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Abstract

BACKGROUND

Marked arterioportal shunt (APS) can be a contraindication for transarterial
radioembolization (TARE) because of the risk of radiation-induced liver toxicity or
pneumonitis. To date, the best method to close marked APS to reduce intrahepatic

shunt (IHS) and hepatopulmonary shunt (HPS) before TARE has not been elucidated.

CASE SUMMARY

This case report describes a novel strategy of embolization of the portal venous outlet to
reduce IHS and HPS caused by marked APS before TARE in a patient with advanced
hepatocellular carcinoma (HCC). The patient had a significant intratumoral shunt from
the tumor artery to the portal vein and had already been suspected based on pre-
interventional magnetic resonance angiography, and digital subtraction angiography
(DSA) confirmed the shunt. Selective right portal vein embolization (PVE) was
performed to close the APS outlet and DSA confirmed complete closure. Technetium-
99m macroaggregated albumin was administered and single photon emission
computed tomography revealed a low HPS with 8.4%. Successful TARE was

subsequently performed. No major procedure-related complication occurred.

CONCLUSION
Closure of APS with PVE during mapping angiography of advanced-stage HCC to
enable reduction of HPS and subsequent TARE is feasible.
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Core Tip: Marked arterioportal shunt (APS) can be a contraindication for transarterial
radioembolization (TARE) because of the risk of radiation-induced liver toxicity or
pneumonitis. In this case report, portal vein embolization was performed, for the first
time, to close the APS outlet in a patient with advanced hepatocellular carcinoma.
Single photon emission computed tomography revealed a low intrahepatic shunt and

hepatopulmonary shunt, and TARE was performed successfully.

INTRODUCTION

rgical resection and liver transplantation are the main curative treatment options for
hepatocellular carcinoma (HCC), which ranks as the 5" most common malignancy and
the 4th leading cause of cancer-related mortaliléworldwidem. However, most patients
do not meet these treatment selection criteria at the time of diagnosisl2l. Transarterial
radioembolization (TARE) with yttrium-90 is a mature method for unresectable HCC,
because it can deliver high radiation energy selectively targeting the tumor while
sparing the surrounding normal parenchymal®l.

An arterioportal shunt (APS) between a hepatic artery and portal vein is frequently
observed in patients with HCCI4, resulting in potentially life-threatening complications,
such as esophageal varicose rupture, refractory ascites, and hepatic encephalopathy!>6l.
It was reported that marked APS of the left, right or main portal vein occurred in 30% of
HCC patientsl’l. Marked APS can be a contraindication for TARE because the
radioactive microspheres can easily pass through the shunts, potentially resulting in
radiation-induced liver toxicity or pneumonitis(8°l.

To date, closure of a marked APS has been carried out with various approaches,
including systemic treatmentl®], transcatheter arterial occlusionl'®!l] and portal vein
occlusion balloonsl!2], before patients undergo transarterial chemoembolization or
TARE. However, the optimal therapy has not yet been elucidated, and other new
techniques may be necessary to successfully alleviate the intrahepatic shunt (IHS) and

hepatopulmonary shunt (HPS) caused by APS. Portal vein embolization (PVE) is a
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widely used technique for liver regeneration. PVE can completely embolize the outlet of
the APS, indicating its potential to reduce IHS and HPS. This report describes PVE for
closure of marked APS in a patient with HCC to enable TARE.

CASE PRESENTATION

Chief complaints

A 58-year-old man presented himself with fatigue, poor appetite and weight loss.

History of present illness
The symptoms started 2 mo previously. Ultrasonography detected multifocal hepatic

lesions in the left outer lobe and right lobe.

History of past illness

The patient had no medical history previously.

Personal and family history

Nothing in particular.

Physical examination
There are no obvious abnormalities in the physical examination, and the vital signs are

within the normal range. No jaundice was observed.

Laboratory examinations

Hepatitis B virus DNA was 2 x 10° IU/mL (< 40); liver function tests were normal;
tumor markers were as follows: a-fetoprotein 4.1 ng/mL (< 20.0), PIVKA-II 3454
mAU/mL (< 40.0).

Imaging examinations
At admission, abdominal enhanced computed tomography (CT) and magnetic

resonance imaging (MRI) showed that most lesions were in the right liver lobe;

4/8




carcinoma thrombus formation in the main and right portal vein branches; and
collateral circulation with spongy degeneration. A marked APS was revealed, and

hence, early contrast enhancement of the left portal vein was seen on MRI (Figure 1A).

FINAL DIAGNOSIS

The final diagnosis of the presented case was BCLC-C stage HCC.

TREATMENT
The MDT made the treatment plan of combining Y-90 TARE with the anti-PD-1
antibody and the anti-VEGF bevacizumab. Following the decision of MDT, the patient
was evaluated for Y-90 TARE. Mapping angiography demonstrated a large
hypervascular mass in the right hepatic lobe with the main arterial supply coming from
the right hepatic artery, and digital subtraction angiography (DSA) before 99m-
technetium-macroaggregated albumin (MAA) injection revealed widespread IHSs to
the portal vein in the patient (Figure 1B). Due to the possibility of radiation-induced
liver failure and lung injury, the patient was excluded from TARE before closure of the
marked APS. After identification of the right portal vein branch responsible for APS, we
performed PVE. An EV needle (Hakko, Nagano, Japan) was used to puncture the right
portal vein branch under ultrasoynd guidance. Inserting a 0.035-inch guidewire into the
portal vein, then we placed a 5F catheter (Hanaco Medical, Tianjin, China) at the main
portal vein for angiography, which displayed carcinoma thrombus in the main and
right portal vein branches, and collateral circulation with spongy degeneration (Figure
2A). The proximal portion of the right portal vein was embolized with interlock
microcoils (Tornado, Cook, Bloomington, IN, United States; Azur, Terumo, Somerset,
NJ, United States) to prevent ectopic reverse embolization, followed by N-butyl
cyanoacrylate (NBCA) (Compont, Beijing, China) embolization of the distal branches.
BCA was mixed with ethiodized oil (Lipiodol; Andre Guerbet, Aulnay-Sous-Bois,
Erance) in a 1:1 ratio. Re-examination using hepatic arteriography revealed that the

embolization was effective and the APS was successfully closed (Figure 2B). Finally, the
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puncture tract of the trans-hepatic PVE was embolized using the mixture of NBCA and
lipiodol. Super-selective hepatic arteriography was implemented by canulation of the
tumor feeding arteries with a 2.6-F microcatheter (Cook Medical). Cone beam CT with
contrast administration through the microcatheter was operated to determine tumor
feeding arteries and the correct position of the microcatheter. 99mTc MAA (4.5 mCi)
(Xinke, Shanghai, China) was injected through the three tumor-feeding arteries to
determine HPS, and single photon emission CT (SPECT)/CT (Symbia T16; Siemens

Healthcare, Germany) was performed after 99mTc MAA injection.

OUTCOME AND FOLLOW-UP

SPECT confirmed the absence of a relevant HPS with 8.4% (Figure 3). TARE was carried
out successfully in the next week. Referring to the recommendations of the
Cardiovascular and Interventional Radiological Society of Europell3], the patient had no

serious adverse event (grades 3-6) in the perioperative period.

DISCUSSION

There has been increased use of TARE in patients with intermediate- to advanced-stage
HCC in recent years. Not all patients are candidates for this treatment due to a number
of technical and clinical factors that need to be taken into consideration. One is the
presence of APS bypass in the tumor capillary bed because TARE can cause liver failure
due to extensive radioembolization in nontumorous liver parenchyma, or lung injury
due to elevated HPS. Therefore, timely and complete closure of shunts is necessary
before TARE for advanced HCC with marked APS.

Systemic antiangiogenic therapy has been described for reduction of IHS and HPSI?14]
caused by APS or arteriovenous shunt. Theysohn et all'l reported on seven patients
with elevated HPS who treated with oral sorafenib for an average of 138 d (ranging
from 72-297 d). Four of the patients had significant reduction in their HPS and had
successful TARE. The remaining three patients had disease progression and did not

survive to undergo TARE. For patients to be treated with systemic antiangiogenic drug
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to relieve high HPS, it is a main challenge to balance the time between treatment and
conducting TAREIS3I. To reduce the HPS, sufficient time must be given for observing the
efficacy of the systemic antiangiogenic therapy regimen. In patients with rapidly
growing tumor types, the window of opportunity for TARE treatment may be lost.
Standard techniques of transarterial bland embolization or chemoembolization can be
used to shut down large arteriovenous and APS['®7]. Ward et all'’] reported a 29%-69%
decrease in HPS in five patients receiving embolization procedures. However, excessive
transarterial embolization may theoretically lead to unsatisfactory treatment response
following TARE due to uneven microsphere distribution. Therefore, the best treatment
strategy to reduce IHS and HPS for HCC complicated with APS remains to be
determined.

PVE has been widely used to expand the indications for hepatectomy for HCC in
patients with insufficient future liver remnant. In the present case, PVE was applied to
reduce IHS and HPS in advanced HCC with marked APS by complete embolization of
the corresponding portal veins to prevent Tc-99m MAA or radio-microspheres moving
through the APS. In our case, marked APS was shown by initial DSA. It has been shown
that TARE for large IHS and HPS is unsafe, and it is necessary to reduce the therapeutic
dose, but the efficacy may be compromised!('7]. After we performed PVE using interlock
microcoils and NBCA, the APS disappeared, and SPECT after injection of TC99m-MAA
showed low uptake in normal liver and lung tissue, which made treatment with TARE
viable.

Timely and completely embolization of shunts using PVE to reduce extensive portal
vein radioembolization and HPS before TARE may represent a suitable treatment
approach for HCC with marked APS. However, this technique remains technically
difficult in cases with multiple APSs. In addition, PVE may further exacerbate portal
hypertension and lead to gastrointestinal bleeding. Future prospective studies should
investigate the safety and efficiency of PVE in pretreatment angiography with Tc-99m
MAA mapping.
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CONCLUSION

Our clinical observations suggest the feasibility of closure of APS with PVE during
mapping angiography for patients with advanced-stage HCC to enable reduction of
HPS and subsequent TARE.
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