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Retrograde venous coil embolization in hepatocellular carcinoma 

Zhu et al.

PURPOSE 
This study explored the clinical efficacy of transcatheter retrograde shunt occlusion with coils to 
prevent pulmonary oil or particle embolization prior to transarterial chemoembolization (TACE) 
in patients with artero-hepatic venous shunts (AHVS) secondary to hepatocellular carcinoma 
(HCC).

METHODS
From July 2017 to January 2021, 6 patients with advanced, unresectable HCC were found to have 
an AHVS by hepatic arteriography at the time of attempted TACE. The AHVS was embolized ret-
rogradely with metal coils through a transfemoral or transjugular venous approach. After venous 
embolization and confirmation of the absence of the AHVS, TACE was performed using an emul-
sion of iodized oil and doxorubicin or drug-eluting beads. Follow-up computed tomography (CT) 
was performed within 1 month after the first TACE to evaluate the results and complications.

RESULTS 
Hepatic angiography after venous embolization showed that AHVS had utterly disappeared in all 
patients during the operation. The immediate technical success of the retrograde venous embo-
lization was 100%. The AHVS had disappeared entirely during the follow-up period through 
triple-phase enhancement CT scanning. According to the modified response evaluation criteria 
in solid tumors, TACE in all 6 patients had a disease control response rate of 100% (6/6) with 
complete response in 2 patients and partial response in 4 patients. One patient died during 
the 6-month follow-up, and the other 5 were still alive. No complications related to pulmonary 
embolism occurred.

CONCLUSION 
Retrograde venous coil embolization of AHVS via the draining hepatic vein appears to be a safe, 
feasible, and effective treatment to allow TACE treatment without pulmonary embolic events. 
This approach appears to provide better tumor control and effectively decreases the occurrence 
of pulmonary embolism.

The development of intrahepatic arteriovenous shunts is a complication in hepa-
tocellular carcinoma (HCC) patients, ranging between 1.3% and 6.3% in patients 
with advanced HCC.1 Because transcatheter arterial chemoembolization (TACE) has 

been recognized as a choice for palliative local treatment of unresectable and recurring 
HCC after surgery,2,3 the development of artero-hepatic venous shunts (AHVS) is one of 
the main impediments and relative contraindications to TACE in patients with advanced 
HCC. In particular, high-flow AHVS seriously decreases the efficacy of TACE and increases 
the risk of portal hypertension, gastrointestinal bleeding, liver damage, pulmonary embo-
lism, and lung metastases.4-6 An AHVS also presents a clinical challenge in TACE treatment 
because anticancer drugs and any embolic materials deployed via an arterial approach to 
occlude the AHVS can migrate into the lung through the shunt.7-10 Therefore, safe, simple, 
and effective treatment is needed to manage AHVS during TACE. Herein, we developed 
a transvenous, retrograde embolization of metal coils into the draining hepatic vein 
combined with TACE to manage HCC with AHVS. In this study, we explored its safety and 
effectiveness.
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Methods
Patients selection

From July 2017 to January 2021, we 
treated and retrospectively reviewed the 
outcomes of 6 patients with advanced HCC 
(4 men and 2 women; mean age, 57 years; 
range, 40-66 years) who were noted to have 
a high-flow AHVS by arteriography dur-
ing a planned TACE treatment. All patients 
signed informed consent and underwent 
transvenous, catheter-delivered retro-
grade embolization with metal coils of the 
hepatic vein draining the AHVS combined 
with TACE. The Institutional Review Board 
approved this study (decision/protocol 
number, B2020-265).

Diagnosis and evaluation
The diagnostic criteria of HCC followed 

those of the American Association for the 
Study of Liver Diseases11 and the European 
Association for the Study of the Liver.12 
AHVS was defined as direct blood flow 
between the hepatic artery and the hepatic 
venous system. Selective hepatic angio-
gram showed arteriovenous shunting with 
a filling of Inferior vena cava (IVC) and right 
atrium.

Procedure
A right femoral artery puncture using 

the Seldinger method was performed. 
Hepatic angiography was performed using 
a 5 F Yashiro catheter. After the demonstra-
tion of the enhancement of the hepatocel-
lular carcinoma, the AHVS, and the location 
of the draining hepatic vein, the feeding 
artery to the hepatocellular carcinoma was 
first selectively catheterized using a coaxial 
microcatheter (Progreat). Second, a head-
hunter catheter was positioned into the 
draining hepatic vein via the left femoral or 

right internal jugular vein. Hepatic venog-
raphy was used to confirm the draining 
vein of the AHVS, and the position of the 
draining vein shown in the hepatic angi-
ography was also used as a reference to 
confirm the appropriate placement of 
the transvenous embolization catheter. 
Appropriately sized coils (length: 8, 10, 
12, 14, or 20 cm; and diameter: 8, 10, 14, 
or 20 mm; Boston Scientific Inc) depend-
ing on the size of the fistula were chosen 
to occlude the distal end of the draining 
hepatic vein. Then, hepatic angiography 
was performed again to confirm that the 
shunt had been completely embolized. If a 
substantial shunt was still visible, we con-
tinued introducing coils into the hepatic 
vein until the hepatic angiography showed 
that the AHVS was almost disappeared. 
Transcatheter arterial chemoembolization 
was then performed in the same session 
following embolization. During TACE, we 
paid close attention to any symptoms of 
pulmonary embolisms, such as cough and 
chest tightness. The lung x-rays were per-
formed to observe whether lipiodol was 
evident in the pulmonary parenchyma 
when perfusing lipiodol.

Follow-up and evaluation criteria
Intraoperative angiography was per-

formed first to evaluate the complete-
ness of the embolization of the AHVS; the 
possible outcomes were as follows: com-
plete occlusion (AHVS disappeared) or 
partial occlusion (the degree of AHVS was 
decreased or the time to visualization of 
the AHVS contrast was delayed). The criteria 
for the technical success of this combined 
therapeutic procedure were as follows: the 
shunt through the AHVS was substantially 
decreased; the lipiodol was deposited in the 
tumor; the tumor staining was substantially 
decreased after TACE, and there were no 
clinical symptoms of pulmonary embolism. 
The modified response evaluation criteria 
in solid tumors (m-RECIST) evaluated the 
tumor response.13 Contrast-enhanced com-
puted tomography (CT) of the chest and 
abdomen was performed 1 month after ini-
tial TACE and then once every 3 months. The 
second TACE was performed if enhanced 
CT found residual tumor or tumor recur-
rence. The follow-up period was 6 months. 
Common adverse reactions were based on 
common terminology criteria for adverse 
events version 4.0.3.14 Complications were 
classified as major and minor following the 

Society of Interventional Radiology report-
ing standards.15

Results
The characteristics of the patients are 

summarized in Table 1. All 6 patients were 
Barcelona Clinic Liver Cancer stage C. The 
drainage vein of the AHVS was the right 
hepatic vein in 1 (17%) patient and the 
middle hepatic vein in 5 (83%) patients. The 
serum α-fetoprotein level was >400 ng/mL 
in 3 patients. The mean maximum diameter 
of HCC was 6.8 cm (range, 3.0-10.5 cm).

The AVHS was no longer visualized by 
hepatic angiography immediately after 
the embolization in all 6 patients, and the 
rate of complete occlusion was achieved to 
100%. The technical success of the embo-
lization was 100% for the treatment of 
AHVS. All 6 patients received subsequent 
TACE during the initial procedure. Hepatic 
angiography confirmed the complete dis-
appearance of the shunt in repeat TACE. 
Thus, throughout the treatment of these 6 
patients, there was no evidence of recanali-
zation of the AHVS.

As defined by the m-RECIST criteria, the 
disease control rate was 100%. Complete 
response was present in 2 patients 
(Figures 1 and 2), and partial response 
occurred in 4 patients. Five patients sur-
vived after 6 months of follow-up, and 
1 patient died of upper gastrointestinal 
hemorrhage.

Postembolization complications were 
transient fever in 2 patients and post-treat-
ment pain in 4. The symptoms disappeared 
after symptomatic treatment. There were 
no significant complications. The levels of 
alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) increased 
transiently post-procedure but only up to 
4 times the normal range and returned to 
normal with hepatoprotective treatment. 
Pulmonary embolism, lung tissue damage, 
and other lung complications related to 
embolism did not occur. Secondary portal 
hypertension, such as bleeding from gas-
tric esophageal varices, ascites, and sple-
nomegaly, was not observed after hepatic 
vein embolization. CT of the liver did not 
show increased liver and spleen volumes.

Discussion
The formation of AHVS appears to occur 

due to liver damage,16 cirrhosis,17 and tumor 
invasion of blood vessels;18 tumor invasion 

Main points

• Retrograde permanent coil embolization 
of artero-hepatic venous shunts (AHVS) 
via the draining hepatic vein allowed safe 
delivery of transarterial chemoemboliza-
tion (TACE) for advanced hepatocellular 
carcinoma.

• There were no noticeable adverse events, 
such as pulmonary embolism, post-
operative portal hypertension, or liver 
dysfunction.

• The AHVS did not recanalize in patients, 
and the overall response rate after TACE is 
effective.
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of blood vessels is the most common cause 
of intrahepatic arteriovenous shunts. The 
formation of these shunts is related pri-
marily to the tumor size, biological char-
acteristics of the hepatic malignancy, and 
associated vascular invasion.

The AHVS is one of the main impedi-
ments and relative contraindications to 
TACE in patients with advanced HCC, 
and researchers resolved the paradox by 
applying different embolic materials or 
embolizing via arterial or venous. Previous 

exploratory research attempted tempo-
rary, intrahepatic vein balloon occlusion 
to prevent pulmonary complications dur-
ing TACE in patients with HCC and AHVS.19 
Though almost all patients with HCC ben-
efit from a protocol with repeated TACE, it is 

Table 1. Baseline characteristics and results

Patient
Age,
sex

BCLC 
stage

Tumor location,
diameter (cm)

Draining hepatic vein 
of the AHVS

Coil number,
size Materials

Total disappearance 
of the shunt F-U

1 66
Female

C S7/8,5/6
6 × 8, 2.8 × 2.5

M 4
8 mm × 14 cm

DEB
100-300 µm

Yes 6m+

2 59
Male

C S5/6/8
6.6 × 6.5, 1 × 1

M 5
8 mm × 14 cm

3
10 mm × 14 cm

Lipiodol
10 mL

Yes 6m+

3 66
Male

C S7/8,5/6
6.8 × 4.2

M 9
10 mm × 14 cm

4
8 mm × 14 cm

Lipiodol
5 mL

Yes 6m+

4 40
Female

C S5
4.6 × 3.7

R 4
8 mm × 14 cm

Lipiodol
5 mL

Yes 6m+

5 63
Male

C S5/6
10.4 × 7.0

M 5
8 mm × 14 cm

Lipiodol
20 mL

Yes 5 m

6 54
Male

C S3/4
4.0 × 3.0

M 6
8 mm × 14 cm

2
10 mm × 14 cm

Lipiodol
10 mL

Yes 6 m+

BCLC, Barcelona Clinic Liver Cancer; DEB, drug-eluting beads; S, segment; AHVS, arterio-hepatic venous shunt; M, middle hepatic vein; R, right hepatic vein; F-U, follow-up.

Figure 1. a-f. Images of a 40-year-old woman (patient 4) with hepatocellular carcinoma (HCC) (5.0 cm). Magnetic resonance image (MRI) shows the HCC 
in segment 5 (arrow) (a). Hepatic arteriography shows tumor staining and the hepatic artery to the middle hepatic vein shunt (AHVS) (b). After completion 
of transcatheter arterial chemoembolization (TACE), a single spot film shows coils occluding the AHVS and lipiodol deposited in the tumor (c). Two-month 
follow-up chest computed tomography shows no evidence of pulmonary embolism or lung metastasis, and the lipiodol was taken entirely up only within 
the tumor (d, e). MRI shows that the tumor has no enhancement (f).
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very inconvenient for the patient to receive 
transvenous hepatic vein balloon place-
ment repeatedly. Some embolic agents, 
including coils, gelatin sponges, a combi-
nation of coils and gelatin sponges, abso-
lute ethanol, and polyvinyl alcohol, have 
been trialed through the hepatic artery in 
patients with high-flow AHVS.19-21 However, 
there is a very high recanalization rate for 
HCC with high-flow AHVS, and the drug 
delivery does not reach the end hepatic 
parenchymal distribution via the arterial 
vessels that feed the tumor.

Consequently, the overall efficacy of 
TACE is poor. A thorough terminal embo-
lization appeared to be the key to the 
clinical efficacy of TACE in these patients. 
Thus, we propose a treatment strategy to 
embolize the shunt via permanent retro-
grade occlusion of the draining hepatic 
vein. Regardless of the extent of the vol-
ume, number, and location of the inva-
sion sites by the tumor of the arterial side 
of the shunt, the hepatic venous outflow 
will eventually return to 1 or 2 relatively 
limited hepatic veins. Through obliterat-
ing the venous drainage side of the shunt, 
the blood flow  can be well  embolized 
without damaging the arteries feeding 
the tumor, which prevents any substantial 
shunting of arterial supply away from the 
tumor. In our study, embolism of the AHVS 

via the draining hepatic vein achieved 
100% technical success, and the AHVS dis-
appeared in 6 patients, which was better 
than the previous study. Murata and col-
leagues,19 using temporary balloon occlu-
sion of the AHVS combined with TACE, 
reported that the AV shunt disappeared in 
7 of 9 patients (78%).

In previous studies, TACE was not consid-
ered applicable in patients with an AHVS 
with high flow. In our study, 100% of the 
patients received subsequent TACE after 
occlusion of the AHVS, and the disease 
control rate was 100%, which was compa-
rable to that previously reported in HCC 
without any hepatic arteriovenous fistu-
las.23 The median survival of our patients 
was more than 6 months, which is less than 
the actual overall survival (OS). Except for 1 
patient who died, the rest of the patients 
in our study are still alive until the end of 
follow-up.

TACE treatment in patients with HCC com-
plicated by an AHVS may increase the post-
treatment risk of pulmonary embolism, 
pulmonary infarction, and even cerebral 
embolism.24 Furthermore, the histologic 
toxicity of the chemotherapy drugs may 
aggravate lung symptoms, such as pulmo-
nary edema, atelectasis, blood pneumotho-
rax, and even respiratory arrest.25 Therefore, 
traditional TACE is not ideally appropriate 

and may even be dangerous for patients 
with AHVS. In our study, we applied metal 
coils to retrogradely embolize the drain-
ing hepatic vein, and pulmonary embolism 
was not found in the patients after TACE, 
which is comparable with Chan’s study.26 
The mild transient increase in ALT and AST 
levels (<4× upper limits of normal) was also 
due to the transient liver damage caused 
by TACE.

The limitations of this study include 
the retrospective study design and small 
sample size. The incidence of pulmonary 
complications after embolizing the shunt 
requires a large sample. Also, the incidence 
of post-procedure portal hypertension and 
liver dysfunction will need more signifi-
cant numbers of patients to fully evaluate 
the potential morbidity of this combined 
approach of retrograde embolization com-
bined with TACE.

Conclusion
Transvenous permanent emboliza-

tion of AHVS via the draining hepatic vein 
appears to be a safe, feasible, and effec-
tive treatment. It may provide an opportu-
nity for subsequent TACE for HCC patients 
with AHVS, leading to better tumor con-
trol and preventing pulmonary embolism 
effectively.

Figure 2. a-f. Images of a 59-year-old man (patient 2) with hepatocellular carcinoma (HCC) (6.6 cm). Magnetic resonance image (MRI) shows the HCC in 
segments 5 and 6 (a). Hepatic arteriography shows tumor staining and the hepatic artery to the middle hepatic vein shunt (AHVS) (b). Retrograde 
venography through the middle hepatic vein shows tumor staining (c). Arteriography after coil embolization shows tumor staining, while the AHVS 
disappeared (d). After transcatheter arterial chemoembolization, hepatic arteriography shows no residual tumor staining and complete occlusion of the 
AHVS (e). Two-month follow-up computed tomography shows that lipiodol was taken up within the tumor (f).
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