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REVIEW

Pancreatico-biliary endoscopic ultrasound: A systematic
review of the levels of evidence, performance and outcomes
Pietro Fusaroli, Dimitrios Kypraios, Giancarlo Caletti, Mohamad A Eloubeidi
ampullary neoplasms and small (< 4 mm) bile duct
stones, and the best test to define vascular invasion in
pancreatic and peri-ampullary neoplasms. Detailed EUS
imaging, along with biochemical and molecular cyst
fluid analysis, improve the differentiation of pancreatic
cysts and help predict their malignant potential. Early
diagnosis of chronic pancreatitis appears feasible and
reliable. Novel imaging techniques (contrast-enhanced
EUS, elastography) seem promising for the evaluation of
pancreatic cancer and autoimmune pancreatitis. Therapeutic applications currently involve pancreaticobiliary
drainage and targeted fine needle injection-guided antitumor therapy. Despite the ongoing development of
extra-corporeal imaging modalities, such as computed
tomography, magnetic resonance imaging, and positron
emission tomography, EUS still holds a leading role in the
investigation of the pancreaticobiliary area. The major
challenge of EUS evolution is its expanding therapeutic
potential towards an effective and minimally invasive
management of complex pancreaticobiliary disorders.
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Abstract
Our aim was to record pancreaticobiliary endoscopic
ultrasound (EUS) literature of the past 3 decades and
evaluate its role based on a critical appraisal of published
studies according to levels of evidence (LE). Original research articles (randomized controlled trials, prospective
and retrospective studies), meta-analyses, reviews and
surveys pertinent to gastrointestinal EUS were included.
All articles published until September 2011 were retrieved from PubMed and classified according to specific
disease entities, anatomical subdivisions and therapeutic
applications of EUS. The North of England evidencebased guidelines were used to determine LE. A total
of 1089 pertinent articles were reviewed. Published research focused primarily on solid pancreatic neoplasms,
followed by disorders of the extrahepatic biliary tree,
pancreatic cystic lesions, therapeutic-interventional EUS,
chronic and acute pancreatitis. A uniform observation
in all six categories of articles was the predominance
of LE Ⅲ studies followed by LE Ⅳ, Ⅱb, Ⅱa, Ⅰb and Ⅰ
a, in descending order. EUS remains the most accurate
method for detecting small (< 3 cm) pancreatic tumors,
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A unique property of endoscopic ultrasonography (EUS)
is the detailed imaging of organs in close proximity to
the digestive tract. This has been long documented in
the investigation of the pancreaticobiliary area. Since its
early days, EUS proved an accurate imaging modality for
the pancreas and the extrahepatic biliary tree[1-3]. The introduction of curvilinear-array echoendoscopes and the
potential of tissue sampling by EUS-guided fine needle
aspiration (EUS-FNA) highly upgraded the diagnostic
value of EUS and enabled its evolution to an advanced interventional technique with a wide range of applications.
A prolific trend of pancreaticobiliary EUS-related
studies was recently reported, rendering pancreas and
extrahepatic biliary tree the major fields of modern EUS
research[4]. This review aimed to record the entire body
of literature accumulated over the past 3 decades and
to present a comprehensive perspective of current EUS
indications, applications and test performance in the
pancreatic and extrahepatic biliary tree pathology. Our
objectives were then to perform a critical appraisal of
published articles, based on the classification of studies
according to levels of evidence (LE), in order to assess
the scientific progress made in this field and to further
inform policy regarding areas that need further research
and improvements.
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Figure 1 Distribution of papers in pancreaticobiliary endoscopic ultrasonography according to the levels of evidence.

Levels of evidence were stratified according to the
North of England evidence-based guidelines[6,7]. LE Ⅰ
a: Evidence obtained from meta-analysis of randomized
controlled trials; LE Ⅰb: Evidence obtained from at least
one RCT; LE Ⅱa: Evidence obtained from at least one
well designed controlled study without randomization;
LE Ⅱb: Evidence obtained from at least one other type
of well-designed quasi-experimental study; LE Ⅲ: Evidence obtained from well-designed non-experimental descriptive studies such as comparative studies, correlation
studies, and case studies; LE Ⅳ: Evidence obtained from
expert committee reports or opinions, or clinical experiences of respected authorities.
A total of 1089 pertinent articles were retrieved (Figure 1). A detailed classification of the studies, according
to the main subject-matters and subclasses, and the corresponding LE, is presented in Table 1. Published research
focused primarily on solid pancreatic neoplasms (418
studies overall), followed by disorders of the extrahepatic
biliary tree (230 studies), pancreatic cystic lesions (165
studies), therapeutic-interventional EUS (153 studies),
chronic and acute pancreatitis (83 and 40 studies respectively). A uniform observation in all six categories of articles was the predominance of LE Ⅲ studies followed by
LE Ⅳ, Ⅱb, Ⅱa, Ⅰb and Ⅰa, in descending order. Strong
evidence trials (LE Ⅰb, Ⅱa) and meta-analyses (Ⅰa)
were mainly recorded on pancreatic tumor diagnosis and
staging, EUS-FNA of solid and cystic pancreatic lesions,
common bile duct (CBD) stone detection and on the role
of EUS-guided celiac plexus neurolysis (CPN). Novel
therapeutic applications, like EUS-guided pancreaticobiliary drainage and pancreatic tumor therapy, are recently
being increasingly addressed in well-designed studies (LE
Ⅱb, Ⅲ), but data are still limited reflecting lack of maturation of these techniques. Due to the abundance of existing data, a focused description of well-evidenced issues
is highlighted below, in a point-by-point form.

LITERATURE SEARCH
Based on our previous research on EUS literature of the
period 1980-2010[4,5], all articles relevant to pancreaticobiliary diseases were extracted. The PubMed search was
extended up to September 2011, to retrieve all additional
publications. Moreover, the bibliographies of reviewed
articles were scrutinized to obtain any other reference
that eluded the primary search.
Original research articles [randomized controlled trials (RCTs), prospective and retrospective studies], metaanalyses, reviews and surveys pertinent to gastrointestinal
EUS were included. Studies enrolling up to 15 patients
were categorized as case series. Editorials, commentaries, letters, case reports, non-English language articles,
abstracts, and articles in which EUS did not represent the
principal study matter were not considered for review.
In regard to data collection, priority was assigned to
the study subject, design and methods, the type and year
of publication and the number of patients enrolled. All
articles were classified in six major categories based on
specific disease entities, anatomical subdivisions and therapeutic applications of EUS: (1) solid pancreatic tumors;
(2) cystic pancreatic lesions; (3) chronic pancreatitis; (4)
acute pancreatitis; (5) extrahepatic biliary tree; and (6)
therapeutic EUS. The content of each study was further
analyzed to identify relevant clinical issues such as the
diagnostic and staging accuracy of the technique, technical properties of EUS procedures and the role of EUSFNA.
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carcinoma[8] (Ⅰa).
In a systematic review of the period 1986-2004, EUS
was found more sensitive (range: 93%-100%) than CT
(50%-89%), especially for the detection of pancreatic tumors smaller than 3 cm[9] (Ⅰa).
Early comparative studies indicate that the sensitivity
and specificity of EUS (94%-99% and 100%, respectively) is higher than transabdominal ultrasound (US) (67%
and 40%), CT (69%-77% and 53%-64%) and magnetic
resonance imaging (MRI) (83% and 100%), for demonstrating the presence of a pancreatic neoplasm. This is
even more obvious in small pancreatic tumors of 3 cm
and less. The sensitivity of detecting tumors less than 3
cm was 93% for EUS, 53% for CT, and 67% for MRI
imaging. However, as with other imaging procedures,
EUS was not able to differentiate reliably malignant from
inflammatory pancreatic masses (accuracy 76% for malignancy and 46% for focal inflammation)[10,11] (Ⅱb).
The presence of a dilated pancreatic duct is related to
a 65% prevalence of malignancy, compared to a prevalence of 17% in its absence[12] (Ⅱa).
Data from retrospective studies demonstrates a negative predictive value (NPV) for EUS as high as 100%,
suggesting that a normal EUS of the pancreas in the setting of subtle radiologic findings, serologic abnormalities,
and/or nonspecific symptoms definitively rules out the
presence of pancreatic cancer[13,14] (Ⅲ).

Table 1 Levels of evidence per subject: Pancreatic disorders,
extrahepatic biliary tree, endoscopic ultrasonography-guided
therapy
Ⅰa Ⅰb Ⅱa Ⅱb
Solid pancreatic tumors
Diagnosis, differential diagnosis
EUS - FNA, TCB, echobrush
Staging
Neuroendocrine tumors
Molecular markers
Screening
Elastography, CH-EUS
Other
Total
Pancreatic cysts
Diagnosis, differential diagnosis
EUS-FNA, TCB, brushing
IPMN
Molecular markers
EUS follow-up, clinical outcome
Other
Total
Chronic pancreatitis
Diagnosis
Autoimmune pancreatitis
Other
Total
Acute pancreatitis
Diagnosis
CBD stones
Other
Total
Extrahepatic biliary tree
Diagnosis (in general)
CBD stones
Cholangio-Ca
Gallbladder
IDUS
Periampullary neoplasms
Other
Total
EUS-guided therapy
Fluid collection drainage,
necrosectomy
Billiary duct drainage
EUS-CPN, CPB
Pancreatic tumor therapy
Pancreatic duct drainage
Other
Total

Ⅲ

Ⅳ

34 45
48 11
30 18
28 15
16
3
6
7
7
4
37 11
206 115

Total

1
0
2
0
0
0
0
0
3

0
4
0
0
0
0
0
1
5

1
1
0
0
1
1
1
1
6

10
28
17
4
5
5
13
7
89

86
92
67
47
25
19
25
57
418

0
1
0
0
0
0
1

0
0
1
0
0
0
1

0
1
0
0
0
0
1

2
10
5
7
0
6
30

26
17
27
3
5
13
91

31
2
6
0
0
2
41

59
31
39
10
5
21
165

0
0
0
0

0
0
0
0

6
0
0
6

14
2
2
18

20
7
4
31

21
2
5
28

61
11
11
83

0
0
0
0

0
0
2
2

1
0
1
2

4
4
2
10

7
1
5
13

10
1
2
13

22
6
12
40

1
3
0
0
0
0
1
5

1
3
0
0
0
0
0
4

0
7
0
0
0
0
0
7

12
21
3
6
12
7
8
69

8
6
9
18
11
19
19
90

9
16
11
4
7
5
5
57

29
56
23
28
30
31
33
230

0

2

0

8

31

14

55

0
2
0
0
0
2

0
3
1
0
1
7

0
0
0
0
0
0

2
4
6
0
0
20

23
4
9
4
3
74

15
11
6
1
3
50

40
24
22
5
7
153

Molecular markers
Broad panel microsatellite loss and K-ras point mutation analysis can reliably be performed on EUS-FNA
samples from pancreatic masses, improving the diagnostic accuracy and differentiation between malignant and
benign pancreatic masses[15] (Ⅱa). When K-ras mutation
analysis is combined with cytopathology, sensitivity,
specificity, positive predictive value (PPV), NPV and
overall accuracy reach 88%, 100%, 100%, 63% and 90%,
respectively[16] (Ⅱb).
Mucin expression pattern of EUS-FNA aspirates
could serve as a potential biological marker for malignant
lesions[17] (Ⅱb), and combination of routine cytology with
positive fluorescence in situ hybridization and K-ras analyses may help the discrimination of atypical FNA samples
to benign and malignant[18] (Ⅲ).
Mutation status of K-ras, p53 and allelic losses at 9p
and 18q are not prognostic markers in patients with pancreatic cancer. None of these markers was identified as
an independent factor of survival prognosis[19] (Ⅱb).

EUS-FNA: Endoscopic ultrasound-fine needle aspiration; TCB: Trucut
biopsy; CH-EUS: Contrast harmonic EUS; IPMN: Intraductal papillary
mucinous neoplasm; CBD: Common bile duct; IDUS: Intraductal
ultrasound; CPN: Celiac plexus neurolysis; CPB: Celiac plexus block.

SOLID PANCREATIC TUMORS

Staging
Although EUS is the best test to define vascular invasion
in pancreatic and peri-ampullary cancers, the specificity
(90%) is high but the sensitivity (73%) is not as high as
previously suggested[20] (Ⅰa).
EUS is superior to angiography in the preoperative
assessment of vascular involvement for patients with
pancreatic carcinoma (sensitivity 86% vs 21%, respectively; specificity and accuracy 71% and 81% vs 71% and

Diagnosis
The only meta-analysis available, comparing the test
performance of different diagnostic modalities, reports
a sensitivity of combined positron emission tomography/computerized tomography (PET/CT) (90.1%)
higher than PET (88.4%) and EUS (81.2%) alone, but
a specificity of EUS (93.2%) higher than PET (83.1%)
and PET/CT (80.1%) in diagnosing primary pancreatic
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38%, respectively)[21] (Ⅱb).
No decisive comparative data between EUS and MRI
exists. The most recent report shows that EUS and MRI
have marginal correlation for staging, especially in the
case of advanced tumors. Therefore, both tests should be
performed for accurate staging[22] (Ⅱb).

vs 19G needles, nor in the handling of different commercially available needle assemblies[32,33] (Ⅰb).
EUS-FNA sampling with suction of solid masses
increases the number of pathology slides, the sensitivity
and negative predictive value, without increasing the overall bloodiness of samples[34] (Ⅰb). Neither trained EUS
performers nor cytotechnologists seem able to provide a
reliable assessment of pancreatic FNA adequacy by using
gross visual inspection of the specimen on a slide[35]. On
the other hand, rapid on-site cytopathology performed by
an attending cytopathologist shows excellent agreement
with the final cytological evaluation[36] and may reduce the
number of passes, ensure specimen adequacy and lower
the number of inadequate samples[37] (Ⅱb).
EUS-FNA of solid pancreatic masses is safe when
performed by experienced endosonographers. The frequency of post EUS-FNA pancreatitis may be underestimated by retrospective analysis (0.64% when data
was prospectively collected vs 0.26% in retrospective
cohorts)[38] (Ⅱb). A higher incidence of pancreatitis after
pancreatic EUS-FNA (2%, with some more cases of
silent hyperamylasemia) was recorded in a prospective
controlled trial[39] (Ⅱa).

Comparison of EUS vs CT
Helical CT is more accurate in assessing the extent of
primary tumor (73%), locoregional extension, vascular
invasion, distant metastases, tumor node metastasis stage
and tumor resectability, whereas EUS is more accurate in
assessing tumor size and lymph node involvement[23] (Ⅱb).
For portal vein and superior mesenteric vein invasion,
multislice CT (MSCT) seems superior to EUS (sensitivity 88% vs 50%, respectively and specificity 92% vs 83%).
For resectability, there is no significant difference and
agreement is good among the two techniques. Therefore
MSCT is the imaging method of choice and routine EUS
should be reserved for tumors with borderline resectability on MSCT[24] (Ⅱb).
Compared with MSCT, EUS is superior for tumor
detection and staging but similar for nodal staging and
resectability of preoperatively suspected non-metastatic
pancreatic cancer[25] (Ⅱb).

Neuroendocrine tumors
EUS is reliable for the localization of pancreatic neuroendocrine tumors (NETs) (sensitivity, 82% and specificity, 95%) and highly accurate in estimating the actual size
of these tumors (deviation within 2 mm between EUS
and surgical pathology). Compared to angiography, EUS
is significantly more sensitive for tumor localization
(sensitivity, 82% vs 27%)[40] (Ⅱb).
In patients with multiple endocrine neoplasia type
1 (MEN1) syndrome undergoing screening EUS, pancreatic NETs are identified in 17% of cases before the
development of significant biochemical abnormalities[41]
(Ⅱb). The frequency of nonfunctioning pancreatic endocrine tumors is higher (55%) than previously thought
and pancreatic EUS should be performed once MEN1 is
diagnosed, to monitor disease progression[42] (Ⅱb).
In patients with suspected pancreatic NETs undergoing EUS and MSCT, the sensitivity of EUS is greater
than MSCT (92% vs 63%, respectively), particularly for
insulinomas (84% vs 32%, respectively) and for lesions
smaller than 2 cm. EUS may detect in up to 91% of cases
missed by MSCT[43] (Ⅱb).

EUS-FNA
The sensitivity, specificity, PPV and NPV of EUS-FNA
for solid pancreatic masses reach 95%, 100%, 100% and
85%, respectively. Patients with suspicious and atypical EUS-FNA aspirates deserve further clinical evaluation[26,27] (Ⅲ).
In patients with negative CT-guided biopsies, EUSFNA yields 90% sensitivity for malignancy, 50% specificity and 84% accuracy. Corresponding values for EUSFNA in patients with negative endoscopic retrograde
cholangiopancreatography (ERCP) tissue sampling are
as high as 94%, 67% and 92%, respectively[28] (Ⅱb). A
more recent RCT comparing CT/US-FNA and EUSFNA concludes that EUS-FNA is numerically (though
not quite statistically) superior to CT/US-FNA for the
diagnosis of pancreatic malignancy[29] (Ⅰb).
A lower sensitivity for EUS-FNA is observed in patients with chronic pancreatitis (CP) than in those without CP (73.9% vs 91.3%). While patients with CP had a
higher NPV (88.9% vs 45.5%), no significant differences
were observed for specificity (100% vs 93.8%), PPV
(100% vs 99.5%), and accuracy (91.5% vs 91.4%) between
those with and without CP[30] (Ⅱb).
False positive EUS-FNA cytology was recently recorded in a large cohort trial, i.e., 1.1% when only “positive” cytology findings were interpreted as malignant and
3.8% when both suspicious and positive cytology findings were interpreted as malignant. False positive cases
occurred primarily as a result of cytological misinterpretation in the setting of CP[31].
No statistically significant differences exist in the diagnostic yield of EUS-FNA between 22G vs 25G and 22G

WJG|www.wjgnet.com

Screening
A EUS-based strategy of screening for individuals at
high risk for pancreatic cancer is feasible and safe. The
incidence of clinically relevant findings at first screening
is high, reaching 7%-10% for early asymptomatic cancer
and 16% for premalignant intraductal papillary mucinous
neoplasms (IPMN)-like lesions. Nevertheless, whether
screening improves survival remains to be determined, as
does the optimal screening interval with EUS. Moreover,
without the ability to further quantify these patients’ risk,
the most effective strategy in clinical and economical
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terms may be doing nothing[44-46] (Ⅱa).
In familial pancreatic cancer a EUS/magnetic resonance cholangiopancreatography (MRCP) based screening program leads to the detection of potential precursor
lesions of pancreatic cancer. However, the yield of an
extensive screening program is low, especially since the
tumorigenic value of low grade pancreatic intraepithelial neoplasia is not yet defined. Taking into account the
enormous psychological stress for the tested individual
and the high costs, a general pancreatic cancer screening
in high-risk individuals is not justified[47] (Ⅱb).

between the cyst and the main pancreatic duct is strongly
suggestive of IPMN[55-57] (Ⅲ).
There is no universally accepted morphologic parameter to reliably predict the malignancy of pancreatic cysts
by EUS. The size of cysts is generally considered suspicious for malignancy above the diameter of 3 cm; moreover, a cyst growth rate of more than 2 mm/year has
been proposed to indicate a higher risk of malignancy
(5-year risk 45.5% vs 1.8% for cysts with lower growth
rate). The presence and size of mural nodules within the
cysts is also predictive of malignancy in IPMNs[58-60] (Ⅲ).
There is little more than chance interobserver agreement (IA) among experienced endosonographers for the
diagnosis of neoplastic versus non-neoplastic (fair IA),
specific type (moderately good IA for serous cystadenomas, but fair for other types of pancreatic cysts), and
EUS features (IA ranged from slight to moderately good)
of pancreatic cystic lesions. Accuracy rates of EUS for
the diagnosis of neoplastic versus non-neoplastic lesions
range from 40% to 93%[61] (Ⅱb).
Interobserver agreement for the presence of mural
nodules seems good among experts and fair in the semiexpert and novice groups. With respect to specific overall diagnosis, agreement is moderate in the expert group,
poor among the semi-experts, and fair among novices[62]
(Ⅱb).
Preoperative assessment by intraductal ultrasound
(IDUS) has an 85% diagnostic accuracy for tumor extension of IPMN compared with 50% for other imaging
methods. Preoperative IDUS is useful in determining the
type of surgery and the extent of resection, especially in
main-duct IPMN[63] (Ⅰb).

New imaging techniques
Detection of a hypoenhancing and inhomogeneous mass
with contrast harmonic EUS (CH-EUS) accurately identifies patients with pancreatic adenocarcinoma. CH-EUS
increases the detection of malignant lesions in difficult
cases (patients with chronic pancreatitis or biliary stents)
and helps to guide EUS-FNA. A hyper-enhancing pattern can be used to rule out adenocarcinoma[48] (Ⅱb).
Hypoenhancement in CH-EUS yields higher sensitivity (89% vs 72%), lower specificity (88% vs 100%) and
comparable accuracy (88.5% vs 86%) than EUS-FNA, for
the diagnosis of pancreatic adenocarcinoma[49] (Ⅱb).
Quantitative analysis of contrast-enhanced EUS seems
to improve the efficacy of the technique. The diagnostic
accuracy, based on contrast imaging pattern (84%) and
time-intensity curves (TICs) (88%), was higher than that
based on B-mode imaging (83%) and dynamic CT (81%).
EUS in combination with TIC demonstrated increased
sensitivity, specificity, and accuracy up to 96%, 93%, and
95%, respectively[50] (Ⅲ).
EUS elastography is useful for the differential diagnosis of solid pancreatic masses and allows an objective
evaluation of tissue stiffness[51] (Ⅱb). The operating characteristics of the technique for detecting malignancy are:
sensitivity 93%, specificity 66%, PPV 92%, NPV 69%
and overall accuracy 85%[52,53] (Ⅱb).
The sensitivity, specificity, and accuracy of combined
contrast-enhanced power Doppler and real-time sonoelastography in differentiating hypovascular hard masses
suggestive of pancreatic carcinoma were 76%, 95% and
83%, respectively, with a PPV and NPV of 96% and
71%, respectively[54] (Ⅱb).

EUS-FNA
EUS-FNA based cytology has overall low sensitivity
(63%) but good specificity (88%) in differentiating mucinous cystic lesions (MCLs) from non-mucinous lesions
(NMCLs). Further research is required to improve the
overall sensitivity of EUS-FNA-based cytology to diagnose MCLs[64] (Ⅰa).
The decision to proceed with non-operative management should not be based on a negative or non-diagnostic FNA alone, as 67% of negative and 92% of nondiagnostic specimens may be associated with malignant
or premalignant pathology at surgical pathology[65] (Ⅱb).
Complications of EUS-FNA are encountered in 2.2%
of patients overall, and comprise pancreatitis, abdominal
pain, retroperitoneal bleed, infection and bradycardia.
Type of cyst, size, presence of septations or mass, and
same-day ERCP are not predictors of complications[66]
(Ⅲ).
Two small studies suggest that cytology brushings are
more likely to provide an adequate mucinous epithelium
specimen than standard FNA and could aid the diagnosis
of cystic pancreatic lesions in a selective group of patients[67] (Ⅱa). EUS brushing increases cellular diagnosis
of pancreatic cystic lesions compared to fluid analysis,
mainly in mucinous lesions. However, its use is not rec-

PANCREATIC CYSTS
Diagnosis
Certain morphologic features have been used to discriminate specific types of pancreatic cysts. A cystic lesion
with accompanying parenchymal changes, in the absence
of intracystic septation or mural nodule, is compatible
with a pseudocyst. Multiple microcysts (< 3 mm) within a
cystic lesion and a honeycomb appearance are typical of
serous cystadenomas, but macrocystic types can also be
found. Mucinous cystadenomas usually present with septations of variable thickness, a visible wall, and peripheral
calcifications in up to 15% of cases. A communication
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ommended in patients under anticoagulation therapy
even after withdrawal of anticoagulants, as a fatal complication has been reported[68] (Ⅱb). Whether this approach
is superior to cyst fluid analysis has not been substantiated by data. The cost of the combined needle and the
brush should also be taken into consideration.

of chronic pancreatitis (CP). Parenchymal features comprise calcifications with shadowing, echogenic foci without shadowing, focal regions of reduced echogenicity
(lobularity), hyperechoic strands and the presence of cysts
within the gland. Ductal features include main pancreatic
duct (MPD) calculi, dilation or irregular contour of the
MPD, increased thickness/echogenicity of the MPD wall,
and side branch dilation. EUS is highly sensitive and specific (> 85%) depending on the number of criteria present. CP is likely (PPV > 85%) when more than 2 criteria
(for CP in general) and more than 6 criteria (for moderate
to severe CP) are present. Moderate to severe CP is unlikely (NPV > 85%) when fewer than 3 criteria are present[76,77] (Ⅱa).
An attempt to quantify the individual weight of widely
accepted EUS features classifies them in major (hyperechoic foci with shadowing, MPD calculi and parenchymal
lobularity with honeycombing) and minor criteria (cysts,
dilated MPD or side branches, irregular MPD contour, hyperechoic MPD wall, strands, non-shadowing hyperechoic
foci and non-contiguous lobularity). The diagnosis of CP
is labeled as “most consistent with”, “suggestive of ”, “indeterminate for” and “normal” depending on the number
of major and minor criteria visualized[78] (Ⅳ).
EUS is as sensitive and effective as ERCP in the
detection of CP, particularly when only mild disease is
present. However, EUS findings have limited specificity
(60%), particularly in patients with mild disease[79] (Ⅱb).
Reports on the concordance of EUS and endoscopic
pancreatic function test are inconclusive for patients with
suspected early CP, but the combination of the two techniques can add complimentary information and reach a
sensitivity of 100%[80,81] (Ⅱb).
EUS may be more sensitive but equally specific, compared with MRCP, in diagnosing CP. The combination of
EUS and MRCP has a sensitivity of 98% for either EUS
or MRCP and a specificity of 100% for both EUS and
MRCP[82] (Ⅱb).
There is good intra-observer agreement in the inter
pretation of EUS features of CP. The intra-observer ag
reement seems better than the published inter-observer
agreement for EUS features of CP and better than the
published intra-observer agreement for ERCP[83] (Ⅱb).

Molecular markers
The accuracy of carcinoembryonic antigen (CEA) (79%)
is significantly higher compared to EUS morphology (51%)
or cytology (59%). No combination of tests provides
greater accuracy than CEA alone. Of tested markers, cyst
fluid CEA is the most accurate test available for the diagnosis of mucinous cystic lesions of the pancreas[69] (Ⅱb).
Malignant cysts may be differentiated from premalignant cysts on the basis of fluid CEA level, DNA quality,
number of mutations and on the sequence of mutations
acquired. Early k-ras mutation followed by allelic loss was
the most predictive of a malignant cyst (sensitivity, 91%;
specificity, 93%)[70,71] (Ⅱb).
There is poor agreement between CEA and molecular analysis (DNA quantity, k-ras mutation, and 2 or
more allelic imbalance mutations) for the classification of
mucinous cysts. Based on the final pathologic diagnosis,
CEA has a sensitivity of 82% compared with 77% for
molecular analysis. When CEA and molecular analysis are
combined, 100% sensitivity can be achieved[72] (Ⅱb).
Follow-up, clinical outcome
Most branch duct-IPMN asymptomatic patients who
have no mural nodules on EUS can be managed without
surgery. However, careful attention should be paid to
disease progression and the development of pancreatic
cancer during follow-up[73] (Ⅱb).
Ductal adenocarcinoma of the pancreas distinct from
IPMN may develop in patients with branch duct IPMNs
during follow-up. The 5-year rate of ductal carcinoma
has been reported to reach 6.9%, with annual incidence
of 1.1%. In the same series, cancer developed in IPMN
in 3% of branch duct IPMNs during follow-up[74] (Ⅱb).
There is considerable variation in size estimates of
pancreatic cysts by different imaging modalities. Median
size differences between studies are: between EUS and
CT (i.e., absolute value of size determined by EUS minus
size determined by CT): 4 mm (range: 0-25 mm), between EUS and MRI: 4 mm (range: 0-17 mm), between
CT and MRI: 3 mm (range: 2-20 mm). Median size differences for surgical pathology specimens compared to
imaging estimates were as follows: EUS and pathology: 9.5
mm (range: 0-20 mm), CT and pathology: 5 mm (range:
0-21 mm), MRI and pathology: 5.5 mm (range: 2-44
mm). Clinicians should take into account these variations
when making management decisions and prefer a single
modality during follow-up[75] (Ⅱb).

EUS-FNA
EUS-FNA with cytology is safe and improves the negative predictive value (from 75% to 100%) of EUS. Negative EUS-FNA findings rule out CP, but cytology alone
does not improve the specificity of EUS findings (from
60% to 67%). Further improvements in tissue sampling
and analysis are necessary to support routine use of FNA
in patients with CP[78] (Ⅱb).
Transgastric EUS-trucut biopsy of suspected nonfocal CP infrequently demonstrates histologic CP in clinically suspected disease. Because of potential complications (acute pancreatitis) and limited diagnostic yield, this
technique is not currently recommended for evaluation
of these patients[84] (Ⅱb).

CHRONIC PANCREATITIS
Diagnosis
Various EUS features have been found to predict changes
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Autoimmune pancreatitis
A diffusely hypoechoic, enlarged pancreas, together with
chronic inflammatory cells in aspirated cytological specimens, is supportive of the diagnosis of autoimmune pancreatitis (AIP)[85] The presence of stromal fragments of
high cellularity with a lymphoid infiltrate, in conjunction
with clinical and radiology findings, could potentially establish the diagnosis of AIP and exclude carcinoma, thus
preventing pancreatic resection[86] (Ⅱb).
Diffuse or focal hypoechoic areas, diffuse or focal enlargement of pancreas, bile duct wall thickening, lymphadenopathy, and peri-pancreatic hypoechoic margins are
significantly more frequent in AIP than in pancreatic
cancer. All these features may resolve after steroid treatment[87] (Ⅲ).
In AIP patients, CH-EUS demonstrates a unique vascularization pattern which enables discrimination between
AIP and lesions caused by pancreatic cancer. Lesions
caused by AIP and the surrounding pancreas typically
demonstrate hyper-vascularization, whereas lesions caused
by pancreatic cancer present hypo-vascularized[88] (Ⅲ).
EUS elastography shows a typical and unique finding
of homogenous stiffness of the whole organ, and this
distinguishes AIP from the circumscribed mass lesion in
ductal adenocarcinoma[89] (Ⅲ).

pared to CBD malignancy (sensitivity 78%, specificity
84%)[95] (Ⅰa).
By performing EUS first, ERCP may be safely avoided in two-thirds of patients with CBD stones. A EUSbased selection of patients for therapeutic ERCP significantly reduces the complication rate[96] (Ⅰa).
For patients with intermediate probability of CBD
stones, EUS is more sensitive than ERCP in detecting
stones smaller than 4 mm (90% vs 23%). A management
strategy based on EUS (with selective ERCP in patients
with confirmed stones) is safer and not associated with
an excess of endoscopic procedures (can spare ERCP in
up to 75% of patients) compared with a strategy based
on ERCP alone[97-99] (Ⅰb).
With respect to sensitivity, specificity and accuracy,
there is no statistically significant difference between EUS
and MRCP for the detection of choledocholithiasis[100,101]
(Ⅰa). However, the sensitivity of MRCP seems to diminish in the setting of small (< 6 mm) CBD stones, while
EUS remains highly sensitive even for small stones[102] (Ⅰa).
The diagnostic accuracy of catheter-probe extra-ductal ultrasonography is comparable to that of conventional
EUS for the detection of CBD stones[103] (Ⅱa).
Approximately half (57%) of patients with echogenic CBD material visible on IDUS actually have biliary
crystals on bile microscopy. The size of the echogenic
material is the only significant factor associated with bile
microscopy positivity with an optimal size value of 1.4
mm (sensitivity and specificity 71% and 75%, respectively)[104] (Ⅱb).

ACUTE PANCREATITIS
In selected patients with acute pancreatitis (AP), EUS can
safely replace diagnostic ERCP and select patients eligible
for therapeutic ERCP with a higher success rate[90]. EUS
may prevent ERCP in 71% of patients with AP and offers a complication-free alternative, whereas sphincterotomy is associated with bleeding in up to 22% of cases[91]
(Ⅰb).
EUS seems superior to MRCP (51% vs 20%) in the
evaluation of AP. Cholelithiasis and biliary sludge (24%)
are the most frequent EUS diagnoses, and pancreas divisum (8%) is the most frequent MRCP diagnosis. Only in
6% of cases does MRCP identify additional features in
patients etiologically undiagnosed using EUS. The EUS
yield is lower in patients with a previous cholecystectomy
(11% vs 60%)[92] (Ⅱa).
In univariate analysis, the presence of peri-pancreatic
edema, parenchymal inhomogeneity, CBD dilation and
ascites is associated with severe pancreatitis. In multivariate analysis, only the presence of peri-pancreatic edema
in EUS correlates with the severity of AP according to
the Atlanta criteria. EUS may be a new useful imaging
modality for the prediction of severity of AP with prognostic significance in the early phase of AP[93] (Ⅲ).

CBD neoplasms
EUS is significantly more sensitive than US or CT (100%
vs 80% and 83%, respectively) in making a positive diagnosis of obstruction. EUS is also significantly more
accurate than US and CT (97% vs 49% and 66%) in diagnosing the cause of the obstruction and in the locoregional staging of malignant obstructions (75% vs 38%
and 62%)[105] (Ⅱb).
A comparison between ERCP and EUS for tissue diagnosis of biliary strictures depicts higher sensitivity for
ERCP-based techniques in the subgroup biliary tumors
(ERCP 75% vs EUS 25%), whereas EUS-guided biopsy
is superior for pancreatic masses (EUS 60% vs ERCP
38%)[106] (ⅡB).
EUS-FNA is valuable for tissue diagnosis of undetermined hilar strictures. It is technically feasible without significant risks, when other diagnostic tests are inconclusive
and is able to change preplanned management in about
half of the patients. Accuracy, sensitivity, and specificity
are 91%, 89% and 100%, respectively[107] (Ⅱb).
EUS and EUS-FNA are sensitive (overall 73%) for
the diagnosis of cholangiocarcinoma and very specific
(97%) in predicting unresectability. The sensitivity of
EUS-FNA is significantly higher in distal (81%) than in
proximal (59%) lesions[108] (Ⅱb).
IDUS is a valuable adjunct to ERCP-guided tissue
sampling that increases the ability to distinguish malig-

EXTRAHEPATIC BILIARY TREE
CBD stones
EUS has excellent overall sensitivity (94%) and specificity
(95%) for the diagnosis of choledocholithiasis[94]. EUS
performance is superior in detecting CBD stones com-
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nant from benign strictures, but cannot assess the lymph
node spread of malignant strictures[109] (Ⅱb). When used
in conjunction, IDUS increases the accuracy of ERCP
for the characterization of biliary strictures from 58% to
90%[110] (Ⅱb).

are similar. EUS should be considered the first-line treatment modality for endoscopic drainage of non-bulging
lesions[119,120] (Ⅰb).
EUS-guided endoscopic trans-gastric necrosectomy
of infected necrosis in acute pancreatitis appears to be
a feasible and relatively safe treatment option in patients
who are not critically ill. Emergency surgery as the initial treatment can be avoided in the majority of cases.
Complications may include minor bleeding after balloon
dilation and later development of recurrent pseudocysts
because of the “disconnected-duct syndrome”[121,122] (Ⅲ).

Ampullary lesions
Early observational studies reported high detection rates
(96%-100%) and staging accuracy of EUS with respect
to duodenal or CBD wall involvement, invasion of the
pancreas and portal vein, and spread to regional lymph
nodes. Accuracy rates for cancer extent was 78% for ampullary carcinoma and 81% for CBD carcinoma, when
compared with surgical findings[111,112] (Ⅲ).
In patients with biliary symptoms, EUS can reliably
visualize and characterize a malignant lesion as the first
diagnostic tool (detection rate 82%, overall sensitivity of
92% and specificity of 75%) and may be considered the
basis for subsequent diagnostic steps[113] (Ⅲ).
EUS is more accurate than CT and MRI in local
tumor staging of ampullary neoplasms (EUS 78%, CT
24%, MRI 46%). No significant difference in nodal staging exists between the three imaging modalities (EUS
68%, CT 59%, MRI 77%). EUS T-staging accuracy
decreases from 84% to 72% in the presence of a transpapillary endo-biliary stent. This is most prominent in
T2/T3 carcinomas and may result in underestimating the
need for a Whipple resection because of tumor understaging[114] (Ⅱb).
EUS is more sensitive and specific than CT for tumor
and nodal staging of ampullary cancer, and the association of CT to EUS findings does not improve the final
test performance characteristics of EUS[115] (Ⅱb).

Biliary and pancreatic duct drainage
The overall success rate of EUS-guided cholangiography via an intrahepatic (trans-papillary, trans-gastric)
or extrahepatic (trans-papillary, trans-enteric) route approaches 85%-90%, with complication rates in the range
of 10%-16%. Based on intention-to-treat analysis, similar
success rates of over 70% can be achieved by both types
of approach[123,124] (Ⅲ).
EUS-guided biliary drainage with one-step placement
of a fully-covered self-expanding metal stent seems to be
a feasible, safe, and effective alternative to percutaneous
trans-hepatic biliary drainage in cases of malignant biliary
obstruction when ERCP is unsuccessful[125] (Ⅱb).
EUS-guided pancreaticogastrostomy or pancreaticobulbostomy appears to be an effective (technical success 90%, clinical success 70%) and relatively safe (major
complications in 5.5%, including bleeding, severe AP
and perigastric collection) procedure. It is indicated for
the management of pain secondary to pancreatic ductal
hypertension due to chronic pancreatitis or post-Whipple
resection anastomotic strictures, in patients with inaccessible main pancreatic ducts by a trans-papillary route.
Nevertheless, stent dysfunction may occur in up to 55%
of patients after mid- to long-term follow-up, the procedure is technically demanding and careful pre-therapeutic
evaluation is required[126,127] (Ⅲ).

THERAPEUTIC EUS
EUS-guided celiac plexus neurolysis and block
Alcohol-based EUS-guided celiac plexus neurolysis (EUSCPN) is a safe and effective technique for patients with
pancreatic cancer and pain intractable to narcotic analgesics. The pooled proportion of patients that experience
pain relief is 80%. On the other hand, in patients with
pain due to CP the outcomes of EUS-CPN are inferior
(59% clinical benefit) and better techniques or injected
materials are needed to improve the response[116] (Ⅰa).
Steroid-based EUS-guided celiac plexus block (EUSCPB), although superior to the percutaneous fluoroscopy-guided approach[117], proves moderately adequate in
managing abdominal pain in patients with chronic pancreatitis, and warrants improvement in patient selection
and refinement of the technique[118] (Ⅰa).

Pancreatic cyst ablation
EUS-guided ethanol lavage results in a greater decrease in
pancreatic cyst size (43%) compared with saline solution
lavage (11%), with a similar safety profile. Overall CTdefined complete pancreatic cyst ablation reaches 33%[128]
(Ⅰb).
EUS-guided ethanol injection and lavage, followed
by injection of paclitaxel, appears to be a safe method
for treating pancreatic cysts; 62% of patients may have
complete resolution. Small cyst volume predicts complete
resolution[129] (Ⅱb).
Pancreatic cancer therapy
High technical and clinical success rates (90%) have been
reported for EUS-guided fiducials placement in patients
with locally advanced and recurrent pancreatic cancer.
The complication rate (mild pancreatitis in 2%), as well as
the rate of migration from the initial injection site, seem
low[130,131] (Ⅱb).

Pancreatic collection drainage and necrosectomy
Technical success is significantly greater for EUS-guided
pancreatic pseudocyst drainage compared to the “blind”
endoscopic approach, even after adjusting for luminal
compression-bulging. Short-term clinical outcomes seem
to favor the EUS-guided technique, yet long-term results
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EUS-guided brachytherapy by implantation of radioactive seeds into unresectable pancreatic tumors could
yield a “partial” objective tumor response in 27% of
patients, “minimal” response in 20% patients, and “stable
disease” in 33% of patients, during a median follow-up
period of 10.6 mo. Up to 30% of patients may experience clinical benefit, mostly due to reduction in pain,
but this lasts for a limited time. Local complications
(pancreatitis and pseudocyst formation) occur in 20% of
patients[132]. Worse clinical outcomes (partial remission
in 13.6% and stable disease in 45.5%) were reported in
more recent series[133] (Ⅱb).
EUS-guided injection of the oncolytic virus ON
YX-015 into unresectable pancreatic carcinomas by the
trans-gastric route with prophylactic antibiotics is feasible
and generally well tolerated either alone or in combination with gemcitabine[134] (Ⅱb).
A single administration of cytoimplant (allogeneic
mixed lymphocyte culture) immunotherapy by EUSguided fine needle injection appears to be feasible and
not associated with substantial toxicity[135] (Ⅲ).

provided a deep insight to their natural history. The malignant potential can be further evaluated on the basis
of biochemical (amylase, CEA) and molecular cyst fluid
analysis (K-ras mutation). These markers also seem to
compensate for the generally low yield of EUS-FNA
based cytology, but refinement of the technique and the
adjunct of EUS-FNA brushing may increase the cellularity of aspirates.
Early diagnosis of CP is challenging. EUS is equally
sensitive, yet much safer than ERCP, and more sensitive
than MRCP in detecting the subtle changes of mild disease. EUS-FNA seems to increase the specificity of the
technique, but further improvement in tissue sampling and
analysis is necessary to support the routine use of FNA
for patients with CP. EUS could also add valuable information in cases of suspected AIP, by demonstrating characteristic morphologic features and a typical pattern on
elastography and CH-EUS, compatible with the disease.
EUS is the most sensitive and specific modality for
the diagnosis of small CBD stones (< 4 mm). This fact
has a critical impact on the management of patients with
biliary symptoms or AP; a strategy based on performing
EUS as the primary diagnostic modality can prevent futile diagnostic ERCPs in more than two thirds of patients
and select those who will benefit from a therapeutic
ERCP with higher success and lower complication rates.
Probably the greatest challenge of EUS evolution is
its expanding therapeutic potential. EUS-CPN for patients with pancreatic cancer and EUS-guided pseudocyst
drainage are now established alternatives to more invasive
and risky surgical or radiologic interventions, which are
routinely performed by experienced endosonographers.
EUS-guided pancreaticobiliary drainage and targeted fine
needle injection therapy for pancreatic cysts and solid
tumors are novel therapeutic applications with encouraging preliminary outcomes that await to be confirmed by
further studies.

CONCLUSION
Despite the ongoing development of other cross-sectional imaging modalities, namely MSCT and MRI, EUS still
holds a leading role in the investigation of pancreaticobiliary disorders. EUS remains the most accurate method
for the detection of small (< 3 cm) pancreatic lesions, including NETs and ampullary neoplasms, and the best test
to define vascular invasion in pancreatic and periampullary tumors. The ability of tissue acquisition by EUS-FNA
is pivotal for clinical decision-making in patients with
pancreatic cancer; it demonstrates excellent sensitivity
and specificity and appears to be safe when performed by
experienced endosonographers. The adjunct of molecular analysis of aspirates, particularly K-ras point mutation
analysis, could guide the differential diagnosis of solid
pancreatic lesions, once incorporated to routine clinical
practice. Furthermore, early diagnosis of asymptomatic
tumors in screening programs for familial pancreatic cancer and MEN1 syndrome seems feasible and reliable, but
data regarding the management of these patients are still
inconclusive. Novel imaging techniques such as CH-EUS
and EUS-elastography are promising for the detection of
pancreatic cancer, which exhibits a characteristic imaging
pattern; quantitative analysis enables an objective evaluation of lesions and will potentially increase intra- and
inter-observer agreement, but prospective comparative
studies are still pending.
EUS provides detailed imaging of pancreatic cysts
and helps their differentiation according to subtle structural features. Although no single criterion has been
established to predict malignancy, the size of lesions, the
presence and size of mural nodules and the cyst growth
rate seem useful in estimating the risk of malignancy.
This has been well documented in the case of branchduct type IPMNs, where long term EUS follow-up has
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