Transatbbdominal ultfrasonography of the
pancreas: basic and new aspects

Ultrasonography as a diagnostic tool has made important contributions to the technical revolution in
medical imaging over the last decades. It has become the preferred method for first-line imaging in a
broad spectrum of diseases. This article focuses on basic and advanced applications of transabdominal
ultrasonography in pancreatic imaging. The first section describes technical principles and their
consequences for image quality: harmonic imaging, Doppler, duplex, triplex ultrasonography, power
Doppler, contrast-enhanced ultrasonography, panoramic imaging and elastography. The second section
briefly describes examination procedures and scanning techniques with the aim to obtain complete
visualization of the pancreas. In the third section we outline ultrasonographic characteristics of pancreatic
diseases with emphasis on contrast-enhanced ultrasound and elastography.
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After more than 40 years in practice, transab-
dominal ultrasonography is still mandatory,
and the most commonly used first-line imaging
modality in the diagnostic work-up of abdomi-
nal diseases. Ultrasonography is broadly avail-
able, cheap and easy to use. It has almost no side
effects, and can be repeated everywhere at any
time. As an ‘online’ continuous imaging modal-
ity, transabdominal ultrasonography gives an
overview, localizes the ‘point of interest’ and
contributes to identifying possible causes of
disease. Finally, it reduces the use of other
diagnostic methods, which are often costly and
personnel intensive [1].

Methods, value and limitations of transab-
dominal ultrasonography in the diagnosis of
pancreatic diseases, such as pancreatic tumors,
acute and chronic pancreatitis (CP), were out-
lined in the 1970s [2]. Early works described
evidence of pancreatic abnormality in trans-
abdominal ultrasonography in approximately
60% of CP cases. Concerning diagnostics of
pancreatic malignancy, some studies described
pathological findings in all diagnosed cases,
but in no case could a final diagnosis be made
(2-5]. On the contrary, as early as the 1990s
clinical enthusiasts equipped with modern
scanners and experience in ultrasonography,
refer to complete imaging of the pancreas in
90% of CP cases [6]. The overall sensitivity
and specificity of transabdominal ultrasonog-
raphy and its different modalities, especially
contrast-enhanced, is not yet established, but
they offer the possibility of easy accessible,
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real-time and high-resolution imaging. Ficure 1
shows an image of the pancreas, liver and sur-
rounding vessels with a 15 MHz transducer.
Note the remarkably high resolution of the
image. In addition, note the marked differ-
ence in echogenicity between the dorsal and
ventral anlage.

Individual patient factors such as obesity and
intestinal air are the most frequent limitations
in scanning of the pancreas [7-12]. Experience
in manipulating ultrasound transducer posi-
tion, patient position and patient breathing
can frequently overcome these limitations.
Furthermore, using a water-filled stomach as an
acoustic window will improve pancreatic scan-
ning. Several technical modalities and methods
have also ameliorated imaging quality in trans-
abdominal ultrasonography. However, all these
improvements in technology are useless if the
visibility is poor. Endoscopic ultrasonography
(EUS) may reduce these problems but it is a
time-consuming and personnel-intensive pro-
cedure, and not as widely accessible as transab-
dominal ultrasonography. Despite significant
improvement in ultrasound imaging, CT and
MRI are still the main imaging modalities for
pancreatic diseases.

The aim of this article is to describe available
modalities and methods of modern ultrasound
scanners when performing transabdominal
ultrasonography of the pancreas. The authors
suggest that transabdominal ultrasonography
has a place in imaging of the pancreas, even in

the age of EUS, CT, MRI and PET.
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Figure 1. Head of the pancreas with
processus uncinatus scanned with a

15 MHz transducer. Details shown with

high resolution.

Agd: Arteria gastroduodenale; A.mes: Arteria
mesenterica superior; Cap: Caput pancreatis;
MR: Musculus rectus abdominis; Pu: Processus
uncinatus; VL: Vena lienalis.

Modalities in ultrasonography

B-mode ultrasound of the pancreas enables
rapid evaluation of organ size, borders echo-
structure, vessels and ductuli (Fieure 1). By
considering these parameters, many diseases
of the pancreas can be diagnosed and patients
can be managed accordingly. Most frequently
the echogenicity of the pancreas increases with
age. However, there are several techniques that

Figure 2. Doppler triplex mode. Triplex
ultrasound with B-mode grayscale as
background image. The sample volume of the
pw-Doppler-beam is placed in the confluens.
Consider in this example: the color Doppler is
calibrated to venous flow in the splenic vein;
this provokes artifacts, ‘mixed colors’ (aliasing),
in the aorta and the mesenteric artery.

The bloodstream in the splenic vein going in
direction to the probe is red, while the main
direction of the bloodstream in the confluens
going away from the probe is blue.

Ao: Aorta; LLL: Left liver lobe; Con: Confluens
with sample volume of pw-doppler and angle
correction; RLL: Right liver lobe;

VL: Vena lienalis.
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can further enhance pancreatic ultrasound
scanning, and these are discussed below.

Tissue harmonic imaging improves the image
quality and overcomes several of the limitations
of the B-mode [13]. Sending the ultrasound beam
at a lower frequency than it is received at clears
up the lateral delineation and abolishes rever-
beration artifacts, thereby increasing the spatial
and contrast resolution. This improves the dis-
crimination between liquid and solid structures,
making structures down to 2 mm in diameter
visible. Some authors state that ultrasonography
with tissue harmonic imaging can compete with
CT and MRI, and that in some cases it may even
be superior [14,15]. This ultrasound modality is a
step forward, but there are three main disadvan-
tages: reduction of frame rate, reduced penetra-
tion depth and only marginal improvement of
image quality in the near field.

Doppler imaging enables flow records from
vessels to be included in ultrasound imaging and
to show blood flow direction and velocity. Two
modalities in conventional Doppler ultrasonog-
raphy exist. Continuous wave Doppler can mea-
sure high flow in, for example, stenosis, but the
exact localization of stenosis cannot be shown.
By contrast, pulse waved Doppler has a lower
accuracy at high velocities.

Color-coded Doppler in combination with
B-mode is called duplex. Duplex in combination
with continuous wave or pulse waved Doppler
is called triplex ultrasound, a term which is not
often used. Fieure 2 shows triplex ultrasound with
B-mode grayscale as the background image, and
color Doppler used for imaging of the splenic vein,
confluens and aorta. The sample volume of the
pulse waved Doppler beam is placed in the conflu-
ens. Consider in this example: the color Doppler
is calibrated to venous flow in the splenic vein;
this provokes artifacts and ‘mixed colors’ (called
aliasing) in the arterial vessels (aorta and arteria
mesenterica). The colors in the splenic vein and
confluens are both red and blue. The bloodstream
in the splenic vein is red because it goes towards
the probe. By contrast, the main direction of the
bloodstream in the portal vein goes away from the
probe, so it is blue. Using this technique and using
the advantage that the pancreas is surrounded by
vessels, color Doppler may show the outlines of
the organ more precisely. Intrapancreatic vessels
are normally small, and therefore difficult to show
in conventional Doppler imaging. This method
can also be used to show flows in normal ver-
sus pathological conditions, such as in tumors
with high vessel infiltration, or in discriminating
between cystic processes without blood flow and
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aneurisms. Current high-end scanners can dis-
tinguish between inflammation (high flow) and
infarction (no flow) [16].

Power Doppler is another Doppler mode
that enables slow velocities to be detected, but
not the direction of the flow. Thus, fine low
details in small vessels can be observed. On the
other hand, tissue movements such as respira-
tion, pulse displacement or movement of the
transducer may cause artifacts [17].

Methods in ultrasonography

Second-order ultrasound field imaging (SURF)
uses both low and high frequency simultane-
ously to transmit ultrasound waves [18-20]. This
reduces acoustic noise and augments the effect
of contrast agents. The SURF method has been
proposed to increase the sensitivity in detect-
ing calcifications. Therefore, SURF may have a
future application in imaging of CP.

B Panoramic imaging

Conventional ultrasound has a limited field of
view, with the consequence that only parts of the
pancreas can be shown in one image. Assessment
of the whole pancreas in one image is called the
panorama technique. It is based on real-time
image reconstruction, analyzing local and global
movements, and computing the position of the
transducer by image analysis.

B Compound imaging

Compound imaging obtains multiple coplanar
images from different angles using computed
beam steering. Considerable computer process-
ing power is necessary to suppress artifacts,
intensify signals from real structures and pro-
duce reliable images with improved tissue defi-
nition (Ficure 3). Using this method with several
angles of view, limitations in transabdominal
ultrasonography, such as cast shadows behind
pancreatic calcifications or ultrasound enhance-
ment behind pancreatic (pseudo) cysts, can be
diminished or eliminated [21].

B Contrast-enhanced ultrasonography

Contrast-enhanced ultrasonography (CEUS)
is one of the most important advances that has
occurred in ultrasonography over the last two dec-
ades. One example is the rapid success in detec-
tion and characterization of focal liver lesions,
where CEUS in many studies has demonstrated
similar accuracy in diagnostic value as CT and
MRI [22,23]. Transabdominal ultrasonography
with CEUS in the pancreas probably has the

same potential [24], and has in some centers been
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Figure 3. Compound imaging by
ultrasound. B-mode grayscale image on the
left, compound image on the right. With the
compound image technique tissue appears
softer and organ contours are clearer. The Duc
is better defined. Note the great difference in
border definition of the arteria mesenterica
superior (*).

Cap: Caput pancreatis; Cor: Corpus pancreatis;
Duc: Ductus wirsungianus; Duo: Duodenum;
LLL: Left liver lobe.

established in diagnostic routine. It is most often
used as a supplement in characterizing already
known pancreatic lesions more precisely [25]. The
existing studies show that transabdominal CEUS
also has potential in differentiating malignancy
and CP [2627). There is an important difference
in the time window between a pancreatic CEUS
examination and the well-established liver CEUS
study: the blood supply of the pancreas is entirely
arterial and the enhancement of the gland begins
just after the aortic enhancement, thus the pan-
creatic enhancement reaches its peak between 15
and 20 s after injection of the ultrasound contrast
agent. Accordingly, pancreatic tissue enhancement
is earlier and shorter than that of the liver due to
the absence of a venous blood supply such as the

Figure 4. Elastography of the pancreas. The colors show tissue hardness; the
scale on the left defines the color code: blue is hard, red is soft, yellow and green

are intermediate.

Cap: Caput pancreatis; Falc: Ligamentum falciforme; LLL: Left liver lobe; T: Tumor

(neuroendocrine tumor).
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Figure 5. Pancreatic tail (cauda) adjacent to
the splenic vein scanned from the left
lateral side through the spleen.

Cau: Pancreatic tail (cauda pancreatis);

Spl: Spleen.

portal vein in the liver. After a marked parenchy-
mal enhancement in the early contrast-enhanced
arterial phase, there is a progressive washout of
contrast medium with gradual loss of echogenicity
(28]. The principle of contrast-specific ultrasound
modes is suppression of ultrasound signals of tis-
sue and augmenting ultrasound response from
microbubbles. Low acoustic ultrasound pressure
ata given frequency proportional to the mechani-
cal index is used. Sulfur hexafluoride microbub-
bles satisfy these requirements. They have a mean
diameter of 2.5 pm and this allows visualization
of the microcirculation [25,29]. Ultrasound contrast
agents have minimal side effects compared with
x-ray or magnetic resonance contrast agents; they
are not toxic, and do not influence the metabolism
of the thyroid gland. The most serious adverse
event is anaphylactic reaction. The frequency of
anaphylaxis using registered ultrasound contrast
agents is low (0.001% in ultrasound and 0.07%
in x-ray) [25,30].

B Elastography
Using ultrasound technology there are several
methods that can be applied to study strain
and elasticity. Ophir ez al. developed ultrasonic
methods for quantitative imaging of strain
and elastic modulus distributions in soft tis-
sues [31,32]. This method is based on external tis-
sue compression with subsequent computation
of the strain profile along the transducer axis.
The temporal derivative of strain (i.e., the strain
rate) is a measure of the rate of deformation.
Strain rate imaging is a Doppler-based method
that can be used to measure the strain of mov-
ing tissue [33-35], but it can also be applied to the
other organs by inducing probe pressure.
Recently, in vivo quantitative mapping of
viscoelasticity was also performed using the
concept of supersonic shear wave imaging [36].

Imaging Med. (2011) 3(4)

This technique is based on the combination of
a radiation force induced in tissues by focused
ultrasonic beams and very high frame rate (up to
5000 f/s) ultrasound images capable of catching
in real time the transient propagation of resulting
shear waves [37,38]. The local shear wave veloc-
ity is recovered using a dedicated time-of-flight
estimation technique and enables the 2D quan-
titative mapping of shear elasticity. This imaging
modality can be performed using a conventional
ultrasound probe during a standard intercostal
ultrasonographic examination. Three supersonic
shear imaging sequences are applied successively
in the left, middle and right parts of the 2D
ultrasonographic image. Resulting shear elastic-
ity images in the three regions are concentrated
to provide the final image covering the entire
region of interest. The ability of the supersonic
shear imaging technique to provide a quantita-
tive and local estimation of organ shear modulus
with a millimetric resolution was proven in a
pilot study in 15 healthy volunteers [36].
Real-time elastography images the relative
difference in tissue hardness through measure-
ments of elasticity modulus in soft tissue. The
method combines B-mode ultrasonography with
externally or internally applied repetitive defor-
mations. Increased tissue hardness is a common
feature of pancreatic cancers through a process
called desmoplasia where tumor tissue becomes
increasingly fibrotic possibly due to tumor
upregulation of growth factors or their receptors.
Using local differences in tissue elastic modulus
as a basis of imaging may provide new diagnostic
information that may improve pancreas disease
diagnostics by imaging. To date, this method
has mainly been applied using endoscopic ultra-
sound obtaining stress-induced pancreatic strain
from surrounding pulsating vessels. However,
in this article we present one of the very first
transabdominal images of elastography of a neu-
roendocrine pancreatic tumor (Ficure 4).

The ultrasound examination

Usually patients are fasting 4—6 h before the
procedure. Food provokes production of gas,
with the possible consequence of total reflection
of ultrasound beams. This makes scanning of
the pancreas more difficult. The study of the
pancreas includes transverse, longitudinal and
angled oblique scans. By moving the transducer
and applying graded compression, bowel gas can
be removed, thus improving visualization of the
pancreas. Some tricks for visualizing the whole
gland include: filling the stomach with water; let-
ting the patient stop breathing in any phase of the

future science group



Transabdominal ultrasonography of the pancreas: basic & new aspects

breathing circle; letting the patient ‘blow up the
belly’; changing the patient’s position to standing
or sitting; let the patient turn from the supine
position to all kinds of oblique positions [39].
Often the tail of the pancreas is not easily seen in
the transversal scan. Fieure 5 shows the tail of the
pancreas (cauda pancreatis) scanned from the left
lateral side using the spleen as acoustic window.

The mandatory precondition for diagnosing
the different pancreatic pathologies is to define
the normal echotexture and anatomical land-
marks. Pancreatic gland dimension measure-
ments are not mandatory in routine examinations
but some measures can be used as guidelines.
Standard antero—posterior diameters are: the
head (2.5 cm), body (1.5 cm) and tail (3.5 cm),
and the pancreatic duct (<2.5 mm). The gland
tends to shrink slightly with increasing age.

The surrounding vascular, ductal and abdom-
inal organ landmarks are the portal vein, splenic
vein, confluens with the mesenteric vein, vena
cava, aorta, superior mesenteric artery, com-
mon hepatic artery, splenic artery, common bile
duct, main pancreatic duct, duodenum, stomach
and the liver. The latter is important to visual-
ize simultaneously. Normally the echotexture is
isoechogenic or hyperechogenic compared with
the healthy liver [40].

Diseases of the pancreas

The following diseases of the pancreas have
morphological characteristics that can be seen
by transabdominal ultrasonography.

B Acute pancreatitis with
complications

The acute inflammatory process can be divided
into mild with only slight enlargement of the
gland due to interstitial edema, and moderate to
severe with increasing presence of tissue necrosis
and fluid collections. In transabdominal ultra-
sonography, visualization of the fine pancreatic
texture and vascularity can be a problem, even
when using Doppler techniques. The pancreas
can appear normal in acute pancreatitis, espe-
cially in serene forms without necrosis, hemor-
rhage or suppuration. Necrosis is inhomoge-
neous; pseudocysts are without echogenicity,
while abscesses are encapsulated and may have
a content of low echogenicity. CEUS is always
available, and seems to be ideal to differenti-
ate between necrosis, cysts, abscesses and nor-
mal or inflamed tissue. A recent study shows
that CEUS is as good as CT with contrast,
with almost negligible side effects and better
cost—effectiveness [41].
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Figure 6. Chronic pancreatitis. This image
shows classical signs of chronic pancreatitis: an
atrophic organ, microcalcifications, small cysts
and an inhomogenous hypoechogenic cyst
between the dilated biliary duct in the
pancreatic head and the confluens. Note also
gallstones in the gallblader.

A.mes: Arteria mesenterica superior; Ao: Aorta;
Cho: Biliary duct (ductus choeldochus);

con: Confluens; Cy: Cyst; Duo: Duodenum;
Gst: Gallstone; LLL: Left liver lobe;

Vc: Vena cava; V.ren: Vena renalis.

B Chronic pancreatitis

Classical diagnostic findings of CP in trans-
abdominal ultrasonography include pancreatic
calcifications, dilated and irregular pancreatic
duct, gland atrophy or enlargement, irregular
gland margins, pseudo cysts and changes in
gland echo texture (Ficure 6). These character-
istics are part of the Cambridge classification
of 1983 [42]. This classification is using find-
ings both in endoscopic retrograde pancreati-
cography, transabdominal ultrasonography and
CT not only to diagnose CP, but also to grade
the severity of morphological changes. In the
1980s, the sensitivity in grading severity of CP
with ultrasound was 86%, with a correlation

of 93% to the morphological gold standard

Standard EUS Pathologic findings
Parenchymal criteria

Hyperechoic foci Small calcifications
Hyperechoic strands Fibrosis

Lobularity Edema or fibrosis
Cysts Pseudocysts
Calcifications Calcifications

Ductal criteria

MPD dilatation MPD dilatation

MPD irregularity MPD irregular

Ductal fibrosis or edema
Dilated secondary branches
EUS: Endoscopic ultrasonography, MPD: Main pancreatic duct.

Hyperechoic MPD walls
Visible side branches
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Rank Features Definition

Parenchymal features

1 Major A Hyperechoic foci
with shadowing

2 Major B Lobularity with
honeycombing

Minor Lobularity with

honeycombing

3 Minor Hyperechoic foci
without
shadowing

4 Minor Cysts

5 Minor Stranding

Ductal features

1 Major A MPD calculi

2 Minor Irregularity of
MPD contour

3 Minor Dilated side
branches

Minor MPD dilation

5 Minor Hyperechoic duct

margin

Diagnostic findings

Echogenic structures >2 mm in length
and width that shadow

Well circumscribed, =5 mm structures
with enhancing rims and relatively
echo-poor centers, with >3 lobules
Well circumscribed, >5 mm structures
with enhancing rims and relatively
echo-poor centers, with noncontiguous
lobules

Echogenic structures >2 mm in length
and width with no shadowing

Anechoic, rounded/elliptical structures
with or without septations

Hyperechoic lines >3 mm in length in at
least two different directions with
respect to the imaged plane

Echogenic structures within the MPD
with acoustic shadowing

Uneven or irregular outline and

ectatic course

Three or more tubular anechoic
structures each measuring >1 mm in
width, budding from MPD

>3.5 mm in body or >1.5 mm in tail
Echogenic, distinct structure greater than
50% of the entire MPD

Location

Body and tail only

Body and tail only

Body and tail only

Body and tail only

Head, body and
tail only

Body and tail only

Head, body and
tail only

Body and tail only
Body and tail only

Body and tail only
Body and tail only

MPD: Main pancreatic duct.

endoscopic retrograde pancreaticography [43].
However, other authors cannot reproduce these
results [44.,45].

Contrast-enhanced ultrasound may give a
better differential diagnosis by ultrasonography
between mass-forming pancreatitis and pancre-
atic adenocarcinoma. Ductal adenomcarcinoma

Figure 7. The main pancreatic duct (ductus wirsungianus) measured by the
leading edge method.
A.mes: Arteria mesenterica superior; Duc: Ductus wirsungianus (main pancreatic
duct); LLL: Left liver lobe; Panc.: Pancreas; RLL: Right liver lobe.
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stays hypoechoic in all contrast-enhanced phases
because of its intense desmoplastic reaction with
low mean vascular density. The inflammatory
mass shows a ‘parenchymographic’ enhancement
in the early contrast-enhanced phase [2446].
Endosongraphic ultrasound describes mor-
phological criteria that correlate with patholog-
ical features (Tasie 1) [47]. These characteristics
have led to the (not yet validated) Rosemont cri-
teria (Tane 2). These criteria classify sonomorpho-
logical characteristics into four groups: normal,
indeterminate, suggestive of or consistent with
CP [48]. As shown in Ficure 6, high-end ultra-
sound scanners may also detect some of these
criteria using transabdominal ultrasonography.
Further studies comparing EUS with transab-
dominal ultrasonography in classifying CP after
the Rosemont criteria seem to be attractive.
Early stage CP is often without or with minimal
morphological changes, and cannot be diagnosed
sufficiently by an imaging modality. On the other
hand, late stage such as signs like calcifications
are always diagnostic for CP, but can be absent
in severe exocrine insufficiency, depending on
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the type of CP [49.50]. Tests of pancreatic exocrine
function are therefore seen as the gold standard for
diagnosing CP, especially in the early stages [s1.52].
The original tests with double lumen tubes are
not practical in daily clinical practice. The short
endoscopic secretin-based pancreas function test
has been validated and is used at present [53]. This
opens the possibility to combine a functional test
with an imaging modality, where ultrasonogra-
phy shows the morphological changes of the pan-
creas and its nearby organs. Using this combined
method we recorded fluid flow in the pancreatic
duct and duodenum after secretin was adminis-
tered. We observed that the main pancreatic duct
wall has an increased echogenicity, shortly after
the injection of secretin. In all subjects (>70) so
far we have demonstrated a consistent, fast fill-
ing of the duodenal lumen with pancreatic juice
[ERCHINGER FG ET 4L., UNPUBLISHED DATA]. FIGURE 7 shows
bright echogenicity of the main pancreatic duct
wall shortly after secretin stimulation. The ductal
diameter is measured according to ‘the leading
edge to leading edge’ principle: meaning that all
measures are taken in the surface part of the inter-
face echo. Ficure 8 shows the filling of the duode-
num with digestive juice during the secretin test.

B Groove pancreatitis

Beyond the classical morphological character-
istics, a rare CP can be ruled out — groove pan-
creatitis. The involved sites are the dorso—cranial
pancreatic head, the duodenal wall and distal
biliary duct. If correctly accessed and evaluated
the appearance is a sickle-like groove with low or
no echogenicity between the pancreatic head and
the duodenal wall. This pancreatic lesion has,
depending on inflammation activity and dura-
tion, low echogenicity, cloudy contours, fibrosis,
necrosis, cysts and calcifications. The differential
diagnosis to cancer is a challenge, but the spe-
cial anatomical hints make the ultrasonographic
diagnosis reliable and may avoid unnecessary
personnel- and cost-intensive procedures [54].

B Autoimmune pancreatitis

Autoimmune pancreatitis is one of the most mis-
diagnosed benign diseases of the pancreas; in par-
ticular, focal lesions are misinterpreted as cancer.
Many patients undergo unnecessarily excessive
abdominal surgery such as the Whipples opera-
tion. An enlarged pancreas (Ficure 9) with an
absence of cysts and calcification is an important
hint (55-57). In a recently published study using
CEUS, lesions caused by autoimmune pan-
creatitis and the surrounding pancreatic tissue
typically showed a neuroendocrine tumor-like
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Figure 8. Filling of the duodenum with pancreatic juice. The series of four
images shows the duodenum (A) 1, (B) 5, (C) 10 and (D) 15 min after an

intravenous injection of secretin.

Cap: Caput pancreatis; Duo: Duodenum; Vc: Vena cava.

hyperenhancement pattern, whereas lesions
caused by pancreatic cancer are hypoenhanced
(58]. CEUS can be useful in the study of focal
forms of autoimmune CP where differential diag-
nosis with ductal adenocarcinoma is a priority,
and CT or MRI features are not absolute [24,29].

B Adenocarcinoma

One of the biggest challenges in daily clinical activ-
ity is to differentiate between lesions caused by CP
or pancreatic adenocarcinoma. Ultrasonographic

Figure 9. Autoimmune pancreatitis.
Consider the enlarged pancreas with some
stranding.

Cap: Caput pancreatis; Cor: Corpus pancreatis;
Gb: Gallbladder; RLL: Right liver lobe.
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Figure 10. Malignant tumor of the
pancreatic body. The characteristics are
hypoechogenicity and diffuse contours.

A: Antrum; Cap: Caput pancreatis; RLL: Right
liver lobe; Tu: Tumor.

findings are typically hypoechoic lesions with ill-
defined margins, often with spiculas, with a ten-
dancy to alter the gland contour (Ficure 10) [28]. It is
here that transabdominal CEUS, with possibility
to visualize the vascular pattern, has its potential.
The opportunity to perform tumor character-
ization, adding one bolus of contrast medium,
makes this method highly applicable during the
examination. Typically ductal adenocarcinoma
is hypoenhanced (Ficure 11), while CP has more
vascularity [29,59]. Some authors describe a better
visualization of vascularity by CEUS than by heli-
cal CT [24.27]. Others show that different enhance-
ment patterns also correlate with histology, and
make CEUS superior to CT [60). Malignant
invasion into vessels, or thrombosis of the portal
vein are cornerstones in the assessment of tumor
resectability. In early thrombosis of the portal or
splenic vein, normal grayscale transabdominal
ultrasonography can miss the pathologic findings
because the thrombus is of low or no echogenicity.

Figure 11. Cancer of the pancreas. A round hypoechoic lesion in the body of the
pancreas can be seen on the left-hand side. The right-hand side shows an image of
a contrast-enhanced ultrasonography image with an inhomogenous area with
predominantly hypoenhancement in the arterial phase (16 s) after

contrast injection.

Cap: Caput pancreatis; RLL: Right liver lobe; Tu: Tumor.
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In these cases, duplex ultrasound and CEUS
have obvious potential [6,16]. CEUS can add new
information to the regional staging of pancreatic
adenocarcinoma because it can confirm vascular
infilcration or encasement by the neoplasm. In
addition, CEUS may increase the sensitivity and
specificity for the identification and characteriza-
tion of liver metastases. After studying a pancre-
atic lesion in the arterial, pancreatic and venous
phases, liver metastasis can be detected using the
late hepatic contrast-enhanced phase 24].

B Endocrine tumors: islet cell tumors
Tumors arising from neuroendocrine pancreatic
cells are uncommon, representing less than 3% of
all pancreatic neoplasms. However, this incidence
is rising, probably due to increasing awareness of
these tumors [61]. At the time of clinical presenta-
tion, tumor sizes are often small. Transabdominal
ultrasonography can visualize these lesions with
a sensitivity of approximately 30—60%. Older
studies show that ultrasound is of the same diag-
nostic value as CT [62.63]. Studies with CEUS
have demonstrated that neuroendocrine tumors
have hypervascularity compared with hypovas-
cularity of adenocarcinoma, or isovascularity of
pancreatitis (FiGure 12) [60].

Insulinoma is a rare disease with an incidence
of four per 1 million persons [64]. A recently pub-
lished study describes that transabdominal ulera-
sonography may show a hypoechoic homogeneous
nodule with smooth contour. Color Doppler flow
imaging may show a short stick-like blood flow
signal in the nodule. Compared to the adjacent
normal pancreatic parenchyma, the enhancement
pattern of insulinoma on CEUS was fast wash-in
and slow wash-out. In the eatlier arterial contrast-
enhanced phase, all the tumors showed homo-
geneous hypervascularity and displayed a fast
wash-in enhancement pattern. The enhancement
intensity in all the tumors was higher than that
of the adjacent normal pancreatic parenchyma
during the arterial and venous phase. In the late
arterial phase, all the tumors were still hyperen-
hancing and displayed a slow wash-out pattern
(¢s). Even if transabdominal ultrasonography is
not sensitive in primary localization of these often
minute tumors, intra-abdominal ultrasound plays
a decisive role and identifies almost all tumors [66].

B Cystic pancreatic tumors

Pseudocysts are the most common pancreatic
cysts; in fact, they are not real cysts because they
do not have any epithelia. They are a frequent
complication of acute pancreatitis (up to 30%).
Anamnesis helps in differentiating from real
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cysts [67.68]. Ficure 13 shows a pseudocyst mea-
suring 6 x 6 x 6 cm with compression of the
right liver lobe. True cysts are rare, representing
only 10-15% of all pancreatic neoplasias [68].
The main cystic pancreatic neoplasias are: serous
microcystic adenoma, mucinous cystadenoma
and intraductal papillary mucinous neoplasia.
The latter two are premalignant or malignant,
and must be cured surgically if possible. CEUS
can potentially differentiate between benign and
malign lesions [69]. Using transabdominal ultra-
sonography, documentation of cystic tumors
includes location (head, body and tail), size and
echogenicity (echo free, hypoechoic or mixed
echogenicity). Solid nodules with and without
deriving septae out of the nodule also have to
be described.

The presence of identifiable mass lesions
within a cyst or a cystic lesion with (peripherally)
located solid nodules (with or without septae)
can be considered as an indicator for neopla-
sia. CEUS is an important tool to differentiate
between benign and malign lesions when pic-
turing an-, hyper- or hypovascularity [27). Some
authors state a high sensitivity and specificity and
remark that CEUS can compete with MRI [70].

B Lymphoma & metastases
Primary pancreatic lymphoma constitutes less
than 0.5% of all pancreatic malignancies, and
less than 2% of extranodal lymphomas. Most
are intermediate or high-grade non-Hodgkin’s
lymphoma of diffuse large B-cell type [71]. On
transabdominal ultrasonography, primary pan-
creatic lymphoma usually appears asa bulky,
homogeneous, hypoechoic mass confined to
the pancreas. Transabdominal ultrasonography
allows the detection of enlarged peripancreatic
and periaortic lymph nodes, and dilatation of
the common bile and pancreatic ducts. Duplex
scanning provides helpful information aboutthe
patency of the major peripancreatic vessels, the
celiacand superior mesenteric arteries, and the
portal, superior mesenteric and splenic veins [72].
The most common cancers reported to metas-
tasize to the pancreas include renal cell cancer,
colon cancer, melanoma, sarcoma, breast and
lung cancer [73]. In transabdominal ultraso-
nography they show variable echotexture and
vascularity depending on origin.

B Pancreatic & peripancreatic TB

In developing countries or in immune deficient
patients, an important differential diagnosis to
intra- and peripancreatic tumors, metastases
and lymphoma is TB. Most of the lesions are
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Figure 12. Contrast-enhanced ultrasonography of a neuroendocrine tumor
in the pancreas. In the early arterial phase the neuroendocrine tumor enhances
earlier than the rest of normal pancreatic tissue. *Represents neuroendocrine tumor.
A.mes: Arteria mesenterica superior; Ao: Aorta; Cap: Caput pancreatis;

Con: Confluens; Cor: Corpus pancreatis; LLL: Left liver lobe; RLL: Right liver lobe.

hypoechoic, and the echotexture is heteroge-
neous (Ficure 14). Often ascites follows abdominal
TB. Inhomogeneous liver, lymph nodes in the
abdomen and thickened bowel walls, especially
in the ileocecal region, are other findings from
transabdominal ultrasonography. Technological
developments that enable ultrasound equipment
to be smaller and more portable will allow ultra-
sonography to become a valued diagnostic tool,
revealing abdominal TB in resource-poor set-
tings and being used alongside other diagnostic
methods to confirm the diagnosis [74].

Conclusion

Transabdominal ultrasonography is still the
best first-line modality in pancreatic imag-
ing. Several advancements in transabdominal

Figure 13. Pancreatic pseudocyst. Sagittal section in the right panel and
transversal apical section in the left panel. The RLL is compressed by

the pseudocyst.

A: Antrum; Cap: Caput pancreatis; D: Dilated biliary duct; PsCy: Pseudocyst;
RLL: Right liver lobe.
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Figure 14. Intra- and peri-pancreatic TB.
The ultrasound image shows an
inhomogeneous, hypoechoic mass posterior to
the processus uncinatus. In the tumorous
conglomerate there is an area of liquid central
necrosis within.

A: Antrum; Cong: Tumorous conglomerate

of TB; Cor: Corpus pancreatis; N: Central
necrosis; Pu: Processus uncinatus.

ultrasonography have improved image quality
and diagnostic accuracy. In showing macro-
and microvascularity, CEUS discriminates
between pancreatic benign and malign tumors,
or tumor-like changes. Harmonic imaging
and computer processed imaging, such as
compound imaging, enable improved contour
detection of organs and pathological struc-
tures. Traditional modalities such as Doppler,
duplex and triplex ultrasound, Power Doppler,
and grayscale B-mode ultrasonographies still
perform well. Elastography characterizes the
hardness of tissue. All these modalities and
methods can be combined. Together with
advancements in transducer and processor
technology, they have the potential to improve

the diagnostic yield of ultrasound. Ultrasound
in medical imaging should not be underesti-
mated or forgotten in the modern age of CT,

MRI and PET.

Future perspective
Computer processed imaging is developing rap-
idly. We predict that transabdominal ultraso-
nography will soon be as accurate as EUS with
regard to imaging of fine details. Furthermore,
image resolution will improve, and the mor-
phological characteristics of the Rosemont
criteria may, in the near future, be visualized
in transabdominal ultrasonography. Novel
improvements include making ultrasound
equipment smaller and more portable. This
moves ultrasound technology towards bedside
scanning of patients, and mobile ultrasound
makes this method an easily available and
widespread clinical imaging modality.
Improved characterization of pancreatic
lesions by CEUS is one of the most impor-
tant steps forward in pancreatic imaging
today. Elastography in pancreatic imaging is
sometimes used in EUS; further studies with
transabdominal sonoelastography are warranted.
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Grayscale B-mode
Gives an image in grayscale. It is the firstline imaging modality in all cases and determines the next step in diagnostics.
Compound imaging
Computer processing suppresses artifacts and intensifies signals from real structures.
This modality gives a better visualization of pancreatic contours, the pancreatic and biliary ducts.
Second harmonic imaging
Improves discrimination between liquid and solid structures, increases resolution to structures down to 2 mm, and is always used
with contrast-enhanced ultrasonography.
Doppler imaging
Gives information about movements in relation to the transducer and shows flow, its direction and velocity, identifies peripancreatic
vessels, and discriminates between vessels, aneurisms, cysts and the biliary or pancreatic duct.
Contrast-enhanced ultrasonography
Shows microcirculation and enables discrimination between different tumor entities, inflammation and fibrosis.
Elastography
Gives information about tissue hardness and stiffness, and may discriminate benign and malignant lesions, fibrosis
and calcifications.
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