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Abstract

Background: Hepatocellular carcinoma (HCC) is the most common primary hepatic malignancy of adults. One of
the established treatment procedures performed worldwide for HCC is transcatheter arterial chemoembolization
(TACE). By using conventional angiography in TACE, we can detect and identify the vascular anatomy of the liver
through obtaining 2D images. Recently C-arm cone beam computed tomography (CBCT) is introduced for
obtaining cross-sectional and three-dimensional (3D) images for better visualization of small tumors and their
feeding arteries.

Results: The number of detected focal lesions by angiography was 51 compared to 87 focal lesion detected by
CBCT; of those, 45 and 77 were active lesions by both procedures respectively. For lesions, less than 1 cm CBCT
detected 23 lesions while angiography detected only one lesion. Angiography detected 87 feeding arterial branch
while cone beam CT-HA detected 130 branches to the same number of target lesion. Feeder tractability and
confidence were better by CBCT.

Conclusion: CBCT is superior to angiography in tumor detectability, detection of lesions less than 1 cm, feeder
detection, and feeder traction; however, conventional angiography and DSA are irreplaceable. Thus, combination of
CBCT with angiography during TACE produces better results and less complication.

Keywords: Cone beam computed tomography, Hepatic angiography, Digital subtraction angiography,
Hepatocellular carcinoma

Background
Hepatocellular carcinoma (HCC) is the most common
primary hepatic malignancy of adults. It is the sixth most
common cancer worldwide [1]. In Egypt, liver cancer
forms 11.75% of the malignancies of all the digestive or-
gans and 1.68% of the total malignancies. HCC consti-
tutes 70.48% of all liver tumors among Egyptians [2].
HCC has a multitude of etiological risk factors, with

hepatotropic viruses such as HBV, HCV, and hepatitis D

virus (HDV) showing a strong association with develop-
ment of HCC; thus, the worldwide distribution of HCC
mirrors the distributions of such viral infections [3], and
since the prevalence of hepatitis C virus (HCV) infection
in Egypt is the highest in the world [4], more cases of
HCC are expected to be present.
One of the established HCC treatments, along with

other treatments such as surgical resection and percu-
taneous ablation, is transcatheter arterial chemoemboli-
zation (TACE). With the recent new technologies,
TACE treatment outcomes, namely the local suppression
rate and survival rate, are improved compared with pre-
vious results [5–7].
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Of these technologies is the use of C-arm cone beam
computed tomography (CBCT) using a flat-panel de-
tector (FPD) which allowed obtaining cross-sectional
and three-dimensional (3D) images during TACE unlike
the two dimensional (2D) images of the vascular anat-
omy produced by the conventional angiography [8–11]
that provided additional crucial information, such as
visualization of small tumors and their feeding arteries,
non-hepatic arteries, and possibly extrahepatic collateral
arteries [8].
The aim of our study was to compare both modalities

in cases of HCC undergoing TACE at our institution.

Methods
A prospective study was carried out on patients diag-
nosed with HCC by imaging and laboratory criteria, re-
ferred by the National Liver Institute oncology
committee to the radiology department at the National
Liver Institute to do TACE as the recommended treat-
ment during the period from October 2017 to August
2018.
The study protocol was approved by the Medical Eth-

ical Committee of Faculty of Medicine-Menoufia Uni-
versity. An informed consent was taken from each
patient included in the study. All the patients underwent
TACE using conventional angiography and CBCT
techniques.
The inclusion criteria were HCC patients with well-

preserved liver function who refused the surgery or who
were not suitable for resection, liver transplantation, or
percutaneous ablation.
Those with advanced liver disease (Child-Pugh’s C)

and advanced tumoral disease (including vascular inva-
sion, extrahepatic spread, and tumor > 50% of the whole
liver) were excluded from the study. Renal insufficiency
was also a contraindication for hepatic embolization
procedures.
The included patients underwent thorough history

taking and clinical assessment review of the laboratory
studies performed (including complete blood count, liver
function tests, renal function tests, and bleeding profile).
Review of previous imaging studies such as abdominal
ultrasound and abdominal triphasic CT study was per-
formed prior to the procedure.
Pre-procedural preparation included the insertion of

an 18-g cannula at the antecubital vein, fluid administra-
tion (500 cc of normal saline intravenously), sedation
(using midazolam 1mg IV), removal of any metals or
clothes, and sterilization of the puncture site with povi-
done iodine.
The patients were then transformed to the angiog-

raphy suite where the chemoembolization procedure
was performed using angiography machine of (ALLURA
XPER FD 20, Philips, Holland). After infiltration of local

analgesic, femoral artery puncture was performed using
the Seldinger technique to gain access to the common
femoral artery.
A 5-Fr vascular sheath was placed into the common

femoral artery over a 0.035-in. Guidewire (Terumo).
Under fluoroscopic guidance, a 5-Fr Cobra catheter was
advanced into the aorta. Angiographic studies of the su-
perior mesenteric artery (SMA), celiac trunk, and com-
mon hepatic artery were performed to identify all of the
vessels feeding the HCC nodule. In three patients, select-
ive angiography of the phrenic and intercostal arterial
branches was required. The arterial branches feeding the
tumor were selectively cannulated by microcatheters to
proceed with TACE and to ensure better preservation of
the surrounding non-tumoral liver tissue.
Each angiography run was taken through injection of

10 mm of iodinated contrast media (Ultravest 300, Bayer
Inc., Ontario, Canada) through the catheter or micro-
catheter. Images obtained from each angiography run
were processed, and digital subtraction was performed
by our device which is optimized to process the images
automatically. Images were reviewed by the operator
who determined the feeding branches and active lesions
according to it.
During the procedure, at least two cone beam CT runs

were taken in each patient, one from the main hepatic
artery pre-embolization and the other post-embolization.
Each run composed of two phases (arterial and portal);
the arterial phase was taken through manual injection of
10 mm of non-diluted iodinated contrast media (Ultra-
vest 300, Bayer Inc., Ontario, Canada) at constant rate
through the catheter or microcatheter and obtained im-
ages after 2 s from the start of injection by using the fast
HD protocol in the device. The images were obtained in
about 7-s duration where the patients were instructed to
breath hold. After 20 s from the end of the arterial
phase, another phase (portal) was taken using the same
(fast HD) protocol. The images were processed automat-
ically by the device producing the CT images which was
reviewed by the operator.
Injection of 10 cm of lipiodol (iodized oil; Guerbet la-

boratories, Roissy, France) was done for each patient
after determination of the target lesion and its feeding
branches through angiography and CBCT.

Post-procedure care
Following the procedure, good hydration with 500 ml
normal saline was performed. Observation of the vital
signs (particularly peripheral pulses were recorded peri-
odically every 2 h for 24 h) and puncture site (for at least
6 h) was done and analgesics and antiemetic drugs were
administered on need. Most of our patients were dis-
charged after 24 h without any complications.
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Image interpretation
Images were transferred and stored on a picture archiv-
ing and communication system (IntelliSpace PACS radi-
ology 4.4, Philips, USA), and an experienced
interventional radiologist who was unaware of our study
and its aim reviewed both angiography and cone beam
CT images using Philips IntelliSpace Portal application
(IntelliSpace Portal v.6, Philips, Netherlands) on BARCO
medical monitors. He used both quantitative and quali-
tative analysis of the images’ maximal intensity projec-
tion (MIP); multi-planar reconstruction (MPR) and
volume rendering technique (VRT) reconstructions were
done to the CBCT images; and digital subtraction angi-
ography (DSA) was done to the conventional angiog-
raphy images. All results obtained were compared to the
results recorded by the operating intervention
radiologist.

Quantitative image analysis
Images of both cone beam CT and angiography were an-
alyzed regarding the number of focal lesions detected,
size of smallest focal lesion, number of lesions less than
1 cm, and the feeding branches and their order to each
lesion.

Qualitative image analysis
The image quality was subjectively determined on a
scale from 0 to 3 where 3 is excellent image quality, 2 is
good image quality, 1 is fair image quality, and 0 is bad
image quality. Artifacts also were subjectively deter-
mined on a scale from 0 to 3 where 0 refers to no arti-
facts, 1 refers to mild artifacts, 2 refers to moderate
artifacts, and 3 refers to severe artifacts.

Statistical analysis
Data were analyzed using IBM Statistical Package for the
Social Sciences (SPSS) version 20 for personal com-
puters. Quantitative data were expressed as mean ±
standard deviation (SD). Qualitative data were expressed
as number and percentage (no and %) where chi-square
test (χ2) was used to compare between the two groups. P
value < 0.05 was considered as statistically significant.

Results
Twenty-five patients were included in our study. They
were 21 male (84.0%) and 4 females (16.0%) which re-
flects higher incidence of HCC in males more than fe-
males. Patients’ ages ranged from 44 to 67 years old with
a mean age of 56.08 ± 6.35 years.

Fig. 1 A 51-year-old male patient with two focal lesions detected by ultrasound and confirmed to be HCC by imaging and laboratory criteria
undergoing TACE as a treatment for HCC. a Non-selective angiography of the main right hepatic artery revealing the vascular anatomy of the
right hepatic artery up to fourth-order branches and three enhanced focal lesions (arrows) and enhanced gall bladder wall. The size of the
smallest lesion was 1.9 cm. b, c Axial CBCT-HA revealing the vascular anatomy of the liver up to the fifth-order branches as well as the lesions
that appeared in the angiography. The enhanced gall bladder wall also showed in c. d Axial CBCT-HA at higher cuts revealing two additional
smaller lesions. The smallest lesion was 0.8 cm
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Fifty-one focal lesions were detected by angiography of
those only one was less than 1 cm while the number in-
creased to 87 focal lesion detected by cone beam CT of
those 23 lesions were less than 1 cm in maximal diam-
eter (Fig. 1). The number of active focal lesions was 45
(88.2%) by non-selective angiography compared to 77
(88.5%) detected by cone beam CT.
Of those 45 active lesions, 43 were selected target le-

sions. Conventional angiography detected 87 feeding ar-
terial branches to those lesions with a mean of 3.48 ±
1.674 branch for each target lesion while CBCT detected
larger number of branches (130 branches) to the same
number of target lesions (43) with a mean of 5.18 ±
2.264 branches for each target lesion.
In all the 25 patients, the main hepatic artery, hepatic

artery proper, main left hepatic artery, and main right
hepatic artery could be tracked by both CBCT and angiog-
raphy. However, first-order branches were tracked in 24
patients by angiography and 25 patients by CBCT,
second-order branches were tracked in 22 patients by
angiography and 23 by CBCT, third-order branches were
tracked in 12 patients by angiography and in 16 patients
by CBCT, and fourth-order branches were tracked in 4
patients by angiography and 13 patients by CBCT, while
the fifth-order branches were tracked in 6 cases by CBCT
but could not be tracked in any case using angiography.
Regarding the confidence of the observer about the

tumor feeding branches using CBCT (Fig. 2), observers
had a good confidence in about 80% of the reviewed ar-
teries and fair confidence in 15.3% of the reviewed
feeders and only 4.7% of the reviewed were of poor

confidence. On the other hand, the confidence was
lower when observing the feeders of the same detected
lesions by angiography, where the good confidence was
57.5%, fair was 31%, and poor was 11.5% of the reviewed
feeders. And regarding to the tractability of the tumor
feeding branches, 75.3% of the reviewed arteries detected
by CBCT could be tracked good (at least tracked to the
fourth-order branches), 18.5% tracked fair (at least
tracked to second-order branches), and 6.1% tracked
poor (tracked maximally up to the first-order branches
only).
We studied motion, lipiodol-induced, and catheter-

induced artifacts within the images of both modalities.
No induced artifact was highly significantly prevalent by
angiography than CBCT (P value < 0.001). Moreover,
mild, moderate, or severe artifact induced by angiog-
raphy was significantly lower than that induced by
CBCT (P value < 0.05) (Table 1, Fig. 3).
The prevalence of excellent image quality was signifi-

cantly higher by angiography (64.8%) than with CBCT
(7.5%) (P value < 0.001). On the other hand, bad, fair, and
good image quality were significantly higher by CBCT (bad
5.7%, fair 18.9%, and good 67.9%) than by angiography (bad
0.7%, fair 6.2%, and good 28.3%) (P value < 0.05).
The angiography showed better coverage of the whole

liver in the same field of view (in 89.6% angiography ac-
quisitions compared to 28.3% in CBCT).

Discussion
One of the keys to successful TACE lies in seeing and
reaching tumor lesions after accurate and

Fig. 2 Multiplanar reconstruction with the use of maximum intensity projection (MIP) of CBCT-HA in a case of multi-focal HCC (a sagittal, b
coronal, and c axial) revealing the feeding arteries of the different lesions even the smallest ones. d 3D virtual reconstruction revealing the
feeding arteries with good confidence even in the presence of bones
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comprehensive assessment of all the feeding arteries.
Conventionally, operators rely on fluoroscopy and digital
subtraction angiography (DSA). However, the intrinsic
two-dimensional nature of DSA and its low contrast
resolution limit tumor detection, resulting in a recent
adoption of intraprocedural cone beam computed tom-
ography (CBCT) for its axial and three-dimensional (3D)
volumetric visualization, as well as superior soft tissue
sensitivity [8–11].

To our knowledge, no study comparing the two mo-
dalities has been conducted in such an endemic area as
Egypt.
Our included study population were 21 males (84.0%)

and 4 females (16.0%) that emphasized the more preva-
lence of HCC in males going with the results of Liu
et al. [12] who showed that HCC was more prevalent in
males than females but with no exact clear etiology of
that difference except for the hypothesis of the

Table 1 Degree of image artifacts due to motion, catheter, and lipiodol in each acquisition taken by angiography and CBCT
Degree
of artifact

Motion artifact Lipiodol-induced artifact Catheter-induced artifact

Angiography (no = 145) CBCT (no = 106) Angiography (no = 145) CBCT (no = 106) Angiography (no = 145) CBCT (no = 106)

No % No % No % No % No % No %

Non 94 64.8 40 37.7 110 75.9 8 7.5 130 89.7 8 7.5

(P value) (< 0.001) (< 0.001) (< 0.0001)

Mild 41 28.3 40 37.7 35 24.1 82 77.4 15 10.3 80 75.5

(P value) (0.11) (< 0.001) (< 0.001)

Moderate 9 6.2 20 18.9 0 0 8 7.5 0 0 16 15.1

(P value) (< 0.001) (< 0.001) (< 0.001)

Severe 1 0.7 6 5.7 0 0 8 7.5 0 0 4 3.8

(P value) (0.02) (< 0.001) (< 0.02)

Fig. 3 A 67-year-old male patient coming for a second TACE session for a newly developed HCC focus. a Non-selective angiography of the main
right hepatic artery revealing the vascular anatomy of the right hepatic artery up to fifth-order branches as well as the hyper-dense concentrates
of the previously managed hepatic focal lesion (asterisk) and de novo two enhanced focal lesions (arrows). No catheter or lipiodol-induced
artifacts could be detected. b–d Images of CBCT of the same patient showing mild lipiodol streak artifacts of the previously injected lesion (b),
moderate catheter-induced artifacts (c), and mild motion artifacts (d) appearing as double contour of the vessels; d also shows the de novo
focal lesion
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protective effect of female sex hormones against HCC
development as most of the detected HCC were in post-
menopausal females with higher mean age of females
with HCC than that of males. This was also the case in
our study as the mean age of the male group was
55.67 ± 6.814 years while that of the female group was
58.25 ± 2.363 years. Holah et al. [13] and Ziada et al. [14]
reached the same conclusion that HCC was more preva-
lent in males than females.
The whole study group mean age was 56.08 ± 6.350

years. Similar results were reported by Ziada et al. [14],
Mohamed et al. [15], and Tangkijvanich et al. [16] who
reported a mean age of 57.5, 56, and 52.6 years respect-
ively for HCC in high risk areas.
CBCT showed higher tumor detectability than angiog-

raphy; the number of focal lesions detected by CBCT in
our study was 87 while only 51 focal lesions were de-
tected by angiography (Fig. 4). Similar results were re-
ported by Yao et al. [17] who studied 43 HCC patients
in which CBCT detected 99 lesions while angiography
detected only 82 lesions. That emphasized the higher
tumor detectability of dual-phase CBCTs than DSA. The
mean number of lesions detected in each patient in our
study by CBCT was 3.48 lesions while in the study by
Yao et al. [17], it was 2.3 lesions; this could be attributed

to the fact that our study was conducted in a high-risk
region (Menoufia, Egypt) in which there is a high inci-
dence of HCC.
Similar results about the tumor detectability where re-

ported by Zheng et al. [18], Kakeda et al. [19], and Wang
et al. [20] where cone beam CT outperformed angiog-
raphy (DSA) in all the three studies.
We were able to detect 23 lesions less than 1 cm in

diameter by dual-phase cone beam CT while only 1 le-
sion was detected by angiography. Similar results were
reported by Lee et al. [21] in which all tumors less than
1 cm were detected by CBCT (23 tumors). Lee et al. [21]
accounted the high detectability of CBCT to the small
lesions less than 1 cm to the small focal spot and the
high spatial resolution of CBCT more than the multide-
tector CT and the conventional angiography.
Similar results about the detection of small focal lesions

less than 1 cm were reported in the meta-analysis done by
Pung et al. [22] who reported that tumors more than 30
mm were easier to be detected by cone beam CT; however,
the advantage of the high-contrast, three-dimensional im-
ages remained for tumors less than 10mm and the tumors
that could not be detected by angiography (Fig. 5).
In contrast, Kakeda et al. [19] reported that CBCT im-

aging did not detect tumors but detected the feeding

Fig. 4 A 68-year-old female patient diagnosed to have left lobe HCC focal lesions by laboratory and imaging criteria referred to do TACE. a Non-
selective angiography of the main left hepatic artery revealing the vascular anatomy of the left hepatic artery with no detected focal lesions. b
Axial CBCT-HA revealing left lobe mild peripherally enhancing focal lesion (arrow). c Axial CBCT-PV revealing wash out of contrast from the left
lobe focal lesion (arrow). d Non-selective angiography of the main left hepatic artery post-lipiodol injection revealing concentration of lipiodol in
the left lobe lesion (arrow) which was not shown in the angiography before
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arteries. This is believed to be because their evaluation
was based only on MIP and VR images, with small or
weakly enhanced nodules not being revealed during
three-dimensional reconstruction. In our study, evalu-
ation was made using three-dimensional MPR images as
well as MIP and VR images. Evaluation with MPR im-
ages is considered necessary for the identification of
small nodules and nodules with weak enhancement. It is
believed that CBCT imaging could become a useful tool
for identification of such small nodules.
As regards the feeding arteries, conventional angiog-

raphy detected 87 feeding arterial branches to 43 target
lesions with a mean of 3.48 ± 1.674 branches for each
target lesion. On the other hand, cone beam computed
tomography-hepatic artery phase (CBCT-HA) detected
130 branches to the same number of target lesion with a
mean of 5.18 ± 2.264 branches for each target lesion.
Miyayama et al. [23] reported similar results as among
100 tumor-feeding vessels, 81 were identified with cone
beam CT manual feeding branch detection and 38 with
non-selective DSA. They compared both methods with
multidetector CT revealing statistically significant higher
detectability of tumors and tumor-feeding branches with
MFD than with non-selective DSA (both P < .001). They
were able to calculate the P value as they compared both

to multidetector CT results which were not available in
our study.
Similar results about the detectability of feeding

branches by cone beam CT and angiography were re-
ported by Ushijima et al. [24] who reported that 53 feed-
ing arteries were associated with the studied 39 HCC
nodules. Among them, 21 arteries were identified by
DSA imaging (angiography from the proximal hepatic
artery); however, 26 additional feeding arteries were
identified by combined application of DSA and CBCT
imaging. Moreover, Minami et al. [25] also reported that
the CBCT tracking navigation imaging detected 66 out
of 73 feeding branches (90.4%) while celiac trunk non-
selective angiography detected only 37 out of 73 feeding
branches (50%). They used selective angiography to each
lesion as a gold standard, but in our study, we only com-
pared the number of feeders detected by each modality.
The meta-analysis done by Pung et al. [22] concluded

that the overall detectability of the tumor feeding
branches by CBCT is much better than that of conven-
tional angiography whether selective, non-selective, or
celiac trunk angiography. However, there are factors that
negatively influenced the accuracy of cone beam CT
which includes the small caliber of the feeding artery,
poor patients’ breath hold, adjacent arterio-portal
shunts, or streak artifact from metal clips.

Fig. 5 A 66-year-old male patient diagnosed to have three HCC focal lesions by laboratory and imaging criteria referred to do TACE. a Non-
selective angiography of the main right hepatic artery revealing the vascular anatomy of the right hepatic artery up to fourth-order branches as
well as two enhanced focal lesions (arrows). b–d Axial CBCT-HA at different levels from superior to inferior demonstrating five focal lesions, three
of them were not seen by angiography or any imaging modality, the size of the smallest one was 6 mm
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Our study reported that the confidence of tumor feed-
ing branches was much better using CBCT than angiog-
raphy; there was good confidence in 80% of the reviewed
arteries, fair confidence in 15.3% of the reviewed feeders,
and poor confidence in 4.7% of the reviewed feeders. But
when observing the feeders of the same lesions detected
by angiography, good confidence was in 57.5%, fair in
31%, and poor in 11.5% of the reviewed feeders. This is
because of the 3D capability of CBCT over 2D angiog-
raphy as the liver, specially its right and caudate lobes,
show many overlapping anterior and posterior branches
in the 2D images of the antero-posterior direction of
angiography and DSA. These can be easily separated
using the combination of the MPR, MIP, and 3D VR re-
constructions of the CBCT images as we did in our
study.
Similar results were reported by Ushijima et al. [24]

who concluded that CBCT imaging was better in identi-
fying feeding arteries associated with lesions located in
the right hepatic lobe, as this lobe is deep antero-
posteriorly and its anterior and posterior branches often
overlap, leading to poor isolation in 2D images of the
antero-posterior direction.
For the similar cause of the overlapping arteries and

the better spatial resolution, Lee et al. [26] reported that
CBCT was superior to angiography in tumor feeding
branches tractability which is an important advantage
when performing chemoembolization for HCC with
CBCT hepatic arteriography as it enables the demonstra-
tion of subtle feeding arteries and provide a three-
dimensional roadmap. This also agrees with our results.
In spite of the superiority of CBCT in tumor detection

and feeding vessels isolation, we observed that the im-
ages’ quality is affected by motion, catheter-induced, and
lipiodol-induced artifacts more than does conventional
angiography and DSA. Our study reported that out of
145 angiography acquisition, 94 acquisitions had no mo-
tion, catheter-induced, or lipiodol-induced artifacts while
out of 106 CBCT acquisitions, only 8 acquisitions had
no artifacts.
Our study revealed that 6 CBCT acquisitions were se-

verely compromised by all types of artifacts and had bad
image quality while only 1 angiography acquisition was
severely compromised by all types of artifacts and had a
bad image quality. That is attributed to the fact that
CBCT acquisition requires more time (about 12 s) of no
motion, breath holding, and steady contrast injection
rate while angiography takes only about 4 to 6 s and also
CBCT has exaggerated beam hardening. Similar results
were reported by Lee et al. [26].
The whole liver was covered during image acquisition

in 89.6% of angiography acquisitions and 28.3% of CBCT
acquisitions which demonstrates the superiority of angi-
ography over CBCT in liver coverage in the same

acquisition. Lee et al. [26] reported that in 29 of 100
cases, CBCT covered the whole liver while incomplete
coverage was found in the remaining 71 cases. They no-
ticed that the areas most often missed from the field of
view of cone beam CT were the left lateral segments and
the inferior portion of segment VI, and this was also ob-
served in our study.

Conclusion
CBCT is a valuable addition in the TACE procedure for
management of HCC since it overcomes angiography in
tumor detectability, detection of lesions less than 1 cm,
feeder detection, and feeder traction; however, conven-
tional angiography and DSA are still irreplaceable.
Hence, a tailored plan for each patient using the com-
bination of CBCT and angiography during TACE pro-
duces is recommended for better results and less
complications.
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