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Contrast Harmonic Endoscopic Ultrasound in Pancreatic Diseases
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Endoscopic ultrasound (EUS) was first described in 1986, with the aim of overcoming the problems affecting transabdominal
ultrasound imaging, mainly problems related to the interposition of gas, and artifacts produced by bone or fat. Now, EUS can be
considered as the best method for the analysis of pancreatic diseases, overtaking the diagnostic accuracy of computed tomography
and magnetic resonance imaging. However, fundamental B-mode imaging is limited for the diagnosis of solid pancreatic lesions,
because most of them are depicted as heterogeneous and hypo-echoic, and it is difficult to differentiate between benign and
malignant lesions. Similar to how perfusion patterns obtained by computed tomography or magnetic resonance imaging after
injection of contrast agents allow for the characterization of focal lesions, EUS has also recently been introduced to the use of contrast
agents for performing contrast-enhanced harmonic EUS (CEH-EUS), which has the capability to distinguish the type of perfusion
between lesions and surrounding tissue. CEH-EUS has shown its usefulness for the diagnosis and characterization of solid pancreatic
lesions. Moreover, CEH-EUS is also highly accurate for distinguishing non-neoplastic from neoplastic cysts in pancreatic lesions.
Another potential role of CEH-EUS is its ability to direct EUS-guided tissue acquisition. Clin Endosc 2021;54:309-313
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INTRODUCTION

Endoscopic ultrasound (EUS) was introduced in the mid
1980s to avoid problems affecting transabdominal ultrasound
imaging, such as the interposition of gas and the artifacts ob-
tained from bone and fat. EUS is now considered a diagnostic
and therapeutic method for the management of gastrointes-
tinal and extraintestinal diseases. EUS has evolved, becoming
the method of choice for the evaluation of the pancreatico-
biliary system such as for pancreatic lesions (both solid and
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cystic), showing superiority over other imaging techniques,
such as computed tomography (CT) and magnetic resonance
imaging (MRI). However, fundamental B-mode EUS imaging
has certain limitations, mainly in the differential diagnosis of
pancreatic tumors and for the evaluation of patients with sus-
pected chronic pancreatitis. In order to overcome these draw-
backs, new EUS systems have been designed, enabling the use
of high-frequency scanning systems and different associated
technologies. The main ones among them are Doppler eval-
uation, real-time elastography, and contrast enhancement.
Recent publications have demonstrated the technique and
diagnostic capabilities of contrast enhanced harmonic EUS
(CEH-EUS).!

In this article, we will summarize the current knowledge of
CEH-EUS in pancreatic diseases.

HISTORY OF CONTRAST ENHANCED
ENDOSCOPIC ULTRASOUND

Contrast enhanced EUS was initially reported in the 1990s
with the use of intra-arterial infusion of CO,. However, this
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method could only be performed during angiographic ex-
aminations. The next advancement was the possibility of
performing color and power Doppler sonography under EUS
guidance (CD-EUS). In the mid 1990s, the development of
contrast agents deliverable by vein access provided the oppor-
tunity to obtain images without angiographic support. Com-
bining CD-EUS with contrast agents enabled the opportunity
to generate pseudo-Doppler signals from microbubbles that
increased imaging capabilities.” Nevertheless, CD-EUS is ham-
pered by different artifacts including motion artifacts, bloom-
ing, and overpainting. In order to decrease these artifacts, vi-
sualization of micro-vessels and parenchymal perfusion can be
obtained by CEH-EUS with second-generation contrast agents
and broadband EUS transducers developed at the beginning
of the 21st century.’

CONTRAST AGENTS, HOW AND WHY
THE WORK

Currently, contrast agents are formed using microbubbles
of 2-5 um in diameter, which are allowed to go through the
lung in order to induce a systemic enhancement after intrave-
nous injection. These microbubbles have a resistant shell that
allows enhancement before the pressure leads to dissolution or
disruption. They are also filled with a heavy gas (like perfluo-
rocarbon), which has a lower probability of leaking out of the
bubbles and remains in circulation longer, making assessment
of tissue perfusion easier.

Three generations of contrast agents have been developed.
The first-generation agents consisted in microbubbles filled
with air, requiring high acoustics to obtain adequate imaging.
Second-generation agents included Definity (octafluoro-
propane), Sonazoid (perfluorobutane), and SonoVue (sul-
fur-hexafluoride). At low acoustic power, second-generation
agents produce harmonic signals, considered ideal for EUS,
mainly due to the small size of the transducer. Among these
agents, Sonazoid has the capability to present a late hepa-
to-splenic phase, because microbubbles can be trapped in
Kupfter cells. The development of third-generation of contrast
agents is on-going. EchoGen® (dodecafluoropentane; Sonus
Pharmaceuticals Ltd., Bothell, WA, USA) is capable of shifting
from lipid to gas when reaching body temperature, providing
better imaging; however, these types of agents have not been
used in EUS, and their role is currently limited to the evalua-
tion of cardiac diseases.”

The effect of contrast agents is based on the greater com-
pressibility of the gases, whereas tissue is relatively incom-
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pressible. When an ultrasound wave hits a bubble of gas, this
wave is reflected at the interface between the bubble and the
surrounding tissue, occasioned by the difference in acoustic
impedance. Microbubbles undergo a volumetric oscillation,
and vibration of these microbubbles induces an acoustic sig-
nal, which can be detected and reproduced.’

Contrast agents are considered to be safe with a low num-
ber of side effects. Contrast agents can be safely administered
in patients suffering from renal insufficiency. In fact, there is
no need for a laboratory test before the study. The reported
incidence of allergic reaction is even lower than that reported
for standard contrast agents used in radiological explorations.
Conditions in which caution should be taken include severe
coronary disease and severe pulmonary hypertension.’

HOW TO PERFORM A CONTRAST
ENHANCED HARMONIC ENDOSCOPIC
ULTRASOUND

The extended pure harmonic mode is needed for CEH-
EUS. Harmonic imaging produces images based on a non-lin-
ear acoustic effect of the interaction of ultrasound with tissues
or contrast agents.’ The system combines the reception of
the filtered fundamental and second harmonic frequency
components. In fact, circulation can be better evaluated by
specifically detecting the harmonic signal components from
the microbubbles inside the vessels. For an optimal image, a
low mechanical index (between 0.08 and 0.25) with its corre-
sponding power is needed (dynamic wide-band contrast har-
monic imaging mode).

Certain steps are needed to perform CEH-EUS. For the
analysis, a two-panel image is shown with the conventional
gray-scale fundamental B-mode at one side of the screen
and the contrast harmonic image on the other side. Once the
system has been set up, the contrast agent needs to be slowly
injected directly into the access vein through a catheter of 16
or 18 gauge in order to avoid the destruction of the bubbles
inside the system.® After injecting the contrast agent, the cath-
eter must be flushed with saline to clear out persistent micro-
bubbles. Ideally, 10 mL of saline may be administered in order
to optimize the study. Two phases of contrast enhancement
can be analyzed after injecting the contrast agent: (1) an early/
arterial phase (from 10-30 seconds), starting when a hyper-
echogenic appearance of the aorta or other major arteries are
observed, and (2) a venous/late phase (from 30-120 seconds),
defined by the presence an hyperechogenicity of the splenic
and mesenteric vessels.’
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MAIN PANCREATIC INDICATIONS FOR
CONTRAST ENHANCED HARMONIC
ENDOSCOPIC ULTRASOUND

CEH-EUS has shown a key role in two of the main pancre-
atic indications: solid and cystic pancreatic lesions.

Solid pancreatic lesions

Differential diagnosis of solid pancreatic tumors is very
challenging, based on current imaging techniques, mainly due
to the difficulty of differentiating pancreatic adenocarcinomas
from other type of pancreatic tumors.

The capability of EUS to distinguish benign from malig-
nant lesions is limited, despite recent technical developments
associated with image quality and resolution. In this context,

EUS-guided tissue acquisition has clearly improved the diag-
nostic accuracy of EUS; however, there are certain drawbacks
that need to be highlighted. Among them are the risk of
false-negative results and the small, but not negligible, rate of
potential complications. Furthermore, EUS-guided tissue ac-

quisition can be technically demanding and difficult in certain
cases, mostly associated with problems in obtaining the cor-
rect position of the echoendoscope or the needle, and to the
presence of interposed tissue or vascular structures. Consider-
ing these facts, the development of an accurate and minimally
invasive technology leading to an optimized EUS diagnosis
seems to be essential for optimizing the management of these
cases.

When evaluating solid pancreatic tumors, there are well-de-
scribed contrast enhancement patterns. Pancreatic adenocarci-
noma mostly appears as a hypovascular lesion (Fig. 1), where-
as most of the inflammatory lesions (such as mass-forming
chronic pancreatitis or autoimmune pancreatitis) present an
isovascular pattern. On the other hand, a hypervascular pat-
tern is mainly present in neuroendocrine tumors and some
pancreatitis metastases (like metastasis from renal cancer) (Fig.
2). According to several studies, the presence of a hypovascu-
lar or even a hypervascular pattern on CEH-EUS is associated
with pancreatic malignancy with a sensitivity of 89.8% and a
specificity of 69.2%.°

Fig. 1. Typical contrast-enhanced harmonic
endoscopic ultrasound (CEH-EUS) images of pancreatic
tumors: pancreatic cancer with hypoenhancement. The
pancreatic lesion is detected as a low-echoic lesion with
fundamental B-mode EUS (A). CEH-EUS detects the
pancreatic lesion with hypoenhancement in comparison
with the surrounding pancreatic tissue (B).

Fig. 2. Contrast-enhanced harmonic endoscopic
ultrasound (CEH-EUS) evaluation of pancreatic solid
mass, at the end of the arterial phase and beginning of
the venous phase (00:40 minutes). The pancreatic lesion
is detected as a low-echoic lesion with fundamental
B-mode EUS (A). CEH-EUS detects a pancreatic
lesion with hyperenhancement in comparison with the
surrounding pancreatic tissue (B).
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Cystic pancreatic lesions

Pancreatic cystic lesions (PCL) are a frequent incidental
finding. CEH-EUS allows for distinguishing between pseudo-
cysts and PCL, based on the demonstration of the vascular-
ization of the septa of the lesion and the nodules. Among pan-
creatic cystic tumors, mucinous cystic tumors and intraductal

papillary mucinous neoplasms (IPMNs) have a malignant po-
tential. However, the decision to perform a surgical treatment
must be carefully made since IPMNs usually grow slowly, pres-
ent a variety of histological subtypes with different malignant
potential, and are usually detected in older patients. Therefore,
after detecting PCL, a complete workup is needed to plan
the best management. In this context, it is crucial to correctly
characterize a lesion as benign, premalignant, or malignant. At
this point CEH-EUS appears as a very useful tool, helping in
the differential diagnosis of PCL, with the capability to identify
high-risk stigmata and/or worrisome features, by enabling the
assessment of the vascularization of different structures such
as cyst walls, septa, or mural nodules. Discrimination of con-
trast-enhancing mural nodules from non-enhancing mucin
plugs has become one of the main indications of CEH-EUS in
the evaluation of PCL (Fig. 3).

Harima et al.” reported a diagnostic accuracy for mural
nodules of 92% for CT, 72% for EUS, and 98% for CEH-
EUS. CEH-EUS was able to detect more mural nodules when
compared to CT (p<0.05) or EUS (p<0.01). Kamata et al®
compared CEH-EUS and fundamental B-mode EUS for the
differential diagnosis of PCL, depending on the presence of
mural nodules. They found that the 75% specificity of CEH-
EUS was clearly more accurate than the 40% specificity of
fundamental B-mode EUS imaging. Fujita et al.” observed that
CT, MRI, and EUS were able to detect mural nodules in 86%,
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Fig. 3. Contrast-enhanced harmonic endoscopic
ultrasound (CEH-EUS) for an intraductal papillary
mucinous neoplasm with a suspicion of mural lesion: a
representative mucous clot case. Fundamental B-mode
EUS (A) shows a hyperechoic lesion (arrow) in a cyst
cavity. CEH-EUS (B) detects no vascularity in the lesion
(arrow).

71%, and 100% of cases, respectively. However, EUS funda-
mental B-mode imaging was not able to differentiate mucin
plugs from real mural nodules. Importantly, based on CEH-
EUS, authors could correctly classify all cases based on the vas-
cular pattern. CEH-EUS allowed for differentiation between
pseudocysts and other PCL but could not distinguish between
mucinous and serous cysts. Mural nodules inside PCL were
clearly shown by CEH-EUS as solid components with features
of hyperenhancement; this helped to avoid the issue of mucus
clots."

CONCLUSIONS

EUS is superior to other conventional techniques (CT, MRI)
for the diagnosis and characterization of pancreatic diseases
due to its high spatial resolution. However, one of its remain-
ing limitations is the differential diagnosis between certain
types of pancreatic lesions, mainly when they are detected as
hypoechogenic nodules. The development of CEH-EUS has
led to an improvement in this context, increasing the accuracy
of EUS for both the detection and characterization of solid
pancreatic lesions. On the other hand, CEH-EUS has shown
an excellent ability for the evaluation of PCL, mainly in the de-
tection of mural nodules in the context of a mucinous lesion.
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