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Abstract

Purpose To compare the imaging characteristics of intra-

arterial cone-beam computed tomography during hepatic

arteriography (CBCTHA) versus intra-arterial computed

tomography during hepatic arteriography (CTHA) for

intraprocedural transarterial chemoembolization (TACE)

planning.

Materials and Methods This single-institution retrospec-

tive study included 144 patients (96 men, mean age

67.9 years; 48 women, mean age 62.3 years) who under-

went 181 TACE sessions between January 2015 and July

2017. Intraprocedural CBCTHA (111 procedures) or

CTHA (70 procedures) was performed for TACE planning.

Reformatted maximum intensity projection CBCTHA and

CTHA images were reviewed by two radiologists and

classified using an ordinal scoring system (for tumor

identification, tumor feeder vessel identification, and

streaking artifact) and a binary scoring system (for the

presence of breathing motion artifact and field of view

encompassing the entire liver). Data were analyzed using

an F test and a z-score test.

Results There were no significant differences in demo-

graphic and tumor characteristics between the CBCTHA

and CTHA patient cohorts. CTHA was superior to

CBCTHA for tumor identification (P\ .0001), tumor

feeder vessel identification (P\ .05), streaking artifact

(P\ .0001), and field of view encompassing the entire

liver (P\ .0001). There was a trend toward a lower fre-

quency of breathing motion artifact with CTHA than with

CBCTHA (1.4% vs. 10%; P = .057).

Conclusion CTHA provides improved clinical relevant

imaging information compared to CBCTHA for intrapro-

cedural TACE planning.

Level of Evidence Level III, retrospective comparative

study.

Keywords Cone-beam computed tomography �
Helical computed tomography � Computed

tomography angiography � Therapeutic
chemoembolization � Neoplasms

Introduction

Cross-sectional imaging (CSI) during transarterial hepatic

procedures has become a critical tool in interventional

oncology given its ability to offer relevant information for

tumor identification, assessment of tumor blood supply,

navigation guidance, and intraprocedural tumor response

assessment [1, 2]. Since its inception, considerable
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improvements in image quality and workflow have occur-

red [3, 4]. Specifically, the development of hybrid

angiography-computed tomography (hybrid angio-CT)

systems [5] and flat-panel X-ray detector angiographic

systems with cone-beam CT (CBCT) imaging capabilities

[6, 7] has substantially improved procedural workflow by

obviating the need for patient transportation to a dedicated

CT room, while providing high-quality intraprocedural soft

tissue cross-sectional imaging [8].

Fundamental differences exist between CBCT and CT in

respect of imaging characteristics. Compared to CT, CBCT

is associated with a smaller field of view (FOV) and

reduced z-axis scanning, which limits the volume of the

liver that can be imaged; also, the longer rotation time and

reduced angular sampling on CBCT might also increase the

frequency and severity of motion artifacts [9, 10]. The use

of CBCT and hybrid angio-CT has also historically dif-

fered by geographical location, with most hybrid angio-CT

systems been used in Asia [1, 11–14], while CBCT being

the standard cross-sectional imaging modality in the

Western world [2].

The use of cone-beam CT during hepatic arteriography

(CBCTHA) during transarterial hepatic procedures has

been part of our institution’s practice since 2008. With the

recent incorporation of two hybrid angio-CT systems in

2016, computed tomography during hepatic arteriography

(CTHA) was added as an alternative to CBCTHA for cross-

sectional imaging during transarterial hepatic procedures.

Although radiation dose and imaging quality of CBCT and

CT were compared in phantom study [15], there have been

no clinical studies comparing cross-sectional imaging

characteristics between CBCT and hybrid angio-CT during

transarterial hepatic procedures. It is currently unknown

which imaging modality provides pivotal information

during transarterial chemoembolization procedures.

Therefore, the purpose of this study was to perform a

qualitative comparative imaging quality analysis of intra-

arterial CBCTHA versus CTHA for transarterial

(chemo)embolization (TACE) planning.

Materials and Methods

Study Population

This single-institution retrospective study was compliant

with the Health Insurance Portability and Accountability

Act and approved by our Institutional Review Board with a

waiver of informed consent. Our institution’s TACE data-

base was retrospectively searched to identify consecutive

TACE procedures performed from January 2015 through

July 2017. Based on our Institutional protocol, patients

with hypervascular lesions on pre-TACE were selected to

receive TACE. As per our standard of care protocol,

Fig. 1 Flowchart of patient

selection. *Five patients

underwent both CBCTHA and

CTHA
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patients eligible for TACE had either a quadriphasic con-

trast-enhanced CT or a dynamic magnetic resonance image

(MRI) performed within 8 weeks from the TACE

procedure.

A total of 253 consecutive TACE procedures in 199

patients were identified. After exclusion of procedures

without CBCTHA or CTHA imaging planning and proce-

dures in which general anesthesia was used, 181 TACE

procedures (111 with CBCTHA planning and 70 with

CTHA planning) in 144 patients were included in this

study. Most patients received either CBCTHA or CTHA

except five patients had both CBCTHA and CTHA

(Fig. 1). The demographic and clinical characteristics of

the 144 patients in the study are summarized in Table 1.

The use of CBCTHA or CTHA depended on room avail-

ability and operator’s preference. Patient’s characteristics

were not taken into consideration to decide using

CBCTHA or CTHA. Patients who had CBCTHA and those

who had CTHA did not differ significantly with respect to

any of the characteristics measured except catheter tip

Table 1 Patient demographics

and clinical characteristics

(N = 144)

Parameter CBCTHA CTHA P value

No. of patientsa 88 61

Sex, no. (%) .59

Male 57 (65) 42 (69)

Female 31 (35) 19 (31)

Age, mean ± SD 65.5 ± 11.1 66.6 ± 10.0 .50

BMI, mean ± SD 28.0 ± 7.0 27.3 ± 5.0 .56

Largest tumor sizeb, mean ± SD (cm) 4.9 ± 2.9 4.7 ± 3.3 .73

Total number of tumors per patient, mean ± SD 2.3 ± 2.4 3.3 ± 3.7 .06

Type of malignancy, no. (%) .14

HCC 51 (58) 43 (71)

mCRC 4 (5) 0 (0)

Neuroendocrine tumor 2 (2) 3 (5)

Melanoma 13 (15) 6 (10)

Intrahepatic CCA 5 (6) 1 (2)

Other 13 (15) 8 (13)

No. of TACE procedures 111 70

Prior TACE, no. (%) .93

No 61 (55) 38 (54)

Yes 50 (45) 32 (46)

CSI before TACE, no. (%) .15

CT 88 (80) 48 (69)

MRI 23 (21) 22 (31)

Catheter tip location .01

Proximal to GDA 40 (36) 38 (54)

Celiac trunk 16 (14) 19 (27)

Common HA 24 (22) 19 (27)

Distal to GDA 71 (64) 32 (46)

Proper HA 21 (19) 13 (19)

Lobar HA 45 (41) 17 (24)

Segmental HA 5 (5) 2 (3)

aFive patients had both CBCT and hybrid angio-CT. The score test was generated from the generalized

estimating equations produced by fitting a generalized linear model with a subject effect to account for the

five-patient overlap between the two treatment cohorts
bMeasurements taken on CBCTHA and CTHA imaging

BMI body mass index, CBCTHA cone-beam computed tomography during hepatic arteriography, CCA

cholangiocarcinoma, CSI cross-sectional imaging, CT computed tomography, CTHA computed tomography

during hepatic arteriography, GDA gastroduodenal artery, HA hepatic artery, mCRC colorectal cancer liver

metastasis, MRI magnetic resonance imaging, SD standard deviation, TACE transarterial

chemoembolization
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location for intra-arterial injection. Because of the smaller

FOV on CBCTHA, the higher frequency of catheter posi-

tioning distal to the gastroduodenal artery was found in the

CBCTHA cohort.

Imaging Acquisition Protocol

Following intra-arterial access and catheterization, digital

subtraction angiography was performed to identify hepatic

arterial feeders and determine optimal injection parameters

for delineating the feeding artery or arteries and opacifying

the target tumor or tumors. Both CBCTHA and CTHA

were acquired on expiration with breath hold during a

single-phase acquisition using undiluted contrast medium

(Omnipaque 300, GE Healthcare) injected at 2–3 mL/s for

a total volume of 24–42 mL with an acquisition delay of

6 s in CBCTHA cohort and 8 s in CTHA cohort. The

contrast medium injection rate was determined by subjec-

tive judgment of individual operator based on digital sub-

traction angiography performed with the same catheter at

the same location where CBCTHA or CTHA was expected

to be acquired. The total contrast medium injection time

was 12–14 s. Contrast medium was injected with a power

injector using either a 5F catheter (celiac trunk or common

hepatic artery) or a 2.4F (right or left hepatic arteries) to

2.8F (common or proper hepatic arteries) co-axial

microcatheter.

CBCTHA was performed with the patient’s arms posi-

tioned above the head on a single-plane angiography sys-

tem equipped with a 30 9 40 cm flat detector (Artis Zeego

system or Artis Q ceiling-mounted system, Siemens

Healthineers) using the default CBCT organ program

parameters: 6-s or 8-s rotation time; 200� rotation; .5�
angular step size; 397 (6 s) projections; detector dose level

of .36 lGy/frame; and 660 9 480 acquisition matrix. The

images were reconstructed on a dedicated workstation

(XWP, Siemens Healthineers) using the default recon-

struction preset, resulting in a stack of 512 9 512 matrices

with an isotropic voxel size of .49 mm3.

CTHA was performed with the patient’s arms alongside

the body on a 128-slice multidetector sliding-gantry CT

scanner (SOMATOM Definition Edge SG, Siemens

Healthineers) as part of a hybrid angio-CT suite (MIYABI

angio-CT, Siemens Healthineers) with the following

acquisition parameters: 120 kV; tube current modulation

enabled with quality reference of 300 mAs; .5-s gantry

rotation time; pitch .6; detector configuration of

128 9 .6 mm; and scan time 4–6 s for the entire liver. The

images were reconstructed using an iterative reconstruction

algorithm (SAFIRE, Siemens Healthineers) with strength 3

and B40f medium convolution kernel.

Image Qualitative Assessment

CBCTHA and CTHA datasets were reviewed as 5-mm-

thick maximum intensity projection images at soft tissue

window settings on a dedicated workstation (XWP, Sie-

mens Healthineers). A classification system was created by

two interventional radiologists and one physicist with 7,

10, and 12 years of experience, respectively, using a

modified classification system previously described for

fluoroscopic and digital subtraction angiography image

quality assessment [16]. This assessment included a three-

grade ordinal scoring system (Table 2) for three distinct

variables deemed relevant for TACE planning: tumor

identification (Fig. 2), tumor feeder vessel identification

(Fig. 3), and presence and effect of streaking artifact

(Fig. 4). On patients with multiple tumors, the worst

grading criteria for tumor identification was selected as the

categorical variable. If no tumor was identified on

CBCTHA or CTHA (grade 1 tumor identification), the

expected location of the tumor was used to determine the

tumor feeder vessel identification.

Table 2 Grading scale for tumor identification, tumor feeder vessel

identification, and presence and effect of streaking artifact

Variable and

grade

Definition

Tumor identification

1 Target tumor(s) not identified per contrast

enhancement on intraprocedural CBCTHA or

CTHA compared to pre-procedure CSI

2 Target tumor(s) partially identified in extension OR

number on intraprocedural CBCTHA or CTHA

compared to pre-procedure CSI

3 Target tumor(s) fully detected in extension AND

number on intraprocedural CBCTHA or CTHA

compared to pre-procedure CSI

Tumor feeder vessel identificationa

1 No artery detected within 1 cm of periphery of target

tumor(s)

2 Artery within 1 cm of periphery of target

tumor(s) without direct contact with tumor(s)

3 Direct contact of artery with target tumor(s)

Streaking artifact

1 Presence of streaking artifact with image quality

degradation at target tumor(s)

2 Presence of streaking artifact without image quality

degradation at target tumor(s)

3 No streaking artifact

aIf no tumor was identified on CBCTHA or CTHA, the expected

location of the tumor was used to determine the relationship between

the artery and the tumor

CBCTHA cone-beam computed tomography during hepatic arteriog-

raphy, CSI cross-sectional imaging, CTHA computed tomography

during hepatic arteriography
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Grading tumor identification was based on the visual-

ization of tumor in extension and/or number. Grading

tumor feeder vessel identification depended on direct

contact of artery with target tumor(s), suspicious arterial

feeders detected within 1 cm of the periphery of target

tumor(s) or not. Streaking artifact was classified by the

presence of streaking artifact with or without key image

quality degradation at target tumor(s) or no streaking

artifact.

The modified classification system also included a cat-

egorical binary scoring system (yes vs. no) for the presence

of breathing motion artifact (Fig. 5) and FOV encom-

passing the entire liver. Subsequently, the two interven-

tional radiologists independently evaluated the imaging

datasets according to the proposed imaging quality classi-

fication system for CBCTHA and CTHA. Disagreements in

interpretation were resolved by consensus.

Statistical Analysis

As the 181 procedures analyzed were performed on 144

consecutive patients, generalized linear modeling including

a random subject effect was used to capture the intrapatient

correlation. All analyses were performed on the basis of the

generalized estimating equations approach of Liang and

Zeger [17]. To capture the intrapatient correlation for

continuous variables, the unbiased variance–covariance

sandwich estimator suggested by Huber and White was

Fig. 2 Representative

examples of grades 1, 2, and 3

tumor identification at a window

width of 400 HU and level of

150 HU on coronal CBCTHA

and coronal CTHA. A A

neuroendocrine liver metastasis

(inset, MR T2 sequence coronal

showing the lesion [arrowhead])

at segment VIII of the liver was

not identified visualized on

CBCTHA (arrow); B A HCC at

segment VI of the liver was

poorly visualized on CTHA

(arrow) but visualized as an

early enhancing tumor on pre-

TACE arterial-phase axial MRI

(inset, arrowhead). C A HCC

(arrow) was not fully opacified

on CBCTHA. The left boundary

of the tumor was not clear.

D The superior margin of the

HCC (arrow) was not well

defined owing to partial

enhancement of the tumor on

CTHA. E Two HCCs were well

enhanced with clear borders on

CBCTHA. F A large HCC and

multiple satellite nodules were

well enhanced with clear

borders on CTHA
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used [18, 19], and comparisons between CBCTHA and

CTHA were made using the generalized estimating equa-

tion-based F test. Descriptive statistics for continuous

variables are presented as mean ± SD. Categorical vari-

ables, including imaging characteristics, are presented as

counts and percentages and were compared between

CBCTHA and CTHA using the z-score test generated from

the generalized estimating equations. P\ .05 was consid-

ered significant. All statistical analyses were performed

using SAS 9.4 (SAS Institute Inc.) by a professional

statistician with 30 years of experience (J.E.).

Results

Tumor Identification and Tumor Feeder Vessel

Identification

Results of qualitative analysis of the identification of tumor

and tumor feeder vessel for CBCTHA and CTHA are

summarized in Table 3. Excellent (grade 3) tumor identi-

fication was recorded in 62 of 111 (55.9%) TACE proce-

dures performed with CBCTHA planning and in 60 of 70

(85.7%) TACE procedures performed with CTHA plan-

ning. Moreover, tumors were not detected (grade 1) in 11

of 111 (9.9%) CBCTHA cases, while all tumors were

identified (grade 2 or 3) in CTHA cases. Tumor feeder

Fig. 3 Representative

examples of grades 1–3 tumor

feeder vessel identification

utilizing 5-mm-thick maximum

intensity projection images at a

window width of 400 HU and

level of 150 HU on coronal

CBCTHA and coronal CTHA.

A A neuroendocrine liver

metastasis was poorly

visualized on CBCTHA (arrow)

but showed high intensity on

coronal T2-weighted MRI

(inset, arrowhead). B A

hepatocellular carcinoma

(HCC) was poorly visualized on

CTHA (arrow) but clearly

delineated on coronal T2-

weighted MRI (inset,

arrowhead). C, D The feeder

arteries (arrowheads) were

within 1 cm of the tumors

(arrows) without direct contact

with the tumors on CBCTHA

(C) and CTHA (D). E, F The

feeder arteries (arrows) directly

contacted the tumors on

CBCTHA (E) and CTHA (F)
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vessel identification was optimal (grade 3) in 81 of 111

(73%) CBCTHA cases and in 62 of 70 (88.6%) CTHA

cases. Tumor feeder vessels were not visualized (grade 1)

in 9% of CBCTHA cases and in 2.9% of CTHA cases.

Presence and Effect of Streaking Artifact, FOV

Encompassing the Entire Liver, and Breathing

Motion Artifact

Streaking artifact was absent in 55.7% of CTHA cases and

0% of CBCTHA cases (P\ .0001). The FOV encom-

passed the entire liver in 84.3% of CTHA cases versus

22.5% of CBCTHA cases (P\ .0001). A trend (P = .057)

was noted toward a lower incidence of breathing motion

artifact with CTHA, with breathing motion artifact seen in

only 1 of 70 (1.4%) CTHA cases versus 11 of 111 (9.9%)

CBCTHA cases (Table 4).

Discussion

Adequate tumor visualization and identification of its fee-

der vessel are two fundamental elements for performing

TACE in a safe and effective manner. We demonstrated

that CTHA was consistently significantly superior to

CBCTHA for TACE planning based on qualitative analysis

of tumor identification and tumor feeder vessel identifica-

tion. Likewise, CTHA also demonstrated significantly

Fig. 4 Representative

examples of grades 1–3

streaking artifact on 5-mm-thick

maximum intensity projection

images at a window width of

400 HU and level of 150 HU on

coronal CBCTHA and coronal

CTHA. A, B Presence of

streaking artifact (arrows)

degraded quality of target tumor

(asterisk) images on CBCTHA

(A) and CTHA (B). C,
D Streaking artifact

(arrowheads) was present but

did not degrade the quality of

target tumor (asterisk) images

on CBCTHA (C) and CTHA

(D). E No streaking artifact on

CTHA (No image was free of

streaking artifact on CBCTHA.)
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Fig. 5 Representative

examples of presence and

absence of breathing motion

artifact at a window width of

400 HU and level of 150 HU on

coronal CBCTHA and coronal

CTHA. A, B Presence of motion

artifact results in duplication of

vasculatures and organs. The

motion artifact on CBCTHA

affected the whole image (A),
while it was limited to the

central part of the image on

CTHA (B). C, D In the absence

of breathing motion artifact,

cardiac motion and pulsatile

aortic motion remain

inevitable on both CBCTHA

and CTHA. Nevertheless,

images of the lateral segment on

CTHA (D) are less affected by

cardiac motion artifact than are

images of the lateral segment on

CBCTHA (C)

Table 3 Qualitative analysis of

imaging quality in CBCTHA

(n = 111) and CTHA (n = 70)

Image quality Qualitative grade P value

1 2 3

Tumor identification \ .0001

CBCTHA 11 (9.9) 38 (34.2) 62 (55.9)

CTHA 0 (0) 10 (14.3) 60 (85.7)

Tumor feeder vessel identification \ .05

CBCTHA 10 (9.0) 20 (18.0) 81 (73.0)

CTHA 2 (2.9) 6 (8.6) 62 (88.6)

Streaking artifact \ .0001

CBCTHA 21 (18.9) 90 (81.1) 0 (0)

CTHA 1 (1.4) 30 (42.9) 39 (55.7)

CBCTHA cone-beam computed tomography during hepatic arteriography, CTHA computed tomography

during hepatic arteriography

Table 4 Categorical analysis of

image quality in CBCTHA

(n = 111) and CTHA (n = 70)

Variable No Yes P value

FOV encompasses entire liver \ .0001

CBCTHA 86 (77.5) 25 (22.5)

CTHA 11 (15.7) 59 (84.3)

Presence of breathing motion artifact .057

CBCTHA 100 (90.1) 11 (9.9)

CTHA 69 (98.6) 1 (1.4)

CBCTHA cone-beam computed tomography during hepatic arteriography, CTHA computed tomography

during hepatic arteriography, FOV field of view
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improved imaging profile in respect of presence of

streaking artifact, and whole liver coverage. Finally, there

was also a trend for less breathing motion artifact with

CTHA than with CBCTHA.

The advantages of CBCTHA over digital subtraction

angiography in patients with HCC for tumor delineation

and detection of tumor-feeding arteries for TACE planning

are well established [20–24]. A meta-analysis showed that

the pooled sensitivity values for tumor and tumor feeder

vessel identification were 90% and 91%, respectively, for

CBCTHA, versus only 67% and 55%, respectively, for

digital subtraction angiography [25]. Despite that our pre-

sent study also included non-HCC tumors, the pooled

sensitivity values of CBCTHA for detecting tumor and

tumor feeder vessels were almost identical to the values in

the meta-analysis, 90.1% and 91%, respectively. In the

early Asian experience, the sensitivity of CTHA was 87%

for identification of HCC and 87% for identification of

liver metastases [26, 27]. In our study, the pooled sensi-

tivity values for CTHA for tumor identification and tumor

feeder vessel identification were 100% (P\ .0001) and

97.1% (P\ .05), respectively, better than the values in our

internal CBCTHA comparison cohort and the existing

literature.

Regarding breathing motion artifact, patient character-

istics that could affect breath holding, such as age, body

mass index, tumor burden, and prior TACE procedures,

were not significantly different between the CBCTHA and

CTHA cohorts. Further, our extensive experience with

CBCTHA allowed us to minimize motion artifacts in

CBCTHA. Therefore, it is likely that the observed trend of

higher incidence of breathing motion artifact in CBCTHA

than in CTHA is explained by the inherent acquisition

differences between these imaging modalities, namely the

longer rotation time in CBCTHA and the wide-area X-ray

beam used in CBCTHA. Any motion during the CBCTHA

gantry rotation time contaminates all projection data

instead of only a limited area as in CTHA.

Regarding streaking artifact, only 1.4% of CTHA ima-

ges versus 18.9% of CBCTHA images had streak artifact

affecting image interpretation (grade 1). Undiluted contrast

medium caused the majority of streaking. The same undi-

luted contrast medium was used for both CTHA and

CBCTHA. The higher rate of grade 1 streaking artifact in

CBCTHA was likely a consequence of the reduced angular

(view) sampling in CBCTHA. In our study, CBCTHA

images were acquired with patients’ arms positioned above

the head to decrease the risk of collision and reduce beam

hardening artifacts. Because the rotating components are

sealed within the gantry in CTHA, CTHA images were

acquired with patients’ arms alongside the body for

increased patient comfort and improved procedure work-

flow. Despite the potential increase in artifacts from arm

positioning in CTHA, streaking artifact degrading image

quality (grade 1) was found in only 1 of 70 (1.4%) CTHA

cases, versus 21 of 111 (18.9%) CBCTHA cases.

CBCT has lower contrast resolution than traditional CT,

primarily because of the large amount of scatter radiation

produced by the wide X-ray cone beam [28]. Lower con-

trast resolution is a disadvantage during TACE as it limits

the detection of small tumors with only subtle differences

in attenuation between the tumor and nontumoral liver

parenchyma. Another advantage of CTHA over CBCTHA

is that the large FOV of CTHA enables imaging of the

entire liver. Although recent advances in CBCT technology

facilitate whole liver imaging, the coverage in Z-axis is still

limited and cannot be as flexible as in CT acquisition.

This study has some limitations. First, we did not ana-

lyze the impact of CBCTHA and CTHA on local tumor

control because of heterogeneous tumor types. Second,

radiation dose was not measured since dose metrics

reported by CBCT and traditional CT are not directly

comparable. However, a lower measured radiation dose in

multidetector CT than in CBCT for interventional proce-

dures was suggested in two studies [29, 30] and should be

further investigated. Third, contrast injection protocols and

imaging acquisition varied among the two cohorts, which

might affect imaging characteristics. Finally, because of

the smaller FOV on CBCTHA, the higher frequency of

catheter positioning distal to the gastroduodenal artery in

the CBCTHA cohort might partially explain the higher

frequency of streaking artifact due to distribution of denser

and more heterogeneous contrast medium.

Conclusion

In conclusion, CTHA is superior to CBCTHA for TACE

planning as demonstrated by improved tumor and feeder

vessel identification, decreased frequency of streaking

artifact, increased frequency of FOV encompassing the

whole liver, and a trend for less motion artifact.
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