, 
we summarize previous studies on CH-EUS for diagnosing 
pancreatic solid tumors and discuss its future perspectives.

CH‑EUS for characterization of pancreatic solid 
tumors

The prognosis for pancreatic cancer remains poor, and early 
diagnosis and treatment are critical. However, the detec-
tion rate for pancreatic cancers smaller than 10 mm, which 
is expected to influence the long-term prognosis, remains 
low [21]. Therefore, it is clinically important to detect and 
diagnose small pancreatic lesions using EUS. The treatment 
strategy differs greatly depending on the type of pancreatic 
lesion, and qualitative diagnosis is, therefore, required. EUS 
can observe the whole pancreas through the gastroduodenal 
wall, and in this manner, any lesion at any site in the pan-
creas can be evaluated with CH-EUS. CH-EUS provides 
qualitative diagnosis of pancreatic masses through the use of 
ultrasound contrast agents. There are several types of ultra-
sound contrast agents, and second-generation ultrasound 
contrast agents such as SonoVue, Definity, and Sonazoid 
have been widely used in CH-EUS. These contrast agents 
resonate under low acoustic power and generate a second 
harmonic component, providing at least several minutes of 
contrast effect [4, 11]. Sonazoid is often used as an ultra-
sound contrast agent in Japan, and it facilitates early, late, 
and Kupffer phase contrast-enhanced ultrasonography. 
The early, late, and Kupffer phases are defined as 10–30 s, 
30–120 s, and 10 min after the injection of Sonazoid, respec-
tively [22]. Although other second-generation ultrasound 
contrast agents do not yield a Kupffer phase, this is not a 
drawback in the diagnosis of pancreatic masses, because 
Kupffer cells are not present in pancreatic parenchyma, and 
pancreatic tumors are evaluated using only the early and/or 
late phases.

The contrast-enhancement effects on pancreatic masses 
on CH-EUS are often classified into the following four pat-
terns: non-enhancement, hypo-enhancement, iso-enhance-
ment, and hyper-enhancement (Fig. 1a–d) [10]. Hypo-, 
iso-, and hyper-enhancement are often observed in pancre-
atic adenocarcinoma, inflammatory masses, and PanNEN, 

respectively (Fig. 2a–c) [23]. A patient with a PanNEN that 
was incidentally detected as a 5-mm low-echoic mass in the 
pancreatic body on screening EUS at our institution is shown 
in Fig. 2b. This mass was not detected on contrast-enhanced 
computed tomography (CE-CT), and qualitative diagnosis 
with contrast was performed using CH-EUS. A patient with 
autoimmune pancreatitis (AIP) is shown in Fig. 2c. This case 
of AIP exhibited a pancreatic head mass that was accompa-
nied with obstructive jaundice, and pancreatic cancer could 
not be ruled out based on imaging evaluations with conven-
tional EUS and CE-CT. In this patient, CH-EUS revealed an 
iso-enhancement pattern (Fig. 2c), and no malignant cells 
were detected on EUS-FNAB, leading to the diagnosis of 
AIP after a steroid trial. Thus, it is suggested that CH-EUS 
is useful for the characterization of all pancreatic masses, as 
well as masses only visible on EUS.

Eight recent studies on the diagnosis of pancreatic can-
cers using CH-EUS include seven prospective studies and 
one retrospective study (Table 1) [9, 10, 24–29]. The number 
of patients in each of the eight studies ranged from 35 to 
277. SonoVue or Sonazoid was used as the contrast agent, 
depending on the availability in each country. Most of the 
studies evaluated pancreatic masses in the early and late 
phases, and all of them agreed that hypo-enhancement was 
suggestive of pancreatic cancer, although there were some 
differences in terminology. For disease characterization, it 
may be better to consider early and late phases in CH-EUS; 
however, this point is controversial, even among experts. 
The sensitivity for diagnosing pancreatic cancer ranged from 
79.0 to 96.0%, and the specificity ranged from 64.0 to 100%. 

Fig. 1   Schema of the four enhancement patterns on CH-EUS. a Non-
enhancement, b hypo-enhancement, c iso-enhancement, d hyper-
enhancement. This figure is adapted and partially modified from a 
previous report (Kitano et al. [4])
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Fig. 2   The images on the 
left show monitor-mode, and 
the images on the right show 
CH-EUS. a A patient with 
pancreatic adenocarcinoma 
showing a hypo-enhancing mass 
(arrowheads). b A patient with 
G2 PanNEN showing a hyper-
enhancing mass (arrowheads). 
c A patient with focal-type AIP 
showing an iso-enhancing mass 
(arrow heads)
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Four studies compared the diagnostic performance of CH-
EUS with that of other diagnostic procedures [9, 10, 24–29]. 
Bunganič et al. found significant differences in accuracy in 
comparison with conventional EUS [29], and Fusaroli et al. 
reported CH-EUS to have significantly better specificity [9]. 
Kitano et al. found no significant difference between CE-CT 
and CH-EUS in terms of overall diagnostic accuracy, but 
CH-EUS was superior to CE-CT for small lesions of 2 cm or 
less [10]. Gincul et al. found comparable diagnostic perfor-
mance between EUS-FNAB and CH-EUS [26]. It is believed 
that EUS-FNAB and CH-EUS are complementary in the 
diagnosis of pancreatic cancer [10]. More recently, elastog-
raphy, which uses ultrasound to measure tissue stiffness, has 
also been available for EUS, and several studies attempted to 
improve the diagnostic performance for pancreatic masses 
by combining EUS elastography and CH-EUS [30–32]. Tan-
yaporn et al. evaluated 136 patients with pancreatic masses 
using EUS elastography and CH-EUS, and showed diag-
nostic sensitivity, specificity, and accuracy of 68.4, 65.4, 
and 75.7%, respectively, for pancreatic cancers; 83.8, 82.4, 
and 86.8%, respectively, for PanNENs; and 80.1, 78.7, and 
81.6%, respectively, for inflammatory tumors [30]. However, 
the benefit of combining EUS elastography and CH-EUS 
for the differential diagnosis of pancreatic masses was not 
determined in this study. Iglesias-Garcia et al. assessed 62 
patients with pancreatic masses using EUS elastography and 
CH-EUS, and found that for discriminating malignant from 
benign lesions, the accuracy of EUS elastography, CH-EUS, 
and the two methods combined was 98.4, 85.5, and 91.9%, 
respectively, with the differences not being statistically sig-
nificant [31]. Costache et al. studied EUS elastography with 
mean strain histogram (SH) analysis in 97 patients with pan-
creatic masses [32]. They found that if an SH value less than 
80 was considered to be a sign of malignancy, the sensitivity, 
specificity, and accuracy were 100, 29.6, and 80.4%, respec-
tively. When CH-EUS diagnosis was combined with these 
EUS elastography results, CH-EUS improved the specific-
ity and accuracy of EUS elastography to 81.5 and 93.8%, 
respectively [31]. Thus, future research is needed on the 
combined use of EUS elastography and CH-EUS for the 
diagnosis of pancreatic tumors.

To distinguish localized AIP from pancreatic cancer using 
CH-EUS is still challenging. Two studies reported that AIP 
exhibited iso or hyper-enhancement on CH-EUS in 90% of 
cases [26, 28]. One study, which evaluated the time inten-
sity curve of CH-EUS, showed that peak and maximum 
intensity gains of AIP were higher than those of pancreatic 
cancer [32]. In the other study, the echo intensity reduction 
rate from the peak at 1 min in cases with AIP was lower in 
cases with pancreatic cancer [33]. Evaluations of endoscopic 
images, including CH-EUS, are largely subjective, and sig-
nificant differences in diagnostic performance can occur 
between beginners and experts. Artificial intelligence (AI) Ta
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has the potential to solve this problem, and several studies 
on AI-assisted EUS imaging for the diagnosis of pancreatic 
cancer have been reported [34–36]. Tang et al. investigated 
the diagnostic performance of AI-assisted CH-EUS for 
malignant pancreatic tumors, comparing it with subjective 
diagnosis of CH-EUS in 39 patients [36]. In this study, the 
sensitivity, specificity, and accuracy of subjective diagnosis 
of CH-EUS were 88.5, 84.6, and 87.2%, respectively, while 
the corresponding values for AI-assisted CH-EUS were 92.3, 
92.3, and 92.3%, respectively, with the differences being sta-
tistically significant (P < 0.05).

CH‑EUS for staging of pancreatic cancer

In pancreatic cancer treatment, identification of the clinical 
stage is important for determining the treatment strategy and 
prognosis. In a systematic review published in 2006, the 
accuracy rates of CE-CT and conventional EUS for T-stag-
ing of pancreatic cancer were 68%–85% and 23%–75%, 
respectively [15]. In a 2014 meta-analysis evaluating the 
diagnostic performance of conventional EUS for T-staging 
of pancreatic cancers, the sensitivity, specificity, and odds 
ratio for differentiation between T1/T2 and T3/T4 were 72%, 
90%, and 24.69, respectively [16]. In a 2020 meta-analysis, 
the sensitivity, specificity, odds ratio, and area under the 
curve of conventional EUS for determining the resectabil-
ity of pancreatic cancers were 87%, 63%, 11.51, and 0.75, 
respectively, while those of CE-CT were 87%, 70%, 15.91, 
and 0.78, respectively [37]. These results indicate that the 
diagnostic performance of CE-CT and EUS is comparable 
in terms of T-staging of pancreatic cancers. There are a 
few reports on CH-EUS for T- and N-staging of pancreati-
cobiliary cancer (Table 2) [17, 38–40]. Imazu et al. exam-
ined pancreatic and biliary malignancies using CH-EUS, 
and showed that CH-EUS had a high accuracy of 92.4% 
for T-staging [38]. In addition, this study also examined the 
diagnosis of portal vein involvement, reporting sensitivity 
and specificity of 100% and 100% for CH-EUS, and 100% 
and 82.6%, respectively, for conventional EUS, although the 
differences were not statistically significant (Table 2).

Evaluation of vascular invasion by pancreatic cancer is 
particularly crucial for determining resectability, and accord-
ing to a systematic review, the correct diagnosis rates of con-
ventional EUS and CE-CT range from 68 to 100% and 41 to 
83%, respectively [15]. Although it was unclear whether CH-
EUS was superior to conventional EUS for T-staging of pan-
creatic cancer, the vascular invasion from pancreatic cancer 
was visualized more clearly on CH-EUS [39]. Nakai et al. 
examined 88 patients with pancreatic cancer who under-
went surgical resection and found that the portal vein wall 
was depicted as a single-layer avascular line on CH-EUS 
(Fig. 3a) [17]. It is presumed that this is because the nutri-
ent vessels in the wall of large blood vessels are too thin to Ta
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allow contrast agents to flow into them, and they, therefore, 
appear as a single-layer avascular line on CH-EUS. When 
disruption of this avascular line was defined as portal vein 
invasion (Fig. 3b), the accuracy of CH-EUS for the presence 
of portal vein involvement was 93.2%, which was signifi-
cantly higher than that of conventional EUS (P = 0.0022) or 
CE-CT (P = 0.0094) [17]. Miyata et al. evaluated the utility 
of CH-EUS for N-staging of pancreatobiliary malignan-
cies in 103 patients, including 67 pancreatic cancers and 36 
biliary cancers [40]. When heterogeneous enhancement on 
CH-EUS was considered to be a sign of a malignant lymph 
node, the diagnostic accuracy of CH-EUS was superior to 
the morphological diagnostic capability of EUS (Table 2). 
Although EUS-FNAB is useful for the diagnosis of lymph 
node metastasis from pancreaticobiliary cancers, it is not 
practical to perform EUS-FNAB on all lesions when many 

enlarged lymph nodes are observed on EUS [40]. CH-EUS 
is likely to solve this problem because it allows selection of 
the lymph node most likely to be malignant among those 
that are enlarged. There is little evidence that CH-EUS is 
useful for staging or diagnosis of local invasion in patients 
with pancreatic cancer, and further prospective studies with 
large numbers of patients are required.

CH‑EUS for determining the prognosis 
and effectiveness of treatment

The usefulness of CH-EUS for determining the prognosis 
and efficacy of chemotherapy in patients with pancreatic 
tumors has been reported [19, 20]. As mentioned above, 
the enhancement patterns of CH-EUS within the same type 
of pancreatic tumor are generally consistent [23]. However, 

Fig. 3   The images on the 
left show monitor-mode, and 
the images on the right show 
CH-EUS. a:A patient with 
pancreatic adenocarcinoma 
without portal vein invasion 
showing a hypo-enhancing mass 
(arrow). The intact portal vein 
wall is depicted as a single-
layer avascular line on CH-EUS 
(arrowheads). b A patient with 
pancreatic adenocarcinoma with 
portal vein invasion showing a 
hypo-enhancing mass (arrow). 
The continuity of the single-
layer avascular line is disrupted 
(arrowheads)
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there are slight differences in enhancement pattern accord-
ing to their malignancy or treatment status. The response of 
patients with advanced pancreatic cancer to chemotherapy 
varies from one patient to another. Appropriate assess-
ment of the response to chemotherapy can be an indicator 
of whether a change in regimen is warranted. Tanaka et al. 
evaluated 23 patients with pancreatic cancer and focused on 
appearance of an avascular area in the tumor on CH-EUS 
after chemotherapy [20]. They reported that an avascular 
area appeared in 77.8% of the patients who showed a good 
response to chemotherapy, but in only 28.6% of those who 
showed a poor response, with the difference being statisti-
cally significant. It was reported that avascular areas within 
pancreatic cancers reflect areas showing fibrosis and necro-
sis on histological analysis [41]. Therefore, it is assumed 
that the appearance of an avascular area after chemotherapy 
reflects tumor necrosis caused by chemotherapy, and that 
CH-EUS might be useful for determining the efficacy of 
chemotherapy.

Emori et  al. investigated the relationship between 
enhancement patterns on CH-EUS and life prognosis in 
patients with pancreatic cancer [19]. They evaluated 145 
CH-EUS images obtained before chemotherapy with gem-
citabine and nab-paclitaxel, and found that a group with 
more tumor blood flow in both the early and late phases of 
CH-EUS had significantly longer progression-free survival 
and a better response to chemotherapy. It was reported that 
lesions with low blood flow in the early phase of CH-EUS 
reflect tumors with necrosis, fibrosis, and few blood vessels 
on histological analysis, but the mechanism by which this 
finding affects the prognosis is unclear [28].

PanNENs are usually graded using the Ki67 index, which 
does not always correlate with clinical aggressiveness [42, 
43]. Ishikawa et al. reported on CH-EUS evaluation and 
clinical grading of 47 patients with PanNENs [18]. In their 
study, an aggressive PanNEN was defined as neuroendo-
crine carcinoma, mixed neuroendocrine non-neuroendocrine 
neoplasm, and PanNENs of any grade with distant metasta-
sis. They found that CH-EUS was useful for differentiating 
between aggressive and non-aggressive PanNENs, with sen-
sitivity, specificity, and accuracy for diagnosing aggressive 
PanNENs of 94.7%, 100%, and 97.9%, respectively. Fur-
thermore, it was indicated that CH-EUS has potential for 
estimating the prognosis of patients with PanNENs.

CH‑EUS‑FNAB

EUS-FNAB is commonly used for pathological diagnosis 
of pancreatic masses. According to meta-analyses evalu-
ating the diagnostic performance of EUS-FNAB for pan-
creatic cancers, its sensitivity, specificity, and accuracy 
ranged between 84 and 92%, 96 and 98%, and 86 and 91%, 
respectively [44]. Diagnoses made based on EUS-FNAB Ta
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findings are subject to a small number of false-positives and 
false-negatives. Recently, several studies have attempted to 
improve the diagnostic performance of EUS-FNAB by per-
forming contrast-enhanced harmonic endoscopic ultrasound-
guided fine-needle aspiration biopsy (CH-EUS-FNAB), and 
these studies are summarized in Table 3 [12–14, 24, 26, 
45–47].

The advantages of CH-EUS-FNAB are that the margin 
of the tumor is clarified by CH-EUS, making it easier to 
identify the puncture target, and that hot spots can be sam-
pled, avoiding necrosis inside the tumor, which is depicted 
as non-enhancing areas (Fig. 4). The procedure for EUS-
FNAB requires a certain amount of time, and therefore, 
second-generation ultrasound contrast agents such as Sono-
vue, Definity, or Sonazoid, which have a prolonged contrast 
period [4, 11], are preferable for use during CH-EUS-FNAB. 
Numata et al. compared enhancement patterns on transab-
dominal contrast-enhanced ultrasonography with pathologi-
cal findings of surgically resected specimens, and found that 
pancreatic tumors with poor contrast enhancement had more 
necrotic and fibrotic cells [41]. Kamata et al. found that the 
sensitivity of EUS-FNAB for diagnosing pancreatic adeno-
carcinoma was significantly lower in patients with lesions 
showing non-enhancing areas on CH-EUS than in those 
without them (72.9% vs. 94.3%) [48]. Thus, the presence 
of a non-enhancing area within the tumor has a significant 
negative impact on EUS-FNAB performance.

Several studies have evaluated the utility of EUS-FNAB 
under CH-EUS guidance (i.e., CH-EUS-FNAB) [12–14, 24, 
26, 45–47]. These studies, which are summarized in Table 3, 
consist of six prospective and two retrospective trials, and 
six are comparative studies. Two studies provide information 
on the number of patients with non-enhancing areas [14, 47]. 

Sugimoto et al. found that CH-EUS detected non-enhancing 
areas in 20 out of 40 consecutive patients with pancreatic 
cancer [47], while Itonaga et al. noted that 34 out of 93 
patients had a non-enhancing area [14]. The importance of 
avoiding non-enhancing areas when performing the puncture 
was raised in four studies [13, 14, 46, 47], while three stud-
ies described targeting the hypo-enhancing area during CH-
EUS-FNAB [12, 26, 45]. In summary, the sensitivities of 
EUS-FNAB and CH-EUS-FNAB ranged from 68.8 to 85.5% 
and 79.0 to 96.0%, respectively, and the specificities were 
100% (all studies) and 94–100%, respectively (Table 3). 
Eight studies showed that the sensitivity of CH-EUS-FNAB 
was higher than that of EUS-FNAB [12–14, 24, 26, 45–47], 
but only one study showed a statistically significant differ-
ence [14]. The technique used for EUS-FNAB depends on 
the skill of the endosonographer, and therefore, the degree 
to which CH-EUS improves EUS-FNAB performance might 
differ between beginners and experts, and further studies are 
required to clarify the significance of CH-EUS.
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Fig. 4   The images on the left 
show monitor-mode, and the 
images on the right show CH-
EUS. A patient with pancreatic 
adenocarcinoma exhibiting 
a hypo-echoic mass (arrow-
heads). CH-EUS identifies the 
non-enhancing area in the tumor 
(arrows)
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