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Abstract
Background: To evaluate the benefits of arterial phase imaging and parenchymal blood volume (PBV) maps
acquired by C-arm computed tomography during TACE procedure in comparison to cross-sectional imaging (CSI)
using CT or MRI.
Methods: From January 2014 to December 2016, a total of 29 patients with HCC stage A or B (mean age 65 years;
range 47 to 81 years, 86% male) were included in this study. These patients were referred to our department for
TACE treatment and received peri-interventional C-arm CT. Dual phase findings of each lesion in terms of overall
image quality, conspicuity, tumor size and feeding arteries were compared between arterial phase imaging and PBV
using 5-point semi-quantitative Likert-scale, whereby pre-interventional CSI served as reference standard.
Results: A significantly higher overall image quality of the PBV maps compared to arterial phase C-arm CT
acquisitions (4.34 (±0.55) vs. 3.93 (±0.59), p = 0.0032) as well as a higher conspicuity of HCC lesions (4.27 ± 0.74
vs. 3.83 ± 1.08, p < 0.0001) was observed. Arterial phase imaging led to an overestimation of tumor size (mean
size, 26.5 ± 15.9 mm) compared to PBV (24.9 ± 15.2 mm, p = 0.0004) as well as CSI (25.2 ± 15.1 mm), p = 0.021).
Regarding detectability of tumor feeding arterial vessels, significantly more feeding vessels were detected in
arterial phase C-arm CT (n = 1.67 ± 0.92 vessels) compared to PBV maps (n = 1.27 ± 0.63 vessels) (p = 0.0001).
One lesion was missed in pre-interventional CT imaging, but detected by C-arm CT.
Conclusion: The combination of PBV maps and arterial phase images acquired by C-arm CT during TACE
procedure enables precise detection of the majority of HCC lesions and tumor feeding arteries and has
therefore the potential to improve patient outcome.
Keywords: Hepatocellular carcinoma, Transarterial chemoembolization, C-arm computed tomography,
Parenchymal blood volume, Image quality
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Background
Hepatocellular Carcinoma (HCC) is one of the leading
cancer entities in the industrialized countries with rising
incidence [1]. Within the standard of care, transarterial
chemoembolization (TACE) is recommended as firstline therapy in certain patients with compensated liver
function in intermediate stage HCC (stage B in the
Barcelona Clinic Liver Cancer (BCLC) staging system).
TACE may contribute to downstaging or bridging to
orthotopic liver transplantation in early stage HCC
(BCLC stage A) according to the Barcelona Clinic Liver
Cancer (BCLC) staging system [2] and the EASLEORTC guidelines [3]. The goal of TACE treatment is to
embolize the tumor’s arterial blood supply and to deliver
high chemotherapeutic drug concentrations to the viable
tumor tissue, with the goal to achieve a high rate of
tumor necrosis while preserving the surrounding heathy
liver parenchyma and diminish systemic toxicity [4].
Therefore, during TACE treatment, several digital subtraction angiography series (DSA) are typically necessary
to precisely identify the tumor and its feeding vasculature. In patients with complex hepatic arterial branching
patterns, an increased number of DSA acquisitions at
different angles are usually required to identify the
tumor feeding arteries, which in turn leads to an
increased radiation and contrast medium exposure.
In this context, cone beam computed tomography
(CBCT) is an evolving and attractive tool, due to its capability of peri-interventional 3D imaging in combination
with high vascular contrast and high spatial resolution
[5]. In recent studies, CBCT has demonstrated a high
diagnostic accuracy for detecting hepatic tumor lesions
and small feeding arteries to hepatic neoplasms for the
guidance of trans-arterial chemoembolization (TACE)
[6–8]. Previous studies have also shown that periinterventional CBCT during a TACE procedure influences diagnosis as well as treatment in up to 81%, due
to improved tumor feeder detection, catheter navigation
and treatment effect assessment [9, 10]. An advanced development of these techniques is represented by dual-phase
cone-beam computed tomography (CBCTHA), which allows an assessment of post-processed maximum intensity
projections and parenchymal blood volume (PBV) maps, in
addition to acquiring native and contrast-enhanced images
[11]. Promising experiences with these techniques in the
initial evaluation and treatment of HCC have been
published lately [12–14]. However, it remains unclear which
of the images acquired with C-arm CT are suited best to
delineate tumor size and tumor feeding arteries.
Therefore, the aim of this retrospective study was to
compare the image quality of arterial phase and PBV
maps acquired with CBCT during TACE treatment,
whereby pre-interventional acquired cross-sectional
images (CT or MRI) served as reference standard.
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Methods
Patients

From January 2014 to December 2016 a total of 29 patients with HCC (mean age at examination: 65 years
(range 47 to 81 years), 86% male), which were referred
to our department for TACE treatment, received periinterventional C-arm CT and were included in this
retrospective study. Patients with early stage HCC
(BCLC A) as well as intermediate stage HCC (BCLC B)
were included. Exclusion criteria of this study were in
accordance with the CIRSE guidelines [15]:
• Decompensated cirrhosis (Child C).
• Extrahepatic spread.
• Severely reduced portal vein flow.
• Renal insufficiency (creatinine ≥2 mg/dl or creatinine
clearance ≤30 ml/min).
• Bilirubin level > 2 mg/dl.
• Advanced hepatic encephalopathy.
Underlying cause for liver cirrhosis and HCC development were Hepatitis-C-virus infection (n = 11), alcohol abuse (n = 9), NASH (n = 2) and hemochromatosis
(n = 1). In six patients, the underlying cause for developing HCC was cryptogenic. Seventeen patients of this
collective had received previous TACE treatment.
Detailed patient information is listed in Table 1. The
study was approved by the institutional review committee and was in compliance with HIPAA regulations.
Due to the retrospective nature of the study, informed
consent for retrospective data analysis was waved by
the institutional review board.
Pre-interventional imaging

All patients underwent cross-sectional imaging (multiphase CT, n = 25 or MRI, n = 4) before TACE following
the national guidelines for the assessment of HCC [16].
Median interval between baseline imaging and TACE
was 8 days with a range of 4–22 days. Multiphase CT included a non-enhanced, arterial phase (30s after injection of contrast media) as well as portal venous phase
(70s after injection of contrast media). The CT exam
was performed on a 128 row detector CT with one or
two x-ray tubes (SOMATOM Definition AS+ or Definition Flash, Siemens Healthcare, Forchheim, Germany).
MRI consisted of a T2 weighted turbo-spin-echo sequence, an unenhanced and dynamic contrast enhanced
T1 weighted gradient-echo sequences (VIBE) as well as
diffusion-weighted sequences acquired at a field strength
of 1.5 T (Magnetom Avanto fit/ Magnetom Aera,
Siemens Germany).
All HCC lesions were classified based on morphology
in diffuse (n = 9, 17%) or encapsulated (n = 43, 83%)
lesions. According to LIRADS criteria, encapsulated
HCC was defined as a predominantly round lesion with
the presence of a capsule and clear wash-out in cross-
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Table 1 Baseline characteristics 1
Characteristics

No. of Patients

Sex
Male

25

Female

4

Age at examination (median)
< 65

15

≥ 65

14

with a right inferior phrenic artery and one patient with
a lumbar artery supply), an embolization of these
additional feeders using pushable microcoils was performed. In all cases, a superselective TACE with DEB
(100-300 μm DC-Beads (BTG, Langweid/Augsburg,
Germany) loaded with 50 mg Epirubicin was
conducted.
C-arm computed tomography

sectional imaging. Diffuse HCC lesions were defined as
predominantly irregular or lobular lesions without a
capsule [17]. The number and extent of HCC lesion was
noted.

C-Arm CT consisted of an unenhanced rotation (mask
run) and contrast enhanced rotations (return and fill
run) with contrast medium injection from the proper
hepatic artery for acquisition of parenchymal blood volume (PBV) maps. The following C-Arm CT image acquisition parameters were used: time per rotation 4 s,
total examination time 16 s, 200° total angle, per frame
0.8°, 248 frames, matrix 616 × 480, pixel size 616 μm,
projection on 30x40cm flat panel. The actual tube
current and tube voltage were automatically adjusted to
the individual patient by the system. For contrast enhancement, 30 ml diluted contrast medium (7.5 ml
Ultravist 370, Bayer Schering, Leverkusen, Germany and
22.5 saline solution) was administered by an automated
power injector (Accutron-HP-D, Medtron, Saarbrücken,
Germany), using a flow rate of 3 ml/s. Contrast injection
was performed immediately after the mask run. Contrast
enhanced acquisition was performed in a steady state of
liver perfusion [13, 14]. Image reconstruction was conducted on a multimodality workstation (MMWP VD 10,
Siemens Healthcare, Forchheim, Germany). Fill run and
mask run were subtracted. A non-rigid registration algorithm was performed to mitigate the motion between
the two runs. The arterial input function value is calculated from an automated histogram analysis of the vessel
tree. This arterial input function value is then applied as
a scaling factor to obtain the PBV map [12].
All arterial phases and processed PBV maps were analyzed concerning number and extent of HCC lesions as
well as the number of tumor feeding vessels.

Transarterial chemoembolization (TACE)

Image analysis

In all patients, endovascular intervention was performed
using the same robotic digital subtraction angiography
system (Artis Zeego Q, VE 40 A, Siemens, Forchheim,
Germany). Percutaneous arterial access was achieved
through the common femoral artery (19 G needle) under
local anesthesia with placement of a 4F sheath (Terumo,
Leuven, Belgium). A 4F straight catheter (Terumo,
Leuven, Belgium) was utilized for aortography, while a
4F Cobra (C2) or sidewinder (SIM1) catheter was used
for entering the coeliac trunk. A 2.7F coaxial microcatheter (Progreat; Terumo, Leuven, Belgium) was used for
selective and super-selective access of the hepatic arteries. In case of extrahepatic tumor supply (two patients

A retrospective analysis of image quality and diagnostic
value of arterial phase and PBV maps was performed by
two experienced board certified readers (4 and 6 years of
experience in dedicated interventional radiology and
angiography). For this purpose, standardized reconstructions in the axial plane were acquired and clinical data
of the patients were recorded.
The overall image quality of arterial phase C-arm CT
and PBV maps as well as the conspicuity of HCC lesion
was evaluated on a 5-point semi-quantitative Likertscale: (1) non diagnostic image quality; (2) poor image
quality; (3) moderate image quality; (4) good image quality; (5) excellent image quality.

Number of tumors
1

11

2

6

>= 3

6

Tumor size
< 3 cm

38

3-5 cm

9

> 5 cm

5

BCLCa
A

16

B

13

Cause of liver cirrhosis
Hepatitis C

11

Alcohol related

9

Hemochromatosis

1

Non-alcoholic steatohepatitis

2

Cryptogenic

6

MELDb score

8.2
c

Previous TACE

17

a

Barcelona clinic liver cancer
b
Model of End Stage Liver Disease
c
transarterial chemoembolization
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Moreover, a 5-point Likert-Scale was used to assess
the presence of artifacts (1 = compromising diagnostic
image quality, 2 = present, but not compromising
diagnostic image quality, 3 = no artifacts presents) and
noise (1 = severe, 2 = moderate, 3 = mild, 4 = minimal,
5 = none). In addition, the delineation of central hepatic arteries as well as the visualization of the gallbladder wall was evaluated: (1) marked blurring of
organ contours, (2) subtle blurring of organ contours,
(3) moderate delineation of organ contours, (4) very
good delineation of organ contours and (5) excellent
delineation of organ contours. Complete covering of
the entire liver on C-arm CT was assessed by: (1)
non diagnostic, (2) incomplete but diagnostically irrelevant, (3) entire liver covered, diagnostic standard.
Tumor size was determined based on maximum diameter on axial images and was measured in arterial phase,
PBV map and cross sectional images (CSI). As a quantitative measure, the contrast-to-noise ratio (CNR) was
computed using the following formula (μR and μL represent the mean values of the ROI and normal liver
parenchyma):
CNR ¼ j μR −μL j=noise liver

Statistics

All statistical analyses were performed using the software package JMP 11 (SAS Institute Inc., Vary, NC
Arithmetic means (mean) and standard deviations (SD)
were calculated and mean values were tested for statistical significant differences using a non-parametric
Wilcoxon signed rank test. A p-value of less than 0.05
was considered significant.
Correlation analysis was performed using Spearman
rank correlation coefficients. Spearman correlations
are interpreted as follows in this study: |r| > 0.90 =
very strong correlation; 0.6 < |r| < 0.9 = strong correlation; 0.4 < |r| < 0.6 = moderate correlation; |r| < 0.4 =
weak correlation.
A Bland-Altman-analysis was performed for comparison of different measurement methods (arterial phase Carm CT, PBV, CSI) of maximum tumor diameter. Mean
difference (MD) and 95% confidence interval (CI) were
determined.
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observed. None of the C-arm CT acquired arterial phase
or PBV maps showed a poor (2) or non-diagnostic (1)
image quality.
As displayed in Table 2, arterial phase acquisitions
showed a significantly higher amount of noise and artifacts compared to PBV maps (p = 0.195 and p = 0.0001).
None of the acquisitions and/or reconstructions showed
major artifacts affecting diagnostic image quality. Central
hepatic arteries showed significantly sharper delineation in
PBV maps compared to arterial phase C-arm CT acquisitions (p = 0.0213), whereas the wall of the gallbladder
tended to be more clearly delineated in arterial phase Carm CT images, however this finding was not significant
(p = 0.1353). Mean values, standard deviations and p-values
of the investigated parameters are listed in Table 2.
Complete acquisition of the liver was achieved in 59%
(n = 17) of all cases. However, the diagnostic quality (1)
was not restricted by missing parts of the liver in any of
the affected cases due to exact patient positioning in
knowledge of the localization of the lesions from the
pre-interventional imaging. Missing parts of the liver
consisted of partly not covered segments 2 and 3 (n = 5),
segments 5 and 6 (n = 2), segment 2 (n = 1), segment 4
(n = 1), segment 6 (n = 1), segment 7 (n = 1), and segment 2, 3, 5, and 6 (n = 1).
Lesion characterization and detection of tumor feeding
vessels

A total of 52 hypervascularised HCC lesions were detected in arterial phase C-arm CT and reconstructed
PBV maps. Mean diameter of HCC lesions was 26.6 mm
(±15.8 mm) in arterial phase C-arm CT and 24.9 mm
(±15.1) in PBV maps resulting in a significantly
higher diameter in arterial phase C-arm CT images
(p = 0,0004). An excellent correlation was seen between both methods (rho = 0.93). The lesions showed
similar, but significantly higher conspicuity in PBV
maps. Mean conspicuity was 4.27 (±0.74) in PBV
maps as opposed to 3.83 (± 1.08) (p < 0.0001) in arterial phase images. Both methods showed a strong
correlation (rho = 0.74). Calculated CNR was significantly higher in PBV maps compared to arterial phase
C-arm CT with a mean CNR of 22.84 (±39.75) compared to 3.39 (± 2.51) (p < 0.0001). Regarding
Table 2 Image quality analysis using 5-point Likert Scale

Results

Parameter

C-arm CT arterial phase PBV map

Subjective image quality analysis

Overall quality (n = 29)

3.93 (±0.59)

4.34 (±0.55) 0,0032*

Artifacts (n = 29)

2.79 (±0.56)

2.21 (±0.56) 0,0001*

According to a 5-point Likert scale, overall image quality
of arterial phase C-arm CT acquisition and reconstructed PBV maps (n = 29) was good (4) or excellent (5)
in 80% and in 97% of the cases, respectively. A significant better image quality of the PBV maps compared to
arterial phase C-arm CT acquisition (p = 0.0032) was

p-value

Gallbladder wall (n = 27) 4 (±0.73)

3.7 (±0.61)

Large vessels (n = 29)

4.14 (±0.52)

4.48 (±0.51) 0,0213*

Noise (n = 29)

3.48 (±0.57)

3.79 (±0.41) 0,195

* statistically significant

0,1353
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detectability of tumor feeders, significantly more feeding
vessels were detected in arterial phase C-arm CT (1.67 ±
0.92) compared to PBV maps (1.27 ± 0.63) (p = 0.0001).
Comparison to cross-sectional imaging

Of 52 HCC lesions detected on CBCT imaging, a corresponding lesion in pre-interventional cross-sectional imaging was found in 51 cases (98%). One lesion was not
seen in pre-interventional CT imaging. An example of
arterial phase imaging, PBV map and CSI imaging is
given at Fig. 1.
The maximum diameter of HCC lesions in preinterventional CSI was 25.2 mm (±15.1) compared to 24.
9 mm (±15.2) in PBV (p = 0.20, MD = − 0.25 mm, CI = −
0.73 to 0.22 mm). Maximum tumor diameter in arterial
phase C-arm CT (26.5 ± 15.9) was significantly higher
compared to CSI (p = 0.0212, MD = 1.27 mm CI = 0.11
to 2.44 mm).
Results of the Bland-Altman plot are shown in Fig. 2.
Spearman’s correlation coefficient rho revealed an excellent correlation between maximum tumor diameter in
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CSI and arterial phase C-arm CT (rho = 0.9168) as well
as in CSI and PBV maps (rho = 0.9814).

Discussion
Due to the opportunities of peri-interventional 3D imaging in combination with high contrast resolution and
high spatial resolution of the arterial vasculature, the use
of C-arm computed tomography during TACE treatments of HCC has steadily increased in recent years.
Numerous studies have evaluated its clinical usefulness
[9, 18] and hence the Cardiovascular and Interventional
Radiological Society of Europe (CIRSE) as well as the
Society of Interventional Radiology (SIR) recommend its
use in TACE procedures [19].The exact localization of
tumor is crucial to increase the selectivity of drug delivery into the targeted tumor tissue, thereby limiting nontarget embolization and preserving healthy liver tissue.
Eventually, such an approach will optimize tumor response to liver directed therapy [20]. However, detection
of small or less vascularized tumors is reported to be
limited using conventional angiography, especially in

Fig. 1 Images of HCC lesion at liver segment V of a 82-year old male patient in arterial phase (a), PBV map (b) as well as pre-interventional CT at
portal venous phase (c)
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Fig. 2 Bland-Altman plot providing maximum tumor diameter measured at C-arm CT and CSI

advanced cirrhosis with heterogeneous perfused liver
parenchyma [21]. C-arm CT allows intra-procedural acquisition of arterial phase images in a volume of interest,
whereas dual phase C-arm CT enables acquisition of the
liver parenchyma during different parenchymal phases
and the acquisition of parenchymal blood volume (PBV)
information as well as perfusion data [11, 22].
As compared to conventional CT acquisition, C-arm
CT is associated with limitations concerning image quality, mostly due to the increased photon scatter and increased image noise generated by the small acquired
FOV [22]. This disadvantage might result in an incomplete visualization of the entire liver, as it was seen in 12
(41%) of our patients. However, due to correct patient
positioning, all HCC lesions could be detected in this
study. The assessment of overall image quality revealed
a significantly superior image quality of PBV maps compared to arterial phase C-arm CT acquisition as well as
lower amount of noise and artifacts, which is most likely
related to advanced post-processing techniques involved
in the generation of PBV maps compared to the arterial
phase images.
The high spatial resolution of C-arm CT due to the
flat detector technology in conjunction with improved
depiction of soft tissue details has already demonstrated
an improved visibility of small HCCs [23] and direct
contrast agent administration to hepatic arteries results
in markedly higher tumor-to-liver contrast ratio compared to CSI [22]. Loffroy et al. [7] investigated detectability of HCC lesions by C-arm dual-phase CT
compared to contrast enhanced MRI and showed that
dual-phase C-arm CT is more useful and reliable than
single-phasic imaging to depict HCC lesions. Lucatelli et
al. [8] found that C-arm CT has a significantly higher
diagnostic performance detecting smaller or less vascularized lesions than multidetector CT. In contrast to this
data, our retrospective study investigates the value of

arterial phase images and PBV maps acquired with
CBCT during TACE treatment as compared to preinterventional cross-sectional imaging modalities.
In this study, we found a higher conspicuity of tumor
lesions in PBV maps compared to arterial phase images,
which is most likely explained by the above mentioned
improved image quality of PBV maps compared to arterial phase images. Furthermore, lesion size was slightly
overestimated in arterial phase images compared to PBV
maps and CSI. This finding was in line of the study published by Tacher et al. [24] using a semiautomatic tumor
segmentation software in measuring tumor volume on
CE-MRI and dual phase CBCT images. For patient outcomes, the exact detection and treatment of tumor lesions and its feeders is of utmost importance [25]. Using
C-arm CT during TACE, one lesion was detected (size
32x22mm) which had been missed by pre-interventional
multiphasic CT. This is likely related to the higher
tumor-to-liver contrast ratio using CBCT. This observation is concordant with the literature. Several studies
showed an equal or even better sensitivity of tumor detection of HCC in C-arm CT compared to MDCT [26],
especially in smaller tumors.
Virmani et al. investigated the utility of C-arm CT to
optimize the catheter position during TACE and correction of catheter position was necessary in almost 39%
based on C-arm CT assessment [27]. Traditionally, the
detection of tumor feeders has been performed using
conventional fluoroscopy and DSA. However, due to the
two-dimensional character of this technique, the detection is limited by the potential misidentification or poor
visualization of tumor feeders, mainly due to superimposed vessels. This could result in unnecessary or insufficient treatment, thereby potentially negatively
impacting the individual patient outcome. Moreover, it
has been demonstrated that in a significant percentage
of cases, MDCT and MRI cannot correctly define the
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intra- and/or extrahepatic arterial feeders [28]. C-arm
CT offers a 3-dimensional visualization of the liver vessel with high vessel-to-liver contrast resolution and high
spatial resolution. Therefore, sensitivity for detecting
tumor feeders has been found to range between 73 and
100% [6, 29]. These results are supported by this study
which showed significantly more feeding vessels in the
C-Arm CT arterial phase compared to PBV maps and
CSI, probably due to the higher contrast concentration
caused by direct intra-arterial injection of contrast material. This leads to markedly improved visualization of
smaller vessels compared to CTA acquired in MDCT
during intravenous application of the contrast agent.
Furthermore, volume rendering and planar reformats
that complement digital subtraction angiography allow
for clarification of three-dimensional vascular relationships and provide a road map that simplifies the complex vascular anatomy in cirrhotic patients [30].
In summary, whereas overall image quality, conspicuity of HCC lesions and determination of tumor size
was better in PBV maps, arterial phase images are necessary in order to accurately detect tumor feeders.
The study has several limitations. First, the study has a
retrospective design and the size of the patient cohort is
limited. Therefore, these results have to be interpreted with
care and cannot be transferred to other C-arm CT vendors
and protocols. Another possible limitation is the use of two
different modalities in pre-interventional imaging, which is
due the retrospective study design. However we only used
1.5 T scanners for MRI imaging and 128 slices scanners for
CT. Subgroup analysis of the two different imaging techniques didn’t show any significant difference in lesion diameters between CT vs CBCT and MRI vs CBCT.

Conclusion
The combination of PBV maps and arterial phase images
acquired by C-arm CT during the TACE procedure enables for precise detection of the majority of HCC lesions and tumor feeding arteries and may therefore
potentially increase patient outcomes.
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