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ORIGINAL ARTICLE

Radiation Medicine: Vol. 23 No. 5, 364-370 p.p., 2005

Quantitative Tissue Blood Flow Evaluation of Pancreatic Tumor:
Comparison between Xenon CT Technique and Perfusion
CT Technique Based on Deconvolution Analysis

Hisashi Abe,! Takamichi Murakami,' Masaru Kubota,? Tonsok Kim,' Masatoshi Hori,!
Masayuki Kudo,” Kazuhiko Hashimoto,? Shoji Nakamori,? Keizo Dono,?
Kaname Tomoda,! Morito Monden,” and Hironobu Nakamura!

Purpose: There has been one report that tissue blood flow (TBF) quantification with xenon
CT was effective in predicting the therapeutic response to an anticancer drug in pancreatic
cancer. The purpose of this study was to evaluate the correlation between the TBF of pancreatic
tumors calculated with xenon CT and those with perfusion CT, in order to evaluate whether
perfusion CT could replace xenon CT.

Materials and Methods: Nine patients with pathologically proved pancreatic tumors who
underwent both xenon CT and perfusion CT were included.

Results: Quantitative TBF of pancreatic tumors measured by perfusion CT ranged from 22.1
to 196.2 ml/min/100 g (mean+SD, 52.6154.8 ml/min/100 g). In contrast, those obtained by
xenon CT ranged from 10.3 to 173.6 ml/min/100 g (meantSD, 47.4+49.4 ml/min/100 g).
There was a good linear correlation between xenon CT and perfusion CT (y=0.8537x+2.48,
R2=0.895: p<0.05).

Conelusion: The TBF of pancreatic tumors measured by xenon CT and perfusion CT techniques
showed a close linear correlation. We can expect that perfusion CT based on the deconvolution
algorithm may replace xenon CT to predict the effect of pancreatic tumor treatment with
anticancer drugs.

Key words: perfusion CT, xenon CT, pancreatic tumor

INTRODUCTION

PANCREATIC CANCER 18 THE FOURTH LEADING CAUSE OF
cancer death in Western countries.! Therapeutic
methods for pancreatic cancer include operation, che-
motherapy, and radiation. Although surgical resection
is the most effective method, sometimes it is not possible
in advanced cases because of the difficulty of early
detection, invasive growth, and metastases to liver and
lymph nodes even if tumor size is small.? In such cases,
chemotherapy with an anticancer drug should be used,
although some cases unfortunately have only side effects
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without tumor reduction from chemotherapy. Recently,
a new anticancer drug, GEMZAR® (gemcitabine HCl
for injection) (Gemzar, Eli Lilly and Company, IN, USA),

_has been introduced and is expected to improve the

prognosis of pancreatic cancer.>* However, as in the case
of many anticancer drugs, GEMZAR® (gemcitabine HCI
for injection) is not always effective for all pancreatic
cancers. In some cases, the drug is amazingly effective;
on the other hand, in other cases it is not effective, but
even harmful, because of severe side effects. The reason
for this difference is unclear, however, it is essential for
patients to know whether the drug will be effective or
not, because, if prediction were possible, patients would
be able to avoid ineffective anticancer drug therapy with
severe side effects. This would dramatically lower the
cost of medical care as well. In order to avoid ineffective
chemotherapy, some have tried to predict therapeutic
effect with radiological imaging such as MR spectros-
copy, FDG-PET, and perfusion CT, and some good
results have been reported.®?

RADIATION MEDICINE



Among these reports, one author described that it was
useful to evaluate the TBF of pancreatic adenocarci-
noma for chemotherapeutic response with xenon CT.*
However, xenon CT requires special equipment.
Recently, some reports'®" have indicated the ability of
perfusion CT to evaluate TBF. We hypothesized that, if
a good correlation in TBF exists between xenon CT and
perfusion CT, we could replace xenon CT with perfusion
CT for prediction of the response to GEMZAR® in
pancreatic cancer.

The purpose of this study was to evaluate the corre-
lation between the calculated TBF of pancreatic tumors
with xenon CT and those with perfusion CT based on a
deconvolution algorithm.

MATERIALS AND METHODS

Patients j

Nine patients with pathologically proved pancreatic
tumors, who underwent both xenon CT and perfusion
CT, were included in this study. Eight patients had
pancreatic adenocarcinoma, and one had islet cell tumor.
Four were males and five females, and their age range
was between 29 and 80 years (mean, 65 years). Tumor
size was between 2.5 cm and 5 cm in diameter (mean,
3.7 cm). The intervals between the two procedures were
as follows: the same series in five cases, three days in
one case, one week in one case, two weeks in one case,
and three months in one case. All patients had given
their informed consent to be included in the study, which
was conducted in accordance with the principles of the
Declaration of Helsinki.*

Xenon CT technique 4

The xenon CT technique was used to assess regional
TBF by using the wash-in/wash-out protocol, which has
been previously used for measurement of regional
cerebral blood flow.!s The Kety-Schmidt equation, based
on the Fick principle used for cerebral blood flow
evaluation, was also used.!*'” Xenon gas (XENON
COLD®, Anzai Medical Co., Ltd., Tokyo, Japan) was
used as the nonradioactive xenon gas, and the xenon
gas inhalation system with a closed gas circuit (AZ-725,
Anzai Medical Co., Ltd.) was used. The xenon concen-
tration in the respiratory circuit (end-tidal peak xenon
values) was continuously measured during examination
by a xenon monitor incorporated in the AZ-725 circuit.
End-tidal peak xenon values were recognized auto-
matically and fitted to a monoexponential curve (end-
tidal xenon curve).'® Changes in arterial blood xenon
concentrations were estimated based on the end-tidal
xenon curve.'?

Changes in CT values of the pancreatic tumor were
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measured by a helical CT (LightSpeed Ultra, GE
Healthcare, W1, USA). Following identification of the
pancreatic tumor by precontrast CT scan, four axial
images with a 10-mm slice thickness and including the
pancreatic tumor were obtained incrementally as
baseline CT images prior to xenon inhalation. In the next
step, the patient inhaled 25% (vol/vol) xenon gas for 4
minutes (wash-in), followed by breathing room air for
S minutes (wash-out).’ In the meantime, CT scans were
acquired at each level at one-minute intervals. As many
as ten CT images per patient were obtained in total,
including the baseline image at each level. Exposure
factors were 100 kVp, 200 mA, and 1-second scans, and
patients were required to hold their breath for 7 seconds
during a series of scans at 4 levels. Smoothing with a
9x%9 pixel filter was used to reduce noise on the CT
images. Body movement related to respiration was taken
into account, and changes in pancreatic position on each
enhanced CT image were digitally corrected relative to
the baseline image on the screen of a blood flow imaging
analysis computer system (AZ-7000W, Anzai Medical
Co., Ltd).

The AZ-7000W was also used to create color maps
for TBF from images obtained by xenon CT as well as
confidence images, which showed the variance in value
for each pixel based on the least-square method. High
TBF appeared as red regions, and low TBF as blue
regions. The confidence images were used to evaluate
the reliability of the TBF value for each pixel of the
image.”**' TBF was determined by placing regions of
interest (ROI) on the pancreatic tumor on the color maps.
When the ROI of the tumor was small, we carefully
placed small ROI on the small tumor (Fig. 1B).

Perfusion CT technique 4

The basic theory of deconvolution analysis was reported
by Meier and Zierler in 1954.22 Tissue contains many
arteries and veins, and numerous capillary vessels. These
form a very complex blood-supply system. However,
based on the central volume principle, one simple
equation is derived, that is, TBF (ml/100 g/min) = TBV
(tissue blood volume, ml/100 g)/MTT (mnean transit time,
min). MTT is the average time that blood passes through
a capillary network with various lengths in a target tissue.
When iodinated contrast material can be considered as
a purely intravascular tracer, during the bolus passage
of contrast material in tissue, and concentration of the
contrast material within tissue, Q(t) with dynamic CT.
In minute scales, contrast material injected as a bolus
for a very short time will fill the entire capillary network
in tissue and arrive at equilibrium, and then wash-out
from the network. The graph of this is called the impulse
residue function, R(t). As Meier and Zierler described,
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Fig. 1. A 42-year-old man with pancreatic head cancer.
The CT image (A) shows a pancreatic head tumor (arrow) that appears on both xenon
CT (B) (TBF=26.0 ml/mg/100 g) and perfusion CT (C) (TBF=33.3 ml/mg/100 g) images.

if contrast material volume is linear with respect to the
arterial input and F is constant in time, the next equation
compiises:
QM=F * Ca()*R(H)

where * is the convolution operator. We know Q(t) and
Ca(t) with dynamic CT, so using opposite convolution
(called as deconvolution), we can calculate F - R().
The height of F « R(t) is TBF, and the area under F
R(t) is TBV. MTT can be calculated with the equation
MTT=TBV/TBE.2 However these equations should be
applied only in tissues such as brain, in which intra-
vascular tracer never permeates into extravascular
space because of the blood brain barrier. While in tissue
such as pancreas, intravascular tracer easily permeates
into extravascular space, so a correction equation for
permeability must be applied to measure TBF correctly.
In tissue with permeability, its R(t) shape changes to a
broad-based graph, because contrast material in extra-
vascular space returns to vessels gradually and slowly
even after the passing of intravascular contrast material.
If the proportion of the contrast material that permeates
into extravascular space is represented as E, R(t) for
contrast material of intravascular space is (1-E)* Ri(t),
and R(t) for contrast material permeated into extra-
vascular space is represented as E * Re(t). As a result,
in tissue with the permeability, TBF is calculated with
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an equation: R(t)=(1-E) * Ri()+E - Re(t).

We used a helical CT unit (LightSpeed Ultra, GE
Healthcare, WI, USA) to measure the TBF of pancreatic
tumors with perfusion CT. The scanning position for
perfusion CT was decided by using precontrast CT of
the upper abdomen for patients with pancreatic tumor.
Two slices of 10 mm in thickness, which were positioned
at the center of a tumor, were selected and fixed. A bolus
infusion of 0.5 ml/kg/ml of 300 mg/ml iodine concen-
tration contrast material (Omnipaque, Daiichi Pharma-
ceutical Co., Lid., Tokyo) at a rate of 5 ml/s was given
via a 20-gauge intravenous catheter using an automatic
injector. Eight seconds after the initiation of contrast
material injection, CT scanning started. During 40 con-
tinuous seconds of breath hold, data were collected. The
parameters of perfusion CT were 120 kVp, 60 mAs. All
CT data were analyzed by an imaging workstation
(Advantage Workstation 4.0, GE Healthcare, W1, USA)
with commercial software (CT perfusion 3, GE Health-
care). The software uses the deconvolution algorithm
as a measurement principle.'®'* This software is de-
veloped with capillary permeability in consideration, as
reported by Johuson et al.,*® so the algorithm of this
software is different from the software used in brain CT
perfusion study. Tumor TBF was determined by placing
the ROI in the same way as in xenon CT (Fig. 1C).

RADIATION MEDICINE



Table 1. Values of tissue blood flow measured by xenon CT

and perfusion CT

Case Pathology Perfusion CT Xenon CT
1 Adenocarcinoma 43.4 26.3
2 Adenocarcinoma 23.1 10.3
3 Gastrinoma 196.2 173.6
4 Adenocarcinoma 50.0 19.7
5 Adenocarcinoma 36.1 542
6 Adenocarcinoma 333 26.0
7 Adenocarcinoma 22.1 454
8 Adenocarcinoma 450 46.9
9 Adenocarcinoma 24.4 243
mi/mg/100 g

Statistical analysis y

Differences in TBF between xenon CT and perfusion
CT were analyzed using regression analysis. A p-value
of less than 0.05 was considered statistically significant.

REsuLTs

The quantitative TBF of pancreatic tumors measured
by perfusion CT ranged from 22.1 to 196.2 ml/min/100
g (mean*S8SD, 52.6+54.8 ml/min/100 g). In contrast,
those obtained by xenon CT ranged from 10.3 to 173.6
ml/min/100 g (mean®SD, 47.4+49.4 ml/min/100 g).
A comparison of the quantitative values obtained by
xenon CT and perfusion CT in each pancreatic tumor is
shown in Table 1. There was a good linear correlation
between xenon CT and perfusion CT (y=0.8537x+2.48,
R2=0.895: p<0.05) (Fig. 2).

In analysis of eight adenocarcinoma cases, the
correlation between xenon CT and perfusion CT was as
follows; y=0.14x+26.7, R2=0.01: p<0.05.

Discussion

Many studies of the quantitative measurement of TBF
have been reported, especially those on brain blood
perfusion, and are based on various methods such as
PET, SPECT, perfusion MRI, xenon CT, and perfusion
CT.'218%27 Among these methods, the nuclear medicine
approach has the longest history and is regarded as the
gold standard for cerebral blood flow.? The weak point
of this method is that nuclear medicine approaches such
as PET and SPECT require radioisotopes and special
equipments, which are very expensive. Moreover, the
spatial resolution of their imaging modalities are much
inferior to that of CT. MRI also can be used for TBF.
However, it is hard to calculate TBF quantitatively,
because the signal enhancement of non-specific MR

Volume 23, Number 5
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Perfusion T

Xenon CT

Fig. 2. All quantitative values are plotted on this graph. A very
good linear correlation is shown (y=0.8537x+2.48, R2=0.895,
p<0.05).

contrast medium, which is a gadolinium complex, does
not show a linear correlation to the concentration of
contrast medium and influences the signal intensity of
vessels and tissues around vessels. CT provides much
clearer and sharper images than other modalities, and
we can evaluate color maps of quantitative TBF and clear
apatomical images with CT at the same time. In addition,
CT 1s the most practical and universal machine on
clinical site and is used frequently for the abdominal
area. One report recently described a good correlation
between cerebral blood flow measured by perfusion CT
and O-PET, which is the gold standard of reference
for cerebral blood flow.!? In non-CNS parts, Faria et al.
reported good correlation between blood flow meas-
urements obtained from *O-PET and perfusion CT at
low and moderate flows.?” Based on these reports, we
hypothesized that perfusion CT would be able to meas-
ure quantitative TBF in pancreas as well.

There are two methods available to calculate TBT with
CT namely, xenon CT and perfusion CT. The history of
xenon CT has about 30 years,”® whereas perfusion CT
was first described by Miles in 1991.%° Regardless of
how long their history, there have been only a few reports
on quantitative pancreatic blood flow measured by
CT.>%3! The scanning time, during which patients had to
hold their breath, was too long for patients to maintain
the same position, although same position must be held
in order to calculate TBF precisely. However, recent
technical innovations of CT, such as fast imaging, have
overcome the problem by reducing breath-holding
duration.
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Kubota et al. reported that TBF measured by xenon
CT might predict the response of pancreatic cancer to
anticancer drugs.’ In their article, they noticed that, in
pancreatic cancer with higher TBF, chemoradiation
therapy decreased the tumor marker, and prognosis was
better than that of cancer with lower TBF; thus they
concluded that the evaluation of TBF with xenon CT in
pancreatic cancer would be useful to predict the ther-
apeutic effect of chemoradiation therapy. To our
knowledge, their report is the first to describe the pos-
sibility of predicting treatment with an anticancer drug
in pancreatic cancer. In this report, they used xenon CT
to calculate TBE, which was used to assess regional TBF
by using the wash-in/wash-out protocol and has been
previously used for the measurement of cerebral blood
flow. However, we thought that xenon CT might not be
practical, because xenon CT requires special materials,
such as xenon gas and specialized equipment, and the
procedure for calculating TBF is complicated.

Compared with the complexity of xenon CT, perfu-
sion CT needs only universally available materials to
measure blood flow, such as iodine contrast material
and a workstation, although CT perfusion software is
required. Moreover, perfusion CT can be performed in
the same clinical session, just before usual dynamic CT
with iodine contrast medium.

In the procedure of perfusion CT, the past method
using the Fick principle requires a very high injection
rate of contrast material via a peripheral vein, such as
10-20 ml/s, rendering it very dangerous in patients with
fragile or thin vessels. However, the new perfusion
technique employed in this study using a central volume
principle with deconvolution algorithm needs only 3-5
ml/s, a normal rate in routine work and much safer than
the past method." The injection rate used in this study
was 5 ml/s, which is the minimum value needed to cal-
culate TBF precisely with this software. If alower injec-
tion rate, shorter injection time, or contrast material with
a low iodine concentration is applied, TBF calculated
with this software is not reliable because of inappropriate
time-density curve. Although continuous breath holding
for 40 seconds, which is the product endorsement, may
be long, this duration is needed to calculate TBF under
this appropriate injection rate. In addition fast imaging
ability and improved image quality has also contributed
to precise measurement of blood flow by decreasing
noise. For these reasons, we considered perfusion CT
much more practical than xenon CT. We thought that if
a good correlation was found between the TBE measured
by xenon CT and perfusion CT, we should use perfusion
CT to calculate the TBF of pancreatic tumor. The result
was, as we showed, that TBF measured by perfusion
CT shows a good correlation with that obtained by xenon
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CT. However, one point of caution is that, when TBF is
measured in tissue with permeability, such as pancreas,
we need to consider leakage of contrast material into
extravascular space, and complicated calculation is
needed. In addition, there is no confirmed model to
measure TBF, unlike that for brain, so further study is
needed to quantify the TBF of tissue with permeability.

There are only a few articles about pancreatic TBF
measured by perfusion CT %! Miles et al. reported that
normal pancreatic blood flow ranged from 1.25 to 1.66
ml/min/ml. Although they also described that TBE was
increased in islet cell tumor and Wilson’s disease, in
contrast it was decreased in a diabetic patient and in a
failing pancreatic transplant.*® Each condition included
only one case, so it is difficult to evaluate the relations
between these values and those diseases. Tsushima et
al. reported that normal pancreatic TBF ranged from
0.554 to 1.698 ml/min/ml and decreased with age.”
These reports focused on normal pancreatic TBF. The
TBF measured by perfusion CT ranged from 22.1 to
50.0 ml/min/100 g in eight adenocarcinomas, which is
well known as a hypovascular tumor. The scale of our
value is different from that of past reports, so it is difficult
to make a simple comparison among these TBF values.
Our report is the first to focus on quantitative TBF of
pancreatic tumor, though we had only nine cases.

One limitation of this study was the restricted slice
number. Twenty millimeters (10 mm slice thicknessx2
slices in perfusion CT) is not always enough to evaluate
whole tumor volume. Wider detectors are becoming
available in new MDCT equipment, such as the 64-
channel MDCT. This means that we will be able to
evaluate the TBF of whole tumors.

Radiation exposure may be another limitation. In our
routine work, we usually apply a test injection method
to determine the precise timing for dynamic study in a
pancreatic tumor case, which needs 30 seconds of expo-
sure, and the estimated CTDI (computed tomography
dose index) volume of a timing scan in routine work is
38.2 mGy, whereas perfusion CT needs 40 seconds of
continuous scanning with a low x-ray tube current. This
chronological enhancement data can be employed in
place of test injection data. The estimated CTDI volume
of perfusion CT is 205 mGy, and that of xenon CT is
279 mGy. The CTDI volume of perfusion CT is as about
five times that of the test injection scan. It is arguable
whether this CTDI volume is too much or within allow-
ance. We consider this CTDI volume within allowance,
because perfusion CT is undergone in the first CT to
understand the patient’s condition and predict the ther-
apeutic effect, and these are very important to evaluate
the patient’s prognosis.

This study was a preliminary study. Our purpose was
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not the differentiation of pancreatic tumor with TBF but
merely an evaluation of the correlation between the TBF
of perfusion CT and that of xenon CT. The number of
cases included in this study was small, and their TBF
values, which reflected variable tumor vascularity, were
distributed widely, leading to the wide standard deviation
in the result. Although only one hypervascular tumor
was included in the nine cases, the TBF correlation
between perfusion CT and xenon CT is a challenge for
the future.

In conclusion, the tissue blood flow of pancreatic
tumors measured by xenon CT and perfusion CT tech-
niques showed a good linear correlation. We can expect
that perfusion CT based on a deconvolution algorithm
may be as useful to predict the effect of pancreatic tumor
treatment with anticancer drugs as xenon CT.
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Puncture of Solid Pancreatic Tumors Guided by
Endoscopic Ultrasonography: A Pilot Study Series
Comparing Trucut and 19-Gauge and 22-Gauge

Aspiration Needles

Background and Study Aims: The aim of this prospective study ’

was to compare endoscopic ultrasonography-guided Trucut nee-
dle biopsy (EUS-TNB) with EUS-guided fine-needle aspiration
biopsy (EUS-FNAB) using 19- and 22-gauge needles for biopsy
from different sites in patients with solid pancreatic cancers.
Patients and Methods: Sixteen consecutive patients with mas-
ses in the uncinate process (n=3), the head (n=>5), or the body
and tail (n=8) of the pancreas underwent both EUS-TNB and
EUS-FNAB. The specimens obtained were evaluated by histopa-
thological analysis alone

Results: Tissue specimens were obtained by Trucut needle, and
by 19-gauge and 22-gauge aspiration needles in 69%, 69%, and
100% of patients respectively. Sensitivity for malignancy was
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69% for all needles. Tissue sampling by Trucut and by 19-gauge
aspiration needle from masses in the uncinate process was im-
possible. The sensitivity of the Trucut and 19-gauge aspiration
needles was 100% in the 11 patients with successful procedures.
If Trucut or19-gauge aspiration needles had been used for body
and tail masses, and the 22-gauge aspiration needle for masses
in the uncinate process and head, the sensitivity for malignancy
would have been 81 %.

Conclusions: EUS-TNB allows reliable tissue sampling for the di-
agnosis of pancreatic masses, but its use is limited to lesions in
the body and tail of the pancreas. EUS-FNAB using a 22-gauge
needle may be useful for accurate diagnosis in some patients
with masses in the uncinate process or the head of the pancreas.

sduction

Endoscopic ultrasonography (EUS) is an essential tool in thé ex-
amination of pancreatic masses [1-2]. A limitation of this tech-
nique, however, has been its inability to provide histological con-
firmation of diagnosis. Fine-needle aspiration biopsy (FNAB)
guided by EUS (EUS-FNAB) is a safe and precise procedure for
the diagnosis of pancreatic masses {3 - 9]. In most of these stud-
ies which reported high levels of diagnostic accuracy, a cytopa-
thologist was present during the procedure to ensure that ade-
quate cytological specimens were obtained. However, not all
centers have a cytopathologist available during the procedure
and, even if there is a cytopathologist in the endoscopy suite,
the diagnosis of well-differentiated adenocarcinoma of the pan-

creas based on interpretation of cytological specimens alone is
often difficult [10]. Investigators have therefore described and
assessed the usefulness of aspiration needles of various diame-
ters for obtaining tissue core biopsy specimens from pancreatic
masses [11,12].

The recently developed EUS-applicable 19-gauge Trucut biopsy
needle has been shown to obtain tissue core specimens with a
high diagnostic accuracy [13,14]. In EUS-FNAB and in Trucut nee-
dle biopsy {TNB) guided by EUS (EUS-TNB), the puncture route
for biopsy of pancreatic masses ranges widely, from the transgas-
tric route to-puncture through the third part of the duodenum,
depending on the site of the mass. Little is currently known
about how the accuracy of puncture by Trucut needle differs
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from site to site in pancreatic tumors. The objective of this pro-
spective study was to compare three different needles in EUS-
guided punctures of different pancreatic sites in patients with
solid pancreatic cancers.

EUS-FNAB and EUS-TNB Techniques

In this study, three different needles were compared in the same
patient at one procedure. We performed EUS-FNAB by using dis-
posable 19- and 22-gauge aspiration needles (Echotip; Wilson
Cook Medical Inc., Winston-Salem, North Carolina, USA) and
EUS-TNB using 19-gauge Wilson Cook QuickCore Trucut needles.

The EUS-FNAB technique is well established [3-9]. Briefly, the
needle was advanced into the lesion under direct EUS visualiza-
tion. The central stylet was removed, a 10-ml syringe with exten-
sion tubing was attached to the hub of the needle, and suction
was applied as the needle was moved backward and forward
within the lesion. This extension and retraction of the needle
was repeated ten times within the lesion in one puncture ses-
sion. The needle was then retracted into the catheter and the en-
tire catheter was removed. The tissue specimens obtained were
fixed immediately in formalin by releasing the syringe.

The specifications and puncturing technique of the newly devel-
oped Trucut needle have been described in detail in previous re-
ports [13,14]. In EUS-TNB, the needle was not set in the firing po-
sition before introduction into the EUS scope. After it was ad-
vanced into the target tissue under EUS visualization, its position
was maintained while the spring handle was pulled back until it
clicked into the firing position. The 20-mm tissue tray was then
extended fully, and the spring-loaded mechanism was triggered,
driving the cutting needle over the tissue tray. After firing, the
biopsy needle was retracted into the sheath, and the entire as-
sembly was removed from the EUS scope.

Because there was no cytopathologist in the endoscopy room to
evaluate the quality of the aspirated specimens on-site, the ade-
quacy of biopsy specimens obtained by EUS-FNAB and EUS-TNB
was evaluated by gross inspection alone. The procedure finished
after such inspection confirmed the presence of tissue. If a needle
was not able to exit from the channel at the scope tip due to the
degree of the angle, the needle was retracted and the device was
set at a new angle.

Comparison Between EUS-TNB and EUS-FNAB

This study was performed between July 2003 and October 2003
in 16 consecutive hospitalized patients with pancreatic cancer
(ten men, six women; mean age 62, range 58 - 80), who under-
went both EUS-FNAB and EUS-TNB. All the pancreatic masses
had been discovered before this study began by extra-abdominal
ultrasound, computed tomography, clinical symptoms of weight
loss, abdominal pain, and obstructive jaundice, and the finding of
a high serum level of carbohydrate antigen 19 - 9. The site of pan-
creatic cancer was the uncinate process in three patients, the
head of the pancreas in five patients and the body and tail region
in eight patients.
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All patients received oropharyngeal anesthesia and were sedated
with injections of 3 - 10 mg diazepam. Evaluation of the pancre-
atic mass for staging was performed first, using a radial scanning
endo echoscope (GF-UM-C2000; Olympus Optical, Co., Tokyo, Ja-
pan). EUS-FNAB was then performed using the Olympus GF-
UCT2000 curved linear array echo endoscope. A transgastric ap-
proach was used for lesions in the body and tail region of the
pancreas, and the transduodenal approach was used for lesions
in the head and uncinate process of the pancreas. All patients

.agreed to undergo this procedure using the three different nee-

dles and gave written informed consent to their participation in
the study. The study was approved by the Institutional Review
Board of our institution.

Histological Diagnosis

The samples obtained in this study were evaluated by histopa-
thological analysis alone. Histopathological examination of biop-
sy specimens was performed using standard hematoxylin and
eosin (H & E) staining. The maximum length of each sample was
measured, excluding blood clots. The histological findings were
classified as malignant, atypical, or benign. When representative
material was not present, the specimens were interpreted as in-
adequate. Two expert pathologists, who did not have any clinical
information about the patients, reviewed the histological speci-
mens separately.

Data Analysis

The sensitivity of EUS-FNAB or EUS-TNB and the resulting H & E-
stained specimens was determined by comparing their results
with final surgical or autopsy pathological diagnoses, or with
the results of clinical follow-up of at least 10 months’ duration.
In the latter case, lesions were considered to be malignant if
there was clinical progression of disease or if there was a re-
sponse to chemotherapy. The size of the biopsy specimens was
carefully calculated by microscopic measurement. Indetermi-
nate histological results (an inadequate specimen or atypical ap-
pearances) were considered to be errors when sensitivity was
determined. Intragroup comparisons were made using the chi-
squared test.

EUS-FNAB and EUS-TNB were performed, with no procedure-
related complications, in 16 patients in whom a pancreatic can-
cer had been visualized by conventional EUS. The initial results
of these procedures are summarized in Table 1. The mean size of
all the masses in the whole group of patients was 36.3 mm, and
the mean sizes of the masses in the uncinate process, the head,
and the body and tail regions of the pancreas were 27.7 mm,
36.6 mm, and 39.3 mm, respectively.

Pancreatic tissue specimens were obtained by Trucut needle
biopsy in 11 of the 16 patients (69%) (Table 1, Figure 1). Tissue
sampling from masses in the uncinate process of the pancreas
using a Trucut needle was impossible in all three patients. Al-
though these masses were visualized on the puncture route, be-
fore the needle was passed into the accessory channel, in two of
these three patients, images of the mass disappeared from the
puncture route because deflection of the tip of the endoscope
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Table1 Initial results of endoscopic ultrasonography-guided Trucut needle biopsy (EUS-TNB) and endoscopic ultrasonography-guided fine-

needle aspiration biopsy (EUS-FNAB) of solid pancreatic masses in 16 patients

Route of needle

Location of tumor No. of Mean size of mass Success rate (mean no. of passes)
cases passage (range), mm

EUS-TNB with FUS-FNAB with EUS-FNAB with
19-gauge Trucut 19-gauge Echotip 22-gauge Echotip

Uncinate process 3 Transduodenal 27.7 (25-30) 0/3 (0) 0/3 (0) 3/3(1.7)

Head 5 Transduodenal 36.6 (34-40) 3/5(1.4) 3/5(1.6) 5/5(1.6)

Body/tail 8 Transgastric 39.3 (24-52) 8/8 (1) 8/8 (1.1) 3/8(1.4)

Total 16 36.3 11/16(1.2) 1116 (1.3) 16/16 (1.5)

Mean size of specimens 3.4(2.0-5.2) 1.6 (0.8-2.4) 0.7 (0.3-1.2)

(range), mm

Table2 Histological diagnosis of the biopsies obtained by EUS-
TNB and by EUS-FNAB

Histological EUS-TNB EUS-FNAB

diagnosis 19-gauge 19-gauge 22-gauge
Trucut needle Echotip needle Echotip needle

Benign 0 0 0

Malignant 11 (100%)* 11 (100%)t 11 (69%) *F

Atypical 0 2(12%)

Inadequate 0 3(19%)

specimen

Total 1T 13! 16

* p<0.05, chi-squared test (Trucut vs. 22-gauge Echotip).

{ P<0.05, chi-squared test (19-gauge Echotip vs. 22-gauge Echotip).

was restricted by the advance of the needle; in the other patient,
the mass was visualized on the puncture route but tissue sam-
pling was impossible due to the strong resistance encountered
when the needle was advanced. Tissue specimens were obtained
in three of the five patients (60%) with masses in the pancreatic
head: in the remaining two patients, tissue specimens could not
be obtained because the advancing needle met with strong re-
sistance. Tissue specimens were obtained from all patients with
masses of the pancreatic body and tail region. Similar results
were obtained using the 19-gauge aspiration needle. In contrast,
tissue specimens or fragments were obtained by the 22-gauge
needle from all patients, regardless of the location of their pan-
creatic mass (Table 1).

The mean size of tissue specimens obtained by Trucut needle
was 3.4 mm. The 19-gauge aspiration needle was equally suc-
cessful in obtaining tissue samples (in 11/16 patients), but these
specimens were smaller (mean size 1.6 mm)than those obtained
by the Trucut needle. Tissue fragments were aspirated in all 16
patients by the the 22-gauge aspiration needle (Figure 2). The
mean size of these fragments was 0.7 mm. The mean size of the
tissue samples obtained with the Trucut needle was therefore
greater than the mean size of samples obtained using the aspira-
tion needles.

The mean number of passes of the three different needles in pa-
tients in whom the needle could be advanced was 1.2 for the Tru-
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cut needle, 1.3 for the 19-gauge Echotip needle, and 1.5 for the
22-gauge Echotip needle. The mean number of needle passes in
cases in which the needle could be advanced in patients with
masses in the uncinate process was 1.7. In patients with masses
in the head of the pancreas, the mean number of needle passes
for the three needles showed similar results (Trucut, 1.4; 19-
gauge Echotip, 1.6; and 22-gauge Echotip, 1.6). In patients with
masses in the body and tail region, the mean number of passes
was 1.0 for the Trucut needle, 1.1 for the 19-gauge Echotip needle,
and 1.4 for the 22-gauge Echotip needle, respectively. There was
a statistically significant difference between the Trucut and 22-
gauge aspiration needles in terms of the number of passes
(P<0.05).

Table 2 shows the histological diagnosis by EUS-FNAB and EUS-
TNB. The sensitivity for malignancy was 69% (11/16) regardless
of the needles used. When the calculation of the sensitivity was
limited to the 11 patients in whorn the procedure was technically
possible, both TNB and FNAB using a 19-gauge needle provided a
correct diagnosis in all cases (11/11). There was a statistical dif-
ference between these results and the results of FNAB using a
22-gauge needle, which provided a correct diagnosis in 11 pa-
tients of the 16 in whom the procedure was technically feasible
(69%, P<0.05) (see Table 2). FNAB using a 22-gauge needle pro-
duced three inadequate and two atypical samples. The 22-gauge
aspiration needle provided a correct diagnosis in two out of three
patients with masses in the uncinate process (67%), in three of
five patients with masses in the pancreatic head (60%), and in
six out of eight patients with masses in the body and tail region
(75%). Among the five patients with indeterminate specimens,
the final histological diagnosis, made from EUS-TNB specimens,
was well-differentiated pancreatic adenocarcinoma in four pa-
tients and moderately differentiated adenocarcinoma in one pa-
fient.

“Theoretically, a pancreatic core biopsy specimen has many ad-

vantages compared with a cytological specimen in terms of im-
proving the diagnostic yield. In the present study, because a cy-
topathologist was not present during the procedures, we asses-
sed the diagnostic accuracy using the three different needles by
histological analysis alone. To date there have been no reports on
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Figure1 Trucut biopsy of a pancreatic mass. a The Trucut needle is
identified by its strong echo, advancing into the mass under visualiza-
tion by direct linear array endoscopic ultrasound. b Histological view of
tissue obtained by Trucut needle biopsy guided by endoscopic ultraso-
nography after staining with hematoxylin and eosin [H & E], showing
poorly differentiated adenocaricnoma of the pancreas (x 4, bar length
1 mm).

how the accuracy of puncture with Trucut and with small- and
large-caliber aspiration needles differs according to the site of
the tumor in patients with pancreatic masses, although some in-
vestigators have tried to assess how to use different needles in
small numbers of cases [13,14].

In this study we used three different needles: 69% of the tissue
specimens obtained by Trucut and by 19-gauge aspiration nee-
dles were found to be analyzable; the rate for the 22-gauge nee-
dle was 100%. This result for the 22-gauge needle was slightly
higher than the 88% to 90% rates previously reported [3 -9], but
the results for the 19-gauge aspiration needle and the Trucut
needle were lower than those found previously. The cause of the
lower numbers of analyzable specimens obtained by these two
needles may be related to the location of the pancreatic masses.
For masses in the uncinate process, we were unable to perform
either EUS-FNAB with the 19-gauge needle or EUS-TNB. Al-
though the small number of patients and the smaller size of un-
cinate process masses may have a bearing on these poor results,
we thought that the main factor was that the degree of deflection
of the endoscope tip required to bring the pancreatic masses into
an appropriate position precluded extension of the needle from
the accessory channel. It was also difficult to obtain tissue speci-
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Figure2 Photomicrograph of representative tissue samples obtained
by endoscopic ultrasonography-guided fine-needle aspiration biopsy
using a 22-gauge needle (H & £, x4, bar length 1 mm).

mens from the head of the pancreas. Similar problems and re-
sults have been described when large-caliber needles were used
for EUS-FNAB or EUS-TNB [11 - 14]. Binmoeller et al. [ 11] used an
18-gauge aspiration needle to biopsy pancreatic masses and ob-
tained analyzable histological specimens from 78% of patients
(31/40), compared with adequate cytology specimens from 85%
(34/40). They also described failures with FNAB in five patients.
Although we.do not know about the location of masses in these
patients, they reported that all four patients with false-negative
FNAB results had masses in the head of the pancreas. As for 19-
gauge Trucut needles, Larghi et al. [14] reported that analyzable
tissue specimens were obtained from 17 out of 23 pancreatic
masses (74 %), of which four were masses of the head of the pan-
creas (4/10, 40%) and 13 were masses of the body and tail region
(13/13, 100%). These data were similar to our results, Although
the results of our study showed no difference between the 19-
gauge aspiration needle and the Trucut needle, our study and
other studies [12-14] suggest that indications for using large-
caliber needles like the 19-gauge needles, especially the current
Trucut needle, for lesions in the uncinate process and the head of
the pancreas that are approached transduodenally are limited,
and that these needles are better suited for biopsy of lesions in
the body and tail of the pancreas that are approached transgas-
trically.

In the present study, the sensitivity for malignancy was 69% for
all three needles. In previous reports, the sensitivity for detection
of solid pancreatic neoplasms by histological specimens obtain-
ed using 18- and 22-gauge aspiration needles was 53% (9/17)

[11] and 74% (55/74) [12], respectively. Both these and our own .

sensitivity results are lower than those achieved in. previous
large series in which results were based on cytological diagnosis
with a cytopathologist present during the procedure [3-9]. In
the case of the 22-gauge needle, this discrepancy may be due
mainly to the existence of a cytopathologist. It is noteworthy
that the sensitivity was 100% for both EUS-TNB and EUS-FNAB
using 19-gauge needles when the calculation of the sensitivity
was limited to the 11 patients in whom the procedure was tech-
nically possible. This result is simnilar to results reported pre-
viously for 19-gauge Trucut needles [13,14]. In these studies,
the sensitivity of Trucut needle biopsy in patients with pancreat-
ic neoplasms was 67% (2/3) [13] and 67 % (8/12) [14]. The sensi-
tivity of EUS-TNB has also been found to be higher than that of
EUS-FNAB [14,15]. Interestingly, if we had used 19-gauge aspira-
tion or Trucut needles in patients with masses of the body and
tail regions of the pancreas and 22-gauge aspiration needles in
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patients with the masses of the uncinate process and pancreatic
head, the sensitivity would have been 81 % (13/16).

The mean number of passes of the Trucut needle was no different
from the mean number of passes of the aspiration needles in
biopsies of the pancreatic head masses. However, the number of
passes of the Trucut needle was lower than that of the 22-gauge
needle for masses in the body and tail region of the pancreas. In
addition, during the EUS-TNB procedure, there was no need to
move the needle in the mass, resulting in shorter procedure
times compared with biopsies with the aspiration needles, in
which the extension-retraction maneuver had to be repeated
ten times per pass. As previously reported, this result points to
the usefulness of the Trucut needle, which provides adequate
biopsy samples with one puncture alone, compared with the as-
piration needle, especially in the biopsy of pancreatic masses
that bleed easily [13,14]. In the present study, FNAB by 22-gauge
needle produced three inadequate and two atypical samples. [n
four of these five patients, a diagnosis of well-differentiated pan-
creatic adenocarcinoma was made using specimens obtained by
Trucut needle.

In the present study, the mean size of the specimens obtained by
the 22-gauge needles was 0.7 mm, which was less than the mean
size of the specimens obtainable with 19-gauge aspiration and
Trucut needles. The larger specimens obtained by Trucut needle
may be helpful for the diagnosis of malignancy. In the future, fur-
thermore, we believe that large tissue samples obtained by EUS-
TNB may contribute to the therapy of pancreatic diseases be-
cause of their usefulness for gene or immunohistochemical anal-
ysis.

In the current study, no early or late procedure-related complica-
tions occurred with any of the needles. In general, EUS-FNAB has
proved to be remarkably safe in experienced hands, with report-
ed complication rates of 2.5% or less [3,4,6,9]. EUS-TNB caused
no complications in previous reports [13,14]. The lack of compli-
cations in this study may be related to the lower number of pas-
ses.

In conclusion, EUS-TNB provides for reliable tissue sampling for
the diagnosis of pancreatic masses with fewer punctures than
are needed for conventional EUS-FNAB, though it would be nec-
essary to accumulate greater numbers of clinical cases to assess
this procedure more thoroughly. Its indications, however, are
limited, because it cannot be used for lesions in the uncinate pro-

Itoi T et al. Comparison of EUS-TNB and EUS-FNA in EUS-Guided Puncture of Pancreatic Tumors -

cess of the pancreas. Trucut needle biopsy is best for lesions in
the body and tail regions of the pancreas. Its indications for le-
sions in the head of the pancreas may also be restricted, depend-
ing on tumor location and size. In such cases, EUS-FNAB using a
22-gauge needle may be useful for accurate diagnosis.
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Background. The development of equipment and con-
trast agents for ultrasound imaging has contributed to
major breakthroughs in the diagnosis of pancreatic tu-
mors. We aimed to determine the diagnostic effective-
ness of contrast ultrasound with Levovist, using the
Agent Detection Imaging (ADI) technique, in 50 pa-
tients with pancreatic tumors. Methods. We studied 50
cases of histologically proven pancreatic disease; 39 car-
cinomas, 2 endocrine tumors, 4 intraductal papillary
mucinous carcinomas (IPMCs), and 5 cases of tumor-
forming pancreatitis (TFP). Vascular and perfusion im-
ages of contrast-enhanced ultrasound (CE-US) were
used for the evaluation of tumor vascularity and paren-
chymal perfusion of the tumor, respectively. The hemo-
dynamics of the tumor, and the diagnostic capacity of
CE-US were compared with those shown by computed
tomography (CT). The histological diagnosis in all cases
was made from either biopsy or surgical specimens.
Results. Thirty-four cases of pancreatic carcinoma
(87%) showed a hypovascular and hypoperfusion pat-
tern. The endocrine tumors showed a heterogeneous
hypervascular and hyperperfusion pattern. All IPMC
cases showed hypervascularity of the nodules inside the
tumors. TFP showed an isovascular and homogeneous
isoperfusion pattern. When tumors showing a hypo-
vascular or hypoperfusion pattern on CE-US were diag-
nosed as carcinomas, 34 of the 39 carcinomas (87%) fit
this criterion, with a 95% confidence interval (CI) of
73%-96%, whereas, on CT, 31 of the 39 were diagnosed
as carcinoma; (sensitivity, 79%). The sensitivity and
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accuracy of CT were inferior to those of CE-US.
Results of comparison between the CE-US findings and
the histological diagnosis were as follows. The one
papillary adenocarcinoma showed a hypervascular and
hyperperfusion pattern; the 32 well or moderately dif-
ferentiated adenocarcinomas showed a hypovascular
and hypoperfusion pattern; and in the poorly differenti-
ated adenocarcinomas, 2 cases of scirrhous type showed
a hypovascular and hypoperfusion pattern, and the 4
cases of medullary type showed an isovascular and
isoperfusion pattern. Conclusions. The differences in
vascularity of pancreatic carcinomas depicted by CE-
US were associated well with differences in histology.
CE-US, by the ADI technique, is useful for the diagno-
sis of pancreatic tumors.

Key words: ultrasound contrast imaging, Agent Detec-
tion Imaging, pancreatic tumor, grade of histological
differentiation

Introduction

The capacity to diagnose pancreatic tumors has made
major progress with the advent and spread of various
diagnostic imaging techniques, such as ultrasound (US),
computed tomography (CT), CT-guided fine-needle
aspiration biopsy (CT-FNAB), endoscopic US (EUS),
and EUS-FNAB.!-® Also included among these tech-
niques is contrast-enhanced US (CE-US), which
is performed in connection with angiography, using
hand-agitated carbon dioxide microbubbles. This latter
technique has been reported to be useful not only in the
diagnosis of hepatic tumors®'® and gallbladder!! lesions
but also for pancreatic lesions.”? Conventional power
Doppler US and tissue harmonic imaging (THI) do not
need a contrast agent and are noninvasive and easy to
carry out, and thus have played a major role in the
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Table 1. CE-US imaging with ADI in 50 pancreatic tumors
Vascular image (1 = 50) Perfusion image (n = 46)

No. of
Diagnosis cases Hypo Iso Hyper Hypo Iso Hyper
Pancreatic carcinoma 39 34 (87%) 4 (10%) 1(3%) 34 (87%) 4 (10%) 1(3%)
Endocrine tumor 2 0 (0%) 0 (0%) 2 (100%) 0 (0%) 0 (0%) 2 (100%)
IPMC 4 0 (0%) 0 (0%) 4 (100%) NA NA NA
TFP 5 1 (20%) 4 (80%) 0 (0%) 0(0%) 5 (100%) 0 (0%)

IPMC, intraductal papillary mucinous carcinoma; TFP, tumor-forming pancreatitis; NA, not available

diagnosis of pancreatic lesions from the viewpoint of
assessment of vascularity.'>!*

Recently, intravenous contrast agents for US, such as
Levovist (Schering, Berlin, Germany) have been devel-
oped, and it has become possible to investigate not only
the vascularity of the lesion but also the perfusion of the
lesion noninvasively.

The effectiveness of CE-US techniques, using
Levovist, has been reported in the diagnosis of hepatic
Jesions.'* In particular, Agent Detection Imaging
(ADI), which has been developed by Siemens-Acuson
(Mountainview, CA, USA), has a high sensitivity for
Levovist and is expected to be effective in the diagnosis
of liver diseases.?#

In pancreatic diseases, however, the effectiveness of
CE-US has only been reported with color Doppler im-
aging,® pulse inversion harmonics (PIH),* and coded
phase inversion harmonic imaging.”

In this study, the diagnostic effectiveness of a tech-
nique using Levovist and ADI was evaluated by com-
paring the results, reviewed by blinded experts, with
those of histologically proven pancreatic tumors. This
differential diagnosis of pancreatic tumors, using CE-
US with ADI, compared with histological evaluation,
has not been reported before.

Patients, materials, and methods

We studied the pancreatic tumors of 50 patients who
nhad been treated in our hospital during the period from
September 2000 to December 2002. There were 39 pan-
creatic carcinomas, 2 endocrine tumors, 4 intraductal
papillary mucinous carcinomas (IPMCs), and 5 cases of
tumor-forming pancreatitis. The histological diagnosis
was obtained from EUS-FNAB in 30 patients, endo-
scopic and percutaneous biopsy in 9, and surgical speci-
mens in 11. Also, 6 healthy volunteers were investigated
as a control group.

The US equipment used was a Sequoia 512 (Siemens-
Acuson; Mountainview, CA, USA), and the probe was
a convex array electronic transducer 4CL Levovist
(2.5g) was prepared at a dose of 300mg/ml, and a bolus
of 7ml was injected through the median cubital vein, at

a speed of 1ml/s. The imaging mode used was the ADI
technique. The parameters for imaging included: me-
chanical index (MI), 1.4-1.9; transmission frequency,
2.0MHz; and receiving frequency, 4.0 MHz.

After the detailed observation of the lesion in B-
mode, vascular images were depicted for 60s after the
injection of the contrast agent, at the speed of 5 frames/
s (fps) with breath-holding, focusing on the blood-flow
dynamics in the lesion and surrounding pancreatic tis-
sue. Subsequently, perfusion images were depicted for
1805 after the injection of the contrast agent, with inter-
mittent transmissions for periods of 2-10s to observe
the enhancement of the lesion.

In both the vascular and the perfusion images, the
blood-flow signal in the tumor was compared with
that in nontumor regions and classified into patterns,
depending on the signal intensity, as hypervascular
and hyperperfusion: isovascular and isoperfusion; or
hypovascular and hypoperfusion. The results were cat-
egorized into three groups; “hyper”, “iso”, and “hypo”
signals, respectively (Table 1).

Images were recorded for tumors in all 50 patients,
and the data were interpreted by three blinded readers
(D.N., HI, and FE.M.), who with expertise in contrast
US studies. These readers were not informed regarding
the patients’ backgrounds or diagnoses.

The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and accuracy
for diagnosis were calculated. The cutoff criterion was
that the hypovascular or hypoperfusion pattern was di-
agnosed as pancreatic carcinoma; the 95% confidence
interval (CI) was calculated using Microsoft Excel
(version 5.0; Redmond, WA, USA). The hemodynam-
ics of the tumor and the diagnostic capacity of CE-US
were compared with those of CT.

This study was approved by the Tokyo Medical Uni-
versity Institutional Ethics Review Board for Clinical
Studies. All subjects gave their informed consent for the
study.

Results

The locations of the tumors were: the head (26 cases),
uncus (4 cases), body (7 cases), and tail (13 cases).
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All these tumors could be imaged by conventional US.
The size of the tumors ranged from 12mm to §3mm
(average, 35.1mm) in diameter.

In the 6 healthy volunteers, the pancreas image
started to become enhanced in 10-20s, and was homo-
geneously enhanced for 30s on average.

Table 1 shows the results of the CE-US imaging. On
vascular imaging, the tumors showed a hypervascular
pattern in 7 cases, isovascular pattern in 8 cases, and
hypovascular pattern in 35 cases. On perfusion imaging,
the tumor showed a hypervascular pattern in 3 cases,
isovascular pattern in 9 cases; and hypovascular pattern
in 34 cases. There was no parenchyma to be visualized
in the 4 cases of IPMC.

The vascular images of the 39 pancreatic carcinomas
were classified into three patterns: hypovascular (Fig.
1b) in 34 cases (87%); heterogeneous isovascular (Fig.
2b) in 4 cases; and hypervascular (Fig. 3b) in 1 case.

The perfusion images were classified into three
patterns: hypoperfusion (Fig. 1c) in 34 cases (87%)
heterogeneous isoperfusion (Fig. 2c) in 4 cases, and
hypervascular (Fig. 3c) in 1 case.

In all tumors, the vascular images and perfusion im-
ages coincided in enhancement behavior. The tumors
with a hypovascular and hypoperfusion pattern did not
totally lack the flow signal, but rather, exhibited weak
punctate or fine arborizing patterns of flow signals
inside the tumor (Fig. 1b, c).

The two pancreatic endocrine tumors showed a het-
erogeneous hypervascular and hyperperfusion pattern
throughout the tumor (Fig. 4)

All IPMCs had heterogeneous, hypervascular nod-
ules on the vascular images (Fig. 5).

Tumor-forming pancreatitis showed the following
vascular image patterns: isovascular (Fig. 6b) (4 cases;
80%) and hypovascular (1 case; 20%). All cases of
tumor-forming pancreatitis showed a diffuse and homo-
geneous isoperfusion pattern on perfusion imaging
(Fig. 6¢).

The sensitivity, specificity, and accuracy of the CE-
US were calculated as follows. The criterion was that,
among the 46 cases of pancreatic tumors (excluding
IPMC), those cases with a hypovascular and hypoper-
fusion pattern on CE-US were diagnosed as pancreatic
carcinoma. This criterion fitted in 34 of the 39 pancre-
atic carcinomas (87%; 95% confidence interval [CI],
73%-96%). For the vascular imaging, the sensitivity
was 87.2% (34/39); the specificity was 85.7% (6/7); the
PPV was 97.1% (34/35); the NPV was 54.5% (6/11); and
the accuracy was 87.0%. For the perfusion imaging, the
sensitivity was 87.2% (34/39); the specificity was 100%
(7/7); the PPV was 100% (34/34); the NPV was 58.3%
(7/12); and the accuracy was 89.1%.

The histological classification of the pancreatic carci-
nomas was: papillary adenocarcinoma in 1 case; well

or moderately differentiated adenocarcinoma in 32
cases; and poorly differentiated adenocarcinoma in 6
cases.

The papillary adenocarcinoma showed a hyperv-
ascular and hyperperfusion pattern; all 32 well or mod-
erately differentiated adenocarcinomas showed a
hypovascular and hypoperfusion pattern; 2 of the 6
poorly differentiated adenocarcinomas were scirrhous
type and showed a hypovascular and hypoperfusion
pattern, and the 4 other poorly differentiated adenocar-
cinomas were medullary type and showed an isovas-
cular and isoperfusion pattern. »

A flow chart of the for the diagnosis of pancreatic
tumors by CE-US is shown in Fig. 7. .

Table 2 shows a comparison of vascularity on CT and
CE-US in the 50 pancreatic tumors examined. All pan-
creatic tumors were depicted on CE-US. However, he-
lical CT depicted 46 of the 50 tumors and failed to
detect 4 tumors, which were all pancreatic carcinomas
of 2cm or less in size. The detection rate of pancreatic
carcinoma was 89.7% on CT, compared with a detec-
tion rate of 100% on CE-US. When cases showing
hypovascularity on CT were diagnosed as pancreatic
carcinoma, the sensitivity was 79.5%; the specificity was
100%; the PPV was 100%; the NPV was 57.9%; and the
accuracy was 84.0%. The rate of concordance of the
enhancement pattern between CE-US and CT was 86%
(43/50 tumors). Two of the 39 pancreatic carcinomas
(5.1%), 1 case of TFP, and all cases of IPMC showed
different enhancement patterns on CE-US and CT.

Discussion

Several diagnostic modalities have been used for the
contrast imaging of pancreatic tumors. X-ray angiogra-
phy or US angiography with carbon dioxide micro-
bubbles have been used for the evaluation of vascularity
(vascular imaging), and dynamic CT has been used for
the evaluation of parenchymal perfusion.

Another diagnostic modality, CE-US, has been per-
formed simultaneously with X-ray angiography, using
hand-agitated carbon dioxide microbubbles, for the di-
agnosis and evaluation of blood flow to pancreatic tu-
mors.”? Large carbon dioxide microbubbles, 30-40um in
diameter, are used in this technique. Therefore, blood
vessels that are larger than arterioles can be visualized
by embolizing them. This technique is therefore not
suitable to visualize parenchymal perfusion, although it
effectively provides a birds-eye view of the vasculature
of the lesion." :

Levovist microbubbles, on the other hand, are
microbubbles of 2-3um in diameter, which can easily
pass through the capillaries,'¢ thus allowing evaluation
of the actual perfusion of the organ or lesion as well as
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Fig. 1la—c. A case of moderately ditferentiated adenocarci-
noma of the pancreatic head. B-mode ultrasound (US)
showed a hypoechoic tumor (a), and contrast-enhanced (CE)-
US revealed a hypovascular pattern and punctate flow signals
throughout the lesion both on the vascular image (b) and the
perfusion image (c). Arrowheads in a show the outline of the
tumor

Fig. 2a—c. A case of poorly differentiated adenocarcinoma
seen in the tail of the pancreas. B-mode US showed a
hypoechoic tumor (a), and CE-US revealed a heterogeneous
isovascular pattern throughout the lesion both on the vascular
image (b) and the perfusion image (c). Arrowheads in a—c
show the outline of the tumor
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Fig. 4a—c. A case of pancreatic endocrine tumor, B-mode US
showed a hypoechoic¢ tamor (a), and CE-US revealed a het-
erogeneous hypervascular pattern throughout the lesion both
on the vascular image (b) and the perfusion image (c). Arrow-
heads in a to ¢ showthe outline of the tumor

its arterial vessels. Levovist contrast imaging requires
intermittent scanning, because the signals from the
microbubbles are obtained when high-MI US destroys
the microbubbles.” The ADI used in this study is a
Fig. 3a—c. A case of papillary adenocarcinoma of the pancre-  specific contrast mode for the high-MI contrast agent,

atic head. B-mode US showed a hypoechoic tumor (a), and  Levovist. The ADI technique is similar to the Doppler

CE-US revealed.a heterogeneous hypeyvascular pattern mode, ie., visualizing the signal coming from the
throughout the lesion, both on the vascular image (b) and the -

perfusion image (c). Arrowheads in a-c show the outline of
the tumor




