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Abstract
Contrast enhanced endoscopic ultrasound (CEUS) is a 
new modality that takes advantage of vascular struc­
ture and blood flow to distinguish different clinical 
entities. Contrast agents are microbubbles that oscillate 
when exposed to ultrasonographic waves resulting in 
characteristic acoustic signals that are then converted to 
colour images. This permits exquisite imaging of macro- 
and microvasculature, providing information to help 
delineate malignant from non-malignant processes. The 
use of CEUS may significantly increase the sensitivity 
and specificity over conventional endoscopic ultrasound. 
Currently available contrast agents are safe, with infre­
quent adverse effects. This review summarizes the th­
eory and technique behind CEUS and the current and 
future clinical applications.
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INTRODUCTION
Endoscopic ultrasound (EUS) was a revolutionary de­
velopment, which allowed gastroenterologists to see 
within the layers and beyond the gastrointestinal (GI) 
luminal tract. Since its beginnings in the early 1980s[1,2], 
developments have largely involved improvement in 
image quality, and the introduction of  the curvilinear 
echoendoscope to allow for tissue sampling and “inte­
rventional” EUS[3-6]. EUS has established roles in the 
diagnosis of  and therapy for a variety of  gastrointestinal 
disorders, in particular cancer staging and pancreatico­
biliary disorders.

The use of  fine needle aspiration (FNA) provides a 
cytologic diagnosis which immensely improves the dia­
gnostic accuracy over imaging alone[7-11]. This modality, 
however, comes with increased time for procedure, cost 
and risk[12-17]. New imaging modalities have been deve­
loped with the aim of  improving imaging diagnostic ca­
pabilities, one of  which is contrast enhanced ultrasound 
(CEUS). CEUS and endoscopic ultrasound (CE-EUS) use 
microbubble agents to enhance vascular patterns. In this 
article, we review the basic concepts of  contrast enhan­
cement and its clinical applications.

CONTRAST ENHANCED ENDOSCOPIC 
ULTRASOUND
Major vasculature structures are easily identifiable on 
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standard B-Mode imaging, and the addition of  color and 
power Doppler helps to confirm vascular flow, along with 
direction and velocity of  flow within the vessel. Capillary 
flow with low volume and very slow velocities cannot be 
seen with this standard imaging. The addition of  “contrast” 
amplifies microvasculature flow to help define the vascular 
architecture, and hence to characterize the nature of  a 
specific lesion.

BASIC PRINCIPLES OF ULTRASOUND 
CONTRAST AGENTS
Contrast enhancement involves the administration of  
an intravenous agent during the (endoscopic) ultrasound 
study. Contrast agents are microbubbles that respond to 
energy from sound waves in characteristic ways which aid 
in enhancing the distinctions between tissue types. First 
generation agents were agitated normal saline, radiologic 
contrast agents or the patient’s own blood that was in­
jected into a peripheral vein. These substances were 
limited in their clinical utility for two main reasons[18,19]. 
First, the larger size of  the microbubbles formed with 
saline or blood were too large to cross the pulmonary 
circulation vessels (capillaries approximately 7 μm) there­
by making them ineffective in the assessment of  abdo­
minal organs. Second, the rapid diffusion of  air from 
the microbubble into the plasma resulted in a very short 
lifespan, thus limiting the time for tissue examination. 
These unfavorable properties fueled the development 
of  second generation agents, designed to overcome the 
limitations of  their early counterparts. Currently, several 
different agents are used (Table 1), all of  which employ 
similar principles. All contain a shell designed to trap 
the gas and resist degradation or dissolution, resulting 
in a longer and more stable half-life. Heavier gases such 
as perfluorocarbons, as opposed to air, reduce leakage 
out of  the shell into the surrounding plasma. Finally, 
microbubble size is decreased (range 1-7 μm) allowing 
their passage through the pulmonary circulation to the 
abdominal organs. 

When microbubbles are exposed to ultrasound waves, 
they undergo compression and expansion that correlates 
with the peak and trough of  the ultrasound wave[18,20]. 
This “oscillation” produces a strong acoustic signal that 
is recognized and represented as hyperechogenicity on 
the ultrasound image. This is in stark contrast to tissue, 
which is largely incompressible. The vibratory properties 
of  microbubbles are dependent on its physical properties, 
including the type of  gaseous agent used, and the sur­
rounding shell. In addition to microbubble vibration, the 
significant impedimental difference between the bubble 
and surrounding tissue reflects the ultrasound wave back 
at this interface, thus permitting differentiation. 

The oscillation of  the microbubble is also directly 
dependent on the properties of  the incident sound wave, 
of  which the most important are the frequency and 
intensity of  the incident wave. Microbubbles smaller than 
7 μm oscillate most readily at 2-10 MHz, which serendi­

pitously are the frequencies most often used in EUS. 
The mechanical index (MI) is a measure of  the pressure 
fluctuations within an ultrasound pulse, and can be tho­
ught of  as the power of  the pulse. It is mathematically 
derived by dividing the maximum negative sound pressure 
by the square root of  the sound frequency. The effect on 
microbubbles varies with the mechanical index (Table 2). 
With very low mechanical indices (< 0.1), microbubbles 
oscillate symmetrically resulting in a linear relationship 
between the signal and the emitted sound waves. At low 
mechanical indices (0.1-0.6), microbubbles resist com­
pression more than expansion, thereby oscillating asym­
metrically. This creates a non-linear relationship with the 
emitted sound waves and the detected signal is shown as 
multiples of  the fundamental vibratory frequency. Similar 
to overtones on musical instruments, this is known as har­
monics. Manipulating these harmonics allows for the dif­
ferentiation of  perfused from non-perfused tissue. With 
high MI (> 0.6), microbubbles are unable to resist com­
pression and are destroyed. The release of  the gas from 
the bubbles at this high MI results in a transiently intense 
echo signal.

Distinguishing the harmonics created by the micro­
bubbles from those of  the surrounding tissue can prove 
challenging. One method uses the instability of  micro­
bubbles at higher mechanical indices. Using color Dopp­
ler ultrasound, the disappearance of  a previous signal at 
a high MI can be visualized and has been used to detect 
abnormalities such as metastatic liver lesions[21]. Specialized 
Doppler software known as Stimulated Acoustic Emission 
increases the resolution of  lesions within the liver by de 
monstrating a color defect in areas of  microbubble uptake 
against a highlighted normal liver and spleen. It is mainly 
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Table 1  Second generation contrast agents currently available

Contrast 
agent

Shell components Gas Mechanical 
index

Definity® Phospholipid Perfluoropropane Low
Imagent® Phospholipid Perfluorohexane Low
SonoVue® Phospholipid Sulfur hexafluoride Low
Sonavist® Polymer Sulfur hexafluoride Low
Sonazoid® Lipid Perfluorocarbon Low
Optison® Albumin Perfluoropropane Low
Sonogen® Surfactant Perfluoropentane Low
Levovist® Galactose/Palmitic acid Air High
Albunex® Albumin Air High

Table 2  Effect of mechanical index on second generation 
microbubbles

Mechanical index Effect on 
microbubble 
oscillation

Relationship between emitted 
sound waves and detected 

signal

Low (< 0.1) Symmetrical Linear
Moderate (0.1-0.6) Asymmetrical Non-linear
High (> 0.6) Destruction N/A

N/A: No detected signal as oscillation at the high frequency causes the 
microbubbles to burst.
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used with more fragile contrast agents such as Levovist 
and is limited by its inability to perform real time scanning 
due to rapid destruction of  the agent[18]. The stability of  
newer generation microbubbles permits the formation 
of  harmonics at lower frequencies. This helps distinguish 
the microbubbles from the surrounding tissue without 
destroying the microbubble at high MIs[22]. Filters are 
usually required to remove background signals at the ex­
pense of  reduced spatial resolution.  

Phase inversion mode (PIM) was developed in an 
attempt to maintain spatial resolution while detecting the 
harmonics of  the microbubbles at low mechanical indices. 
In this modality, two impulses are sent, one being phase-
inverted, and the returning emitted signals are summed. 
Linear signals (i.e. from surrounding tissue) are eliminated 
as signals received from the two impulses are 180° out of  
phase with a summation signal of  0, leaving only the non-
linear signal of  the microbubble to form the image[23,24]. 
Summing of  multiple PIM signals is often required to 
account for increased noise at lower mechanical indices[25]. 
Phase inversion can be combined with traditional B-mode 
ultrasound such that the microbubble signal is displayed 
over a background B-mode image. Phase inversion 
mode with conventional Doppler (so called “Vascular 
Recognition Imaging”) allows for visualization of  flow 
through larger vessels simultaneously with slow-moving 
microbubbles in smaller vessels[26].

SAFETY ISSUES WITH SONOGRAPHIC 
CONTRAST AGENTS
While the second generation agents are generally safe, 

their administration does involve important potential 
risks and complications. The use of  synthetic molecular 
components in the shells of  these contrast agents poses 
a potential allergic or anaphylactic risk. In vitro studies 
have demonstrated a phenomenon termed “cavitation”,  
whereby adjacent tissue is damaged with very high 
contrast agent concentrations and high sound energies[27]. 
Initially, during the low pressure phase of  the ultrasound 
wave, fluid in the blood is pulled away from the mic­
robubbles, creating a free air bubble. This bubble then 
collapses (“cavitates”) in the high pressure phase of  the 
wave releasing a large amount of  energy resulting in 
increased the local temperature, release of  free radicals, 
and lysis of  neighboring cells. Importantly, this effect 
has not been demonstrated with the conventional con­
centrations and sound energies used. Finally, caution 
should be exercised in patients with ischemic heart disease 
with specific contrast agents (SonoVue®, Definity®, 
Optison®), as there have been reported cases of  cardiac 
deaths during contrast echocardiogram studies[19].

CLINICAL APPLICATIONS
Pancreatitis and pancreatic neoplasm
The differentiation of  chronic pancreatitis and pancreatic 
cancer is difficult when using traditional diagnostic tools. 
As chronic pancreatitis is an established risk factor for 
pancreatic adenocarcinoma, the differentiation between 
the two is of  added importance in order to avoid unne­
cessary intervention and to instigate appropriate therapy. 
Transabdominal ultrasound has been a traditional dia­
gnostic tool but is limited in its ability to differentiate 
these entities. Transabdominal contrast enhanced ultra­
sound offers significant advantages in discerning the 
etiology of  pancreatic lesions (Figure 1). In the absence 
of  chronic pancreatitis, conventional endoscopic ultra­
sound has a diagnostic accuracy of  85%-100% for pan­
creatic neoplasms[28]. In the presence of  chronic pancre­
atitis the accuracy of  EUS is markedly reduced, even in 
conjunction with FNA[29-31].

The use of  a contrast agent is able to enhance the diffe 
rent vascular patterns of  pancreatic neoplasms and chro 
nic pancreatitis (Figures 2 and 3), in particular, more 
reliable discrimination of  arterial and venous blood fl 
ow[32,33]. In differentiating focal pancreatitis from pan­
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Figure 1  Transabdominal 
contrast enhanced ultrasou­
nd. A: Hypoechoic lesion in 
the head of the pancreas on 
traditional grey-scale ultra
sound. B:Vascularity of this 
lesion after infection of Definity 
contrast agent. The ultimate 
diagnosis later proved to be 
pancreatic adenocarcinoma 
encasing the celiac axis. AO: 
aorta; CA: cel iac axis;  M: 
mass. Image courtesy of Dr. 
Stephanie Wilson, Department 
of Radiology, University of Cal
gary.

Figure 2  Contrast enhanced en­
doscopic ultrasound image using 
SonoVue injection of a focal pan­
creatic lesion. The region shows 
regular vascularization consistent 
with chronic pancreatitis. Image 
courtesy of Hocke M et al, World J 
Gastroenterol 2006[34].
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creatic cancer, contrast enhanced EUS has a sensitivity 
of  91% and a specificity of  93%, with positive and ne 
gative predictive values of  100% and 88% respecti­
vely[31,32]. These values are significant improvements over 
standard EUS imaging in this population. In general, pan­
creatic cancer is hypovascular on contrast color Doppler 
imaging whereas focal pancreatitis appears hypervascular. 
Hocke et al[34] performed a study using SonoVue to dif­
ferentiate the vascular patterns of  focal pancreatitis and 
pancreatic adenocarcinoma. Malignant lesions demo­
nstrated absence of  venous vessels and an irregular ap 
pearance to the arterial vessel architecture within the tu­
mor. Vascularization of  these malignant foci was visible 
only after the injection of  a contrast agent. Conversely, 
chronic pancreatitis demonstrated both venous and 
arterial vessels with regular arterial microvascular archi­
tecture. This vascularity was visible on conventional Dop 
pler assessment, prior to administration of  a contrast 
agent. Using these criteria, the addition of  contrast enhan 
cement to conventional Doppler EUS improved the sensi 
tivity from 73.2% to 91.1% and the specificity from 
83.3% to 93.3%. CEUS offers improved accuracy over  
conventional imaging methods for the diagnosis of  pan 
creatic neoplasms (Table 3). Levovist has also been 
used as a contrast agent for the differentiation of  pa 
ncreatic cancer and chronic pancreatitis. In compari­
son to power Doppler EUS, contrast enhancement 
with Levovist has been shown to improve from 11%  
to 83.3% sensitivity for the detection oflesions smaller 
than 2 cm[35].

Detection of  neuroendocrine tumors (NETs) of  
the pancreas may also be improved with contrast enhan­
cement. NETs usually present as a small singular well 
demarcated lesion with echogenicity ranging from hypo 
to iso to hyperechoic[36-40]. Detection on standard EUS is 
at times problematic, in particular if  they are isoechoic. 
Classically, however, these tumors are hypervascular; 
therefore the use of  contrast enhancement would sig­
nificantly improve EUS diagnostic capabilities[41]. In a 
small study of  37 patients with pancreatic lesions, Hir­
ooka et al[42] showed contrast enhancement in 100% (n 
= 4) of  islet cell tumors compared to 0% (n = 11) in 
adenocarcinoma lesions. The ability to distinguish an 
NET by imaging without the need for FNA is ideal for 
two reasons. First enucleation procedures for cure may be 
hampered if  FNA is performed. Second, adequate tissue 

acquisition may be difficult in these small lesions. The 
decision for or against FNA depends on the individual 
patient, as there may be prognostic implications to cyto­
logy results[43].

The differentiation of  malignant from benign cystic 
lesions of  the pancreas is also at times problematic. Tra­
ditionally, FNA with fluid analysis for CEA was the single 
best test for the diagnosis of  a mucinous neoplasm[44]. 
More recently, the addition of  DNA analysis further 
increases the ability to determine a mucinous and/or 
malignant cyst[45]. Contrast enhancement may help in the 
diagnosis of  mucinous cystic neoplasms, and in particular, 
help determine if  a solid component/mural nodule 
appears suspicious for adenocarcinoma. In the study 
by Hirooka et al, 80% of  intraductal papillary mucinous 
tumors displayed enhancement. Unfortunately the authors 
of  this study did not offer pathologic correlation of  these 
cystic lesions nor distinguish the proportion of  these 
tumors with a solid component[42].

While metastases to the pancreas are rare, they remain 
an important entity in the differential diagnosis of  a 
pancreatic nodule or mass. CE-EUS can play an important 
complementary role to tissue sampling through FNA. In 
a small study, 4 of  5 metastatic lesions in the pancreas 
displayed a hypervascular echogenic signal[46]. Whether 
metastatic lesions from different primary sites provide 
different CE-EUS signals remains to be seen. 

Fine needle aspiration (FNA) remains a mainstay 
technique for obtaining tissue for the diagnosis of  pan­
creatic lesions. It is doubtful that contrast enhanced im 
aging will replace tissue acquisition, and for cancer mana­
gement in particular. In certain situations, however, contr­
ast enhancement may help decide if  FNA is warranted, 
in particular if  surgical treatment and outcomes would 
be affected. Furthermore, while the positive predictive 
value of  FNA approaches 100%[47], the negative pre­
dictive value only reaches 30%-44%[47,48]. This often ne­
cessitates a second EUS procedure for repeat FNA or a 
percutaneous biopsy[9,30,49]. As suggested by Giovanni, the 
high sensitivity and specificity of  CE-EUS may reduce 
the need for repeat procedures if  the initial FNA is ne­
gative[50].
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Table 3  Accuracy of contrast enhanced endoscopic ultrasound 
versus other imaging modalities

Sensitivity (%) Specificity (%) Accuracy (%)

Pancreatic neoplasm
CEUS[31-35,60] ~ 91 ~ 93 ~ 92
EUS +/- FNA[8,47,60-70] 85-98 67-91 91-95
CT[61,63,64,71-73] 77-86 64-93 66
MRI[61,64,73-75] 85-99 60-95 79-81
Lymphadenopathy
CEUS[54,60,76] 60 91 82-92
EUS +/- FNA[52,77-83] 68 86 75-99
CT[52,78,81-83] 33 75 51-74

CEUS: Contrast enhanced endoscopic ultrasound; EUS: Endoscopic 
ultrasound; FNA: Fine needle aspiration; CT: Computed tomography; 
MRI: Magnetic resonance imaging.

Figure 3  Contrast enhan 
ced endoscopic ultra­
sound image using Sono 
Vue injection of a focal 
pancreatic lesion. This re
gion shows irregular arterial 
vascularization suggestive 
of a malignancy (later pro 
ven to be ductal adenoca
rcinoma). Image courtesy of 
Hocke M et al, World J Gas 
troenterol 2006[34].
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Lymphadenopathy
EUS plays a pivotal role in the nodal staging of  GI and 
mediastinal malignancies. Major differences in mana­
gement are dependent on the accurate determination of  
malignant lymph nodes. In esophageal cancer, EUS has 
proven to be more accurate than CT scanning in detecting 
the presence of  abnormal lymphadenopathy[51,52] with an 
overall accuracy for lymph node staging of  approximately 
75%. Standard EUS criteria for malignancy include size > 
1 cm, hypoechoic, round shape, and sharp demarcation[53]. 
With FNA, the accuracy has been reported to be up to 
99.4%[7]. The improved accuracy is important, as the 
presence of  local metastatic lymphadenopathy remains 
one the most important predictors of  survival, and is a 
determinant for adjuvant therapy and/or resectability. 
Hocke et al[54] compared contrast enhanced endoscopic 
ultrasound features of  lymph nodes to fine needle aspi­
ration. CE-EUS criteria for malignant lymph nodes were 
irregular appearance of  vessels, and the sole presence of  
arterial vessels, whereas regular vessel appearance and 
presence of  both arterial and venous vessels were used to 
identify benign lymph nodes. CE-EUS had a specificity of  
91% but a sensitivity of  only 60% in the differentiation 
of  benign and malignant mediastinal lymph nodes. While 
CE-EUS improved the specificity in comparison to tra­
ditional EUS, low sensitivity prevents its ability to be 
used as the sole tool to discern malignant lymph nodes 
(Table 3). It may, however, be helpful for examining small 
nodes, or when FNA cannot be done due to intervening 
vasculature or tumor presence within the needle path.

Biliary diseases
Experience with CE-EUS for examination of  biliary 
tract disorders is very limited. One study showed possible 
application to differentiating benign sclerosing cholangitis 
from cholangiocarcinoma[55]. In one small study of  14 
patients, CE-EUS improved gall bladder tumor staging (T 
stage) accuracy from 78.6% to 92.9%[56]. Whether this will 
change patient management or translate into improved 
patient outcomes is unknown.

Tumour response and therapy
CE-EUS has been explored as a method of  assessing 
treatment response in pancreatic lesions. Giday and colle­
agues, using a porcine model, demonstrated a marked 
difference in enhancement in ablated areas of  the pan­
creas (no enhancement) compared to surrounding tissue 
(increased enhancement)[57]. In a novel experiment, Kor­
panty et al[58] created targeted microbubbles to vascular 
endothelial growth factor activated blood vessels that are 
seen in pancreatic neoplasms. The enhancement by these 
targeted microbubbles was significantly reduced with 
the use of  anti-angiogenesis therapy, thereby providing a 
method of  monitoring response to these agents. 

The ability to target microbubbles allows the focused 
delivery of  therapeutic substances within the bubbles to 
a specific site, which can then be released by a targeted 
ultrasound wave. Chemotherapeutic drugs within mic­

robubbles can be released in a specific concentrated area 
by destroying the bubbles using high mechanical indices 
under real time ultrasound guidance[59]. Delivery in this 
fashion would provide more uniform delivery to specific, 
actively perfused areas of  the tumor, compared to fine 
needle injection. Animal in vivo studies are still lacking. 
This technique is likely to gain popularity in the near 
future, given its specificity for the target tissue.    

CONCLUSION
Contrast enhanced ultrasound is a newer technique that 
is gaining favor in the diagnosis and delivery of  therapy 
in a variety of  gastrointestinal disorders. Its ability to 
accurately differentiate diseased tissue from surrounding 
normal tissue will facilitate more accurate identification 
of  lesions that were traditionally difficult to characterize.  
Multiple technological advances, including second ge­
neration microbubbles and phase inversion mode allow 
for improved spatial resolution, thereby increasing the 
accuracy of  this modality in smaller and smaller lesions. 
Future directions for contrast enhanced endoscopic 
ultrasound will include complementary use with endos­
copic elastography, which is another rapidly expanding 
field in endoscopic imaging.  
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