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Abstract

Trans-arterial chemoembolization is a well-supported treatment option for patients with hepatocellular carcinoma who are not surgical or transplant candidates. The
efficacy relies on the ability catheterize the arteries directly feeding a tumor and inject chemo-embolic particles directly into the tumor under fluoroscopic guidance. In the
presence of a vascular anomaly such as an arterio-portal or arteriohepatic shunts, the flow dynamics within the tumor are altered and may compromise conventional or
drug-eluting bead trans-arterial chemoembolization. We present the case of a patient with hepatocellular carcinoma complicated by arterio-portal and arterio-hepatic vein
shunts who was treated with a modified trans-arterial chemoembolization utilizing balloon-occlusion.
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Introduction
Hepatocellular carcinoma (HCC) is the most common primary

liver malignancy, with a global incidence of 800,000 in 2012 [1]. The
simultaneous occurrence of arterio-portal shunt (APS) in HCC has
been reported as high as 28.8%-63.2% [2]. If present, any vascular
shunt near an HCC nodule creates a dilemma in conventional TACE
planning in that it favours flow away from the tumor and provides
another conduit for non-target embolization. Huang et al, showed that
among 596 patients with HCC, 27% of them had severe APS
[3].Okuda et al. reported that APS could occur through a tumor
thrombus in the portal branch, in a retrograde direction via a
peripheral tumor nodule, through a small tumor invading or
amputating an artery, or through a tumor located near a major portal
vein branch and supplied by a large artery [4]. Post ablative
arteriovenous shunts have been described, particularly when using
RFA, and ultimately impacting the overall prognosis [5]. The two
major types of shunts are classified according to their venous outflow:
arteriohepatic venous shunts and arterioportal venous shunts. They
can be simple including one feeding artery draining into a vein
corresponding to a fistula, or complex with multiple feeders draining
into multiple systemic veins. In reality, patients with HCC who have
severe APS can be excluded from trans-arterial chemoembolization,
especially using methiodal, because the flow of embolization material
to normal liver tissue through the shunt can result in poor deposition
of the compound in the tumor and ischemia of normal liver tissue.

Therefore, the occlusion of the shunt is important prior to
embolization of the tumor. Multiple embolic agents such as gelatine
sponge, ethanol, PVA particles, and coils have been used for the
embolization of AP shunts but have had failures due to recanalization
or difficulty accessing the shunt feeder vessel distally [6].

In 2013, Irie et al. described balloon-occlusion TACE (B-TACE),
in which a micro-balloon catheter deployed proximal to the terminal
arteries in the tumor results in decreased intra-tumoral vascular
resistance and a negative pressure gradient causing flow diversion of
therapeutic emulsion into the tumor [7]. This gradient not only results
in an increased therapeutic effect, but also reduces the risk of non-
target embolization due to flow reversal in nearby collaterals. Ward T.
et al reported in patients undergoing hepatic radioembolization, a
hepatopulmonary shunt reduction of 80%-90% including temporary
balloon occlusion techniques [8]. Iezzi et al. described
balloonassisted RFA as a simultaneous percutaneous RFA ablation
of the tumor with trans-arterial balloon occlusion of the feeder artery
and subsequent intra-arterial TACE [9].

We present a case of a 57-year-old man with HCC complicated
by a large flow arterio-portal and also arterio-hepatic shunts who
successfully underwent B-TACE.
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Case Report
A 57 year-old-male with history of Hepatitis C (HCV) cirrhosis and

a 4.1cm segment 7 HCC (Child-Pugh A, MELD-Na 16, ECOG 0) was
referred to IR for TACE.His only symptom was occasional fatigue.
Informed consent was obtained per institutional protocol.

Arterial access was gained via the right common femoral artery
and a 6-French vascular sheath placed. The celiac artery was
selected with a 5-Fr. cobra catheter and injected with contrast
demonstrating the expected tumor blush in segment 7 from a
segmental branch of the right hepatic artery. During this injection, a
fast flow APS as well as an arterio-hepatic shunt were identified in
the distal tumor bed as evidenced by an approximately 3.8 mm
feeding tortuous artery and opacification of the portal and hepatic
veins. A 2.8-Fr. Procreate microcatheter (Terumo, Somerset, NJ) and
microwire combination were advanced into the segmental branch and
super selective angiography confirmed a single arterial supply to the
tumor, arterio-portal shunting, and significant shunting to the right
hepatic vein. To ensure flow diversion into the tumor, we chose to
utilize the balloon-occlusion technique for embolization. The
microcatheter was exchanged over a microwire for a 2.2-Fr. Sniper
balloon-occlusion microcatheter (Embolx, Sunnyvale, CA), which was
inflated. Multiple pre-embolization angiograms were acquired to
assess the behavior of the APS and right hepatic vein shunting, both
with and without the balloon inflated. Evidence of flow stasis in the
direction of the fistula and the right hepatic vein with the balloon
inflated proved the safety of the balloon-assisted technique. DEB-
TACE was then performed under fluoroscopic guidance through the
microcatheter with the balloon inflated. The embolic mixture
contained 150mg of 100-300µm beads loaded with doxorubicin.

A completion angiogram demonstrated patency of the vessel with
decreased flow and no evidence of arterio-portal or arteriovenous
fistulae. Near-stasis was observed within the right hepatic artery
segmental branch. He tolerated the procedure well and was admitted
overnight for observation, then discharged the next day. On the fifth
post-procedural day, he reported his pain was well-controlled with
acetaminophen and denied any other symptoms. A follow-up MRI at
3 months demonstrated complete tumoral response without evidence
of any residual suspicious enhancement (Figure 1-4).

Figure 1(A): MRI liver with contrast sequences demonstrating a 4.2 cm
mass with arterial hyperenhancement.

Figure 1(B): Delayed phase demonstrating washout and a
pseudocapsule within segment 7 compatible with hepatocellular
carcinoma (LI-RADS 5). The arterio-portal fistula was not clearly
identified in any of the sequences.

Figure 2(A): Subselective DSA of the right hepatic artery demonstrates
the prominently tortuous branch supplying the tumor (white arrow), as
well as a large draining vein (solid red arrow). The image also
demonstrates early enhancement of the right portal vein (dashed red
arrow). These findings are indicative of arterio-portal shunting within
the tumor.
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Figure 2(B): Subselective DSA of the right hepatic artery demonstrates
the hyperenhancing mass in segment 7/8 of the right liver lobe, the
branch of the right hepatic artery supplying the tumor (red arrow), and
opacification of multiple right posterior portal vein brainches (white
arrow).

Figure 2(C): Delayed Subselective DSA of the tumoral branch of the
right hepatic artery demonstrates arteriovenous shunting to the right
hepatic vein (red arrow).

Figure 2(D): Subselective DSA of the right hepatic artery branch
supplying the tumor with the inflated (white arrow) balloon occlusion
catheter (Sniper Balloon Microcatheter, Embolx, Sunnyvale CA) shows
enhancement of the tumor mass without opacification of any vessels
that would suggest artiero-portal or arterio-venous shunting.

Figure 2(E): A post-embolization angiogram demonstrates complete
occlusion of the vessels feeding the tumor and no further visualization
of the arterio-portal fistula or hepatic venous shunt.

Figure 3: T1 pre-contrast MRI shows a hypointense lesion within
segment 7, stable in size from prior imaging.
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Figure 4(A): T1 post-contrast (arterial phase) shows no evidence of
residual disease or recurrence of disease.

Figure 4(B): T1 post-contrast (delayed phase) shows no evidence of
residual disease or recurrence of disease.

Discussion 
As the global incidence of HCC continues to accelerate, so too

does the importance for refining and improving upon the established
minimallyinvasive treatment options used to combat it.We
demonstrate the utility of B-TACE in a scenario wherein arterio-portal
and arterio-hepatic shunts presented an increased risk of non-target
embolization, as well as threatened the opportunity for efficacious
treatment.In the context of an arterio to venous shunt, the
embolization planning will require evaluation of the shunt size,
number of feeders, and knowledge of the behavior of each embolic
agent to minimize any risk of non-desired migration of the embolic
agent. Proximal embolization of a shunt can occlude the tumor-
supplying artery, precluding the ability to perform TACE.A distal
embolization into the shunt can cause portal vein thrombosis. The
two situations can have potential devastating results including liver
failure. An elegant solution involves the use of balloon-occlusion at
the level of the artery feeding the tumor prior to infusion of the
chemo-embolic emulsion, known as balloon-occlusion TACE.
Occlusion of the feeding vessel alters the local pressure environment
such that more flow is directed toward the tumor than would be with
only the directionallytargeted injection employed by conventional

TACE (C-TACE). With the balloon inflated, this significant decrease in
intra-tumoral vascular resistance not only reduces the likelihood of
non-target embolization through existing arterio-venous shunt but
also improves the concentrating effect of the emulsion responsible for
TACE efficacy.

Alternative therapies in this situation have been described
including the use of external radiotherapy for shunt obliteration after
gelfoam embolization. The total response rate, including partial and
complete obliteration, was 25% with a potential response delayed
approximately 2 to 3 months for complete shunt obliteration after
radiotherapy [10].

Hatanaka et al. hypothesized that the balloon assisted
embolization decreased the arterial to portal vein gradient and
therefore it increased the portal vein flow around the tumor [11].

Multiple studies have concluded that B-TACE significantly
improves nodule control as compared to C-TACE as measured by
increased treatment effect [12,13]. Characterization of the
hemodynamic changes resulting from B-TACE support the clinical
effects: one study demonstrated that the mean blood pressure in the
occluded artery decreases significantly following balloon deployment
[14].Lucatelli et al. measured a significant decrease in the balloon-
occluded arterial stump pressure (BOASP) before and after occlusion
in addition to a clinical analysis that revealed significant decrease in
tumor volume from treatment with B-TACE [15,16].

Conclusion
The efficacy and safety of TACE both rely on the driving pressure

towards the tumor and away from unintended collaterals-each of
which can be optimized through utilizing the balloon-occlusion TACE
method. These considerations are especially relevant in the context
of any vascular anomalies that otherwise increase the likelihood of
non-target embolization and under-treatment, such as APS. We
therefore suggest the use of B-TACE in the case of any patient with
undesired vascular shunting who is otherwise a TACE candidate.
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