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Fig. Sa,b.. A case of intraductal papillary mucinous-carcinoma
(IPMC) of the pancreatic head. B-mode US showed nodules
(arrowheads) in the cyst (a), and CE-US revealed heteroge-
neous hypervascular nodules (arrowheads) on the vascular
image (b)

bubbles with a loss-of-correlation (LOC) effect. Fur-
thermore, as the ADI also displays an overlying B-
mode image obtained with the fundamental low-MI
pulse, it is possible to display, separately, the back-
ground gray-scale tissue image and the color-encoded
ADI image of the microbubbles.!” The background
gray-scale image therefore helps us to recognize the
relationship between the signals from the microbubbles
and the tissue.

With the ADI technique, more accurate diagnosis of
pancreatic tumors than that achieved with the conven-
tional methods can be expected, because both vascular
and perfusion images are investigated with this
technique.

The patterns of enhancement of the pancreatic tu-
mors in this study were classified into three types, of
which the hypovascular pattern (hypovascular and
hypoperfusion) was most frequently seen in the car-
cinomas. Notably, all cases showing hypovascular

Fig. 6a—c. A case of tumor-forming pancreatitis (TFP) of the
pancreatic head. B-mode US showed a hypoechoic area (a),
and CE-US revealed an isovascular pattern on the vascular
image (b), and a diffuse homogeneous isoperfusion pattern on
the perfusion image (¢). Arrowheads in a to ¢ show the outline
of the tumorous area

and hypoperfusion patterns exhibited punctate or fine
branching flow signals inside the tumor. These findings
indicated that pancreatic carcinomas have a fair amount
of blood flow at the capillary level, even though these
tumors have been considered to be avascular on X-ray
angiography.
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Table 2. Comparison of vascularity shown on CT and CE-US in 50 pancreatic tumors

CEUS __(vasc'ular/perfusion)

N CT No. of cases - -
Diagnosis (early/late) (n = 50) Hypo/Hypo Isofso Hypo/lso Hyper/Hyper
Pancreatic carcinoma Hypo/Hypo 31 30 1
Iso/Tso 3 3
Hypo/lso 1 y)
Hyper/Hyper 0
ND 4 4
Endocrine tumor Hyper/Hyper 2 2
IPMC Iso-Hyper/Iso 4 4
TFP Iso/Iso 5 4 1

ND, not detected

Numbers of italic characters indicate the different enhancement patterns on CE-US and CT

Pancreatic Tumor (n=50)

hypervascularity  hypovascularity isovascularity

’ (7cases) (34 cases) (9cases)

IPMC* @ I:J) l‘”\ l(”
hyperperfusion hypoperfusion isoperfusion

KE /T

IEndocrme Tumor l}’ancreatlc carcmoma

Tumor-Forming
Pancreatitis

* IPMC : Intraductal Papillary Mucinous Carcinoma

Fig. 7. Flow chart for diagnosing pancreatic tumors on CE-US

When cases showing hypovascular and hypo-
perfusion patterns were diagnosed as pancreatic carci-
noma, the sensitivity was 87.2% for both vascular and
perfusion images; the specificity was 85.7% and 100%;
the PPV, 97.1% and 100%; the NPV, 54.5% and 58.3%;
and the accuracy, 87.0% and 89.1%, for the vascular
and perfusion images, respectively.

On the other hand, it has been reported that the
sensitivity and accuracy of other modalities for the
diagnosis of pancreatic carcinoma were as follows: B-
mode US, 75% and 72%, respectively;' helical CT,
80%-90% and 70%, respectively;!®? and EUS-FNA,
85%-90% and 85%-100%, respectively.b The detection
rate of pancreatic carcinoma with helical CT in our
study was 89.7%. In our study, 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%. CE-US was thus superior to CT in
sensitivity and accuracy. We therefore considered the
current CE-US technique to be superior or equal to B-
mode US, CT, and EUS-FNA in the diagnosis of pan-
creatic carcinoma, and it could be thought that CE-US
may be more useful than these modalities in the initial
diagnosis of pancreatic carcinoma.

Four of our cases (10.3%) of pancreatic carcinoma,
however, showed an isovascular and isoperfusion pat-
tern, and 1 case (2.6%) showed a hypervascular and
hyperperfusion pattern. The existence of these cases
showing atypical enhancement patterns was the reason
why the NPV in this study remained low (54.5%-
58.3%).

One of the reasons why these cases did not show a
hypovascular and hypoperfusion pattern may have been
related to differences. in histology. Differences in histol-
ogy, such as the grade of histological differentiation, the
amount of fibrosis and connective tissue, and the extent
of patency, obliteration, density, or diameter of blood
vessels in the tumor?® may be associated with differ-
ences in enhancement behavior. All 32 of our cases of
pancreatic carcinoma showing the hypovascular and
hypoperfusion pattern were well or moderately differ-
entiated adenocarcinoma, whereas 1 carcinoma show-
ing a hypervascular and hyperperfusion pattern was
histologically proven to be papillary adenocarcinoma.
All 4 cases of carcinoma showing an isovascular and
isoperfusion pattern were poorly differentiated adeno-
carcinoma of the medullary type; however, cases 2 of
the poorly differentiated adenocarcinomas, showing a
hypovascular and hypoperfusion pattern, were of the
scirrhous type.® This suggests that poorly differentiated-
adenocarcinoma of the medullary type, as well as papil-
lary adenocarcinoma, could have different vascularity
from that of well or moderately differentiated
adenocarcinoma.

As differences in vascularity are associated with the
egrowth of a tumor i.e., stromal fibrosis and the amount of
connective tissue inside the tumor, and as the extent of
patency, obliteration, density, or diameter of blood ves-
sels is changed by tumor invasion, we might expect to
make a diagnosis of pancreatic carcinoma or even pre-
dict histological differentiation using a CE-US study.

We found that the pancreatic endocrine tumors and
papillary adenocarcirioma had a similar heterogeneous
hypervascular and hyperperfusion pattern. Therefore,
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for these tumors, other diagnostic modalities, such as
CT, angiography, or EUS, might also be necessary.'>?

Tumor-forming pancreatitis, which is known to be
hypervascular or isovascular on CT,"12 exhibited an
isovascular pattern in 80% of these tumors and
isoperfusion in 100% in the present CE-US study. Also,
the poorly differentiated adenocarcinoma of medullary
type showed an isovascular pattern, as did tumor-
forming pancreatitis. The perfusion of the tumor-
forming pancreatitis tended to be more diffuse and
homogeneous as opposed to the heterogeneous pattern
of the pancreatic carcinomas. Differences of homo-
geneity in the enhancement patterns may help to
differentiate tumor-forming pancreatitis from poorly
differentiated adenocarcinoma. The cases of IPMC in
our study showed hypervascularity of the nodules inside
the tumor. Histologically, these nodules showed a carci-
noma in adenoma.

In conclusion, CE-US with ADI and Levovist is less
invasive compared to the conventional modalities, and
it may be more useful than conventional modalities in
the diagnosis of pancreatic tumors.
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