
Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i42.15549

World J Gastroenterol  2014 November 14; 20(42): 15549-15563
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Contrast-enhanced harmonic endoscopic ultrasound 
imaging: Basic principles, present situation and future 
perspectives

María-Victoria Alvarez-Sánchez, Bertrand Napoléon

María-Victoria Alvarez-Sánchez, Bertrand Napoléon, Depart-
ment of Gastroenterology, Hôpital Privé Jean Mermoz, Lyon 
69008, France 
María-Victoria Alvarez-Sánchez, Department of Gastroenterol-
ogy, Complejo Hospitalario de Pontevedra, Pontevedra 36071, 
Spain 
Author contributions: Alvarez-Sánchez MV contributed to re-
viewing the literature, writing and drafting the article; Napoléon 
B was responsible for writing and drafting the article, critical 
revision and final approval.
Correspondence to: Bertrand Napoléon, MD, Department of 
Gastroenterology, Hôpital Privé Jean Mermoz, 55 Jean Mermoz 
Avenue, Lyon 69008, France. dr.napoleon@wanadoo.fr
Telephone: +33-47-8756743  Fax: +33-47-8742655 
Received: December 6, 2013  Revised: April 23, 2014
Accepted: May 19, 2014
Published online: November 14, 2014

Abstract
Over the last decade, the development of stabilised mi-
crobubble contrast agents and improvements in avail-
able ultrasonic equipment, such as harmonic imaging, 
have enabled us to display microbubble enhancements 
on a greyscale with optimal contrast and spatial resolu-
tion. Recent technological advances made contrast har-
monic technology available for endoscopic ultrasound 
(EUS) for the first time in 2008. Thus, the evaluation 
of microcirculation is now feasible with EUS, prompting 
the evolution of contrast-enhanced EUS from vascular 
imaging to images of the perfused tissue. Although the 
relevant experience is still preliminary, several reports 
have highlighted contrast-enhanced harmonic EUS (CH-
EUS) as a promising noninvasive method to visualise 
and characterise lesions and to differentiate benign 
from malignant focal lesions. Even if histology remains 
the gold standard, the combination of CH-EUS and EUS 
fine needle aspiration (EUS-FNA) can not only render 
EUS more accurate but may also assist physicians in 
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making decisions when EUS-FNA is inconclusive, in-
creasing the yield of EUS-FNA by guiding the puncture 
with simultaneous imaging of the vascularity. The de-
velopment of CH-EUS has also opened up exciting pos-
sibilities in other research areas, including monitoring 
responses to anticancer chemotherapy or to ethanol-
induced pancreatic tissue ablation, anticancer therapies 
based on ultrasound-triggered drug and gene delivery, 
and therapeutic adjuvants by contrast ultrasound-in-
duced apoptosis. Contrast harmonic imaging is gaining 
popularity because of its efficacy, simplicity and non-
invasive nature, and many expectations are currently 
resting on this technique. If its potential is confirmed in 
the near future, contrast harmonic imaging will become 
a standard practice in EUS.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The recent development of stabilised contrast 
agents and enhancements to the endoscopic ultra-
sound equipment have opened an avenue for the real-
time imaging of parenchymal microvascularisation with-
out Doppler-related artefacts. Preliminary experience 
suggests that contrast-enhanced harmonic endoscopic 
ultrasound (CH-EUS) is superior to other imaging tech-
niques, such as EUS or computed tomography, in the 
differential diagnosis of pancreatic masses and other 
gastrointestinal diseases. In this paper, we describe the 
basic principles and technical aspects of performing this 
new technique and analyse the clinical value of CH-EUS 
and its potential applications in the near future.
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INTRODUCTION
The dynamic observation of  parenchymal enhancement 
during computed tomography (CT) or magnetic reso-
nance imaging (MRI) examinations allows for the evalu-
ation of  abdominal organ perfusion. The patterns of  
enhancement may predict diagnoses of  focal lesions and 
other digestive disorders. Concerning transabdominal 
ultrasonography (US), attempts have been made for years 
to depict the microcirculation with Doppler ultrasound 
to achieve a better characterisation of  several pathologi-
cal processes. Doppler is useful for evaluating large blood 
vessels with fast-flowing blood, including the major 
visceral vessels of  the abdomen (portal vein, hepatic ar-
tery…), but unfortunately, this modality is not sensitive 
enough to detect slow and low-volume flow at the level 
of  perfusion[1]. Microbubble contrast agents increase the 
intensity of  backscattered ultrasounds and were used ini-
tially to improve the Doppler detectability of  the blood 
flow in small vessels[2]. However, contrast-enhanced Dop-
pler US has several disadvantages. First, it may produce 
blooming artefacts (over-painting), which refer to the 
widened appearance of  a vessel when compared with 
the results of  fundamental B-mode imaging[3,4]. Second, 
Doppler US is sensitive to motion artefacts. Tissue move-
ment can produce stronger Doppler signals than the 
signals from the contrast, resulting in a flash artefact[3,4]. 
Therefore, contrast harmonic imaging (HI) has been in-
troduced to overcome this problem by suppressing the 
background tissue signals[5].

The past decade has witnessed great activity towards 
the development of  stabilised microbubble contrast 
agents. During the same time period, there have also been 
enhancements of  the available ultrasound equipment, 
such as HI-specific software and broad-band transduc-
ers, which have dramatically improved the ability of  US 
to explore microcirculation and given rise to the evolu-
tion of  contrast-enhanced transabdominal US for uses 
ranging from vascular imaging to images of  the perfused 
tissue. Additionally, endoscopic ultrasonography (EUS) 
has become the imaging modality with the highest spatial 
resolution since its introduction in the 1980s. However, 
because of  its low acoustic power and limited bandwidth, 
contrast-enhanced harmonic endoscopic ultrasound (CH-
EUS) has not been feasible until five years ago, when 
technological advances made contrast harmonic technol-
ogy available for the first time for EUS. Although experi-
ence is still limited, several reports have highlighted this 
technique as a promising noninvasive method, not only 
for characterising lesions but also for better assessing 
tumour staging and resectability. In this article, we aim to 
review the physical principles of  contrast harmonic imag-

ing (CHI), technical issues of  CH-EUS, clinical applica-
tions and future research areas. 

WHAT IS HI? 
HI is a relatively new ultrasonic imaging method that 
produces images based on non-linear acoustic effects 
of  ultrasound interactions with tissues or microbubble 
contrast agents. “Linear” and “non-linear” are engineered 
terms that describe the response of  a system to an ap-
plied echo-signal. The scattered signals from a linear 
system have the same frequency as the transmitted pulse. 
However, a non-linear response contains both the origi-
nal insonated frequency and signals containing multiples 
of  the transmitted frequency, known as harmonics. Un-
like conventional US, in which images are formed from 
scattered echoes of  the insonating frequency (fundamen-
tal frequency), harmonic US uses harmonic signals. More 
specifically, HI picks up twice the transmission frequency 
(second harmonic) from the received signals[6-10].

CHI: BASIC PRINCIPLES
Ultrasound contrast agents: Physicochemical overview
The major differences in acoustic impedance between the 
gas microbubbles and the surrounding blood or tissue 
make microbubbles the most effective scatterers for ul-
trasound contrast agents (UCAs)[6]. The general composi-
tion of  a bubble is a gas core stabilised by a shell. Cur-
rent UCAs consist of  microbubbles with a 2-5 micron 
diameter capable of  transpulmonary passage for systemic 
enhancement after intravenous injection. A bubble of  
this size is unstable in an aqueous system, and therefore, 
it must be encapsulated by a stabilising shell to achieve 
long lasting persistence[11,12]. 

The type of  gas and the composition of  the shell 
confer different physicochemical properties and different 
behaviours in the ultrasound field. However, the physical 
principles of  the interaction between the microbubble 
and the incident ultrasound wave are basically the same. 
An acoustic wave generated by an ultrasound system con-
sists of  alternating high and low pressures. A microbub-
ble exposed to an ultrasound wave alternately compresses 
under the positive pressure and expands under the nega-
tive pressure. In ultrasound imaging, the mechanical 
index (MI) is displayed on the monitor to indicate the 
acoustic power; this index can be used to characterise 
the response of  microbubbles to an applied acoustic 
wave[6,8-10]. The MI of  an ultrasound wave is defined as 
the peak negative pressure amplitude estimated in situ 
divided by the square root of  the frequency. Depending 
on this ultrasound parameter, three different phenomena 
may occur, as follows[13]: (1) scattering increase. At very 
low MI (< 0.1), the bubbles oscillate in a symmetrical 
manner and a stable linear scattering is produced; (2) 
harmonic production. At low/medium MI (0.1-0.6), an 
asymmetrical bubble oscillation occurs, during which the 
microbubbles expand more than they contract because of  
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their higher resistance to compression. This asymmetry is 
what constitutes the harmonic emissions; and (3) bubble 
collapse. At high MI (> 0.6), a transient non-linear scat-
tering is generated, followed by microbubble destruction.

Contrast ultrasound imaging using the first generation 
of  air-filled UCAs, such as Levovist®, requires destruction 
of  the microbubble, thereby limiting the imaging in real 
time[4]. As CH-EUS was not possible with these UCAs 
because the transducer of  the echoendoscope is too 
small to produce sufficient acoustic power to break the 
microbubbles, Doppler EUS has been used[14]. In the last 
years, a new class of  more stabilised and longer lasting 
UCAs has been manufactured; these UCAs use a heavy 
gas (perfluorocarbon) with a lower diffusibility and blood 
solubility that is encapsulated into a resistant and flexible 
lipid shell. These properties make it possible to use a low 
acoustic power, avoiding the destruction of  microbubbles 
for a longer period and resulting in continuous real-time 
assessment[15-17]. Moreover, a low MI allows for effective 
tissue signal suppression because the non-linear response 
from tissue is minimal with low acoustic power[4]. Among 
these second-generation UCAs, only three (SonoVue®, 
Sonazoid® and Definity®) have been used for CH-EUS. 
Their main physicochemical characteristics and dosages 
are shown in Table 1. After an intravenous bolus injec-
tion, they present a pure intravascular distribution, which 
means that they do not diffuse into the extravascular 
space, unlike the currently approved contrast agents for 
CT or MRI. This behaviour allows for real-time scan-
ning with higher temporal resolution than other imaging 
modalities are capable of  generating[18]. Gases are not 
metabolised in the human body, and several minutes after 
their administration, they are eliminated by the lungs in 
exhaled air. The stabilising shells are filtered by the kid-
ney and eliminated by the liver. The most remarkable dif-
ference between these UCAs is that Sonazoid is a tissue-
specific agent; as such, after a preliminary vascular phase, 
it presents a late hepatosplenic phase. This effect has 
been shown to be due to the trapping of  microbubbles 
by Kupffer cells[19].

UCAs have demonstrated an excellent safety profile, 
as any adverse reactions are rare and usually of  mild 
severity. They have no specific renal, cerebral or liver 
toxicity, and their embolic potential is of  no clinical 
significance[18-21]. Severe anaphylactic reactions are rare 
(< 0.002%)[21]. There are several subgroups of  patients 
who will substantially benefit from their use, including 
patients with renal impairment and patients with CT or 

MR contrast allergies. Furthermore, their use is not asso-
ciated with any ionising radiation[1]. Nevertheless, serious 
cardiopulmonary reactions, including fatalities, have been 
reported in echocardiographic applications, and thus, mi-
crobubbles must be avoided in patients with severe car-
diopulmonary diseases. Interactions between ultrasounds 
and microbubbles also produce biological effects, such 
as cavitation, haemolysis and cell death, in in vitro experi-
ments, although generally when high ultrasound powers 
are used, unlike the low MIs applied in human diagnostic 
procedures[18-21]. However, this may constitute a potential 
safety concern when UCAs are used in tissues where 
microvascular damage could have severe consequences, 
such as the eye or the brain[18,21]. 

CHI modalities
Because tissues respond in mainly linear ways to incident 
ultrasound, the use of  the non-linear properties of  micro-
bubbles in CHI offers the possibility of  separating the re-
sponse of  the bubble from that of  the surrounding tissue, 
thus enabling the evaluation of  the microcirculation[22].

Contrast harmonic power doppler imaging
As previously mentioned, tissue movements can produce 
stronger Doppler signals than those from the contrast, 
resulting in a flash artefact. The combination of  power 
Doppler with secondary harmonic filtering may reduce 
these motion artefacts[23] (Figure 1). To increase the sen-
sitivity to the UCA, the tissue response must be reduced 
due to the spectral overlap between the fundamental 
(f0) and second harmonic (2 × f0) components of  the 
received spectrum. This can be achieved by transmit-
ting narrow-band signals that, in return, deteriorate the 
resolution of  the image[8-10,22-24] (Figure 2). In addition, 
contrast harmonic power Doppler images will always be 
obscured by a residual harmonic component of  the tissue 
response[24]. Although it was originally assumed that ul-
trasound propagation through the tissue was completely 
linear, in fact, tissues are not linearly elastic, leading to a 
propagation distortion that results in the generation of  
harmonics[10,22-25].

Contrast enhanced HI in greyscale
Both tissue and UCA have a second harmonic frequency 
spectrum. The need to distinguish between them to im-
prove image contrast led to the development of  contrast-
specific imaging techniques. These techniques display 
microbubble enhancement in greyscale, and their main 
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Table 1  Types of microbubbles used in contrast-enhanced harmonic endoscopic ultrasound

Microbubble Company Shell Gas Size (µm) Storage Preparation Approval

Definity Bristol-Myers Squibb Medi-
cal imaging Inc (New York)

Lipids Octofluoro-
propane

1.1-3.3 Refrigerate 
2 ℃-8 ℃

Activate through 
Vialmix agitation

Worldwide

Sonovue Bracco Diagnostics 
(Princeton, NJ)

Lipids Sulfurhexa-
fluoride

2-3 No special stor-
age conditions

Reconstitute with 
5 mL saline

Europe, China, South Korea, 
Hong Kong, India, Singapore

Sonazoid GE Healthcare 
(Piscataway, NJ)

Lipids Perfluoro-
butane

1-2 - Reconstitute with 
2 mL water

Japan
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is zero. A non-linear system does not reflect back identi-
cal inverted waveforms; because the waves do not cancel 
each other completely, the harmonic addition results in 
an image of  non-linear scatterers[1,4,5] (Figure 3). Although 
this pulse-inversion technique more intensively depicts 
signals from microbubbles than those from the tissues, it 
is not able to completely filter out signals from the tissue, 
and non-linear propagation effects still limit the maximal 
obtainable agent-to-tissue ratio[23,24].

ExPHD: This technique depicts the presence of  a con-
trast agent by differentiating between the harmonics gen-
erated by the tissue from the harmonics generated by the 
agent. Signals are changed between the two transmissions 
in the area with contrast and in the area without contrast. 
However, microbubbles produce not only stronger sec-
ond harmonic signals but also greater phase variations 
(phase shifts) than tissue. ExPHD technology can be 
used to detect phase shifts in the received signals and 
synthesises them with the signals of  the second harmon-

advantage over harmonic power Doppler imaging is that 
they can work over the entire bandwidth of  the received 
echo signal[26]. The harmonic signal is separated from the 
fundamental one, not by filtering, but rather by sending 
two trains of  pulses out of  phase with each other, fol-
lowed by adding the values of  the returning echoes. As 
a consequence, the signal bandwidth is preserved with 
increased spatial resolution[27]. Two of  these contrast-
specific imaging techniques have been implemented for 
contrast-enhanced HI in EUS: the dynamic contrast har-
monic imaging (dCHI) used by Hitachi platforms and the 
extended pure harmonic detection (ExPHD) for Aloka 
systems.

dCHI: A sequence of  two ultrasound waves of  alternat-
ing phases (the second wave is the inverted replica of  
the first) is sent out. The image is then processed based 
on the sum of  both pulses. In a linear medium, the re-
sponses to the first and second waves are equal waves 
with an opposite form, and the sum of  the two responses 
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Figure 1  Schematic view of the frequency range used for filtering the second harmonic.
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Figure 2  Effects of narrowing the band pulse.
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ics to reinforce the second harmonics (Figure 4). This 
processing results in an enhanced imaging of  the signals 
from the contrasts[14,28,29].

In addition to these contrast-specific techniques, one 
of  the most prominent components in HI is the trans-
ducer technology. The reflection frequency range of  the 
second harmonic components is wide compared with 
the fundamental frequency (Figure 2). Therefore, a large 
transducer bandwidth is necessary for these harmonic 
techniques because they require that the central frequency 
of  the received response be set to twice the central fre-
quency of  the transmitted pulse to cover the total range 
of  the fundamental and second harmonic spectra[8,30]. 

The microcirculation of  the abdominal organs was 
evaluated by contrast harmonic sonography with an 
experimental EUS probe in the surgically opened abdo-
mens of  12 dogs in 2005[31]. Soon after, phase inversion 
software was adapted to try CH-EUS and was prelimi-
nary used in six patients[32]. In 2008, for the first time, 
CH-EUS was introduced into clinical practice as a conse-
quence of  the manufacturing of  a prototype echoendo-
scope with a dedicated broadband transducer[29].

PERFORMING CH-EUS: CRITICAL POINTS
There are several important aspects that need to be ob-
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Figure 3  Principle of phase inversion mode.
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served when performing CH-EUS. A large-gauge intra-
venous catheter of  16-18 G must be employed for the in-
jection to avoid breaking the microbubbles. A three-way 
stop-cock should be connected to the syringe with the 
contrast in line with the catheter, and an additional sy-
ringe should contain a saline solution at an angle of  90º. 
Because the high pressure during the injection may burst 
the bubbles, the contrast must be administered slowly 
and followed by a saline flush to avoid microbubble per-
sistence in the vein[33,34].

After exploring the area of  interest in fundamental 
B-mode, a dual screen is displayed, showing the CH-EUS 
image and conventional B-mode image at the same time. 
This is useful to confirm the appropriate scanning area. 
The setting will be optimised, and a low MI (typically 
below 0.4) should be selected. However, fine adjustments 
of  the MI and insonation mode (intermittent vs real-time 
modes) are advisable, mainly depending on the target. A 
relatively lower MI (0.25-0.30) is suitable for lesions lo-
cated near the transducer (2 cm or less), but a frequency 
decrease (5 MHz) and therefore a higher MI (0.35-0.40) 
may be needed to explore targets farther away from the 
transducer (1.5-3 cm). Due to its higher sensitivity, a 
higher MI may also be useful to ascertain the presence of  
a microvessel in very hypovascular lesions. Intermittent 
transmissions of  the ultrasound beam are used to allow 
enough bubbles to flow into the small parenchymal ves-
sels before they are imaged and destroyed by the fresh 
blood inflow during the non-transmission period. There-
fore, intermittent contrast harmonic images are obtained 
infrequently (lower image rate) at selectable time intervals 
(0.2 s - interval delay) with a higher acoustic power and 
higher MI (0.35-0.40), able to destroy bubbles in the area 
of  interest. This results in a stronger signal intensity and 
longer enhancement, thereby optimising the exploration 
of  microvascular perfusion. With a continuous insonation 
at a lower MI (0.25-0.30), images are obtained at a higher 
rate, allowing for real-time observations; thus, flow is ob-
served mostly in larger vessels with a higher flow velocity. 
After setting the parameters in the ultrasound platform 
and while keeping the interest area within the field of  vi-
sion, the contrast is injected, and dynamic observation is 
then performed[33]. 

It can take 10-20 s to observe the contrast agent’s 
arrival, after which the arterial phase starts. This arterial 
phase lasts approximately 30-45 s, during which time the 
enhancement increases progressively. Most abdominal 
organs have only an arterial blood supply, the exception 
being the liver, which also has a portal venous supply that 
leads to two different inflow phases (arterial and portal) 
with different arrival times. After the arterial phase, there 
is a progressive washout of  the contrast, and the venous 
phase persists from 30 to 120 s (Figure 5). Video record-
ing of  the most relevant sequences for subsequent review 
is recommended[21,33].

CLINICAL APPLICATIONS OF CH-EUS
The first experience with CH-EUS using a new linear 

prototype echoendoscope was reported by Kitano et al[29]. 
Initially, they carried out experiments in vitro on a phan-
tom model to determine the optimal MI. The maximum 
changes in echointensity were observed with a MI of  
0.35-0.40. Then, they performed in vivo experiments on 
dogs to examine the microcirculation of  the canine di-
gestive organs and, finally, on two patients, one with pan-
creatic cancer and another with a gastrointestinal stromal 
tumour. CH-EUS showed no vessels in the pancreatic 
tumour, although diffuse fine vessels were detected inside 
the stromal tumour. These results suggest the possible 
role of  CH-EUS in the investigation of  certain patho-
logical digestive conditions. In light of  these encouraging 
findings, the same authors conducted a second study to 
evaluate the potential of  CH-EUS in different clinical ap-
plications[35]. After performing CH-EUS on 77 patients 
with a normal pancreas, a MI of  0.4 was established as 
the most appropriate value to observe the pancreatic per-
fusion. Then, a heterogeneous group of  27 patients with 
different pancreatic, gallbladder and gastrointestinal dis-
eases underwent CH-EUS and contrast-enhanced Dop-
pler EUS. Although no firm conclusions could be drawn 
because of  the small number of  patients, the capacity of  
CH-EUS to successfully visualise the microcirculation of  
several digestive diseases was demonstrated, and its utility 
in differential diagnoses was also suggested. Following 
this preliminary experience, several studies have con-
firmed the potential of  this technique, mainly in the field 
of  pancreatic pathology, although recently other indica-
tions have also been studied. 

Solid pancreatic masses
The characterisation of  pancreatic tumours remains 
a challenge with important diagnostic and therapeutic 
implications. Despite recent advances introduced in di-
agnostic imaging, there is no ideal diagnostic procedure 
for the differentiation of  pancreatic tumours. Histology 
obtained by EUS-FNA is the gold standard. Neverthe-
less, needle aspiration can produce false results because 
of  sampling errors. 

Ductal adenocarcinomas are generally hypovascular 
because of  their markedly desmoplastic changes. In con-
trast, endocrine tumours have abundant arterial vascu-
larisation, whereas the vascularity of  chronic pancreatitis 
is usually equivalent to that in normal parenchyma[36]. 
These particularities have been exploited, and charac-
teristic enhancement patterns of  pancreatic masses us-
ing CH transabdominal ultrasonography (CH-US) have 
been recently described[36,37]. Adenocarcinomas have 
been found to be hypoenhanced after contrast injection. 
Conversely, neuroendocrine tumours (NET) were mostly 
hyperenhanced. Pancreatitis-associated masses have been 
reported to have similar enhancements to those of  the 
normal pancreatic parenchyma, depending upon the in-
flammation and fibrosis. The main limitation of  CH-US 
is the restricted image resolution and poor visualisation 
of  deep areas due to intervening abdominal gas and fat. 
These drawbacks are overcome by CH-EUS; due to the 
proximity of  the probe to the pancreatic gland, EUS 
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yields the highest spatial resolution images, surpassing 
those achieved by US, CT and MRI[38].

Recently, three groups have prospectively evaluated 

the performance of  CH-EUS in characterising solid 
pancreatic masses after SonoVue or Sonazoid injection 
with a new broadband-transducer echoendoscope in 35, 
90 and 277 patients, respectively[39-41]. Adenocarcinoma 
was diagnosed as an inhomogeneous hypoenhanced mass 
(Figure 6) with high sensitivity (89%-95%) and specific-
ity (64%-89%). A hyperenhanced pattern of  the mass on 
CH-EUS was 88% to 94% predictive of  a lesion other 
than adenocarcinoma in the two first series, whereas a hy-
pervascular enhancement diagnosed NET (Figure 7) with 
a sensitivity and specificity of  79% and 99%, respectively, 
in the last series. Although one study using contrast-en-
hanced Doppler EUS showed the heterogeneous texture 
as the most significant factor for malignancy in pancreatic 
NET, at present, no experience has been reported with 
CH-EUS for this indication[42].

Preliminary experience by several groups has sug-
gested that CH-EUS is superior to CT and that contrast 
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Figure 5  Pancreatic neuroendocrine tumour (left side B mode, right side CH mode). A: No tumour enhancement is observed 6 s after injecting the contrast; B: 
15 s after the injection, the contrast uptake is maximal; C: 30 s after the injection, the enhancement begins to decrease.

A

B

C

Figure 6  Hypoenhanced pattern in a pancreatic adenocarcinoma.
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harmonic technology can improve the diagnostic accu-
racy of  conventional EUS. Kitano et al[41] found that CH-
EUS was significantly more accurate than multidetector 
CT in diagnosing small ductal carcinomas (P = 0.034). 
In this study, EUS detected 12 lesions smaller than 2 
cm that were missed by CT (10 adenocarcinomas and 2 
NETs). CH-EUS revealed that 7 adenocarcinomas and 
2 NETs displayed hypoenhancement and hyperenhance-
ment, respectively. The same author reported that six ad-
enocarcinomas without clear margins when explored by 
EUS were clearly outlined with CH-EUS. Biliary stents 
and chronic pancreatitis are well-known limitations of  
EUS. It has been suggested by Fusaroli et al[40] that CH-
EUS may play an important role in overcoming these 
limitations. The authors were able to diagnose 7 adeno-
carcinomas in seven patients whose pancreas had been 
visualised inadequately owing to biliary stents or diffuse 
chronic pancreatitis.

One of  the most challenging issues facing current 
imaging techniques is the differential diagnosis between 
pancreatic cancer and mass-forming chronic pancreatitis. 
On CH-US, chronic pancreatitis-related masses [Figure 
8, hypoechogenic aspect in B mode (left image) and dif-
fuse enhancement in contrast mode (right image)] have 
been described to show a similar enhancement during the 
early phase and a similar wash-out rate to that of  the sur-
rounding parenchyma[43]. Nevertheless, there is an inverse 
relation between the echo intensity and the length of  the 
inflammatory process, most likely related to an increase 
of  the fibrosis. Therefore, the sonographic features of  
pancreatic cancer and chronic pancreatitis can be very 
similar and may even coexist within the same patient. Ini-
tially, Kitano et al[35] observed a homogeneous isovascular 
pattern in all three patients with chronic pancreatitis in 
their first series of  CH-EUS. However, 1 out of  7 and 9 
out of  13 chronic pancreatitis-related masses in the se-
ries by Napoléon and Fusaroli[39,40], respectively, showed 
hypoenhancement at CH-EUS. Later, in a larger study by 
Kitano et al[41], 6 out of  46 inflammatory pseudotumours 
exhibited a non-enhanced pattern, whereas another 4 ex-
hibited a hypoenhanced pattern. According to these find-
ings, a qualitative hypoenhanced pattern after contrast 
injection could not differentiate between a benign mass 

of  chronic pancreatitis and adenocarcinoma in another 
study on 30 patients[43]. In this group, Seicean et al[43] used 
an index of  contrast uptake ratio based on greyscale his-
tograms to perform a quantitative analysis. The uptake 
ratio index was significantly lower for adenocarcinoma 
than for chronic pancreatitis, with a sensitivity of  80% 
and a specificity of  91%. More recently, another quantita-
tive approach analysing time intensity curves (TICs) has 
been evaluated twice[43,44]. Using this new modality, Mat-
subara et al[44] revealed that the echo-intensity reduction 
rate from its peak at 1 min was the greatest in pancreatic 
cancer, followed by mass-forming pancreatitis, autoim-
mune pancreatitis, and NET (P < 0.05). CH-EUS in 
combination with TIC increased the sensitivity, specificity 
and accuracy to 96%, 93%, and 95%, respectively. Gheo-
nea et al[45] confirmed statistically significant differences in 
TIC values (P < 0.001) when comparing pseudotumoural 
chronic pancreatitis and pancreatic cancer. In addition, a 
third study by Imazu et al[46] also suggested TIC analysis 
as a useful tool in discriminating between adenocarci-
noma and autoimmune pancreatitis. 

Although EUS-FNA is the gold standard to charac-
terise solid pancreatic masses detected by EUS, due to 
its low (average rate of  70%) negative predictive value 
(NPV), a negative result cannot exclude malignancy[39]. 
Whether CH-EUS is superior to EUS-FNA remains 
unclear because two studies have reported discordant re-
sults[39,41]. Nevertheless, CH-EUS appears to at least act as 
a helpful complementary tool for EUS-FNA. Napoleon 
et al[39] suggested that CH-EUS may be helpful in assisting 
physicians to make a decision between surgery and fol-
low-up in the case of  a negative result after EUS-FNA. 
They observed that 4 out of  5 adenocarcinomas with 
false-negative EUS-FNA findings were hypoenhanced at 
CH-EUS. Additionally, CH-EUS revealed that all ductal 
carcinomas with false-negative EUS-FNA results had 
hypoenhancement in the study by Kitano et al[41] The 
combination of  CH-EUS and EUS-FNA increased the 
sensitivity of  EUS-FNA for identifying adenocarcinoma 
in this series from 92% to 100%. In addition, CH-EUS 
may be useful in increasing the yield of  EUS-FNA. Usu-
ally, multiple passes of  a FNA needle are required to ob-
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Figure 7  Hyperenhanced pattern in a pancreatic neuroendocrine tumour. Figure 8  Autoimmune pancreatitis with hypoechogenic aspect in B mode 
(left image) and diffuse enhancement in contrast mode (right image).
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tain adequate samples from pancreatic tumours because 
of  the frequent presence of  fibrosis and necrosis with no 
viable cells. Simultaneous imaging of  microcirculation by 
CH-EUS could help avoid false negative results due to 
bloody samples [in hyperintense areas, (Figure 9) or due 
to necrosis or fibrosis (in areas with no signal)]. How-
ever, this possibility has not been extensively evaluated. 
Kitano et al[47] performed FNA guided by CH-EUS on 
39 patients with pancreatic tumours. No viable cells were 
found in areas with a enhancement, whereas adequate 
samples were obtained from 80% of  sites with a hetero-
geneous vascular pattern and in all cases from areas with 
a homogeneous pattern. Malignant cells were found in 
73% and 61% of  sites with heterogeneous and homoge-
neous enhancement, respectively.

Cystic pancreatic tumours
Cystic pancreatic tumours encompass a wide variety of  
lesions with similar sonographic features but different 
biological behaviours, and their accurate preoperative di-
agnosis remains difficult. During CH-US, the vascularised 
structures of  cystic lesions become progressively echo-
genic, whereas the intracystic content (blood clots, debris 
and mucin) remains completely invisible. For this reason, 
CH-EUS can improve the characterisation of  pseu-
docysts and the differential diagnosis between benign 
and malignant intraductal papillary mucinous neoplasia 
(IPMN). The presence of  mural nodules is one of  the 
most important criteria for making decisions about surgi-
cal intervention for IPMN[48]. The performance of  CT 
and EUS to discriminate between mural nodules and mu-
cous clots is not satisfactory[49]. The use of  CH-EUS on 
IPMN was initially reported twice at the DDW in 2008 
and 2009[50,51]. Hirooka et al[50] performed CH-EUS on 
75 patients with IPMN. All of  the operated cases among 
28 patients showing enhancement corresponded to ad-
enoma or more advanced lesions. Six of  these patients 
with invasive carcinoma displayed the coexistence of  
hypervascular papillary growth areas with hypovascular 
invasive regions. In another series of  19 IMPN, Kitano 
et al[51] found enhancements on CH-EUS in 17 patients 
(89%). This figure was significantly greater than the 37% 

observed using multidetector CT. These results have been 
confirmed in a prospective study by Yamashita et al[52] 
who performed CH-EUS on 17 consecutive patients who 
had an IPMN with mural lesions. The sensitivity, specific-
ity, positive predictive value (PPV), NPV and accuracy of  
CH-EUS for mural nodule detections were 100%, 80%, 
92%, 100%, and 94%, respectively. In contrast, 5 (3 of  
them larger than 10 mm) of  the 12 mural nodules were 
not detected by multidetector CT. 

Gastrointestinal submucosal tumours
Gastrointestinal submucosal lesions include a wide variety 
of  benign and malignant tumours. The differential diag-
nosis is performed based on the information gathered af-
ter observing the wall layer from which the tumour arises, 
the echogenicity, the echo pattern and internal features. 
However, these factors are sometimes insufficient, such 
as in the differential diagnosis between leiomyomas and 
gastrointestinal stromal tumours (GIST) and especially 
in comparison between benign and malignant GIST. 
Although EUS-FNA is widely accepted for diagnosing 
submucosal tumours, it has several limitations. EUS-FNA 
and EUS-Trucut biopsy show only a moderate diagnos-
tic yield[53]. Among several prognostic factors for GIST, 
when invasion of  the surrounding structures or metas-
tases are absent, one of  the most important factors is 
the mitotic count of  histological samples. Unfortunately, 
specimens of  EUS-FNA from these tumours are often 
insufficient for counting mitosis[53]. 

Only three studies have evaluated the role of  CH-
EUS in characterising submucosal tumours[54-56]. In the 
first, Sakamoto et al[54] assessed whether CH-EUS can 
predict the malignant risk of  GIST. All 16 high-risk GIST 
patients had irregular vessels and heterogeneous enhance-
ment, whereas only five of  the 13 low-risk GIST patients 
exhibited this feature. CH-EUS predicted malignant GIST 
with a sensitivity, specificity and accuracy of  100%, 63%, 
and 83%, respectively, in comparison with the 63% sen-
sitivity, 92% specificity, and 83% accuracy of  EUS-FNA 
for diagnosing high-grade malignant GIST. The authors 
suggested that CH-EUS may play an important role in 
predicting the malignancy risk of  GIST. However, there is 
no agreement about the ability of  CH-EUS to distinguish 
GIST from other spindle cell tumours, as opposite results 
have also been reported. When CH-EUS was used to as-
sess the vascularity of  17 esophagogastric submucosal 
tumours, Kannengiesser et al[55] observed that the eight 
lesions with hyperenhancement were all histologically 
identified as GIST, whereas the nine hypoenhanced le-
sions corresponded to four lipomas and five leiomyomas. 
They concluded that CH-EUS can discriminate GIST 
from truly benign submucosal lesions with good accuracy. 
Accordingly, out of  51 submucosal tumours Fusaroli 
et al[56] found that GIST and NET were prevalently hy-
perenhanced (Figures 10 and 11), whereas leiomyomas 
(Figure 12) and lipomas were hypoenhanced, reflecting 
a significant difference between the contrast uptake of  
GIST and leiomyomas (P = 0.0007). In contrast, in the 
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Figure 9  Hypoenhanced pancreatic adenocarcinoma with hyperenhanced 
peripheral foci (arrows) corresponding to inflammatory changes.
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study by Sakamoto et al[54] low-grade malignant GIST and 
all benign spindle cell neoplasms, including 6 leiomyomas 
and 1 schwannoma, presented regular vessels and homo-
geneous enhancement at CH-EUS, indicating that EUS-
FNA is necessary for the histological differentiation of  
spindle cell tumours. Further research is required to con-
firm the role of  CH-EUS in differentiating submucosal 
tumours and in predicting GIST malignancy. 

Other indications
The use of  CH-EUS is still in the beginning stages; as 

such, its anecdotal applications in several areas of  poten-
tial interest have not yet been completely explored to de-
termine whether CH-EUS could play an important role. 

Biliary tract diseases
A recent report about CH-EUS in one patient with 
biliary papillomatosis of  the extrahepatic bile duct con-
firmed that CH-EUS can differentiate sludge from true 
lesions by demonstrating vascularity[57]. Sludge and non-
shadowing stones can be excluded in the presence of  
arterial enhancement (Figure 13). Nevertheless, the ability 
of  CH-EUS to differentiate between the different pol-
ypoid lesions of  the gallbladder is less evident and has 
only been evaluated twice[58,59]. Differentiating gallblad-
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Figure 10  Gastric gastrointestinal stromal tumour displayed as hyperenhanced submucosal lesion with some macrovessels (arrows) inside the tumour.

Figure 11  Duodenal carcinoid tumour: Hyperenhancement after contrast 
injection.

Figure 12  Leiomyoma of the gastric cardias showing a hypoenhanced 
pattern.

Figure 13  Ampullary tumour with echoic material inside the distal bile 
duct. A: No enhancement is observed 7 s after contrast injection; B: Bile duct 
involvement is diagnosed after contrast enhancement 28 s after the injection.

A
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der carcinoma from adenomyomatosis can be easy in 
fundamental B-mode EUS, but discriminating between 
gallbladder adenomas and cholesterol polyps based on 
EUS remains still challenging because they have similar 
echogenicity and morphology. A differential diagnosis 
between adenomas and cholesterol polyps is important 
because adenomas can transform into malignant lesions, 
whereas cholesterol polyps are benign lesions that do not 
need to be followed up or resected. Park et al[58] observed 
that homogeneous and heterogeneous enhancement 
was shown mostly by adenomas and cholesterol polyps, 
respectively. The homogeneous pattern corresponds 
histologically to the microvessels uniformly distributed 
between glands in the connective tissue, whereas the het-
erogeneous enhancement may be explained by the loose 
distribution of  microvessels in cholesterol polyps. How-
ever, the sensitivity and specificity of  CH-EUS were only 
75% and 67%, respectively. The authors hypothesised 
that a quantitative perfusion analysis may be necessary to 
increase the diagnostic accuracy of  CH-EUS in this indi-
cation. However, due to their lower risk of  malignancy, 
gallbladder polyps smaller than 10 mm are generally man-
aged by observation, leaving the major pitfall to be deal-
ing with larger gallbladder polyps. Choi et al[59] evaluated 
the performance of  CH-EUS in assessing the malignant 
potential of  gallbladder polyps larger than 10 mm. In this 
study, the sensitivity and specificity of  CH-EUS in diag-
nosing malignant polyps were 94% and 93%, respectively, 
when considering the presence of  irregular vessels and 
perfusion defects as predictors of  malignancy.

Lymph nodes 
The accurate characterisation of  lymph nodes is a cru-
cial factor in oncologic staging for the estimation of  the 
prognosis and selection of  treatment options. Morpho-
logic echo features are not accurate enough to predict 
the benign or malignant nature of  lymph nodes. Lymph 
nodes have been explored by this new technique as part 
of  a study investigating intra-abdominal lesions of  un-
determined origin[60]. A preliminary suspicion of  lymph-
adenopathy can be intuitively determined, but other pos-
sibilities must be considered. CH-EUS was used to study 
43 undetermined intra-abdominal lesions suspected to be 

malignant lymph nodes; in fact, 35 lesions were lymph 
nodes in the final pathological analysis, but the remaining 
8 lesions included 3 GIST, 3 abscesses, 1 schwannoma, 
and 1 paraganglioma. Heterogeneous enhancement was 
only observed in malignant lesions, and only one malig-
nancy presented a homogeneous pattern. The sensitiv-
ity, specificity, PPV, NPV and accuracy of  CH-EUS for 
the differential diagnosis between benign and malignant 
lesions were 96%, 100%, 100%, 94%, and 98%, re-
spectively. Although cytological diagnosis based on the 
samples obtained by EUS-FNA is the standard practice, 
a non-invasive diagnostic tool is also important to guide 
clinical decision-making, especially when tumours are not 
accessible for EUS-FNA, when EUS-FNA of  the lymph 
nodes requires traversing the tumour, or when the ob-
tained samples are insufficient.

Tumour staging
In addition to the characterisation of  pancreatic tumours, 
T staging, especially regarding vascular invasion, is cru-
cial to planning the appropriate treatment strategy for 
pancreaticobiliary neoplasia (Figure 14). EUS errors in 
the local staging of  tumours are often somehow due to 
peritumoural inflammation, which renders the tumoural 
margins unclear due to the difficulty of  distinguishing be-
tween peritumoural inflammatory tissue and hypoechoic 
tumours. The interface between inflammatory tissue 
and the tumour was better depicted with CH-EUS by 
enhancing the peritumoural inflammation in a study by 
Imazu et al[61]. They compared EUS and CH-EUS in 26 
patients before each underwent a surgical resection for 
pancreaticobiliary tumours. CH-EUS was significantly su-
perior to EUS for T staging, with an overall accuracy of  
92% and 69%, respectively (P < 0.05). CH-EUS correctly 
staged six cases over-staged by EUS. No portal vein in-
volvement was demonstrated in four of  the cases by CH-
EUS. CH-EUS depicted the portal wall more clearly and 
therefore was more specific for the diagnosis of  portal 
invasion, compared to EUS (100% vs 83%). Using quan-
titative CH-EUS, Seicean et al[43] were unable to reproduce 
these results. The staging of  pancreatic adenocarcinoma 
was not modified based on the application of  CH-EUS 
compared with EUS. Therefore, the role of  CH-EUS for 
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Figure 14  Perivascular infiltration by a pancreatic adenocarcinoma displayed as a hypoechoic wall thickening of the celiac artery (arrows).
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tumour staging needs to be clarified in further and larger 
studies.

Nodules and masses in other organs, such as the su-
prarenal glands and the spleen, also warrant subsequent 
assessment. Although histology is the optimal mode of  
diagnosis for infiltration by lymphoma, it is not ethically 
feasible to perform systematic splenic biopsies as part of  
the diagnostic work-up for staging lymphomas due to the 
higher complication rates of  splenic-FNA. Recently, in a 
study on 100 patients with Hodgkin lymphoma, CH-US 
correctly identified 30 out 33 patients with nodular infil-
tration of  the spleen, whereas CT and positron emission 
tomography only detected 13 patients[62]. Nevertheless, 
splenic sonography is limited by the difficulty of  imaging 
the deep pole and subphrenic regions, as well as the poten-
tial for shadows from the left colonic flexure. Therefore, 
CH-EUS might be a useful mean of  avoiding these obsta-
cles. Other potential applications, such as portal hyperten-
sion and the assessment of  depth invasion in oesophageal 
and gastric neoplasias, require further investigation.

It is important to know that all of  the above indica-
tions constitute off-label uses of  UCAs. The use of  UCAs 
for abdominal indications is only licensed for liver ap-
plications in Europe and the United States. However, the 
safety and efficacy of  UCAs for off-label areas have been 
demonstrated in several studies by researchers all over the 
world. Moreover, the publication of  the European guide-
lines on UCAs for non-liver examinations recognises their 
utility in many other areas, allowing practitioners of  ultra-
sound to move forward with the application of  off-label 
UCAs. The lack of  license means patients should be in-
formed and asked to sign an informed consent document. 
Practitioners must screen all patients for contraindications, 
and resuscitation equipment should be at hand[21,33].

FUTURE: THERANOSTICS 
Significant progress towards the development of  micro-
bubbles as theranostics has expanded their applications 
to a wide variety of  biomedical indications, especially in 
oncology.

Predicting and monitoring therapy response
Understanding prognostic factors before treating pa-
tients with anti-tumour agents may be helpful in select-
ing patients predicted to have an improved survival after 
chemotherapy. Gemcitabine is currently the chemothera-
peutic agent of  choice for unresectable pancreatic cancer, 
although in some patients, the treatment has not been 
effective. Sofuni et al[63] used CH-US in patients with un-
resectable advanced pancreatic cancer treated by chemo-
therapy. They found that patients with abundant intratu-
mour blood flow had a significantly better response, and 
these changes in intratumour blood flow after treatment 
were related to prognosis (P = 0.006).

More recently, Yamashita et al[64] performed CH-EUS 
on 39 consecutively admitted patients with unresect-
able pancreatic cancer who were scheduled to undergo 

chemotherapy. They looked for large intratumoural ves-
sels, as opposed to the previous study’s evaluation of  
enhancement patterns. The hypothesis that tumours with 
intratumoural vessels are chemosensitive appears to be 
reasonable because drugs penetrate tumours through ves-
sels. In fact, the authors showed that both progression-
free survival and overall survival were significantly longer 
in patients with intratumoural large vessels (P = 0.037 
and P = 0.027, respectively) and that a positive vessel sign 
was an independent factor associated with longer survival 
by multivariate analysis (OR = 0.22).

In the past few years, pancreatic cancer treatment by 
tissue ablation has gradually been accepted. Experiments 
in pigs have demonstrated that CH-EUS is a successful 
technique to visualise the altered pancreatic perfusion in 
the focal areas of  pancreatic necrosis after tissue ablation, 
thus facilitating post-treatment follow-up[65].

Although no study has evaluated the role of  CH-
EUS in monitoring anti-angiogenic treatments of  GIST, 
an early predicted response with CH-EUS may be pos-
sible by analysing the decrease in vascularity before any 
volume reduction is observed. If  confirmed in further 
studies, CH-EUS may become a safe, highly accurate and 
cost-effective alternative to CT and PET-CT[66].

Targeted microbubbles
Future challenges include targeted imaging and the use 
of  microbubbles for therapeutic purposes. Only a few 
studies in these fields have been performed using CH-US, 
and most of  these occurred in an experimental setting.

Targeted ultrasound imaging: Antibodies, peptides 
and other targeting moieties may be bound to micro-
bubbles to target sites of  inflammation, angiogenesis and 
cancer to obtain more disease-specific information, to 
better characterise tumours and to more sensitively moni-
tor therapeutic responses[67]. Although targeted imaging is 
becoming especially popular in monitoring the response 
to anticancer treatments in the last few years, few preclin-
ical studies have been carried out. In one of  these studies, 
Korpanty and co-workers[68] used molecular ultrasound 
targeting the VEGF in an orthotopic model of  pancreat-
ic cancer during anti-angiogenetic treatment. They found 
a decreasing marker density after therapy that correlated 
with the observed treatment effects.

Therapeutic applications of  microbubbles: The ap-
plications of  therapeutic ultrasounds can be classified 
into those that enhance the delivery of  therapeutic agents 
and those based on the direct effects of  ultrasound en-
ergy deposition[69].

Ultrasound-triggered drug and gene delivery: Bio-
active substances (genes, drugs, proteins, etc.) can be 
attached to or incorporated into microbubble shells. 
Microbubbles can be destroyed by applying high ultra-
sound energies. This leads to increased capillary and cell 
membrane permeability in the immediate vicinity, thus 
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facilitating tissue and cell penetration by loaded bioactive 
substances[70]. 

Usually, the major limitation of  systemic chemo-
therapy is the off-targeted side-effects. Focusing the 
ultrasound field at the target tissues and organs improves 
not only the efficacy but also the selectivity of  the treat-
ment; thus, the undesirable side effects in healthy tissues 
may be reduced[71]. Recently, Tinkov et al[72] demonstrated 
the significantly decreased tumour growth of  a pancreas 
carcinoma model in rats due to ultrasound-targeted mi-
crobubble destruction following the administration of  
a novel doxorubicin-loaded, phospholipid-based micro-
bubble formulation. 

Similarly, microbubble UCAs have the potential to 
dramatically improve gene therapies by enhancing the de-
livery of  plasmid DNA products to malignant tissues[73].

Microbubbles as therapeutic agents: The therapeutic 
potential of  microbubbles is mainly based on damage 
to the cell wall. Microbubble oscillation in a sonicated 
medium generates heat as a result of  friction with sur-
rounding structures and their decompression. The release 
of  heat to the surrounding tissues causes local damage[74]. 
Although thermal injury is the best-known application of  
therapeutic ultrasound, another mechanism of  cell dam-
age is acoustic cavitation. Acoustic cavitation consists of  
fast microbubble growth and expansion, leading to their 
ultimate collapse under the influence of  high powered ul-
trasound waves in a fluid medium[69]. The collapse of  the 
bubbles near the blood vessel walls results in irreversible 
damage to intact cells and a non-destructive increase in 
membrane permeability[74].

In conclusion, CHI has been available for EUS over 
the last five years, and preliminary experience has shown 
CH-EUS to be a successful imaging technique for the 
characterisation of  several digestive disorders, especially 
pancreatic tumours, which have been more extensively 
studied. More recently, the potential of  CH-EUS to 
improve EUS-FNA accuracy and the local staging of  
pancreaticobiliary cancers has also been suggested. Other 
possible applications have been proposed, such as the 
prediction and monitoring of  tumour responses to che-
motherapy drugs, follow-up after tumoural tissue ablation, 
and targeted delivery of  gene and drug-based therapies. 
Prospective and larger studies are needed to confirm these 
promising results, to standardise the microvascularity pat-
terns and to investigate unexplored potential indications.
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