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Detection of Recurrent/Residual Hepatocellular Carcinoma:
Single-Center Retrospective Comparative Study Between
Parenchymal Blood Volume Mapping Using Cone Beam CT and

Multiphase Dynamic CT
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Purpose: To evaluate the usefulness of cone beam computed tomography (CT)-
based parenchymal blood volume (PBV) mapping for the detection of marginal re-
currence or residual hepatocellular carcinoma, after transcatheter arterial chemo-
embolization (TACE), and to compare it with multiphase dynamic CT (MDCT).
Materials and Methods: From March 2015 to October 2016, 26 patients with 49
iodized nodules who underwent TACE and a pre-interventional MDCT scan were en-
rolled in our study. We evaluated the diagnostic efficacies of PBV mapping using
cone beam CT and MDCT in the detection of marginal recurrences or viable tumors.
Results: The sensitivity, specificity, positive predictive value, and negative predictive
value (NPV) of PBV mapping and MDCT were 100%, 96.7%, 94.7%, and 100%, and
77.9%, 93.5%, 87.5%, and 87.8%, respectively. The overall sensitivity for identifying
local marginal recurrence was higher for PBV mapping than for MDCT (p < 0.005).
The performances of PBV mapping and MDCT in the diagnosis of local marginal re-
currence were significantly different (o = 0.037, McNemar test).

Conclusion: Compared with MDCT, PBV mapping can significantly increase the de-
tection of marginal recurrence or residual tumor after TACE because it is free of
beam-hardening artifact. PBV mapping should be considered as a feasible modality-
related tool for patients who have undergone chemoembolization.
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INTRODUCTION

Transcatheter arterial chemoembolization (TACE) is cur-
rently one of the most widely performed methodologies for cu-
rative and palliative treatment of hepatic malignancies (1-3).
Although conventional TACE has been shown to be an efficient
therapeutic modality and has led to improved survival rates, it
remains unsatisfactory due to the high recurrence rate (4, 5).
Therefore, the early detection of viable or recurrent tumor after

chemoembolization is necessary to improve the long term out-
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comes and patient’s prognosis (4, 6).

Several imaging modalities have been used for follow-up af-
ter chemoembolization, including computed tomography (CT),
contrast-enhanced ultrasonography, and magnetic resonance
imaging (MRI); these have been compared for their utility in
evaluation of the therapeutic effects and detection of recurrenc-
es (5, 7). Recently, hepatocyte-specific MR contrast agents such
as gadoxetic acid-enhanced MRI and the inclusion of diffusion-
weighted imaging have made it possible to diagnose even small
hepatocellular carcinomas (HCCs) (8). Although MRI may be
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considered the optimal imaging modality because it has higher
sensitivity and specificity than CT, CT still remains the “work-
horse,” because of its lower cost and higher availability (7, 9).
However, CT has problem with the interpretation of local mar-
ginal recurrences after chemoembolization, because of beam
hardening artifact due to iodized oil (9).

Recently, parenchymal blood volume (PBV) mapping using
cone beam CT was introduced into the angiography suite. Cone
beam CT can generate a three-dimensional data set, real time
fluoroscopy, digital subtraction angiography (DSA), and tomo-
graphic images, and can achieve superior spatial resolution
compared to conventional CT (10, 11). PBV mapping using cone
beam CT provides information on tumor angiogenesis and al-
lows functional analysis with the results expressed in color and
free from beam hardening artifacts; this can be advantageous
for the detection of marginal recurrence after TACE (1, 5).

Thus, the purpose of this study was to evaluate the feasibility
of PBV mapping using cone beam CT as a follow up modality
after TACE, and to compare it with multiphase dynamic CT

(MDCT) in the detection of local marginal recurrence.

MATERIALS AND METHODS

Patients

This retrospective cohort study was approved by our Institu-
tional Review Board (EMC 2018-06-008). We included 31 pa-
tients who had undergone TACE between March 2015 and Oc-
tober 2016. The inclusion criteria were 1) at least 18 years-of-age,
2) an interval between TACE procedures exceeding 1 month, 3)
an interval between the pre-interventional follow-up CT and
TACE of less than 1 month, and 4) received TACE in combina-
tion with pre interventional cone beam CT with PBV mapping.

We excluded patients, who had no previous TACE proce-
dures (n = 1), received other anticancer treatment, including
drug-eluted-microspheres TACE (DEM-TACE) (n = 1) and
failed to obtain PBV mapping due to motion artifact (n = 3).
Finally, 26 patients with 49 iodized nodules were included in
this study.

The baseline characteristics of the 26 patients are presented
in Table 1. All patients had preserved underlying liver function
(Child-Pugh class A diseases). The mean interval between the

pre-interventional follow-up CT and chemoembolization was
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19 days (range, 1-30 days).

Multidetector CT
All patients underwent multiphasic CT before TACE. The CT

Table 1. Baseline Characteristics of the Patients with Hepatocellular
Carcinomas

Demographics Value

Patients (n) 26
lodized nodules evaluated (n) 49
Age (years) 65.38 (44-79)
Sex

Male 17

Female
Etiology

HBV 15

HCV

Alcohol

Other
Child-Pugh class

A 26

Serum tests

Basal AFP (ng/mL) 5277

Albumin (g/dL) 3.88

INR 1.16

Bilirubin (mg/dL) 097
Interval between last CT and TACE (day) 19 (1-30)

Values are number or mean (range).
AFP = alpha fetoprotein, CT = computed tomography, HBV = hepatitis B
virus, HCV = hepatitis C virus, INR = international normalized ratio

Table 2. Diagnostic Performance of CT and PBV Mapping

Performance Measure CT PBV Mapping p-Value
Sensitivity (%) 779 100 0.004
Specificity () 935 96.7 0317
PPV (%) 87.5 94.7
NPV (%) 87.8 100

CT = computed tomography, NPV = negative predictive value, PBV = pa-
renchymal blood volume, PPV = positive predictive value

Table 3. Comparisons between CT and PBV Mapping for Detection of
Marginal Recurrence

HCC (True +) HCC (True -)
CT
Positive 14 2
Negative 4 29
PBV mapping
Positive 18 1
Negative 0 30

CT = computed tomography, HCC = hepatocellular carcinomas, PBV = pa-
renchymal blood volume
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was performed by using a 128-row CT scanner (SOMATOM
Definition AS; Siemens, Erlangen, Germany) with the follow-
ing scan parameters: detector configuration = 128 x 0.6, tube
voltage = 120 kVp, gantry rotation time = 0.3 seconds, pitch =
0.6, slice thickness = 3 mm.

All patients received 1.5 mL/kg body weight of Iohexol 350
(Iobrix 350; Taejoon Pharmaceuticals Co. Ltd, Seoul, Korea),
intravenously by using a dual-chamber mechanical power in-
jector (Stellant; Medrad Inc., Indianola, PA, USA) at a rate of 3

mL/s through an 18-gauge intravenous catheter inserted into an

C

antecubital vein. The scan delay before initiation of arterial-phase
imaging was determined by means of bolus tracking with auto-
mated scan triggering (CARE Bolus; Siemens). Arterial-phase
scanning began automatically 10 seconds after a trigger thresh-

old of 100 Hounsfield unit was reached in the abdominal aorta.

PBV Mapping Using Cone Beam CT
The cone beam CT-based PBV mapping was performed us-
ing a dedicated workstation (Artis Q ceiling VD10; Siemens) in

an interventional procedure room, before the TACE procedure.

Fig. 1. A 71-year-old male patient who had undergone a single transarterialchemoembolization treatment.
A. Axial image of the arterial-phase CT scan show a tiny defect at the margin of the iodized oil-containing nodule at S8 of the liver, although no

significant enhancing portion was seen.

B. Axial images of the delay-phase CT scan show a tiny defect at the margin of the iodized oil-containing nodule at S8 of the liver, although no

significant wash-out portion was seen.

C. Parenchymal blood volume mapping using cone beam CT shows increased blood flow (arrow).
D. Selective arteriogram demonstrating an enhancing residual marginal tumor (arrow).

CT = computed tomography
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The acquisition consisted of two rotations during a single breath
hold. After an initial rotation of 6 seconds for the mask run,
contrast injection was started immediately, with the C-arm ro-
tating back and running a second rotation (fill run) that took 12
seconds. Using a power injector, a nonionic contrast medium
(Pamiray” 300; Dongkook Pharmaceutical, Seoul, Korea) was
intra-arterially injected with a microcatheter at a rate of 4 mL/s.

The following parameters were used for the acquisitions: ac-
quisition time 5 seconds, 90 kV; 512 x 512 matrix, projection to
a 30 x 40 cm flat panel size, 200° total angle, 0.8°/frame, 248
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frames in total, detector entrance dose 0.36 pGy/frame. PBV
post-processing was performed on a separate workstation
(Syngo X Workplace VC10; Siemens).

We followed a previously described post-processing work
flow (12). The mask and fill run were reconstructed and sub-
tracted, with motion between the two runs being corrected by a
non-rigid registration algorithm. The value of the arterial input
function was calculated from an automated histogram analysis
of the vessel. The arterial input value was then applied as a scal-

ing factor. In a final step, a smoothing filter was applied to re-

Fig. 2. A 54-year-old male patient who had undergone a single transarterial chemoembolization treatment.
A. Axial images of the arterial-phase CT scan show defect within the iodized nodule at S6 of the liver, but no definite enhancing viable tumor fo-

cus was visible (arrow).

B. Axial images of the delay-phase CT scan show defect within the iodized nodule at S6 of the liver, but no definite wash-out portion is seen.
C. Parenchymal blood volume mapping using cone beam CT shows an area of increased blood flow (arrow).
D. After selective chemoembolization to a branch of the S6 artery, the viable tumor is confirmed by uptake of dense iodized oil (arrow).

CT = computed tomography
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duce pixel noise. The PBV was then visualized with a color map.

Procedure of TACE

All transarterial chemoembolization procedures were per-
formed by an interventional radiologist with more than 5 year-
sofexperience. After the cone beam CT, superselective chemo-
embolization was performed by injecting a mixture of iodized
oil (Lipiodol; Andre Guerbet, Aulnay-Sous-Bois, France) and
doxorubicin hydrochloride (Adriamycin; Kyowa Hakko, Tokyo,
Japan) until stasis was achieved. Gelatin sponge particles (Cali-
Gel®; Alicon Pharm SCI&TEC Co., Ltd., Hangzhou, China)
were used for embolization, if required. Finally, completion an-

giography from the common hepatic artery was performed.

Data Analysis

The CT images were interpreted independently by two hepa-
tobiliary radiologists with more than 5 years of experience in ab-
dominal imaging. Assessment of marginal recurrence on CT
was based on the following criteria: 1) a newly developed arte-
rial enhancing lesion at the margin of a previous iodized nod-
ule, 2) a focal defect within an iodized nodule with enhance-
ment seen on the arterial phase.

The PBV maps were evaluated by one interventionist and one
resident. Assessment of marginal recurrence on the PBV map
was considered if a lesion had higher blood flow (colored to
represent express blood flow) than that of the normal liver tis-
sue. The confirmation of a viable margin or recurred tumor was

considered according to a dense accumulation of oil during

Fig. 3. A 48-year-old male patient who had undergone a single transarterial chemoembolization treatment.
A, B. Axial images of the arterial and delayed phase CT scan images show large defects within the iodized nodule, but no definite enhancing via-

ble tumor focus is visible (arrows).

C. Parenchymal blood volume mapping using cone beam CT shows an area of increased blood flow (arrow).
D. After transarterial chemoembolization, the follow up CT shows lipiodol uptake at a previously defective area that was confirmed as viable tumor.

CT = computed tomography
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chemoembolization and/or positive lipiodol uptake on CT after
TACE.

The sensitivity, specificity, positive and negative predictive
values for the detection of marginal recurrence or viable tumor
were calculated for each imaging modality.

The statistical significances of differences between CT and
PBV map results were assessed using McNemar's test. All statis-
tical analyses were performed using SPSS software (version
20.0; IBM Corp., Armonk, NY, USA).

RESULTS

Of the two modalities, PBV mapping had higher sensitivity,
specificity, and positive and negative predictive values than CT

for the detection of marginal recurrence of HCC. The sensitivi-

C
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ty and negative predictive value of PBV mapping were 100%.
Sensitivity showed statistically significant differences between
the two modalities (p < 0.005) (Table 2).

In the 4 tumors with incorrect negative MDCT results, the
PBV mapping accurately depicted the tumors (Table 3, Figs.
1-3). The McNemar's test showed a statistically significant dif-
ference for detection of marginal recurrence between the two
modalities (p = 0.037).

One tumor identified on PBV mapping showed no enhance-
ment on arterial phase on MDCT and no lipiodol uptake on
TACE. This lesion remained untreated but at 6 months, lesion
showed strong arterial enhancement with delayed washout and
increased in size on MDCT. And proved to be a recurrent tu-
mor on TACE (Fig. 4).

Fig. 4. A 65-year-old female patient who had undergone fourth transarterial chemoembolization treatment.

A. Parenchymal blood volume mapping using cone beam CT shows an area of increased blood flow (arrow).

B. Axial images of the arterial phase CT scan image show no arterial enhancement.

C. 6 months later, arterial phase CT scan image show arterial enhancement (arrow).

D. After selective chemoembolization to a branch of the S3 artery, the viable tumor is confirmed by uptake of dense iodized oil (arrow).

CT = computed tomography
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DISCUSSION

In this study, PBV mapping using cone beam CT was success-
fully used to distinguish marginal recurrences after TACE. It
was also shown to be more successful in the diagnosis of local
marginal recurrence than MDCT (p = 0.037), with detection of
some newly developed HCCs that were not apparent on CT.
PBV mapping also showed higher sensitivity, specificity, and
positive and negative predictive values. We also showed statisti-
cally significant differences in sensitivity and diagnostic accura-
cy between the two modalities.

One of the important features of HCC is an increase in arte-
rial vascularization (13). CT and MRI may be inadequate for
detecting such changes in tumor vascularity (14), and CT has
limitations due to beam hardening artifacts. Perfusion CT pro-
vides acceptable image quality and has been reported as being a
useful tool for the assessment of liver tumor vascularity (15)
and the monitoring and prediction of treatment responses to
early antiangiogenic treatments (16, 17).

Blood volume imaging with cone beam CT can also display
similar features to perfusion CT, and has been shown to correlate
very highly with it (18).

PBV mapping using cone beam CT has the disadvantage of
having motion artifact and high radiation dose, caused by long
rotation time, but it has more advantages.

Cone beam CT can enable direct monitoring, and can supply
additional information from DSA imaging; this could impact
decision making during chemoembolization through the im-
proved detection of tumors (19). Lucatelli et al. (20) reported
that cone beam CT showed a greater diagnostic performance
compared with MDCT in the detection of hypervascular nod-
ules that were subsequently diagnosed to be HCCs.

There were several limitations to this study. First, this study
was performed at a single academic medical center and all pa-
tients were classified as Child-Pugh class A; this may have cre-
ated a selection bias. Second, imaging findings considered as
recurrences or viable tumors were not confirmed by histopa-
thology, and accurate correlations of imaging and histopatho-
logic findings were not made; this could have led to overestima-
tion of recurrence. Third, compared with CT perfusion, which
can provide various perfusion parameters such as arterial liver

perfusion, portal venous perfusion and hepatic perfusion in-
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dex, only blood volume can be assessed with PBV mapping us-
ing cone beam CT. Fourth, the PBV mapping using cone beam
CT was performed an average of 19 days after the CT. This inter-
val could have led to the development of HCC lesions in be-
tween acquisitions. Last, PBV mapping needs femoral artery
puncture which is invasive procedure, this could be limitation
on its use for diagnostic purpose.

In conclusion, our study demonstrates that PBV mapping us-
ing cone beam CT is a feasible modality-related tool for patients
who have previously undergone chemoembolization, with it
being more reliable than conventional CT for the detection of

marginal recurrence.
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