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Editorial

Major progress in the diagnostic approach to diseases of the digestive sys-
tem has been obtained by the introduction of new and refined noninvasive
imaging technologies. Echo-enhanced sonography is a good example. This
technique is based on the property of microbubbles to resonate and emit har-
monic waves in an ultrasound field. The initial method, defined as ‘second
harmonic imaging’, was completely limited by the inability to separate the
signals obtained from the bubbles and tissue texture. Therefore this procedure
was replaced by the pulse-inversion imaging technique which now gives much
better picture quality. In this way echo-enhanced sonography enables the
depiction of the vascularization pattern of distinct lesions in the liver and
pancreas.

In a comparable way the other key imaging modalities, such as CT scan,
magnetic resonance imaging, Doppler sonography, and endosonography, have
also further improved in performance. In their complexity as well as selective
applications, they represent a corner stone in the diagnosis and staging of
benign and malignant lesions in the liver and pancreas. Although the methods
do partly compete, they often need to be used in a complementary way to
obtain optimal results for decision-making. An additional aspect addressed is
the role of ultrasound imaging in inflammatory bowel diseases.

The aim of this issue of Digestive Diseases is to provide clinicians an insight
into modern imaging modalities for the diagnosis, differentiation, and staging
of gastrointestinal diseases.

Steffen Rickes
Peter Malfertheiner
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Abstract
Today, computed tomography (CT) is the most common-
ly used imaging method in the assessment of pancreatic
tumors. The sensitivity of CT in detection of pancreatic
tumors is more than 90% when direct and indirect signs
are used for diagnosis. However, the potential to differ-
entiate exocrine (non-endocrine) tumors of the pancreas
is limited. CT is used in these lesions to perform an ade-
quate staging, especially for surgical purposes. The
operative resectability, primarily in regard to vessels,
lymph node metastasis and hepatic metastasis, has to be
assessed. Keeping in mind the limitations of this macro-
morphological imaging procedure, CT has the best re-
producibility and overall accuracy of all imaging meth-
ods. Using multislice CT it is possible to perform non-
axial reconstructions with high resolution. In functional
endocrine tumors, multislice spiral CT will enhance the
diagnostic capabilities, since the whole organ can be
examined in thin slices, with high resolution during the
rather short arterial phase of the contrast medium. Since
some endocrine tumors are hypovascular, a scan during
the portovenous phase is recommended too. The diag-

nosis of benign pancreatic tumors, like serous cystade-
noma and pancreatic lipomas, is addressed. The most
important pseudotumors of the pancreas are discussed.

Copyright © 2004 S. Karger AG, Basel

Introduction

Detection, classification and staging of pancreatic neo-
plasms are a challenge for radiologists. In recent years the
technical and diagnostic performance of computed to-
mography (CT) has improved significantly [1]. Today,
multislice spiral CT with 4–16 detector rows of simulta-
neous acquisition is state of the art. CT is the single best
imaging modality in evaluation of pancreatic tumors in
terms of overall accuracy, reliability and reproducibility
[2]. In solid exocrine tumors an exact histologic classifica-
tion is not possible using CT. However, approximately
80% of all epithelial neoplasms are ductal cell adenocarci-
noma [3]. In these lesions the preoperative assessment
and the ability of CT in regard to the clinical questions of
resectability and staging will be addressed. In endocrine
tumors that are often arterially hypervasculized, the im-
pact of spiral and multislice CT will be discussed. In rare
benign neoplasms of the pancreas, as microcystic adeno-
ma or lipoma, typical radiological features are present.
The radiological features of the most common pancreatic
tumors are presented. Whenever present the characteris-
tics of the lesions will be addressed.
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Exocrine Epithelial Neoplasms

Ductal Cell Adenocarcinoma
Ductal cell adenocarcinoma represents 75–85% of

non-endocrine malignancies of the pancreas. These tu-
mors predominantly occur in the seventh decade of life.
60–70% of the tumors are localized in the head of the pan-
creas. About 10% occupy the corpus of the pancreas,
about 5% the tail, about 5% both the head and the corpus
and about 10% corpus and tail [3]. Pancreatic carcinoma
is the cause of 3–7% of all cancer-related deaths. The
prognosis of this tumor still is very poor.

In the head of the pancreas the tumors usually show
symptoms earlier than in the pancreatic tail. This is main-
ly due to symptomatic obstruction of the biliary or pan-
creatic duct. Usually ductal adenocarcinoma is diagnosed
with a size of !10 cm in maximal diameter. The tumor
often causes a desmoplastic reaction, especially when the
gastrointestinal tract is invaded.

A focal mass is the most common CT finding. How-
ever, up to 5% of pancreatic cancers present as diffuse
enlargement. In non-enhanced CT scans the tumor usual-
ly is isodense to the pancreatic tissue. Occasionally a
slightly decreased attenuation is found. In multislice CT
suspected adenocarcinoma, the contrast-enhanced scans
are usually performed in two phases: first during the pan-
creatic phase that is approximately 40 s, and the portove-
nous phase 65–70 s after intravenous administration of
iodinated contrast media. In many cases a moderately
hypodense lesion with ill-defined borders will be seen
(fig. 1a, b). Calcifications are only rarely seen in ductal
adenocarcinoma. In some patients the tumor will be iso-
dense even with an optimal intravenous bolus of contrast
media. Due to these limitations, small-sized tumors
(!2 cm) will frequently be missed by CT since these
lesions do not alter the contour of the organ [4]. Overall,
the sensitivity of CT in detection of pancreatic carcinoma
is reported to be between 90 and 99% depending whether
only signs of direct evidence or both direct and indirect
signs are taken into account [2]. Only indirect signs as
dilatations of the major pancreatic or the main biliary
duct are often visualized in small tumors. In some early
cancers of the papilla vatteri or the head of the pancreas,
the only sign of a tumor is an abrupt obliteration of the
pancreatic or the common bile duct.

Usually the main pancreatic duct measures !2 mm in
transverse diameter. A dilatation of the pancreatic duct
proximal to the obstructing tumor will be seen in 50–75%
of cases. The dilatation of the pancreatic duct is better
seen on narrow slices. Neoplasms of the head of the pan-

Fig. 1. a CT of the pancreatic head. A hypodense lesion is seen in the
pancreatic head without enlargement of the organ. Moderate dilata-
tion of pancreatic duct: ductal cell adenocarcinoma. b Section of the
head pancreas. A hypodense lesion is visualized in the pancreatic
head. Note that there are no fat planes between the tumor and the
superior mesenteric vein. Also in normal pancreas no fat planes are
found in this location. The dilated main pancreatic duct and small
dilated ducts in the uncinate process are displayed. The gallbladder
shows a hydrops. Histologically a ductal cell adenocarcinoma with-
out vascular invasions was diagnosed.
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Fig. 2. CT of the pancreatic head. A hypodense, ill-defined tumor is
visualized, the superior mesenteric vein is thrombosed: adenocarci-
noma of the pancreatic head with venous invasion.

creas frequently show a dilatation of the main pancreatic
duct. Often an atrophy of the pancreatic parenchyma is
found in the surrounding area of an obstructed pancreatic
duct. A concomitant chronic pancreatitis is found histo-
logically in up to 50% of these patients. In the non-oper-
ated biliary system a transverse diameter of the choledo-
chal duct of up to 6 mm is regarded as normal sized. The
non-dilated intrahepatic bile ducts are not seen using CT.
Hypodense tubular structures running parallel to the por-
tal system are regarded as dilated bile ducts.

The combination of dilated bile and pancreatic duct is
regarded as very suspicious for a pancreatic neoplasm
(double duct sign). However, benign diseases like chronic
inflammatory pseudotumor of the pancreatic head may
also obstruct the ductal systems. Abrupt obstruction of
the ductal systems is typical for tumors. However, a non-
calcified concrement may cause the same CT feature.

Staging of Pancreatic Cancer Using CT
CT is the single most important imaging method for

staging of pancreatic cancer [2, 5–7]. Multislice spiral CT
has become the standard in CT. Using this technique, nar-
row slices of the abdomen can be obtained within sec-
onds. Hence the bolus of the contrast medium can be used
in an optimal way.

Compared with single-slice CT, multiplanar recon-
structions can be performed, even in a curved manner
with a high resolution. Due to nearly isotropic acquisition
of volumetric data, CT has become a real multiplanar
imaging technique as MRI. The application of intrave-
nously iodinated contrast media is obligatory in the
assessment of pancreatic tumors. 2 ml/kg body weight of
non-ionic contrast media are needed for an adequate con-
trast. Usually in the assessment of non-endocrine tumors
the scans are performed in the pancreatic phase to obtain
the best tumor/pancreas contrast. The liver and the sur-
rounding vessels are best evaluated during the portove-
nous phase.

In small cancers, that do not alter the contour of the
pancreas, it may be difficult or even impossible to detect
the lesion since pancreatic cancer may be isodense to the
pancreatic parenchyma. Extrapancreatic infiltrations are
present in 40–70% of cases.

Vascular encasement is extremely important to diag-
nose preoperatively [8, 9]. Normally the arteries (superior
mesenteric artery, celiac trunk, aorta) are surrounded by
retroperitoneal fat planes. The obliterations of these fat
planes by (solid) structures are indicative of infiltrations
of the wall of the vessels or vascular encasement.

Lu et al. [9] reported four categories regarding the cir-
cumference of vessels contiguous with the tumor. In pro-
nounced cases, narrowing or even occlusion of the vessels
can be seen. In these situations, collateral vessels may be
depicted. Especially in assessment of the vascular situa-
tion, multislice spiral CT has advantages over single-slice
spiral CT since very narrow slices may be obtained.

On the venous side it is important to detect infiltra-
tions of the superior mesenteric vein, portal vein, vena
cava inferior, or the renal veins. The assessment of the
splenic vessels is less important since in a Whipple proce-
dure these vessels are resected together with the pancreas.
In venous occlusion, collateral veins can be detected too.
Generally, CT is more accurate in the assessment of
venous encasement than in arterial infiltrations. Limited
venous invasion does not represent absolute exclusion
from surgery, but increases the operation time significant-
ly. Thrombosis of the vessels is detected with high accura-
cy (fig. 2). However, it is very difficult to differentiate
tumor thrombosis from appositional thrombosis. Due to
the high resolution of multislice spiral CT, clinically ana-
tomic variations of the vascular anatomy can be diag-
nosed preoperatively.

Invasion of continuous structures occurs in advanced
disease most commonly involving the duodenum and the
stomach. The colon, spleen, and left adrenal, rarely the
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left kidney or the spine, may be affected. When ascites is
found, tumor resectability is highly unlikely. Most often,
ascites is a sign of peritoneal carcinomatosis. The small
peritoneal implants are rarely depicted by CT. As dis-
cussed above, CT is accurate in detection of obstruction
of the biliary or the pancreatic duct.

Peripancreatic lymph nodes are the primary lymph
node stations of the pancreas. However, the lymph nodes
in the hepatoduodenal ligament or the paraaortal nodes
may be involved in pancreatic cancer too. In ductal ade-
nocarcinoma, CT demonstrates enlarged retroperitoneal
lymph nodes in 15–30%, and usually these nodes are met-
astatic. However, it is not possible to diagnose metastasis
in normal-sized retroperitoneal lymph nodes by CT [7].

Hepatic metastases are present on CT at the initial
evaluation in 20–50% of cases. Hepatic metastases of
pancreatic cancer are frequently relatively small and
therefore difficult to detect. Most of the hepatic metas-
tases of ductal cell adenocarcinoma are hypodense lesions
compared with the normal liver parenchyma. Extraab-
dominal metastases are only rarely found during the ini-
tial staging of pancreatic cancer. The accuracy of CT in
assessment lack of resectability of pancreatic cancer is
about 84–96 % [7]. However, 25–30% who are reported
to be respectable on CT have unresectable disease at sur-
gery [2].

Pleomorphic Giant Cell Carcinoma
Pleomorphic giant cell carcinoma is a highly malignant

variant of ductal cell carcinoma, comprising 2–7% of non-
endocrine tumors of the pancreas. Histogenesis favors
sarcomatoid transformation of ductal cell carcinoma.
Prognosis is extremely poor with a median survival of 2
months. CT depicts this neoplasm as large thick-walled
cystic masses with a ragged inner contour, due to central
hemorrhagic necrosis. Otherwise, solid masses with a rela-
tively low attenuation center are found [10–11]. No dis-
tinctive CT features that allow the differentiation from
ductal adenocarcinoma have been reported. Massive ret-
roperitoneal lymph node metastasis and hematogenous
metastasis are frequently found.

Adenosquamous Carcinoma
This neoplasm represents about 3% of all non-endo-

crine pancreatic neoplasms. Adenosquamous carcinomas
are large masses that are either solid with a desmoplastic
response or partially necrotic without desmoplasia. When
necrotic areas are present, CT will display cystic regions
that may communicate with the pancreatic duct. No dis-
tinctive CT features that allow the differentiation from

Fig. 3. CT of the pancreatic head. A large ill-defined tumor is seen in
the pancreatic head with a very hypodense structure. The vessels are
encased by dense structures. Dilatations of the intrahepatic bile ducts
are preset. Histology revealed a mucinous adenocarcinoma.

ductal adenocarcinoma have been reported [13, 14]. Prog-
nosis is slightly worse than in ductal cell carcinoma.

Histologically, microadenocarcinoma and anaplastic
carcinomas can also be differentiated. No distinctive CT
features that allow the differentiation from ductal adeno-
carcinoma have been reported.

Mucinous Adenocarcinoma (Colloid Carcinoma,
Mucin-Hypersecreting Carcinoma)
The presence of a great amount of mucin characterizes

this rare tumor. About 2% of the non-endocrine tumors
are caused by this type of tumor. Mucinous adenocarcino-
mas are often larger than ductal cell carcinomas. CT may
demonstrate low density areas consistent with necrosis or
mucin. The mucin-filled ducts have a homogeneous or a
slightly low inhomogeneous attenuation. These areas of
mucin do not enhance after contrast (fig. 3). Enhancing
tumor nodules may be depicted within the dilated ducts
[15, 16]. In cases limited to the ducts a better prognosis
than in ductal cell carcinoma has been reported.

Microcystic Adenoma (Serous Cystadenoma)
80% of patients with microcystic adenoma are older

than 60 years. There is a female predominance of 3:2 to
9:2. There is no predilection for any location within the
gland. Microcystic adenomas are on average 10 cm in
diameter and usually have a lobulated contour. Microcys-
tic adenomas are composed of innumerable cysts, the vast
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Fig. 4. CT of the pancreatic head. A lesion with an inhomogeneous
structure with a honeycomb appearance is seen in the pancreatic
head. Histology revealed a serous, microcystic adenoma.

Fig. 5. CT of the pancreatic tail. A multicystic lesion with cysts of
3–4 cm is visualized in the pancreatic tail. Histology revealed a muci-
nous adenoma.

Fig. 6. CT of the pancreatic tail. A multicystic lesion with several
cysts and some solid structures and tiny calcifications is found. His-
tology revealed a macrocystic mucinous carcinoma.

majority vary from 1 mm to 2 cm in diameter. Calcifica-
tions can be present, are mostly central and rarely have a
typical sunburst pattern [3]. After intravenous contrast
the lesions show a Swiss cheese/honeycomb pattern
caused by tiny non-enhancing cysts and the markedly vas-
cularized stroma and septae (fig. 4). Furthermore, a cen-
tral fibrous scar that may calcify is regarded as typical.
More than 6 cystic spaces are usually visualized [17–20].
Cysts 12 cm may be present in some cases. Solid masses
may enhance as islet cell tumors [17].

A variant is macrocystic serous adenoma of the pan-
creas, were a uni- or bilocular cystic process is found [21].
Usually these cysts are thin-walled and indistinguishable
from mucinous cystadenoma by CT. A female prevalence
is reported too. The prognosis of benign serous cystadeno-
ma is good. Serous cystadenocarinomas are very rare
tumors [17, 22].

Mucinous Cystic Neoplasm (Mucinous Cystadenoma,
Cystadenocarcinoma)
There is a 9:1 female to male ratio. 50% are in the 40-

to 60-year age group. 90% are located in the corpus or tail
of the pancreas. The average diameter is 12 cm. Their
external surface is smooth. They are composed of uni- or
multilocular large cysts [23–25]. The average number of
cysts is !6. However, smaller cysts with a diameter of
!2 cm may also be present. Calcifications may be found.
Solid papillary nodules may be observed, which are en-
hanced after intravenous contrast administration. Calcifi-

cations, thickened walls or septa are signs of malignancy
[25]. Mucinous tumors may be diagnosed by fine needle
aspiration biopsy [26, 27]. It is not accurately possible to
differentiate benign from malignant forms with any imag-
ing method (fig. 5, 6). The prognosis is better than in duc-
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tal adenocarcinoma even in frankly malignant cases. All
lesions should be treated by complete excision.

Ductectatic cystadenoma/cystadenocarcinoma is a
variant of mucinous cystic neoplasm. There is no female
predilection in these lesions. Often the tumor occurs in
the uncinate process [28, 29]. Solid tumor nodules are
found within a conglomerate of 2–4 cm communicating
cysts. There is a poor discrimination between benign and
malignant forms by CT.

Acinar Cell Carcinoma
This neoplasm comprises up 1–10% of non-endocrine

pancreatic carcinomas. There is a male prevalence of
elderly men. Acinar cell carcinoma show less demoplastic
reaction than ductal adenocarcinoma. Usually they are
large than these. In CT they show a greater tendency to
central necrosis. Cases with subcutaneous fat necrosis due
to excessive lipase production and osteolytic features
have been described [12]. No clear differentiation criteria
to other solid exocrine tumors have been reported for
CT.

Pancreatoblastoma (Infantile Carcinoma of the
Pancreas)
This tumor is very rare. The patients are younger than

7 years. They are located typically in the head of the pan-
creas. CT shows a well-demarcated solid mass of variable
size containing low density areas corresponding with
hemorrhage and necrosis [30]. The prognosis is good if no
distant metastases are present. The lesion is usually cura-
ble by complete resection. However, many children have
hepatic or nodal metastasis. In these patients the progno-
sis is poor.

Solid and Papillary Epithelial Neoplasms
Solid and papillary epithelial neoplasms mainly occur

in young women [31–33]. They are predominantly lo-
cated in the pancreatic tail. The tumors contain signs of
hemorrhage or cystic areas, sometimes with a fluid-debris
level [31]. Calcifications are frequently seen. The progno-
sis is better than in ductal adenocarcinoma.

Osteoclast-Type Giant Cell Tumor, Mixed
Carcinomas
These rare histological forms exhibit no distinctive CT

features that allow the differentiation from ductal adeno-
carcinoma.

Fig. 7. CT of the corpus of the pancreas. In the corpus of the pancreas
a 2-cm very hypodense lesion with fat equivalent density values is
visualized. Lipoma of the pancreas.

Lipoma

Lipoma of the pancreas is a rare benign tumor. Due to
the unique negative density values (–20 to –100 HU) this
lesion can be diagnosed rather specifically [39, 40]. Usual-
ly these lesions measure 2–3 cm in diameter and are clini-
cally unapparent (fig. 7). The differential diagnosis of fat-
containing pancreatic tumors would be retroperitoneal
liposarcoma or a dysontogenetic tumor like a dermoid.

Lymphoma

Non-Hodgkin lymphoma rarely involves the pancreas.
Less than 0.5% of all pancreatic tumors are lymphomas.
However, in Burkitt’s lymphoma the involvement of the
pancreas is not unusual [3]. Features favoring lymphoma
versus ductal carcinoma are large size, lack of bile duct
dilatation and multifocality. Diffuse lymphomatous infil-
tration is occasionally present that can mimic acute pan-
creatitis on CT. Sometimes it is difficult to differentiate
enlarged peripancreatic nodes from intrinsic pancreatic
involvement. Bulky disease is often present in the retro-
peritoneum.
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Fig. 8. CT of the pancreatic head. Shown is a patient after left-sided
nephrectomy due to hypernephroma. A small-sized hyperdense le-
sion with central hypodensity is visualized. Histology revealed me-
tastasis of a hypernephroid carcinoma of the kidney.

Fig. 9. CT of the pancreas. Two hyperdense lesions are visualized:
one is smaller in the pancreatic neck and one larger in the pancreatic
tail. Histology revealed multiple insulinomas.

Metastases

Metastases to the pancreas are relatively rare. How-
ever, several cases of metastases in the pancreas caused by
hypernephroma have been reported [34]. In these tumors
arterial-enhancing lesions are seen within the gland,
sometimes with central necroses (fig. 8). Most often these
lesions measure about 3 cm in diameter. They are usually
detected during a follow-up investigation without symp-
toms.

Other tumors that may cause metastasis in the pan-
creas are bronchial carcinoma, melanoma, gastric cancer
or breast cancer [34–38]. Widespread metastases are
often present in these tumors.

Tumors of the Endocrine Pancreas

Tumors of the endocrine pancreas are rare neoplasms.
They are divided into functional and non-functional tu-
mors and often referred to as APUDomas (amine precur-
sor uptake and decarboxylation).

Islet Cell Tumor
Islet cell tumors are classified as either functional or

non-functional tumors. Functional tumors produce an
excessive level of insulin. Laboratory tests can measure

these hormones. These tumors may be either single or
multiple. They may be benign or malignant. Malignancy
may be difficult to determine even by histology; evidence
of adjacent organ invasions or metastasis are the most
reliable signs of malignancy. Their size may vary consid-
erably at the time of clinical presentation. In functional
tumors the aim of radiology is to localize the lesion within
the gland and to diagnose possible multinodularity.

Insulinomas
Insulinomas are the most frequent islet cell tumors.

They occur most often after the age 40 years, except in
patients with MEN-1 syndrome who are younger at pre-
sentation. The vast majority of tumors are !2 cm in diam-
eter, solitary and benign. Most patients with multiple
tumors have MEN-1 syndrome. Patients with Hippel-
Lindau disease also have an increased prevalence of islet
cell tumors and pheochromocytoma [42]. Insulinomas are
distributed evenly throughout the pancreas. Insulinomas
are recognized by a typical clinical picture of significant
hypoglycemia. Rarely, hyperinsulism may develop in neo-
nates and young children secondary to islet cell hyperpla-
sia or due to excessive differentiation of pancreatic epi-
thelial cells to islet cells (nesidioblastosis). In these pa-
tients no lesions are found radiologically.

Using CT it is important to investigate functional en-
docrine tumors during the arterial phase, since the le-
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Table 1. Typical CT densities after contrast
media of pancreatic tumors Cystoid Hyperdense Hypodense, isodense

Serous cystadenoma Endocrine tumors Most exocrine tumors
(Swiss cheese)

Macrocystic mucinous Metastasis (hypernephroma) Lymphoma
adenoma/carcinoma

Necrotic carcinomas
(giant cell carcinoma)

Non-functional
endocrine tumors

Endocrine tumors
(mostly non-functional)

Neuroendocrine tumors Leiomyoma
(hyperdense parts)

Ductectatic mucinous
papillary tumor

Lymphangioma

Table 2. APUDomas and their frequency in
pancreatic localization

Histology Pancreatic
localization, %

Insulinoma 100
Glucagonoma 100
Gastrinoma 90
PPoma 100
Somatostatinoma 56
GRFoma 30

sions may reveal only a short enhancement (fig. 9) [41,
43–45]. Multislice spiral CT is capable of investigating
the whole gland in thin sections during the arterial phase,
which lasts only 10–15 s. Most of the insulinomas are
hyperdense during the arterial phase (table 1); however,
scans during the parenchymal phase of the pancreas are
also recommended, since some lesions may be found only
during this phase [43, 44]. Insulinomas 11 cm are usually
detected using spiral CT. A minority of secretory islet cell
tumors are hypovascular or even cystic and therefore are
not readily detected with CT. Generally, multiple tumors
are more difficult to detect since they are usually smaller
in size. Larger tumors may show central necrosis or calci-
fications [46, 47].

Gastrinomas
Although the majority of gastrinomas are localized in

the pancreas, up to 10% may arise in an extrapancreatic
location (table 2). Most of them are found in the region of
the common bile duct, cyst duct and descending duode-
num. They are usually found on the right side of the junc-
tion of pancreatic corpus and tail, in the triangle below the
cystic duct and the descending duodenal wall. Approxi-
mately 60% of all gastrinomas are malignant. A typical
clinical presentation (hyperactivity, hypersecretion and
atypical ulcers) was first described by Zollinger and Elli-
son. 20–40% of patients with Zollinger-Ellison syndrome
are estimated to have MEN-1. Today, diagnosis is made
by measurement of the gastrin levels. CT is commonly
used to localize gastrinomas. Lesions 13 cm are localized
with high accuracy. Tumors !1 cm are difficult to diag-
nose by CT. Scanning during the arterial phase is impor-
tant to detect these transient hypervascular tumors [48].

Delayed scanning (4–6 h after contrast administration)
has especially been recommended to detect liver metasta-
sis. In hepatic metastasis of functional endocrine tumors,
multislice CT will probably optimize the accuracy of CT,
since the whole liver can be examined during the short
arterial phase.

Glucagonomas
Glucagonomas are rare islet cell tumors and generally

large, malignant masses [49]. Patients often present with
characteristic skin diseases known as migratory necrolytic
dermatitis commonly associated with stomatitis. Dia-
betes mellitus may be present.

VIPomas (Vasoactive Intestinal Peptide)
Hormone-active VIPomas often cause watery, secreto-

ry diarrhea, hypokalemia, and hypochlorhydria. Usually
these tumors are large and often localized in the head of
the pancreas. Most of them are malignant [50]. Like other
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Fig. 10. CT of the pancreatic head. In the head of the pancreas a big
lesion with an inhomogeneous structure with hyperdense areas are
seen. There is no dilatation of the bile ducts: VIPoma was reported
histologically.

Fig. 11. CT of the pancreatic tail. A large ill-defined marginal hyper-
dense tumor is seen. Hypodensities in the spleen are indicative of
obstruction of the splenic veins. Histology revealed a neuroendocrine
carcinoma.

functional pancreatic tumors, they are at least partially
arterial hypervascular. VIPomas sometimes show calcifi-
cations [51]. Despite their large size they often do not
cause dilatation of the biliary system (fig. 10).

There are several other uncommon hormone-active
tumors of the pancreas, for instance PPomas and so-
matostatinomas. However, they are too rare to provide
any systematic data about the CT morphology.

Non-Functional Endocrine Tumors of the Pancreas
Non-functional tumors are generally larger than func-

tional tumors, therefore they are detected with high accu-
racy [52, 53]. These lesions frequently demonstrate cen-
tral necrosis. In 70%, contrast enhancement will be seen
in the solid walls of the tumors or the tumors are diffusely
hyperdense after contrast (fig. 11). However, some of the
tumors may be isodense or even hypodense compared
with the normal enhancing pancreas. These tumors most
times cannot be differentiated from pancreatic adenocar-
cinoma by CT. Due to their large size they will cause
deformity of the pancreas. Most of the non-functional
tumors are malignant and therefore their general progno-
sis is less favorable than for functional tumors.

Pseudotumors of the Pancreas (table 3)
Sometimes it is impossible to differentiate a chronic

inflammatory pseudotumor in the head of the pancreas
from a ductal carcinoma, since the CT signs overlap in
many cases [54–56]. Calcifications are more common in
chronic inflammatory pseudotumors (fig. 12). Even biop-
sy is not highly accurate regarding this differentiation.
Only the positive biopsy result has a high predictive val-
ue. Normal variants like a pancreas divisum or a pancreas
annulare may simulate a tumor of the head of the pan-
creas [57].

Tuberculosis or sarcoidosis of the pancreas may also
mimic a tumor [58–60]. In rare cases, fat necrosis may
simulate a tumor. Pseudoaneurysms of arteries can be
accurately diagnosed by contrast-enhanced CT (fig. 13)
[61, 62]. It should be mentioned that pseudocysts (fig. 14),
especially during their early stage, can be rather thick-
walled with an inhomogeneous content, and they may
simulate a cystic neoplasm. However, these patients
usually have significant pancreatitis in their medical
anamnesis.

Diverticles of the duodenum may mimic a cystoid
lesion in the head of the pancreas. To avoid this pitfall,
diluted contrast media can be given orally and a careful
search for little air bubbles within the diverticles should
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Fig. 12. CT of the pancreatic head. A large ill-defined lesion is seen
with cystic and solid portions, some calcifications were visualized.
Dilatations of the bile and pancreatic ducts were present: chronic
inflammatory pseudotumor of the pancreatic head.

Fig. 13. CT of the head of the pancreas. A lesion with dense, contrast
media equivalent density values and a thrombosed wall is seen in the
pancreatic head. Pseudoaneurysm of the gastroduodenal artery.

Fig. 14. CT of the pancreatic tail. A sharp-bordered cystic lesion is
seen, no signs of mural thickening or enhancement: pancreatic pseu-
docyst was diagnosed.

Table 3. Pseudotumors of the pancreas

Chronic inflammatory pseudotumor
Peripancreatic fat necrosis
Tuberculosis
Sarcoidosis
Pseudoaneurysm
Atypical pseudocyst
Pancreas divisum
Pancreas annulare
Duodenal diverticle

be performed. Water is usually given as a negative con-
trast in staging of a pancreatic tumor in order to visualize
duodenal infiltrations.

CT after Tumor Operations of the Pancreas
The investigating radiologist must be informed which

operative procedure has been performed [63–64] (Whip-
ple operation, gastrointestinal anastomosis, left resection
of the pancreas, tumor enucleation). The upper intestinal
tract has to be opacified in order not to misread bowel
structures for a recurrent tumor. One major clinical ques-
tion after radical operation of a pancreatic tumor is
whether there is obstruction of the biliary system. If an
aerobilia is present, a significant obstruction of the biliary
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tract is unlikely. The patency of biliary stents or catheters
can be evaluated only in an indirect way, by judging the
width of the biliary system.

To sum up, small exocrine tumors that do not alter the
contour of the pancreas are difficult to detect by CT; fur-
thermore, exocrine neoplasms are difficult to subclassify
with CT. It should be kept in mind that 80% of the non-
functional pancreatic tumors are ductal cell adenocarci-
nomas. The aim of CT in exocrine pancreas tumors is to

perform an adequate staging with respect to the operative-
ly vital structures. However, CT together with clinical his-
tory can give some hints for an unusual histology of a pan-
creatic tumor. Lipomas exhibit rather typical density val-
ues. Often serous microcystic adenoma shows the typical
Swiss cheese or honeycomb appearance. Cystoid lesions
of the pancreas reveal a broad differential diagnosis. The
aim of CT in functional endocrine tumors is to localize
the lesion and to diagnose singularity or multinodularity.
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Abstract
The introduction of endoscopic retrograde cholangio-
pancreatography (ERCP) in the early 1970s provided gas-
troenterologists with a number of diagnostic as well as
therapeutic possibilities for examining biliopancreatic
systems. In the meantime, magnetic resonance cholan-
giopancreatography presents a non-invasive alternative
to diagnostic ECRP providing the advantage of a lower
rate of possible complications. This article addresses the
two methods presently available for differentiating pan-
creatic tumors. The objective of this article is to describe
the advantages and disadvantages as well as the possi-
bilities inherent in both methods.

Copyright © 2004 S. Karger AG, Basel

Introduction

The development of endoscopic retrograde cholangio-
pancreatography (ERCP) in the early 1970s revolution-
ized the possibilities available to gastroenterologists in the
diagnosis and therapy of pathologies relating to the bilio-
pancreatic system [1, 2]. Twenty years later, Wallner et al.
[3] described for the first time the possibility of non-inva-
sively displaying the biliopancreatic system by means of
magnetic resonance tomography. Since then, magnetic
resonance cholangiopancreatography (MRCP) has been
continuously developed and is today one of the standard
methods for diagnosing the biliopancreatic system [4–7].

This article focuses on the two methods available for
differentiating pancreatic tumors. It describes the advan-
tages as well as disadvantages, including the possibilities
of these two methods.

Technical Aspects of MRCP

The principle of MRCP is based on the signal gener-
ated by stationary fluids in T2-weighted sequences [8].
Adjacent solid structures, stones or vessels generating a
very weak signal in these sequences are used as contrast. A
sufficient image quality is obtained with a number of dif-
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ferent systems and magnetic field strengths. Tomographs
with a modern high or medium field (1.0–1.5 Tesla) are
considered standard today. Images are optimized by using
fat suppression pulses as well as surface coils.

A large number of protocols have been introduced for
MRCP. Today, turbo spin-echo (TSE) sequences are in-
creasingly used since they offer a good signal-to-noise as
well as contrast-to-noise ratio. In addition, interferences
relating to field inhomogeneities, metal clips or bowel gas
are minimal. To avoid respiratory artifacts, images are
generated using the breath-hold technique. The acquisi-
tion time per slice was reduced to 4–20 s with the event of
the especially fast RARE (half-Fourier rapid acquisition
with relaxation enhancement) or HASTE (half-Fourier
acquisition single-shot TSE) sequences [9]. Maximum
intensity projection (MIP) algorithms and multiplanar
reformatting techniques allow for the generation of three-
dimensional images [10]. The exact anatomic display of
the biliopancreatic duct system provides for an exact
planning of invasive surgery or radiation therapy. The
technical aspects of ERCP have been intensively de-
scribed previously [11].

Complications of ERCP and MRCP

The most frequent complication encountered with
ERCP is the occurrence of pancreatitis in 5–7% with
usually mild effects. For diagnostic ERCP, the rate of
complications is slightly lower than for therapeutic indi-
cations; serious complications are present in 1–2% with a
mortality rate of 0.2% [12, 13]. In case of sphincterotomy
to the bile duct, the complication rate is 9.8% (bleeding in
2%, pancreatitis in 5.4%). In this case, the rate of compli-
cation is a consequence of the endoscopic technique used
and the indication (e.g. sphincter of Oddi dysfunction)
[14].

Complications with MRCP are rare. Side effects to
contrast agents are of a low percentage only. Serious reac-
tions occur in 1 out of 350,000 cases [15]. In 5% of all
patients, claustrophobia restricts a complete MRI exami-
nation [16]. Absolute contraindications apply to wearers
of pacemakers, clips of a cerebral aneurysm, wearers of
cochlear or ocular implantations or the presence of for-
eign bodies in the eye. Implantation of a cardiac valve
replacement, a neurostimulator or metal prostheses repre-
sent relative contraindications [17].

Table 1. Sensitivity of ERCP in the diagnosis of pancreatic carci-
noma

Author n Sensitivity, %

Gilinsky et al., 1986 [24] 117 80
Bakkevold et al., 1992 [25] 442 79
Niederau and Grendell, 1992 [26] 565 92
Burtin et al., 1997 [27] 68 92
Rösch et al., 2000 [28] 184 89

Diagnostic ERP and MRP

Pancreas Carcinoma
Ductal adenocarcinomas are among the most frequent

malignancies of the pancreas. This malignant tumor is
clinically characterized by the absence of specific early
symptoms as well as minimally invasive, sensitive screen
diagnostics. Typical symptoms involve epigastric pain as
well as back pain, jaundice, premature feeling of fullness
or weight loss. Eighty percent of patients diagnosed with a
pancreatic carcinoma show an advanced tumor stage.
Curative treatment is not possible due to metastases or
the invasion of blood vessels [18, 19]. The prognosis for
pancreatic carcinoma is poor, even if the survival rate for
the patient increases after curative surgery. The 5-year
survival rate lies between 19 and 26% [20–22]. Diagnosis
rarely involves small pancreatic carcinomas. However,
the size of the tumor, lymph nodes, retroperitoneal or
serosal infiltration are of prognostic relevance [23]. For
this reason, early diagnosis plays a decisive role in the out-
come for patients suffering from pancreatic carcinoma.

In several series, ERCP reaches a sensitivity of 80–
92% in the diagnosis of pancreatic cancer [24–28] (ta-
ble 1). In addition to cholangio- and pancreatography,
ERCP provides the possibility of intraductal ultrasound
(IDUS). The mini probe is advanced into the pancreatic
or cystic duct via the work channel of the duodenoscope.
This allows for the staging of smaller carcinomas and also
the sensitivity for displaying vessel invasion [29].

Using a cohort of 26 patients (14 carcinoma, 12 stric-
tures involving chronic pancreatitis), Furukawa et al. [30]
was able to demonstrate the superiority of the IDUS as
compared to endoscopic ultrasound (EUS), computed
tomography (CT) and endoscopic retrograde pancreatog-
raphy (ERP) in the differential diagnosis of strictures in
the pancreatic duct. The sensitivity as well as specificity
obtained for IDUS were 100 and 91.7%, for EUS 92.9 and
58.3%, for CT 64.3 and 66.7%, and for ERP 85.7 and
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Fig. 1. Cancer of the pancreatic head. Double duct sign in MRCP:
dilated bile and pancreatic duct.

Fig. 2. Cancer of the pancreatic head. Dou-
ble duct sign in ERCP.

66.7%. However, additional prospective histopathologi-
cally controlled studies are not available to date.

MRCP also shows a high diagnostic accuracy in the
detection of pancreatic carcinoma [31–35] (table 2). Us-
ing the current work of Lopez Hanninen et al. [31], an
MRI including MRCP was performed in 66 patients with
suspected pancreatic tumors. For a total of 44 patients,
the histology of the follow-up showed a malignant tumor.
Magnetic resonance tomography was able to provide the
correct pre-diagnosis for 42 out of 44 patients.

To date there are only a few prospective examinations
that compare ERCP with MRCP in the diagnosis of pan-
creatic tumors [36, 37] (table 3). With respect to a cohort
of 125 patients examined in a study by Adamek et al. [37],
it was shown that 37 (30%) were diagnosed with a pan-
creatic carcinoma, 17 (14%) showed other neoplasia of
the pancreas, 57 suffered from chronic pancreatitis, and
for 13 the pancreatic duct did not show any pathological
findings. With respect to the diagnosis of pancreatic carci-
noma, the sensitivity of MCRP was 84% while its speci-
ficity reached 97%. Compared to these findings, the cor-
responding values for ERCP were 70 and 94%.

Through additional imaging in the axial and transverse
plane, MRCP was able to provide further information
regarding tumor size and resectability with the same or
improved diagnostic accuracy as modern CT [38, 39].

An additional advantage of MRI is the possibility of
magnetic resonance angiography in one session (‘one-stop
shopping’). This eliminates the need of conventional angi-
ography preceding planned surgery. In series including
between 44 and 46 patients, vessel invasion of pancreatic
carcinoma detected through MRI was confirmed intra-
operatively in 94 and 98% of the cases [31, 40].

In case of stenoses in the ductus hepatocholedochus
(e.g. pancreatic carcinoma), MRCP enables evaluation of
the biliary system above the stenosis regarding possible
cholangitis without the risk of residual contrast agent. The
information obtained with respect to the length of the ste-
nosis and the anatomy of the proximal biliary duct system

Table 2. Accuracy of MRCP in the diagnosis of pancreatic carci-
noma

Author n Accuracy, %

Lopez Hanninen et al., 2002 [31] 44 95
Barish et al., 1995 [32] 30 88
Holzknecht et al., 1996 [33] 34 83
Miyazaki et al., 1996 [34] 56 83
Ueno et al., 1998 [35] 204 75 (retrospective)
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Fig. 3. T2-weighted sequence of a cancer of the pancreatic head.

Fig. 4. Characteristic endoscopic feature of
IPMT (protrusion of mucin through a patu-
lous orifice).

can be utilized to plan the therapeutic procedure for pal-
liative care prior to intervention.

Differentiation of Malignant from Benign Lesions
It is frequently quite difficult to differentiate between

inflammable and neoplastic lesions in the area of the pan-
creatic head. Both pathologies show a low signal in T1-
weighted sequences and are associated with an obstruc-
tion in the pancreatic duct [41, 42]. A pancreatoduode-
nectomy performed in patients with chronic pancreatitis
due to a suspected lesion in the pancreatic head increases
the chances of locating a previously undetected carcino-
ma by at least 5% [43]. ERCP may prove helpful in these

cases, since a stenosis exceeding a length of 10 mm in the
pancreatic duct is indicative of pancreatic cancer [44].

Johnson and Outwater [45] retrospectively analyzed
MRI images of 31 patients diagnosed with pancreatic can-
cer (pancreatic cancer n = 24, chronic pancreatitis n = 7)
and examined with dynamic gadolinium-enhanced
breath-hold spoiled gradient-echo imaging. Both chronic
pancreatitis as well as pancreatic cancer showed patholog-
ical contrast agent enhancement. However, differentia-
tion on the basis of degree and time of enhancement was
not possible.

Epithelial Cystic Tumors of Exocrine Pancreas
Correct diagnosis and pre-operative evaluation of loca-

tion, expansion and the malignant potential of cystic pan-
creatic tumors are important due to the high potential of
degeneration [46] (table 4). One differentiates between
intraductal papillary mucinous tumors (IPMTs), starting

Table 3. Comparison of ERCP and MRCP
in the diagnosis of pancreatic carcinoma Author n ERCP

sensi-
tivity, %

speci-
ficity, %

MRCP + MRI

sensi-
tivity, %

speci-
ficity, %

Diehl et al., 1999 [36] 40 94 50 91 63
Adamek et al., 2000 [37] 124 70.3 94.3 83.8 96.6
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Table 4. Epithelial cystic tumors of exocrine pancreas: WHO nomenclature [47]

Benign Transitional Malignant

Serous cystadenoma Transitional cystadenomas are not classified Serous cystadenocarcinoma

Mucinous cystadenoma Mucinous cystic tumor with
dysplasia

Non-invasive mucinous
cystadenocarcinoma

Mucinous cystadenocarcinoma

Intraductal papillary mucinous
adenoma

Intraductal papillary mucinous
tumor with dysplasia

Non-invasive intraductal
papillary mucinous carcinoma

Invasive intraductal mucinous
carcinoma

Table 5. IPMT (intraductal papillary mucinous tumor) of pancreas in MRCP and ERCP

Author n Findings

Usuki et al.
1998 [51]

11 IPMT – MRCP vs. ERCP ERCP and MRCP are complementary: ERCP is better in visualizing
main duct type and MRCP in branch duct type of IPMT

Fukukura et al.
1999 [52]

13 IPMT – MRCP vs. ERCP MRCP might be more useful to depict the lesions and communicating
duct, ERCP additionally shows papillary projections

Arakawa et al.
2000 [53]

17 IPMT – MRCP vs. histopathologic findings Findings in MRCP are well correlated with histopathologic findings

Albert et al.
2000 [50]

3 MCN, 2 IPMT, 1 cystadenocarcinoma –
MRCP vs. ERCP and histopathologic findings

More complete visualization of MCN in MRCP than in ERCP

MCN = Mucinous cystic tumor.

at the main duct of the pancreas and mucinous cystadeno-
mas originating in the peripheral duct system [48, 49].

The diagnosis of intraductal papillary tumors is the
domain of ERCP, however, the first data available indi-
cate a comparable diagnostic potential for MRCP [50–53]
(table 5). ERCP allows for the possibility of inspecting the
papilla with the characteristic image of a wide papilla with
mucus discharged from the pancreatic duct in 27–84%
[54]. However, tumor expansion may be displayed only
indirectly with ECRP. In some cases, ERCP cannot fill
the entire pancreatic duct due to heavy mucous discharge.
MRCP on the other hand displays the complete tumor
expansion and the pancreatic duct and is therefore at
times superior to ERCP as demonstrated by e.g. Sugiyma
et al. [55] with a cohort of 11 patients.

As compared to IPMTs, mucinous cystic neoplasms do
not communicate with the main pancreatic duct. For this
reason, they are not detectable with ERCP. MRCP is
therefore a valuable method for pre-operative diagnostics.
For 28 patients with mucin-producing tumors, Koito et al.

[56] demonstrated that MRCP is an effective diagnostic
tool. As compared to ERCP, MRCP provided a signifi-
cantly improved display of the dilated ducts.

Differentiation between invasive and non-invasive tu-
mors is difficult. The accuracy of imaging systems reaches
a level of about 75% [57]. Yamashita et al. [58] used diffu-
sion-weighted MRI for characterizing cystic lesions.
Based on the different viscosity of cysts, significantly low-
er values for diffusion capacity (ADC) were obtained in
mucin-producing tumors und pseudocysts than in serous
cystadenomas in a small number of cases. ADC enables
differentiation between pseudocysts and mucinous tu-
mors. In addition, the signal intensity in T1-weighted
sequences may aid in the differentiation between malig-
nant and benign mucinous cystic tumors [59]. The mag-
netic resonance criteria for malignancies with IPMT has
been defined by Irie et al. [60]: filling defects, diffuse main
pancreatic duct dilatation 115 mm in main duct type, or
any main pancreatic duct dilatation in branch duct type
IPMT were indicative of malignancy.
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Table 6. Diagnostic accuracy of peroral pancreatoscopy and intra-
ductal ultrasonography in differentiating benign IPMT from malig-
nant ones according to the primary location of the tumor (n = 40)
[62]

Main duct type (n = 16) Branch type (n = 24)

POPS POPS
Sensitivity 100% Sensitivity 43%
Specificity 71% Specificity 100%
Accuracy rate 88% Accuracy rate 67%

IDUS IDUS
Sensitivity 56% Sensitivity 77%
Specificity 71% Specificity 100%
Accuracy rate 63% Accuracy rate 88%

POPS = Peroral pancreatoscopy; IDUS = intraductal ultraso-
nography.

Pancreatoscopy plays a role in the examination of the
main pancreatic duct in patients with pancreatic tumors
[61]. Hara et al. [62] retrospectively examined 60 patients
with IPMTs and demonstrated the considerable value of
IDUS and pancreatoscopy within the scope of ERCP in
differentiating between malignant and benign lesions. A
peroral pancreaticoscopy as well as an IDUS were per-
formed in 40 patients with protruding lesions (table 6).
The combination of both methods proved helpful in dif-
ferentiating between malignant and benign lesions and
was instrumental in developing an effective therapeutic
approach.

Islet Cell Tumors
The three most commonly known islet cell tumors are

insulinomas, gastrinomas, and non-functional islet cell
tumors. ERCP is only able to provide indirect proof of a
tumor when the pancreatic duct shows an obstruction.
This is frequently indicative of the presence of a malig-
nant lesion [63–65]. EUS shows the highest diagnostic
accuracy in diagnosing small islet cell tumors [66].

To differentiate between islet cell tumors und ductal
adenocarcinomas, T1- and T2-weighted sequences are
required in MRI. Islet cell tumors show a higher T2 signal
intensity and a more uniform hyperintense enhancement
on the immediate post-gadolinium fat-suppressed T1-
weighted spoiled gradient echo images and preservation
of the usual T1 signal intensity of the adjacent pancreas
[67–69].

Fig. 5. IPMT (intraductal papillary mucinous tumor) of the pan-
creas.

Conclusions

According to the presently available data, MRCP has
the potential to replace ERCP in the diagnosis of pan-
creatic tumors in most cases. This statement is supported
by the display of the bile and pancreatic ducts comparable
to ERCP, the low rate of complications and the possibility
of a complete staging in a single process (work step). How-
ever, MRCP will never fully replace ERCP due to the
therapy of benign and malignant pathologies of the bilio-
pancreatic system.

Successful interpretation of MRCP images requires
years of experience in diagnosing pathologies of the bilio-
pancreatic system. Through knowledge in the area of per-
cutaneous sonography, endoscopy, ERCP with IDUS and
pancreaticoscopy, the gastroenterologist is thoroughly fa-
miliar with the anatomy and morphological changes of
diseases of the pancreas. As a result, sufficient evaluation
of MRCP and goal-oriented additional developments of
the magnetic resonance procedure mandates a close coop-
eration between radiologist and gastroenterologist.



24 Dig Dis 2004;22:18–25 Hartmann/Schilling/Bassler/Adamek/
Layer/Riemann

References

1 Demling L, Koch H, Classen M, Belohlavek D,
Schaffner O, Schwamberger K, Stolte M: Endo-
scopic papillotomy and removal of gall-stones:
Animal experiments and first clinical results.
Dtsch Med Wochenschr 1974;99:2255–2257.

2 Kawai K, Akasaka Y, Nakajima M: Prelimina-
ry report on endoscopical papillotomy. J Kyoto
Pref Univ Med 1973;82:353–355.

3 Wallner BK, Schumacher KA, Weidenmaier
W, Friedrich JM: Dilated biliary tract: Evalua-
tion with MR cholangiography with a T2-
weighted contrast-enhanced fast sequence. Ra-
diology 1991;181:805–808.

4 Adamek HE, Breer H, Layer G, Riemann JF:
Magnetic resonance cholangiopancreatogra-
phy. The fine art of bilio-pancreatic imaging.
Pancreatology 2002;2:499–502.

5 Adamek HE, Breer H, Karschkes T, Albert J,
Riemann JF: Magnetic resonance imaging in
gastroenterology: Time to say good-bye to all
that endoscopy? Endoscopy 2000;32:406–410.

6 Hartmann D, Riemann JF: Endoscopy and
MRI. Acta Endoscopica 2002;32:797–804.

7 Albert JG, Riemann JF: ERCP and MRCP –
When and why. Best Pract Res Clin Gastroen-
terol 2002;16:399–419.

8 Wallner BK, Schumacher KA, Weidenmaier
W: Dilated biliary tract: Evaluation with MR
cholangiography with a T2-weighted contrast-
enhanced fast sequence. Radiology 1991;181:
805–808.

9 Laubenberger J, Buchert M, Schneider B, Blum
U, Hennig J, Langer M: Breath-hold projection
MRCP: A new method for the examination of
the bile and pancreatic ducts. Magn Reson
Med 1995;33:18–23.

10 Yamashita Y, Abe Y, Tang Y, Urata J, Sumi S,
Takahashi M: In vitro and clinical studies of
image acquisition in breath-hold MR cholan-
giopancreatography: Single-shot projection
technique versus multislice technique. AJR
Am J Roentgenol 1997;168:1449–1454.

11 Kohler B, Maier M, Riemann JF: Endoskopie
der Verdauungsorgane mit Biopsie und Zyto-
logie; in Hahn G, Riemann JF (eds): Klinische
Gastroenterologie. Stuttgart, Thieme, 1996.

12 Sherman S, Lehmann GA: ERCP- and endo-
scopic sphincterotomy-induced pancreatitis.
Pancreas 1991;6:350–367.

13 Loperfido S, Angelini G, Benedetti G, Chilovi
F, Costan F, De Berardinis F, De Bernardin M,
Ederle A, Fina P, Fratton A: Major early com-
plications from diagnostic and therapeutic
ERCP: A prospective multicenter study. Gas-
trointestinal Endosc 1998;48:1–10.

14 Freeman ML, Nelson DB, Sherman S, Haber
GB, Herman ME, Dorsher PJ, Moore JP, Fen-
nerty MB, Ryan ME, Shaw MJ, Lande JD,
Pheley AM: Complications of endoscopic bili-
ary sphincterotomy. N Engl J Med 1996;335:
909–918.

15 Goldstein HA, Kashanian FK, Blumetti RF,
Holyoak WL, Hugo FP, Blumenfield DM:
Safety assessment of gadopentetate dimeglu-
mine in US clinical trials. Radiology 1990;174:
17–23.

16 Flaherty JA, Hoskinson K: Emotional distress
during magnetic resonance imaging. N Engl J
Med 1989;320:467–468.

17 Edelman RR, Warach S: Magnetic resonance
imaging. N Engl J Med 1993;328:708–716.

18 Warshaw AL, Fernandez-del Castillo C: Pan-
creatic carcinoma. N Engl J Med 1992;326:
455–465.

19 Wagner M, Dikopoulos N, Kulli C, Friess H,
Büchler MW: Standard surgical treatment in
pancreatic cancer. Ann Oncol 1999;10(suppl
4):247–251.

20 Trede M, Schwall G, Saeger HD: Survival after
pancreatoduodenectomy. 118 consecutive re-
sections without an operative mortality. Ann
Surg 1990;211:447–458.

21 Cameron JL, Crist DW, Sitzmann JV, Hruban
RH, Boitnott JK, Seidler AJ, Coleman J: Fac-
tors influencing survival after pancreatico-
duodenectomy for pancreatic cancer. Am J
Surg 1991;161:120–125.

22 Yeo CJ, Cameron JL, Lillemoe KD, Sitzmann
JV, Hruban RH, Goodman SN, Dooley WC,
Coleman J, Pitt HA: Pancreaticoduodenecto-
my for cancer of the head of the pancreas: 201
patients. Ann Surg 1995;221:721–731.

23 Birk D, Fortnagel G, Formentini A, Beger HG:
Small carcinoma of the pancreas. Factors of
prognostic relevance. J Hepatobiliary Pancreat
Surg 1998;5:450–454.

24 Gilinsky NH, Bornman PC, Girdwood AH,
Marks IN: Diagnostic yield of endoscopic ret-
rograde cholangiopancreatography in carcino-
ma of the pancreas. Br J Surg 1986;73:539–
543.

25 Bakkevold KE, Arnesjo B, Kambestad B: Car-
cinoma of the pancreas and papilla of Vater:
Presenting symptoms, signs, and diagnosis re-
lated to stage and tumour site. A prospective
multicentre trial in 472 patients. Norwegian
Pancreatic Cancer Trial. Scand J Gastroenterol
1992;27:317–325.

26 Niederau C, Grendell JH: Diagnosis of pan-
creatic carcinoma. Imaging techniques and tu-
mor markers. Pancreas 1992;7:66–86.

27 Burtin P, Palazzo L, Canard JM, Person B,
Oberti F, Boyer J: Diagnostic strategies for
extrahepatic cholestasis of indefinite origin:
Endoscopic ultrasonography or retrograde cho-
langiography? Results of a prospective study.
Endoscopy 1997;29:349–355.

28 Rösch T, Schusdziarra V, Born P, Bautz W,
Baumgartner M, Ulm K, Lorenz R, Allescher
HD, Gerhardt P, Siewert JR, Classen M: Mod-
ern imaging methods versus clinical assessment
in the evaluation of hospital in-patients with
suspected pancreatic disease. Am J Gastroen-
terol 2000;95:2261–2270.

29 Furukawa T, Oohashi K, Yamao K, Naitoh Y,
Hirooka Y, Taki T, Itoh A, Hayakawa S, Wata-
nabe Y, Goto H, Hayakawa T: Intraductal
ultrasonography of the pancreas: Development
and clinical potential. Endoscopy 1997;29:
561–569.

30 Furukawa T, Tsukamoto Y, Naitoh Y, Hirooka
Y, Katoh T: Evaluation of intraductal ultraso-
nography in the diagnosis of pancreatic cancer.
Endoscopy 1993;25:577–581.

31 Lopez Hanninen E, Amthauer H, Hosten N,
Ricke J, Bohmig M, Langrehr J, Hintze R,
Neuhaus P, Wiedenmann B, Rosewicz S, Felix
R: Prospective evaluation of pancreatic tu-
mors: Accuracy of MR imaging with MR cho-
langiopancreatography and MR angiography.
Radiology 2002;224:34–41.

32 Barish MA, Yucel EK, Soto JA, Chuttani R,
Ferrucci JT: MR cholangiopancreatography:
Efficacy of three-dimensional turbo spin-echo
technique. AJR Am J Roentgenol 1995;165:
295–300.

33 Holzknecht N, Gauger J, Helmberger T, Sack-
mann M, Reiser M: Techniques and applica-
tions of MR pancreatography in comparison
with endoscopic retrograde pancreatography.
Radiologe 1996;26:427–434.

34 Miyazaki T, Yamashita Y, Tsuchigame T, Ya-
mamoto H, Urata J, Takahashi M: MR cholan-
giopancreatography using HASTE (half-Fou-
rier acquisition single-shot turbo spin-echo) se-
quences. AJR Am J Roentgenol 1996;166:
1297–1303.

35 Ueno E, Takada Y, Yoshida I, Toda J, Sugiura
T, Toki F: Pancreatic diseases: Evaluation with
MR cholangiopancreatography. Pancreas
1998;16:418–426.

36 Diehl SJ, Lehmann KJ, Gaa J, Meier-Willersen
HJ, Wendl K, Georgi M: The value of magnetic
resonance tomography, magnetic resonance
cholangiopancreatography and endoscopic ret-
rograde cholangiopancreatography in the diag-
nosis of pancreatic tumors. Röfo Fortschr Geb
Röntgenstr Neuen Bildgeb Verfahr 1999;170:
463–469.

37 Adamek HE, Albert J, Breer H, Weitz M,
Schilling D, Riemann JF: Pancreatic cancer
detection with magnetic resonance cholangio-
pancreatography and endoscopic retrograde
cholangiopancreatography: A prospective con-
trolled study. Lancet 2000;356:190–193.

38 Ichikawa T, Haradome H, Hachiya J, Nitatori
T, Ohtomo K, Kinoshita T, Araki T: Pancreatic
ductal adenocarcinoma: Preoperative assess-
ment with helical CT versus dynamic MR
imaging. Radiology 1997;202:655–662.

39 Nishiharu T, Yamashita Y, Abe Y, Mitsuzaki
K, Tsuchigame T, Nakayama Y, Takahashi M:
Local extension of pancreatic carcinoma: As-
sessment with thin-section helical CT versus
with breath-hold fast MR imaging – ROC anal-
ysis. Radiology 1999;212:445–452.

40 Gaa J, Wendl K, Tesdal IK, Meier-Willersen
HJ, Lehmann KJ, Bohm C, Mockel R, Richter
A, Trede M, Georgi M: Combined use of MRI
and MR cholangiopancreatography and con-
trast-enhanced dual phase 3-D MR angiogra-
phy in diagnosis of pancreatic tumors: Initial
clinical results. Röfo Fortschr Geb Röntgenstr
Neuen Bildgeb Verfahr 1999;170:528–533.



ERCP and MRCP in the Differentiating of
Pancreatic Tumors

Dig Dis 2004;22:18–25 25

41 DelMaschio A, Vanzulli A, Sironi S, Castrucci
M, Mellone R, Staudacher C, Carlucci M, Zer-
bi A, Parolini D, Faravelli A: Pancreatic cancer
versus chronic pancreatitis: Diagnosis with CA
19-9 assessment, US, CT, and CT-guided fine-
needle biopsy. Radiology 1991;178:95–99.

42 Baker ME: Pancreatic adenocarcinoma: Are
there pathognomonic changes in the fat sur-
rounding the superior mesenteric artery? Radi-
ology 1991;180:613–614.

43 Van Gulik TM, Reeders JW, Bosma A, Moojen
TM, Smits NJ, Allema JH, Rauws EA, Offer-
haus GJ, Obertop H, Gouma DJ: Incidence
and clinical findings of benign, inflammatory
disease in patients resected for presumed pan-
creatic head cancer. Gastrointest Endosc 1997;
46:417–423.

44 Shemesh E, Czerniak A, Nass S, Klein E: Role
of endoscopic retrograde cholangiopancrea-
tography in differentiating pancreatic cancer
coexisting with chronic pancreatitis. Cancer
1990;65:893–896.

45 Johnson PT, Outwater EK: Pancreatic carcino-
ma versus chronic pancreatitis: Dynamic MR
imaging. Radiology 1999;212:213–218.

46 Silas AM, Morrin MM, Raptopoulos V, Keo-
gan MT: Intraductal papillary mucinous tu-
mors of the pancreas. AJR Am J Roentgenol
2001;176:179–185.

47 Grundmann E, Hermanek P, Wagner G: Tu-
morhistologieschlüssel, ed 2. Berlin, Springer,
1997, p 64.

48 Loftus EV Jr, Olivares-Pakzad BA, Batts KP,
Adkins MC, Stephens DH, Sarr MG, DiMagno
EP: Intraductal papillary-mucinous tumors of
the pancreas: Clinicopathologic features, out-
come, and nomenclature. Members of the Pan-
creas Clinic, and Pancreatic Surgeons of Mayo
Clinic. Gastroenterology 1996;110:1909–
1918.

49 Siech M, Tripp K, Schmidt-Rohlfing B, Matt-
feldt T, Gorich J, Beger HG: Intraductal papil-
lary mucinous tumor of the pancreas. Am J
Surg 1999;177:117–120.

50 Albert J, Schilling D, Breer H, Jungius KP, Rie-
mann JF, Adamek HE: Mucinous cystadeno-
mas and intraductal papillary mucinous tu-
mors of the pancreas in magnetic resonance
cholangiopancreatography. Endoscopy 2000;
32:472–476.

51 Usuki N, Okabe Y, Miyamoto T: Intraductal
mucin-producing tumor of the pancreas: Diag-
nosis by MR cholangiopancreatography. J
Comput Assist Tomogr 1998;22:875–879.

52 Fukukura Y, Fujiyoshi F, Sasaki M, Ichinari N,
Inoue H, Kajiya Y, Nakajo M: HASTE MR
cholangiopancreatography in the evaluation of
intraductal papillary-mucinous tumors of the
pancreas. J Comput Assist Tomogr 1999;23:
301–305.

53 Arakawa A, Yamashita Y, Namimoto T, Tang
Y, Tsuruta J, Kanemitsu K, Hirota M, Hiraoka
T, Ogawa M, Tsuchigame T, Yoshimatsu S,
Kurano R, Sagara K, Matsuo A, Shibata K,
Tanimura M, Takahashi M: Intraductal papil-
lary tumors of the pancreas. Histopathologic
correlation of MR cholangiopancreatography
findings. Acta Radiol 2000;41:343–347.

54 Paye F, Sauvanet A, Terris B, Ponsot P, Vil-
grain V, Hammel P, Bernades P, Ruszniewski
P, Belghiti J: Intraductal papillary mucinous
tumors of the pancreas: Pancreatic resections
guided by preoperative morphological assess-
ment and intraoperative frozen section exami-
nation. Surgery 2000;127:536–544.

55 Sugiyama M, Atomi Y, Hachiya J: Intraductal
papillary tumors of the pancreas: Evaluation
with magnetic resonance cholangiopancreatog-
raphy. Am J Gastroenterol 1998;93:156–159.

56 Koito K, Namieno T, Ichimura T, Yama N,
Hareyama M, Morita K, Nishi M: Mucin-pro-
ducing pancreatic tumors: Comparison of MR
cholangiopancreatography with endoscopic
retrograde cholangiopancreatography. Radiol-
ogy 1998;208:231–237.

57 Cellier C, Cuillerier E, Palazzo L, Rickaert F,
Flejou JF, Napoleon B, Van Gansbeke D, Bely
N, Ponsot P, Partensky C, Cugnenc PH, Bar-
bier JP, Deviere J, Cremer M: Intraductal pa-
pillary and mucinous tumors of the pancreas:
Accuracy of preoperative computed tomogra-
phy, endoscopic retrograde pancreatography
and endoscopic ultrasonography, and long-
term outcome in a large surgical series. Gas-
trointest Endosc 1998;47:42–49.

58 Yamashita Y, Namimoto T, Mitsuzaki K, Ura-
ta J, Tsuchigame T, Takahashi M, Ogawa M:
Mucin-producing tumor of the pancreas: Diag-
nostic value of diffusion-weighted echo-planar
MR imaging. Radiology 1998;208:605–609.

59 Nishihara K, Kawabata A, Ueno T, Miyahara
M, Hamanaka Y, Suzuki T: The differential
diagnosis of pancreatic cysts by MR imaging.
Hepatogastroenterology 1996;43:714–720.

60 Irie H, Honda H, Aibe H, Kuroiwa T, Yoshi-
mitsu K, Shinozaki K, Yamaguchi K, Shimada
M, Masuda K: MR cholangiopancreatographic
differentiation of benign and malignant intra-
ductal mucin-producing tumors of the pan-
creas. AJR Am J Roentgenol 2000;174:1403–
1408.

61 Riemann JF, Kohler B: Endoscopy of the pan-
creatic duct. Gastrointest Endosc 1993;39:
367–370.

62 Hara T, Yamaguchi T, Ishihara T, Tsuyuguchi
T, Kondo F, Kato K, Asano T, Saisho H: Diag-
nosis and patient management of intraductal
papillary-mucinous tumor of the pancreas by
using peroral pancreatoscopy and intraductal
ultrasonography. Gastroenterology 2002;122:
34–43.

63 Kaufman AR, Sivak MV Jr, Ferguson DR:
Endoscopic retrograde cholangiopancreatogra-
phy in pancreatic islet cell tumors. Gastrointest
Endosc 1988;34:47–52.

64 Mao C, Howard JM: Pancreatitis associated
with neuroendocrine (islet cell) tumors of the
pancreas. Am J Surg 1996;171:562–564.

65 Obara T, Shudo R, Fujii T, Tanno S, Mizu-
kami Y, Izawa T, Saitoh Y, Satou S, Kohgo Y:
Pancreatic duct obstruction caused by malig-
nant islet cell tumors of the pancreas. Gastroin-
test Endosc 2000;51:604–607.

66 Rösch T, Lightdale CJ, Botet JF, Boyce GA,
Sivak MV Jr, Yasuda K, Heyder N, Palazzo L,
Dancygier H, Schusdziarra V: Localization of
pancreatic endocrine tumors by endoscopic ul-
trasonography. N Engl J Med 1992;326:1721–
1726.

67 Martin DR, Semelka RC: MR imaging of pan-
creatic masses. Magn Reson Imaging Clin N
Am 2000;8:787–812.

68 Semelka RC, Cumming MJ, Shoenut JP, Ma-
gro CM, Yaffe CS, Kroeker MA, Greenberg
HM: Islet cell tumors: Comparison of dynamic
contrast-enhanced CT and MR imaging with
dynamic gadolinium enhancement and fat sup-
pression. Radiology 1993;186:799–802.

69 Buetow PC, Parrino TV, Buck JL, Pantongrag-
Brown L, Ros PR, Dachman AH, Cruess DF:
Islet cell tumors of the pancreas: Pathologic-
imaging correlation among size, necrosis and
cysts, calcification, malignant behavior, and
functional status. AJR Am J Roentgenol 1995;
165:1175–1179.



Review Article

Dig Dis 2004;22:26–31
DOI: 10.1159/000078732

Role of Endoscopic Ultrasound in the
Diagnosis of Patients with Solid
Pancreatic Masses

Stefan Kahl Peter Malfertheiner

Department of Gastroenterology, Otto von Guericke University, Magdeburg, Germany

Stefan Kahl, MD
Department of Gastroenterology, Otto von Guericke University Magdeburg
Leipziger Strasse 44, DE–39120 Magdeburg (Germany)
Tel. +49 391 6713100, Fax +49 391 6713105
E-Mail stefan.kahl@medizin.uni-magdeburg.de

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 2004 S. Karger AG, Basel
0257–2753/04/0221–0026$21.00/0

Accessible online at:
www.karger.com/ddi

Key Words
Adenocarcinoma W Adenoma W Islet cell tumors,
diagnosis W Digestive system neoplasms W

Endosonography W Neoplasm staging W Pancreatic
neoplasms W Pancreatitis W EUS, review of the literature W

Solid pancreatic tumors, surgery W Ultrasonography,
interventional

Abstract
Endoscopic ultrasound (EUS) is the most sensitive imag-
ing procedure for the detection of small solid pancreatic
masses and is accurate in determining vascular invasion
of the portal venous system. Even compared to the new
CT techniques, EUS provides excellent results in preop-
erative staging of solid pancreatic tumors. Compared to
helical CT techniques, EUS is less accurate in detecting
tumor involvement of the superior mesenteric artery.
EUS staging and EUS-guided FNA can be performed in a
single-step procedure, to establish the diagnosis of can-
cer. There is no known negative impact of tumor cell
seeding due to EUS-guided fine needle aspiration (FNA).
Without FNA, EUS and additional methods are not able
to reliably distinguish between inflammatory and malig-
nant masses.

Copyright © 2004 S. Karger AG, Basel

Introduction

Endoscopic ultrasound (EUS), initially introduced in
the 1980s to improve imaging of the pancreas, has added
significantly to the diagnosis of pancreatic tumors. The
value of different imaging methods in the assessment of
pancreatic tumors is related to the accuracy in detecting
the tumor and providing information on the involvement
of surrounding organs and lymph nodes. EUS provides
direct visualization of the pancreas, pancreatic tumors,
the common bile duct, the portal and splenic vein, the
superior mesenteric vessels and adjacent lymph nodes. In
comparison to other imaging modalities, EUS is able to
visualize tumors of size !2 cm in diameter.

This review will focus on the ability of EUS to diagnose
and stage accurately solid pancreatic masses by using
three important criteria: (1) detection and imaging of
the tumor; (2) determination of tumor resectability, and
(3) confirmation of the diagnosis using additional tech-
niques.

Solid masses in the pancreas mostly occur in the pan-
creatic head and may either be related to inflammation
due to chronic pancreatitis or may be caused by a malig-
nancy. Ductal pancreatic adenocarcinoma is the most
common malignant pancreatic neoplasm, accounting for
more than 95% of malignant solid pancreatic tumors.
Islet cell tumors represent only a minority of those
tumors. While islet cell tumors tend to clinically present
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earlier in the course of the disease (due to symptoms
caused by tumor-related hormone production), adenocar-
cinomas present in nearly all cases in advanced stages
when curative resection is not feasible.

Detection

Most patients are diagnosed after they start to become
jaundiced. In these patients the symptoms causing masses
are easily diagnosed by combining clinical examination
and transcutaneous ultrasound. Only a minority of pa-
tients present without an obvious mass lesion. In compar-
ison to other imaging modalities in these cases, EUS is
superior in detection of small lesions and is able to visual-
ize tumors of size !2 cm in diameter, when curative resec-
tion is more likely [1–4]. Sensitivity and specificity of
EUS to detect pancreatic tumors in comparison to other
imaging methods are reported in table 1.

Sensitivity of the advanced modern CT techniques will
possibly be enhanced in comparison to EUS, but even
EUS – using additional contrast medium – has now an
improved sensitivity. Confirmation of this statement by
larger studies is necessary.

Benign versus Malignant Mass Lesions

Once a mass lesion is detected in a patient known to
suffer from chronic pancreatitis, problems arise from the
difficulty to reliably distinguish between a benign mass,
caused by advanced inflammation or fibrosis, and a ma-
lignant tumor. Several authors tried to identify character-
istics that assist in distinguishing benign from malignant
lesions. The specificity of EUS in distinguishing both
types of lesions varies between 46 and 93% [3, 5].

Rösch et al. [3] and Glasbrenner et al. [5] independent-
ly proposed criteria suggestive of an inflammatory mass:
inhomogeneous echo pattern, calcification, peripancreatic
echo-rich stranding, cysts, etc., whereas malignant masses
would invade adjacent organs, cause enlargement of adja-
cent lymph nodes and the mass would be with irregular
outer margins. These criteria led to a remarkable specifici-
ty, but, unfortunately, the sensitivity remains low.

Newer and compared to the conventional systems
more sophisticated EUS applications offer the opportuni-
ty to add Doppler and power-Doppler tools. While adeno-
carcinomas are mostly hypoperfused, inflammatory le-
sions present as hyperperfused [6]. Using these character-
izations results in an enhancement of sensitivity and spec-

Table 1. Accuracy of EUS to detect pancreatic tumors in compari-
son to CT

Group
(first author)

Year n EUS

sensi-
tivity

speci-
ficity

CT

sensi-
tivity

speci-
ficity

Mertz [23] 2000 35 93 75 53 25
Gress [11] 1999 81 100 74
Midwinter [24] 1999 48 97 76
Legmann [25] 1998 33 100 33 92 100
Muller [1] 1994 49 94 100 69 100

ificity of EUS for the differentiation of pancreatic adeno-
carcinoma from focal inflammatory lesions of 94 and
100%, respectively.

With respect to differentiating benign from malignant
lesions (causing stenosis of the main pancreatic duct),
intraductal application of the echoprobe could be an alter-
native. Furukawa et al. [7] examined patients with a stric-
ture in the main pancreatic duct by a 30-MHz probe. The
findings were divided into two types of lesions: an echo-
rich area surrounded by an echo-poor margin was charac-
teristic for pancreatic cancer, and a ring-like echo-lucent
band surrounded by a fine reticular pattern characterized
CP. Sensitivity and specificity were 100 and 92%, respec-
tively. Unfortunately, these data had not yet been con-
firmed by other groups, which is mainly due to the very
limited use of intraductal EUS in a restricted number of
centers.

The only 100% accuracy for confirmation of malignan-
cy with a given lesion is offered by a biopsy-guided posi-
tive histology or cytology.

Confirmation of Diagnosis

The use of EUS to obtain tissue for the diagnosis of
pancreatic adenocarcinoma is a major advantage, devel-
oped and established in the past [8, 9]. The overall safety
of EUS-guided fine needle aspiration (EUS-FNA) is very
good and well established in several reports [9]. The com-
plication rate is equivalent to that of an only diagnostic
EUS [10].

Several studies have been published showing a consis-
tently high accuracy for providing cytological or even his-
tological diagnosis of pancreatic cancer by EUS-FNA. A
prospective study by Gress et al. [11] reported a sensitivi-
ty and specificity to establish the diagnosis of pancreatic
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adenocarcinoma by EUS-FNA of 93 and 100%, respec-
tively.

The clinical utility of EUS-FNA was studied by Chang
et al. [12]. EUS-FNA was reported to have a 95% accura-
cy rate for the detection of malignant pancreatic lesions
and 88% accuracy rate for lymph node involvement.
EUS-FNA is accompanied by an only very low complica-
tion rate [10]. In the study of O’Toole et al. [10], biopsies
were taken from 345 lesions and no severe or fatal inci-
dents were reported. Minor complications occurred in
1.6%. The risk for complications after EUS-FNA there-
fore appears only slightly higher than that of standard
EUS alone and is even lower compared to other biopsy
techniques.

In a direct comparison between three different tissue
sampling techniques, EUS-FNA was proven as accurate
as CT-guided biopsy technique compared to biopsies
obtained by transcutaneous ultrasonography and open
surgery [13]. While diagnostic accuracy is equal to other
methods but the complication rate is lower, EUS-FNA
should be the method of choice for obtaining tissue sam-
ples from solid pancreatic masses. In clinical routine the
only limiting factor is the availability of EUS. However,
treatment of patients with pancreatic disease is mostly
restricted to specialized centers which offer EUS routinely
to their patients, therefore EUS-FNA can be offered to the
majority of patients [14–16].

The major late complication of tissue sampling in
patients who will later undergo surgery is peritoneal carci-
nomatosis due to suspected tumor cell seeding during a
diagnostic biopsy. With EUS it no longer seems to be a
significant problem. In a group of 89 patients, 46 had a
EUS-guided biopsy and in the remaining 43 the percuta-
neous route was used. In the EUS-FNA group, 1 patient
developed peritoneal carcinomatosis compared with 7 in
the percutaneous FNA group (2.2 vs. 16.3%; p ! 0.025)
[17].

EUS-FNA can be recommended as the method of
choice for obtaining biopsies for histological confirma-
tion, also in patients with potentially resectable pancreat-
ic cancer. However, there is an ongoing debate about the
necessity for establishing diagnosis prior to surgery. In our
opinion, for presumably curative resectable lesions that
will definitively undergo surgery, any preoperative histo-
logical confirmation is unnecessary. In these cases a histo-
logical confirmation will not change the current practice
of the surgeon and has no impact on the patient’s manage-
ment.

EUS-FNA is particularly important in patients who
are poor candidates for surgery or have advanced disease

and therefore would not be considered for surgical resec-
tion. On the other hand, while there is no proven negative
impact on a EUS-FNA on tumor seeding, a positive con-
firmation of malignancy in a suspected mass lesion will
not automatically lead to palliative treatment.

Determination of Resectability

In patients with pancreatic adenocarcinoma, preopera-
tive staging with reliable information concerning the T-
stage is essential to avoid unnecessary surgery. Vascular
invasion and lymph node involvement are the most
important prognostic factors to predict failure of surgery.
Data are given in table 2 regarding sensitivity, specificity
and accuracy of EUS for the prediction of irresectability
of pancreatic tumors [2, 11, 18–27].

Determination of resectability seems to be more diffi-
cult in larger tumors. In general, lower accuracies are
obtained in larger tumors. Ahmad et al. [21] hypothesized
that a peritumoral inflammation affects EUS accuracy.
This hypothesis was again supported by another extended
study from the same group, indicating that EUS is more
effective in detecting vascular involvement in tumors
!3 cm in size [28].

The criteria proposed by several authors for the predic-
tion of vascular invasion are: (1) visualization of tumor in
the lumen; (2) complete obstruction; (3) collateral vessels,
and (4) irregular tumor-vessel relationship [29].

Earlier reports demonstrated superior accuracy for
preoperative staging of solid pancreatic masses if done by
EUS. A key study reporting on T- and N-stages by EUS in
comparison with CT found EUS to be more accurate than
dynamic CT in all possible tumor stages [11]. In a meta-
analysis involving 357 patients from 14 studies, EUS was
reported to have an overall accuracy in preoperative stag-
ing of 83% [30].

The visualization of vascular structures may be diffi-
cult with EUS in patients with large tumors and altered
anatomy (possibly due to peritumoral inflammation [21]).
Rösch et al. [29] described a sensitivity of only 43% but a
specificity of 91% of EUS to detect venous vascular inva-
sion. EUS is particularly accurate for the demonstration
of splenoportal venous invasion but less accurate for dem-
onstrating involvement of the superior mesenteric artery
[29, 31]. A study by Brugge et al. [32] confirmed the inad-
equacy of EUS in the determination of superior mesenter-
ic vein involvement but found EUS to be superior to angi-
ography in determining portal and splenic vein invasion
with tumor, with accuracies ranging from 77 to 85%.
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Table 2. Accuracy of prediction of tumor resectability by EUS and CT

Group
(first author)

Year EUS

n sensi-
tivity

speci-
ficity

accu-
racy

CT

n sensi-
tivity

speci-
ficity

accu-
racy

Comment

Catalano [18] 2003 46 96 86 93 Multisclice CT
Huang [19] 2002 68 90.6 97.7 90.7 Multiphase CT
Tierney [20] 2001 51 100 93 51 62.5 100 Dual-phase helical CT
Ahmad [21] 2000 89 69
Mertz [23] 2000 35 100 35 50 Single-phase helical CT
Gress [11] 1999 81 93 81 60 Axial CT
Midwinter [24] 1999 34 81 86 3 56 100 Venous involvement;

dual-phase CT
Midwinter [24] 1999 34 17 67 34 50 100 Superior mesenteric artery

involvement; dual-phase CT
Legmann [25] 1998 30 86 30 100 Dual-phase helical CT
Palazzo [2] 1993 64 100 64 71 Venous involvement;

dual-phase helical CT
Rösch [26] 1992 46 91 97 46 36 85 Venous involvement;

dual-phase helical CT

In the past, EUS offered most accurate data about the
tumor T-stage, but nowadays, with the introduction of
advanced and sophisticated CT-scanning methods (dy-
namic, multiphase, multislice helical CT), accuracy of the
cross-sectional procedures has significantly improved.
The volumetric data acquisition of helical CT permits
computer reconstruction of the images acquired into
three-dimensional volume-rendered images. The arterial
and venous anatomy found in CT is equivalent to conven-
tional angiography. Therefore, the question whether EUS
still has advantages over cross-sectional procedures was
again addressed.

Helical CT is an advance in CT technology that allows
for more rapid acquisition of CT images. In helical CT
there is continuous activation and spinning of the X-ray
source and continuous movement of the tabletop leading
to continuous data acquisition. With helical CT, thinner
slices can be obtained in a single breath hold through
reconstruction of overlapping venous system. Helical CT
therefore provides consistently higher levels of circulating
contrast medium, allowing more accurate assessment of
the splanchnic vessels. Computer algorithms that allow
three-dimensional reconstruction are also possible. Heli-
cal CT angiography has been described and may be better
than axial helical CT imaging for detecting vascular inva-
sion. This question was extensively discussed in a recently
published review by Hunt and Faigel [4] in Gastrointesti-
nal Endoscopy.

To date there have been four studies comparing EUS
with helical CT in patients with pancreatic cancer [20,
23–25]. The data given in table 2 compare the corre-
sponding definitions of EUS. Analyzing the overall results
demonstrates that again EUS remains the most sensitive
test for detecting small tumors in the pancreas [4]. Hunt
and Faigel [4] summarize the results in the above-men-
tioned review: For determining whether the tumor is
resectable, helical CT has good accuracy (83%), although
EUS is somewhat better (91%). The improved accuracy of
EUS is due to its greater sensitivity for detecting vascular
invasion of the portal venous system.

Invasion of the portal venous system as a criterion of
irresectability is questioned by some surgeons. In patients
with adenocarcinoma of the pancreatic head who require
venous resection during pancreaticoduodenectomy for
isolated tumor extension to the superior mesenteric or
portal vein, there exist data where the survival period is
not different from that of patients who undergo standard
pancreaticoduodenectomy [33]. These data may suggest
that venous involvement is a function of tumor location
rather than an indicator of aggressive tumor biology.

Under these circumstances, the advantage of EUS over
helical CT staging may disappear. Again, further studies
are needed, addressing this special issue to establish the
value of EUS and helical CT in prediction of irresectabili-
ty and their impact on clinical management.
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Clinical Role of EUS in Solid Pancreatic Masses

The major clinical challenge of EUS in malignant pan-
creatic tumors is to identify those who may potentially
undergo curative resection or vice versa to identify pa-
tients with high risk for advanced, unresectable disease.
For patients who have a high suspicion of advanced dis-
ease or who are poor surgical candidates, EUS provides a
less expensive staging approach. Powis and Chang [34]
calculated total costs for laparotomy with approximately
USD 22,000 compared to costs of a staging EUS (com-
bined with FNA) of approximately USD 2,500, meaning
that only 1 patient for every 8.8 patients staged would
need to have unresectable disease by EUS to financially
justify using the EUS technique. The direct comparison of
EUS-FNA, CT-guided FNA and surgery revealed EUS-
FNA the least costly strategy in the staging workup of
patients with pancreatic head cancer [17, 34, 35].

Identifying the patient population who most likely
benefit from surgery is the major advantage of EUS.
Defining this patient population helps to reduce direct
medical care costs in pancreatic cancer [34]. However,
prospective data are lacking in this regard and will need to
be addressed in the future.

To summarize: EUS is a highly sensitive imaging pro-
cedure for detecting small solid pancreatic masses and is

accurate in determining vascular invasion of the portal
venous system. EUS should be performed in patients with
solid pancreatic masses but without distant metastasis or
in patients with suspected tumors not visualized by other
imaging procedures. EUS reliably predicts resectability by
determining vascular involvement. Advanced CT scan-
ning methods reach equal accuracy values to predict irre-
sectability. EUS staging and EUS-FNA can be performed
in a single, combined procedure. EUS-FNA can be con-
sidered in the majority of patients undergoing EUS to
establish the diagnosis of cancer, determine histologic
type, confirm lymph node histology. There is no known
negative impact of tumor cell seeding due to EUS-FNA.
However, for potentially resectable cancers immediate
histological or cytological confirmation of malignancy is
unnecessary.

Helical CT is an advance over standard CT in its abili-
ty to detect and stage pancreatic cancer. The major advan-
tage of helical CT over standard EUS technique is related
to a more accurate detection of tumor involvement of the
superior mesenteric artery. Even more than 20 years after
the introduction of EUS into the clinical workup of
patients with pancreatic mass lesions, EUS and additional
methods are still not able to reliably distinguish between
inflammatory and malignant masses in some cases.
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Abstract
Echo-enhanced sonography is increasingly being used
for differential diagnosis of pancreatic tumors. Ductal
carcinomas are often hypovascularized compared with
the surrounding tissue. On the other hand, neuroendo-
crine tumors are hypervascularized lesions. Tumors as-
sociated with pancreatitis have a different vasculariza-
tion pattern depending on inflammation and necrosis.
Cystadenomas frequently show many vessels along
the fibrotic strands. Pancreatic tumors have a different
vascularization pattern in echo-enhanced sonography.
These characteristics can be used for differential diagno-
sis. However, histology is the standard of reference.

Copyright © 2004 S. Karger AG, Basel

Introduction

The differentiation of pancreatic tumors is difficult by
imaging techniques. Histology is the standard of reference
but can produce false results. Endoscopic retrograde
(ERCP) and magnetic resonance cholangiopancreatogra-
phy (MRCP) are the current imaging standards for differ-
ential diagnosis of pancreatic lesions [1–5]. With conven-

tional transabdominal ultrasound, there are no character-
istic signs for the differentiation of pancreatic masses and
the diagnostic accuracy is !70% [6–9]. Echo-enhanced
sonography is a procedure with good results in the differ-
entiation of liver lesions [10–15]. In the following, the use
of this method in differential diagnosis of pancreatic
tumors will be depicted and discussed.

Ultrasound Methods and Criteria for Pancreatic
Tumor Differentiation

All patients will initially be investigated by conven-
tional sonography using a dynamic sector scanner. For
echo-enhanced sonography the power Doppler mode un-
der the conditions of 2nd Harmonic Imaging or the Pulse
Inversion technique are available. Echo-enhanced power
Doppler sonography starts immediately after injection of
4 g Levovist® (concentration 300 mg/ml) and lasts ap-
proximately 2 min. One focus zone with depth adapted to
the area of interest and a mechanical index of 0.8–1.3
should be used. For echo-enhanced sonography with
Pulse Inversion, 2.4 ml SonoVue® will be injected and the
mechanical index varies between 0.1 and 0.2. As for echo-
enhanced power Doppler sonography, the investigation
lasted approximately 2 min.

Criteria for the differentiation of pancreatic masses by
conventional and echo-enhanced sonography (table 1)
have recently been published [9, 16]: (1) A ductal carcino-
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Table 1. Criteria for pancreatic tumor differentiation with conventional ultrasound, unenhanced power Doppler sonography and echo-
enhanced ultrasound [9, 16]

B-mode sonography Unenhanced power
Doppler sonography

Echo-enhanced power
Doppler sonography

Ductal carcinoma Low-echo pattern
Lobulated margins
Dilated Wirsung’s duct
Vascular infiltration
Metastases

No tumor vessels
detectable

Poorly vascularized tumor
Marginal tumor vessels

Pancreatitis
(chronic and acute)

Low-echo pattern
Lobulated margins
Thrombosis
Necrotic areas
Dilated Wirsung’s duct

Vessels rarely detectable Vascularization depending on
inflammation and necrosis

Neuroendocrine
tumor

Low-echo pattern
Sharply delineated round margins
No dilated Wirsung’s duct
Vascular infiltration rare metastases

Tumor vessels rarely
detectable

Highly vascularized tumor

Cystadenoma Small cystic areas (often !3 cm)
Spoke-like pattern of fibrotic strands with
small calcifications
No dilated Wirsung’s duct

No tumor vessels
detectable

Highly vascularized tumor arteries
along the fibrotic strands

Cystadeno-
carcinoma

Large cystic areas (often 15 cm)
Solid areas
No dilated Wirsung’s duct
Metastases

Rarely tumor vessels with
chaotic pattern detectable

Poorly and chaotic vascularized
solid areas

Pseudocyst Often echo-free pattern
Sharply delineated wall
Features of acute and/or chronic pancreatitis
Signs of bleeding and/or calcifications
Bowel infiltration is possible

Rarely tumor vessels
detectable in ‘young cysts’

‘Young cysts’ (few weeks of age)
show often a highly vascularized wall
‘Old cysts’ (few months of age)
show often a poorly vascularized wall

Metastasis of a
renal cell carcinoma

Low-echo pattern
Lobulated margins

Tumor vessels rarely
detectable

Highly vascularized tumor

Lymphoma Low-echo pattern
Sharply delineated round margins
No dilated Wirsung’s duct

No tumor vessels
detectable

Differently vascularized tumor
masses

ma presents at B-mode ultrasound with low-echo pattern
and lobulated margins. Wirsung’s duct is dilated (fig. 1a).
At echo-enhanced sonography, the lesion is poorly vascu-
larized in most cases (fig. 1b). (2) In contrast to adenocar-
cinomas, neuroendocrine tumors and metastases of renal
cell carcinomas show sharply delineated margins, and
Wirsung’s duct is usually not dilated (fig. 2a). A hypervas-
cularization after injection of an echo-enhancer is a char-
acteristic sign of these masses (fig. 2b). (3) In particular,
the differential diagnosis of adenocarcinomas and pancre-
atitis-associated masses is notoriously problematic, since

both tumors can appear as low-echo and lobulated lesions
with dilatation of Wirsung’s duct. The vascularization of
pancreatitis-associated tumors depends on inflammation
and necrosis. (4) Cystic pancreatic neoplasms are rare.
While cystadenomas are characterized by small cystic
areas and highly vascularized fibrotic strands (fig. 3),
cystadenocarcinomas consist of large cysts and poorly
vascularized solid areas (fig. 4). Pseudocysts show an
echo-free pattern and a sharply delineated wall (fig. 5a).
At the pancreas, features of chronic inflammation (calci-
fications and dilated Wirsung’s duct) can be found. After
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Fig. 1. Ductal pancreatic carcinoma at conventional (a) and echo-
enhanced sonography (b). a Low-echo tumor with lobulated margins
and dilatation of Wirsung’s duct. b Poorly vascularized lesion.

Fig. 2. Pancreatic metastasis of a renal cell carcinoma at convention-
al (a) and echo-enhanced sonography (b). a Low-echo mass with
sharply delineated margins without dilatation of Wirsung’s duct.
b Highly vascularized lesion.

injection of an echo-enhancer the wall of the pseudocysts
is highly (‘young cyst’, fig. 5b) or poorly vascularized (‘old
cysts’).

Results of Echo-Enhanced Sonography in the
Differentiation of Pancreatic Tumors

Table 2 presents the results of several studies in the dif-
ferentiation of pancreatic lesions with echo-enhanced
sonography.

In a study published in 2002 [17], only 57% of the ade-
nocarcinomas were correctly classified by conventional
and unenhanced ultrasound. However, with echo-en-

hanced sonography, 87% of the masses could be differen-
tiated (p = 0.0001). Two carcinomas were interpreted
erroneously as lesions associated with pancreatitis.

From the pancreatitis-associated masses, 85% were
diagnosed correctly by echo-enhanced sonography. Four
tumors were classified falsely as ductal carcinomas. All of
them showed necrotic tissue at histology.

Another study showed good results of echo-enhanced
ultrasound in the differentiation of neuroendocrine pan-
creatic tumors [18]. Table 2 demonstrates that a sensitivi-
ty of 94% and a specificity of 96% were achieved with this
procedure. Other reports have confirmed these good re-
sults [19]. On the other hand, it was shown that the overall
sensitivity of somatostatin receptor scintigraphy in the
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Fig. 3. Cystadenoma at conventional (a) and echo-enhanced sonog-
raphy (b). a Tumor (diameter 25 mm) with small cystic areas and
thin fibrotic strands (arrows). b Highly vascularized tumor arteries
along the fibrotic strands.

Fig. 4. Cystadenocarcinoma at conventional (a) and echo-enhanced
sonography (b). a Tumor (diameter 70 mm) with cystic (c) and solid
(s) areas. b Poorly vascularized solid areas.

differential diagnosis of neuroendocrine pancreatic tu-
mors is less than 55% [18]. Furthermore, a recently pub-
lished study showed that with echo-enhanced sonography,
cystic neoplasms can be differentiated well from pseudo-
cysts [20]. However, one cystadenoma was misdiagnosed
as a cystadenocarcinoma, and vice versa. The morpholog-
ical variability of these cystic lesions at conventional
ultrasound and the difficulties in the evaluation of the
vascularization of cystic masses seem to be responsible for
the false results.

Discussion

There is no ideal diagnostic procedure for the differen-
tiation of pancreatic tumors. Histology is the standard of
reference but can produce false results. ERCP is the stan-
dard for diagnostic imaging, but is burdened with the risk
of complications, the most important being pancreatitis
[21, 22]. MRCP has a similar sensitivity and specificity
for detecting pancreatic cancer or chronic pancreatitis to
ERCP [1–5]. However, this procedure is expensive, time-
consuming, and available only in large medical centers.
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Fig. 5. Pseudocyst at conventional (a) and echo-enhanced sonogra-
phy (b). a Lesion with an echo-free pattern and a sharply delineated
wall. Wirsung’s duct is dilated. b Highly vascularized wall.

Computed tomography and endoscopic ultrasonography
are unable to differentiate pancreatic tumors satisfactori-
ly but may be the best methods to stage for resectability
and detect metastases [23–25].

There are no characteristic signs for the different pan-
creatic lesions in conventional transabdominal ultra-
sound. In particular, the differentiation of ductal carcino-
ma from chronic pancreatitis is notoriously problematic
[9, 16].

Some years ago, the angiographic vascularization pat-
tern was reported to be helpful for the differentiation of
pancreatic tumors [26–28]. Whereas ductal carcinomas
are characterized by their hypovascularization, neuroen-
docrine tumors were found to be hypervascularized.
However, the diagnostic accuracy of angiography is low
because it is impossible to investigate the macroscopic
tumor features.

Unenhanced power Doppler sonography allows the
investigation of the vascularization pattern of tumors by
ultrasound as well. For instance, there are good results in
the differentiation of hepatocellular carcinomas with this
method [13, 29]. In the differential diagnosis of pancreat-
ic masses, no diagnostic advantage of this method was
observed in comparison to conventional ultrasound. This
might be explained by the low sensitivity of unenhanced
power Doppler sonography for detecting low blood flow
velocity or small vessels, and the existence of multiple tis-
sue artifacts [9, 10].

The sensitivity of power Doppler sonography can be
increased by echo-enhancers, for example Levovist®. This
preparation consists of microbubbles of air which en-
hance the Doppler signal at 20–30 dB [10, 30, 31]. With
echo-enhanced power Doppler sonography, however, the
signal intensity from flowing blood is much lower com-
pared to that of moving solid structures, such as tissue

Table 2. Results of echo-enhanced
sonography in the differential diagnosis of
pancreatic tumors

Lesion Study
(ref. No.)

Sensitivity
%

Specificity
%

PPV
%

NPV
%

Adenocarcinoma 17 87 94 89 93
Pancreatitis 17 85 99 97 94
Neuroendocrine tumor 18, 19 94 96 76 99
Cystic tumor 20 95–100 92–100 95–100 92–100
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movements. 2nd Harmonic Imaging was developed to
overcome these difficulties. This method is 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
2nd Harmonic Imaging. Tissue particles have fewer 2nd
harmonic waves than microbubbles, so the signals of
echo-enhancers are more distinguishable [10].

Recently, the new contrast agent Sonovue® is being
used more frequently for echo-enhanced sonography. Fur-
thermore, 2nd Harmonic Imaging was replaced partially
by the Pulse Inversion Imaging technique. There are
remarks that with this new procedure more favorable
results can be achieved than with 2nd Harmonic Imaging.
With 2nd Harmonic Imaging it is impossible to separate
the transmitted and received harmonic signal completely
because of limited bandwidth. However, Pulse Inversion
Imaging avoids these bandwidth limitations by using
characteristics specific to microbubble vibrations to sub-
tract rather than filter out the fundamental. Because this
imaging transmits two reciprocal pulses, leading to sub-
tract fundamental signals, it can allow the use of broader
transmit and receive bandwidths for improved resolution
and can provide increased sensitivity to contrast [32].
However, comparative results of large prospective studies
are missing.

Characteristic signs of pancreatic tumors at echo-
enhanced sonography have been published [9, 16]. Simi-
lar to their angiographic features, ductal carcinomas and
solid areas of cystadenocarcinomas were found to be
hypovascularized. In contrast, neuroendocrine tumors
and solid parts of cystadenomas are mostly hypervascu-
larized. Pancreatitis-associated masses show different
patterns of vascularization depending on inflammation,
fibrotic scars, and the extent of necrosis [9, 16].

The results of the studies of table 2 demonstrate that,
with the combination of echo-enhanced sonography and
2nd Harmonic or Pulse Inversion Imaging, a higher per-
centage of ductal carcinomas, pancreatitis-associated
masses, and neuroendocrine and cystic tumors can be
classified correctly. However, conventional ultrasound,
unenhanced and echo-enhanced sonography must not be
used as separate imaging techniques. Conventional ultra-
sound is the basic sonographic method, and a tumor dif-
ferentiation is hardly possible with echo-enhanced ultra-
sound alone. Echo-enhanced sonography offers more
diagnostic criteria than conventional ultrasound alone.
Therefore, all sonographic procedures should be com-
bined.

In comparison with reported results of ERCP and
MRCP [1], echo-enhanced sonography has a similar accu-
racy in diagnosing pancreatic carcinoma. With respect to
the differentiation of pancreatitis-associated tumors, the
sensitivity of echo-enhanced power Doppler sonography
seems to be slightly lower, while the specificity is some-
what higher compared to ERCP and MRCP [1]. Necroses
and fibroses are major problems for the differential diag-
nosis of ductal carcinomas and pancreatitis-associated
masses. Since both tissues are not vascularized, necrotic
pancreatitis may be interpreted falsely as ductal carcino-
ma. On the other hand, it is possible to find inflammation
in the surrounding tissue of an adenocarcinoma leading to
the suspicion of a pancreatitis.

Echo-enhanced sonography displayed above all a high
sensitivity and specificity in the differentiation of neu-
roendocrine tumors. Whereas endoscopic ultrasonogra-
phy is of great value for localizing neuroendocrine pan-
creatic tumors [33], echo-enhanced sonography could be-
come the new standard of reference for their differential
diagnosis by imaging procedures. However, there are
reports on false results of echo-enhanced sonography due
to by hypervascularized metastases of a renal cell carcino-
ma. A hypervascularization of metastases from renal cell
carcinomas had also been observed in angiographic stud-
ies [34, 35]. This phenomenon is based on a well-vascular-
ized stroma.

Cystic pancreatic masses are often associated with
multiple artifacts at sonography. Although it is difficult to
investigate the vascularization pattern of the solid tumor
parts, the present results demonstrate the higher diagnos-
tic value of echo-enhanced sonography compared to con-
ventional or unenhanced ultrasound [36]. However,
MRCP seems to be more successful in the differentiation
of cystic pancreatic tumors [37, 38].

The successful treatment of pancreatic tumors requires
a highly sensitive and specific diagnostic procedure.
Echo-enhanced sonography is a powerful tool that may
satisfy this requirement. However, histology is the stan-
dard of reference for the differentiation of pancreatic
tumors.
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Abstract
Computed tomography (CT) and magnetic resonance
imaging (MRI) are useful for detection and characteriza-
tion of liver tumors, and widely used in clinical practice.
By using dynamic CT and MRI with extracellular contrast
material or MRI with liver-specific contrast material, we
can investigate the morphological, hemodynamical and
functional nature of focal hepatic lesions. Tumors often
show characteristic findings on CT and MRI. Thus, we
can correctly establish a diagnosis of liver tumors based
on those findings. In this article, we describe the role of
CT scan and MRI in the differentiation of liver tumors as
well as presenting some typical CT and MR images.

Copyright © 2004 S. Karger AG, Basel

Introduction

Both computed tomography (CT) and magnetic reso-
nance imaging (MRI) are useful for detection and charac-
terization of liver tumors, and widely used in clinical
practice. Especially, dynamic CT and MRI with extracel-
lular contrast material improve differential diagnosis in
the characterization of liver tumors and detection sensi-

tivity of hypervascular tumors such as hepatocellular car-
cinoma (HCC) [1–5]. To perform a dynamic study, it is
necessary to use a CT unit which can make a helical scan,
or a MR system with fast imaging technique that can
obtain more than 15 slices within a single breathhold. For
the detection of liver tumors, there is no significant differ-
ence in sensitivity between dynamic CT and dynamic
MRI with advanced fast imaging techniques [6, 7]. Gener-
ally, CT shows greater temporal and spatial resolution
than MRI. However, there are some advantages in using
MRI, as follows: (1) it shows better soft tissue contrast
than CT; (2) it is possible to image many times sequential-
ly because there is no limitation of X-ray tube heating or
exposure dose, and (3) side effects of contrast media for
MRI are relatively less. Moreover, tissue-specific contrast
medium, such as superparamagnetic iron oxide (SPIO) is
available only on MRI. Therefore, both imaging tech-
niques are widely used for diagnosis of liver tumors. In
this paper, we would like to present a role of CT scan and
MRI in the differentiation of liver tumors.

Techniques

CT with Intravenous Injection of Contrast Medium
Dynamic helical CT with intravenous bolus injection

of contrast medium improves differential diagnosis in the
characterization of liver tumors and detection sensitivity
of hypervascular tumors. Thus, dynamic CT is important
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and indispensable technique for diagnosis of liver tumors.
For the liver, precontrast, arterial, portal venous, and
equilibrium phase CT images are obtained. By combining
some of those different phase images, appropriate CT
scan protocols should be made depending on the aims of
the examinations.

Many radiologists have initiated arterial phase imag-
ing with a scan delay of 20–30 s [3, 5, 8, 9] after initiation
of the intravenous contrast bolus injection, using a con-
trast agent volume of 100–150 ml or 2 ml/kg BW to com-
pensate patient’s size, and an injection rate of 3–5 ml/s.
However, the optimal timing of the arterial phase is
influenced by numerous variables, such as the patient’s
size and cardiovascular status.

To determine the optimal delay time to start with, a
test bolus injection technique or an automatic bolus track-
ing technique should be employed. With the test injection
technique, the scanning time delay is determined using a
test bolus (15–20 ml) of contrast medium through a cathe-
ter placed in the antecubital vein followed by a series of
single-level CT scans at low dose [10]. The time to peak
arterial enhancement from initiation of contrast medium
is used for determining the delay time of arterial phase
scanning. If an automatic bolus tracking technique is
available, it is also useful to adjust the timing of arterial
phase CT scan [11].

By using multi-detector row helical CT (MDCT) scan-
ner, we can obtain multiple CT data sets with each rota-
tion of the X-ray tube and can scan through large ana-
tomic areas more than 10 times faster compared to single-
detector row helical CT scanners. This system enables us
to scan through the entire liver in 10 s or less with thinner
slice thickness than single-detector row system. Thus, two
separate hepatic arterial phase images can be obtained
with a MDCT scanner. Those images are referred to as the
early arterial phase images and the late arterial phase
images, respectively [10]. The early arterial phase imaging
should be performed during maximal arterial enhance-
ment. CT hepatic angiographic images can be made using
those images [12]. The late arterial phase imaging should
be done during a phase of maximal enhancement of
hypervascular tumors without significant hepatic paren-
chymal enhancement. The interval between the onset of
the early arterial phase and that of the late arterial phase is
about 10–15 s. The late arterial phase images usually show
better detection sensitivity for hypervascular liver tumors
than the early arterial phase images [10].

Portal venous phase CT images are usually obtained
60–70 s after the initiation of contrast medium injection,
and almost 3 min later the equilibrium phase images are

obtained [13]. Theoretically, the portal venous phase is
considered to be optimal for detecting hypovascular met-
astatic liver tumors because contrast between the tumor
and the liver parenchyma should be greatest in the portal
venous phase [14]. In addition, the portal venous phase is
usually optimal for additional characterization of liver
tumors and demonstration of vascular anatomy and pa-
thology. We believe that portal venous phase imaging
should be performed routinely in any CT evaluation for
known or suspected primary or metastatic liver tumors [3,
5, 8, 15]. For the detection of hypervascular HCC, the
equilibrium phase images have superior sensitivity to the
portal venous phase images because some HCC nodules
become isoattenuated compared to surrounding liver pa-
renchyma during the portal venous phase [16].

Angiographically Assisted CT
Both CT arterial portography (CTAP) and CT hepatic

arteriography (CTHA) are CT techniques with angiograph-
ic assistance. Although CTAP and CTHA are more inva-
sive than helical dynamic CT or dynamic MRI with intra-
venous injection of contrast material, these angiographical-
ly assisted CT techniques are reportedly more sensitive for
detection of liver tumors [9, 17, 18]. In addition, findings
on CTAP or CTHA can sometimes help characterize the
hepatic focal lesions [19, 20], because CTAP and CTHA
have the ability to show subtly altered vascularity in lesions,
which is not satisfactorily shown with CT or MRI with
intravenous injection of contrast materials. For both CTAP
and CTHA, a catheter is placed in adequate artery with
Seldinger’s approach through the femoral artery. For
CTAP, the tip is placed in the superior mesenteric artery or
the splenic artery. The exact protocol of CTAP or CTHA
would depend on CT scanner’s performance [21].

MRI with Intravenous Injection of Extracellular
Contrast Medium
As precontrast imaging, T2-weighted fast spin echo

images and T1-weighted gradient echo images with both
in-phase and opposed-phase echo are usually obtained.
For dynamic MRI with extracellular gadolinium chelate
contrast medium, two-dimensional Fourier transforma-
tion (2DFT) opposed-phase gradient echo sequence or
3DFT gradient echo sequence with fat saturation tech-
nique is usually employed [6, 7], because the MR signal of
the liver parenchyma predominantly from lipid decreases
in the opposed-phase or fat saturation images and the
arterial enhancement of the hepatic tumor is expected to
be seen clearly. Precontrast, arterial phase, portal venous
phase, and equilibrium phase images are obtained after
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intravenous contrast material injection. To determine the
scanning delay of arterial phase imaging, a test bolus
injection technique or an automatic bolus tracking tech-
nique should be employed. Portal venous phase imaging
and equilibrium phase imaging are performed 60 and
120–180 s, respectively, after the start of injection of the
contrast medium.

MRI with Liver-Specific Contrast Medium
The liver-specific contrast media such as SPIO, which

is absorbed into the reticuloendothelial system [22], and
hepatobiliary contrast media, which are absorbed into the
liver cells and excreted into the bile [23–26], can contrast
a tumor with a surrounding part, by being absorbed in the
liver parenchyma which has normal liver cell function,
but not in the tumor which has no liver cell function. They
improve the sensitivity of MRI for the detection of liver
tumors by contrast enhancement. In addition, it may be
possible to differentiate between benign and malignant
tumors by evaluating residual reticuloendothelial or hepa-
tocellular function of the tumor.

T2-weighted fast spin echo and T2*-weighted gradient
echo sequences are usually employed for SPIO-enhanced
MRI. On SPIO-enhanced MRI, a tumor is visualized as
an area with a higher signal than the surrounding liver
parenchyma, without decreasing signal reflecting de-
creased uptake of SPIO due to decreased reticuloendothe-
lial function in the tumor.

On the contrary, hepatobiliary contrast agents, such as
Gd-EOB-DTPA, Gd-BOPTA, and Mn-DPDP, enhance
normal liver parenchyma on T1-weighted gradient echo
images where the contrast medium is absorbed. A tumor
without hepatocellular function is usually visualized as an
area with low intensity compared with the surrounding
liver parenchyma. Because some hepatobiliary contrast
agents can be injected bolusly, a dynamic study can be
performed with the hepatobiliary contrast media to evalu-
ate the hemodynamics of each lesion and improve detec-
tion of the tumor.

Differential Diagnosis of Liver Tumors

Malignant Tumors

Primary Liver Tumor
Hepatocellular Carcinoma and Dysplastic Nodules
Most HCCs develop in cirrhotic livers, especially those

associated with hepatitis B or C virus. Typically, HCCs
have fibrous capsules and show mosaic-like cleavage

plane consisting of nodes, which are different in the
degree of differentiation and tissue structure, divided by
fibrous septa. In these nodes, there may be metamorpho-
sis (fatty metamorphosis, clear cell formation), necrosis,
or hemorrhage. The tumor usually has a little interstitial
component. HCC can appear on CT scan or MRI as soli-
tary mass, a dominant mass with daughter lesions, or a
diffusely infiltrating neoplasm. It may be multifocal.

Hemodynamically, almost all moderately or poorly
differentiated HCCs are hypervascular [20], but for well-
differentiated ones, only around one third of tumors show
hypervascularity, and many of them appear as hypovas-
cular lesions [20]. Hypervascular HCC appears as an
enhanced lesion in comparison with surrounding liver
parenchyma on arterial phase images by dynamic CT or
MRI with intravenous injection of extracellular contrast
medium. But in the equilibrium phase, the contrast me-
dium washes out rapidly and shows relatively low density
on dynamic CT (fig. 1) and relatively low signal intensity
on dynamic MRI (fig. 2a–d). On CTAP, hypervascular
HCC appears as a portal perfusion defect (fig. 3a), and it
appears as a hyperdense nodular area sometimes encom-
passing fibrous capsules or has a mosaic appearance on
CTHA (fig. 3b).

On T1-weighted MRI, HCC may be hypo-, iso-, or
hyperintense relative to hepatic parenchyma. About 90%
of T2-weighted MRI consists of hyperintensity signals
(fig. 2e, f), which seem to reflect dilated intratumoral
blood sinuses (peliotic change), pseudoductal tissue, or
fatty metamorphosis. For well-differentiated tumors, T2-
weighted images often show low or equivalent intensity
signals.

Fibrous capsule is observed as a low-attenuation area
within the surrounding tumor on unenhanced CT, and it
is not enhanced on arterial phase images. It is often visual-
ized as a high-attenuation area surrounding the tumor
during the portal venous and the equilibrium phases. On
T1-weighted MRI, fibrous capsule is visualized as low-sig-
nal areas, and it is observed as enhanced areas during the
portal venous and the equilibrium phase on dynamic
MRI (fig. 2c, d). The fibrous septum is also well visualized
as a mosaic image during the delayed phase. Fatty meta-
morphosis is observed as a low-attenuation area on CT
and high-intensity area on T1-weighted MRI.

On SPIO-enhanced MRI, many of moderately or poor-
ly differentiated HCCs are visualized as areas with a high-
er signal than the surrounding liver parenchyma on T2- or
T2*-weighted images (fig. 2g), reflecting decreased uptake
of SPIO due to decreased Kupffer cells in the tumor.
However, many of well-differentiated HCCs show isoin-
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Fig. 1. HCC in a 64-year-old woman. Unenhanced (a), arterial phase (b), portal venous phase (c), and equilibrium phase (d) images
of dynamic helical CT with intravenous contrast medium injection show a hypervascular tumor. The tumor is enhanced during the
arterial phase in comparison with the surrounding hepatic parenchyma (arrow). In the equilibrium phase, the tumor shows washout of
contrast material and hypoattenuation compared with the surrounding hepatic parenchyma (arrowhead).

tensity, reflecting preserved Kupffer cell functions in the
tumor. Thus, SPIO-enhanced MRI is useful for estima-
tion of histological grading in HCCs [27].

Dysplastic nodule refers to a nodular region of hepato-
cytes 61 mm in diameter with dysplasia but without defi-
nite histologic features of malignancy. Those nodules are
divided into low- and high-grade ones. Dysplastic nodules
in cirrhotic liver are thought to be premalignant. It is
believed that the risk of developing HCC is higher in
patients with those nodules. Dysplastic nodules have vari-
able arterial and portal blood supplies. Most of them show
isodense on CTAP and CTHA especially for low-grade
ones [20], thus they are also difficult to visualize on
dynamic CT or dynamic MRI. Some of the dysplastic
nodules show hypodense on CTAP and CTHA [20], but
there are some dysplastic nodules that show hypervascu-
larity [20, 28]. On SPIO-enhanced MRI, almost all of the
dysplastic nodules show isointensity, reflecting Kupffer
cell functions in the nodule [27]. Consequently, distin-
guishing dysplastic nodules from well-differentiated
HCCs is sometimes difficult even with dynamic CT,
angiographically assisted CT, dynamic MRI, or MRI with
liver-specific contrast medium, because there is consider-
able overlap in those imaging appearances.

Dysplastic nodules with foci of HCC are sometimes
observed and they are clearly malignant lesions. Doubling
times of less than 3 months for the HCC focus have been
reported [29]. The focus may demonstrate enhancement
on CTHA (fig. 3b) or on the arterial phase images of
dynamic CT and MRI (fig. 3d), and high intensity on T2-
weighted MRI.

Hepatoblastoma
Most patients are under 3 years of age and it is more

frequently found in boys than girls. On unenhanced CT,
hepatoblastoma shows lower attenuation than the sur-
rounding hepatic tissue. It often shows a segmented struc-
ture due to calcification and septal formation, which is
relatively characteristic. On MRI, it shows a low signal on
T1-weighted images and a high signal on T2-weighted
images [30]. Hepatoblastoma is usually hypervascular.

Cholangiocarcinoma
Histologically, cholangiocarcinoma is usually an ade-

nocarcinoma, with various degrees of mucin production.
It often contains a stromal fibrous component, and if
located in the liver margin, it forms a cancer navel similar
to that seen in metastatic hepatic cancer. It does not form
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Fig. 2. HCC in a 36-year-old woman. Unenhanced (a), arterial phase (b), portal venous phase (c), and equilibrium phase (d) images
of dynamic MRI (3D gradient echo, 4.7/1/20) with intravenous Gd contrast medium injection show a hypervascular tumor. The
tumor is enhanced during the arterial phase in comparison with the surrounding hepatic parenchyma (arrow). On the portal venous
and the equilibrium phase images, the tumor shows washout of contrast material and hypointensity compared with the surrounding
hepatic parenchyma. Fibrous capsule is observed as a hyperintensity area surrounding the tumor during the portal venous and the
equilibrium phase images (arrowheads). The tumor shows hypointensity on T1-weighted MRI (2D gradient echo, 190/2.3/90) (e) and
hyperintensity on T2-weighted MRI (FSE, 8000/89) (f). On SPIO-enhanced T2*-weighted MRI (gradient echo, 150/9.7/60) (g), the
tumor is visualized as area with a higher signal than the surrounding liver parenchyma due to decreased uptake of SPIO in the
tumor.
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Fig. 3. HCC and dysplastic nodule
with a malignant focus in a 70-year-old
man. CTAP image (a) shows an HCC
as portal perfusion defect (arrow in a).
CTHA image (b) shows it as distinct
hyperattenuated area. Unenhanced
(c), arterial phase (d), and portal ve-
nous phase (e) images of dynamic heli-
cal CT show a typical hypervascular
tumor. On CTHA, hypoattenuated
dysplastic nodule can be seen (arrow in
b). The nodule cannot be detected on
CTAP. In the dysplastic nodule, a fo-
cus can be identified as small en-
hanced area on CTHA (arrowhead in
b) and on the arterial phase image of
dynamic CT (arrowhead in d) indicat-
ing a malignant focus.
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a fibrous capsule or septum as regularly as HCC. Infiltra-
tion into Glisson’s capsule and lymph node metastasis are
relatively characteristic of cholangiocarcinoma and more
frequently found than in HCC.

On unenhanced CT, cholangiocarcinoma is visualized
in the low attenuation. The tumor border becomes ob-
scure and irregular as the tumor grows. On dynamic CT, it
is hardly enhanced at all during the arterial phase, but the
fibrous stroma in the center is enhanced relatively to the
surrounding tissue during the delayed phase [31]. Atrophy
of the liver parenchyma can be seen in the peripheral
region due to tumor infiltration into the bile ducts and the
portal vein. Dilatation of the peripheral bile duct is
important as a secondary finding and can be observed
clearly on CT (fig. 4a–c).

On MRI, cholangiocarcinoma often shows a low signal
on T1-weighted images and a high signal on T2-weighted
images. In the latter, high signal areas correspond to
mucin production, necrosis, and fibrosis. Dilated intrahe-
patic bile ducts are visualized as high-signal luminal struc-
tures on T2-weighted images (fig. 4d–h).

In graphical observation, the tumor-forming type is
similar to metastatic hepatic cancer originating in the gas-
trointestinal tract, and requires further examination of
the primary focus and diagnosis by exclusion of the other
parts of the gastrointestinal tract.

Combined or Mixed Hepatocellular and
Cholangiocarcinoma
These are combinations of hepatocellular and cholan-

giocarcinoma mixed in various ratios, and often show the
graphical characteristics of the two types.

Biliary Cystadenocarcinoma and Biliary
Cystadenoma
These often occur in middle-aged women. In most

cases, they are monostotic and multilocular with the
lumen surrounded by glandular cells. Papillary growth of
epithelium to the lumen is also observed. Rarely, they can
be monolocular and multiple. On CT, calcification may
be found in the stroma. On MRI, they show a low signal
on T1-weighted image and a high signal on T2-weighted
image. Although it is not easy to differentiate biliary
cystadenoma from biliary cystadenocarcinoma, cystade-
nocarcinoma is more likely to show papillary projection,
mural nodule, and coarse calcification [32] (fig. 5).

Other Primary Malignant Tumors
There are some other primary malignant liver tumors.

Those include hepatic angiosarcoma, fibrolamellar carci-

noma, epithelioid hemangioendothelioma, undifferen-
tiated (embryonal) sarcoma, and lymphoma.

Metastatic Liver Tumor
In most cases, these arise by hematogenous metastasis

from a gastrointestinal adenocarcinoma. Most tumor cells
are located within the tumor margin and are often divided
by fibrous tissue with metamorphosis and necrosis inside.
On unenhanced CT, it often shows low attenuation, but
sometimes isoattenuation. Calcification is relatively char-
acteristic to metastatic liver tumor from colon cancer
(fig. 6a). Most metastases are hypovascular and appear
hypoattenuating relative to liver parenchyma on portal
venous phase CT images (fig. 6). On arterial phase
images, the tumor margin may be enhanced in the form of
a ring (fig. 7a–c). On MRI, it is usually visualized as low
intensity on T1-weighted images and high intensity on
T2-weighted images (fig. 7d, e), and the central meta-
morphic necrosis is visualized as higher intensity. Dy-
namic MRI shows similar imaging patterns to dynamic
CT (fig. 7f–h).

For hypervascular metastatic tumors, lesions are often
more easily identified on arterial phase CT or MRI. Such
tumors include renal cell carcinoma, thyroid carcinoma,
adrenal tumors, breast carcinoma, neuroendocrine tu-
mors (pancreatic islet and gastrointestinal), melanoma,
and sarcomas.

(For fig. 4 see next page.)
Fig. 4. Cholangiocarcinoma in a 54-year-old man. Unenhanced (a),
arterial phase (b), and portal venous phase (c) images of dynamic
helical CT with intravenous contrast medium injection show a
hypovascular tumor. On unenhanced CT, the low-attenuation tumor
is seen in the left lobe (arrow). The tumor shows an irregular contour.
On dynamic CT, it is hardly enhanced at all during the arterial phase.
Intrahepatic bile duct of the left lobe shows dilatation due to tumor
infiltration into the bile ducts (arrowhead in c). The tumor shows a
low signal on T1-weighted MRI (2D gradient echo, 4.8/1.1/90) (d)
and a high signal on T2-weighted MRI (SSFSE, TE = 96) (e). Dilated
intrahepatic bile ducts are visualized as high-signal luminal struc-
tures on T2-weighted image (arrowhead in e). Unenhanced (f),
arterial phase (g), and portal venous phase (h) images of dynamic
MRI (3D gradient echo, 4.8/1.1/30) with intravenous Gd contrast
medium injection show similar imaging patterns to dynamic CT.
However, the tissue contrast resolution of MRI is superior to those of
CT.
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Fig. 5. Biliary cystadenocarcinoma in a 64-year-old man. Unenhanced (a), arterial phase (b), and portal venous phase (c) images of
dynamic helical CT show a multilocular cystic mass with enhanced papillary projection in the left lobe of the liver. The tumor shows a
high signal on T2-weighted MRI (HASTE, TE = 64) (d) and a low signal on T1-weighted image (gradient echo, 4.4/1.8/20) (e). Septa
and papillary projection are enhanced on contrast-enhanced T1-weighted image (f).
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Fig. 6. Metastatic liver tumor (colon cancer) in a 53-year-old
woman. On unenhanced CT (a), calcification is observed in
the tumor (arrow) which is relatively characteristic to meta-
static liver tumor from colon cancer. The arterial phase
image (b) fails to depict the tumor because the liver paren-
chyma is enhanced to some extent and become isoattenuated
compared with the tumor. On the portal venous phase image
(c), the tumor appears hypoattenuating relative to liver
parenchyma. On SPIO-enhanced T2*-weighted MRI (gra-
dient echo, 150/9.7/60) (d), the tumor is visualized as area
with a higher signal than the surrounding liver parenchyma
due to decreased uptake of SPIO in the tumor (arrowhead).

Fig. 7. Metastatic liver tumor (rectal cancer) in a 53-year-old wom-
an. On unenhanced CT (a), the tumor shows low attenuation (arrow).
On the arterial phase CT (b), the tumor margin is enhanced in the
form of a ring (arrowhead). On the portal venous phase CT (c), the
tumor appears hypoattenuating relative to liver parenchyma. The
tumor is visualized as low intensity on T1-weighted MRI (2D gra-

dient echo, 150/1.8/90) (d) and high intensity on T2-weighted MRI
(FSE, 5000/76) (e). Unenhanced (f), arterial phase (g), and portal
venous phase (h) images of dynamic MRI (3D gradient echo, 4.8/
1.1/30) show similar peripheral ring-like enhancement pattern to
dynamic CT.
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Fig. 8. Cavernous hemangioma in a 33-year-old man. On unenhanced CT (a), the tumor is visualized as an area of low attenuation
showing equivalent absorption to the blood (arrow). On dynamic CT, the tumor margin is densely enhanced (arrowhead) in the
arterial phase (b) (peripheral globular enhancement) and the enhancement expands toward the inside with time on the portal venous
(c) and equilibrium phases (d) (filling-in phenomenon).

Metastatic liver tumors usually do not take up liver-
specific contrast material. On SPIO-enhanced MRI, met-
astatic tumors are usually visualized as areas with a higher
signal than the surrounding liver parenchyma on T2- or
T2*-weighted images (fig. 6d).

Benign Tumors

Cavernous Hemangioma
This is one of the most commonly encountered benign

hepatic tumors. It consists of vessels dilated to various
degrees with fibrous connective tissue around each vascu-
lar lumen. Large tumors may show secondary changes
such as metamorphosis, necrosis, hemorrhage, intravas-
cular thrombogenesis, and calcification. On unenhanced
CT, it is usually visualized as an area of low attenuation
showing equivalent absorption to the blood. The form is
irregular and can be circular. Large tumors often show an
irregular low attenuation range inside, due to metamor-
phosis and necrosis. On dynamic CT, the tumor margin is
densely enhanced in the arterial phase (peripheral globu-
lar enhancement) and the enhancement expands toward

the inside with time on the portal venous and the equilib-
rium phases (filling-in phenomenon) (fig. 8). On the de-
layed phase images, the tumor is visualized with iso- or
high attenuation relatively to the surrounding hepatic tis-
sue due to pooling of the contrast medium. Metamorpho-
sis, necrosis, and thrombosis are not enhanced.

On MRI, it is usually visualized as low intensity on T1-
weighted images and strong high intensity on T2-
weighted images (fig. 9a, b). Signal intensity becomes var-
ious as the secondary changes occur. Dynamic MRI shows
similar imaging patterns to dynamic CT (fig. 9b–e).

A small cavernous hemangioma, with a diameter of
^1 cm, is often enhanced densely and homogeneously in
the arterial phase of dynamic CT or dynamic MRI, show-
ing images like those of HCC, but if the dense enhance-
ment lasts to the later phase, and low intensity and strong
high intensity are observed on T1- and T2-weighted MRI
respectively, it suggests hemangioma. Hemangioma with
well-developed metamorphosis or fibrosis fails to show
typical images.



CT Scan and MRI in the Differentiation of
Liver Tumors

Dig Dis 2004;22:39–55 51

Hepatic Adenoma
This occurs in a non-cirrhotic liver, particularly in the

right lobe. The border with the surrounding hepatic tissue
is obvious, and though it has no capsule, the surrounding
liver parenchyma may become a pseudocapsule. Intratu-
moral hemorrhage is often found.

On unenhanced CT, it is usually visualized as low
attenuation. Small tumors are homogeneous, but they
become heterogeneous inside due to hemorrhage and
necrosis as they grow. The tumor is densely enhanced on
the arterial phase images but it changes to iso- or low
attenuation on the later phase images [33]. On MRI, the

Fig. 9. Cavernous hemangioma and cyst in a 40-year-old
man. A hemangioma (arrow) is visualized as strong high
intensity on T2-weighted MRI (SE, 2000/80) (a) and low
intensity on T1-weighted image (b). A cyst (arrowhead) is
also visualized as strong high intensity on T2-weighted
image and low intensity on T1-weighted image. Arterial
phase (c), portal venous phase (d), and equilibrium phase (e)
images of dynamic MRI (2D gradient echo, 170/3.6/80) with
intravenous Gd contrast medium injection show the heman-
gioma as the lesion with similar imaging patterns to dynamic
CT. The cyst is not enhanced on dynamic MRI.
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Fig. 10. Focal nodular hyperplasia in a 48-year-old man.
Unenhanced (a), arterial phase (b), and portal venous phase
(c) images of dynamic helical CT show a hypervascular
tumor (arrow). On SPIO-enhanced T2*-weighted MRI (gra-
dient echo, 150/9.7/60) (d), the tumor is visualized as area
with a slightly lower signal than the surrounding liver paren-
chyma due to uptake of SPIO, indicating reticuloendothelial
function in the tumor.
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internal signal is often heterogeneous, with high intensity
on T1-weighted images reflecting fat and hemorrhage.
The uptake of liver-specific contrast material, such as
SPIO and hepatobiliary contrast media, in adenomas may
be seen [26, 34].

Focal Nodular Hyperplasia
It is often observed in the non-cirrhotic liver of women

in their 20–40s. Usually it has an obvious border but with-
out capsule formation. The tumor consists of hepatic
cells, sinusoids and some Kupffer cells. Typically, it has a
central scar consisting of fibrous connective tissue in the
center and this extends to the surrounding area in a spoke-
wheel pattern. The connective tissue has arteries and bile
ducts, but no portal vein. Usually, it does not show meta-
morphosis, necrosis, or hemorrhage.

On unenhanced CT, it is visualized as iso- or low atten-
uation and the scar appears as low attenuation. It is dense-
ly enhanced on the arterial phase CT (fig. 10a–c) and the
central scar can be observed with arteries. On MRI, it is
often visualized as low or isointensity on T1-weighted
images and high intensity on T2-weighted images. The
central scar shows low intensity on T1-weighted images
and high intensity on T2-weighted images [35]. The
uptake of liver-specific contrast material, such as SPIO
and hepatobiliary contrast media, may be seen [26, 34,
36] (fig. 10d).

Fatty Tumors of the Liver
Benign fatty tumors of the liver include lipoma, angio-

myolipoma, myelolipoma, and angiomyelolipoma. The
imaging diagnosis of fatty tumors is based on the identifi-
cation of fat within the mass. Fatty components are
visualized as high echo on US, low attenuation on CT,
and high intensity on T1- and T2-weighted MRI. The
appearance on CT and MRI depends on the amount of fat
present. Angiomyolipoma is usually hypervascular and is
sometimes difficult to differentiate from HCC accompa-
nied by fatty metamorphosis.

Mesenchymal Hamartoma
This is a rare disease observed usually in infants under

2 years of age. It may be found in adults. It mainly consists
of loose connective tissue and includes bile ducts and
hepatic cells. On CT, it is visualized as a cystic tumor with
septal structure, but if it has a lot of stromal components it
may be seen as a solid tumor containing cysts.

Biliary Hamartoma (Bile Duct Hamartoma,
von Meyenburg Complex)
This is a hamartomatous node with a diameter of

^1 cm within fibrous connective tissue in which large
and small bile duct-like cystic vessels proliferate. It may
be diffused over the whole liver. It is asymptomatic and
often detected incidentally. On CT and MRI, it shows
images of cysts, but they may not be visualized if the node
is small.

Non-Tumorous Lesions

Simple Cysts
On CT, they are not enhanced and shown as low atten-

uation with a CT value close to that of water. On MRI,
they are visualized as low intensity on T1-weighted
images and high intensity on T2-weighted images (fig. 9a,
b). They show no enhancement after intravenous contrast
material administration (fig. 9b–e).

Ciliated Hepatic Foregut Cyst
This is a ciliated cyst formed by residual epithelium of

the foregut. It has a fibrous capsule with an internal sur-
face covered with ciliated epithelium and is histologically
the same as a bronchial cyst. The fluid content contains
fatty components and various proteins as well as some cal-
cium components. It may show higher internal CT value
than a simple cyst and is visualized as higher attenuation
than the liver. On MRI, though it may be difficult to dif-
ferentiate from solid lesions, it is visualized as high inten-
sity on T2-weighted images and proved to be a cystic
lesion [37].

Inflammatory Pseudotumor
This is a localized inflammatory lesion accompanied

with infiltration of plasmacytes and lymphocytes, fibro-
blasts, and hyperplasia of collagenous fiber. It is often
visualized as low attenuation on CT and is heteroge-
neously enhanced on contrast-enhanced CT. The tumor
border is irregular in most cases.

Focal Fatty Change
This puts no pressure on the surrounding area, and

large lesions have normal vasculature inside. On unen-
hanced CT, they are often observed with slightly low
attenuation and may show similar findings to multiple
metastatic foci. The uptake of liver-specific contrast ma-
terial is usually seen.
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Abscesses
Hepatic abscesses include bacterial liver abscess (pyo-

genic abscess), amebic liver abscess, and hepatic candidia-
sis. Bacterial liver abscess and amebic liver abscess show
similar radiological images each other, and it is often diffi-
cult to differentiate one from the other. It can either be
solitary or multiple, and mono- or multilocular in various
forms, such as circle, false circle, and other irregular
forms. It shows relatively rapid metamorphosis with time.
On unenhanced CT, an abscess cavity is visualized by het-
erogeneous low attenuation. In the liver parenchyma
around the abscess cavity, there may be a certain range of
low attenuation with an obscure border reflecting inflam-
mation and edema. On contrast-enhanced CT, an abscess
cavity is not enhanced. Inflammation of the liver paren-
chyma around the abscess is relatively well enhanced. On
MRI, an abscess cavity is visualized as low intensity on
T1-weighted images and high intensity on T2-weighted
images. The liver parenchyma around the abscess often
shows high intensity on T2-weighted images correspond-
ing to edematous changes. On contrast-enhanced MRI,
the wall of the abscess is strongly enhanced, and inflam-
mation and edema of the surrounding liver show en-
hancement than the most of the liver parenchyma [38].

Hepatic candidiasis is usually found in patients with
immune depression. It often appears as multiple lesions,
sometimes with diffuse microabscesses. On CT, it is often
observed in multiple low-attenuation ranges and can be
visualized clearly on contrast-enhanced CT. On MRI, it is
visualized as high-intensity area on T2-weighted images.

Parasitic Diseases
Parasitic diseases, such as Echinococcosis (E. granulo-

sus and E. multilocularis) and Schistosomiasis japonica,
can also show focal hepatic lesions [39, 40].

Conclusion

CT and MRI can reveal the morphological, hemody-
namical and functional nature of focal hepatic lesions.
Because tumors often show characteristic findings on CT
and MRI, we can correctly establish a diagnosis of liver
tumors. They are useful diagnostic techniques in the dif-
ferentiation of liver tumors.
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Abstract
Cross-sectional imaging has come to play a central role
in the imaging of the abdomen. Concurrent to this, the
role of CT and MRI in the imaging of inflammatory bowel
disease has also increased in importance. These modali-
ties offer numerous advantages over more traditonal
methods of radiologic diagnosis, and provide essential
information not only for initial diagnosis, but for man-
agement, follow-up and detection of potential complica-
tions. On the horizon are several derivative techniques
involving CT and MRI, potentially in combination with
PET imaging; these may further improve the specificity
and sensitivity of imaging modalities for diagnosis of
inflammatory bowel disease.

Copyright © 2004 S. Karger AG, Basel

Introduction

Diagnostic imaging plays a major role in the diagnosis
of primary disease, recurrence and detection of complica-
tions related to inflammatory bowel disease. Imaging
defines the extent of disease, presence or absence of asso-
ciated bowel obstruction and presence of active mucosal
disease. The extent of the bowel disease has important
management implications, including the need for surgical
intervention. Cross-sectional imaging can detect patho-
logical findings outside the bowel loops, such as fistulas
and abscesses, which are not generally visualized by
endoscopy. The diagnostic modalities available to the cli-
nicians includes barium studies, CT, MR, ultrasound,
FDG-PET and 99mTc-WBC scintigraphy. In this article,
we will review uses of CT and MRI for evaluation of
inflammatory bowel disease.

Crohn’s disease and ulcerative colitis have been tradi-
tionally imaged using barium studies, however with the
increased use of CT and MR imaging for abdominal pain,
these conditions are more and more commonly seen on
axial imaging of the abdomen (fig. 1). Though barium
studies permit the diagnosis of active mucosal disease,
they are able to reliably image only the intraluminal
aspect of the bowel loops. Moreover, superimposition of
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Fig. 1. A 23-year-old male with ulcerative colitis. a Barium enema shows multiple collar button ulcers (arrowheads)
in the distal sigmoid colon. b Contrast-enhanced CT shows sigmoid colonic wall thickening and prominent vessels
(arrowheads) in the sigmoid mesocolon.

bowel loops may make the diagnosis of Crohn’s disease
difficult.

The CT imaging of inflammatory bowel disease has the
advantage of detection of extraluminal disease, such as
abscesses, phlegmon, small amounts of free air, and asso-
ciated pathologies such as liver and renal disease (fig. 2).
In addition, the patients prefer multidetector CT to bar-
ium studies because of the long duration of barium stud-
ies and poor tolerance to oral barium [1].

CT Imaging

The CT findings of Crohn’s disease includes intense
mucosal enhancement, bowel wall thickening, stranding
of mesenteric fat, large pericolic/perienteric vasculature
and mural stratification (fig. 3, 4) [2–9]. The presence of
multilayered wall stratification or two-layer stratification
with strong mucosal enhancement and low-density prom-
inence of submucosa have been associated with the pres-
ence of active inflammatory activity in 91 and 100% cases
of Crohn’s disease, respectively [10]. The presence of sub-
mucosal fat deposition and bowel wall thickening without
enhancement or mural stratification typically is due to
inactive disease. The thickening of small bowel wall is
most commonly observed in the terminal ileum and ileo-
cecal valve. This has been associated with 90% cases of
Crohn’s disease.

Fig. 2. Sclerosing cholangitis and portal hypertension in a 35-year-
old patient with ulcerative colitis. Non-contrast axial image in the
midabdomen demonstrates marked splenomegaly and a large sple-
norenal shunt (curved arrow). There are multiple collaterals seen
near the splenic hilum.

Tortuosity and dilatation of vasa recta in the small
bowel mesentery is a feature of active Crohn’s disease and
has been described as the comb sign on CT [9]. The pres-
ence of prominent vasculature around the small bowel or
large bowel is seen in 81% of patients with active Crohn’s
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Fig. 3. Crohn’s disease in a 17-year-old male. The contrast-enhanced
axial CT reveals diffuse ileal wall edema and mural stratification.
Free fluid is also seen in the pelvis.

Fig. 4. Crohn’s colitis in a 41-year-old male. Contrast-enhanced CT
shows descending colon and sigmoid colon wall thickening with bow-
el wall stratification.

Fig. 5. Crohn’s colitis and stricture in a 25-year-old female. There is
a concentric stricture of the sigmoid colonic wall (arrow) seen on the
contrast-enhanced CT. This was biopsied and demonstrated to be
benign in histology.

Fig. 6. Crohn’s colitis involving descending colon, with localized
perforation, necessitating a lateral abdominal wall. The contrast-
enhanced axial CT images demonstrate thickening of the descending
colonic wall. There is leakage of bowel contrast and air (arrow) from
the bowel lumen into the left paracolic gutter and extension of
inflammatory process into adjacent abdominal wall musculature.
Incidental note is made of horseshoe kidney.

disease. In contrast, none of the patients with inactive dis-
ease had this CT finding [11].

Though stratification with deposition of fat within the
submucosal layer of bowel wall is considered a relatively
reliable marker for inflammatory bowel disease, this find-
ing can be seen in obese patients in the absence of bowel
wall inflammation [12]. Fibrofatty proliferation in the
small bowel mesentery is also called creeping fat, and is
visible on CT as loss of sharp interface between bowel and
mesentery.

Overall, CT is superior to barium examinations in the
detection of enterocutaneous and enterovesical fistulas.
Barium examination is considered superior to CT in the
detection of enteroenteric and enterocolic fistulas [13].
CT is also able to identify clinically unsuspected cases of
inflammatory bowel disease by documenting the presence
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Fig. 7. Crohn’s colitis in a 25-year-old female, complicated by fistula
formation. T2-weighted sagittal MR images (a, b) demonstrate fistu-
lous track extending from rectum to the skin (arrows) in a patient
with Crohn’s proctitis. Axial CT image taken prior to MR (c) demon-
strates a left paramedian fistula track (arrow).

of bowel wall thickening, fat distribution abnormality
around the bowel loops, and ascites [14].

CT imaging of early mucosal involvement in ulcerative
colitis does not show any abnormality but more advanced
disease is manifested as mural thickening, luminal nar-
rowing, mucosal thickening, mural stratification and wid-
ening of presacral space. In contrast to Crohn’s disease,
there is contiguous involvement of the colon in ulcerative
colitis.

The complications of inflammatory bowel disease in-
clude fistulas, sinuses, abscesses, phlegmons, strictures,

bowel wall perforation and neoplastic transformation
(fig. 5, 6). Cross-sectional imaging modalities such as CT
and ultrasound can reliably detect the presence of intra-
abdominal abscess with the accuracy ranging from 87 to
92% [15]. The accuracy is slightly higher for CT than
ultrasound because of higher false-positive results with
ultrasound studies. A phlegmon is seen as an ill-defined
inflammatory mass in the abdomen which when inade-
quately treated, may liquefy into an abscess.
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Fig. 8. Colonic pseudopolyp in a 22-year-old female with Crohn’s
disease. a, b Contrast-enhanced axial and coronal images from CT
colonography demonstrate polypoid lesion (arrows) arising from
descending colonic wall, consistent with pseudopolyp.

It is not unusual to see small lymph nodes in the small
bowel mesentery, in a patient with inflammatory bowel
disease. However, the presence of large lymph nodes
should raise the suspicion of lymphoma and adenocarci-
noma.

MR Imaging

Though MRI of the abdomen has the advantage of no
radiation to the patient, multiplanar imaging capability,
excellent soft tissue contrast and minimal contrast ad-
verse effects, its role in the imaging of inflammatory bow-
el disease has been limited because of higher cost, motion
artifact from peristalsis/respiration, high signal intensity
of intra-abdominal fat and relatively longer imaging times
compared to CT. Like CT, MR has the advantage of
detection of extraintestinal manifestations of inflamma-
tory bowel disease such as fistulae or abscesses (fig. 7).

More recently, advancements in MRI have included
shorter imaging sequences and the introduction of MR
enteroclysis and MR virtual colonoscopy, using endolu-
minal coils for high resolution. The optimized MRI tech-
nique requires a combined method of enteroclysis and
MRI for optimal evaluation of the small bowel. The
motion artifacts are minimized by using a combination of
breath hold, pharmacologic paralysis and short imaging
sequences such as gradient recalled echo and turbo spin
echo sequences. In patients with Crohn’s disease, gadolin-
ium-enhanced fat-suppressed spoiled gradient recalled
echo MRI better depicts the extent and severity of intesti-
nal disease, when compared with single-shot fast spin
echo imaging [16].

MR enteroclysis has been shown to detect most rele-
vant findings in patients with inflammatory bowel disease
with an accuracy superior to that of enteroclysis [17]. MR
allows detection of mural enhancement, wall thickening
and extramural complications in patients with Crohn’s
disease. MR also allows detection of perianal inflamma-
tion and fistula in patients with Crohn’s disease.

The assessment of ulcerative colitis is more difficult
because of lesser degree of bowel wall thickening from the
mucosal disease in contrast to transmural involvement
seen with Crohn’s disease. The MR findings of ulcerative
colitis include loss of haustral markings, contiguous co-
lonic wall thickening and hyperenhancement. MR is simi-
lar to endoscopy in its ability to distinguish between ulcer-
ative colitis from Crohn’s disease [18]. Recent studies
have shown that multidetector spiral CT enteroclysis has
higher sensitivity than MR enteroclysis for the detection
of bowel wall thickening (88.9 vs. 60%), bowel wall
enhancement (78.6 vs. 55.5%) and lymphadenopathy
(63.8 vs. 14.3%) [19].
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Advances in Imaging

The new technical advancements in imaging of small
bowel Crohn’s disease includes non-invasive CT enter-
ography using peroral water or methylcellulose injected
through a nasojejunal tube and MR enteroclysis. CT and
MR enteroclysis are a combination of enteroclysis and CT
for the detection of small bowel disease.

CT enteroclysis has proved highly accurate in the
detection of Crohn’s disease, particularly in patients with-
out previous surgery [20]. The accuracy of CT enterogra-
phy in the detection of active Crohn’s disease ranges from
80 to 88% [21]. In the study by Wold et al. [21], CT en-
terography was superior to fluoroscopic small bowel ex-
amination in the detection of abscesses, phlegmons, fistu-
las and sinus tracts.

In the CT imaging of Crohn’s disease, Mucofalk® has
been introduced as an alternate negative oral contrast
material for distention of bowel loops and evaluating
extramucosal manifestations of the disease [22, 23]. Mu-
cofalk® is a bulk-forming low-density laxative, derived
from seed shells of Plantago ovata. The initial studies
using Mucofalk® have provided excellent results.

CT colonography is another new imaging tool, useful
in the evaluation of inflammatory bowel disease. Crohn’s

disease can reveal bowel wall thickening, air-filled sinus
tracts, loss of haustrations, pseudopolyps, deep ulcers and
segments of luminal narrowing in the area where colonos-
copy failed to pass (fig. 8) [24]. In a distended colonic
loop, a wall thickening 15 mm indicates inflammatory
bowel disease [25].

FDG-PET is a non-invasive tool for simultaneous
detection of inflamed areas in the small bowel as well as
the large bowel [26]. When compared to MRI and
immunoscintigraphy, FDG-PET was found to have a high
specificity in the detection of inflamed areas in patients
with Crohn’s disease. Its role in imaging of inflammatory
bowel disease is still experimental.

Conclusion

Of the cross-sectional imaging modalities, CT in par-
ticular plays a crucial role in the diagnosis and manage-
ment of patients with inflammatory bowel disease, espe-
cially when complications are suspected. It is a comple-
mentary imaging modality to endoscopy. MR enteroclysis
is a promising imaging tool that needs further studies to
define its role.
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Abstract
Over the past few years, thanks to its ability to reveal
neovascularization and inflammatory hyperemia, Dopp-
ler sonography has proved to be a valuable method for
the assessment of disease activity in inflammatory bow-
el disease. Hypervascularization has been detected by
Doppler imaging both in splanchnic vessels, in terms of
flow volume and velocity, or resistance and pulsatility
index on spectral analysis, and in small vessels of the
affected bowel wall in terms of vessel density. In particu-
lar, power Doppler has been shown to be a highly sen-
sitive method for evaluating the presence of flow in
vessels that are poorly imaged by conventional color
Doppler, and in detecting internal fistulas complicating
Crohn’s disease. Recently, the use of ultrasound contrast
agents, such as Levovist, has been shown to improve the
image quality of color Doppler by increasing the back-
scattered echoes from the desired regions, thus making
it possible to better monitor the response to treatment
and discriminate between active inflammatory and fi-
brotic bowel wall thickness in Crohn’s disease. Addition-
ally, Levovist-enhanced power Doppler sonography has
proved to be highly sensitive and specific in the detec-
tion of inflammatory abdominal masses associated with
Crohn’s disease. In clinical practice, used in combination
with second harmonic imaging and new generations of

stable contrast agents, Doppler sonography appears to
be a non-invasive and effective diagnostic tool in the
diagnosis and follow-up of Crohn’s disease and ulcer-
ative colitis.

Copyright © 2004 S. Karger AG, Basel

The increasing use of Doppler sonography in inflam-
matory bowel disease in recent years is the result of the
need to assess disease activity, a parameter undetectable
with just grey scale ultrasonography [1], in order to
monitor the response to treatment, to foresee impending
relapses, and to make a better choice between medical
treatment and surgical resection. The assessment of dis-
ease activity with Doppler imaging postulates that
the vascular and microvascular changes affecting the
inflamed bowel segment, i.e. vasculitis, neovasculariza-
tion and dilatation of feeding arteries and draining
veins [2–4], results in an increased blood flow within
either the thickened wall or splanchnic vessels. Indeed,
a significantly higher superior mesenteric artery and
portal vein flow was reported in patients with Crohn’s
disease and ulcerative colitis in comparison to control
subjects [5–7].

As shown in the table 1, several studies have been pub-
lished since van Oostayen et al. [8] first showed that dis-
ease activity in Crohn’s disease could be assessed by mea-
suring the superior mesenteric artery flow, and different
Doppler parameters, such as flow volume and velocity,
resistance and pulsatility index, have been used to moni-
tor disease activity in inflammatory bowel disease [9–11].



64 Dig Dis 2004;22:63–66 Di Sabatino/Armellini/Corazza

Table 1. Doppler sonography in the diagnosis of inflammatory bowel disease

Group
(first author)

Year Disease Patients Doppler detection Contrast
agent

Parameters Conclusions

Van Oostayen [8] 1994 CD 20 SMA flow None Flow volume, ml/min Useful to monitor disease activity

Van Oostayen [9] 1998 CD 31 SMA flow None Flow volume, ml/min Useful to monitor disease activity

Maconi [11] 1998 CD 79 SMA flow, PV flow None Flow velocity, cm/s;
flow volume, ml/min, RI

Of little value in the diagnostic
work-up of patients

Ludwig [10] 1999 UC 76 SMA flow, IMA flow None Flow velocity, cm/s; PI Useful to monitor disease activity

Spalinger [12] 2000 CD 92 Flow within bowel wall None Subjective color signal
intensity

Useful to monitor disease activity

Ruess [13] CD, UC 17 Flow within bowel wall None Subjective color signal
intensity, RI

Useful to monitor disease activity

Esteban [14] 2001 CD 79 Flow within bowel wall None RI Useful to monitor disease activity

Di Sabatino [16] 2002 CD 31 Flow within bowel wall Levovist Audio-Doppler signal
intensity, dB

Useful to distinguish inflammatory
and fibrotic thickening

Maconi [23] 2002 CD 45 Flow within fistula wall None Subjective color signal
intensity, RI

Useful to assess internal fistulas

Esteban [22] 2003 CD 28 Flow within inflammatory
masses

Levovist Subjective color signal
intensity

Useful to distinguish phlegmons
and abscesses

CD = Crohn’s disease; dB = decibels; IMA = inferior mesenteric artery; PV = portal vein; PI = pulsatility index; RI = resistance index; SMA = superior
mesenteric artery; UC = ulcerative colitis.

However, the results that emerged from these studies are
somewhat conflicting. While it has been reported higher
flow volumes of the superior mesenteric artery in active
than in quiescent patients in Crohn’s disease [9], and a
significant correlation between flow velocity of the inferi-
or mesenteric artery and clinical activity in ulcerative
colitis [10], conversely Maconi et al. [11] showed that
although a hyperdynamic splanchnic circulation exists in
Crohn’s disease it does not reflect the clinical activity,
suggesting that this technique is of little value in the diag-
nostic work-up of Crohn’s disease patients.

Recently, direct Doppler analysis of the affected bowel
segment, whether color or power, has been employed to
estimate the intramural vascularity in Crohn’s disease
[12–14]. Spalinger et al. [12], who quantified the vessel
density within the thickened wall by the number of color
signals per square centimeter, showed that increased in-
tramural flow and bowel thickness 15 mm reflected clini-
cal activity in patients with Crohn’s disease. Similar
results were obtained both in Crohn’s disease and ulcer-
ative colitis by Ruess et al. [13], who reported that intra-
mural vascularity, as depicted by color and power Dopp-
ler sonography and graded on a scale from 1 to 4, corre-
lated with laboratory and clinical parameters of disease
activity. Having observed comparable levels of intra-

mural flow in active and inactive Crohn’s disease patients
with color Doppler sonography, Esteban et al. [14] per-
formed a spectral analysis of the larger arterial vessels
with measurement of the resistance index, which was
found to be significantly lower in the gut wall vessels of
Crohn’s disease patients with active disease than that
obtained in the inactive patients. Although these studies
are affected by the subjective or semiquantitative nature
of the criteria chosen to evaluate the intensity of intramu-
ral vascularity, they indicate power Doppler sonography,
however, as a highly sensitive method for evaluating the
presence of flow in vessels that are poorly imaged by con-
ventional color Doppler. In particular, the advantages of
power Doppler analysis are represented by its reduced
noise, angle independence and lack of aliasing, as shown
in focal lesions of the gastrointestinal tract [15].

One stratagem used to improve the accuracy of color
Doppler sonography in detecting the intramural blood
flow in the terminal ileum in Crohn’s disease was the use
of Levovist, a galactose-based sonographic contrast agent,
which has a well-documented role in Doppler enhance-
ment, increasing the signal intensity from blood vessels by
10–25 dB [17, 18]. Microbubbles interact with an ultra-
sound beam and resonate, producing harmonic signals.
This agent is particularly useful in the detection of small
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vessel flow, especially in those areas in which Doppler
sensitivity limits performance, including intracranial and
deep abdominal Doppler examinations, in which the sig-
nal-to noise ratio determines detectability [19]. By mea-
suring the harmonic microbubble enhancement as an
increase in audio Doppler signal intensity, it has been
shown that Levovist is particularly effective in Crohn’s
disease patients having an intramural bowel flow not con-
sistent enough to make it possible to separate the back-
ground noise from the Doppler signals by basal acoustic
emission mode. This technique has proved useful in
Crohn’s disease for its ability to assess disease activity, to
monitor the response to treatment, and to discriminate
between active inflammatory and fibrotic bowel wall
thickness [16]. This last aspect is very important because
fibrosis, which may lead to stenosis and is less responsive
to steroid treatment, more frequently needs surgical ther-
apy, unlike active inflammatory bowel wall thickness
which is a candidate for medical therapy [20]. Additional-
ly, it has been suggested that an increased intramural flow
after Levovist injection may represent a predictive factor
of impending relapse in patients with quiescent Crohn’s
disease and may make it possible to distinguish between
inactive disease and the absence of Crohn’s disease [16].
Interestingly, as lower levels of ileoterminal flow have
been found after ileocolonic resection for Crohn’s disease
[21], Levovist-enhanced color Doppler mode could prove
particularly useful in the follow-up of patients with pre-
vious intestinal resection.

Esteban et al. [22] combined the use of power Doppler
analysis with Levovist injection in the assessment of
inflammatory abdominal masses associated with Crohn’s
disease. The authors demonstrated a higher sensitivity
and specificity of Levovist-enhanced power Doppler for
the detection of small inflammatory masses and for the

differential diagnosis of phlegmons and abscesses, partic-
ularly in those lesions !2 cm in diameter, when compared
with computed tomography. This aspect together with the
absence of radiation dose to the patient and the safety pro-
file of Levovist make it possible to carry out repeated
examinations during the follow-up and, thus, to accurate-
ly assess the response to treatment.

Recently, power Doppler has been shown to provide a
new means of studying vascularization within the fistula
wall, thus enhancing the performance of grey scale ultra-
sonography in detecting internal fistulas complicating
Crohn’s disease. In those cases in which it was possible to
document arterial or venous flow within the fistula wall, a
spectral analysis of intralesional blood flow was per-
formed. The resulting resistance index turned out to be
reproducible and to correlate with the biochemical and
clinical activity of Crohn’s disease [23].

While the recent development of Doppler imaging
shows promise for the future in the diagnosis of Crohn’s
disease, being a simple, cost-effective, non-invasive tech-
nique, further studies are nevertheless required to better
clarify its role in detecting piercing vessels, in quantifying
time perfusion and neoangiogenesis within the bowel or
fistula wall and abdominal masses, and in monitoring the
therapeutic effect of agents shown to be efficacious in
Crohn’s disease, such as infliximab [24] or thalidomide
[25], both known to have a potential activity in inhibiting
angiogenesis [26, 27]. The production of new sonographic
techniques, such as superharmonic imaging, which has
been shown to be more sensitive to contrast by increasing
the signal from contrast and suppressing that from tissue
[28], together with the availability of new generations of
stable contrast agents, such as SonoVue [29], certainly
offer a new and more sensitive way of detecting small
bowel microvessels in Crohn’s disease in the near future.
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Abstract
Background/Aim: In recent years, power Doppler sonog-
raphy has been proposed as a method to assess disease
activity in patients with Crohn’s disease. The aim of this
prospective study was to evaluate diagnostic criteria for
power Doppler sonography by blinded comparison with
ileocolonoscopy. Methods: Twenty-two patients with
confirmed Crohn’s disease were prospectively investi-
gated with B-mode and power Doppler sonography (HDI
5000, Philips Ultrasound) as well as ileocolonoscopy.
Sonography was performed within 3 days before endos-
copy. All procedures were performed by experienced
examiners who were blinded to the clinical data and oth-
er results. Defined ultrasound parameters (bowel wall
thickness, vascularization pattern) were used to deter-
mine a sonographic score of the activity. The degree of
activity was scored from 1 (none) to 4 (high) by both
ultrasound and ileocolonoscopy (pattern, extent of typi-

cal lesions). For each patient all segments of the colon
and the terminal ileum were evaluated by both ultra-
sound and endoscopy. The weighted Î test was used
(StatXact software) for statistical analysis. Results: In
total, 126 bowel segments were evaluated by both ultra-
sound and endoscopy. The study showed a high concor-
dance of power Doppler sonography and ileocolonosco-
py (weighted Î by region: sigmoid colon: 0.81; trans-
verse colon: 0.78; ascending colon: 0.75; cecum: 0.84;
terminal ileum: 0.82). Highest concordance was found in
the descending colon (weighted Î: 0.91; 95% CI: 0.83–
0.98). Conclusions: Combination of B-mode and power
Doppler sonography has a high accuracy in the determi-
nation of disease activity in Crohn’s disease when com-
pared to ileocolonoscopy. The diagnostic criteria estab-
lished in this study can be useful for the evaluation of
inflammatory bowel diseases by ultrasound.

Copyright © 2004 S. Karger AG, Basel
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Introduction

Crohn’s disease is characterized by episodes of recur-
rent inflammation alternating with periods of disease
inactivity. Assessment of the extent and activity of the
disease is essential in patients with Crohn’s disease in
order to determine the therapeutic strategy and prognosis.
Currently, endoscopy is the preferred technique for as-
sessing the activity of the disease in the colon and the ter-
minal ileum, but this is invasive. Since patients with
Crohn’s disease may require frequent evaluation, there is
a high need for a non-invasive method.

Thickness and structure of the intestinal wall have
been studied by B-mode sonography [1–7]. Bowel wall
thickening in patients with Crohn’s disease can be caused
by inflammation or fibrosis, therefore conventional ultra-
sound does not permit differentiation between active and
inactive disease [8]. In earlier studies, the angiographic
vascularization pattern was reported to be helpful for the
determination of the activity in Crohn’s disease. While
inflammation is characterized by hypervascularization of
bowel wall, fibrotic tissue was found to be hypovascular-
ized [9, 10]. Technological advances have added new
ultrasound techniques. Power Doppler sonography is
based on the integrated Doppler power spectrum, which is
related to the number of red blood cells that produce the
Doppler shift. This method is independent of the insona-
tion angle, there is no aliasing, and power Doppler sonog-
raphy is much more sensitive to low-volume blood flow
than conventional color Doppler [11–15]. Recently, a
combination of B-mode and power Doppler sonography
has been suggested as a method of assessing disease activi-
ty in patients with Crohn’s disease [16, 17]. The improved
depiction of tissue vascularization has potential benefits
for the detection of slow blood flow in small vessels. Eval-
uations of power Doppler criteria for several areas of the
abdomen have been published [15, 18–20].

The aim of this prospective study was to evaluate diag-
nostic criteria for power Doppler sonography in patients
with Crohn’s disease by blinded comparison with ileoco-
lonoscopy.

Patients and Methods

Patients
Twenty-two consecutive patients who had been referred to the

Department of Gastroenterology, Hepatology and Endocrinology of
the University Hospital Charité (Campus Mitte) with confirmed
Crohn’s disease were included in this prospective study (13 women
and 9 men). The median age was 33.7 years (range 16–56). The mean

Table 1. Definition of sonography score

Wall thickness Vessels

no vessels/cm2 1–2 vessels/cm2 12 vessels/cm2

!5 mm 1 2 3
^7 mm 2 3 4
17 mm 2 3 4

duration of time post-diagnosis was 7.3 years. The study protocol was
approved by the local ethics committee, and all patients gave their
informed consent to participate in the study.

In 4 patients a total of 6 segments could not be evaluated due to
prior bowel surgery. These 4 patients had a resection of the terminal
ileum and the cecum. In 1 patient, the resection also extended to the
ascending colon, and in another patient, it included a longer distance
of the ileum, so that the evaluation of the ileum was not possible. All
patients were prospectively studied with B-mode and power Doppler
sonography as well as ileocolonoscopy.

Procedures
All procedures were performed by experienced examiners who

were blinded to the clinical data and results of other procedures. So-
nography was performed within 3 days prior to endoscopy with a
high-resolution scanner (dynamic linear scanner 5–12 MHz and
dynamic sector scanner 4–7 MHz, HDI 5000, Philips Ultrasound).
Defined ultrasound parameters (bowel wall thickness and vasculari-
zation pattern) were recorded separately for 6 different segments of
bowel in a standardized protocol: the sigmoid colon, descending
colon, transverse colon, ascending colon, cecum, and terminal
ileum.

Firstly, the abdomen was investigated with the sector scanner by
B-mode to search for thickened intestine wall. Thickened bowel
loops were then scanned with power Doppler sonography, and the
area of highest vascularization was selected (fig. 1). Pulsed Doppler
was used to confirm that signals originated from blood vessels and
not from movement artifacts (fig. 2). The maximum bowel wall
thickness, obtained with compression, was measured (lumen-to-sero-
sa distance) with the linear scanner. Subsequently, the degree of vas-
cularization was determined by power Doppler sonography, based on
the number of vessels detected per square centimeter. B-mode (bowel
wall thickness) and power Doppler sonography (vascularization pat-
tern) were used to determine a sonographic score of the activity (see
table 1) from 1 (none), 2 (mild), 3 (moderate) to 4 (high).

Endoscopic parameters (pattern, extent of typical lesions) were
recorded with a standardized protocol for the same 6 segments of
bowel: sigmoid colon, descending colon, transverse colon, ascending
colon, cecum, and terminal ileum. Subsequently, the endoscopic
degree of activity was scored for each bowel segment: 1 (no lesions), 2
(aphtes), 3 (aphtes and ulcers !50%) to 4 (aphtes and ulcers 150%).

Statistics
Weighted Î coefficients were calculated to examine the degree of

concordance between the scores of sonography and ileocolonoscopy
using StatXact (Version 5.0.3, Cytel software). The scheme for grad-
ing the strength of the weighted Î coefficients is presented in table 2
[21].
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Fig. 1. A thickened bowel loop in the sigmoid colon scanned with
power Doppler sonography, the area of highest vascularization was
selected by sector scanner.
Fig. 2. Pulsed Doppler was used to confirm that signals originated
from blood vessels and not from movement artifacts: Doppler spec-
trum of an artery and a vein.
Fig. 3. Rare vessels in the echo-dense submucosa of the descending
colon: score 2.
Fig. 4. Vessels with branches in the thickened wall of the terminal
ileum: score 3.
Fig. 5. Hypervascularization with detection of feeding vessels
branching off after penetrating the wall: score 4. The flow signal is
strong, color Doppler detects flow direction.

1

2
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4

5
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Table 2. Î coefficient and strength of
concordance Weighted (Î) coefficient 0 !0.21 0.21–0.40 0.41–0.60 0.61–0.80 10.81

Strength of concordance none slight fair moderate substantial perfect

Table 3. Results of power Doppler sonography in comparison to ileocolonoscopy

Sigmoid
colon

Descending
colon

Transverse
colon

Ascending
colon

Cecum Terminal
ileum

Identical score 74% 78% 74% 60% 73% 55%
Score difference: 1 22% 22% 22% 36% 27% 45%
Score difference: 2 4% 0% 4% 4% 0% 0%
Score difference: 3 0% 0% 0% 0% 0% 0%
Weighted Î1 0.81 0.91 0.78 0.75 0.84 0.82
Confidence interval: 95% 0.63–0.99 0.83–0.98 0.56–0.99 0.56–0.94 0.70–0.97 0.71–0.93

1 Î coefficient: range 0–1, a higher value indicates a higher concordance.

Table 4. Summary of scoring results of power Doppler sonography
and ileocolonoscopy

Sonography Ileocolonoscopy

Score: 1 Score: 2 Score: 3 Score: 4 Total

Score: 1 54 12 3 0 69
Score: 2 4 7 6 0 17
Score: 3 0 6 11 2 19
Score: 4 0 0 9 12 21

Total 58 25 29 14 126

Results

In total, 126 bowel segments were evaluated by both
ultrasound and endoscopy. The study showed a high con-
cordance of power Doppler sonography and ileocolonos-
copy, the best match was found in the descending colon.
The weighted Î coefficients were: 0.81 (95% confidence
interval (CI) 0.63–0.99) for the sigmoid colon; 0.91 (95%
CI 0.83–0.98) for the descending colon; 0.78 (95% CI
0.56–0.99) for the transverse colon; 0.75 (95% CI 0.56–
0.94) for the ascending colon; 0.84 (95% CI 0.70–0.97),
and 0.82 (95% CI 0.71–0.93) for the cecum and of the
terminal ileum, respectively. The results are summarized
in table 3.

There was no case with a score difference of 3 between
both procedures. In 3 out of the 126 bowel segments
examined, the difference between the scores was 2, one in
the sigmoid colon, one in the transverse colon and one in
the ascending colon, respectively. In these 3 cases, activity
scores were underestimated or not detected sonographi-
cally. A score difference of one was seen in 39 cases. So-
nography indicated higher disease activity in 19 cases and
a lower activity in 20 cases respectively. Identical scores
were found in 84 cases. The distribution of scores is
shown in table 4.

Three sonographic images out of these 84 identical
evaluations are depicted in figures 3–5. Figure 3 shows
rare vessels located in the echo-dense submucosa of the

descending colon. Vessels with branches in the thickened
wall of the terminal ileum can be seen in figure 4. Figure 5
shows a section of ascending colon with hypervasculariza-
tion and feeding vessels branching off after penetration of
the wall.

Discussion

Crohn’s disease is characterized by segmental inflam-
mation of the gastrointestinal tract. Currently, endoscopy
is the standard for assessing disease activity [22, 23]. A
non-invasive method not utilizing ionizing radiation
would be a useful tool to monitor disease activity and
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treatment of patients with inflammatory bowel disease.
Ultrasound is not associated with any deleterious adverse
effects. Furthermore, advantages of sonographical exami-
nations include its relatively low cost and wide availabili-
ty. Nevertheless, the need for histological confirmation
and for screening of colon cancer means that ileocolonos-
copy remains the definitive diagnostic method.

Several studies have analyzed the value of various
ultrasound techniques for the assessment of Crohn’s dis-
ease. In a pediatric study, bowel wall thickening measured
by ultrasound correlated well with Crohn’s disease activi-
ty in children [24]. In adults, the thickness of bowel wall
measured by ultrasound showed only weak correlation
with disease activity. Patients with inactive disease and
pronounced intestinal thickening on ultrasound have
been observed. The accuracy of B-mode sonography for
distinguishing between active and inactive disease is most
likely limited due to similar findings in patients with
inflammatory wall thickening and fibrosis [8]. We hy-
pothesize that the better correlation in children can be
attributed to the age of the patients or duration of disease,
respectively. Fibrosis is distinctly less common than in
adults with Crohn’s disease.

Flow measurements of the superior and inferior mes-
enteric arteries by Doppler ultrasound have been reported
as an additional tool to measure disease activity in
patients with Crohn’s disease [25–27]. This method is
complicated by angle dependence of the Doppler shift,

high deviations of flow measurements and a high inter-
equipment variability [28]. In later studies, Doppler ex-
aminations of the mesenteric arteries did not show any
statistically significant difference between patients with
active and inactive Crohn’s disease [22]. Angiography has
been the only reliable diagnostic method to detect the vas-
cularization pattern of the gut wall until the development
of new ultrasound techniques [9, 10].

With this study, we have addressed the need to evalu-
ate diagnostic criteria for a combination of B-mode and
power Doppler sonography which has recently been sug-
gested as a method of assessing disease activity in patients
with Crohn’s disease [16]. Our findings were comparable
with these previously reported studies, inflamed bowel
segments had been found to be hypervascularized, no or
few vessels had been found in non-inflamed segments (ta-
ble 4). This study also showed that power Doppler sonog-
raphy can detect vessels !1 mm in diameter, and that it
can also visualize irregular and tortuous vessels in the gut
wall. In the future, the direct detection of vessels in the
intestinal wall could be the most important advantage of
ultrasound contrary to other imaging methods.

The results of this comparative study demonstrated a
high concordance of the non-invasive combination of B-
mode ultrasound and power Doppler sonography with
ileocolonoscopy, the current diagnostic standard, suggest-
ing that it can be a useful tool to monitor disease activity
in patients with Crohn’s disease.
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Abstract
Aim: The aim was to evaluate the diagnostic value of
contrast-enhanced ultrasound in the differential diagno-
sis of focal liver lesions, in a blinded experiment. In clini-
cal routine the examiner can generally be influenced by
the patient’s history. Method: 62 patients with focal liver
lesions, which could not be clearly differentiated and
diagnosed by conventional ultrasound, were examined
with contrast-enhanced (BR1, SonoVue®, Bracco) ultra-
sound and included in a blinded prospective and ran-
domized study. The examinations performed on a Se-
quoia 512 (Acuson) in a coherent contrast imaging meth-
od were recorded by an S-VHS recorder and afterwards
analyzed by an examiner who did not know the patient’s
history. The basis of the diagnosis was the dynamic
appearance and enhancement of the ultrasound contrast
enhancer in different phases of liver perfusion. The con-
formation of the diagnoses was made by corresponding
reference methods, as computer tomography, magnetic
resonance imaging, biopsy and clinical follow-up. Re-

sults: The following diagnoses were confirmed by refer-
ence methods: 18 patients with metastases, 4 hepatocel-
lular carcinomas, 19 haemangiomas, 6 focal nodular

hyperplasias, 13 patients with focal fatty infiltration and 2
patients with focal fatty sparing. 59 out of 62 patients
with one or more liver lesions were correctly diagnosed
by contrast-enhanced ultrasound. Conclusion: Second-
generation ultrasound contrast enhancers improve the
differential diagnosis of benign and malignant liver le-
sions considerably, especially in a blinded study.

Copyright © 2004 S. Karger AG, Basel

Introduction

Although ultrasound has a sensitivity of 90–95% for
detecting a focal liver lesion, the correct differentiation of
these lesions is still a challenge for any imaging method. In
general the correct diagnosis with conventional grey scale
ultrasound is only possible in 26 up to 35% of benign
lesions and in 28 up to 39% of malignant lesions [1, 2]. In
other studies the correct differentiation was even possible
in 60 up to 68% [3, 4]. Recently, several studies showed
that by the use of ultrasound contrast enhancers, further
improvement of the accuracy is possible. In clinical rou-
tine the patient’s history is often known by the examiner
who can consequently be influenced by this knowledge in
the differentiation of a focal liver lesion. In a cirrhotic liv-
er, metastases are rare in contrast to a hepatocellular car-
cinoma. However, this knowledge can be irritating in
some cases, as the examiner sees what he is expecting to
see [5].
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The aim of this study was to undertake a blinded char-
acterisation of focal liver lesions by using ultrasound con-
trast media. Thereby no information about the patient
was announced to the examiner. He only could do the dif-
ferentiation by using the information given by the con-
trast-enhanced ultrasound. Thus we hoped to obtain an
objective evaluation of the method by this study design.

Materials and Methods

Patients
In the period from November 2001 to December 2003, 63

patients with not clearly differentiated focal liver lesions underwent a
contrast-enhanced ultrasound examination by using a second-gener-
ation ultrasound contrast enhancer at the Department of Internal
Medicine, General Hospital, Hohenems, Austria. All patients gave
their informed consent after they were completely informed about
the examination method and any possible complications.

Ultrasound Equipment
The examination was carried out on an Acuson Sequoia 512

ultrasound system, using the coherent contrast inversion (CCI) tech-

nique. CCI is based on the pulse inversion harmonic imaging mode.
Insonation was done with a curved array transducer, which transmit-
ted at 3.0 MHz.

Ultrasound Contrast Enhancer
The examinations were performed by using BR1 (SonoVue®,

Bracco, Italy), a second-generation ultrasound contrast enhancer.
BR1 consists of phospholipid-stabilized microbubbles of sulphur
hexafluoride (SF6). It is based on perfluorocarbon and is poorly solu-
ble, totally innocuous and inert gas.

Examination
Ultrasound scans were performed by an experienced examiner

and recorded on an S-VHS videotape. Before starting the examina-
tion the ultrasound contrast enhancer was prepared with 5 ml saline
and shaking for 1 min. Previously the focal liver lesion was examined
by fundamental grey scale, imaging was optimized and the focus was
set at the right depth. In case of several lesions, the largest and most
obvious one was chosen. After changing to CCI low MI mode and
choosing a mechanical index of 0.16–0.19, a bolus of 2.4 ml BR1
(SonoVue®, Bracco) was injected intravenously into the cubital vein.
Afterwards it was immediately flushed with 5 ml of saline to make
sure that the whole amount of ultrasound signal enhancer reached the
bloodstream. Time measurement was commenced at the end of the
injection. Ultrasound scan was performed throughout the whole con-
trast-enhanced phases without interruption and recorded on S-VHS.
Additionally, digital pictures and videoclips were taken from the
most important phases, the early arterial phase, arterial phase, por-
tal-venous phase and the late phase.

Examination Analysis
The records were analyzed by an examiner (R.P.) who did not

know the patient’s history. The order in which the analyzing was per-
formed was given by a protocol. First echogeneity, homogeneity,
dimension and amount of the focal liver lesion were described in the
fundamental grey scale mode. After injection of the ultrasound con-
trast agent the transit time from injection to ultrasound contrast
enhancer arrival in the hepatic artery was measured. Afterwards, the
behaviour of the signal enhancer in the individual vascular phases
and the enhancement pattern was judged. The most significant of the
individual phases were summarized, resulting in the spaces for plac-
ing the diagnosis (table 1). Computer tomography, magnetic reso-
nance tomography, fine needle aspiration biopsy and clinical follow-
up were used as reference method (table 2). The clinical follow-up
period was on average 14 months, including changes in symptoms,
ultrasound change of the lesion in size and texture, and laboratory
parameters, e.g. ·-fetoprotein.

Table 1. Recorded signal-enhanced ultrasound examinations were
analyzed by this protocol

Parameter Diagnosis

Patient
Number of focal liver lesions
Size of focal liver lesion
Conventional grey scale
Liver arrival time
Early arterial phase
Arterial phase
Portal venous phase
Late phase
Summary
Diagnosis

Table 2. Reference methods which were
used to confirm the diagnosis set by
signal-enhanced ultrasound

All Focal fatty
changes

Haeman-
gioma

FNH Metas-
tases

HCC

Clinical follow-up 25 9 8 2 6 0
Computer tomography 24 6 8 3 7 0
Magnetic resonance tomography 1 0 1 0 0 0
Fine needle aspiration biopsy 12 1 1 1 5 4
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Results

Sixty-two patients were included with focal liver le-
sions which could not be clearly differentiated by funda-
mental grey scale ultrasound. Imaging in the CCI low MI
mode took from 1 to 15 min. Each record was assessed
twice. In all examinations a significant and homogeneous
enhancement of the liver parenchyma was observed. The
maximum depth was limited at 13–14 cm. Areas deeper
than 14 cm showed weak and inhomogeneous enhance-
ment. Consequently, the characterization of a perfusion
pattern was only possible with difficulties.

The mean time the ultrasound contrast enhancer
needed to reach the liver was 13.4 s, with a minimum to
maximum range from 4 to 30 s. The diagnoses of the con-
trast media-enhanced ultrasound were verified with refer-
ence methods. A computer tomography scan was per-
formed in 24 patients, and due to allergies to iodine-con-
taining contrast media, a magnetic resonance tomography
had to be done in 1 case. Fine needle aspiration biopsy
and histological examination was performed in 12 pa-
tients. In 25 cases the diagnoses were confirmed by clini-
cal follow-up, including 6 cases with metastasis, 9 haem-
angiomas, 2 focal nodular hyperplasia and 4 patients with
focal fatty infiltrations and focal fatty sparings. In 2 cases
of a focal nodular hyperplasia, colour-coded duplex so-
nography showed a significant spoke-wheel sign, so that
no further invasive investigations were performed due to
a lack of clinical relevance. Clinical follow-up confirmed
the diagnosis later.

The records of the contrast-enhanced ultrasound ex-
amination were analyzed and a diagnosis was made in
every case. These diagnoses were confirmed in 59 of 62
patients by the reference methods outlined above.

Differential Diagnosis of Benign and Malignant
Lesions
All diagnoses of the 38 benign lesions were confirmed

by reference methods, whereas 2 out of 24 diagnoses of
malignant lesions were benign. In the end, 38 (95%) out of
the 40 benign focal livers lesions were diagnosed correct-
ly. Of these, 2 lesions were false negative of a benign lesion
and false positive of a malignant liver lesion. A correct
diagnosis was made in 22 (92%) out of 24 malignant liver
lesions (table 3).

Malignant Focal Livers Lesions
A malignant diagnosis was made in 24 patients after

the signal-enhanced ultrasound examination. These were
separated in 19 cases of metastases and 5 cases of hepato-
cellular carcinoma.

Metastases
Out of the 19 focal liver lesions diagnosed as metas-

tases, 6 cases were confirmed by clinical follow-up, in 5
cases by fine needle aspiration biopsy and in 7 cases by
computer tomography. One diagnosed metastasis turned
out to be a haemangioma in a computer tomography.
Eighteen correctly classified metastases showed a lack of
contrast enhancement and blurred margins during the
portal-venous phase.

In the arterial phase the enhancement of the ultra-
sound contrast enhancer was in a wide range variable in
metastatic lesions. Hypervascularity was seen in 6 cases as
opposed to 3 cases of hypovascularity (fig. 1). Three
lesions showed the same enhancement as the surrounding
parenchyma. A mix of strong peripheral enhancement
and poor central enhancement was visible in 2 metastases
(fig. 2). The arterial phase was not visible in 1 case.

Hepatocellular Carcinoma
Five cases were diagnosed as hepatocellular carcinoma

and it was possible to confirm the diagnoses by a fine nee-
dle aspiration as reference method. One focal liver lesion,
misdiagnosed as hepatocellular carcinoma, was classified
as a focal nodular hyperplasia by computer tomography.
The correctly positive classified hepatocellular carcino-
mas showed a strong ultrasound contrast enhancer uptake
and therefore a strong enhancement in the arterial phase.
The enhancement pattern was homogeneous in 2 cases
(fig. 3), whereas 2 focal liver lesions showed a chaotic
ultrasound contrast enhancer uptake. During the portal-
venous phase the same enhancement as in the surround-
ing parenchyma was visible in the arterial homogeneous
lesions. The lesions with the chaotic enhancement pattern

Table 3. Differentiation of benign and malignant liver lesions

Benign
liver lesions, %
(n = 40)

Malignant
liver lesions, %
(n = 22)

Sensitivity 95 100
Specificity 100 95
Positive predicted value 100 92
Negative predicted value 92 100
Accuracy 97 97
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Fig. 1. Metastasis with hypervascularisation in signal-enhanced ultrasound. 11 s after contrast agent injection a
strong contrast agent uptake is visible (a), which becomes hypoechoic 5 s later (b). 26 s after injection the lesion shows
a complete lack of contrast enhancement (c).

Fig. 2. Metastasis with mixed vascularisation pattern in contrast-enhanced ultrasound. 15 s after injection a hyper-
echoic lesion with a central lack of contrast enhancement is visible (a). 22 s after injection the lesion is isoechoic,
except for the central area (b) and at 1 min 19 s the lesion becomes hypoechoic (c).

Fig. 3. Contrast-enhanced hepatocellular carcinoma with homogeneous enhancement. 22 s after injection the lesion
becomes visible with a strong contrast agent uptake (a). 25 s after injection the lesion shows a nodule homogeneous
enhancement pattern (b). 18 s later in the portal-venous phase the lesion is isoechoic to the surrounding liver paren-
chyma (c).
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Fig. 4. Signal-enhanced ultrasound of a haemangioma. 27 s after injection a rim-like enhancement is visible (a). 55 s
after injection it shows a globular enhancement (b) with progressive centripetal fill-in, which is not complete in this
case (c).

Fig. 5. Thrombosed haemangioma. In the unenhanced grey scale mode a hyperechoic nodule is visible (a). In the
arterial phase 17 s after injection the lesion shows no signal enhancer uptake (b) as well as 35 s after injection (c).
Conspicious is that the lesion delimits with a clear borderline the surrounding liver parenchyma.

were hypoechoic in the portal-venous phase. Histological-
ly the lesions with the homogeneous pattern corresponded
to a high differentiated hepatocellular carcinoma and the
lesion with the chaotic pattern to a low differentiated
hepatocellular carcinoma.

Benign Focal Liver Lesions
A benign diagnosis was made in 38 cases, which were

divided up in 17 haemangiomas, 5 focal nodular hyper-
plasias, 3 focal fatty infiltrations and 13 focal fatty spar-
ings.

Haemangiomas
Haemangioma was diagnosed in 17 patients and was

confirmed by reference methods in all cases. The verifica-
tion was done in 8 cases by clinical follow-up, in 8 cases by

computer tomography, and in another 2 cases by magnet-
ic resonance tomography and fine needle aspiration biop-
sy. Out of 17 lesions, 16 showed the characteristic periph-
eral fill-in of ultrasound contrast enhancer (fig. 4), where-
as in 1 lesion no signal enhancer uptake was visible
(fig. 5). In this case a sharp margin to the surrounding
parenchyma was seen and the bases for setting the diagno-
sis.

Focal Nodular Hyperplasia
The diagnosis of a focal nodular hyperplasia was made

in 5 cases and was confirmed in 1 patient by a fine needle
aspiration biopsy, 2 cases by computer tomography and in
another 2 cases by power Doppler ultrasound examina-
tion, following a clinical follow-up. In the arterial phase of
the signal-enhanced ultrasound examination a spoke-
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Fig. 6. Focal nodular hyperplasia in CCI low MI mode. 12 s after contrast agent injection (a) the lesion shows a strong
nodular homogeneous enhancement pattern, which is stronger 2 s later (b) and is clearly marked off from the
surrounding liver parenchyma. 35 s after signal enhancer injection (c) the lesion is no longer visible and is isoechoic.

Fig. 7. Distribution of the results.

wheel sign was just seen in 1 case, whereas the other 4
lesions showed a strong and homogeneous enhancement
(fig. 6). In the portal-venous phase all 5 lesions had the
same enhancement as surrounding area and a central scar
was visible just in 1 case.

Benign Metabolic Lesions
In 3 cases, focal fatty infiltration was diagnosed and

was confirmed by computer tomography and clinical fol-
low-up in 2 cases. In 1 case the interesting focal liver

lesion was classified as haemangioma by computer to-
mography. Thirteen focal liver lesions were correctly diag-
nosed as a focal fatty sparing. Verification was carried out
by clinical follow-up in 8 cases, computer tomography in
4 cases and in 1 patient by a biopsy.

The lesions showed in all phases the same enhance-
ment as the surrounding liver parenchyma. The differen-
tiation between focal fatty infiltration and focal fatty spar-
ing was made by means of the grey scale image mor-
phology.
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In the end, 22 lesions were malignant, divided up into
4 patients with hepatocellular carcinoma and 18 patients
with metastases. Out of the 62 examined patients, 40
showed a benign lesion and 22 a malignant liver lesion.
The 40 benign lesions were divided up into 19 haeman-
giomas, 6 focal nodular hyperplasias, 13 focal fatty spar-
ings and 2 focal fatty infiltrations (fig. 7).

Discussion

The main advantage of second-generation ultrasound
contrast enhancers compared to first-generation ones re-
sults from the use of gas instead of air and from the phos-
pholipid membrane. The sulphur hexafluoride microbub-
bles remain longer in the bloodstream compared to air-
filled ultrasound contrast enhancers because of the poor
solubility of gas. Therefore, the liver enhancement is pro-
longed. The elevated resistance to pressure of the second-
generation ultrasound contrast enhancer is based on the
use of gas instead of air and furthermore on the phospho-
lipid membrane, which is more flexible than a membrane
out of galactose, used in first-generation ultrasound con-
trast media. A higher resistance to pressure in the capil-
lary system of the chest and also in the left ventricle of the
heart is the result [6].

Second-generation ultrasound contrast enhancers have
better oscillating qualities in comparison to first-genera-
tion ultrasound contrast medias. Therefore, a lower me-
chanical index is necessary driving the microbubbles to
resonance and backscattering harmonic waves [7, 8].

In contrast to the intermittent harmonic imaging meth-
od, used by first-generation ultrasound contrast media, the
pulse inversion harmonic method allows a continuous
ultrasound scan during the whole examination without
destroying the microbubbles [9, 10]. Consequently, more
information about the enhancement behaviour of different
vascular phases of the lesion is obtainable. In the contin-
uous mode it is possible to adjust focus, imaging energy and
technical parameters better so that the quality of the ultra-
sound image is improved and breathing movements of the
patient can be compensated more easily [11, 12].

Transit Time from Injection to Ultrasound Contrast
Enhancer Arrival in Hepatic Artery (Liver Arrival
Time)
According to the literature, time limits for the different

phases of liver perfusion are set and very strict [8, 11, 13].
We showed that the liver arrival time of the ultrasound
contrast enhancer can be variable, depending on the car-

diac output and localisation of the intravenous injection,
cubital vein or the dorsum of hand vein. In our study the
strict time settings of the several phases were used as an
orientation for functional characterization of the liver
perfusion. In order to differentiate the perfusion phases,
we related the time settings from the literature to the real
liver reaching time of the contrast media.

Variability of the Liver Perfusion Pattern
Although according to the literature distinct and char-

acteristic perfusion patterns are associated with each dif-
ferent type of focal liver lesion [11, 14, 15], we could dem-
onstrate in our study that some focal liver lesions can
show a variable degree of contrast media enhancement.
Especially hepatocellular carcinomas and focal nodular
hyperplasia showed overlapping in their perfusion pattern
that leads to difficulties in the differential diagnosis. An
increased enhancement was visible in both lesions in the
arterial phase. However, the increased enhancement of
the focal nodular hyperplasia was not associated with the
spoke-wheel phenomena in all cases, such as the perfusion
pattern of a hepatocellular carcinoma was not always
chaotic. The central scar, which is described as character-
istic for a focal nodular hyperplasia, was only observed in
1 out of 6 cases of focal nodular hyperplasia. Just as the
spoke wheel was only vaguely visible in 1 case, the other 4
showed strong homogeneous arterial enhancement [11,
13]. To conclude, all focal nodular hyperplasias showed a
typical strong enhancement in the arterial phase, however
in contrast to other authors, a spoke wheel was never by
far seen in all cases [4].

The perfusion pattern of a metastasis with good vascu-
larisation can be similar to a hepatocellular carcinoma,
which is low differentiated, but in clinical routine this is
supposed to be a rather minor problem because of the fact
that metastasis seldom occurs in a cirrhotic liver [5].
Additionally, the progressive centripetal fill-in, which is
characteristic for haemangioma, is not visible in every
case of this lesion [14]. In certain circumstances there is a
lack of contrast enhancement in a thrombosed haeman-
gioma and sparing of contrast enhancement occurs in the
arterial and portal vein phases, which is normally charac-
teristic for a metastasis [8, 11, 13]. In these cases the
spared area of contrast enhancement has very sharp edges
in contrast to metastasis with bleared margins. In 1 case of
our study, not enough attention was paid to this difference
which consequently led to a wrong interpretation. Anoth-
er interesting point we observed was that as opposed to
other authors the arterial perfusion pattern of metastasis
was inconclusive of the primary [5, 13].
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Limitation of the Maximum Depth
Additional problems occur in liver lesions that are

deeper than 12–13 cm. In this depth the enhancement of
the contrast medium bubbles is not intensive enough in
order to generate a sufficient image. Due to inhomoge-
neous enhancement it is very difficult to observe a charac-
teristic perfusion pattern. In some cases the distance from
surface to the examined liver lesion can be decreased by
repositioning the ultrasound transducer. Manufacturers
of ultrasound systems offer special software updates for
their harmonic imaging method in order to get further
improvement in this critical depth.

An extraordinary characteristic of the contrast-en-
hanced sonography is the possibility of observing and
recording of perfusion and behaviour of the ultrasound
contrast enhancer in an unclear, possibly pathologic struc-
ture [11]. Consequently, characteristic changes of perfu-
sion patterns in time and location are obtained and can be
observed in real time. Single pictures are only records of a
single moment and lack important information. One
study demonstrated that the interpretation of single pic-
tures recorded during a contrast-enhanced ultrasound

scan leads to poor results [16]. This is because of the fact
that single pictures, especially in contrast-enhanced ultra-
sound, can be irritating. Therefore, we regard it as manda-
tory to record the whole examination with an adequate
technique.

As an additional advantage of recording the examina-
tion, the most interesting sequences, particularly in un-
clear cases, can be analysed several times in detail. Espe-
cially during the introduction period of contrast-en-
hanced sonography the learning phase of an inexper-
ienced examiner can be shortened and improved. Charac-
teristics of certain lesions can be studied easily and rap-
idly.

Conclusion

The present study clearly demonstrates that a less
experienced examiner without any knowledge of the pa-
tient’s history can make a correct differential diagnosis in
95% of all cases, even in a blinded study.
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Abstract
Purpose: In order to improve the differential diagnosis
between liver metastases of neuroendocrine tumours
and adenocarcinomas, criteria for the masses at con-
ventional ultrasound, unenhanced power Doppler so-
nography and echo-enhanced ultrasound were evaluat-
ed. Methods: Seventy-three patients with histologically
proven liver metastases of a neuroendocrine tumour (n =
26) or an adenocarcinoma (n = 47) were investigated by
conventional ultrasound as well as unenhanced power
Doppler sonography and echo-enhanced ultrasound fo-
cusing on specific properties of the lesions. Results: Liv-
er metastases of neuroendocrine tumours and adenocar-
cinomas showed a different contrast behaviour with
echo-enhanced sonography. A hypervascularisation at
the arterial and capillary phase were found in 85% of the
neuroendocrine metastases, and in 17% of the masses of
adenocarcinomas, respectively (p ! 0.05). Conclusions:

The successful treatment of liver metastases requires a

highly sensitive and specific diagnostic procedure for
their differentiation. A hypervascularisation of the le-
sions during the arterial and capillary phase at echo-
enhanced ultrasound may point to a neuroendocrine pri-
mary tumour. However, histology is the only standard of
reference for the differentiation of liver metastases, and
is necessary for optimal therapy.

Copyright © 2004 S. Karger AG, Basel

Introduction

Histology is the only standard of reference in the differ-
ential diagnosis of liver metastases. Especially it is impor-
tant to differentiate neuroendocrine tumours from adeno-
carcinomas because of their relatively good prognosis and
special therapy. However, in some patients a percuta-
neous liver biopsy is impossible because of ascites and/or
insufficient coagulation. Furthermore, there is the danger
of neoplastic seeding during biopsy. In hepatic masses,
the detection and characterisation of tumour vascularity
are important for differential diagnosis. Up to now, com-
puted tomography and magnetic resonance imaging have
been mainly used as imaging modalities to differentiate
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Table 1. Liver metastases of neuroendocrine tumours and adenocar-
cinomas at conventional ultrasound

Criteria Liver metastases of
neuroendocrine tumours

n %

Liver metastases
of adenocarcinomas

n %

Echogenicity?
Echogenic 9 35 13 28
Hypoechoic 14 54 26 55
Hyper- and hypoechoic 3 11 8 17

Homogeneity?
Yes 0 0 1 2
No 26 100 46 98

Hypoechoic margin (halo)?
Yes 15 58 21 45
No 11 42 26 55

Lobulated margin?
Yes 26 100 46 98
No 0 0 1 2

Necroses?
Yes 7 27 9 19
No 19 73 38 81

Calcifications?
Yes 4 15 8 17
No 22 85 39 83

Table 2. Liver metastases of neuroendocrine tumours and adenocar-
cinomas at unenhanced power Doppler sonography

Criteria Liver metastases of
neuroendocrine tumours

n %

Liver metastases
of adenocarcinomas

n %

Detection of vessels?
Yes 12* 46 10* 21
No 14* 54 37* 79

Predominant vessels?
Arterial vessels 10 83 10 100
Venous vessels 2 17 0 0

Vascular resistance in power Doppler?
High 0 0 2 20
Low 12 100 8 80

Vessel architecture?
Peritumoural 6 50 3 30
Intratumoural 3 25 4 40
Peri- and intratumoural 3 25 3 30

Chaotic vascular pattern?
Yes 7 58 6 60
No 5 42 4 40

Detection of AV shunts?
Yes 0 0 1 10
No 12 100 9 90

Tumour hypervascularised?
Yes 6 50 5 50
No 6 50 5 50

* p ! 0.05.

liver lesions [1]. With conventional transabdominal ultra-
sound there are no characteristic signs for the differentia-
tion of liver metastases. Echo-enhanced sonography is an
increasingly used procedure for the differential diagnosis
of liver tumours [2–6].

In the present study, criteria for the differential diagno-
sis of liver metastases by this procedure were evaluated.

Materials and Methods

Patients
From January 1998 through October 2002, we prospectively

studied 73 patients (39 men and 34 women, mean age 58 years, range
26–81 years) with liver metastases of an adenocarcinoma (n = 47) or
a neuroendocrine tumour (n = 26). For adenocarcinomas, the prima-
ry tumours were located in most cases at the colon and the pancreas.
The neuroendocrine primary tumours were found in the pancreas,
the ileum and the lung. All malignomas were histologically proven by
means of surgery, percutaneous or endoscopic biopsy. The patients
gave their informed consent to participate in the study.

Techniques
Conventional Percutaneous Ultrasound. The patients were inves-

tigated by an experienced examiner blinded for the patients’ history,
symptoms and other laboratory and imaging findings. A dynamic 2-
to 5-MHz sector scanner (HDI 3000 and 5000, Philips Ultrasound)

was used. One corresponding liver lesion per patient was evaluated
concerning specific criteria, shown in table 1.

Unenhanced Power Doppler Sonography and Echo-Enhanced Ul-
trasound. The same liver mass was further investigated using the cri-
teria shown in table 2 with unenhanced power Doppler sonography
followed by echo-enhanced ultrasound with 2nd Harmonic or Pulse
Inversion Imaging. Echo-enhanced power Doppler sonography with
2nd Harmonic Imaging was commenced immediately after bolus
injection of 4 g Levovist® (concentration 300 mg/ml). One focus zone
with depth adapted to the area of interest and a mechanical index of
0.8–1.3 were used.

For echo-enhanced sonography with Pulse Inversion Imaging,
2.4 ml SonoVue® was injected, and the mechanical index varies be-
tween 0.1 and 0.2. As for echo-enhanced power Doppler sonography
the investigation lasted approximately 2 min.

A chaotic vascular pattern was defined as detection of terminated
vessels and a irregular course of the vessels. Arteriovenous shunts are
characterised by a high diastolic blood flow on the arterial side and
pulsatile spectra on the venous side.

Statistical Analysis
Data analysis was done with SPSS® (version 10.0). The percent-

age of each criteria detected was determined for conventional ultra-
sound as well as for unenhanced power Doppler sonography and
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echo-enhanced sonography. ̄ 2 test was used to find significant differ-
ences between the metastases of adenocarcinomas and neuroendo-
crine tumours. p values !0.05 were considered to be significant.

Results

Conventional Ultrasound (table 1)
The mean size of the liver metastases investigated was

42 B 25 mm (range 9–100) for neuroendocrine tumours,
and 45 B 29 mm for adenocarcinomas (range 10–120),
respectively (p = n.s.). There was a small higher percent-
age of echogenic and sharply delineated neuroendocrine
metastases compared with the lesions of adenocarcino-
mas. However, these differences were not significant.
With respect to the other criteria investigated, no differ-
ences could be found between the lesions of neuroendo-
crine tumours and adenocarcinomas, respectively.

Unenhanced Power Doppler Sonography (table 2)
With unenhanced power Doppler sonography, vessels

were detected in metastases of neuroendocrine tumours
more frequently compared with the lesions of adenocarci-
nomas (46 vs. 21%, p ! 0.05). In most cases, arteries with
a low resistance were found. Peritumoural vessels could
be observed in 50% of the neuroendocrine metastases,
and in 30% of the lesions of adenocarcinomas, respective-
ly (p = n.s.).

Echo-Enhanced Sonography (table 3)
After injection of an echo-enhancer the liver metas-

tases were found to be hypervascularised in 85% of the
neuroendocrine tumours, and in 17% of the adenocarci-
nomas, respectively (p ! 0.05). Furthermore, neuroendo-
crine lesions showed a chaotic vascularisation pattern and
a sharp delineation at the capillary phase more frequently
(p ! 0.05). At the portal venous phase, nearly all metas-
tases were visible as a contrast defect. A liver metastasis of
a neuroendocrine tumour and an adenocarcinoma of the
colon before and after injection of an echo-enhancer are
shown in figures 1 and 2, respectively.

Discussion

The liver is one of the most common sites of metas-
tases from adenocarcinomas and neuroendocrine tu-
mours. It is important to differentiate between both
tumour entities because neuroendocrine metastases have
a generally better prognosis and need a special therapy.

Table 3. Liver metastases of neuroendocrine tumours and adenocar-
cinomas at echo-enhanced sonography

Criteria Liver metastases of
neuroendocrine tumours

n %

Liver metastases
of adenocarcinomas

n %

Arterial and capillary phase (10–35 s after injection)
Peritumoural signal enhancement?

Yes 16 62 26 55
No 10 38 21 45

Chaotic vascular pattern?
Yes 23* 88 30* 64
No 3* 12 17* 36

Detection of AV shunts?
Yes 0 0 1 2
No 26 100 46 98

Contrast behaviour?
Centrifugal 0 0 1 2
Centripetal 20 77 44 94
Centripetal and
centrifugal 6 23 2 4

Lesion sharply delineated?
Yes 19* 73 23* 49
No 7* 27 24* 51

Tumour hypervascularised?
Yes 22* 85 8* 17
No 4* 15 39* 83

Portal venous phase (30–90 s after injection)
Detection of a contrast defect?

Yes 25 96 46 98
No 1 4 1 2

* p ! 0.05.

Histology is the gold standard in the differentiation of
liver lesions. It is accepted that in most cases, percuta-
neous biopsy is safe, accurate, and enables a definitive
diagnosis to be made quickly [7–9]. However, some prob-
lems, such as the possibility of neoplastic seeding, present
limitations [10, 11]. Furthermore, in some patients a per-
cutaneous liver biopsy is impossible because of ascites
and/or insufficient coagulation. On the other hand, differ-
entiation of liver metastases is difficult by imaging tech-
niques.

Up to now, computed tomography and magnetic reso-
nance imaging with newer liver-specific contrast agents
are mainly used with good results to diagnose and differ-
entiate liver tumours. Magnetic resonance imaging has
become a standard in different departments, where trans-
plantation of the liver is performed [12]. However, com-
puted tomography and magnetic resonance imaging are
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Fig. 1. Liver metastasis of a small bowel neuroendocrine tumour at
unenhanced (a) and echo-enhanced sonography (b, c). a Hypoechoic
lesion with a lobulated margin. b Detection of a hypervascularised
mass at the capillary phase 30 s after injection of the echo-enhancer.
c Detection of a contrast defect at the portal venous phase 40 s after
injection of the echo-enhancer.

Fig. 2. Liver metastasis of a colorectal adenocarcinoma at unen-
hanced (a) and echo-enhanced sonography (b, c). a Hypoechoic
lesion with a lobulated margin. b Detection of a hypovascularised
mass at the capillary phase 30 s after injection of the echo-enhancer.
c Detection of a contrast defect at the portal venous phase 40 s after
injection of the echo-enhancer.
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expensive. A non-invasive and cost-efficient method with
high diagnostic accuracy is, therefore, required.

A major problem is that there are no characteristic
signs for different liver metastases in conventional ultra-
sound. Thus, it is difficult to distinguish the lesions with
this technique. With respect to the criteria investigated by
B-mode sonography, no significant differences were
found between the metastases of neuroendocrine tumours
and adenocarcinomas in the present study. There was a
higher percentage of echogenic and sharply delineated
neuroendocrine lesions, but finally both tumour entities
may present with an echogenic pattern as well as a hypo-
echoic and lobulated margin.

Computed tomography and magnetic resonance imag-
ing have the advantage to investigate the vascularisation
pattern in the differentiation of liver lesions. Whereas
metastases of adenocarcinomas are characterised by their
hypovascularisation, lesions of neuroendocrine tumours
were found to be often hypervascularised [13].

Unenhanced power Doppler sonography allows the
investigation of the vascularisation pattern of liver and
pancreatic tumours by ultrasound as well [14–18]. How-
ever, there are problems of low sensitivity for detecting
small vessels or low blood flow velocity, and the existence
of multiple tissue artefacts [2]. In the present study, ves-
sels were detected with this procedure in metastases of
neuroendocrine tumours more frequently. However, a
differential diagnosis of liver metastases is difficult with
this sonographic technique alone.

In recent years, the sensitivity of unenhanced power
Doppler sonography for detecting low blood flow velocity
or small vessels has improved by echo-enhancers, for
example Levovist®. This preparation consists of micro-
bubbles of air which enhance the Doppler signal at 20–
30 dB [2, 19, 20]. With echo-enhanced sonography, how-
ever, the signal intensity from flowing blood is lower com-
pared to that of tissue movements. 2nd Harmonic Imag-
ing was developed to overcome these difficulties. This
method is based on the property of microbubbles to reso-
nate 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 proce-
dure is called 2nd Harmonic Imaging. Tissue particles
have fewer 2nd harmonic waves than microbubbles, so
the signals of echo-enhancers are better distinguishable [2,
19, 20].

Recently, the new contrast agent Sonovue® is being
used more frequently for echo-enhanced sonography. Fur-
thermore, 2nd Harmonic Imaging was replaced partially
by the Pulse Inversion Imaging technique. There are

remarks that with this new procedure more favourable
results can be achieved than with 2nd Harmonic Imaging.
With 2nd Harmonic Imaging it is impossible to separate
the transmitted and received harmonic signal completely
because of limited bandwidth. However, Pulse Inversion
Imaging avoids these bandwidth limitations by using
characteristics specific to microbubble vibrations to sub-
tract rather than filter out the fundamental. Because this
imaging transmits two reciprocal pulses, leading to sub-
tract fundamental signals, it can allow the use of broader
transmit and receive bandwidths for improved resolution
and can provide increased sensitivity to contrast [21].
However, comparative results of large prospective studies
are missing.

In the present study a high percentage (85%) of the
neuroendocrine metastases was hypervascularised with
echo-enhanced sonography. However, a hypervasculari-
sation was observed also in about 20% of the metastases
of adenocarcinomas. That means that a reliable differen-
tiation of both tumour entities is impossible with this pro-
cedure. Furthermore, in our own experience, liver metas-
tases of other primary tumours, like melanomas, may also
be well vascularised.

The successful treatment of liver metastases requires a
highly sensitive and specific diagnostic procedure for
their differentiation. A hypervascularisation at echo-en-
hanced ultrasound may point to a neuroendocrine prima-
ry tumour. However, histology is the standard of refer-
ence for the differentiation of liver metastases, and is nec-
essary for optimal therapy.
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Abstract
Background: This study was conducted to assess the
prevalence and associated risk factors of gallstone dis-
ease (GSD) among type 2 diabetics in Kinmen, Taiwan.
Methods: Based on a total of 858 type 2 diabetics ascer-
tained in 1991–1993, an ultrasound sonography screen-
ing was performed by a panel of specialists in 2001. A
total of 440 (51.3%) subjects were examined. Results:

Sixty-three out of 440 type 2 diabetics were diagnosed
with GSD. The overall prevalence of GSD was 14.4%,
including single stone 8.0% (n = 35), multiple stones
3.2% (n = 14), and cholecystectomy 3.2% (n = 14). The
significant risk factors of GSD based on multiple logistic
regression analysis were age (OR = 1.06, 95% CI: 1.02–
1.10) and BMI (OR = 1.11, 95% CI: 1.01–1.22). Conclu-

sions: Our results found that older age and higher BMI
may increase the risk of developing GSD in type 2 diabet-
ics.

Copyright © 2004 S. Karger AG, Basel

Introduction

Gallstone disease (GSD) is one of the most common
diseases in developed countries. The prevalence of GSD
increases with age and reaches 30% by the age 70 years in
Western countries [1, 2]. Based on a community sono-
graphic survey in Taiwan, the prevalence of GSD in the
general population aged 30 years or more was 4.3% in
1989 [3]. Another voluntary screening in 1995 showed
that the prevalence of GSD had reached 10.7% among
healthy subjects [4]. For this reason, due to westernization
of diet and environment, GSD was not rare in the Chinese
population and had become a major health problem in
Taiwan.

The etiology of GSD is multifactorial and associated
factors related to GSD include age, sex, genetic factors,
obesity, parity, diet, drugs, hyperlipidemia, ileal diseases
and hemolytic anemias [5]. In addition, it has been a mat-
ter of controversy whether diabetes mellitus is associated
with GSD or not. Some epidemiologic studies showed
that diabetes was mentioned as a risk factor of GSD, but
such an association has not consistently been observed in
other population-based studies [6, 7]. From a clinical
viewpoint, type 2 diabetes combined with gallstone may
induce acute cholecystitis more often, and have a higher
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probability to progress to septicemia. Furthermore, it is
generally believed that diabetics secrete more lithogenic
bile than non-diabetics [8]. The previous study also
showed that prevalence of GSD among type 2 diabetes
was about 2- to 3-fold more common compared with the
normal population [9].

In order to identify the prevalence and associated fac-
tors of GSD among type 2 diabetics, a community-based
screening for early detection of GSD was required. Early
cases of GSD can be ascertained from these type 2 diabet-
ics via real-time ultrasound sonography examination.
However, there were few community-based epidemiologi-
cal studies focused on the prevalence of GSD among type
2 diabetics in Taiwan. In the present study, we conducted
a community-based screening program for GSD in order
to assess the prevalence and associated risk factors with
GSD among type 2 diabetics in Kinmen, Taiwan.

Materials and Methods

Data Resources
Data used in this study was derived from a community-based

screening in Kinmen, Taiwan. According to population stability, geo-
graphic area and local support, Kinmen was selected to carry out the
screening concept of community diseases. The details of the study
design and execution have been described in full elsewhere [10]. The
diagnosis of type 2 diabetes was based on the 1999 WHO definition
[11]. A total of 1,123 type 2 diabetics aged 30 and over were found
based on the population survey in 1991–1993 carried out in Kinmen.
Of 1,123 type 2 diabetics, after excluding those who had migrated or
died, the remaining 858 type 2 diabetics formed a cohort to receive
abdominal ultrasound sonography. These 858 subjects were invited
to receive screening for GSD by telephone calls or invitation letters in
2001. Informed consent was obtained from all participants before the
survey.

Data Collecting
Two steps of data collection were conducted in the present study.

Firstly, baseline information was collected in 1991–1993. Face-to-
face interviews were conducted by the Yang-Ming Crusade, a volun-
teer organization of well-trained medical students of National Yang-
Ming University. Fasting blood samples were drawn by public health
nurses. Overnight fasting serum and plasma samples (preserved with
EDTA and NaF) were collected and kept frozen (–20°C) until analy-
sis. Fasting plasma glucose (FPG) concentrations were determined
using the hexokinase glucose-6-phosphate dehydrogenase method
with a glucose (HK) reagent ldt (Gilford Co., Berlin, Ohio, USA).
Secondly, the follow-up screening regimen of GSD was performed in
2001. Based on the presence of movable hyperechoic material with
acoustic shadow [4, 12], GSD was diagnosed by a panel of specialists
using a real-time ultrasound sonography to examine the participants’
abdominal region after fasting for at least 8 h. The cases of GSD were
classified as follows: single gallbladder stone, multiple gallbladder
stones, and cholecystectomy, excluding gallbladder polyps. The non-
cases were identified as no GSD among type 2 diabetics.

Table 1. Response rate of screening for GSD among type 2 diabetics
in Kinmen, 2001

Variable Eligible
population

Screened
population

Response
rate, %

Sex
Male 369 193 52.3
Female 489 247 50.5

Age
40–49 90 45 50.0
50–59 174 97 55.7
60–69 269 157 58.4
70+ 325 141 43.4

Total 858 440 51.3

In order to set up the consistent diagnosis of GSD between spe-
cialists, the Î statistic was used to assess the agreement of interob-
server reliability among study specialists. The pilot study was per-
formed with 50 random selected type 2 diabetics other than the study
subjects. For the interobserver reliability, the Î value for diagnosis of
GSD was 0.77 (95% CI: 0.50–0.96).

Statistics Analysis
Statistical analysis was performed using SAS software. In the uni-

variate analysis, independent t-test was applied for continuous vari-
ables. Multiple logistic regression was used to investigate the inde-
pendence of factors associated with GSD. Odds ratio and 95% confi-
dence intervals were used for categorical variables. Findings were
considered to be statistically significant at the p ! 0.05 level.

Results

Of 858 type 2 diabetics, 440 subjects attended the real-
time ultrasound sonography for examination of the ab-
dominal region. The overall response rate was 51.3%. The
majority of baseline factors associated with the risk of
type 2 diabetes in attendants were similar to those in non-
attendants except that the age of non-attendants was sta-
tistically significant older than attendants. Other baseline
biochemical factors (including FPG, SBP, DBP, total cho-
lesterol, triglyceride, HDL, LDL, BUN, creatinine, uric
acid, BMI, and waist-hip ratio) associated with the risk of
type 2 diabetes for attendants were not significantly dif-
ferent from those for non-attendants. Table 1 shows that
males had a slightly higher response rate than females
(52.3 vs. 50.5%), and the adults aged 60–69 (58.4%) and
50–69 (55.7%) years had a higher response rate than other
age groups.

Table 2 shows that the overall prevalence of GSD
among type 2 diabetics aged 40 and over was 14.4%,
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Table 2. Prevalence of GSD among type 2 diabetics in Kinmen, 2001

Variable Total
number of
diabetics

Gallstone disease

subtotal
prevalence1

n %

single stone
prevalence

n %

multiple stones
prevalence

n %

cholecystectomy
prevalence

n %

Sex
Male 193 26 13.5 16 8.3 5 2.6 5 2.6
Female 247 37 14.9 19 7.7 9 3.6 9 3.6

Age
40–49 45 1 4.4 1 2.2 0 0.0 1 2.2
50–59 97 10 10.3 7 7.2 1 1.0 2 2.1
60–69 157 23 14.7 9 5.7 7 4.5 7 4.5
70+ 141 28 19.9 18 12.8 6 4.3 4 2.8

Total 440 63 14.4 35 8.0 14 3.2 14 3.2

1 Cochran-Armitage trend test for age (z = 3.18, p = 0.002).

Table 3. Comparison of characteristics between GSD subjects and
controls among type 2 diabetics in Kinmen (mean B SD)

Variable Gallstone disease

yes (n = 63) no (n = 377)

p value
for t test

Age, years 68.3B9.7 64.3B10.9 0.006
Duration of diabetes

years 9.6B2.2 9.4B2.8 NS
FPG, mg/dl 149.3B44.5 142.9B56.0 NS
BMI, kg/m2 26.3B3.8 25.3B3.6 0.046
SBP, mm Hg 145.4B22.5 139.0B23.2 0.032
DBP, mm Hg 86.8B13.6 84.5B13.3 NS
Triglyceride, mg/dl 116.4B58.9 132.9B80.5 NS
Total cholesterol, mg/dl 219.6B57.7 214.1B41.4 NS
HDL, mg/dl 53.5B30.7 54.2B29.1 NS
AST, U/l 25.9B17.9 23.4B14.4 NS
ALT, U/l 31.7B35.5 125.4B22.0 NS
Uric acid, mg/dl 115.7B1.5 116.0B1.7 NS

Table 4. Multiple logistic regression on the risk factors associated
with the GSD among type 2 diabetics in Kinmen

Variable GSD vs. non-GSD

OR 95% CI

Intercept –8.53 –
Age, years 1.06 1.02–1.10
BMI, kg/m2 1.11 1.01–1.22

Independent variables: sex, age, duration of type 2 diabetes, fast-
ing plasma glucose, BMI, SBP, DBP, cholesterol, triglyceride, HDL,
uric acid, ALT, and AST.

including 8.0% (n = 35) of single stone, 3.2% (n = 14) of
multiple stones, and 3.2% (n = 14) of cholecystectomy.
The number of females (14.9%) was not statistically high-
er than males (13.5%) (p 1 0.05). From the Cochran-
Armitage trend test, the prevalence of GSD shows an
increase with age (z = 3.18, p = 0.002). In addition, sub-
jects aged 60 years and over (51/298 = 17.1%) had a more
than 2-fold risk for GSD as compared with the subjects
aged 40–59 years (11/142 = 7.7%).

Table 3 shows the comparisons of baseline (1991–
1993) variables between the GSD and non-GSD group.
From the independent t-test, baseline factors that were
significantly related to GSD included age (cases (68.3 B
9.7 years) vs. non-cases (64.3 B 10.9 years), t = 2.74, p =
0.006), BMI (cases (26.3 B 3.8 kg/m2) vs. non-cases (25.3
B 3.6 kg/m2), t = 2.00, p = 0.046), and SBP (cases (145.4
B 22.5 mm Hg) vs. non-cases (139.0 B 23.2 mm Hg), t =
2.15, p = 0.032).

The effects of independent risk factors of GSD were
examined by the multiple logistic regression model. Ta-
ble 4 shows that, after adjustment for other associated
confounding factors, the independent risk factors of GSD
were age (OR = 1.06, 95% CI: 1.02–1.10), and BMI (OR =
1.11, 95% CI: 1.01–1.22).
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Discussion

Implications of Associated Factors for GSD
Our findings revealed that the prevalence of overall

GSD was lower than other similar population-based sur-
veys [13]. The underestimation of the prevalence of GSD
due to a relative lower response rate and younger age of
participants in our study may account for the major cause.
Using the different methodology of GSD assessment
could also affect the comparison of prevalence. In addi-
tion, regarding diabetes mellitus and GSD, evidence from
the positive association was still obviously inconclusive
because of potential detection bias. In the present study,
the prevalence of overall GSD was higher than the general
Chinese population in Taiwan when using the same meth-
odology of GSD assessment [4]. Previous population-
based studies had resulted in disparate findings on dia-
betes mellitus and GSD [14]. Like findings in other stud-
ies [4, 13, 15], our results also implied that type 2 diabetes
could be viewed as one of positive risk factors to GSD.

Most epidemiologic studies had revealed that females
had a higher prevalence of GSD than males [16]. Pregnan-
cy and sex hormones could be involved by altering biliary
secretion or gallbladder motility, or both maybe play an
important role on the sex-related difference in prevalence
of GSD [16, 17]. However, our findings also showed simi-
lar results, but the prevalence of GSD was not statistically
significant different between males and females.

It was not surprising that age was one of the positive
risk factors for GSD in the present study. It had been
observed that among the elderly, larger amounts of cho-
lesterol were secreted by the liver, and the catabolism of
cholesterol to bile acid decreased [18, 19]. It had also been
recommended that diabetic subjects should be referred
for cholecystography on more liberal grounds than other
subjects [20]. The long-term exposure to other risk factors
among the elderly also may account for their increased
chance of developing GSD, such as longer duration of
type 2 diabetes [4, 21]. Furthermore, cholelithiasis was an
acquired disease determined by chronic environmental
factors plus the aging effect [3].

We simultaneously demonstrated a positive associa-
tion between BMI and GSD after adjusting for other relat-
ed confounding factors in the present study. Many epide-
miological population-based studies had indicated that
GSD was more common in obese subjects [4, 15, 22].
From the clinical perspective, supersaturated bile was the
linkage between obesity and cholesterol GSD. Obesity
could raise the saturation of bile by increasing biliary
secretion of cholesterol – the latter depending probably on

a higher synthesis of cholesterol in obese subjects [16,
23].

In addition, the present study showed that SBP was
significantly and positively associated with GSD in the
univariate analysis but not in the multivariate analysis.
The result was consistent with other community-based
studies for the general population [4]. Age may possibly
dilute the effect of blood pressure for GSD in type 2 dia-
betic subjects. However, further epidemiological and etio-
logic investigations were needed to clarify the pathophysi-
ological mechanisms between blood pressure and GSD
among diabetic populations.

Methodological Consideration
The present study had several methodological advan-

tages. Firstly, based on the community-based epidemio-
logic study design, the GSD and non-GSD groups were
unselectively evaluated by ultrasonography and selection
bias could be prevented. Secondly, biomarker results were
assessed by the standard procedures in a central laborato-
ry and possible measurement errors could also be elimi-
nated. Nevertheless, the potential impact on the preva-
lence and associations with GSD in our estimates were
inevitable due to a relatively lower response rate, and
non-attendants with older age indicated that subjects may
have died or did not return for follow-up. GSD was diag-
nosed only at follow-up in 2001 and therefore we could
not clarify the temporality between biomedical makers
and GSD. Another possible drawback in the present study
was the initiating screening program for GSD in type 2
diabetics that was conducted after 8 years of mass screen-
ing and where the bias due to delayed diagnosis of GSD
could have occurred.

Conclusion

In conclusion, we have shown that in type 2 diabetics,
an older age and higher BMI may increase the risk of
developing GSD in type 2 diabetics. These results suggest
that factors related to type 2 diabetes may be important in
the pathogenesis mechanism of the increased risk of GSD
among type 2 diabetics.
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A 35-year-old asymptomatic woman presented with an
inhomogeneous liver tumour found at a routine sonogra-
phy by her general practitioner. Tumour size was 7 cm.
There were no risk factors for hepatocellular carcinoma.
At conventional ultrasound the mass was more hypoecho-
ic than the surrounding tissue and had a central stellate
scar (fig. 1). A spoke-like vascular pattern was found at
power Doppler sonography (fig. 2). The Doppler spec-
trum of a feeding artery showed low vascular resistance
(fig. 3). Because of this classic vascularisation pattern, the
mass was suspected as focal nodular hyperplasia. The
diagnosis was confirmed by histology.

Focal nodular hyperplasia is a benign hepatic lesion
common in women. Its differentiation from other hepato-
cellular tumours is important because the treatment is
usually conservative, given the absence of live-threaten-
ing complications and malignant transformation. CT
scan, magnetic resonance imaging, and radionuclide scan-
ning can all be used for diagnosis. However, power Dopp-
ler sonography is an inexpensive technique that is increas-
ingly used for the differentiation of liver tumours. For
patients with focal nodular hyperplasias, the spoke-like
vascular pattern is a characteristic sign. Further studies
have to find out if histology is necessary for lesions with
clear sonographic detection of this feature.

Fig. 1 
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Fig. 2 Fig. 3 
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