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The American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee provides reviews of emerg-
ing endoscopic technologies that have an impact on the
practice of GI endoscopy. Evidence-based methodology is
used, with MEDLINE and PubMed literature searches to
identify pertinent clinical studies on the topic. Because
many topics have a limited number of peer-reviewed man-
uscripts, abstracts from scientific meetings are used to
supplement the review. The reports focus on the current
status of the technologies, areas in need of further re-
search, and barriers to incorporation into the mainstream
practice of GI endoscopy.

Reports on Emerging Technologies are drafted by one or
two members of the ASGE Technology Committee, reviewed
and edited by the committee as a whole, and approved by
the governing board of the ASGE. These reports are scien-
tific reviews provided solely for educational and informa-
tional purposes. Reports on Emerging Technologies are not
rules and should not be construed as establishing a legal
standard of care or as encouraging, advocating, requir-
ing, or discouraging any particular treatment or payment
for such treatment.

BACKGROUND

EUS has assumed a primary role in the evaluation of
intraluminal and extraluminal pathology. However, even
with the addition of tissue sampling via FNA, some limi-
tations exist in the differentiation of benign from malig-
nant processes. Recent innovations in EUS intended to
address these limitations include contrast-enhanced EUS
(CE-EUS) and EUS elastography.

EMERGING TECHNOLOGIES

Elastography
Elastography is a modality that evaluates tissue stiffness

by its response to compression. US waves travel at differ-
ent speeds through tissues of different stiffness. Compres-
sion of tissue changes its mechanical properties and its
reflection of US waves (Fig. 1). An abnormal lesion may
deform to a lesser degree in response to compression than
surrounding normal tissue. For example, malignant tumors
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xhibit increased tissue stiffness compared with benign
umors or normal tissue.1-3 Elastography compares the
patial arrangement of the tissue and the velocity of US
aves at rest and after compression.4-6 When the tissue of
lesion is harder compared with the surrounding normal
rgan, the echoes will be less distorted than in the sur-
ounding tissues.

Elastography with transcutaneous US has been used in
he evaluation of organs such as breast, thyroid, and liver,7

nd recently has become available for use with EUS.4-6

evelopments in software and imaging processing (HV-
00; Pentax, Montvale, NJ) allow for measurement of tis-
ue response to both external mechanical stimuli (eg,
ushing the endoscope against the esophageal wall)
nd/or physiologic movement (eg, vascular pulsati-
ns). Real-time elastography is performed with standard
choendoscopes (EG-3870UTK linear, EG-3670URK ra-
ial, Pentax) and displayed as an overlay of transparent
olors over the regular gray-scale B-mode US image. Softer
issue is depicted as red, intermediate areas as green, and
tiffer areas as blue. These color differences highlight tis-
ue changes of malignant or fibrotic lesions compared
ith surrounding normal tissue.

otential applications
Conventional EUS with FNA in the evaluation of solid

ancreatic masses is limited by relatively low sensitivity for
alignancy.8-10 In an attempt to improve sensitivity, elas-

ography has been applied in the evaluation of focal pan-
reatic lesions. Early studies used a color display and/or a
elative numerical scoring system (score 1 to 5) to evaluate
he stiffness of the tissue. They demonstrated good sensi-
ivity but poor specificity in differentiating between malig-
ant and benign lesions such as inflammatory or fibrotic
asses.11-14 Reported limitations included difficulties with
elineation of the margin of lesions and evaluation of
arger (�35 mm) or deeper lesions. More recently, a mul-
icenter series of 121 patients reported an 89% accuracy
ate.15 A prospective, single-center study of 130 consecu-
ive patients with pancreatic masses also revealed high
ccuracy (94%) for prediction of malignancy, with excel-
ent interobserver agreement between the two en-
osonographers (k � 0.772).16 Disagreement occurred in 8
ases of inflammatory masses and 1 neuroendocrine
umor.

Newer elastography software calculates the strain ratio
etween a lesion and adjacent softer tissue, allowing for

he addition of quantitative measurement to the qualitative
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Enhanced ultrasound imaging
pattern and color recognition. In a single-center study of
86 consecutive patients with solid pancreatic masses,
quantitative elastography demonstrated excellent sensitiv-
ity (100%) but lower specificity (92%) for malignancy.17

Another innovation is software that analyzes elastographic
images. This was developed to make image interpretation
less subjective and to increase the accuracy of differenti-
ation between benign and malignant lesions. This soft-
ware had good accuracy (89%) in a feasibility study.18

Elastographic evaluation of lymph nodes also has been
reported.11,19,20 It performed better than the standard mor-
phologic EUS criteria for malignancy.5 Other potential ap-
plications in gastroenterology include EUS evaluation of
focal liver lesions and the postradiotherapy evaluation of
rectal cancer.21,22

CE-EUS

CE-EUS consists of injection of contrast medium during
standard EUS examination. It uses the altered vascular
characteristics of malignancy to enhance visualization

Figure 1. The principle of elastography. The tissue is evaluated with US.
A, At rest, the harder tissue (depicted as the circular marble mass) within
the softer organ. B, After compression, the harder tissue will be less
distorted than the surrounding tissues. The US waves will travel faster
through the less-deformed hard mass. E, echoendoscope.
compared with surrounding tissues. s
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Current US contrast agents are composed of a micro-
phere containing gas bubbles within a shell (micro-
ubbles).23,24 After intravenous administration, the US
ontrast medium remains in the vascular space and en-
ances the visualization of blood vessels, from large ves-
els and heart chambers to the microcirculation within the
ancreatic parenchyma. For the pancreas, an initial mac-
ovascular phase followed by a microvascular phase has
een described.25,26 The contrast reaches maximum inten-
ity in 20 to 30 seconds after injection but may last up to 5
o 10 minutes in the microcirculation.27

Microbubble agents available in the US contain perfluo-
opropane gas microspheres and are marketed as Optison
GE Healthcare, Princeton, NJ), approved in 1997, and
efinity (Lantheus Medical Imaging, Billerica, Mass), ap-
roved in 2001. In October 2007, the U.S. Food and Drug
dministration issued a black box warning and new con-

raindications for contrast agents containing perfluoropro-
ane because of reports of cardiac ischemia. However,
ome of these cardiac restrictions were recently eased.28

verall, adverse event rates are low (0.6%) and include
ainly back pain and headache.29,30 Hypersensitivity to
erfluoropropane is rare (0.014%) but can be severe, in-
luding anaphylactoid or anaphylactic reactions.31

Color Doppler or power Doppler was the initial EUS
ode used for CE-EUS. This resulted in improved imaging

ompared with standard B-mode, but this had a low sen-
itivity for microvasculature. The resulting image was
lemished with motion artifacts and blooming effect in
lood vessels.32,33 Newer echoendoscopes with wider
andwidth transducers and processors with harmonic im-
ging software (GF-UE160-AL5, ExPHD detection mode in
loka Prosound SSD Alpha-10, Olympus) may improve
esolution from areas of low blood flow when used with
ontrast medium.34

otential applications
Several clinical studies have evaluated CE-EUS with

olor Doppler or power Doppler. Hypovascularity during
ontrast enhancement (hypoenhancing lesion) was typi-
ally associated with malignancy and other lesions, such
s neuroendocrine tumors, were hypervascular (hyperen-
ancing lesion) or isovascular relative to the normal pa-
enchyma.31,35 Small pancreatic endocrine tumors were
ore clearly seen with contrast-enhanced color Doppler
US in a retrospective series of 41 patients with 62 lesions.
hen compared with pathologic confirmation, EUS with

ontrast had an excellent sensitivity of 95%.36

CE-EUS using harmonic imaging has been used in the
valuation of intra-abdominal lesions of undetermined eti-
logy with high accuracy (97%) for malignancy.37 Another
tudy of solid pancreatic masses showed excellent sensi-
ivity (96%) and good accuracy (82%) for malignancy for
E-EUS using harmonic imaging mode.25 A noteworthy
nding in this study was the detection of small lesions in

even patients with biliary stents or chronic pancreatitis

www.giejournal.org



r
a
m
E
f
p
v

t

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

Enhanced ultrasound imaging
that were not initially seen with standard EUS images,
leading to an 8% increase in overall diagnostic yield. Two
other small studies of pancreaticobiliary malignancy also
showed good sensitivity and accuracy.26,38 A single-center
eport suggests that the combination of both elastography
nd CE-EUS may identify patients with focal pancreatic
asses that need a more aggressive approach with repeat
US-FNA or even referral for surgery. In 54 patients with
ocal pancreatic masses, the combination had a very good
ositive predictive value (96%) and negative predictive
alue of 71%.39

AREAS FOR FUTURE RESEARCH

Multicenter prospective studies comparing CE-EUS and
elastography to other diagnostic techniques are needed.
Specifically, the role of these technologies in differentiat-
ing between benign and malignant pathology needs to be
further clarified. Validation and cost-effectiveness studies
also are warranted. Additionally, prospective data may
help establish cost-effectiveness. Newer microbubbles that
specifically target certain types of malignancy on a molec-
ular basis are being developed.40 The efficacy and safety of
hese target-specific agents await further study.

SUMMARY

Elastography and CE-EUS are new technologies that
may improve the real-time evaluation of extraluminal le-
sions. Further studies are needed to define their role.
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