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Abstract

Purpose Contrast material pooling on angiography
within a tumor bed during embolization for hepatocellular
carcinoma (HCC) presents as the vascular lake (VL) phe-
nomenon. This retrospective study aimed to evaluate the
frequency and management of VLs during chemoemboli-
zation with drug-eluting beads (DEBs) and the relationship
between the VL and local response.

Materials and methods A total of 123 HCC patients with-
out vascular invasion or intrahepatic metastases who under-
went chemoembolization with DEBs (50-100 um supera-
bsorbent polymer microspheres loaded with epirubicin)
were enrolled. Gelatin sponge particles (GS) were injected
for additional embolization in limited patients with steadily
increasing size of VLs during DEB injection. Overall, 338
nodules were divided into three groups: lesions without a
VL (non-VL; n = 250); lesions with a VL but without addi-
tional GS embolization [VL-GS (—), n = 58]; and lesions
with both VL and additional GS embolization [VL-GS
(+); n = 30]. The local responses were statistically com-
pared by Fisher’s exact test with the Bonferroni correction.
Results The frequency of VLs was 26.0 % (88/338).
The response rate in the non-VL group (54.0 %) was sig-
nificantly lower than those in the VL-GS (—) (91.4 %;
P <0.0001) and VL-GS (+) (96.7 %; P < 0.0001) groups.
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Conclusions VL is a common angiographic finding and
might be associated with the local response.
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Introduction

Chemoembolization is recommended for unrespectable
intermediate-stage hepatocellular carcinoma (HCC) as
the first-line palliative treatment because of its positive
impact on survival [1, 2]. Drug-eluting beads (DEBs)
are recently developed calibrated microspheres designed
to bond with chemotherapeutic agents and release the
drugs over time after chemoembolization. DEBs showed
an improved side-effect profile, while maintaining effec-
tiveness, compared with conventional iodized oil-based
transcatheter arterial chemoembolization (c-TACE) for
treatment of HCC [3]. Chemoembolization using DEBs
is technically similar to c-TACE [4], but occasionally
provides a characteristic angiographic finding different
from those for c-TACE, which is demonstrated as contrast
material pooling associated with an aberrant intratumoral
space newly developed during embolization. This angio-
graphic finding can persist late into the venous phase,
presents as the vascular lake (VL) phenomenon, and can
resemble the angiographic findings of contrast material
extravasation in hepatic injuries or hepatic tumor ruptures
[5, 6]. To the best of our knowledge, the pathophysiologic
mechanism underlying VL formation has not been fully
elucidated, and there is a lack of information on both the
clinical significance and safe management of VLs during
the procedure.
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The purpose of the present retrospective study was to
investigate the frequency, predictive factors, and manage-
ment of VLs during chemoembolization with DEBs in
patients with HCC and the relationship between the VL and
local response.

Materials and methods
Patients and tumor selection

We reviewed the initial procedure for 323 consecutive
HCC patients who received chemoembolization with DEBs
loaded with epirubicin between May 2007 and Decem-
ber 2012 in our institution. The selection criteria required
patients to have: (1) well-to-moderately preserved liver
function (Child-Pugh classification A or B); (2) no tumor
thrombi in the portal and hepatic veins; (3) no extrahepatic
metastases; (4) no multiple spread lesions (satellite lesions)
within a narrow area. The reason for the last criterion is
that angiography is a two-dimensional imaging modality
that does not provide information regarding the anteropos-
terior direction. Consequently, it is difficult to identify indi-
vidual lesions by both contrast-enhanced computed tomog-
raphy (CECT) and angiography, especially when multiple
and small lesions are distributed around the main lesions
within a narrow area. Therefore, we excluded patients with
multiple satellite lesions that were diagnosed on pretreat-
ment baseline CECT. Of the 323 patients, 123 met the
indicated criteria. Because of the retrospective nature of
the study involving the use of imaging data and clinical
records with no change in patient care, institutional review
board approval was not required at our institution. Written
informed consent was obtained from all patients before the
procedure.

The patients comprised 84 males and 39 females with
a mean age of 74 years (range 51-91 years). All of the
patients had underlying chronic liver disease, which was
caused by hepatitis C virus infection in 99, hepatitis B virus
infection in 11, hepatitis B and C virus infections in 9, and
other in 4. According to the Child-Pugh classifications, 80
patients (65.0 %) were class A and 43 (35.0 %) were class
B. Seventy-seven patients (62.6 %) had undergone c-TACE
with iodized oil (Lipiodol Ultrafluide; Laboratoire Guerbet,
Aulnay-Sous-Bois, France) and gelatin sponge particles
(GS) before chemoembolization with DEBs, which was
conducted as a treatment for local recurrence or residual
lesions after c-TACE. Regarding the lesions, 12 patients
(9.8 %) had a solitary lesion and 111 (90.2 %) had mul-
tiple lesions (range 2-5). In the 123 enrolled patients, a
total of 430 HCCs were detected on baseline CECT in this
study. Of the 430 lesions, 338 with a long axis of >1 cm
were defined as the target lesions for nodule-based analysis
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because these lesions could be detected and identified by
both CECT and angiography, and residual small lesions
with a long axis of <1 cm were excluded from the study.
The mean longest tumor diameter of the 338 target lesions
was 3.0 & 1.9 cm (range 1.0-8.0 cm).

Beads

The DEBs used in this study were superabsorbent poly-
mer microspheres that are mainly available in Europe and
the USA under the brand names HepaSphere® and Quad-
raSphere® (Merit Medical Systems, South Jordan, UT,
USA), respectively, and have diameters ranging from 50
to 100 um in the dry state. The method for loading the
DEBs with epirubicin was described elsewhere [5]. Briefly,
a vial containing 25 mg of beads was loaded with 25 mg
of epirubicin diluted in 5 ml of nonionic contrast material
(iomeprol 350 mgl/ml) or NaCl-containing contrast mate-
rial (mixture of iomeprol 350 mgl/ml and 10 % NaCl at a
4:1 ratio). After a loading period of about 30 min, the beads
had expanded by approximately two times with the NaCl-
containing contrast material and six times with the non-
ionic contrast material [7, 8].

Procedure

All procedures were performed by experienced interven-
tional radiologists at our institution using a 2.1-F micro-
catheter through a 4-F catheter, which was inserted through
the femoral artery according to the Seldinger method. The
catheter position and choice of contrast material (nonionic
or NaCl-containing) at the time of epirubicin loading were
determined according to the tumor size, distribution, and
vascularity as well as vascular anatomical variation. After
angiographic identification of the tumor blush and cath-
eterization into the feeding arteries, the prepared DEBs
were suspended in contrast material (iomeprol 350 mgl/ml)
diluted with normal saline (50:50) and then injected slowly
in frequent small doses (0.5-1.0 mg of DEBs per injection)
through the microcatheter. When initial near stasis of each
feeding artery was achieved, a waiting time of about 5 min
was allowed to ensure deeper distribution of the DEBs into
the tumor microvasculature by the blood flow (redistribu-
tion of DEBs) [9]. Subsequently, more DEBs were injected
by the same method until secondary near or complete sta-
sis had been seen fluoroscopically. After the embolization
with DEBs alone, angiography was performed to evaluate
the achievement of the DEB embolic endpoint, which was
defined as the disappearance or considerable reduction of
the tumor blush and considered to demonstrate technical
success.

Selective embolization was performed in the segmen-
tal artery or more distally for 203 lesions (60.1 %), while
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nonselective embolization was performed in the lobar artery
for 135 lesions (39.9 %). The contrast material for dissolv-
ing epirubicin powder was the nonionic contrast material for
169 lesions (50 %) and the NaCl-containing contrast mate-
rial for 169 lesions (50 %). In 44 lesions (13.0 %), emboli-
zation was performed through extrahepatic collateral path-
ways coupled with hepatic arteries [right inferior phrenic
artery, n = 36; right internal thoracic artery, n = 5; right
adrenal artery, n = 5; left inferior phrenic artery, n = 2;
right renal capsular artery, n = 1 (duplicated)].

No antibiotic prophylaxis was given before or after
embolization. Patients were discharged from the hospital at
48 h after embolization. No type of next or parallel treat-
ment was performed within 3 months after embolization to
preserve the liver function.

Management of VL

VL was defined as focal, well-circumscribed, and persis-
tent retention of contrast material in various forms on the
venous phase of angiography and was distinguished from
a tumor blush. A VL occurred at various times during the
procedure and changed its size with continuous injection
of DEBs. During the DEB procedure, arteriography was
repeated to evaluate the onset and size of the VL. Even
in the presence of a VL on the angiogram, slow injection
of DEBs was repeated until closure of the neovascularity.
The operation was finished after confirming the disappear-
ance or remarkable shrinkage of the VL compared with
the maximum size observed during the DEB procedure
and achievement of the DEB embolic endpoint. However,
when the size of the VL increased or remained unchanged
despite continuous DEB injection, the embolic material
was switched from DEBs to GS (Gelpart; Nippon Kayaku,
Tokyo, Japan) with a diameter of 1 or 2 mm, which was
additionally injected until the disappearance of the VL.

Assessment

Baseline and follow-up CECTs were performed by multi-
detector computed tomography with a bolus contrast injec-
tion. Lesions that showed hypervascularity in the arterial
phase of CECT and had relatively low density on the por-
tal venous phase of CECT were diagnosed as viable HCC.
Complications associated with embolization and VLs were
evaluated on the basis of physical and hematological find-
ings obtained during 4 weeks of follow-up after the proce-
dure as well as CECT at postoperative week 4. The local
response of each target lesion was evaluated by CECT at
3 months after the procedure according to the modified
RECIST criteria [10]. The response rate (RR) of the target
lesions was defined as the percentage of responders [com-
plete response (CR) or partial response (PR)] to the total

number. In view of the nature of nodule-based analysis, the
responses of non-target lesions and new lesions were not
evaluated in this study.

To evaluate the frequency and predictive factors of
VLs, the 338 nodules were retrospectively divided into
two groups according to the onset of VL on angiography:
lesions with VL (VL group, n = 88) and lesions without
VL (non-VL group, n = 250). Comparisons were made
between the two groups with regard to tumor and treat-
ment characteristics. Tumor information on baseline CECT
was categorized by maximum diameter (<3 vs. >3 cm) and
location (proximal vs. peripheral). With regard to tumor
location, lesions were labeled as proximal if they were
within 4 cm of the portal vein bifurcation and peripheral
if not. Treatment information was categorized by contrast
material used for dissolving epirubicin powder (nonionic
vs. NaCl-containing), embolization selectivity (selective
vs. nonselective), need for extrahepatic collateral emboliza-
tion (no vs. yes), and dose of beads used (<10 vs. >10 mg).

To evaluate the relationships among VLs, additional GS
embolization, and local response, the 338 nodules were
retrospectively divided into three groups according to the
onset of VLs and the need for additional GS emboliza-
tion to deal with non-shrinking VLs: lesions without a VL
(non-VL group, n = 250); lesions with a VL but without
an additional GS embolization [VL-GS (—) group, n = 58]
(Fig. 1); and lesions with both VL and additional GS embo-
lization following DEB injection [VL-GS (4) group,
n = 30] (Fig. 2).

Statistical analysis

To investigate the correlations between the VL and tumor
or treatment characteristics, the six variables for the VL and
non-VL groups were analyzed by univariate analyses using
the chi-square test. The variables significantly associated
with VL (P < 0.05) in the univariate analyses were sequen-
tially entered into a logistic regression model and subjected
to multivariate analyses to assess their relative contributions.
To compare the local responses among the non-VL, VL—
GS (—), and VL-GS (+) groups, the RR was compared
between each set of two groups within the three groups by
Fisher’s exact test. According to the Bonferroni correction for
multiple comparisons, the results were considered significant
for P < 0.017, representing an overall alpha level of <0.05.

Results
Frequency and predictive factors of VL

The frequency of VL was 26.0 % (88/338) by nodule-
based analysis. The DEB embolic endpoint was achieved
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Fig. 1 A lesion with a vascular lake (VL) that was not additionally
injected with gelatin sponge particles (GS) in the VL-GS (—) group.
The patient was a 68-year-old female with multiple recurrent hepato-
cellular carcinomas (HCCs) after repeated conventional transcatheter
arterial chemoembolization. a Contrast-enhanced computed tomogra-
phy (CECT) showed a 2.0-cm HCC at a peripheral site in the hepatic
anterior segment (arrow). b Selective angiography of the anterior seg-
mental branch of the right hepatic artery showed two tumor blushes,
one of which was identified as a contrast-enhanced lesion in liver
segment 5 on CECT (arrow). Chemoembolization was performed

on angiography for all target lesions, regardless of the pres-
ence or absence of a VL, giving a technical success rate of
100 %.

Compared with the non-VL group, more lesions in the
VL group had a maximum tumor diameter of >3 cm (67.0
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at this point. ¢ Selective angiogram after chemoembolization with
7 mg of drug-eluting beads (DEBs) showed VL formation (arrow)
with complete disappearance of the tumor blush. d CT during selec-
tive angiography just after chemoembolization showed pooling of the
contrast material within the tumor (arrow), representing VL forma-
tion. e Selective angiography showed disappearance of the VL after
additional injection of 1.0 mg of DEBs alone. f CECT at week 4 after
chemoembolization revealed a lack of contrast enhancement in the
majority of the tumor areas (arrow), suggesting a partial response

vs. 22.8 %, P < 0.0001) and the dose of beads used >10 mg
(67.0 vs. 48.0 %, P = 0.0021) (Table 1). In the multivari-
ate logistic regression analyses, a maximum tumor diam-
eter of >3 cm remained predictive for the appearance of
VL (hazard ratio 6.98; 95 % CI 3.72-13.09; P < 0.0001)
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Fig.2 A lesion with a vascular lake (VL) that was additionally
injected with gelatin sponge particles (GS) in the VL-GS (4) group.
The patient was an 84-year-old male with a solitary 3.5-cm hepa-
tocellular carcinoma (HCC) in the right hepatic lobe. a Selective
angiography of the posterior superior subsegmental branch of the
right hepatic artery showed a tumor blush. Chemoembolization was
performed at this point. b After chemoembolization using 7 mg of

(Table 2). The frequencies of VL for lesions with maximum
tumor diameters of <3 and >3 cm were 13.1 % (29/222)
and 50.9 % (59/116), respectively.

Management of VL (Fig. 3)

Even after the onset of VL, DEBs continued to be injected
into the 88 nodules with VL, resulting in the disappearance
of the VL for 33 lesions and shrinkage of the VL for 25
lesions. Hence, the procedure was finished for these lesions
[VL-GS (—) group]. Additional GS embolization was per-
formed in the residual 30 lesions with stable or increased
VL [VL-GS (+) group], resulting in complete disappear-
ance of the VL on angiography for all 30 lesions. No embo-
lization- or VL-associated serious complications, such as
non-target organ embolization, bile duct damage (biloma
and liver abscess), tumor rupture, and hemoperitoneum,
were observed in any patients in the three groups.

drug-eluting beads (DEBs), selective angiography showed the onset
of VL (arrow) and residual tumor blush. ¢ After additional chem-
oembolization using 8 mg of DEBs, the majority of the tumor blush
disappeared, and the size of the VL evidently increased. d Additional
embolization using GS was performed until the VL disappeared com-
pletely

Relationship between VL and local response

The local responses of the target lesions in the three groups,
namely the non-VL, VL-GS (—), and VL-GS (+) groups,
are listed in Table 3. The RR in the non-VL group (54.0 %)
was significantly lower than those in the VL-GS (—)
(91.4 %; P < 0.001) and VL-GS (+) (96.7 %; P < 0.001)
groups.

Discussion

VL is a common angiographic finding during emboliza-
tion using beads for patients with HCC. In our study, VL
was noted in 26.0 % of nodules and occurred with a sig-
nificantly higher frequency in patients with larger HCCs.
However, there is no guideline for the management of VL
during the procedure and insufficient information about
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Table 1 Comparisons of tumor and treatment characteristics between
lesions with and without a vascular lake (VL)

Characteristics VL group Non-VL group P value
(n=88) (n = 250)
n %o n %
Maximum tumor diameter (cm)
<3 29 33.0 193 772 <0.0001
>3 59 67.0 57 22.8
Tumor location
Proximal 28 31.8 67 26.8 0.368
Peripheral 60 68.2 183 73.2
Contrast material for dissolving epirubicin powder
Nonionic 43 48.9 126 50.4 0.804
NaCl-containing 45 51.1 124 49.6
Embolization selectivity
Selective 53 60.2 150 60.0 0.970
Nonselective 35 39.8 100 40.0
Need for extrahepatic collateral embolization
No 74 84.1 220 88.0 0.357
Yes 14 159 30 12.0
Dose of beads used (mg)
<10 29 33.0 130 52.0 0.0021
>10 59 67.0 120 48.0

Table 2 Multivariate analyses for factors correlated with a vascular
lake

Variables HR 95 % CI P value

Maximum tumor diameter (cm) 6.98 3.72-13.09 <0.0001
(>3 vs. <3 cm)

Dose of beads used (mg) 1.16 0.65-2.09 0.612

(>10vs. <10)

HR hazard ratio, CI confidence interval

VL-associated complications, including tumor rupture. In
this study, no VL-associated complications were observed
with additional GS embolization given exclusively to
patients with non-shrinking VLs after DEB injection. This
method for management of VLs might contribute to safety
following chemoembolization with DEBs.

The etiology of VL during chemoembolization has not
been well understood. Yamanaka et al. [11] discussed that
VL formation as a histologic feature of the resected liver
might reflect a blood space secondary to destroyed arte-
rial vessels and tumor necrosis, which is demonstrated as
contrast material pooling on preoperative angiography.
However, they did not perform preoperative emboliza-
tion in their patients. Therefore, the VL. described in their
paper resulted from the tumor nature and did not involve
embolization. We hypothesized that VLs emerging during
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chemoembolization could arise through rupture of some
of the tumor microvasculature, which may trigger partial
disruption of the tumor architecture and result in a new
blood space (Fig. 4). The tumor microvasculature formed
by tumor angiogenesis is characterized by vessel dilation
or an irregular shape [12] and is therefore vulnerable com-
pared with normal vessel tissues. In the process of chem-
oembolization with DEBs, DEBs are first allowed to inten-
sively flow into the part of the tumor with abundant blood
flow, which can affect the intratumoral pressure gradient.
As a result, the poorly developed tumor microvasculature
may be partially subjected to a high inflow pressure and
repeated arterial injection of contrast material, as well as
physiological saline and beads during the procedure, and
eventually become ruptured.

This study showed that lesions with VLs were signifi-
cantly associated with good tumor responses [local RR of
54.0 % in the non-VL group vs. 91.4 % in the VL-GS (—)
group and 96.7 % in the VL-GS (+4) group]. The appear-
ance of VL may show the success of sufficient deep block-
age of the feeding arteries, resulting in rupture of the tumor
beds through the aforementioned mechanism. Therefore, a
VL may be a favorable manifestation that is able to predict
a good response.

We performed additional GS embolization for 34.1 %
(30/88) of lesions with VL. This was because the injected
DEBs were more likely to enter the larger VL cavity than
the tumor vessels and also because no safety evidence
was available for the presence or absence of associations
between non-shrinking VL without additional GS injection
and adverse events, including tumor rupture [4, 5]. In addi-
tion, there was no significant difference in RR between the
VL-GS (—) and VL-GS (+) groups. This result further sug-
gests that additional GS embolization for the management of
VL may not meaningfully contribute to the local response.
The GSs used in this study were considerably larger than the
DEBs. Early switching of the embolic material from DEBs
to GSs is considered a potential cause of incomplete block-
age of deeper feeding arteries of the residual tumor stain. GS
should be used after achievement of the DEB embolic end-
point exclusively for the purpose of avoiding the risk of post-
embolic complications associated with VLs.

There are some limitations to the present study. First,
the eligibility of the patients and the target lesions was
restricted. This might lead to a biased assessment of the
frequency of VL. Second, it remains unclear whether
VL is actually a bead-specific finding, since an abnormal
intratumoral space may also appear during c-TACE. How-
ever, it is difficult to radiographically distinguish between
the iodized oil in VL and that accumulated in the entire
tumor. Third, the observed differences in local responses
between the VL group [including the VL-GS (—) group
and VL-GS (+) group] and the non-VL group might be
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Fig. 3 Flow chart of chemoembolization. DEB drug-eluting beads, GS gelatin sponge particles, VL vascular lake

Table 3 Local response rates in

Response rate

the three groups Group CR PR SD PD
(CR+PR)/ n (%)
54.0
Non-VL 61 74 55 60 (135/250) =] P<0.001
(n=250)
. . s 91.4
Af:cordmg to F1'sher s e)'(act test VL-GS () S358) _ P<0.001
with Bonferroni correction, P (1=58) 24 29 2 3
value < 0.017 were considered
significant
CR complete response, PD VL-GS (+) 7 ” | 0 96.7 P=0.55
progressive disease, PR partial (n=30) (29/30)

response, SD stable disease

attributable to the differences found for some tumoral and
procedural background factors. More lesions in the VL
group had maximum tumor diameter of >3 cm and dose of
beads used >10 mg; therefore, the tumor size and dose of
beads used possibly influence the local response. However,
it was impossible to evaluate the data with adjustment for
such tumoral and procedural background factors because
the dose of beads used could not be predicted prior to the
procedure and also because this study had a retrospective

nature. A further prospective study is necessary to evalu-
ate the methods for management of VLs, including addi-
tional GS embolization, and the relationship between local
responses and VL in chemoembolization with DEBs under
appropriate control for various background factors.

In conclusion, VL is a relatively common angiographic
finding without severe advanced events during chemoem-
bolization with DEBs in patients with larger HCCs and
might be associated with the local response.
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Fig. 4 Hypothesis for vascular lake formation after chemoemboliza-
tion using beads (black numbers indicate the virtual blood pressure).
a Hepatocellular carcinoma seems to form an inhomogeneous tumor
vasculature with a fragile microvasculature (arrow) through tumor
neoangiogenesis. b Repeated arterial infusion of beads, contrast
material, and normal saline during the procedure. The fragile micro-
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