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Abstract
AIM: To evaluate the utility of assessing iodized oil 
uptake with cone-beam computed tomography (CT) in 
transarterial chemoembolization (TACE) for small he-
patocellular carcinoma (HCC).

METHODS: Cone-beam CT provided by a biplane flat-
panel detector angiography suite was performed on 
eighteen patients (sixteen men and two women; 41-76 
years; mean age, 58.9 years) directly after TACE for 
small HCC (26 nodules under 30 mm; mean diam-
eter, 11.9 mm; range, 5-28 mm). The pre-procedural 
locations of the tumors were evaluated using tripha-
sic multi-detector row helical computed tomography 
(MDCT). The tumor locations on MDCT and the iodized 
oil uptake by the tumors were analyzed on cone-beam 
CT and on spot image directly after the procedures. 

RESULTS: All lesions on preprocedural MDCT were de-
tected using iodized oil uptake in the lesions on cone-
beam CT (sensitivity 100%, 26/26). Spot image depicted 

iodized oil uptake in 22 of the lesions (sensitivity 85%). 
The degree of iodized oil uptake was overestimated (9%, 
2/22) or underestimated (14%, 3/22) on spot image in 
five nodules compared with that of cone-beam CT. 

CONCLUSION: Cone-beam CT is a useful and conve-
nient tool for assessing the iodized oil uptake of small 
hepatic tumors (< 3 cm) directly after TACE.
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INTRODUCTION
Transarterial chemoembolization (TACE) is a regional 
therapeutic modality that has become an accepted treat-
ment for unresectable hepatocellular carcinoma (HCC). 
Triphasic multi-detector computed tomography (MDCT) 
is commonly used for the detection and preprocedural 
localization of  hypervascular HCCs greater than 1 cm in 
diameter[1-3].

Diagnostic angiography using digital subtraction angi-
ography (DSA) is performed before TACE in order to de-
tect hypervascular HCCs. Occasionally, the small neoplas-
tic foci are uncertain, and difficult to detect. Some studies 
have reported that the detection rate of  small HCCs, less 
than 3 cm, in DSA was about 70%[4,5], and other studies 
showed higher sensitivity in nodule detection in helical 
biphasic CT than in DSA[6]. This discrepancy can make 
it difficult to determine whether or not the same nodules 
exist on MDCT in cases of  small tumor nodules.

Iodized oil retention pattern after TACE is a post-
treatment prognostic marker and significant factors affect 
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local recurrence[7-9], however, a method for evaluating this 
immediately after TACE, is to take a spot image Follow-
up unenhanced CT is usually performed within 1 mo after 
TACE, but it is sometimes difficult to determine whether 
there is washout of  iodized oil uptake or initial failure of  
iodized oil uptake when there is partial iodized oil uptake 
in a lesion on the first follow-up CT. The exact method 
for comparing iodized oil retention in hypervascular nod-
ules on preprocedural MDCT is to check the postproce-
dural CT directly after TACE and for this the patient must 
be transported from the angiography suite to the nearest 
CT scanner.

Cone-beam CT is a new technology provided by the 
combined angiography/CT suite that uses flat-panel 
detector (FD) technology. It provides images similar to 
those of  CT and is able to obtain 3D reconstructions 
such as multiplanar reformat (MPR), maximum intensity 
projection (MIP), and 3D volume rendering (VR) with 
these data sets.

The purpose of  this study was to evaluate the clinical 
value of  cone-beam CT in the assessment of  iodized oil 
uptake in TACE for small HCCs.

MATERIALS AND METHODS
Patients
From March 2006 to June 2006, eighteen patients (sixteen 
males and two females; 41-76 years; mean age, 58 years) 
with small HCCs (26 nodules; mean diameter 11.9 mm; 
range, 5-28 mm), underwent cone-beam CT and TACE 
consecutively. All patients had underlying liver cirrhosis. 
The diagnosis of  HCC was made clinically in these pa-
tients by using typical imaging findings on MDCT and 
an elevated level of  serum alpha fetoprotein. The size 
and location of  the tumors were evaluated with triphasic 
MDCT before TACE (Figures 1 and 2). Eleven patients 
had previously undergone TACE for multiple nodules. 
The first TACE was performed in seven patients who 
were not candidates for surgery. According to our insti-
tutional guidelines, institutional review board approval 
was not required for this report.

TACE
Angiography was conducted using the AXIOM Artis 
FD Biplane Angio suite with cone-beam CT (DynaCT, 
Siemens Medical Solutions, Erlangen, Germany). For an-
giography, a 5-Fr catheter was inserted using the Seldinger 
technique from the right common femoral artery into the 
celiac trunk. After confirming the location of  the tumor 
and its feeding artery, a 3-Fr 100-cm-long microcatheter 
(Progreat; Terumo, Tokyo, Japan) with a 0.016-inch, 
150-cm long guidewire covered by hydrophilic poly-
mer (Radiofocus; Terumo, Tokyo, Japan), was advanced 
through a 5-Fr catheter into the peripheral portion of  the 
feeding artery as close to the lesion as possible (Figures 1 
and 2). If  tumor staining or feeders were uncertain, cone-
beam CT hepatic arteriography (cone-beam CTHA) was 
performed (contrast media injection rate was 2 mL/s; 
X-ray delay used in 1.5 s). After these baseline studies, 
TACE using an emulsion of  epirubicin hydrochloride 
(Pharmorubicin; Ildong, Seoul, Korea) dissolved in me-

glumine ioxitalamate (Telebrix; Guerbet, Aulnay-sous-
Bois, France) mixed with iodized oil (Lipiodol Ultra Fluid; 
Guerbet, Aulnay-sous-Bois, France) was performed. The 
end point of  TACE was when an “oily portogram” was 
achieved. Finally, spot image and cone-beam CT were per-
formed to determine the deposition of  iodized oil.

Cone-beam CT
Cone-beam CT acquisition was obtained using the fol-
lowing parameters: 10-s rotation; 0.4° increment; 1024 
× 793 matrix in projections at zoom 0 after resampling; 
217° total angle; and 11°/s, 27 frames/s, system dose  
0.36 μGy/pulse, total 273 projections. The image re-
construction was performed on a commercially avail-
able dedicated workstation (X-Leonardo with DynaCT; 
Siemens Medical Solutions). The volume dataset was 
displayed on the monitor in the MPR.

Image analysis
The tumor locations, as shown on MDCT, iodized oil 
uptake by the tumor in the lesion on cone-beam CT and 
spot image, were determined directly after the procedures 
were analyzed. The enhancing tumor locations as shown 
on MDCT and iodized oil uptake by the tumors were 
compared. The degree of  iodized oil uptake by the tumor 
(excellent, 100% deposition of  iodized oil in the lesion; 
good, 51%-99%; poor, ≤ 50%) on cone-beam CT and 
spot image were also compared. The spot images were 
evaluated at the workstation, while cone-beam CT images 
were evaluated by images created by MPR, and MIP (max-
imum intensity projection). All images were graded by two 
radiologists, and decisions were reached by consensus.

RESULTS
Cone-beam CT was successfully completed in all study 
patients. It only took about 5 min to obtain MPR im-
ages. Cone-beam CT visualized the iodized oil uptake in 
all the nodules (26/26, sensitivity 100%), but spot image 
only visualized iodized oil uptake in 22 of  the lesions 
(sensitivity 85%) (Figures 1 and 2).

Degree of iodized oil uptake in tumors
The degree of  iodized oil uptake was somewhat different 
in the two modalities (Table 1). Cone-beam CT depicted 
iodized oil uptake in the nodules more clearly than spot 
image. Two nodules were not seen in spot image but 
were clearly evaluated with cone-beam CT. There was 
discordance between the two modalities in 5 nodules and 
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Table 1  Degree of iodized oil uptake by the tumors

Degree Spot image Cone-beam CT

Excellent 11 16
Good   8   7
Poor   3   3
Total 22 26

Discordance between the two modalities-5 nodules [over-: 9% (2/22),   
underestimated: 14% (3/22) in spot image]. CT: Computed tomography.
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Table 2  Degree of iodized oil uptake by the tumors 
according to size

iodized oil uptake was over-(9%, 2/22) or underestimated 
(14%, 3/22) in spot image compared with cone-beam CT. 

The iodized oil uptake in 4 nodules was not seen in 
spot image, two nodules were less than 1 cm, one was 
between 1 cm and 2 cm, and one was over 2 cm. The 
discordance between the two modalities occurred in 
nodules less than 2 cm (Table 2).

Nodules with atypical enhancement patterns in MDCT 
Three nodules showed atypical enhancement patterns in 
MDCT, and additional dynamic magnetic resonance imag-
ing (MRI) was performed for one nodule (Figure 2). Their 
feeders were uncertain on selective right or left hepatic 
arteriography, but were detected with cone-beam CTHA. 
Enhancement patterns and iodized oil uptake in the nod-
ules are shown in Table 3.

DISCUSSION
Several treatment options for small HCCs have been 

introduced for patients who are not surgical candidates. 
These options include TACE, percutaneous ethanol 
injection (PEI), radiofrequency ablation (RFA), microwave 
coagulation therapy (MCT), laser thermal ablation (LTA), 
and combination therapy[10,11]. Among them, TACE 
is widely performed, because it is minimally invasive, 
repeatable, and more effective in combination with other 
treatments[10-15].

TACE was found to be as effective as hepatic resec-
tion for early stage tumors when iodized oil was com-
pactly retained within the tumor[8]. Iodized oil uptake 
pattern can be a prognostic index[7]. Various studies have 
suggested that iodized oil uptake in a tumor can corre-
late well with hepatic necrosis, and compact iodized oil 
uptake on unenhanced CT may represent necrosis[16,17]. 
Takayasu et al[16] reported that the highest degree of  ne-
crosis usually occurs immediately after TACE and the 
regrowth of  viable cancer cells will occur later if  com-
plete necrosis of  the tumor was not achieved. At this 
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Figure 1  A 47-year-old man with hepatocellular carcinoma in S2 for 2nd TACE. A: Preprocedural late arterial phase MDCT scan reveals hypervascular HCC near 
the diaphragm (arrow); B: Left gastric angiogram shows aberrant left hepatic artery with no tumor staining in suspected area; C: Tumor staining (arrow) and feeder 
artery are found after acquiring MIP image from cone-beam CT hepatic arteriography (Cone-beam CTHA); D: Cone-beam CT directly after TACE shows good grade 
iodized oil uptake in S2 (arrow); E: Spot image shows subtle lipiodol uptake near the left hemidiaphragm (arrow), but nodular iodized oil uptake is not observed.

A B C

D E

Size Degree of iodized oil uptake 
in spot image

Degree of iodized oil uptake 
in cone-beam CT

Excellent Good Poor Excellent Good Poor

≤ 1   5 3 1   7 4
≤ 2   6 4 2   8 2 3
≤ 3 1   1 1
Total 11 8 3 16 7 3

Discordance in degree of iodized oil uptake occurred in nodules less than 
2 cm (3 nodules less than 1 cm). 

Table 3  Enhancement patterns and iodized oil uptake in 
three nodules without typical enhancement patterns of HCCs 
on MDCT and MRI

Nodule Modality Phase Degree of iodized oil uptake

EA Delayed Spot image Cone-beam CT

1 CT Subtle E Washout Poor Poor
21 CT No E No E Poor Excellent
3 MRI Subtle E Washout Invisible Good

1Same patient in Figure 2. EA: Early arterial phase; Delayed: Delayed 
phase; Subtle E: Subtle enhancement; No E: No enhancement. HCC: 
Hepatocellular carcinoma; MDCT: Multi-detector row helical computed 
tomography; MRI: Magnetic resonance imaging.
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point, compact iodized oil uptake by the tumor directly 
after the procedure prevents regrowth of  tumors, but 
to confirm this, only spot image is usually acquired. If  
the tumor is large enough to appear on spot images, it 
is easy to determine the degree of  iodized oil uptake, 
but if  the tumor is small, especially less than 2 cm, the 
degree of  iodized oil uptake is incorrectly determined, 
which can cause tumor regrowth. It is also impossible to 
refuse chemotherapeutic agents directly if  there is partial 
iodized oil uptake in a lesion on the first follow-up CT.

Cone-beam CT was first used in neuroendovascular 
procedures, and the image quality is sufficient to make a 
diagnosis when a complication is suspected[18]. In the era 
of  assessing the degree of  iodized oil uptake, cone-beam 
CT is also a convenient tool during and after TACE and 
clearly correlates with MDCT. If  cone-beam CT images 
shows non-compact iodized oil uptake, immediate rein-
tervention can be achieved. The disadvantages of  this 
CT-like image are low temporal resolution and a small 
field of  view, however, it is sufficient to locate lesions 
previously diagnosed on MDCT[19].

Takayasu et al[9] reported “targeted transarterial oily 
chemoembolization” which is a similar method to ours, 

but these authors used a unified helical CT and angiogra-
phy system. Our system is only a DSA machine without 
a helical CT system and has more simple structures. 

The radiation dose from cone-beam CT was not mea-
sured, however, Hirota et al[20] measured the radiation dose 
of  cone-beam CT with a flat-panel-detector digital angiog-
raphy system (similar system with ours) and single helical 
CT using a cylindrical phantom model of  CT dose index 
with a dosimeter. They reported that the radiation dose 
by cone-beam CT was less than that of  single helical CT. 
In addition, the radiation dose from cone-beam CT can 
be calculated via a pre-set radiation dose (0.36 μGy/pulse) 
and total fluoro time (7.5 pulse/s, 10 s). Compared with 
nonenhanced MDCT for TACE follow-up, the calculated 
radiation dose of  cone-beam CT is low. 

Cone-beam CTHA placing the microcatheter in the 
nearest arteries was performed in only three nodules in 
this study. Another study[20] also reported this method, 
and this technique is very useful to confirm a perfusion 
area in the artery. Although a small number of  cases 
were included in this study, this method is a very useful 
and time-saving technique in TACE and other interven-
tional procedures, especially for small lesions. 
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Figure 2  A 52-year-old man with HCC in S2 for 2nd TACE. A, B: Early arterial phase (A) and delayed phase (B) of MRI reveals nodule (arrow) in segment 2 with no 
enhancement (arrow); C: Cone-beam CT after TACE shows poor grade of iodized oil uptake by the tumor; D: Early arterial phase of MDCT shows washout of iodized oil 
uptake near nodule, but no enhancing portion within the nodule 3 mo later; E: Left hepatic angiogram during TACE reveals no tumor and feeding artery 1 mo later; F, G: 
Cone-beam CT with (F) and without (G) hepatic arteriography shows small enhancing nodule (arrow) in the nodule; H, I: Cone-beam CT after infusion of emulsion (H) 
shows excellent grade iodized oil uptake by the nodule (arrow). This case shows typical “nodule-in-nodule” appearance of HCC, but spot image (I) did not distinguish 
nodular uptake.

A B C

D E F

G H I
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In conclusion, cone-beam CT is a useful and conve-
nient tool for assessing the iodized oil uptake by small 
hepatic tumors (< 3 cm) directly after TACE. In addi-
tion, in cases with suspected small HCC nodules without 
typical enhancement patterns on CT, cone-beam CTHA 
will be very useful, however, further study is required.
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