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Cone-beam computed tomography (CBCT) is an imaging
technique that provides computed tomographic (CT) im-
ages from a rotational scan acquired with a C-arm
equipped with a flat panel detector. Utilizing CBCT images
during interventional procedures bridges the gap between
the world of diagnostic imaging (typically three-dimen-
sional imaging but performed separately from the proce-
dure) and that of interventional radiology (typically two-
dimensional imaging). CBCT is capable of providing more
information than standard two-dimensional angiography
in localizing and/or visualizing liver tumors (“seeing” the
tumor) and targeting tumors though precise microcathe-
ter placement in close proximity to the tumors (“reaching”
the tumor). It can also be useful in evaluating treatment
success at the time of procedure (“assessing” treatment
success). CBCT technology is rapidly evolving along with
the development of various contrast material injection
protocols and multiphasic CBCT techniques. The purpose
of this article is to provide a review of the principles of
CBCT imaging, including purpose and clinical evidence of
the different techniques, and to introduce a decision-mak-
ing algorithm as a guide for the routine utilization of CBCT
during transarterial chemoembolization of liver cancer.

© RSNA, 2015

Online supplemental material is available for this article.
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one-beam computed tomography

(CBCT) is an imaging technique

that acquires three-dimensional
(3D) computed tomographic (CT) volu-
metric images in the angiography suite
by using a fixed C-arm system equipped
with a flat panel detector (1-4). Since
its introduction a decade ago, the util-
ity of CBCT has been demonstrated in
multiple disease states including neu-
rovascular disease, peripheral vascular
disorders, and oncology (4-10). The
step from an exclusive 3D visualization
of the vascular structures (rotational
angiography—high-contrast  imaging)
to soft-tissue tomography (CBCT imag-
ing—low-contrast imaging) has opened
the door to a range of new applica-
tions with low x-ray contrast (4,11).
CBCT has improved the feasibility,

® Cone-beam CT (CBCT) provides
intraprocedural three-dimensional
volumetric imaging during trans-
arterial chemoembolization.

® CBCT techniques have been
advanced to improve the visuali-
zation and targeting of tumors,
and this allows for immediate
intraprocedureal assessment of
transarterial chemoembolization
success.

® CBCT is superior to standard
two-dimensional angiography in
the detection of hepatocellular
carcinoma and lesions and their
feeding arteries.

B CBCT during transarterial che-
moembolization can be used to
assess the technical endpoint of
embolization, which can then
result in a better tumor response
and ultimately improved patient
survival.

B The choice of CBCT technique to
use can follow a decision-making
algorithm that optimizes the use
of CBCT at each step of transar-
terial chemoembolization for the
identification of the lesion, guid-
ance to reach the lesion, and the
assessment of embolization
endpoints.

effectiveness, and safety of many im-
age-guided procedures thereby allowing
physicians to perform procedures that
were not possible by using traditional
fluoroscopy or digital subtraction angi-
ography (DSA) alone (12-13). CBCT
has gained popularity to guide in key
procedural steps during transcatheter
arterial chemoembolization (TACE) of
hepatocellular carcinoma (HCC): tu-
mor detection (“see”), intraprocedural
guidance (“reach”), and assessment of
treatment success (“assess”). HCC, the
most common type of primary liver
cancer, is now the second most com-
mon cause of cancer death worldwide
in a recent 2014 World Health Orga-
nization report. TACE is the officially
recommended therapeutic option for
many patients with HCC according to
the Barcelona Clinic Liver Cancer stag-
ing and treatment algorithm (16,17).
TACE is also the most commonly per-
formed therapy worldwide for patients
with HCC. CBCT has been shown to
affect diagnosis and treatment in up to
81% of HCC lesions during TACE by
providing 3D information that aids in
lesion detection, catheter navigation,
and assessment of technical success
of embolization. These highlights help
improve on local progression-free and
overall survival (18,19). Numerous
CBCT techniques with varying acqui-
sition characteristics and contrast ma-
terial injection protocols have been
described with the goal of seeing,
reaching, and assessing treatment suc-
cess. In addition to exposure settings,
CBCT acquisitions may differ by scan
acquisition duration, acquisition frame
rate, and rotational trajectory. The con-
trast material injection protocols (rate,
volume, concentration, and duration)
depend on acquisition settings and the
intraarterial  catheter/microcatheter
location (celiac trunk, superior mes-
enteric artery, common hepatic artery,
proper hepatic artery, selective right or
left hepatic artery, and superselective
hepatic artery). A summarized over-
view of CBCT techniques for each spe-
cific clinical task (see, reach, assess) is
provided in Table 1.

Although the body of evidence has
been growing over the last few years

and many physicians and operators rec-
ommend its use, there is still no official
consensus regarding the use of CBCT
during TACE. The aim of this article is
to review the general physics and cur-
rent state of the art for CBCT and to
provide an evidence-based rationale for
a decision-making algorithm we use to
select the most appropriate CBCT tech-
nique for each specific clinical task dur-
ing TACE.

CBCT Imaging: How It Works

Modern C-arm systems can offer 3D
CT x-ray imaging, or CBCT, in addition
to conventional two-dimensional (2D)
imaging such as fluoroscopy and DSA
(7,20). CBCT is enabled by the rota-
tional movement of the C-arm around
the patient and requires sophisticated
image processing algorithms to cali-
brate, preprocess, and reconstruct to-
mographic images with adequate CT-
like image quality (21).

The Principles of Projection Acquisition

CBCT imaging is based on a projection
acquisition, whereby the x-ray source
and detector are mounted on a C-
shaped gantry capable to perform a
motorized movement around the pa-
tient (Fig 1). During the movement of

Published online
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Abbreviations:

CBCT = cone-beam CT

CBCT-A = CBCT during arteriography of an extrahepatic
branch

CBCT-AP = CBCT during arterial portography

CBCT-HA = CBCT during hepatic arteriography

Deb-CBCT = unenhanced CBCT after DEB-TACE

DEB-TACE = TACE with drug-eluting beads

DP-CBCT = dual-phase CBCT during hepatic arteriography

DSA = digital subtraction angiography

HCC = hepatocellular carcinoma

Lip-CBCT = unenhanced CBCT after conventional TACE

TACE = transcatheter arterial chemoembolization

3D = three-dimensional

2D = two-dimensional

Funding:
This research was supported by the National Institutes of
Health (grants CA160771 and P30 CA006973).

Conflicts of interest are listed at the end of this article.

Radiology: \/olume 274: Number 2—February 2015 = radiology.rsna.org

321



Tacher et al

tion for Liver Cancer

1za

Transarterial Chemoemboli

ing

Cone-Beam CT duri

HOWIDOIT:

Asojorpey

"sabuel ale ejeq,,

*A1ae ouduasaw Jouadns
= VINS 30V [euoiUaAU0D Jaye |9g9 paoueyuaun = 19g9-di ‘AydesBoriapie anedsy butinp 1989 eseyd-jenp = 1999-da Speaq bunnja-6nip yum 39vL = 30V1-930 ‘30vL-83Q Jele 19g) peoueyuaun = 19g9-qaq :(Aiape oneday yaj
10 1y611) A1ape aneday aanas|as/Aiane aneday Jadoid/A1apie aneday uowwod = YHS/VYHA/VYHI ‘AydeiBbouiape aneday Buunp 1999 = YH-1999 ‘Aydeiboynod [euape buunp 1999 = dy-19499 ‘youelq anedayelixa ue jo Aydeibousye buunp

1989 = v-1999 ‘6uibewr Buinp wnipaw }Seuod ypm pajjy A83e|dwod aJe S|assan ay} SaInsua S|y "uolsiNbae 8y} Jo LIS 8y} 810jaq PUe U03da(ul WnIpaLl JSBIIU0D 8} JO LIE)S Jajje pasde|a awi jo Junowe ay} si Aejap ay|— 810N

UOIBINIES WNIPALU JSBU0I Jown] e SpU098S 01 -G a|buig o e e 1999-98@
SpU023s
/y—8¢ :UBIS pu0Ias
uoneziigndseasp Jown| :Spu028s G |—¢ :UeJS Jsil] Spuodes 0|-§ lena VHS/VHd/VH) 98s/1W -G’ Jw 0981 1299-da
J0VL-93Q J8e SS899NS JuaLLIILaI] JO JUBLLSSISSY
uoiyisodap |opoidr] SpU0das 01 —§ 9|buIs ' ' 1089-dn
J0VL [BUOIIUSAUOY Ja)Je $$899NG JUSLLBAI| JO JUSLUSSASSY
Aiddns [euape aiedayeiixe Kiape
£q uonezIIRINISEA JOWN] JO UOKBWIU0) SpU09as -~ SpuU098s 0 |-G a|buis aljedayesnx3y 29S/W ¢ Jad aulpol 6w 0pg Jw 221 v-1999
Jaypiw Jad
uonasjap Jownt $pu0dss 0y-02 SpuoJss 0L-G a|buis VINS 298/7W y—¢ aupol bw 02€-0G 1 Jw 06-0€ dv-1949
(uonisinbae pafejap) juawadueyus
BU040J J0 (Uoiysinbae AjJea)
Juawadueyus [ewAyosuased Jowny
Jayya :aseyd puooss ‘uaLiaduryua SpU023s
[9ssan Huipaay Jowny pue /8¢ :URIS pu0Ias
Jowny JejnasensadAy :aseyd 1sii4 {SpPU09as G |—¢ :UBIS IS1i4 SpU09as 01-G leng VHS/NHA/NVHI 29S/1W 2-G'| aupol bw 0/£—0SG | Jw 09-81 1999-dd
Jayiw Jad
uo1}08)ap salaie Buipas) pue Jown] 288 01—¢ Spu0dss 0|-G 9|buIg VHS/VHd/VYH) 288w g1 auIpol w 0/€-001 qw y9-¢l VH-1090
UoIJRZI[eNsIA Salauy Buipas-iown] pue uondalaq Jown|
S)nsay pa19adx3/sawoaing fejaa uopeIng Ueas SUBJS 1999 uonIsod paads U] RETIOTN anbluyds] 1999
J0"ON diL Jeeyre)

/1818U1BI0I0IN

1000104 Buibew|

|000]0.d UoNa8IU| WNIPaJ 1Seu0)

J9v1 Hurinp sS329ang Juaweal] SSassy,, pue . ‘yaeay,, .‘9as,, 0} sanbiuysa) 1999

Volume 274: Number 2—fFebruary 2015

radiology.rsna.org = Radiology:

322



>
i
S
=
S
o

HOW I DO IT: Cone-Beam CT during Transarterial Chemoembolization for Liver Cancer

Tacher et al

I
N

Figure 1:

L L
o
v

"

CBCT imaging involves the rotation of a C-arm equipped with a flat panel detector around the

patient. Multiple 2D projections are acquired and reconstructed to generate a 3D volumetric data set.

the system, x-ray projection images of
the object are acquired along multiple
angular directions, following a circu-
lar path covering an angular range of
at least 200°. This is the minimum
angular range to fulfill the 180° plus
fan-angle criterion for data acquisition
(22-24). The target area is positioned
in the center of rotation (isocenter)
and CBCT volumes are then obtained
by integrating information from the
2D high-resolution projection images.
In contrast to classic multidetector
CT acquisitions, the motion path in-
cludes an acceleration and decelera-
tion phase encompassing a phase of
constant speed of 30°-60° per second
and projection acquisition is performed
in pulsed mode. Tube and detector
settings depend on the clinical appli-
cation. For abdominal imaging, typical
tube parameters are 5-10-msec pulses
per projection at 120-kVp tube voltage
including copper filtration with frame

rates of 30-60 frames per second. The
use of flat detectors has been key in
the development of CBCT imaging due
to high resolution, high detector quan-
tum efficiency, high frame rate, high
dynamic range, small image lag, and
excellent linearity (25). Flat detectors
are based on a thin-film cesium iodide
scintillator coupled to a charge-coupled
device fabricated on a large-area panel
(26-32). Recent detectors cover a pla-
nar region of 19 X 25 cm and up to 30
X 40 cm for a reconstructed volume of
25 X 25 X 19 cm to 30 X 30 X 40 cm
at a high spatial resolution on the order
of 150 X 150 pm? pixel size (33,34).
Projection acquisition includes the use
of one-dimensional antiscatter grids to
suppress scattered photons.

Volumetric Reconstruction

The projections of the rotational scan
are transferred directly to the re-
construction computer to produce

volumetric data. The 3D CBCT re-
construction uses a modified Feld-
kamp filtered back-projection that is
a straightforward generalization of the
2D filtered back-projection to cone-
beam geometry (25). A complexity for
tomographic reconstruction on inter-
ventional C-arm systems is the need
to accurately measure the true system
position, which needs to be taken into
account during back projection. This
is determined from the geometric cal-
ibration. Parker weighting is applied
to compensate line integrals measured
more than once and a source attenua-
tion correction is applied to correct for
nonequiangular sampling during accel-
eration and deceleration (4,35). Patient
dose considerations and general lack
of clinical necessity result in practical
CBCT spatial resolution of the order of
0.5 X 0.5 X 0.5 mm?, which is achieved
by adapting the focal, spot size, detec-
tor readout resolution, and the recon-
struction filter (21).

Postprocessing

Data acquired from the rotational ac-
quisition are automatically reconstruct-
ed and displayed on the workstation as
a 3D rendering and/or in axial, coro-
nal, sagittal, or oblique planes. CBCT
images can be postprocessed and ma-
nipulated on a separate 3D workstation
in the control room. Modern systems
also allow for manipulation at table side
with a sterile mouse and/or a remotely
connected touch screen. Postprocessing
software is available for different appli-
cations to increase the spatial resolu-
tion in a region of interest, to correct
for photon starvation or artifacts due to
metal objects, or to quantify anatomic
information such as vascular length and
diameter or the size of a lesion (36).

CBCT Radiation Exposure

The x-ray exposure associated with
CBCT has been the subject of several
studies performed on phantoms, ani-
mals, patients, and the medical team
(5,37-42). The x-ray exposure may vary
between manufacturers depending on
parameters such as tube voltage, tube
current, filter thickness and material,
and number of projections (42-45). The

Radiology: \/olume 274: Number 2—February 2015 = radiology.rsna.org

323



Radiology

HOW I DO IT: Cone-Beam CT during Transarterial Chemoembolization for Liver Cancer

Tacher et al

estimated effective dose to the patient
for one CBCT scan of the abdomen is
approximately 3-10 mSv, approximately
three to four times less than the com-
parable dose in an abdominal multide-
tector CT scan (10-12 mSv) (41,43,46).
The routine use of CBCT during TACE
increases the dose-area product when
compared with the use of DSA alone
(37). The dose-area product is defined
as the radiation dose per square cen-
timeter (Gy-cm?) of accumulated skin
exposure and represents an estimated
measurement of the entire amount of
energy delivered to the patient by the x-
ray beam, and it can be used as an indi-
cator for the stochastic risk (47). On the
other hand, the additional use of CBCT
decreases the deterministic risk (cumu-
lative dose) when compared with a pro-
cedure using fluoroscopy and DSA alone
and facilitates the procedure, potentially
reducing the procedure time (37). As
for all interventional procedures using x-
ray exposure, the operators should wear
protective devices and leave the exami-
nation room when performing 3D scans,
and CBCT acquisition should be used
judiciously (37,40).

Limitations of CBCT

The contrast-to-noise ratio of CBCT
images is 1.5 to 2 times lower when
compared with that of conventional
multidetector CT, primarily due to less-
advanced antiscatter radiation technol-
ogy (42,48). On the other hand, due
to finer detector pitch, its spatial res-
olution is superior. The combination of
high spatial resolution and intraarterial
administration of iodinated contrast
material compensates for the lower
contrast resolution and provides a high-
quality tumor depiction along with de-
tailed vascular anatomy. As a result,
CBCT has been shown to provide diag-
nostic information during TACE compa-
rable to the level of imaging modalities
such as multidetector CT and magnetic
resonance (MR) imaging (49-51). Nev-
ertheless, CBCT images are susceptible
to artifacts due to noise, scatter, par-
tial volume effects, truncation artifacts,
beam hardening, ring artifacts, and
motion artifacts. Several algorithms
have been developed to reduce noise

and motion artifacts during reconstruc-
tion or to modify the x-ray spectrum
(2,52-37). Respiratory motion is par-
ticularly problematic in CBCT imaging
of the liver because any motion leads to
strong degradation of the image quality,
inducing streaking and blurring, espe-
cially when iodinated contrast material
is injected. Early CBCT implementa-
tions required acquisition times of 10
to 20 seconds; today most commercial
fixed C-arm systems can offer acqui-
sition times of less than 10 seconds.
CBCT scan protocols that require only
3-8 seconds have shown to minimize
breathing artifacts and maximize pa-
tient comfort (5,58-60). Another po-
tential limitation of CBCT imaging is
its limited field of view when compared
with multidetector CT. Methods to per-
form CBCT with a larger field of view
have been developed, although data
are limited and the feasibility in clinical
practice and effect on clinical workflow
has to be considered. The limited field
of view of CBCT images may not include
the entire liver. However, the effect of
this on tumor assessment appears to be
minor. As reported by Meyer et al, the
maximum transversal liver diameter
varies approximately between 135 and
27 cm, thus a field of view of 25 X 25
X 19 em is sufficient when the patient
is correctly positioned on the angio-
graphic table (61). Appropriate review
of preprocedural imaging is important
to guide the correct patient positioning
and field of view centering to include all
targeted tumors.

Patient and Equipment Setup

General Precaution

Patient breath holding is essential in
obtaining appropriate image quality.
Patients are instructed to hold their
breath at end-expiration during each
CBCT acquisition. Free breathing is al-
lowed between the early and delayed
phase scans in the case of dual-phase
CBCT acquisition. We ask the patient
to stop breathing 2-3 seconds before
starting CBCT acquisition. If necessary,
oxygen is administered to patients
during the acquisition to minimize

the discomfort of breath holding. The
breathing routine should be practiced
with the patient prior to imaging and
therefore deep conscious sedation
should be avoided.

Patient Positioning and Equipment Set-up

Under mild sedation, the patient is
placed in a supine position on the an-
giography table. The position of the pa-
tient on the angiographic table is such
that the C-arm can rotate around the
patient in the head position and that
the liver is included in the CBCT field
of view (Fig 2). In view of the limita-
tions in field of view, the radiologist
should consider off-center patient posi-
tioning with respect to the table center
line especially in patients with tumors
at the periphery of the livers, marked
hepatomegaly, or in obese patients. A
test rotational movement is then per-
formed to ensure that the C-arm can
rotate around the patient unobstructed.
All C-arm CT systems require similar
test runs to avoid collisions during the
actual rotational acquisition.

Catheterization during TACE

An angiographic catheter (4 or 5 F) is
used to sequentially select the superior
mesenteric artery and the celiac axis.
DSA of the superior mesenteric artery
should be performed to assess portal
vein patency. Celiac and common or
proper hepatic artery angiograms are
obtained to delineate hepatic arte-
rial anatomy and blood supply to the
tumors, reveal the presence of aber-
rant arterial anatomy, and identify tu-
mor blush. The 2D imaging runs are
acquired by using the same imaging
system equipped with CBCT. The CBCT
imaging system allows for 3D intrapro-
cedural imaging feedback at each step
of TACE. Once the positioning of the
microcatheter in the targeted vessels
is verified by means of 2D angiography
and CBCT, the chemotherapeutic and
embolic agents are delivered. Most
commonly, the chemotherapeutic agent
is either mixed with ethiodized oil (Lipi-
odol Ultra-fluide; Laboratoire Guerbet,
Aulnay-sous-Bois, France) in conven-
tional TACE or loaded into calibrated
microspheres in DEB-TACE.
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Figure 2

Figure 2:  Configuration of angiography suite during TACE. The C-arm is aligned with the table and posi-
tioned at the head end, and accessory equipment (eg, shielding screens, intravenous poles) is positioned in
such way that it can be easily removed to allow for 3D scanning. The large monitor shows patient monitoring
information and different imaging inputs, including live fluoroscopy, 2D angiography, and the results of the
embolization planning and guidance software overlaid on live fluoroscopy images.

CBCT to “See” the Tumor: Rationale
and Techniques

Rationale

Preprocedural diagnostic imaging pro-
vides information to plan the inter-
vention, while intraprocedural imaging
guides the intervention. Systematically,
the images obtained during the pro-
cedure are compared with those from
preprocedural  diagnostic  imaging,
including contrast-enhanced MR im-
aging and/or multiphasic multidetec-
tor CT to confirm that the initial plan
matches with the intraprocedural plan.
The starting point in interventional on-
cology is visualization to localize the
tumor(s) targeted for therapy. Correct
tumor localization increases the selec-
tivity of drug delivery into the targeted
tumor(s) and limits nontarget emboli-
zation, thereby preserving healthy liver
tissue and optimizing tumor response

(62,63). CBCT imaging provides de-
tailed information on tumor vascularity,
location, size, and volume. The ability
of CBCT to enable visualization of HCC
lesions has been evaluated in the litera-
ture for its sensitivity in HCC detection
when compared with other diagnostic
imaging modalities and/or its diagnos-
tic accuracy. The diagnostic accuracy
involves an evaluation of the degree of
confidence of readers in characterizing a
mass in the liver as HCC (64,65). CBCT
is superior to DSA in the detection of
liver tumors and can achieve a degree
of intraprocedural HCC detection com-
parable to preprocedural diagnostic im-
aging including contrast-enhanced MR
imaging and multiphasic multidetector
CT (5,23,24,38,59-61,66-71). CBCT
can depict typical HCC diagnostic im-
aging features such as hypervascular
tumor enhancement and tumor paren-
chymal enhancement, on the arterial
and parenchymal phases, respectively,

and corona enhancement around the
hypervascular core of the HCC on the
delayed venous phase (22,23,71,72).
Nevertheless, the ability of CBCT in
depicting HCC depends on the CBCT
technique (detection sensitivity from
86% for CBCT-HA to near 100% for
CBCT-AP) and the imaging modality
used as reference standard for com-
parison (multiphasic multidetector CT,
contrast-enhanced MR imaging, DSA,
CT during arterial portography). A
summary of the literature on the dif-
ferent CBCT techniques available to use
to “see” the tumor intraprocedurally is
provided in Table E1 (online).

CBCT Techniques

CBCT-HA.—CBCT-HA is the most com-
mon technique for intraprocedural HCC
detection and is recommended as part
of the CardioVascular and Interven-
tional Radiological Society of Europe/
Society of Interventional Radiology
protocol guidelines for selective TACE
(9,64,65,71). This technique involves a
single CBCT acquisition with one con-
trast medium injection through a cathe-
ter or a microcatheter positioned in the
celiac trunk, common hepatic artery,
proper hepatic artery, or selective right
or left hepatic artery. Depending on
the contrast medium injection protocol
and especially on the delay of CBCT ac-
quisition after contrast medium injec-
tion, CBCT-HA may be used for three
purposes: to demonstrate the tumor-
feeding arteries, the hypervascular
component of the targeted tumor, or
the corona enhancement. The contrast
medium injection protocol (volume of
contrast medium, dilution, injection
rate, and the delay of image acquisi-
tion) may be adjusted to obtain an op-
timal liver-to-tumor contrast (73). The
use of diluted or full iodinated contrast
medium concentration depends on the
specific manufacturer’s acquisition set-
tings. Nonetheless, an acquisition delay
after injection start of 2-10 seconds,
and an injection rate of 1-12 mL/sec of
iodinated contrast medium have been
favored in most studies, depending on
the catheter tip location and the CBCT
imaging system manufacturer. CBCT-
HA has the ability to depict occult HCC
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lesions unseen on nonselective DSA
images during TACE and has shown
similar diagnostic accuracy and positive
predictive value to those of multiphasic
multidetector CT (24,64,65).
CBCT-AP.—The CBCT-AP tech-
nique exploits the fact that in the portal
washout phase, HCC is hypoenhancing
compared with adjacent healthy liver
parenchyma. CBCT-AP is performed by
using a single CBCT acquisition after
one contrast medium injection (30-90
mL of nondiluted contrast medium
[range, 150-370 mg iodine per millili-
ter| or 1:1 diluted with saline) through
a catheter placed in the superior mes-
enteric artery with an acquisition delay
after injection start of 20-40 seconds,
at a rate of 2-4 ml./sec. The advantage
of using CBCT-AP is the ability to de-
tect the full extent of the tumor bur-
den and evaluate portal vein patency.
This technique has been included in a
number of other research studies either
as an independent tool to detect tar-
geted tumor(s) or in association with
other CBCT techniques to add comple-
mentary diagnostic information about
HCC imaging features and maximize
intraprocedural tumor detection accu-
racy. CBCT-AP provides high detection
sensitivity of small HCCs (<30 mm)
when compared with CT during arte-
rial portography (65,74,75). CT during
arterial portography was described as
the most sensitive modality to detect
HCC in 1983 before the advent of di-
agnostic multiphasic multidetector CT
and contrast-enhanced MR imaging.
Unlike CBCT-HA, CBCT-AP is used only
to localize the HCC lesion and to de-
termine its size. Its detection sensitivity
can reach 100% compared with pre-
procedural multiphasic multidetector
CT, either alone or in combination with
CBCT-HA (70). Likewise to CBCT-HA,
CBCT-AP has also the ability to depict
occult HCC lesions unseen on nonselec-
tive DSA images during TACE (68).
DP-CBCT.—DP-CBCT is performed
through the acquisition of two consec-
utive CBCT scans with one contrast
medium injection through a catheter or
microcatheter positioned in the celiac
trunk, common hepatic artery, proper
hepatic artery, or selective right or

left hepatic artery. Depending on the
catheter/microcatheter tip location,
DP-CBCT is achieved after one con-
trast media injection (18-60 mL of
nondiluted contrast medium [range,
150-370 mg iodine per milliliter] or
diluted 1:1 with saline), at a rate of
1.5-2 ml/sec. Depending on contrast
media injection and CBCT acquisition
parameters, DP-CBCT can display the
arterial tumor enhancement and tumor
feeding arteries on the first scan (ar-
terial phase, 3-153-second acquisition
delay), and either the parenchymal tu-
mor enhancement (parenchymal phase,
28-second acquisition delay) or the co-
rona enhancement on the second scan
(delayed venous phase, 40-47-second
acquisition delay). The advantages of
DP-CBCT are that it provides different
types of information with a single imag-
ing protocol by displaying two different
phases of contrast enhancement. The
combination of an arterial and a delayed
parenchymal CBCT has been shown to
be superior to CBCT-HA alone in de-
picting HCC nodules and provides a de-
tection sensitivity of 94% when prepro-
cedural contrast-enhanced MR imaging,
the gold standard for HCC detection, is
used as a reference (66). The parenchy-
mal phase of a DP-CBCT scan is able
to better depict the tumor boundaries
than the first arterial phase (Figs 3-5,
A and B). The ability of the second pa-
renchymal phase CBCT to provide pre-
cise delineation of tumor boundaries
has also been validated using a semi-
automatic  volumetric  segmentation
technique comparing CBCT, diagnostic
volumetric imaging (contrast-enhanced
MR imaging or multiphasic multidetec-
tor CT) and pathology samples in pre-
clinical and clinical settings (60,76). A
longer delay time (40-47 seconds) be-
tween the two phases allows for better
depiction of the corona enhancement,
which helps to distinguish HCC from
arterioportal shunt (71). DP-CBCT has
also been combined with CBCT-AP to
achieve a diagnostic sequence depicting
HCC features normally observed with
multiphasic multidetector CT imaging.
This combination has shown high detec-
tion sensitivity (100%) and the ability
to even depict HCC lesions undetected

at preprocedural multiphasic multide-
tector CT (59,71).

CBCT to “Reach” the Tumor: Rationale
and Techniques

Rationale

Determination of the patient’s hepatic
vascular anatomy and tumor arterial
supply are critical to completely treat
the tumors with the chemoembolic ma-
terial and to avoid nontarget emboliza-
tion (77-79). The availability of CBCT
volumetric information can be used to
achieve comprehensive visualization of
hepatic arterial anatomy and tumor
feeding arteries and determine the de-
gree of selectivity of drug delivery to the
targeted tumor(s), thus reducing the
risk of nontarget embolization and po-
tential complications. Volumetric CBCT
datasets are acquired in a calibrated
coordinate space and are synchronized
with the C-arm, flat detector, and an-
giographic table movements. This can
be exploited during the intervention to
facilitate the selection of the best view-
ing angle to reach the tumor(s) and
to guide catheter navigation by using
fluoroscopy overlay on the 3D dataset
(59). Several studies have explored the
value of CBCT and automated software
in improving the detection accuracy of
tumor-feeding vessels and the feasibil-
ity of displaying 3D hepatic arterial tree
and tumor-feeding arteries acquired
from CBCT overlaid on top of live fluo-
roscopy (19,38,58,59,67,69,77,80,81).
The additional value of CBCT in detect-
ing extrahepatic feeding arteries has
also been investigated (78,82-84). A
summary of the studies and CBCT tech-
niques used to “reach” HCC tumors is
provided in Table E2 (online).

CBCT Techniques

CBCT-HA.—CBCT-HA can be used in
the same acquisition to “see” and to
“reach” HCC lesions since it provides
hepatic arterial anatomy and the early
arterial enhancement of the targeted
tumor(s). A comparison of CBCT-HA
with preprocedural imaging is recom-
mended because it may alert to the
need to search for additional feeding
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Figure 3

Figure 3:

Example of a DEB-TACE procedure shows the various steps (ie,
visualization, targeting, and assessing response). The patient is a 61-year-
old man with a unifocal HCC in segment 4 of the liver (arrowhead), seen on

preprocedural contrast-enhanced MR images as a hypervascular tumor in the
arterial phase (4) and as a hypoattenuating tumor in the portal venous phase
(B). Pretreatment right hepatic angiograms show a tumor blush (arrowhead,
Cand D). Pretreatment DP-CBCT images demonstrate the 3D hepatic arterial
anatomy (arrowhead) in the arterial phase (), and the tumor enhancement
(arrowhead) in the delayed phase (F). The patient underwent a first DEB-TACE

treatment. After DEB-TACE, DP-CBCT was performed to assess technical
success of embolization. The early arterial (G) and delayed parenchymal (H)
phases images predicted intraprocedurally the same tumor response (arrow-

head) when compared with the post-TACE follow-up contrast-enhanced MR images obtained 1 month later in the arterial () and portal venous (J) phases.

arteries or extrahepatic arterial supply.
The sensitivity and specificity of CBCT-
HA in the detection of the tumor-feed-
ing artery are superior to those of non-
selective DSA (97% vs 77% and 97%
vs 73%, respectively) when lipiodol
deposition into the tumor at 1-week
unenhanced multidetector CT follow-up
is used as the reference standard
(58,59,85). However, identification of
tumor feeders on CBCT datasets can be
tedious and time consuming, especially
when multiple feeders and multiple le-
sions have to be targeted.
DP-CBCT.—The first and second
phase scans can be used not only for
tumor detection but also to facilitate
identification of the tumor-feeding ar-
teries. The first CBCT scan provides the

early arterial enhancement of the liver
allowing 3D visualization of the hepatic
arterial anatomy and of the hypervascu-
lar tumor core, while the second CBCT
scan provides delayed parenchymal
phase imaging of the liver, which offers
a more precise delineation of the tumor
boundaries, thus facilitating the iden-
tification of the tumor feeding arteries
(38,80).

CBCT-A.—CBCT has the ability to
show incomplete tumor enhancement,
which may be indicative of extrahepatic
supply. To perform TACE effectively, su-
perselective catheterization is essential
not only through hepatic branches but
also through extrahepatic collaterals.
The extrahepatic tumor arterial sup-
ply may involve up to 28% of patients

undergoing TACE for HCC (82). The
most commonly identified extrahepatic
feeders include the right inferior phrenic
artery, omental arteries, adrenal artery,
and intercostal and subcostal arteries
(82). CBCT-A involves the injection of
contrast medium through a microcath-
eter positioned into suspected extrahe-
patic tumor feeding arteries. The CBCT-
A technique has clearly demonstrated
the ability to provide vascular anatomy
details of the left and right inferior
phrenic and the intercostal artery and to
be superior to 2D angiography alone in
ensuring technical success (82-84). An
acquisition delay of 4 seconds and an in-
jection rate of 3-4 mL/sec of nondiluted
iodinated contrast medium were favored
in most studies (78,82-84).
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Figure 4
A

»

Figure 4:  Example of a conventional TACE procedure that highlights the
same steps as shown in Figure 3. The patient is an 81-year-old man with

a unifocal HCC in the right lobe of the liver (arrowhead) seen in the arterial
(A) and portal (B) venous phases of the preprocedural contrast-enhanced
MR images. Pretreatment right hepatic angiogram and fluoroscopy show a
tumor blush (arrowhead, C and [). Pretreatment DP-CBCT images depict the
3D hepatic arterial anatomy (arrowhead) in the arterial phase (E) and the tu-
mor enhancement (arrowhead) in the delayed venous phase (F). The patient
underwent a first conventional TACE treatment. After TACE, nonenhanced
CBCT (Lip-CBCT) was performed to assess lipiodol deposition into the tumor
(arrowhead, G), which was similar to the nonenhanced follow-up multidetec-

tor CT study (H). The incomplete lipiodol uptake (arrowhead) was predictive
of poor tumor response on the 1-month follow-up contrast-enhanced MR images in both the arterial (/) and portal venous (J) phases.

embolization
planning and guidance software.—Two
technologies (Flight Plan for Liver, GE
Healthcare, Chalfont St Gilles, England
or EmboGuide, Philips Healthcare,
Best, the Netherlands) capable to in-
traprocedurally assist in the detection
of the tumor feeding arteries and guide
microcatheter positioning in 3D have
been recently described (58,59,85). Al-
though technical differences exist, the
basic workflow involves the identifica-
tion of the targeted lesions on the CBCT
dataset and the automatic extraction of
candidate feeders to the targets. The
use of the delayed parenchymal CBCT
scan of a DP-CBCT for tumor boundary
delineation is preferred unless a better
visualization is achieved on the arterial

Three-dimensional

phase or a CBCT-AP scan (38,59,80).
Interactive 3D segmentation provides
a precise tumor boundary delineation
with minimal user interaction and
time effort (60,76). After automatic
feeding artery extraction, this and the
segmented targeted tumor(s) can then
be manipulated and displayed together
with a 3D visualization of the CBCT
dataset using a volume rendering tech-
nique. After verification, the 3D plan
and the (segmented) targeted tumor(s)
are overlaid on live fluoroscopy to cre-
ate a 3D roadmap (Fig 5, E). Automatic
software for tumor feeding artery de-
tection on 3D volumetric CBCT im-
ages has been shown to be equivalent
or superior to manual detection on
CBCT or nonselective DSA images,

while improving the clinical workflow
(58,59,65).

The 3D roadmap follows the rota-
tion and angulation movements of the
C-arm and translations of the table and
automatically adjusts to magnification
changes. The operator can move the C-
arm into a position that best facilitates
catheterization, minimizes vessel over-
lap and foreshortening, without losing
the matching between live fluoroscopy
and the angiographic roadmap. The
3D roadmap can be manually adjusted
in case of patient movement, thus fur-
ther mitigating the need for creating a
new roadmap and minimizing the use
of iodinated contrast medium and x-ray
exposure when compared with 2D an-
giography alone (58,59,85). The use of
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Figure 5

Figure 5:

Example of a superselective DEB-TACE procedure performed using software guidance technology. The patient is a 79-year-old man with a unifocal HCC

in segment 4 of the liver (arrowheads), seen in the arterial (4) and portal venous (B) phases of the preprocedural contrast-enhanced MR images. Pre-TACE DP-CBCT
images demonstrate the 3D hepatic arterial anatomy (arrowhead) in the arterial phase (C) and the tumor enhancement (arrowhead) in the delayed venous phase

(D). Software allowed tumor segmentation and 3D roadmap generation to reach the targeted tumor (E). The patient subsequently underwent successful DEB-TACE
therapy. After DEB-TACE, nonenhanced CBCT (Deb-CBCT) was performed to assess contrast medium saturation at the tumor margin (arrowhead, A. The degree of
contrast medium saturation at the tumor margin predicted tumor response on the 1-month follow-up contrast-enhanced MR images in both the arterial (G) and portal

venous (H) phases.

the 3D roadmapping has been shown to
be feasible and precise (58,59).

Automatic  computed  analysis
software is able to achieve greater
than 90% sensitivity in tumor feed-
ing artery detection of hypervascular
HCC lesions, 7%-20% higher than
visual identification on CBCT-HA data-
sets by an experienced operator and
29%-50% higher than visual identi-
fication on a nonselective DSA study
(58,59,85). Automated software may
also be used to detect the cystic artery
and select the optimal microcatheter
position for drug delivery to avoid non-
target embolization (78).

CBCT to “Assess” Treatment Success:
Rationale and Techniques

Rationale

Assessing treatment success during
TACE is critically important as it affects

treatment endpoints and consequently
tumor response, local progression-free,
and overall survival (18,59).

The objective of posttreatment
CBCT is to provide immediate as-
sessment of tumor coverage and of-
fer the possibility to change cathe-
ter positioning to ensure complete
treatment of tumor burden and even
predict tumor response (39,86-90).
Incomplete tumor treatment nega-
tively impacts survival (91,92). The
imaging characteristics of different
chemoembolic agents differ substan-
tially, thus requiring different post-
treatment CBCT techniques. Lipiodol
is a radiopaque contrast agent, which
has also been used as a biomarker for
HCC (93). Lipiodol deposition in the
tumor is a prognostic factor affecting
local recurrence of HCC and may be
determined directly during the proce-
dure using unenhanced CBCT, which
offers equivalent lipiodol detection

accuracy to unenhanced MDCT im-
aging  (91,92,94-96). Drug-eluting
beads, commonly loaded with doxo-
rubicin (adriamycin), are radiolucent
and so are mixed with contrast agent
during delivery. These beads occlude
tumor-feeding arteries from where the
chemotherapy diffuses locally into the
tumor (97,98). Assessment of DEB-
TACE therefore requires the visuali-
zation of tumor-feeding vessel devas-
cularization or tumor contrast agent
saturation features on CBCT images
(39,99). The value of immediate post-
procedural CBCT scanning has been
explored in several studies, which are
detailed in Table E3 (online).

CBCT Techniques

Lip-CBCT.—Lip-CBCT is a technique
used to assess the lipiodol deposition
into the tumor after drug delivery
(Fig 4, G). This technique involves the
acquisition of a CBCT scan without
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Figure 6: A suggested algorithm for the optimal
use of different CBCT techniques during each
successive step of diagnostic, intraprocedural
(“see”, “reach” the targeted tumors, and “assess”
treatment success), and follow-up imaging. For
example, a patient with multiphasic multidetector
(M-MDCT) diagnostic imaging would benefit from
intraprocedural CBCT-AP plus DP-CBCT to “see”
and “reach” the tumor, or a patient with contrast-
enhanced MR imaging (CE-MRI) would benefit from
DP-CBCT. According to treatment type, conventional
TACE (C-TACE) or DEB-TACE, Lip-CBCT would help
to assess intraprocedural treatment success after
conventional TACE just as DP-CBCT or Deb-CBCT
after DEB-TACE. Finally, follow-up diagnostic
imaging based on multiphasic multidetector CT or
contrast-enhanced MR imaging would be performed
at 4-6 weeks after treatment.

contrast medium injection immediately
after conventional TACE treatment.
Incomplete deposition of lipiodol into
the tumor may be indicative of extra-
hepatic supply or incomplete deliv-
ery (90). Lip-CBCT imaging provides
immediate feedback to the operator
with lipiodol conspicuity equivalent
to unenhanced multidetector CT and
is predictive of tumor response when
compared with 1-month follow-up mul-
tiphasic multidetector CT or contrast-
enhanced MR imaging (68,90,95,96).
The use of Lip-CBCT helps to achieve
complete iodized oil filling of tumor(s)
and therefore improves therapeutic
effects by optimizing the embolization
endpoint (90). Intraprocedural Lip-
CBCT depicts HCC with 100% sen-
sitivity compared with preprocedural
diagnostic imaging (59,68,91,94).

Deb-CBCT.—Deb-CBCT is a tech-
nique that involves a single non-con-
trast-enhanced CBCT scan after DEB-
TACE to assess treatment success by
visually estimating the degree of mar-
ginal contrast material saturation of the
entire tumor volume, which is used as
a surrogate for the beads deposition lo-
cation and can help in determining the
embolization endpoint (Fig 5F). With
Deb-CBCT, the positive predictive value
of tumor response for a marginal con-
trast agent saturation above 75% on
Deb-CBCT images is 85% (99).

DP-CBCT.—The aim of DP-CBCT
after DEB-TACE is to assess treatment
success by displaying the changes in con-
trast enhancement of the target tumor(s)
on both phases owing to tumor feeding
vessel devascularization (Fig 3G, H). The
same protocol of the DP-CBCT tech-
nique as described above is used also
after treatment, ensuring that the same
microcatheter positioning and contrast
agent injection protocols are used. DP-
CBCT helps to assess the lack of contrast
agent uptake in the tumor whereas Deb-
CBCT depicts the contrast agent uptake
of the tumor margins, in both cases in-
dicating successful tumor coverage with
DEB-TACE. DP-CBCT has also shown
to be predictive of tumor response ac-
cording to the European Association
for Study of the Liver and the Response
Evaluation Criteria in Solid Tumors
guidelines at 1-month follow-up contrast-
enhanced MR imaging (39). Limited tu-
mor enhancement changes on DP-CBCT
images after DEB-TACE may suggest to
the operator either the need for retreat-
ment or to search for additional feeding
arteries. Commonly, the post-DEB-TACE
DP-CBCT technique displays an arterial
tumor enhancement and tumor-feeding
arteries on the first scan (arterial phase,
3-15-second acquisition delay), and then
parenchymal tumor enhancement on the
second (parenchymal phase, 28-second
acquisition delay).

Suggested Algorithm for the Optimal

Use of the Various CBCT Techniques
during Each TACE Step

The optimal and systematic use of the
various CBCT techniques during each

TACE step has been summarized in a
suggested algorithm (Fig 6). Two CBCT
techniques may be recommended for
tumor localization: DP-CBCT in case of
preprocedural contrast-enhanced MR
imaging (detection sensitivity: 94%-
100%) or CBCT-AP plus DP-CBCT
(detection sensitivity: 100%) in case
of preprocedural multiphasic multide-
tector CT. The benefits of CBCT-AP in
addition to DP-CBCT is to ensure high
HCC detection, especially for HCC le-
sions not detected on preprocedural
multiphasic multidetector CT images.
The first phase of the DP-CBCT can be
used to define hepatic arterial anatomy
and tumor feeding arteries. The sec-
ond, late arterial phase of the DP-CBCT
may be used to more accurately iden-
tify the boundaries of the targeted tu-
mor. Automated software facilitates the
identification of tumor-feeding arteries
and provides a 3D roadmap throughout
fluoroscopic device manipulation, with
a potential reduction in iodinated con-
trast medium administration and x-ray
exposure. To assess treatment success
after chemoembolic agent delivery, the
choice of the CBCT technique depends
on the type of treatment: Lip-CBCT af-
ter conventional TACE or either Deb-
CBCT or DP-CBCT after DEB-TACE.

CBCT is becoming an essential tool
in interventional oncology. CBCT pro-
vides 3D volumetric information that is
critical for the main procedural steps
in intraarterial liver therapy for HCC:
tumor localization (“see”), planning and
guidance for catheterization (“reach”),
and intraprocedural evaluation of
treatment success (“assess”). We have
reviewed technical details and clini-
cal evidence for all the existing CBCT
techniques, with the aim of generating
an algorithm to guide the selection of
the most appropriate CBCT technique
for each procedural step (Fig 6 [with
three illustrative clinical examples, Figs
3-5]). Two CBCT techniques provide
the highest diagnostic accuracy for tu-
mor localization: DP-CBCT alone or in
combination with CBCT-AP. The first
phase of the DP-CBCT study depicts

330

radiology.rsna.org = Radiology: \lolume 274: Number 2—February 2015



Radiology

HOW I DO IT: Cone-Beam CT during Transarterial Chemoembolization for Liver Cancer

Tacher et al

the hepatic arterial anatomy and early
tumor enhancement. The second or pa-
renchymal phase accurately identifies
the boundaries of the targeted tumor
and/or shows late enhancing lesions un-
detected in the arterial phase. The ad-
dition of CBCT-AP may facilitate HCC
detection and referencing to preproce-
dural multiphasic multidetector CT by
capturing the portal venous hypoen-
hancement, which is typical of HCC.
CBCT-HA or the first phase of a DP-
CBCT examination can be used to map
the hepatic anatomy and determine the
tumor-feeding branches. CBCT is supe-
rior to standard 2D angiography in de-
picting tumor-feeding branches either
through visual inspection or in com-
bination with automated feeding de-
tection software. Automated software
provides the highest detection accuracy
of tumor-feeding arteries with a faster
workflow and offers a 3D roadmap
throughout fluoroscopic device manip-
ulation, with a potential reduction in
iodinated contrast material adminis-
tration and x-ray exposure. The choice
of CBCT technique to assess treatment
success after chemoembolic agent deliv-
ery depends on the type of treatment.
Lip-CBCT is used after conventional
TACE and has near equivalent capabil-
ities to determine lipiodol distribution
and defects as postprocedural multi-
detector CT. Deb-CBCT or DP-CBCT
is used after DEB-TACE. Deb-CBCT
depicts the intratumoral distribution
and defects of the iodinated contrast
material mixed with the drug-eluting
beads during therapy delivery. Contrast
material saturation in tumor margins
on Deb-CBCT images has a high pre-
dictive value of short-term tumor re-
sponse. This technique should be used
in the case of subsegmental therapy
delivery. DP-CBCT follows instead the
rationale of postprocedural multiphasic
MR imaging or multidetector CT and
illustrates the decrease in tumor en-
hancement due to therapy. Significant
reduction in tumor enhancement be-
tween DP-CBCT scans acquired before
and after TACE is a predictor of short-
term tumor response. The utilization of
CBCT during TACE of HCC has shown
to be valuable beyond technical success

and short-term tumor response. The
utilization of CBCT is an independent
factor associated with lower local re-
currence rates at 3-year follow-up and
longer overall survival.

In summary, in light of the substan-
tial clinical evidence available in the liter-
ature, we recommend that CBCT should
be accepted as standard of care for im-
aging in intraarterial therapy of HCC.
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