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Abstract

AIM: To describe and discuss echo-enhanced
sonography in the differential diagnosis of cystic
pancreatic lesions.

METHODS: The pulse inversion technique (with
intravenous injection of 2.4 mL SonoVue®) or the power-
Doppler mode under the conditions of the 2™ harmonic
imaging (with intravenous injection of 4 g Levovist®) was
used for echo-enhanced sonography.

RESULTS: Cystadenomas frequently showed many
vessels along fibrotic strands. On the other hand,
cystadenocarcinomas were poorly and chaotically
vascularized. “Young pseudocysts” were frequently found
to have a highly vascularised wall. However, the wall of
the "old pseudocysts” was poorly vascularized. Data from
prospective studies demonstrated that based on these
imaging criteria the sensitivities and specificities of echo-
enhanced sonography in the differentiation of cystic
pancreatic masses were > 90%.

CONCLUSION: Cystic pancreatic masses have a
different vascularization pattern at echo-enhanced
sonography. These characteristics are useful for their
differential diagnosis, but histology is still the gold
standard.
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INTRODUCTION

Cystic tumours of the pancreas are rare, accounting for
about 1% of all pancreatic neoplasms!’. Cystadenomas
and cystadenocarcinomas are the most frequently
encountered cystic lesions' . There are problems in the
differentiation of cystic pancreatic masses. It is obvious
that the discrimination between these lesions is critical for
prognosis and therapy'.

Conventional transabdominal ultrasound displays
no characteristic signs for the differentiation of cystic
pancreatic tumours and the diagnostic accuracy is low ",
The vascularization pattern is helpful for the tumour
differentiation and can be investigated by fundamental
power and colour Doppler sonography. However, there
is a low sensitivity of these procedures for detecting
low blood flow velocity or small vessels. The sensitivity
can be increased by echo-enhancers, such as SonoVue".
Therefore, echo-enhanced sonography is an increasingly

used procedure for the differentiation of pancreatic
18,91

tumours

In this review, echo-enhanced sonography in the
differential diagnosis of cystic pancreatic tumours is
depicted and discussed.

MATERIALS AND METHODS

All patients were investigated first by conventional
sonography using a dynamic sector scanner. A special
preparation of the patients was not necessary. The pulse
inversion technique or the power-Doppler mode under the
conditions of the 2™ harmonic imaging was used for echo-
enhanced sonography. The pulse inversion mode was used
more frequently than the 2" harmonic imaging.

For echo-enhanced sonography, the pulse inversion
2.4 mL SonoVue” (sulfur hexafluoride gas-based contrast
agent, Bracco International B.V.,; Amsterdam, Netherlands)
was injected intravenously, and the mechanical index varied
between 0.1 and 0.2 (low MI procedure). The investigation
could be done in real time, and lasted for approximately 2
min.

Echo-enhanced power Doppler sonography was
started immediately after intravenous injection of 4 g
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tumour

Figure 1 Cystadenoma at conventional and echo-enhanced ultrasound. A: A tumour at the pancreatic tail (5 cm in diameter) with small cystic areas (small arrows) and thin
fibrotic strands; B: Highly vascularized tumour arteries (large arrows) along the fibrotic strands (maximum of contrastation 15 s after injection of the echo-enhancer).

Figure 2 Cystadenoma at conventional and echo-enhanced ultrasound A: A tumour (7 cm in diameter) at the pancreatic tail with large cystic (c) and solid areas (s); B:
A poorly vascularized solid (s) tumour (maximum of contrastation 15 s after injection of the echo-enhancer).
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Figure 3 Pseudocust at conventional and echo-enhanced ultrasound A: A lesion with an echo-free pattern and a sharply delineated wall. The Wirsungs Duct is dilated; B:
Ahighly vascularized wall (maximum of contrastation 20 s after injection of the echo-enhancer).

Levovist” (galactose-based contrast agent, concentration
300 mg/ml., Schering AG, Betlin, Germany). Intermittent
sweeps were done, and the investigation lasted for
approximately 2 min. One focus zone with depth adapted
to the area of interest and a mechanical index of 0.8-1.3

(high MI procedure) should be used.

RESULTS

Criteria for the differentiation of pancreatic masses by
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. 10, 11
conventional and echo-enhanced sonography[ lare

shown in Table 1. Cystadenomas consisting of small
cystic areas (< 3 cm) and thin fibrotic strands are shown
in Figure 1A. At echo-enhanced sonography highly
vascularized solid tumour parts and arteries along the
fibrotic strands are shown in Figure 1B. On the other
hand, cystadenocarcinomas were found to have large
cystic areas (about 5 cm) and solid tumour parts in the
conventional ultrasound examination (Figure 2A). After
injection of an echo-enhancer, poorly vascularized solid
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Table 1 Criteria for differentiation of cystic pancreatic tumours with conventional ultrasound, fundamental

power Doppler sonography, and echo-enhanced ultrasound™'® '

Fundamental power
Doppler sonography

Conventional ultrasound

Echo-enhanced
sonography

* no tumour vessels
detectable

Cystadenoma * small cystic areas (often <3 cm)

e spoke-like pattern of fibrotic
strands with small calcifications
¢ no dilated Wirsung's duct

Cystadeno- ¢ large cystic areas (often > 5 cm) ¢ rarely tumour vessels

carcinoma * solid areas with chaotic pattern detectable
¢ no dilated Wirsung's duct

Pseudocyst e often echo-free pattern e rarely tumour vessels

detectable in “young cysts”

¢ sharply delineated wall

* features of acute and/or chronic
pancreatitis

e signs of bleeding and/or calcifica-
tions

* bowel infiltration is possible

¢ highly vascularised tumour
arteries along the fibrotic strands

poorly and chaotic vascularised
solid areas

“young cysts” (a few weeks of
age) show often a highly
vascular-ised wall

“old cysts” (a few months of age)
show often a poorly vascularised
wall

areas could be detectable (Figure 2B). Pseudocysts were
found to be characterised by an echo-free pattern and
a sharply delineated wall (Figure 3A). In the remaining
pancreatic parenchyma features of chronic inflammation
such as calcifications and a dilated Wirsung’s duct could
also be found. After injection of an echo-enhancer the
wall of the pseudocysts was highly ("young cyst”, Figure
3B) or poorly vascularized ("old cysts”).

A recently published study with 31 patients showed
that echo-enhanced sonography could differentiate cystic
neoplasms from pseudocystsm]. The sensitivity of echo-
enhanced sonography with respect to diagnosing cyst
adenomas was 95% and its specificity was 92%. The
corresponding values for pseudocysts were both 100%.
However, one cystadenoma was misdiagnosed as a cyst-
adenocarcinoma, and vice-versa. The morphological
variability of these cystic lesions at conventional
ultrasound and the difficulties in the evaluation of the
vascularization of cystic masses might be responsible for
the false results. On the other hand, only 27% of cyst-
adenomas and 67% of pseudocysts could be correctly
classified by conventional ultrasound'”.

DISCUSSION

So far not a single ideal diagnostic procedure is available
for the differentiation of cystic pancreatic tumours.
Histology is the gold standard but nevertheless can
produce false negative results. The correct differential
diagnosis of cystic neoplasms of the pancreas has proven

to be difficult and imaging techniques have low correct
diagnosis percentages[S’ P11 which can be attributed to the
particular anatomicropathological features of these tumors
and the difficulty to discriminate them from pseudocysts.
Conventional ultrasound cannot provide the reliable
characteristics of different cystic pancreatic lesions. Thus,
it is difficult to distinguish these tumours. Cystadenomas

often consist of small cystic areas and a spoke-like pattern
of fibrotic strands. In contrast, cystadenocarcinomas often
show large cysts (frequently larger than 5 cm in size).
Pseudocysts are frequently echo-free and have a sharply
delineated wall.

The angiographic vascularization pattern contributes to
the differentiation of pancreatic tumours' . Since cyst
-adenomas are characterised by their hypervascularization,
they are often found to be hypovascularized with a chaotic
pattern. However, the diagnostic accuracy of angiography
is low because it is not possible to investigate the
macroscopic tumour features'”.

The vascularization of tumours may also be studied
by fundamental power and colour Doppler sonography.
However, the sensitivity of these procedures is low in
detecting low blood flow velocity or small vessels. This
sensitivity can be improved by echo-enhancers, such as
SonoVue” and Levovist”. Levovist” consists of air-filled
microbubbles which enhance the Doppler signal at 20-30
dB"?". However, the signal intensity of echo-enhanced
sonography from flowing blood is lower than that of tissue
movements. To overcome these difficulties the technique
of the 2™ harmonic imaging has been developed based
on the property of microbubbles to resonate and emit
harmonic waves in an ultrasound field with a frequency of
1-5 MHz. If the harmonic frequency is to be detected at
twice the transmitted frequency, the procedure is called the
2™ harmonic imaging. Since tissue particles have fewer of
the 2™ harmonic waves than microbubbles, the signals of
echo-enhancers are better distinguishable“g].

The new contrast agent Sonovue” is used more
frequently for echo-enhanced sonography. Furthermore,
the 2™ harmonic imaging can be replaced partially by the
pulse inversion imaging technique. There are observations
that with this new procedure more favourable results can
be achieved than with the 2™ harmonic imaging, The 2™
harmonic imaging cannot separate the transmitted and
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received harmonic signals completely because of limited
bandwidth. However, pulse inversion imaging avoids these
bandwidth limitations using characteristics specific to
microbubble vibrations to subtract rather than filter out
the fundamental signals. Because this imaging technique
transmits two reciprocal pulses, leading to a subtraction of
the two fundamental signals, it allows the use of broader
bandwidths for the transmission and reception yielding
an improved resolution and can provide an increased
sensitivity to contrast””. However, comparative results of
large prospective studies are missing,

We want to point out that according to our expetience,
conventional ultrasound, power and colour Doppler
sonography, and echo-enhanced sonography should
not be used as single imaging techniques, exclusively.
Conventional ultrasound is the basic sonographic method,
and tumour differentiation is hardly possible based on an
echo-enhanced sonographic examination alone. Echo-
enhanced sonography offers more diagnostic criteria
than conventional ultrasound alone, but similar to the
angiography it is impossible to investigate macroscopic
tumour features with this procedure alone. Therefore,
all sonographic procedures should be performed in
combination.

The characteristic signs of pancreatic tumours at
echo-enhanced sonography have been published """,
Solid areas of cystadenocarcinomas and the wall of the ”
old pseudocysts” ate found to be hypovascularized. In
contrast, solid parts of cystadenomas and the wall of
the "young pseudocysts" are mostly hypervascularized.
A recently published study showed that echo-enhanced
sonography can differentiate cystic neoplasms better than
conventional ultrasound alone!"”

The successful treatment of cystic pancreatic tumours
requires a highly sensitive and specific diagnostic
procedure. Echo-enhanced sonography can fulfil this
requirement. However, histology is still the gold standard
for the differentiation of cystic pancreatic lesions.
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