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Introduction

The prognosis of advanced hepatocellular carcinoma (HCC) 
patients with extrahepatic disease (EHD) and vascular 
invasion remains dismal (1,2). Pulmonary artery has been 
reported to be a common tumor-involved vessel in lung 
metastasis from HCC (3) which indicates a reduction of 
survival. Pulmonary artery tumor invasion contributes 
significantly to the poor survival of advanced HCC patients.

The reported strategies, including surgical resection, 
chemotherapy, and radiotherapy, which are performed 
for the lung metastasis of HCC, may be effective to 
prevent pulmonary artery tumor thrombosis (PATT) 
from progressing, but the high risk of intra-operative 
thromboembolism, respiratory failure, post-operative 
complications and treatment-related toxicity should be 
taken into account seriously. 

Percutaneous thermal ablation is helpful for the 
management of advanced HCC with vascular invasion. 
Thermal ablation energy produces high temperature, 
which results in tumor necrosis via cellular dehydration and 
protein denaturation. Previous studies (4-7) have reported 
the safety and effectiveness of radiofrequency ablation 
(RFA) for advanced HCC with portal vein thrombus, and 
the 2-year survival rate is between 77% and 78.8% with no 
severe adverse events. Besides, our experience in treating 
HCC extending into portal vein or right atrium also shows 
that thermal ablation is an alternative approach to prevent 
the progression of tumor thrombosis (8,9). However, the 
feasibility and safety of RFA for PATT originated from a 
massive HCC have been rarely reported.

We reported a rare and difficulty case of PATT from 
massive HCC with multiple lung metastases, and complete 
tumor response was achieved after RFA.
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Case presentation

A 72-year-old man with history of right-lobe massive HCC 
of 8.3 cm in diameter (Figure 1A), a caudate lobe HCC of  
5.5 cm in diameter (Figure 1B),  multiple bilateral 
pulmonary metastases (PM) (Figure 1C,D) and coronary 
atherosclerosis was admitted to our hospital for PATT 
(Figure 1E,F) in July, 2016.

Pre-operative laboratory examination included the 
following: Chile-Pugh grade, A; MELD score, 7; alpha-
fetoprotein (AFP), 2.49 ng/mL; CA19-9, 30.81 ng/mL; 
prothrombin time (PT), 10.5 seconds; PT activity, 114%; 
leukocyte (WBC), 8.72×109/L; hemoglobin (HGB),  
154 g/L; blood platelet (PLT), 236×109; FQ-HBV-DNA, 
4.58×105 copies/mL; HBsAg (+); anti-HBs (−); HBeAg (−); anti-
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Figure 1 The computed tomography (CT) scan and the magnetic resonance imaging (MRI) scan of liver, and the CT scan of chest. (A) 
CT scan of abdominal region showed massive nodules in the segment VIII of the liver with 83 mm in diameter (arrow); (B) CT scan of 
abdominal region showed massive nodules in the segment I of the liver with 5.5 mm in diameter (arrows); (C,D) CT scan of chest. Multiple 
carcinoma in the right and left lobe of the lung (arrows); (E,F) CT scan of chest. A massive PATT of 5.8 cm in diameter (arrows); (G,H) post-
procedural MRI scan of liver at 6 years after initial RFA treatment course for HCCs. An ablation zone with an ablative margin of 0.5–1.0 cm  
in the segment VIII and an ablation zone without any residual tumor tissue in the segment I (arrows). HCC, hepatocellular carcinoma; 
PATT, pulmonary artery tumor thrombosis; RFA, radiofrequency ablation.
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HBe (+); anti-HBc (+); HCV-IgG (−); alanine aminotransferase 
(ALT), 28.1 U/L; aspartate transaminase (AST), 18.4 U/L; 
total bilirubin (TBiL), 13.9U/L; albumin (ALB), 44.2g/L. 

In the initial hospitalization (October, 2011), a large mass 
of 8.3 cm in diameter in the liver was found via contrasted-
enhanced computed tomography (CECT). The mass 
showed hypervascular enhancement during the hepatic 
arterial phase and hypoattenuation during venous phase. 
Furthermore, ultrasound-guided fine needle biopsy confirmed 
the diagnosis of HCC. In February 2014, the HCC located in 
caudate lobe was found by CECT. During the period between 
October 2011 and February 2014, 6 sessions of ablation 
were performed for HCCs, and the latest contrast-enhanced 
magnetic resonance imaging (MRI) of abdomen showed an 
ablation zone of low attenuation in arterial phase (Figure 1G,H) 
which was defined as complete response. 

In July 2016, CT scan of the chest detected recurrent lung 
metastases in the right lobe and left lobe, and a massive embolus 
of 5.8 cm in diameter in the right pulmonary artery. Pre-
operative pathological examination through fine needle biopsy 
was guided by ultrasound. The pathological examination of the 
thrombosis revealed malignant tumorous tissue and confirmed 
the diagnosis of PATT originating from HCC. 

The patient was assessed in the multidisciplinary 
consultation as having advanced-stage HCC with lung 
metastases and PATT, and RFA was recommended. 

Informed written signed consent was obtained before 
each procedure.

During the RFA procedures for PATT, the patient 
was under local anesthesia with continuous monitoring 
of vital signs. All procedures were under CT guidance 
(AquililionTM, Toshiba Medical CO, Tokyo, Japan). The 
best puncture path to reach the thrombosis should avoid 
injuring significant structures. The patient was placed 
in the supine decubitus position. A 22-G Chiba needle 
(COOK, Bloomington, IN, USA) was advanced into the 
target lesion, leading the RFA electrode (VIVA, STARmed, 
Goyang, Korea) to the target. The angle and depth of 
each puncture was calculated based on intraoperative CT 
scans to ensure that the needle was in the correct position 
and direction. First, the part with proximity to heart was 
ablated, using an output power of 100 W for 12 minutes 
(Figure 2A). Then, the needle was withdrawn along the long 
axis of PATT to ablate the stem with an output power of 
150 W for 10 minutes. The branches of PATT was then 
ablated using an output power of 100 W for 10 minutes  
(Figure 2B,C,D). Finally, the needle track from the tumor to the 
percutaneous puncture point was ablated in order to prevent 

tumor cell dissemination and bleeding. An instant CT scan 
without contrast medium was obtained to evaluate whether 
the technique is successful and to detect complications. There 
were no serious immediate complications such as hemorrhage, 
pneumothorax, and the target tumor was necrotic completely. 
The post-procedural enhanced CT scan on forth day 
revealed that the PATT was surrounded by exudation zone  
(Figure 3A,B) which was induced by RFA. Ten days after 
ablation, the patient was discharged. 

CECT was done during routine follow-up. Four months 
later, the CECT showed that the PATT had shrunk 
significantly and no enhancement in arterial phase or wash-
out findings in venous phase was detected in the ablative area, 
which indicated complete necrosis of the PATT (Figure 3C,D). 
During follow-up, at 3-month interval, PATT was under 
control. Except 3 sessions of microwave ablation were carried 
out for the pulmonary metastases located in left lobe, no other 
treatment was performed during the follow-up period for the 
PATT. There was no progression and recurrence of PATT at 
the 14-month follow-up (Figure 3E,F).

The patient who is still alive has survived 6 years after 
the beginning of initial treatment course of primary HCC, 
and 14 months after the treatment of PATT. 

Discussion

This report presented a successful case of treating PATT 
with multiple lung metastases originated from HCC by RFA. 

The prevalence of tumor pulmonary artery tumor 
embolism is between 0.05% and 0.56%, and is more 
frequent in HCC with an occurrence rate of 0.34% (10). 
The incidence of pulmonary tumor embolism is higher 
through autopsy, which is between 3% and 26% (11). It 
is one of the manifestations of advanced HCC associated 
with a poor prognosis. The survival of patients with PATT 
without any treatment was no more than 12 weeks (12). 
Furthermore, PATT could cause sudden death (13). 

The treatment strategies of vascular tumor thrombosis are 
controversial. A case report presented a fibroblastic osteosarcoma 
patient with PATT which is treated by chemotherapy combined 
with lobectomy, and the patient survived 1 year (14). However, 
the treatment-related toxicity overstepped patients’ tolerance and 
induced interruption of treatment. Masaki et al. (15) reported 
a 48-year-old HCC patient with PATT who only received 
open-heart surgery, and the tumor embolus was extracted from 
the pulmonary artery successfully. However, the patient died 
during hospitalization and the survival after resection was only  
29 days. Embolectomy and inferior vena cava filter 
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placement could prolong the survival of PATT patient to  
30 months (16). The survival after surgery seems promising; 
however, it should be noted that fragments of tumor emboli 
produced by surgery could increase the risk of tumor embolism 
via venous or lymphatic drainage (12). Besides, general 
anesthesia, a median sternotomy, cardiopulmonary bypass 
and a longitudinal incision from the obstructed artery trunk 
are necessary elements of surgical procedures; but these are 
intolerant for patients with poor general condition, particularly 
for old patients. In this report, the patient was intolerant for 
an open approach, and the concurrent disease also limited the 
tolerance of surgery.

Percutaneous RFA is a promising therapy for HCC with 
vascular invasion. Traditional theory (17) claims that the 
procedures of RFA performed in blocked vessel are difficult, 
however, several published studies showed promising results. 
Lazoura et al. (18) developed an arterial luminal stenosis model 
which disclosed the safety and feasibility of endovascular 

application of RF. Mizandari et al. (6) used RFA to treat portal 
vein tumor embolus without any specific complications. Li  
et al. (8) reported a promising survival of 16 months after 
ablation for HCC with tumor embolus entering the right 
atrium and inferior vena cava; however, the median survival 
after supportive treatment and surgical treatment were only 5 
and 6 months (19-21). Hence, percutaneous thermal ablation, 
particularly RFA, appears to be a safe and effective approach 
for tumor thrombosis. The application of RF energy in PATT, 
was theoretically feasible, and was complete successful in 
our procedure with a more promising survival than surgical 
treatment (15).

During RFA, following key points were necessary: First, 
the puncture path must avoid bullae and major pulmonary 
vessels. The needle should enter along the long axis of 
PATT until reaching the proximal end of the PATT adjacent 
to heart. Second, since the thrombosis block the pulmonary 
artery, it is not suggested to puncture directly through the 

Figure 2 The RFA procedure of PATT under CT guidance. Output power of the RFA generator and ablation duration time were  
100–150 W and 6–20 minutes, respectively. (A) The part with proximity to heart was initially ablated; (B,C,D) withdrew the needle along the long 
axis of PATT to ablate the stem, as well as the rest branches of PATT. PATT, pulmonary artery tumor thrombosis; RFA, radiofrequency ablation.
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vascular wall, due to a high risk of massive hemorrhage. A 
more operable path is puncturing the tumor thrombosis 
through pulmonary metastasis lesion. The metastases could 
be easily ablated subsequently after the thrombosis has been 
ablated, and this would lessen the number of punctures and 
reduce the risk of bleeding and technique failure. Third, 
during procedures, the parameter of ablation device should 
be set carefully to avoid injuring adjacent vital structures, 
and a single-needle is recommended. 

The potential benefit of RFA treating PATT are as 
follow: the RF energy could destroy the tumor embolus 
and prevent dissemination; complete tumor response after 
RFA could reduce the pressure of pulmonary artery and the 
possibility of sudden death; it is possible to downstage the 
primary cancer intending to meet the criteria of resection, 
transplantation or RFA. 

In conclusion, we performed a successful ablation preventing 
the PATT from progressing, and prolonged the survival of the 
patient. Further studies are warranted to validate the therapeutic 
efficacy of ablation for advanced HCC patients with PATT.
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Figure 3 Post-procedural CT scan of chest. (A,B) Ablation zone 4 days after ablation; (C,D) ablation zone 4 months after treatment; (E,F) 
ablation zone 14 months after treatment.
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