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Abstract
AIM: To evaluate transjugular intrahepatic portosys-
temic shunt (TIPS) with covered stents for hepatocel-
lular carcinoma (HCC) with main portal vein tumor 
thrombus (PVTT). 

METHODS: Eleven advanced HCC patients (all male, 
aged 37-78 years, mean: 54.3 ± 12.7 years) presented 
with acute massive upper gastrointestinal bleeding (n  
= 9) or refractory ascites (n  = 2) due to tumor throm-
bus in the main portal vein. The diagnosis of PVTT was 
based on contrast-enhanced computed tomography 
and color Doppler sonography. The patients underwent 
TIPS with covered stents. Clinical characteristics and 

average survival time of 11 patients were analyzed. Por-
tal vein pressure was assessed before and after TIPS. 
The follow-up period was 2-18 mo. 

RESULTS: TIPS with covered stents was success-
fully completed in all 11 patients. The mean portal 
vein pressure was reduced from 32.0 to 11.8 mmHg 
(t  = 10.756, P  = 0.000). Gastrointestinal bleeding 
was stopped in nine patients. Refractory ascites com-
pletely disappeared in one patient and was alleviated 
in another. Hepatic encephalopathy was observed in 
six patients and was resolved with drug therapy. Dur-
ing the follow-up, ultrasound indicated the patency of 
the shunt and there was no recurrence of symptoms. 
Death occurred 2-14 mo (mean: 5.67 mo) after TIPS 
in nine cases, which were all due to multiple organ fail-
ure. In the remaining two cases, the patients were still 
alive at the 16- and 18-mo follow-up, respectively.

CONCLUSION: TIPS with covered stents for HCC pa-
tients with tumor thrombus in the main portal vein is 
technically feasible, and short-term efficacy is favorable.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Tumor thrombus invasion of portal veins is 
very common in advanced hepatocellular carcinoma 
patients, especially in the patients presenting with up-
per gastrointestinal hemorrhage. Transjugular intrahe-
patic portosystemic shunt (TIPS) with bare stents has 
been attempted to treat those patients. We choose 
Fluency stent (Bard Inc, Germany) in this study, and 
our primary experience showed that the efficacy of 
TIPS with covered stents is favorable for treatment of 
complications related to portal hypertension due to 
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tumor thrombus invasion in the main portal vein. Sig-
nificant improvement of symptoms was observed in all 
the patients. The patency rate was 100%.
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INTRODUCTION
Transjugular intrahepatic portosystemic shunt (TIPS) 
with covered stents has been widely adopted as a mini-
mally invasive treatment for complications related to 
portal hypertension, such as variceal bleeding and refrac-
tory ascites, and the effectiveness has been confirmed by 
several clinical studies[1-9]. Patients with advanced hepato-
cellular carcinoma (HCC) may present with fatal massive 
gastrointestinal bleeding or refractory ascites due to oc-
clusion of  the main portal vein by tumor thrombus[10-13]. 
Studies on TIPS with covered stents in this clinical set-
ting have been limited and its therapeutic role has not 
been established[14-16]. 

Here, we report a case series using TIPS with cov-
ered stents for the treatment of  complications related to 
portal hypertension due to tumor thrombus invasion in 
the main portal vein.

MATERIALS AND METHODS
Eleven patients (all male, aged 37-78 years, mean: 54.3 
± 12.7 years) with advanced HCC with main portal vein 
tumor thrombus were admitted to our department be-
cause of  acute massive upper gastrointestinal bleeding 
(volume > 500 mL, n = 9) or refractory ascites (n = 2). 
The characteristics of  the patients are summarized in 
Table 1. All the patients had coexisting chronic type B 
hepatitis and cirrhosis. Seven patients underwent trans-
arterial chemoembolization or radiofrequency ablation. 
The Child-Pugh score was 5, 6 or 7 in three patients 
each and 8 in two. The Eastern Cooperative Oncology 
Group performance status was 0-3. Preoperative en-
hanced computed tomography (CT) scans demonstrated 
tumor thrombus invasion of  the main portal vein and 
its branches, but the superior mesenteric vein remained 
patent. Severe gastric varices were found in the nine pa-
tients with acute hemorrhage. Sclerotherapy and band 
ligation under endoscopy were performed but failed to 
provide any clinical improvement. In the two patients 
with refractory ascites, the effectiveness of  paracente-
sis and intravenous albumin injection was poor. TIPS 
placement was then undertaken in all 11 patients for the 
purpose of  saving or prolonging life. Ethics Committee 
approval was obtained, along with written informed con-

sent from the patients and their family members, before 
the procedures.

Prior to TIPS, enhanced CT was performed to lo-
calize the hepatic vein and the main portal vein and its 
branches, and to identify their spatial relationship using 
3D reconstruction. The right jugular vein was punctured, 
and a 10-Fr Ring Transjugular Intrahepatic Access Set 
(Arrow, Reading, PA, United States) was advanced into 
the vessel. A 16-gauge Colapinto needle (Optimed, Ger-
many) was used to puncture into the portal system. The 
needle direction was estimated according to the location 
of  the tumor thrombus. For the patients with tumor 
thrombus in the main portal vein and its left or right 
branch, we attempted puncture of  the patency branch 
(Figure 1). For the patients with tumor thrombus in the 
main portal vein and both right and left branches, we at-
tempted to puncture the bifurcation of  the main branch-
es. Simultaneous needle withdrawal and contrast agent 
injection were performed to identify the portal system. 
Successful access to the portal system was confirmed 
based on the outline of  the tumor thrombus in the 
portal vein (Figure 2A). The appearance of  a “grid-like 
outline” in the tumor thrombus interspaces, or occasion-
ally, small branches (it belongs to a branch of  the left 
or right stem of  hepatic portal vein), was considered to 
indicate successful puncture of  the portal system (Figure 
3). Then a hydrophilic guidewire and a catheter (Terumo, 
Japan) were manipulated through the tumor thrombus to 
the superior mesenteric vein (Figure 2B). After measure-
ment of  the portosystemic pressure gradient (PPG), the 
10-Fr sheath was advanced along the guidewire across 
the tumor thrombus to the superior mesenteric vein. 
The covered stent (Fluency; Bard, Germany) was ad-
vanced. Contrast agent was injected via the 10-Fr sheath 
to make sure that the tumor thrombus was completely 
covered. After that, the 10-Fr sheath was withdrawn and 
the covered stent was released. Shunt venography was 
performed (Figure 2C). All patients received medical 
treatment after the TIPS.
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Figure 1  Portal venogram in a 59-year-old man with hepatocellular carci-
noma and lung metastasis, who was treated with transjugular intrahepatic 
portosystemic shunt for severe varicosis and vomiting blood for 3 d. 
Puncture was successfully performed in the right branch with tumor thrombus in 
the trunk and left branch of the portal vein.



Statistical analysis
The results are expressed as the mean ± SD. The results 
of  portal vein pressure were assessed before and after 
TIPS by the paired comparisons t-test. A P-value < 0.05 
was considered statistically significant. All calculations 
were performed using SPSS version 13.0 software for 
windows.

RESULTS
TIPS was successfully performed in all 11 patients. In 
the five patients with tumor thrombus in the main portal 
vein and its left or right branch, the patent branch was 
successfully punctured. In the six patients with tumor 
thrombus in the main portal vein and both branches, the 
bifurcation of  the main branches was successfully punc-
tured. Twenty-one Fluency stent grafts (length 4-8 cm) 
were implanted in all cases, with a diameter 8 mm in 20 
and 7 mm in one. The mean PPG was 32.0 ± 4.8 mmHg 

(range: 26-37 mmHg) before the procedure and de-
creased to 11.8 ± 3.8 mmHg (range: 7-19 mmHg) after 
the procedure (t = 10.756, P = 0.000). Gastrointestinal 
tract bleeding stopped in nine cases after TIPS, without 
recurrence during follow-up. Refractory ascites com-
pletely disappeared in one patient and was alleviated in 
another. Six patients experienced hepatic encephalopathy 
(HE; 2 grade I, 3 grade Ⅱ, and 1 grade Ⅲ) about 1 wk 
after TIPS and recovered after administration of  lactu-
lose and protein restriction. Color Doppler ultrasound 
was used for monitoring the patency of  the TIPS and 
demonstrated that the stent grafts were patent during 
2-18 mo of  follow-up. No patients had recurrence of  
bleeding or worsening of  ascites. Death occurred 2-14 
mo (mean: 5.67 mo) after TIPS in nine cases; all due 
to multiple organ failure. However, the other two cases 
were still alive at the 16- and 18-mo follow-up, respec-
tively (Table 2). 

DISCUSSION
Tumor thrombus invasion of  the portal veins is com-
mon in patients with advanced HCC, especially in those 
with upper gastrointestinal hemorrhage[9]. TIPS with 
bare stents has been attempted to treat the complications 
related to portal hypertension due to tumor thrombus 
invasion (Table 3)[17-20]. Our study was markedly different 
from previous ones. First, all the patients were diagnosed 
with HCC, tumor thrombus in the main portal vein, and 
complete portal vein occlusion. Second, all portosystem-
ic shunts were created with an expanded polytetrafluoro-
ethylene (ePTFE)-covered stent. 

Several problems such as shedding of  cancer cells 
into the circulation, or shunt occlusion by tumor in-
growth into the mesh of  the stent may occur after TIPS 
with bare stents[21-24]. We speculated that creation of  
TIPS with covered stents may overcome these short-
comings. The most commonly used Viatorr stent (Gore, 
United States) is not commercially available in China[25,26], 
therefore, we chose the Fluency stent (Bard) in this 
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Figure 2  Portal venograms in a 41-year-old man with hepatocellular carcinoma and lymphatic metastasis, who was treated with transjugular intrahepatic 
portosystemic shunt for severe varicosis and vomiting blood for 5 d. A: Injection of a small amount of contrast agent demonstrated tubular and slow blood flow 
with no dissipation and the portal vein was clearly defined; B: After a catheter was introduced, the portal vein image was confirmed by 30° right anterior oblique angi-
ography; C: After two Fluency stent grafts with a length of 80 mm and diameter of 8 mm were implanted, the shunt was shown to have smooth blood flow by postop-
erative angiography.

Figure 3  Portal venogram in a 37-year-old man with hepatocellular carci-
noma and lung metastasis, who was treated with transjugular intrahepatic 
portosystemic shunt for severe varicosis and vomiting blood for 5 d. The 
tumor thrombus was located in the trunk and both left and right branches of the 
portal vein, and needle puncture was performed in the portal bifurcation. After 
injection of contrast agent, tumor thrombus was seen as an expansive growth 
with loose texture, with clear imaging of the portal vein branches.
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study. The Fluency stent is ePTFE-coated throughout 
the endograft with a 2-mm bare segment[25-27]. 

Our primary experience showed that the efficacy of  
TIPS with covered stents is favorable for complications 
related to portal hypertension due to tumor thrombus 
invasion in the main portal vein. Significant improve-
ment of  symptoms was observed in all 11 patients. The 
patency rate was 100% during follow-up. 

Creation of  TIPS in this clinical setting is technically 
feasible and obviously challenging. How to puncture 
the portal system remains the greatest challenge. In our 

study, five patients had tumor thrombus in the trunk of  
the portal vein and its left or right branch, and the patent 
branches were successfully accessed with the conventional 
TIPS method[28,29]. However, for the patients with tumor 
thrombus in the main portal vein and both its branches, 
simultaneous needle withdrawal and contrast agent injec-
tion were helpful for successful puncture of  the portal 
vein. We preferred the bifurcation of  the portal vein as 
the puncture site, because the portal vein was enlarged due 
to expansion of  the tumor thrombus. Contrast material is 
injected to determine whether access to a portal vein has 
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Table 2  Transjugular intrahepatic portosystemic shunt procedures and outcomes

Case No. Covered stent 
(diameter × length mm)

Hepatic arterial 
angiography

PPG before TIPS 
(mmHg)

PPG after TIPS 
(mmHg)

Outcomes Postoperative Follow-up

HE
1 8 × 40, 8 × 80 No obvious APF 33 10 Hemostasis Grade Ⅱ HE Death after 4 mo
2 8 × 80, 8 × 60 No obvious APF 29 10 Cured ascites Grade Ⅱ HE Death after 4 mo
3 8 × 80, 8 × 80 No obvious APF 36 12 Hemostasis No Death after 2 mo
4 7 × 80 Obvious APF 26 7 Alleviated ascites No Survived the 16 mo
5 8 × 80, 8 × 80 No obvious APF 37 19 Hemostasis Grade Ⅰ HE Death after 2 mo
6 8 × 80, 8 × 60 No obvious APF 32 14 Hemostasis Grade Ⅰ HE Death after 6 mo
7 8 × 80, 8 × 60 No obvious APF 27 12 Hemostasis No Death after 14 mo
8 8 × 80, 8 × 60 No obvious APF 37 13 Hemostasis Grade Ⅲ HE Death after 3 mo
9 8 × 80, 8 × 80 No obvious APF 31 12 Hemostasis No Death after 10 mo
10 8 × 80, 8 × 60 No obvious APF 28 9 Hemostasis No Survived the 18 mo
11 8 × 80, 8 × 60 No obvious APF 36 12 Hemostasis Grade Ⅱ HE Death after 6 mo

TIPS: Transjugular intrahepatic portosystemic shunt; PPG: Portosystemic pressure gradient; APF: Active power filter.

Table 1  Clinical data of the 11 patients

Case No. Age (yr) Localization of tumor Localization of portal 
vein tumor thrombus

Treatment 
before TIPS

Eextrahepatic 
metastasis

Symptoms 
before TIPS

Gastroscopic findings 
before TIPS

Child-Pugh 
score

1 59 S2, 3, 4 Main, left branch TACE once Metastasis in both 
lungs

Vomiting 
blood for 3 d

Severe varicosis 6

2 78 S5, 6 Main, both left and 
right branches

None None Massive 
refractory 

ascites for 3 
mo

Not performed 8

3 41 S7, 8 Main, both left and 
right branches

TACE 3 times Lymphatic me-
tastasis in hepatic 
hilus and cardio- 

diaphragmatic 
angle

Vomiting 
blood for 5 d

Severe varicosis 6

4 66 S2, 3 Main, left branch TACE twice, 
RF once

None Massive 
refractory 

ascites for 6 
mo

Not performed 7

5 37 S2, 3, 4, 7 Main, both left and 
right branches

None Metastasis in both 
lungs

Vomiting 
blood for 5 d

Severe varicosis 7

6 46 S2, 3, 5, 6 Main, left branch None None Vomiting 
blood for 6 d

Severe varicosis 6

7 43 S5, 6 Main, right branch None None Vomiting 
blood for 3 d

Severe varicosis 5

8 55 S5, 6, 7 Main, both left and 
right branches

TACE 3 times, 
RF once

Metastasis in both 
lungs

Vomiting 
blood for 2 d

Severe varicosis 8

9 60 S2, 5, 6 Main, both left and 
right branches

TACE once Metastasis in both 
lungs

Vomiting 
blood for 3 d

Severe varicosis 5

10 57 S2, 3, 4 Main, left branch TACE 2 times None Vomiting 
blood for 7 d

Severe varicosis 5

11 55 S5, 8 Main, both left and 
right branches

TACE once, 
RF once

Metastasis in both 
lungs

Vomiting 
blood for 1 d

Severe varicosis 7

TIPS: Transjugular intrahepatic portosystemic shunt; TACE: Transcatheter arterial chemoembolization; RF: Radio frequency.
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Table 3  Brief summary of published studies: Transjugular intrahepatic portosystemic shunt for malignant portal vein obstruction  n  (%)

been gained. When it displayed like vascular structure and 
the contrast materials flowed slowly with no dissipation, 
the portal vein could be clearly defined. The appearance 
of  a “grid-like outline” in the tumor thrombus interspaces, 
or occasionally, small branches, was considered to indicate 
successful puncture of  the portal system.

In order to achieve long-term shunt patency, the 
tumor thrombus in the main portal vein should be 
completely covered. After the procedure, the portal 
blood flow was redirected to the systemic circulation. 
Subsequent HE and liver failure are two problems to 
which one needs to pay attention. In our study, only one 
patient experienced grade Ⅲ HE, three grade Ⅱ, and 
two grade Ⅰ; all of  whom recovered after administration 
of  lactulose and protein restriction. No death resulted 
from hepatic failure in our 11 patients. We speculate that 
the blood supply to the liver from the peripheral portal 
branches and hepatic artery increased in a compensatory 
manner during occlusion of  the main portal veins[30]. 

This study had some limitations. First, the sample 
size in this case series was small, and the effectiveness 
and safety of  TIPS in this clinical setting need to be 
evaluated in prospective studies with larger samples. Sec-
ond, the long-term patency of  the shunt could not be 
observed, because the patients had end-stage HCC. 

Undoubtedly, the prognosis of  advanced HCC is 
poor. The main purpose of  TIPS was to save or prolong 
life, and this should be explained clearly to the patients 
and their relatives. 

In conclusion, TIPS with covered stents for HCC with 
tumor thrombus in the main portal vein is technically fea-
sible, challenging, and has favorable short-term efficacy.
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