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Abstract

Endoscopic ultrasound (EUS) has recently evolved
through technological improvement of equipment, with a
major clinical impact in digestive and mediastinal diseas-
es. State-of-the-art EUS equipment now includes real-
time sono-elastography, which might be useful for a bet-
ter characterization of lesions and increased accuracy of
differential diagnosis (for e.g. lymph nodes or focal pan-
creatic lesions). Contrast-enhanced EUS imaging is also
available, and is already being used for the differential
diagnosis of focal pancreatic masses. The recent devel-
opment of low mechanical index contrast harmonic EUS
imaging offers hope for improved diagnosis, staging and
monitoring of anti-angiogenic treatment. Tridimensional
EUS (3D-EUS) techniques can be applied to enhance
the spatial understanding of EUS anatomy, especially for
improved staging of tumors, obtained through a better
assessment of the relationship with major surrounding
vessels. Despite the progress gained through all these
imaging techniques, they cannot replace cytological or
histological diagnosis. However, real-time optical his-
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tological diagnosis can be achieved through the use of
single-fiber confocal laser endomicroscopy techniques
placed under real-time EUS-guidance through a 22G
needle. Last, but not least, EUS-assisted natural orifice
transluminal endoscopic surgery (NOTES) procedures
offer a whole new area of imaging applications, used
either for combination of NOTES peritoneoscopy and in-
traperitoneal EUS, but also for access of retroperitoneal
organs through posterior EUS guidance.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic ultrasound (EUS) has evolved in recent yeats
into a technique with a major clinical impact in digestive
and mediastinal diseases. Thus, EUS determines a change
in the diagnosis in approximately a quarter of patients, as
well as a change in management in half of the patients
examined'", A major step in the development of the EUS
imaging techniques (Table 1) was represented by the ap-
pearance of electronic linear EUS scopes, which allowed
a significant improvement in image quality, as well as the
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development of several EUS-guided or EUS-assisted pro-
cedures, which start with the real-time targeted placement
of a fine-needle aspiration needle under direct imaging by

ultrasound guidancem.

REAL-TIME SONO-ELASTOGRAPHY

Technique

Real-time sono-elastography (RTSE) represents a tech-
nique which allows the calculation and visualization of
tissue strain and hardness based on the average tissue
strain in a selected region of interested”. The technique
allows the real-time visualization of the calculated strain
values (Figure 1A), displayed in a transparent layout over
the gray-scale images, in a similar fashion with color Dop-
pler imaging'. Several generations of software led to the
improvement of image quality, reduced artifacts, but more
important to the possibility of averaging through several
cycles and calculation of semi-quantitative values of tissue
strain inside a defined region of interest (for e.g. a lymph
node or a focal pancreatic mass). By obtaining average
hue histogram values inside a region of interest, the sys-
tem displays the average strain inside a defined region of
interest, as a semi-quantitative value that estimates tissue
elasticity at that level.

Applications
Several applications were described for RTSE, as a tech-
nique that offers additional information as compared
with gray-scale EUS images[s]. The technique allows the
selection of the most probable lymph nodes to be ma-
lignant, as well as the identification of lymph nodes that
are most probable to be benign[sjl. This was suggested to
be helpful for the selection and guidance of EUS-guided
fine needle aspiration (FNA) for staging purposes in lung
cancer or other digestive and mediastinal cancers (including
esophageal, gastric or pancreatic cancer). EUS elastogra-
phy was also reported to be useful for the differentiation
of focal pancreatic masses, especially in pseudotumoral
chronic pancreatitis and pancreatic cancer, in the pres-
ence of negative (false-negative) EUS-guided FNA and a
strong suspicion of pancreatic cancer” "', The results of
initial studies were recently validated in two multicentre
studies™". Both studies indicated similar values for sensi-
tivity, specificity, negative predictive value, positive predic-
tive value and overall accuracy (92.6% vs 92.3%, 71.7% vs
80%, 76% vs 77.4%, 90.9% v5 93.3% and 87.4% vs 89.2%,
respectively). It was thus suggested that the overall accura-
cy of 85-90% of EUS elastography might change current
clinical decision making algorithms for the patients with
focal pancreatic masses, especially in false-negative cases
of BEUS-FNA, when the suspicion of pancreatic cancer is
still strongm]. This warrants a more aggressive approach
in negative EUS-FNA cases where EUS elastography sug-
gests a hard mass, with the patients referred directly to
surgery or to repeat EUS-guided FNA.

The method was also tested in initial feasibility stud-
ies in diffuse pancreatic diseases like early chronic pan-

.. . .. (1415
creatitis or autormmune pancreatms[ ]
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Future usage of RTSE as a technique that simulates
virtual palpation might include distant transmission of in-
formation and simulation of tele-palpation by using hap-
tic devices and systems. This could lead to a better educa-
tional tool in order to simulate intra-operative palpation,
and could also help provide guidance for remote surgical
laparoscopic and robotic techniques.

CONTRAST-ENHANCEMENT

Technique
The development and subsequent approval of blood-pool
contrast agents was a major step forward for the develop-
ment of contrast specific ultrasound techniquesm. Several
contrast agents are clinically available, including Albunex,
Levovist and Echovist (first generation), as well as Son-
oVue, Sonazoid and Optison (second generation), ez. All
of them are quite safe, without severe complications or
long-lasting side-effects. The usage of second-generation
microbubble contrast agents further improved the diag-
nostic capabilities, through a strong increase in ultrasound
backscatter and enhancement of echogenicity during the
dynamic assessment of small volume and slow velocity
blood flow. The advantage of second generation micro-
bubble contrast agents is that they are able to pass through
the lungs, thus remaining confined to the intravascular
space for a longer time. Also, because of the low solubility
they are more stable with favorable resonance at low acous-
tic pressures, hence longer specific imaging in real-time.
Initial applications used spectral (pulsed) Doppler, col-
or or power Doppler imaging, with contrast agents used
as vascular signal enhancers”. Contrast agents can thus
rescue non-diagnostic Doppler examinations by increasing
the intensity of weak flow signals to detectable levels. The
appearance of contrast specific ultrasound modes further
allowed the cancellation of tissue signals and utilization
of the non-linear response of microbubbles (especially
the second generation harmonic). The development of
low-mechanical index techniques consequently led to a
significant improvement consisting of visualization of
the dynamic enhancement pattern in real-time. The main
advantage is the absence of motion artifacts caused by
cardiac or respiratory movements, including also flash and
blooming (overpainting) artifacts.

Conventional imaging applications

One specific use of contrast-enhancement techniques in
EUS was to detect low-velocity, low-volume flow of pan-
creatic tumors, with emphasis on the differential diagnosis
between focal pancreatitis and pancreatic cancer™. An
initial feasibility study in a pig model showed that the use
of contrast agents is possible during EUS, leading to im-
proved visualisation of the splanchnic vasculature™. Sev-
eral studies further showed that contrast-enhanced power
Doppler EUS can be successfully used for the differential
diagnosis of chronic pseudotumoral pancreatitis and
pancreatic cancer, with a sensitivity and specificity higher
than 90%, in the presence of hypovascular malignant tu-

19-23 T . . .
mors"”?. An initial study that used Optison in combina-
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EUS technique Advantage Disadvantage Cost  Invasiveness

Real-time sono-elastography Improved diagnosis of focal pancreatic masses Assessment in large RCTs needed Average  Minimal

Contrast-enhanced EUS Improved diagnosis and staging of focal pancreatic Assessment in large RCTs needed Average  Minimal
masses

3D-EUS Moderate improvement of staging in pancreatic area Limited assessment in clinical applications Average = Minimal

Optical diagnosis Improvement of real-time diagnosis Limited assessment in clinical applications ~ High Average

EUS-NOTES Improvement of therapeutic options Limited assessment in clinical applications ~ High High

EUS: Endoscopic ultrasound; RCTs: Randomized clinical trials; 3D-EUS: Tridimensional EUS; NOTES: Natural orifice transluminal endoscopic surgery.

Figure 1 Pancreatic carcinoma at the level of pancreatic head depicted by different endoscopic ultrasound imaging techniques. A: Real-time elastogra-
phy showing an in-homogenous hard mass; B: Power Doppler endoscopic ultrasound (EUS) without contrast-enhancement; C: Power Doppler EUS after contrast-
enhancement with Sono-Vue, showing a hypovascular mass; D: Pulsed Doppler (triplex mode) after contrast-enhancement, with high resistivity and pulsatility indexes
of intratumoral arteries; E: Contrast-enhanced low-mechanical index EUS harmonic imaging, showing a hypovascular appearance in the late (venous) phase; F:
Tridimensional EUS showing an enhanced image in the opacity mode; G: Transparency mode obtained after contrast-enhancement with Sono-Vue; H: Multiview tridi-

mensional (3D)-EUS display of the pancreatic tumor.

tion with power Doppler contrast-enhanced EUS showed
a sensitivity, specificity, positive predictive value, negative
predictive value and overall accuracy of 94%, 100%,
100%, 88% and 96%, respectively“g]. Another study used
different criteria for benign and malignant lesions, after
contrast-enhancement with Sono-Vue and power Doppler
EUS examinations, in combination with pulsed (spectral)
Doppler. Malignant lesions were defined by the presence
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of irregular arterial vessels over a short distance and no
detectable venous vessels inside the lesion, while benign
lesions included regular appearance of vessels over a dis-
tance of at least 20 mm after injection of SonoVue and
detection of both arterial and venous vessels™”. By using
this methodology, the sensitivity and specificity for the
detection of pancreatic cancer were 91.1% and 93.3%,
with an overall accuracy of 91.9%. Two other studies con-
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firmed these results, although they used Levovist, a first
generation contrast agent, in combination with color or
power Doppler™. By using power Doppler vascularity
index values calculated by special software (Figure 1B-D),
a recent study also depicted values of sensitivity and spec-
ificity of 90.5% and 90.1% for the characterization and
differentiation of focal pancreatic masses after contrast-
enhancement with Sono-Vue™.

Harmonic imaging applications

Contrast harmonic imaging based on the second har-
monic, in combination with microbubble specific soft-
ware, allows an improved visualization of vascular and
patenchymal phases, in a similar approach with computer
tomography (CT) or magnetic resonance (MR) techniques.
However, contrast harmonic imaging has several advan-
tages and differences as compatred with contrast-enhanced
CT or MR, due to the different pharmacokinetics and con-
tainment inside the intra-vascular space of the ultrasound
contrast agents“(’]. The most important advantage is that
contrast-enhancement patterns can be followed in real-
time, with a very good temporal resolution (Figure 1E),
while the administration can be easily repeated. Because
the technology has recently become available for use dut-
ing EUS examinations, a few studies have already assessed
the value of contrast-enhanced harmonic EUS, based on
second-generation contrast agents (mostly Sono-Vue) 2]
An initial feasibility study showed that harmonic EUS with
low mechanical index can be used for the differential diag-
nosis of pancreatic cancer and chronic pancreaddspﬂ, By
using a mechanical index of 0.4 in conjunction with har-
monic EUS with a low mechanical index, both treal-time
visualization of finely branching vessels of the pancreas, as
well as intermittent parenchymal perfusion images could
be obtained™. The method showed irregular “network
like” structures inside the panctreatic carcinoma masses,
with hypovascular heterogenous perfusion images in the
intermittent mode. This contrasted with focal masses in
chronic pancreatitis that were homogenous iso- or hyper-
vascular, thus allowing a correct differential diagnosis.

The use of microbubble contrast agents has already
been recommended for the monitoring of the response to
anti-angiogenic treatment, because the conventional cri-
teria [Response Evaluation Criteria in Solid Tumors (RE-
CIST) and Wortld Health Organization size criteria] do not
show changes in the tumor parenchymal perfusion, hence
they cannot predict response in the presence of tumor
necrosis without volume changes'”. Thus, a clear correla-
tion has been proven between histological intratumoral
microvessel density, vascular endothelial growth factor
(VEGF) and microvessels visualized by contrast-enhanced
ultrasound in pancreatic ductal carcinoma”. By using a
similar approach, contrast-enhanced EUS might prove
very useful for the real-time monitoring of the efficacy of
antiangiogenic treatments. Contrast-enhancd harmonic
EUS would certainly have the advantage of an improved
resolution and decreased artifacts induced by bowel air

and obesity.
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Targeted imaging and targeted treatment

Microbubbles used as ultrasound contrast agents can be
targeted 7z vivo to specific endothelial cell surface recep-
tors””. Thus, different ligands can be conjugated to the
outer surface of microbubbles and directed selectively
towards endothelial cells. Microbubbles can be linked with
monoclonal antibodies directed against VEGF receptor 2
(VEGFR?2), thus allowing the binding to tumor-associated
epithelium 7 vivo™. This allows i vivo quantification of
VEGFR2 expression in tumor vessels, permitting both the
selection of antiangiogenic drugs (e.g. bevacizumab which
blocks specifically the VEGF-VEGFR2 pathway), as well
as monitoring of treatment response. Multitarget quanti-
fication and visualization of targeted contrast-enhanced
ultrasound microbubbles conjugated with either VEGFR2
and/or a(v)B(3) integrin were tested in initial experimen-
tal designs™. Targeted treatment during targeted contrast-
enhanced ultrasound has been recently proven interesting
due to the enhanced cellular uptake of drugs and genes
in the presence of ultrasound and especially contrast-en-
hanced ultrasound, a process called sonoporationm. New
microbubbles incorporating chemotherapeutic or gene
vectors can be delivered at a cellular level through the for-
mation of transient porosities in the cell membrane.

3D-EUS

Tridimensional EUS was recently reviewed in a separate
paperm]. The method enhances the spatial understanding
of EUS anatomy, especially for the pancreatico-biliary area.
The method can better depict the relationship with major
surrounding vessels, consequently improving staging and
resectability, mainly for pancreatic tumors (Figure 1F-H).
Contrast-enhanced 3D-EUS can also be performed, al-
lowing a better calculation of the vascular index that
might offer important prognostic information, linked with
the status before and after antiangiogenic treatment.

REAL-TIME OPTICAL DIAGNOSIS
Real-time optical pathological diagnosis might be achieved

based on recent advances in single fiber-based optical
techniques, the best example being confocal laser endomi-
croscopy[ﬂ]. Miniaturization of a confocal laser endomi-
croscopy miniprobe allowed the EUS-guided placement
of a miniprobe through a 22G needle, inside different or-
gans/lesions located in the vicinity of the digestive tract,
e.g. pancreas, spleen, adrenal, liver, ez. The method has
been shown to be feasible, yielding high quality confocal
laser endoscopy images, equivalent of real-time histopa-
thology images.

EUS-NATURAL ORIFICE TRANSLUMINAL
ENDOSCOPIC SURGERY

The combination of EUS and natural orifice transluminal
endoscopic surgery (NOTES) has already been described
as a combination of NOTES peritoneoscopy and intra-
peritoneal EUS through transgastric and transcolonic ap-
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proachesm. Thus, intraperitoneal EUS is considered safe
and feasible, allowing adequate visualization of 4 sections
of liver. Although objective landmarks for EUS were ab-
sent, intraperitoneal EUS could replace laparoscopic US,
while NOTES peritoneoscopy can successfully replace
laparoscopy. EUS-guided NOTES procedures were prov-
en to be useful in a comparative sequential study which
assessed mediastinoscopy/thoracoscopy, gastrojejunos-
tomy and adrenalectom§f[34]. EUS-guided access was useful
mainly to obtain initial access or to identify structures in
difficult areas, especially in the mediastinal or retropetito-
neal regions. Furthermore, both an anterior and a poste-
rior approach of the pancreas are possible through EUS-
NOTES procedures, indicating a possible role for these
combined techniques™. The aim was to improve pancre-
atic cancer staging of borderline cases and minimal inva-
sive therapy of pancreatic diseases. Peritoneoscopy based
on a BUS-assisted anterior transgastric approach, as well as
EUS-guided posterior transgastric access to the pancreas,
were both shown to be possible in this small non-survival
animal study. Different therapeutic procedures like gastro-
jejunostomies and cholecysto-gastrostomies were also
shown to be possible after initial EUS-assisted procedures.
Future survival studies with randomized design should es-
tablish cleatly the clinical role of these procedures.

CONCLUSION

EUS reached maturity as an imaging technique, as com-
pated with the initial desctiption in 1980. With a supetior
resolution as compared with cross-sectional imaging and
with the addition of recent techniques like real-time sono-
elastography, contrast-enhancement and 3D reconstruc-
tions, EUS seems likely to represent the technique of
choice for early diagnosis, staging and stratification of
prognosis. EUS-guided FNA or EUS-assisted procedures
are also considered procedures of choice for the patho-
logical confirmation of advanced cases, as well as for tar-
geted treatment procedures. All of these procedures lead
to a significant clinical impact of EUS, especially due to
the improved clinical decision making algorithms, which
nowadays incorporate routine EUS-guided or EUS-assisted
procedures. The transition of these procedures to real-time
optical diagnosis might offer additional value, allowing the
immediate initiation of minimal invasive therapeutic pro-
cedures. Also, the appearance of combined EUS-NOTES
procedures might enhance the safety and success of recent

NOTES applications.
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