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Abstract
Background: We determined the radiologic characteristics of
intrahepatic cholangicarcinoma (ICC) on single-level dy-
namic computed tomography during hepatic arteriography
(CTHA) and assessed the hemodynamics of the tumor.
Methods: Eleven patients with pathologically confirmed ICC
underwent single-level dynamic CTHA. After placing the
catheter tip in the proper hepatic artery and running a 30-s
continuous scan, scanning was performed every 15 or 30 s
for 120 s. The change of contrast-enhancement pattern of the
ICCs were interpreted retrospectively.
Results: The pattern of enhancement was classified into two
types: vascular and hypovascular. In the vascular type, the
contrast enhancement gradually spread from each intratum
oral artery and became mottled. It changed from a mottled
and hypoattenuated pattern to an even and hyperattenuated
appearance in comparison with the adjacent liver approxi-
mately 120 s after the injection of contrast agent. In the
hypovascular type, the tumor was barely enhanced and re-
mained hypoattenuated compared with the adjacent liver at
120 s after the beginning of the injection. The 11 ICCs were
classified into eight vascular types and three hypovascular
types. Intratumoral arteries were visualized in nine tumors:
eight vascular types and one hypovascular type.
Conclusion: The contrast-enhancement pattern of ICC on
single-level dynamic CTHA is related to the intratumoral
artery.
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Intrahepatic cholangiocarcinoma (ICC) is a primary adeno-
carcinoma of the liver that arises from the epithelial cells of

the intrahepatic bile ducts, specifically a segmental or more
peripheral duct, and presents as a focal liver mass [1], in
contrast to hilar cholangiocarcinoma (Klatskin tumor) [2],
which originates from hepatic ducts. After hepatocellular
carcinoma (HCC), it is the second most common primary
hepatic malignant tumor and accounts for 10% of primary
liver cancers [3].

On contrast-enhanced computed tomography (CT), ICC
has been depicted as an irregular mass of markedly low
attenuation with contrast enhancement at the tumor periph-
ery durng hepatic arterial and portal venous phases [4]. This
pattern differs from that associated with hypervascular tu-
mors such as HCC, which most commonly have predomi-
natly high attenuation during the hepatic arterial phase and
isoattenuation or low attenuation during the portal venous
phase [4]. Imaging modalities such as CT during arterial
portography (CTAP) [5, 6], CT during hepatic arteriography
(CTHA) [7, 8], dynamic magnetic resonance imaging (MRI)
[9], and Doppler ultrasound [10] have facilitated investiga-
tion of the hemodynamics of liver tumors. In particular,
single-level dynamic CTHA, a new method of delineating
the blood flow in hepatic tumors, has been used to elucidate
the hemodynamics of HCC [11, 12], but, although the CT
features of ICC have been described [13, 14], to our knowl-
edge, its appearance on single-level dynamic CTHA has not
been described. Therefore, we investigated the radiologic
characteristics of ICC on single-level dynamic CTHA and
assessed its hemodynamics.

Materials and methods
Between December 1995 and March 2002, 18 consecutive
patients with suspected ICC on CT, MRI, or sonography
were referred for investigation, and single-level dynamic
CTHA was carried out in 12 (four patients did not undergo
imaging because they had undergone angiography at a pre-
vious hospital, and the other two patients had a prolonged
series of examinations that included angiography, CTAP,
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and conventional CTHA). One of the 12 patients was ex-
cluded from the evaluation because of incorrect breath-
holding during scanning. Therefore, 11 patients (eight men,
three women; age range, 45–72 years; mean age; 60.1 years)
formed the study population and all gave informed consent.
All 11 tumors (diameter, 2–6 cm; mean, 4.3 cm) had been
detected on conventional CTHA performed immediately be-
fore single-level dynamic CTHA, and all were classified as
the mass-forming type according to the classification of
primary liver cancer proposed by the Liver Cancer Study
Group of Japan, which defines mass-forming type tumors as
a nodular tumor in the liver parenchyma that has originated
from peripheral bile ducts. The tumor was located in the
right lobe in six patients and in the left lobe in five patients.
After the single-level dynamic CTHA examination, 10 pa-
tients underwent laparotomy: eight had the tumor surgically
resected, and two tumors were inoperable because of peri-
toneal dissemination. The pathologic diagnosis of ICC was
obtained from the resected specimen (eight patients), intra-
operative biopsy (two patients), or percutaneous needle bi-
opsy (one patient).

Angiography, unenhanced CT, CTAP, and conventional
CTHA were performed before single-level dynamic CTHA,
as was celiac and superior mesenteric angiography for eval-
uation of the arterial anatomy. The single-level dynamic
CTHA examination took place more than 10 min after con-
ventional CTHA, the findings of which were used to deter-
mine the most suitable craniocaudal level that ensured that
the axial plane including the maximal cross-sectional diam-
eter of the tumor would be scanned. After placing a 5-F
angiographic catheter tip into the proper hepatic artery under

fluorosopic guidance, iopamidol (Iopamiron 300, Schering,
Berlin, Germany) was diluted with saline to 100 mg/mL.
Sixty milliliters of the solution was injected at a rate of 3
mL/s by using a power injector. Scans were obtained with
helical CT (Somaton Plus-4, Siemens Medical Systems, Er-
langen, Germany) or multidetector CT (Aquilion, Toshiba,
Tokyo, Japan). Scanning was started immediately after the
injection of contrast medium; during a single breath-hold, a
30-s continuous scan was obtained with 5-mm collimation,
1-s scan time, 2-s interscan time, 280 mAs, 120 kVp, and
512 � 512 matrix for the Somaton Plus-4 or 5-mm collima-
tion, 0.5-s scan time, 0.5-s interscan time, 300 mAs, 120
kVp, and 512 � 512 matrix for the Aquilion. After the
continuous scan, scans were obtained every 15 or 30 s for
120 s. Oxygen was administered to patients during the im-
aging procedure. The CT image of every scan was docu-
mented on laser film.

Retrospective interpretation of the CT images was estab-
lished by consensus between two observers. The change of
contrast-enhancement pattern of ICC on the single-level
dynamic CTHA images were interpreted visually, as were
recording the time to appearance of an intratumoral artery
and peripheral enhancement.

Results
Single-level dynamic CTHA demonstrated the hemodynam-
ics of all tumors, and the contrast-enhancement patterns were
classified into two types, vascular and hypovascular, each of
which had a distinctive time course. In the vascular type
(Fig. 1), at 1 to 5 s (mean, 2.75 s) after the injection of

Fig. 1. Vascular type. A 46-
year-old man with intrahe-
patic cholangiocarcinoma in
the left lobe. Single-level dy-
namic CTHA images ob-
tained before intraarterial
injection of contrast (Pre) and
1, 5, 10, 15, 30, 60, and
120 s after injection of con-
trast. Intratumoral arteries
(arrows) are clearly seen at
1 s. At 5 s, a segmental
staining begins to be en-
hanced. At 10 s, peripheral
enhancement (arrowheads)
appears. Peripheral enhance-
ment mimics the enhance-
ment pattern and overlaps
segmental staining. The tu-
mor enhancement spreads
from each intratumoral artery
and becomes mottled at
30 s. At 120 s, tumor en-
hancement becomes even
and hyperattenuated.
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contrast, intratumoral arteries were seen immediately and
clearly. Contrast enhancement of the adjacent liver appeared
5 to 12 s (mean, 8.0 s) after the beginning of the injection,
and peripheral enhancement began almost simultaneously.
The contrast enhancement gradually spread from each intra-
tumoral artery and became mottled for approximately 30 s
after the beginning of the injection. Enhancement of the
adjacent liver disappeared, but that of the tumor did not and
instead changed from a mottled and hypoattenuated pattern
to an even and hyperattenuated appearance in comparison
with the adjacent liver approximately 120 s after the begin-
ning of the injection. In the hypovascular type (Fig. 2),
contrast enhancement of the adjacent liver appeared 6 to 12 s
(mean, 9.7 s) after the beginning of the injection of contrast,
but the tumor was barely enhanced and remained hypoat-
tenuated when compared with the adjacent liver at 120 s after
the beginning of the injection. Of the 11 ICCs, eight were
classified as vascular and three as hypovascular. All eight
vascular tumors had the mottled hyperattenuated pattern of
enhancement until approximately 1.5 min after the injection
of contrast, when four became evenly hyperattenuated.

Intratumoral arteries were visualized in nine tumors: all
eight vascular type tumors and one hypovascular type. In
seven vascular tumors, the enhancement spread from the
intratumoral artery; however, in the hypovascular type of
tumor, the intratumoral artery was only faintly visualized
and the contrast enhancement barely spread from it.

Peripheral enhancement, i.e., thin mild incomplete rim-
like enhancement surrounding the tumor, was seen in eight
cases (six vascular and two hypovascular) and started to
appear 5 to 12 s (average, 9.2 s) after the injection of contrast
material. In four vascular-type tumors scanned by multide-
tector CT, arteries were seen at the tumor periphery imme-
diately after the injection of contrast (Fig. 3), and the

enhancement spread from each artery, resulting in peripheral
enhancement. Segmental stainings, wedge-shape segmental
hyperattenuated areas extending from the hepatic hilus to the
surface, or segmental boundaries of the liver were seen in 10
of 11 (90.1%) patients, until approximately 2 min after the
injection of contrast, and they mimicked the enhancement
pattern and overlapped the peripheral enhancement (Figs. 1,
3).

Discussion
Previous reports of the radiologic findings of ICC on con-
ventional dynamic CT and dynamic MRI have shown that
the tumor usually appears as an avascular mass, a rounded
nonencapsulated hypodense mass with irregular margins,
and with delayed contrast enhancement [3, 13–15]. Those
imaging modalities have limitations in demonstrating the
hemodynamics of ICC in detail, so the actual time course of
the contrast enhancement of the tumor has not been estab-
lished. Differential diagnosis of ICC from other liver tumors
is important because its rate of lymph node metastasis is high
and lymph node dissection is essential [16, 17]. However,
even at biopsy, the histopathologic diagnosis of ICC is
difficult and requires reasonable exclusion of other adeno-
carcinomas that may have metastasized to the liver [18]. To
date, single-level dynamic CTHA has not been used exten-
sively for evaluation of ICC because it is an uncommon
tumor; we have been using conventional CTHA for the
differential diagnosis of ICC since November 1994, and in
the present study we reviewed our findings of the hemody-
namics and the radiologic characteristics of this tumor.

The blood supply to liver neoplasms such as HCC, cav-
ernous hemangioma, and colorectal metastasis is mainly
through the hepatic artery [19, 20], and intratumoral arteries

Fig. 2. Hypovascular type. A
60-year-old man with intra-
hepatic cholangiocarcinoma
in the right lobe. Single-level
dynamic CTHA images ob-
tained before intraarterial in-
jection of contrast (Pre) and
1, 5, 10, 20, 30, 90, and
120 s after injection of con-
trast. The tumor is barely
enhanced and still hypoat-
tenuated compared with the
adjacent liver 120 s after the
beginning of the injection.
Peripheral enhancement (ar-
rowheads) begins to appear
at 10 s and lasts until 120 s.
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are frequently seen in hypervascular tumors, such as HCC,
and in focal nodular hyperplasia [11, 21]. However, there
have been few reports of intratumoral arteries of ICC being
demonstrated on CT. In the present study, intratumoral ar-
teries were identified immediately after the injection of con-
trast, which affected the vasucularity of the ICC. Although
there have been few reports about the clinical utility of
arterial chemoinfusion therapy in ICC [22], our results sug-
gests the feasibility of arterial chemoinfusion therapy for
ICC. A mottled pattern of contrast enhancement has been
reported as a characteristic appearance of ICC [23], although
how it occurred was not described. Our results suggest that
tumor enhancement gradually spreads from each intratu-
moral artery thus producing the mottled appearance. We
consider that the intratumoral arteries are hepatic arteries
encased by the tumor or neovascularities; however, determi-
nation of the origin of the intratumoral artery of ICC will
require further study.

HCC and colorectal liver metastases frequently show rim
enhancement on CTHA, and Ueda et al. suggested that it
reflects a drainage area [11], whereas Irie et al. believed that
the rim enhancement of liver metastasis on CTHA corre-
sponds to compressed liver parenchyma around the metas-
tasis because it would not have a portal blood supply and
would compensate for this by increasing the arterial blood
supply [24]. As for the peripheral enhancement seen in ICC,
it is thought to be a relative hypervascularity [25, 26]. In the
present series, four vascular-type tumors that were scanned
by multidetector CT had arteries detected in the periphery of
the tumor immediately after injection of the contrast, and the
contrast enhancement spread from each artery, resulting in a
peripheral enhancement. There were also tumors in which
peripheral enhancement mimicked the enhancement pattern
and overlapped sgmental stainings. Because hepatic arterial

flow increases to compensate for the decrease in portal
venous flow, caused by the narrowing or obstruction of the
portal vein from invasion or extrinsic compression by the
tumor, dynamic CT and CTHA can depict these areas of
segmental stainings that correspond to areas of low attenu-
ation on CTAP [27, 28]. It is assumed that the most of the
increased enhancement is a functional change resulting from
increased perfusion because the pathologic changes in liver
cells in these areas have been slight in most cases [29, 30].
We believe these findings corroborate that the peripheral
enhancement of ICC is caused by a relative hypervascularity
in the tumor periphery. In other words, we speculate that
peripheral enhancement of ICC does not correspond to the
area of tumor cells but of the liver parenchyma. We recog-
nize that the number of patients in this study is small, and we
know that markedly hypervascular ICCs have been reported
[31]; therefore, further investigations are needed before
drawing conclusions.

In summary, single-level dynamic CTHA is useful for
evaluating the hemodynamics of ICC. We believe that the
blood supply for this tumor is the hepatic artery and that the
enhancement pattern is related to the intratumoral artery.
Further, we presume the peripheral contrast enhancement of
ICC is caused by a relative hypervascularity in the tumor
periphery.
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