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Abstract

Endoscopic ultrasound (EUS) is one of the most
important modalities for the diagnosis of digestive
tract diseases. EUS has been evolving ever since it
was introduced. New techniques such as elastography
and contrast enhancement have emerged, increasing
the accuracy, sensitivity and specificity of EUS for the
diagnosis of digestive tract diseases including pancreatic
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masses and lymphadenopathy. EUS-elastography
evaluates tissue elasticity and therefore, can be used
to differentiate various lesions. Contrast-enhanced
EUS can distinguish benign from malignant pancreatic
lesions and lymphadenopathy using the intravenous
injection of contrast agents. This review discusses the
principles and types of these new techniques, as well
as their clinical applications and limitations.

Key words: Endoscopic ultrasound; Elastography;
Contrast-enhanced; New techniques; Digestive tract
diseases
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Core tip: This article primarily focuses on emerging
techniques such as elastography and contrast-enhanced
endoscopic ultrasound. Principles, types and clinical
applications are discussed. These emerging techniques
have high accuracy, sensitivity and specificity in
differential diagnosis between benign and malignant
lesions.
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INTRODUCTION

Endoscopic ultrasound (EUS) has continuously evolved
since its initial introduction. With the development of
accessories and technologies, EUS-guided fine-needle
aspiration (FNA) has emerged as the gold standard
for the diagnosis of gastrointestinal lesions. However,
EUS-FNA is technically demanding and is associated

April 28,2015 | Volume 21 | Issue 16 |



Meng FS et a/. New endoscopic ultrasound techniques

with a low (but not negligible) risk of complications.
EUS-elastography and contrast-enhanced EUS have
emerged as non-invasive techniques in diagnosis of
digestive disorders. Recently, 3-D EUS technology
and EUS-guided interventions such as biliary and
pancreatic fluid collection drainage and fine-needle
injections have been introduced and are rapidly
gaining in popularity. EUS-guided interventions will be
discussed elsewhere.

Recently, many studies have demonstrated that
elastography and contrast-enhanced EUS have high
accuracy, sensitivity and specificity in discriminating
between benign and malignant lesions (Table 1).

EUS-ELASTOGRAPHY

Principle

Elasticity varies in different types of tissues and in the
same tissue affected by different pathologic states'..
Elastography can evaluate the hardness of tissue by
measuring its elasticity!®!. The principle of elastography
is that tissue compression produces strain; alterations
in strain can be detected and displayed in real time
alongside conventional B-mode images with special
software®®*., Elastography was developed in order to
complement conventional EUS for the assessment
of previously hard-to-reach tumors near the gastro-
intestinal tract, such as pancreatic masses™® and
lymph nodes™”".

Categories

Qualitative elastography: Less tissue deformation
is caused by compression of hard tissue than of soft
tissue™. The degree of deformation is represented by
different colors'™®!. Hard tissue is blue and soft tissue
is red; tissues with an intermediate elasticity are in the
green-yellow spectrum™?.,

Quantitative elastography

Hue/SH analysis: A histogram is used to represent
the digital color distribution. Specialized software
(Image J or SH) analyzes the color of the pixels inside
the target lesions and each pixel color is represented
by a value from 0 to 255 (soft to hard)"*®. Histograms
produce an average value that represents the overall

elasticity of tissues'®.

Strain ratio: Strain ratio (SR) is based on a different
principle from histograms. The elasticity of the target
tissue is expressed not as an absolute value, but as a
relative ratio compared to the reference value provided
by these tissues®®!. Two non-overlapping areas inside
the region of interest (ROI) are selected: The lesion
(area A) and the reference zone (area B). The B/A
quotient yields the SR,

Elastography has been used to evaluate several
organs including the breast, thyroid, prostate, cervix,
liver and others™***!, Studies have demonstrated that
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primarily blue masses are malignant, whereas red and
green masses are considered to be benign.

CONTRAST-ENHANCED EUS

Principle

The contrast agents used in this new technique
are gas-containing microbubbles that are covered
by a protective shell™. The principles of contrast-
enhanced EUS are as follows: when subjected to an
ultrasonic signal, the microbubbles oscillate or break
and generate components that can be detected and
reconstructed on an ultrasound image!***®!, and
components of a higher frequency are required for
EUS enhancement!”’,

Two generations of contrast agents have been
developed. The first-generation agent was Levovist,
which is composed of microbubbles of air covered
by galactose and palmitic acid™®, However, Levovist
requires high acoustic power to oscillate the
microbubbles. Second-generation contrast agents,
such as Sonovue, Sonazoid and Definity, can be
oscillated or broken by lower acoustic power*®?”, The
development of these contrast agents promoted the
use of harmonic imaging in EUS!.,

The contrast microbubbles are restricted to the
vascular system and do not lead to enhancement of
the entire circulatory system™'!, They are generally
safe, and adverse events have rarely been observed.

Categories

Contrast-enhanced color and power Doppler
sonography (CD-EUS): CD-EUS allows the detection
of intra-tumoral vasculature through the enhancement
of tumor vessels?!; it increases the sensitivity to
signals from vessels by producing pseudo-Doppler
signals from microbubbles™, However, CD-EUS
technique has a limited ability to detect slow blood
flow and it suffers from Doppler-related artifacts such
as motion and blooming™*#,

Contrast-enhanced harmonic EUS (CH-EUS): CH-
EUS has been developed to overcome the limitations
of CD-EUS. This technique allows microvessels and
parenchymal perfusion to be visualized®!. Moreover,
by measuring the time-course of changes in the
intensity of echogenicity (time-intensity curve),
vascularity can be quantitatively analyzed™” >,

EUS-GUIDED CONFOCAL MICROSCOPY

Confocal endomicroscopy is an emerging technique
and allows real-time optical biopsies to be perfo-
rmed in the gastrointestinal tract. The technique
uses a EUS puncture needle in which the stylet is
replaced by a confocal mini-probe. The mini-probe,
which is preloaded into the EUS needle, is guided
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Table 1 Summary of studies with new endoscopic ultrasound techniques

Ref. No. of cases Target lesions Techniques Accuracy Specificity Sensitivity
Konig et al™ 151 Prostatic lesions RTE 84.10% N/A N/A
Kanamori et al® 46 LNs lesions CE 82.10% 77.30% 88.20%
Alam ef al™ 85 LNs lesions RTE 84% 59% 98%
Kamoi et al™ 107 Prostatic RTE 76% 81% 68%
Lesions

Ohno et al™! 87 IPMN5s CE 75.90% 92.90% 60%
Giovannini et al®™ 222 LNs and PLs RTE N/A 82.5% (LN) 91.8% (LN)
80.0% (PL) 92.3% (PL)

Siftoiu et al™ 54 Pancreatic masses CE and RTE 83.30% 95.20% 75.80%
Napoleon et al™? 35 Pancreatic masses CE 86% 88% 89%
Xia et al™ 43 Intra-abdominal lesions CE 97.60% 100% 96.30%
Siftoiu et al'® 258 Pancreatic masses RTE 85.40% 66% 93.40%
Xu et al” 368 LNs lesions RTE N/A 91% 85%
Sakamoto et al®"! 76 GISTs CH 83% 63% 100%
Kapoor et al™ 50 Prostatic lesions RTE N/A 86.80% 91.70%
Waage et al™ 69 Rectal lesions RTE 94% 96% 93%
Hocke et al” 58 Pancreatic lesions RTE N/A 94.7% (RTE) 33.4%(RTE)
CE 89.5%(CE) 92.3%(CE)

Dawwas ef al®™ 104 Pancreatic masses RTE 86.50% 16.70% 100%
Kitano et al®™ 277 Pancreatic lesions CH N/A 94.40% 91.20%
Gong et al*! 1139 Pancreatic masses CE N/A 93% 93%
Knabe et al® 40 LN lesions RTE 51.5 86.70% 88.90%
Lee et al™ 37 Pancreatic lesions CH 92% N/A 93%
Havre et al® 39 Pancreatic lesions RTE N/A 71% 67%
Imazu et al®™ 36 GB lesions CH 94.40% 98% 89.60%

LN: Lymph node; PL: Pancreatic lesion; RTE: Real-time elastography; CE: Contrast-enhanced; CH: Contrast-enhanced harmonic; IPMN: Intraductal
papillary mucinous neoplasm; GIST: Gastrointestinal stromal tumor; GB: Gallbladder; N/ A: Not available.

Figure 1 A patient with a malignant pancreatic tumor. The elastography
image in the left panel shows a homogeneous blue mass (red circle). The
B-mode reference image is shown in the right panel (Popescu et al).

endosonographically into the target lesion. The intra-
tumoral CM examination begins after the injection of
fluorescein®*>,

CLINICAL APPLICATIONS

EUS-elastography and CH-EUS for solid pancreatic
lesions

Many published studies have reported that a EUS-
elastography finding of a blue (i.e., hard) pancreatic
lesion is highly sensitive and specific for adenocarcinoma
(Figure 1). Chronic pancreatitis is an intermediately soft
(green) mass (Figure 2), and normal pancreatic tissue
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Figure 2 A patient with chronic pancreatitis. The elastography image in
the left panel shows a heterogeneous green mass (red circle). The B-mode
reference image is shown in the right panel (Popescu et af).

is homogeneously soft on EUS-elastography.

A prospective study conducted by Dawwas et af*!!
which used elastography to differentiate pancreatic
masses revealed that quantitative and qualitative EUS
elastography techniques had a sensitivity of 100.0%
and 95.7%, a specificity of 16.7% and 22.2%, a
positive predictive value (PPV) of 86.1% and 86.4%,
a negative predictive value (NPV) of 100.0% and
50.0%, and an overall accuracy of 86.5% and 83.8%,
respectively. A recent meta-analysis that reviewed six
studies showed that using the qualitative color pattern
as the diagnostic standard, the pooled sensitivity was
99% (95%CI: 98%-100%) and the specificity was
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Figure 3 Typical contrast-enhanced harmonic endoscopic ultrasound
images of pancreatic tumors. A: Pancreatic carcinoma with hypoen-
hancement. Conventional EUS (left) shows a hypoechoic mass at the pancreas
tail. Contrast-enhanced harmonic endoscopic ultrasound (CH-EUS) (right)
indicates that the mass has hypoenhancement compared with the surrounding
tissue; B: Chronic pancreatitis with isoenhancement. Conventional EUS (left)
shows a hypoechoic mass at the pancreas body. CH-EUS (right) indicates
homogeneous enhancement mass similar to the surrounding tissue; a margin is
not observed; C: Neuroendocrine tumor with hyperenhancement. Conventional
EUS (left) shows a hypoechoic mass at the pancreas body. CH-EUS (right)
indicates that enhancement in the mass is higher than in the surrounding tissue
(Kwek et al*®).

74% (95%CI: 65%-82%)"7.

More recent studies have focused on quantitative
elastography. A European multicenter study conducted
by Saftoiu et al® demonstrated that Hue histogram
elastography using 175 as the cut-off value had a
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sensitivity of 93.4%, a specificity of 66.0%, a PPV of
92.5%, an NPV of 68.9%, and an overall accuracy
of 85.4 %. Another multicenter study conducted by
Giovannini et al*! yielded similar results. A study
conducted by Havre et a/* showed that the median
SR in malignant lesions was 7.05 (3.02-27.57)
and was 1.56 (0.07-35.55) (P < 0.001) in benign
lesions. Iglesias-Garcia et al® reported that the
SR was significantly higher among patients with
pancreatic cancers than in those with inflammatory
masses. An earlier study conducted by Saftoiu et
al® in 2008 investigated the ability of quantitative
EUS elastography to differentiate between benign
and malignant pancreatic masses, and its sensitivity,
specificity, PPV, NPV and accuracy were 91.4%,
87.9%, 88.9%, 90.6%, and 89.7%, respectively.

Ying et a*® analyzed 10 studies including 893 pan-
creatic masses and found that the pooled sensitivity
and specificity for the diagnosis of malignant pancreatic
masses were 0.98 (95%CI: 0.93-1.00) and 0.69 (95%CI:
0.52-0.82) for qualitative EUS elastography, and 0.96
(95%CI: 0.86-0.99) and 0.76 (95%CI: 0.58-0.87) for
quantitative EUS elastography, respectively. Another
meta-analysis conducted by Li et a*”! yielded similar
conclusions.

However, other elastography studies have reported
less promising results. One study found overly similar
color patterns between cancerous masses and
pancreatitis®®!. One recently published large single-
center study reported that quantitative elastography
was not as accurate as was described in previous
studies and meta-analyses®".

There are four types of enhancement patterns in
CH-EUS: non-enhancement, hypo-enhancement, iso-
enhancement and hyper-enhancement®®. A hypo-
enhancing pattern has been considered to be one
of the most common distinguishing characteristics
of pancreatic adenocarcinoma (Figure 3), and is
more diagnostically accurate than the finding of a
hypoechoic lesion on conventional EUS (P < 0.001)M%,
A recent meta-analysis of CE-EUS showed that this
method can identify pancreatic adenocarcinomas with
a pooled sensitivity and specificity of 94% and 89%,
respectively™®!!, Hypo-vascularity which is a sign of
ductal carcinomas in CH-EUS yielded a sensitivity of
89%-95% and a specificity of 64%-89%"%***4, In
particular, CH-EUS was significantly more accurate
than CT in diagnosing small ductal carcinomas < 2 cm
(P < 0.034)P,

Lee et a** demonstrated that pancreatic carcinomas
and pancreatic neuroendocrine tumors showed
different enhancement patterns on CE-EUS, suggesting
that the enhancement pattern may be an important
characteristic for diagnosis.

CH-EUS for cystic pancreatic lesions

Differentiating between benign and malignant
intraductal papillary mucinous neoplasms of the
pancreas is challenging. Mural nodules have been
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identified as one of the most important signs predicting
for malignancy. An earlier study conducted by Ohno
et al*¥ analyzed the enhancement pattern of mural
nodules and found that papillary and invasive nodular
patterns were more frequently related to invasive
cancer. A recent study of CE-EUS in the differentiation
of pancreatic cystic lesions showed that CE-EUS
considerably increases the sensitivity of displaying
cystic wall vascularization™®..

EUS-elastography and CH-EUS for lymph nodes

At present, the established standards indicating
malignant involvement of lymph nodes (LN) include
the following: round shape, hypo-echogenicity,
diameter > 1 cm and distinguishing margin. However,
all four features of malignant involvement are present
in only one-fourth of malignant LNs“®! and the
specificity of these findings is poor®.

A recent meta-analysis conducted by Xu et a/”’ found
that EUS elastography demonstrated a pooled sensitivity
of 88% and specificity of 85% for differentiating between
benign and malignant LNs. A study conducted by Okasha
et al™ reached similar conclusions. However, a recent
study by Larsen et al*”’ delivered a disappointing result.
The investigators concluded that EUS-elastography
was not better than conventional EUS in differentiating
between malignant and benign LNs.

On CD-EUS, the presence of a filling defect is a
typical characteristic of malignant lymphadenopathy,
with a sensitivity of 100% and a specificity of
86.4%¥. In a study conducted by Xia et al*”, the
sensitivity, specificity and accuracy rates of CD-EUS
in diagnosing LN lesions with unknown origin were
96.3%, 100% and 97.6%,respectively.

EUS-elastography and CH-EUS for gastrointestinal
submucosal lesions

The risk classifications for GISTs are based on size
and the number of mitoses/50 high power fields.
Immunohistochemical analysis should also be performed.
Therefore, elastographic evaluation of malignancy in
such lesions may be difficult.

A recent study conducted by Kannengiesser et a/™”
demonstrated that the enhancement pattern of CH-
EUS was able to distinguish between GISTs and other
benign submucosal tumors such as leiomyoma or
lipoma by the enhancement pattern. All histologically
proven GISTs showed hyper-enhancement, while lipoma
and leiomyoma both showed hypo-enhancement. A
study conducted by Sakamoto et al®! demonstrated
that the overall sensitivity, specificity and accuracy of
CH-EUS in prediction of malignant GISTs were 100%,
63% and 83%, respectively.

EUS-elastography and CH-EUS guided FNA

Elastography can help the user to select a site where
FNA can be performed with improved diagnostic yield,
particularly in patients with either necrotic tumors or
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possible cancers within diffuse inflammatory lesions.

CH-EUS dearly depicts subtle lesions that conventional
EUS is unable to identify and, can be used to select
targets for EUS-FNA™?. Real-time CH-EUS-FNA can
identify and avoid an avascular site, helping to prevent
sampling of necrotic areas and allowing the selection
of more suitable sites for biopsy™>.

OTHER CLINICAL APPLICATIONS

The use of EUS-elastography has been investigated for
the diagnosis and evaluation of prostate cancer, rectal
cancer, and inflammatory bowel disease. In prostate
cancer, EUS-elastography has been demonstrated to
be better than conventional EUS™¥, and it increases
the specificity of prostate biopsies by highlighting areas
that are highly suspicious for malignancy™. A study of
transrectal elastography conducted by Waage et a/*®
showed that the sensitivity, specificity and accuracy
rates of SR were 93%, 96% and 94%, respectively.
Dietrich et a*”' reported that left hepatic tumors can
be differentiated by EUS-elastography.

Elastography of the hepatobiliary system is parti-
cularly useful for evaluation of the papilla of Vater and
staging papillary carcinoma and papillomatosis™®..

A recent study of CH-EUS for the differential diagnosis
of gallbladder wall thickening, which was conducted
by Imazu et al®®, reported that the overall sensitivity,
specificity and accuracy rates of CH-EUS for diagnosing
malignant GB wall thickening were 89.6%, 98% and
94.4%, respectively.

CE-EUS has also been used in other gastrointestinal
diseases, such as inflammatory bowel disease. A
study published in 2012 showed that CE-EUS had
excellent sensitivity and specificity for the diagnosis of
postoperative recurrence in Crohn’s disease™.

EUS-confocal microscopy for pancreatic cystic lesions
Studies of EUS-confocal microscopy are rare. A recent
study conducted by Giovannini et a/®! demonstrated
that EUS-confocal microscopy can effectively distin-
guish different pancreatic cystic lesions.

LIMITATIONS AND FUTURE
DEVELOPMENT

EUS-elastography is an operator-dependent technique,
with a high image selection bias and, in some cases,
a lack of reproducibility. Excessive compression of
the tissue can artificially cause more deformation.
The presence of certain tissues (e.g., vessels, cysts,
and bone) in the ROI significantly influences elasticity
measurements. Furthermore, the appropriate cut-
off values for quantitative elastography remain
controversial. Some authors have reported promising
findings, while others noted disappointing results.
Consequently, most authors have indicated that
elastography is not ready to replace EUS-FNA, but
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may be a supplementary procedure in patients with
negative or inconclusive EUS-FNA findings, if a strong
suspicion of malignancy still exists'.

CE-EUS has been criticized for its qualitative
nature, and quantitative methods have been proposed
to improve its reliability™.

The therapeutic potential of CE-EUS is to selectively
deliver medications and reduce side-effects using
contrast microbubbles as carriers®®,

CONCLUSION

EUS-elastography and CH-EUS are emerging techni-
ques. These techniques are simple and easy to perform
(using a touch of a button for elastography), do not
require extensive training and costly devices, have a
low cost and low complication rate, do not add extra
time to EUS procedures, and can provide valuable
information regarding the characteristics of focal
masses. Therefore, both are effective supplemental
techniques in EUS-FNA and should be implemented
in clinical practice. A combination of these emerging
techniques can further increase the ability of EUS
to diagnose pancreatic masses. However, these
techniques should be performed in tertiary centers by
experienced operators with expertise in EUS and EUS-
FNA.
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