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Abstract To retrospectively analyze the therapeutic

results of percutaneous transhepatic portal vein stenting

(PTPVS) and transcatheter arterial chemoembolization

(TACE) treatment in 58 patients with hepatocellular car-

cinoma (HCC) invading the main portal vein (MPV). A

total of 58 procedures of PTPVS were performed, imme-

diately after which TACE was undertaken to control HCC.

The clinical effects, complications, digital subtraction

angiographic appearance, stent patency rates, cumulative

survival rates, and predictive factors for survival were

evaluated. The Kaplan–Meyer method and the log rank test

were used for survival analysis. Multivariable analysis was

also conducted by the Cox proportional hazard model. No

patient died during stent placement or within the first 24 h.

No severe procedure-related complications were observed.

After stent placement, the mean ± standard deviation

portal venous pressure levels decreased from 41.43 ±

8.56 cmH2O to 37.19 ± 7.89 cmH2O (p \ 0.01). At the

time of analysis, 9 of the 58 patients survived. The 60-,

180-, 360-, and 720-day cumulative patency rates were

98.1%, 71.0%, 52.6%, and 42.1%, respectively, with a

mean patency time of 552.9 ± 88.2 days and a median

patency time of 639.00 ± 310.00 (95% confidence interval

[95% CI], 31.40–1246.60) days. The 60-, 180-, 360-, and

720-day cumulative survival rates for the total study pop-

ulation were 74.1%, 27.1%, 17.2%, and 13.8%,

respectively, with a median survival time of 113 ± 27.29

(95% CI, 59.51–166.49) days. In the univariate analysis,

the following six variables were significantly associated

with the prognosis: (1) HCC type; (2) Child-Pugh grade;

(3) MPV stenosis/occlusion; (4) arteriovenous shunt; (5)

iodized oil deposition; and (6) number of TACE procedure.

In addition, having diffuse-type HCC and Child-Pugh

grade B disease were each independent factors associated

with decreased survival time in the multivariate analysis.

PTPVS-TACE is feasible and may be useful to control

HCC invading the MPV.
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Abbreviations

TACE Transcatheter arterial chemoembolization

PTPVS Percutaneous transhepatic portal vein stenting

HCC Hepatocellular carcinoma

MPV Main portal vein

AVS Arteriovenous shunt

AFP Alpha fetoprotein

DSA Digital substraction angiography

PTPE Percutaneous transhepatic portographic

embolization

PTCD Percutaneous transhepatic cholangial drainage
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CT Computed tomography

US Ultrasonography

Introduction

Portal vein invasion frequently occurs in hepatocellular

carcinoma (HCC), and it has become one of this disease’s

most important prognostic factors [1–3]. Once a main

portal vein (MPV) tumor thrombus (MPVTT) has devel-

oped, the prognosis is extremely poor [4]. Stenosis or

occlusion of MPV causes hypertension of the portal vein.

In addition, the blood loss to the normal liver parenchyma

supplied by the obstructed portal vein causes deteriorating

liver function, which then limits the application of trans-

catheter arterial chemoembolization (TACE) in the

treatment of HCC [5–7].

Since the introduction of TACE for advanced HCC,

substantial advances in palliative transcatheter therapies

have been made. During the last decade, percutaneous

transhepatic portal vein stenting (PTPVS) has been used as

palliative relief of malignant portal vein obstruction [8, 9].

Only a few publications have addressed stent placement for

the treatment of portal vein stenosis or occlusion due to

HCC, and the number of described cases are few [10, 11].

Furthermore, there are no reports on PTPVS-TACE com-

bination therapy.

In the present study, we analyzed the long-term results of

PTPVS-TACE used as a palliative treatment in 58 patients

with HCC invading the MPV. The primary endpoint of the

study was the identification of survival predictors, including

the presence of arteriovenous shunt (AVS), severity of

portal vein obstruction, number of TACE procedures, and

HCC type. All the factors we determined were considered

important in potentially influencing the prognosis of HCC.

The secondary endpoints were the technical and clinical

success rates of the procedure, occurrence of complications,

and stent patency rates from triphasic helical computed

tomography (CT), color Doppler ultrasonography (US), and

conventional digital subtraction angiography (DSA) per-

formed in conjunction with TACE.

Materials and Methods

Patients

This study was approved by the Ethics Committee of the

Medical School of Fudan University, and all patients pro-

vided written informed consent before beginning treatment.

Between July 2002 and July 2007, a total of 75 of 520

patients with HCC complicated by MPVTT underwent

PTPVS-TACE during the study period. Among them, data

from 58 patients (54 men and four women; mean

age ± standard deviation [SD], 50.62 ± 10.52 years; age

range, 27–75 years) with detailed clinical treatment and

follow-up data were analyzed. The diagnosis of HCC was

confirmed by surgery or biopsy in 40 of the 58 patients; of

the remaining 18 patients, the diagnosis was established by

CT, magnetic resonance imaging, color Doppler US, and

angiographic findings in addition to high values of tumor

markers such as alfa-fetoprotein. Extension of MPVTT was

evaluated by US, CT, and direct or indirect digital sub-

traction portography.

Six patients had recurrent HCC after resection, while 52

patients had no history of surgery. Liver cirrhosis was

found in 26 patients (44.8%), while 32 patients (55.2%)

had no sign of it. Seventeen patients had evident esopha-

geal and gastric varices. There were 16 patients (27.6%)

that had a bulky primary tumor plus multiple daughter

nodules, 30 patients (51.7%) with multiple nodules, and 12

patients (20.7%) with diffuse type. The mean largest tumor

size was 7.94 ± 3.50 cm (range, 2.5–18 cm; median,

7.5 cm). The MPV was completely occluded in 18 patients

(Fig. 1A) and stenotic in 40 patients (Fig. 2A). Diagnoses

were confirmed by digital subtraction portography,

and [50% MPV stenosis was found in all patients,

while [70% stenosis was found in 43 patients. Bleeding

(including melena and hematemesis) and ascites were

observed in 12 and 25 patients, respectively.

Exclusion criteria for the patients who underwent

PTPVS-TACE included Child class C liver disease,

uncorrectable bleeding diathesis, significant encephalopa-

thy, bilirubin levels of [51 mmol/L, or distal branches of

the stenotic and/or occlusive MPV being all occlusive.

Inclusion criteria were unresectable HCC, partial distal

branches of the stenotic and/or occlusive MPV kept patent,

and a degree of MPV stenosis [50%. All patients had good

performance status (Karnofsky score, 80–100).

Procedure of PTPVS-TACE

In order to diminish damage, all transhepatic puncture

procedures were performed under US guidance. The patent

right or left segmental portal vein branch was punctured

with a 21-gauge Chiba needle. The selection of a right or

left percutaneous approach to the portal vein was depen-

dent on which lobe’s blood supply could be and deserved

to be reestablished by stenting. After successful puncturing,

the Cope cannula system (Cook) was exchanged. A 0.038-

inch guide wire (Cook) was inserted again through the

Cope cannula system. A 5-F Cobra catheter (Cook) was

used to help the guide wire to traverse the occluded portal

vein; then it was withdrawn and a 7-F sheath (Cook) was

exchanged again through the 0.038-inch guide wire, and a
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5-F pigtail catheter (Cook) was advanced across the ste-

notic or occluded section of the MPV through the guide

wire and placed in the splenic vein or super mesenteric

vein. Portography was then performed.

After accurate measurement of the length of the stenotic

or occluded lesions and the diameter of a normal section of

the MPV, the stents whose diameter and length were

determined by those of the invaded vein were implanted to

rebuild or increase the blood supply toward the normal liver

parenchyma and to decrease the hypertension of the portal

vein. The MPV pressure was measured at the distal site of

the stenotic or occluded position before and after stent

implantation. After stent implantation, portal vein angiog-

raphy was performed again to evaluate the blood supply to

the normal liver, the expanding state, and the position of the

stent. Last, the sheath was extracted slowly and two or three

coils 3–4 mm in diameter were placed into the liver

parenchymal tract through the sheath to obviate the dangers

of hemorrhage when the sheath was withdrawn.

TACE was performed immediately after PTPVS.

Diagnostic angiography of the celiac trunk and superior

mesenteric artery was performed selectively with a 5-F

angiographic catheter (RH catheter, Cook). After identifi-

cation of the tumor-feeding artery, the RH catheter was

advanced into it; when necessary, a microcatheter with a 3-

F outer diameter (SP microcatheter; Boston Scientific) was

used for selective catheterization. When the catheter was in

place, oxaliplatin (75 mg/m2) and 5-fluorouracil (500 mg/

m2) were infused through the catheter. After the infusion,

embolization was performed with iodized oil (Lipiodol

Ultrafluido; Guerbet, France) mixed with epirubicin (30–

50 mg/m2). The gelatin sponge pledgets (1 or 2 mm3) were

always used to enhance the embolic effect. The embolic

material was applied under fluoroscopic guidance until

visible decreased flow was achieved. The ratio and amount

were estimated before embolization, depending on the

desired occlusion level and size of the main tumor. In

patients with tumor disease in both the right and left liver

lobes, only one lobe was embolized during one treatment

session to avoid prolonged postembolization syndrome or

postinterventional liver failure. When high-flow arterio-

portal shunts were detected on DSA, the gelatin foam

particles or strips were applied first to occlude AVS. Coils

were also used if necessary. After PTPVS-TACE, po-

stembolization syndrome was treated symptomatically.

Four to 6 weeks after the embolization, contrast-

enhanced CT imaging of the liver was performed to eval-

uate the effect of embolization on the tumor and thrombi.

The existence of a residual enhancing area within the tumor

was considered to be live tumor. Repeat diagnostic arteri-

ography and TACE were undertaken to embolize any

remaining tumor-feeding arteries.

Stent Data

A total of 58 self-expanding metallic stents of three types

were implanted in 58 patients during the course of the

study, including 56 noncovered and two covered stents.

Fig. 1 Treatment of HCC with MPVTT. A Portal vein angiography

using a pigtail catheter shows that the MPV was occlusive, while the

distal branches of the portal vein remained patent. B The MPV was

revived, and blood supply toward the liver parenchyma was increased

after insertion of a covered stent with a diameter of 10 mm and length

of 80 mm. The collateral vein of the portal vein nearly disappeared. C
Indirect portal vein angiography through the splenic artery

demonstrates enduring patency of the MPV 2 months later. D
Conventional angiography before embolization demonstrates large

tumor vascularization mainly in the left lobe. E Abdominal plain film

shows that iodized oil was completely deposited in the tumor after

embolization with iodized oil (20 mL) and gelatin particles to

enhance its effect. F Angiography in the second TACE procedure

2 months later shows tumor staining nearly vanished
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The Luminexx 3 vascular stent (Bard) and the S.M.A.R.T.

Control Nitinol stent (Cordis) were used in 29 patients and

27 patients, respectively. Two Fluency stent grafts (Bard)

covered with polytetrafluoroethylene were implanted in

two patients. We deployed a 10-mm stent in 5 patients, a

12-mm stent in 34 patients, and a 14-mm stent in 19

patients. Stent length ranged from 40 to 120 mm.

Additional Treatment

Seventeen patients with potential bleeding from varices

received percutaneous transhepatic portographic emboli-

zation (PTPE) after conspicuous esophageal and gastric

varices with enlarged vessel lumen were shown on portal

vein angiography. In patients with complicating

obstructive jaundice, when cholangiectasis was detected,

percutaneous transhepatic cholangiodrainage (PTCD)

would be performed to decrease the serum bilirubin

level.

Follow-up

Serum bilirubin levels, albumin levels, and stool occult

blood were examined before interventional therapy and

were reexamined every week after therapy, or every

2 weeks if the patient’s general condition was good, to

determine the presence of liver function deterioration or

gastrointestinal bleeding. Initial serum alfa-fetoprotein

levels were measured before the procedure and then

examined monthly thereafter.

Fig. 2 A Magnetic resonance

image (frontal reconstruction)

showed MPVTT (white arrow)

in the MPV and a large tumor

with daughter nodule before

PTPVS-TACE. B DSA

performed during initial

treatment showed enlarged right

hepatic artery with abundant

tumor vessels and tumor stain.

C Direct portogram during

initial treatment: filling defect

(white arrow) was shown in the

MPV, and the right portal

branches disappeared. D Direct

portogram immediately after

stent implantation demonstrates

remnant filling defect and

enlarged portal vein lumina. E
Indirect portal vein gram

12 months after treatment: the

stent (white arrow) keeps

patency, and the blood flow

toward the left liver lobe is kept

normal. F Shrunken bulky

(white arrow) tumor with

daughter nodule (black
arrowhead) and stent (black
arrow) showed by CT (frontal

reconstruction) 12 months after

PTPVS-TACE
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The status of blood flow through the stent was evaluated

by color Doppler US 1 week after stent insertion. After

this, triphasic helical CT and color Doppler US was per-

formed monthly to assess the stent patency, morphologic

response, and recurrent disease, and then every 3 months if

no signs indicating portal vein hypertension or significant

tumor thrombus progression were present 6 months later.

Indirect portal vein angiography was only performed dur-

ing a repeat TACE procedure (Fig. 1C, Fig. 2E).

Examination was performed immediately after presentation

of symptoms (including melena, hematemesis, and pro-

gression of ascites) indicating recurrence of portal

hypertension. Follow-up was performed monthly by tele-

phone interview with patients or their attending physicians.

Evaluation of the Effects of TACE

Tumor necrosis within a tumor was reflected by patterns

and percentages of iodized oil retention, which was clas-

sified as complete, complete with defect, scattered, or poor,

and was evaluated by CT scan approximately 4 weeks after

treatment [12, 13]. The Response Evaluation Criteria in

Solid Tumors (RECIST) [14] was also used to evaluate the

tumor response at 1, 2, and 6 months.

Technical and Clinical Success

The technical success was defined as the ability to com-

plete the PTPVS-TACE procedures as planned. Clinical

success was defined as complete response, partial response,

or stable disease by RECIST criteria at 2 months.

Calculation of Survival Time and Stent Patency Time

The stent patency time was calculated from the day of stent

implantation until obstruction was detected. If obstruction

was not detected during a patient’s life, the patency period

was regarded as the duration of the survival. The endpoint

was defined as stent occlusion. Survival time was defined

as the period between the day of stent placement with

TACE and the time of death. The interval between initial

diagnosis of HCC with MPVTT and PTPVS-TACE was

23.43 ± 32.72 days (range, 1–148 days).

Statistical Analysis

Data were expressed as mean ± SD. Survival time and

estimated stent patency time were evaluated by the Kap-

lan–Meyer method, and the differences between prognostic

factor subgroups were compared by the log rank test. The

Cox proportional hazard model was used to calculate the

hazard ratio for all associated variables. The Wilcoxon

signed-rank test was used for the comparison of noncate-

gorical variables. The level of statistical significance was

set at p B 0.05.

Results

Safety of PTPVS-TACE

PTPVS-TACE was performed successfully as planned in

58 patients, for a technical success rate of 100%. Thirty-

nine stents were inserted via the left lobe (Fig. 2C, D) and

19 stents via the right lobe approach (Fig. 1A, B). No

major procedure-associated complications, including heavy

bleeding, hepatic rupture, or acute hepatic failure, occurred

within 1 week.

A total of 152 TACE procedures were performed in 58

patients (1–11 procedures per patient; mean, 2.62 ± 2.11

procedures). None of the patients died during interven-

tional operation or within the first 24 h. A self-limiting

postembolization syndrome consisting of increased body

temperature, nausea, and/or abdominal pain was evident to

varying degrees in nearly all patients. These symptoms

subsided with symptomatic treatment. Obstructive jaun-

dice was observed in six patients (10.34%), with the

serum bilirubin level increasing from 31.08 ± 13.91 to

181.03 ± 56.75 mmol/L. Significant cholangiectasis and

filling defects in the bile duct suggestive of tumor inva-

sion were detected in two patients; this was treated with

PTCD. The condition of one of the two patients improved,

while the other did not obviously improve, the result of

biliary duct hemorrhage after PTCD. Partial improvement

was obtained in four patients whose disease was not

suitable for PTCD but who were managed with supportive

therapy.

Mean serum bilirubin levels in all patients before

(23.16 ± 10.34 mmol/L; median, 22.65 mmol/L) and

30 days after (40.58 ± 53.67 mmol/L; median,

18.60 mmol/L) interventional therapy were not signifi-

cantly different (Wilcoxon signed-rank test, p [ 0.05). The

albumin level before the combined PTPVS-TACE treat-

ment was 35.97 ± 5.26 g/L (median, 35.00 g/L) and

34.86 ± 5.41 g/L (median 34.50 g/L) 30 days after ther-

apy (Wilcoxon signed-rank test, p [ 0.05). The Child-Pugh

grade scores before (6.18 ± 1.42) and 4 weeks after

(6.33 ± 1.62) PTPVS-TACE were not statistically differ-

ent (Wilcoxon signed-rank test, p [ 0.05).

Acute renal failure considered to be associated with

TACE emerged in one patient with hypertensive nephronia,

who died 14 days later. Acute hepatic tumor rupture

occurred at the 29th day after treatment in one patient, who

died of hemorrhagic shock the next day. TACE was safely

performed more than twice in 21 patients (36.21%).
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Change in Portal Vein Pressure

The portal vein pressure of 55 patients was measured

before (42.73 ± 8.25 cmH2O) and after stent implantation

(36.73 ± 8.14 cmH2O). The decrease in mean portal

venous pressure by 6.00 ± 4.63 cmH2O after stent place-

ment was significant (p \ 0.01). Changes in portal vein

pressure between the groups with occlusion and stenosis of

the trunk of portal vein have a significant difference

(p \ 0.05). The stenosis and occlusion were caused by

tumor infiltration.

Appearance on DSA

Stents expanded completely in 20 patients with recanali-

zation of stenosis or occlusion and no filling defects

(Fig. 1A, B). There were remnant filling defects caused by

the existence of a tumor thrombus between the stent and

the vessel wall in 38 patients (Fig. 2C, D), but with

incomplete expansion in four patients. Although those

factors existed, blood flow through the stents was unob-

structed, and blood supply toward the normal liver

parenchyma was reestablished or increased in all patients

(Fig. 1B).

Survival Rates for Patients Treated with PTPVS-TACE

Forty-nine patients died during follow-up, and nine patients

are still alive. Seven patients survived for more than 1 year

and three patients lived for more than 2 years after the

diagnosis of MPVTT. The overall mean length of survival

was 242.28 ± 43.13 days (range, 14–1013 days; 95%

confidence interval [95% CI], 157.75–326.82). The 120-,

180-, 360-, and 720-day cumulative survival rates for the

total study population were 46.6%, 27.1%, 17.2%, and

13.8%, respectively, with a median survival of

113.00 ± 27.29 days (95% CI, 59.51–166.49 days).

The 60-, 180-, and 360-day cumulative survival rates

were 79.4%, 37.5%, and 30.1% for patients without AVS,

and then 66.7%, 12.5%, and 0% for patients with AVS,

respectively. Significant statistical differences were detec-

ted between the two groups (p \ 0.01). The mean survival

time (347.99 ± 68.26 days) of patients without AVS was

significantly longer than that (98.96 ± 13.14 days) of

patients with AVS (p \ 0.01).

In univariate analysis, 10 factors likely to affect survival

are shown in Table 1. Of those, the following six signifi-

cantly affected survival time: HCC type, Child-Pugh grade,

MPV stenosis/occlusion, AVS, iodized oil deposition, and

number of TACE procedures.

Multivariate survival analysis (Table 2) of the six fac-

tors significantly affecting survival time revealed Child-

Pugh grade and HCC type as independent predictors of

survival: Child-Pugh grade B and diffuse HCC type were

associated with increased risk of death (Fig. 3).

Tumor Response

Patterns of complete deposition or complete-with-defect

deposition were detected in 33 patients (56.9%) (26 with-

out AVS, 7 with AVS) and showed no staining or partial

tumor staining in the subsequent TACE procedure

(Fig. 1D–F). In 25 patients (43.1%) (17 with AVS, 8

without AVS), there was scattered or poor depositive

modality. All nine patients who were still alive at the time

of this written report showed complete or complete-with-

defect pattern. The tumor response to TACE was complete

response in 0 patients, partial response in 5 patients (8.6%),

and stable disease in 29 patients (50.0%) at 2 months. The

clinical success rate (overall disease control) was 58.6% at

2 months. Six months after PTPVS-TACE, 17.2% of

patients had partial responses, and an additional 6.9% had

stable disease by RECIST.

Stent Patency

All stents remained patent within 2 weeks during the fol-

low-up period, with cumulative patency rates at 60, 120,

180, 360, and 720 days of 98.1%, 87.2%, 71.0%, 52.6%,

and 42.1%, respectively. Mean stent patency was

552.88 ± 88.18 days (range, 14–1013 days; 95% CI,

380.05–725.72 days) with a median patent time of

639.00 ± 310.00 days (95% CI, 31.40–1246.60 days).

Stents remained patent throughout the survival period in

44 (37 dead and 7 living) of the 58 patients (Fig. 1C,

Fig. 2E, F). Fourteen patients (24.1%) developed stent

occlusion (2 living and 12 dead). Two patients with

occlusive stents were managed with orthotopic liver

transplantation. The cause of stent occlusion was tumor

ingrowth. No obvious thrombosis was observed in our

patients.

Cause of Death

Thirty-eight patients (77.6%) died of liver failure princi-

pally caused by tumor progression. Gastrointestinal

bleeding emerged in eight patients (16.3%); of these, five

patients had rupture of gastroesophageal varices, and three

had disseminated intravascular coagulation. Liver cirrhosis

and AVS were found in five patients. Portal venous pres-

sure was decreased by 5.80 ± 0.86 cmH2O, but it

remained at a relatively high level (mean, 40.60 ±

3.54 cmH2O) immediately after PTPVS. The mean time

between the day of treatment and the time of bleeding was

88.80 ± 19.62 days. One patient (1.72%) died of renal

failure as a result of a preintervention history of
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hypertensive nephropathy with a slight increase in serum

creatinine level. One patient (1.72%) died of hepatic rup-

ture, and one (1.72%) died of systemic metastasis.

Discussion

HCC is the fifth most common cancer and the third cause

of cancer-related deaths worldwide. Despite therapeutic

advances, the overall survival of patients with intermedi-

ate-advanced HCC is still poor [3, 15]. When the MPV is

invaded, The prognosis is particularly poor, and compli-

cations are increased [2, 16, 17]. Most patients’ tumors are

unresectable as a result of intrahepatic metastasis, multiple

nodules, and poor liver function reserve. TACE has

improved the survival of stringently selected patients with

Table 2 Multivariate survival analysis for patients treated with

PTPVS-TACE

Variables p-value Hazard ratio (95% CI)

Iodized oil deposition 0.21 1.76 (0.73–4.27)

Child-Pugh grade \0.01 4.30 (2.11–8.74)

Multinodular 0.06 Reference

Bulky tumor ? DN 0.10 1. 92 (0.89–4.14)

Diffuse 0.04 2.56 (1.05–6.24)

Main portal vein stenosis/occlusion 0.35 1.40 (0.69–2.83)

Arteriovenous shunt 0.99 1.00 (0.46–2.20)

No. of TACE procedures 0.14 0.56 (0.27–1.20)

PTPVS percutaneous transhepatic portal vein stenting, DN daughter

nodule, TACE transcatheter chemoembolization, CI confidence

interval

Table 1 Univariate analysis of

survival for patients treated with

PTPVS-TACE

PTPVS percutaneous

transhepatic portal vein

stenting, TACE transcatheter

chemoembolization, CI
confidence interval, HCC
hepatocellular carcinoma, DN
daughter nodule, AVS
arteriovenous shunt, C ? CD
complete

deposition ? complete with

defect, S ? P scattered

deposition ? poor deposition,

PTPE percutaneous transhepatic

portographic embolization

Characteristic n (%) Median

survival (days)

Odds ratio

(95.0% CI)

p-value

Age (years)

B60 48 (82.8%) 116 1.17 (0.55–2.51) 0.68

[60 10 (17.2%) 59

Child-Pugh grade

A 37 (63.8%) 156 4.26 (2.30–7.88) \0.01

B 21 (36.2% 59

HCC types

Multinodular 30 (51.7%) 149 Reference –

Bulky tumor ? DN 16 (27.6%) 84 1.41 (0.72–2.75) 0.31

Diffuse 12 (20.7%) 59 5.65 (2.53–12.61) \0.01

Tumor size

\10 cm 44 (75.9%) 116 1.10 (0.57–2.11) 0.79

C10 cm 14 (24.1%) 62

Severity

Stenosis 40 (69.0%) 149 1.98 (1.08–3.64) 0.03

Occlusion 18 (31.0%) 63

AVS

No 34 (58.6%) 135 2.48 (1.37–4.47) \0.01

Yes 24 (41.4%) 67

Iodized oil deposition

C ? CD 33 (56.9%) 153 3.28 (1.80–5.97) \0.01

S ? P 25 (43.1%) 62

Initial serum alfa-fetoprotein

B10,000 40 (69.0%) 113 0.98 (0.54–1.80) 0.96

[10,000 18 (31.0%) 96

TACE procedures

B1 TACE 37 (63.8%) 62 0.26 (0.13–0.50) \0.01

[1 TACE 21 (36.2%) 203

PTPE

With PTPE 17 (29.3%) 140 0.79 (0.42–1.49) 0.46

Without PTPE 41 (70.7%) 96
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unresectable HCC and is currently the mainstay of treat-

ment for these patients [18–20]. The rationale of our

protocol is that most anticancer drugs first administered

intraarterially are extracted by the liver and metabolized

[21]. Thus, it is possible to achieve a high concentration

within the tumor. The Lipiodol–epirubicin emulsion

injected into the feeding artery serves as the embolic agent

that causes blockade of the vasculature of the tumor.

Gelfoam particles increase the retention of emulsion by

blocking washout, therefore enhancing the therapeutic

effect.

Although several authors have reported that TACE may

be a safe therapeutic modality for unresectable HCC with

MPVTT [17, 22], there are still no definite conclusions.

Progressive hepatic insufficiency developed at the fourth

week, The survival time of patients treated with TACE was

statistically no longer than that of untreated patients [22].

Treatment of unresectable HCC by TACE is aided by the

fact that although the normal liver has a dual blood supply

from the hepatic artery and the portal vein, HCCs receive

their blood supply almost exclusively from the hepatic

artery. Portal vein thrombosis could be considered as the

predictive factor for acute hepatic failure after TACE in

HCC patients [23]. The mechanism of this is mainly due to

the embolization of the dual blood supply causing acute

extensive ischemia of the liver after TACE. The portal vein

trunk and the hepatic artery are embolized by tumor

thrombus and by TACE, respectively. The remnant normal

liver having not enough blood supply leads to decompen-

sation. Patency of the portal vein is helpful for safe TACE.

On the other hand, in consideration of the propensity of HCC

for portal vein invasion and its prognostic implications, the

efficacy of TACE largely depends on whether the tumor

thrombus in the portal vein is controlled effectively [24].

In our opinion, PTPVS is indicated in patients with

expected occlusion and had patent distal branches, in par-

ticular if the possibilities of TACE are not yet exhausted.

The goal of PTPVS is to avoid or to dismiss portal

hypertension and to increase the blood supply to the normal

liver parenchyma. PTPVS is not indicated in patients with

portal vein tumor thrombus fulfilled in all the distal bran-

ches and/or with slow decrease of lumen without signs of

acute developing portal hypertension.

The patients enrolled onto the present study all had HCC

invading the MPV with [50% stenosis, and as such were in

no condition to be managed by TACE alone as a result of

the dual blood supply of liver parenchyma having been

destroyed, theoretically resulting in hepatic decompensa-

tion. Therefore, we first placed a stent into the MPV in order

to reestablish the blood supply of the relatively normal liver

parenchyma. Previous studies showed that stent placement

into the portal vein is a relatively safe and feasible proce-

dure [11, 25]. It improves portal hypertension; restores

blood flow to the normal liver parenchyma, thereby

expanding treatment options; prevents or delays recurrent

tumor ingrowth; and ultimately prolongs the survival period

in patients with HCC invading the MPV [8, 11].

There were no major complications associated with stent

placement among the 58 patients. To reduce the possibility

of bleeding from the site of puncture, the preexisting

bleeding diathesis, the number of platelets B60 9 109/L,

and the abnormal function of blood clotting should be

avoided as far as possible before PTPVS. Although the

portal vein pressure decreased significantly after stent

implantation, there were still eight patients who died of

gastrointestinal bleeding. Of these patients, rupture of

gastroesophageal varices, which is known to be caused by

an increase in portal vein pressure, were found in five

patients. In the case of these five patients, PTPVS did not

Fig. 3 Kaplan–Meyer histogram presenting the cumulative survival

rates according to HCC type (A) and Child-Pugh grade (B)
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result in the favor to inhibit the deterioration of gastro-

esophageal varices even though decreasing portal vein

pressure by PTPVS was observed. The rupture of the

varices was mainly due to severe liver cirrhosis, which

could not be improved by PTPVS. In addition to cirrhosis,

the existence of an AVS should also be considered as a

factor contributing to increased portal vein pressure. Six

patients in the study developed obstructive jaundice, which

may have been caused by tumor ingrowth into the bile duct

or damage from TACE, or had been compelled by the

implanted stent because of the limited space of the Glisson

system. PTCD should be administered in patients with

cholangiectasis. At the end of 30 days, liver function in our

patients was well preserved, suggesting that PTPVS-TACE

may be safely performed for HCC with MPVTT.

The therapeutic effect of TACE on HCC is determined

by the degree of iodized oil retention in the tumor and is

potentiated by subsequent blockage of the feeding artery

with gelatin sponge particles [26]. Likewise, sufficient

deposition of iodized oil is required for the effective con-

trol of intraportal tumor thrombi, including the MPV

thrombi [22]. In our series, the median survival time of 33

patients with complete or complete-with-defect accumu-

lation of iodized oil in the tumor (153 days) was longer

than that of the 25 patients whose accumulative patterns

were scattered or poor (62 days). All nine patients who are

still alive demonstrated complete or complete-with-defect

pattern. These results indicate that the deposition of iodized

oil is relevant to the therapeutic effect of PTPVS-TACE on

HCC with MPVTT.

Tumor ingrowth, stent thrombosis, intimal hyperplasia,

and splanchnic venous involvement are all known to cause

stent occlusion [11, 27]. In this study, however, only tumor

ingrowth was detected in all occluded stents. Full stent

expansion, complete stent apposition to the vessel wall, and

full lesion coverage may postpone stent occlusion.

Although remnant filling defect and partial expansion were

observed in 42 patients immediately after stent implanta-

tion, the stent expanded completely in the follow-up

period, and blood flow was increased significantly. The

cumulative stent patency rates are similar to those of a

previous study [11]. The presence of a remnant filling

defect is caused by the existence of a tumor thrombus

between the stent and the vessel wall after stent insertion.

Endothelialization was not considered as the main cause of

stent occlusion because the tumor cells grow much faster

than the endothelial cells. Furthermore, the absence of

endothelialization may be attributed to the incomplete

apposition of the stent to the vessel wall [11]. Yamakado

et al. [27] reported that even after 16 months, a neointima

cover did not appear on the endoluminal surface of the

stents.

Yamakado et al. [11] retrospectively studied 21 patients

with HCC invading the MPV in whom stents were placed

in the MPV with resulting survival rates of 64.2%, 29.2%,

and 29.2% at 6 months, 1 year, and 2 years, respectively.

Their study population was smaller and included no dif-

fuse-type HCC, which always carries the poorest

prognosis. In a prospective study [22] in which a group of

HCC patients with MPV obstruction was treated with

TACE alone, progressive hepatic insufficiency developed

in the fourth week. In this study group, however, no

obvious hepatic failure occurred, suggesting that PTPVS

could in a way play an important role in the combination

treatment.

The current study also showed that at least six factors—

diffuse-type HCC, Child-Pugh grade B, MPV occlusion,

HCC with AVS, scattered and poor iodized oil retention,

and having one or fewer TACE procedure—showed a poor

prognosis for survival of HCC patients with MPVTT in the

univariate analysis. More specifically, diffuse-type HCC

and Child-Pugh grade B were independent factors that

decreased survival time in the multivariate analysis. The-

oretically, diffuse-type HCC has an intrinsically poor

prognosis and/or poor response to TACE. In the present

study, 75.7% of patients belonging to Child-Pugh grade A

responded to PTPVS-TACE at 2 months, who are consid-

ered to be good candidates for the therapy. When AVS

appears, the accumulation of Lipiodol–epirubicin emulsion

is reduced in the tumor because the emulsion deposits

poorly and/or flows into the normal liver parenchyma

resulting in liver function damage. However, in segmental

and low-flow AVS, we have performed segmental hepatic

chemoembolization simultaneously from the hepatic artery

and portal vein without damaging the other segments of the

liver. This method works on the basis of the fact that an

excess amount of Lipiodol emulsion infused from the

hepatic artery flows into the portal vein. Unfortunately,

subjects appropriate for this method are restricted. As for

the high-flow AVS, embolization must first be performed

with Gelfoam. When embolization with the Gelfoam fails,

coils could be used to embolize the orificium fistulae. In

such cases, the coils are not mainly indicated to treat the

HCC lesions but to prevent high-flow portal hypertension.

Of course, the afferent tumoral vessel could also be closed

and the efficacy of chemotherapy decreased in such cases.

This study has several limitations. Given its retrospec-

tive study design, it is subject to several possible biases,

namely selection bias and reporting bias. And because

there was no control group in our study, there is no ability

to demonstrate survival benefit. Prospective randomized

control trials are necessary to show whether performing

PTPVS could result in a safer and more effective TACE

treatment.
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PTPVS-TACE is feasible and may be useful in con-

trolling HCC invading the MPV. The initiation of PTPVS

might improve the outcome of the TACE procedure when

it is used as a method to decrease portal vein pressure and

to increase blood supply to the normal liver parenchyma.
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