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Abstract

Purpose:To assess the role of transcatheter arterial chemo-
embolization (TACE) and percutaneous ethanol injection
(PEI) in patients with hepatocellular carcinoma (HCC) and
transjugular intrahepatic portosystemic shunts (TIPS).
Methods: Between January 1999 and September 2004, 6
patients with HCC and TIPS were treated with either TACE
(n = 3) or TACE in combination with PEI (n = 3). One
patient had a known advanced, untreated HCC prior to
TIPS. In the remaining 5 patients HCC was diagnosed 14,
17, 51, 69, and 76 months respectively after elective TIPS.
TACE was performed using a mixture of 30–60 mg of
epirubicin and 10 ml of lipiodol following superselective
catheterization of tumor-feeding vessels. PEI was performed
under CT guidance.
Methods: The mean follow-up time after treatment of HCC
was 26.2 months (range 7–46 months). During follow-up, all
patients were free of rebleeding. Two patients died 7 and 38
months after one session of TACE and PEI (77 months after
TIPS) and three sessions of TACE (91 months after TIPS),
respectively. The cause of death was liver failure (Child-
Pugh class C) and peritonitis, respectively. A third patient
underwent liver transplantation 24 months after TIPS and
several sessions of TACE. In the remaining 3 patients, the
HCC is well controlled 13, 30, and 46 months after repeti-
tive percutaneous treatment without signs of hepatic dete-
rioration or metastasis.
Conclusion: Transcatheter arterial superselective chemo-

embolization and percutaneous ethanol injection seems to
be beneficial even in HCC patients treated with TIPS,
provided that the liver function is adequate.
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Variceal bleeding, refractory ascites, and encephalopathy
represent the most frequent, difficult, and alarming com-
plications of cirrhosis. The annual risk for hepatocellular
carcinoma (HCC) among carriers of the hepatitis B surface
antigen (HbsAg) is 0.06–0.3%. The relative risk increases to
0.8% in patients with chronic hepatitis and to 1.5–6.6% in
those with cirrhosis [1]. The incidence of HCC is rising in
developed western countries, and in the United States there
has been an increase of about 80% in the annual incidence
rate during the past 20 years [2, 3]. The care of the subgroup
of patients who have cirrhosis complicated by HCC is very
challenging. Transcatheter arterial embolization (TAE)
performed alone or in combination with chemotherapy
(TACE) in unselected patients is a controversial treatment
strategy for patients with unresectable HCC [4, 5]. Hem-
orrhage associated with varices in patients with HCC is
often fatal. Ho et al. determined that more than 45% of 287
patients with HCC died acutely from variceal bleeding [6].
The management of the small group of patients with a
history of portal decompression (surgical or intrahepatic
shunting) followed by the occurrence of HCC is even more
challenging: portal decompression may increase the arte-
rioportal shunting and, thereby, decrease nutrient hepatic
blood flow and lead to further hepatic dysfunction. Re-
cently, there have been preliminary reports and a few case
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reports of combining transjugular intrahepatic portosystemic
shunt (TIPS) and TACE in patients suffering from cirrhosis
and HCC [7–9]. One paper reported long-term observation
of 2 patients with HCC and TIPS [10].

The purpose of this study was to investigate the local
therapeutic effect of TACE and percutaneous ethanol
injection (PEI) in patients with HCC and TIPS, and to
analyze the long-term survival rates of treated patients.

Materials and Methods

Patients

Between January 1999 and September 2004, 6 patients with HCC
and TIPS were treated with either TACE (n = 3) or TACE in
combination with PEI (n = 3). All patients were suffering from
portal hypertension due to cirrhosis, and were primarily admitted
with acute bleeding from ruptured gastroesophageal varices
(n = 4), refractory ascites (n = 1), or both (n = 1). The clinical
profile before TIPS is listed in Table 1. All patients were staged
using the Child-Pugh classification [11]. The patients suffering
from severe bleeding had failed to respond to endoscopic sclero-
therapy of esophageal varices. One patient had a known advanced,
untreated HCC of nodular type prior to TIPS and had experienced
two massive upper gastrointestinal hemorrhages (Fig. 1). Sclero-
therapy failed to control the bleeding, so he was treated on an
emergency basis within 48 hr of admission. All the other patients
were prepared for treatment by carrying out a variety of clinical
and laboratory tests including color Doppler sonography and
computed tomography (CT). CT was used to define the anatomy,
with emphasis on the relation between the portal vein and hepatic
vein, vascular patency, and ruling out the presence of HCC. All
patients were evaluated for possible surgical shunting, and a final
decision was made to perform TIPS after an interdisciplinary
conference between the gastroenterologist, the surgeon, and the
radiologist. All patients were informed about the procedure in
detail, and they gave their written informed consent according to
the guidelines of the local ethics committee.

TIPS Procedure

The treatment was performed with the patient under general
anesthesia in the angiography suite. The technique of placing a
transjugular intrahepatic stent to establish a portosystemic shunt
has been described previously [12, 13]. Four patients were treated
with TIPS alone, and two with TIPS combined with adjunctive
embolotherapy of gastroesophageal collaterals using sclerosing
agents [4% benzylalcohol (Varigloban, Kreussler Pharma, Wie-
sbaden-Biebrich, Germany) or sodium amidotrizoate (Ethibloc,
Ethicon GmbH, Norderstedt, Germany)] and coils. The embolo-
therapy was performed immediately after TIPS (at the same ses-
sion via the transjugular vein). The rationale of embolotherapy was
to use long-acting occluding agents embolizing proximal and
peripheral collateral veins by combining liquid and mechanical
materials in order to prevent collateralization and reperfusion.

After dilation of the intrahepatic tract, the patency of the TIPS
shunt in the patient suffering from an advanced, untreated HCC
prior to TIPS (Fig. 1) was guaranteed by deployment of a 4 cm
long stent-graft (Jomed, Haan, Germany) in combination with a
Wallstent (Boston Scientific Europe). In the other patients, the
patency of TIPS shunts was guaranteed by deployment of bare
stents: tantalum Strecker stent (Boston Scientific Europe), 9 mm/6
cm (n = 1), Wallstents (n = 3), and a combination of a balloon-
expandable Palmaz stent (Cordis Endovascular, Haan, Germany)
and a Wallstent (n = 1).

TACE/PEI Procedure

Prior to each treatment session a dual-phase spiral CT scan of the
liver was done to assess the extent of the HCC, and to check the
patency of the TIPS tract and portal vein flow. Renal and liver
function tests, electrolytes, and coagulation studies were per-
formed. All tumors were staged using the TNM classification [14]
and the method of Okuda et al. [15]. Transfemoral angiography
(different-shaped 5 Fr catheters) of the celiac axis and superior
mesenteric artery (SMA) was performed in all patients to outline
the vascular anatomy and to identify the arteries contributing to the
blood supply of the tumor. All treatments were performed with the
patient under local anesthesia. All patients were informed about the
procedure in detail, and gave their written informed consent
according to the guidelines of the local ethics committee.

TACE was performed after superselectively introducing a 3 Fr
microcatheter into the segmental branches of the hepatic artery and
injecting a mixture of 10 ml iodized oil and 30–60 mg epirubicin
hydrochloride (Farmorubicin, Farmitalia, Carlo Erba, Freiburg,
Germany), mixed with the pumping method immediately before
injection. The dosage was proportional to liver function and tumor
size: 60 mg epirubicin hydrochloride was given to patients 1, 3, 4,
and 5; 45 mg epirubicin hydrochloride to patient 6, and 30 mg
epirubicin hydrochloride to patient 2 (Table 2). The injection was
performed under fluoroscopic control, and was interrupted if flow
ceased or retrograde flow occurred. If the flow did not cease after
injection of the above mixture, the injection was continued with a
mixture of 10 ml iodized oil and 10 ml NaCl. After injection of the
mixture of lipiodol and epirubicin, we did not use gelfoam sponge
or other embolic material to stop the arterial flow. During the
procedure an antiemetic (i.e., ondansetron) was given and contin-
ued for 12–24 hr after TACE. An opiate analgesic (i.e., piritra-
mide) was administered if necessary. If possible, TACE was

Table 1. Clinical characteristics of 6 patients with variceal bleeding
(n = 4), refractory ascites (n = 1), and both (n = 1) due to cirrhosis and
portal hypertension, immediately before the TIPS procedure. Three of six
patients had Child-Pugh class B cirrhosis

Characteristics No of Patients (n = 6)

Age (years) 57 (range, 49–72)
Sex
Male 4
Female 2

Emergency 1
Child-Pugh Score 7.6 (range, 5–10)
Child-Pugh Class

A 2
B 3
C 1

Cause of cirrhosis
Alcohol 3
Hepatitis 1
Kryptogenic 2
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repeated after a minimum time interval of 8 weeks, and up to five
times.

PEI was carried out under CT guidance. After intratumoral
positioning of a 22 cm long, 21gauge needle (Bard, Karlsruhe,
Germany) without sideholes, a mixture of absolute ethanol, local
anesthetic (Scandicain), and a nonionic contrast medium in the
ratio 8:1:1 respectively was injected at a dosage of 6–9 ml per
session, depending on ethanol distribution, patient compliance, and
lesion size [16]. If possible, PEI was repeated after a minimum
time interval of 8 weeks.

Evaluation of Treatment Response

Follow-up imaging for shunt surveillance and liver parenchyma
consisted of ultrasonography (US) and color Doppler US at dis-
charge and at 3, 6, and 12 months after the procedure and 6-
monthly thereafter. A shunt insufficiency was diagnosed when the

reduction in maximum portal vein flow velocity was below 20 cm/
sec or reduction of the early increment of the portal vein flow
velocity was more than 50%. Follow-up visits were scheduled
prospectively. All suspected shunt abnormalities were evaluated by
direct portography and pressure measurement after transjugular
TIPS shunt catheterization.

On US scans, every discrete solid lesion was considered as a
possible HCC, and was an indication for dual-phase spiral CT and/
or magnetic resonance imaging (MRI). If the lesion detected at US
clearly matched a lesion showing the characteristic features of
HCC, including arterial hypervascularization at dual-phase spiral
CT or MRI, biopsy confirmation was considered unnecessary,
according to the current noninvasive criteria devised by the
European Association for the Study of the Liver [17].

The results of US, color Doppler US, and the enhanced CT scan
of the liver were used for evaluation of tumor response before the
next TACE/PEI session. Tumor response was classified according

Fig. 1A–E. A 51-year-old man suffering from portal hyper-
tension due to cirrhosis (chronic hepatitis). Prior to TIPS he
had experienced two massive upper gastrointestinal hem-
orrhages within a few weeks. In October 2000 he was
admitted with life-threatening hemorrhage and was treated
with TIPS on an emergency basis. A MR scan (T1-weighted,
fat suppression) about 6 weeks before TIPS shows a HCC
(7.5 cm in diameter) of the nodular type in segment 4. B
Superselctive lipiodol embolization (posteroanterior view)
immediate before TIPS. The tip of the 3 Fr microcatheter is

placed in a branch of the left hepatic artery. C Direct
splenoportography (right anterior oblique, 20�) after cathe-
terization of the splenal artery. The pressure gradient was
17.5 mmHg (24 cm H2O). D TIPS shunt (lateral view) after
deployment of a 4 cm long stent-graft and an overlapping
bare Wallstent, and after variceal embolization using coils
and Ethibloc. E Result after TIPS and variceal embolization
(right anterior oblique, 25�). The pressure gradient was re-
duced to 9 mmHg (12 cm H2O).
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to the World Health Organization classification [18]: an increase
in tumor mass of more than 25% and/or appearance of new tumor
foci was classified as progressive disease (PD); a decrease in tu-
mor mass of less than 50% or an increase of less than 25% as
stable disease (SD); a decrease in tumor mass of more than 50% as
a partial response (PR); and complete disappearance of the tumor
manifestations as complete remission (CR).

Further follow-up data were based on findings from outpatient
examinations, periodic blood tests, and telephone interviews with
the patients and their primary physicians. The patients were fol-
lowed up until death, liver transplantation, or November 2004.

Results

TIPS

The mean portosystemic pressure gradient (PPG) was 22.1
mmHg (range 16–38 mmHg) before shunting and 11.1
mmHg (range 7.5–13 mmHg) after the procedure (paired t-
test, p < 0.0001), with a mean balloon diameter of 8.8 mm
(range 8–10 mm). During follow-up, all patients were free
of rebleeding. Duplex scanning and shunt venograms re-
vealed shunt dysfunction in all patients due to stenosis
(n = 5) and occlusion (n = 1), which was successfully
treated by percutaneous transluminal angioplasty (PTA)
and stent implantation. One patient showed a small amount
of ascites prior to dilation of the shunt stenosis. The total
number of reinterventions necessary to maintain TIPS pa-
tency was 1.6 (range 1–3).

TACE/PEI

As mentioned above, one patient had a known advanced,
untreated HCC of nodular type prior to TIPS. In 5 patients
HCC of nodular type were diagnosed 14, 17, 51, 69, and 76
months after elective TIPS (Table 2). Alphafetoprotein
(AFP) was >10 ng/dl in 4 patients (mean 105 ng/dl; range
45–165 ng/dl), <10 ng/dl in 1 patient, and unknown in 1
patient. The diagnosis of HCC was confirmed histologically
in 2 of the 6 patients. Seventeen TACE procedures were
performed in the 6 patients, an average of 2.8 per patient
(range 1–5), and 5 PEI procedures were performed in 3
patients (average 1.6; range 1–2). All interventions were
technically successful.

The mean follow-up time after treatment of HCC was
26.2 months (range 7–46 months). Two patients died 7 and
38 months after one session of TACE and PEI (77 months
after TIPS) and three sessions of TACE (91 months after
TIPS), respectively. Causes of death were liver failure and
peritonitis, respectively. One patient underwent liver
transplantation 24 months after TIPS and several sessions of
TACE (Fig. 2). In the other patients HCC is well controlled
13, 30, and 46 months after repetitive percutaneous treat-
ment without signs of hepatic deterioration or metastasis. A
summary of the patient data is given in Table 2.
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Complications

TIPS

Procedure-related complications with clinical sequelae oc-
curred in 3 patients (encephalopathy: n = 1; fever and
abdominal pain: n = 2). These patients were treated suc-
cessfully with medical therapy (lactulose in combination
with limits on protein, and antibiotics, respectively) without
any long-term sequelae.

TACE/PEI

After TACE, all patients showed symptoms of a mild po-
stembolization syndrome (fever <39�C, mild nausea, and
mild abdominal pain), but all were able to be discharged
without delay. We did not observe any complications during
the PEI procedures.

Discussion

The evidence-based indications for TIPS are discussed by
Shiffman et al. [19] and Haskal et al. [20]. Whereas Haskal

et al. conclude that accepted indications for TIPS include
uncontrollable or recurrent variceal hemorrhage, portal
hypertensive gastropathy, refractory hypertensive portal
ascites or hydrothorax, and Budd-Chiari syndrome, Shiff-
man et al. discuss accepted indications (+++), potential
indications (++), and experimental indications (+). Further,
Shiffman et al. discuss indications not accepted ()), and
absolute contraindications () )) for TIPS.

Five of our 6 patients were treated either on the basis of
accepted (n = 4) or potential (n = 1) indications for TIPS,
and at the time of diagnosing HCC (mean follow-up of 45
months after TIPS) these patients were free of rebleeding.
The ascites patient showed minor ascites (ultrasound) with
no fluid-related symptoms. Altogether the efficacy of portal
decompression in these 5 patients was obvious.

The absolute contraindications to TIPS placement in-
clude severe hepatic failure, uncontrolled hepatic encepha-
lopathy, right heart failure, and uncontrolled systemic
infection. Indications not accepted or relative contraindica-
tions include primary or secondary hepatic malignancy, and
polycystic liver disease. In several publications the presence
of hepatic malignancy was one of the exclusion criteria [21,

Fig. 2A-E. Same patient as in Fig. 1. Between November
2000 and September 2002 the HCC was controlled by TACE
(five sessions). All TACE procedures were performed using a
superselective chemoembolization technique. A Follow-up
angiography (posteroanterior view) about 13 months after
the first treatment, and after three sessions of TACE, shows a
new tumor focus (segment 6). There is an aberrant origin of
the right hepatic artery from the superior mesenteric artery. B
Superselective catheterization of the segmental artery (pos-

teroanterior view). C Result after chemoembolization, with no
vascularization of the tumor. D Native CT scan (coronal
planar reconstruction) after chemoembolization shows the
distribution of the iodized oil. E Two years after TIPS the
patient went to liver transplantation. Serial macroscopic and
microscopic analysis of the liver (posterior view) proved total
necrosis of both tumor foci, and a patent stent-graft with
complete endothelialization.
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22]. Wallace et al. have recently published their experience
with TIPS that traversed the tumor of patients with ad-
vanced primary and secondary hepatic malignancies [23].
They conclude that TIPS can be created safely in patients
with hepatic malignancy without increased technical com-
plications, but they observed a high rate of acute shunt
occlusion. In our patient with HCC prior to TIPS we avoi-
ded traversing the tumor by using pre-TIPS superselective
lipiodolembolization, transfemoral splenoportography in
two planes, and fluoroscopy to plan the transhepatic punc-
ture and to find the optimal route for traversing the region
and puncture site (Fig. 1). The theoretical rationale for using
a stent-graft was to create a physical barrier between the
tumor and the shunt lumen. During follow-up, we observed
a shunt stenosis after 8 months, but the PTA was successful
and the shunt stayed open until the patient underwent a liver
transplantation 2 years later (Fig. 2).

In terms of evidenced-based medicine, the indications for
TACE when administered to unselected patients with un-
resectable HCC are not clarified [5]. However, the two most
recent high-quality trials showed a significant survival
benefit in a stringently selected subgroup of patients [24,
25]. The aims of chemoembolization are to synergistically
combine a highly concentrated dose of chemotherapy to
tumor cells with embolization of the artery feeding a tumor,
which results in ischemia within the tumor and subsequent
tumor necrosis. The extent of tumor necrosis after chemo-
embolization has been reported to range from 60% to 100%
[26]. Prognostic factors influencing the survival of patients
with HCC treated with TACE were found to be tumor type
(nodular vs. infiltrating), tumor size, Child-Pugh class (A vs.
B vs. C), and grade of vascularization [15, 27]. Our expe-
rience and results confirm these findings: (a) one of our
patients with advanced HCC (all patients had tumor of the
nodular type) underwent liver transplantation 24 months
after TIPS and several sessions of TACE, and the serial
macroscopic and microscopic analysis of the liver proved
total necrosis of both tumor foci, showing the efficacy of
repetitive and superselective chemoembolization of HCC of
the nodular type (Fig. 2); (b) our patient with the highest
Child-Pugh class before treatment (Table 2) died 7 months
later due to liver failure.

PEI has been indicated as an effective alternative to
surgery for small HCC nodules, since complete necrosis of
lesions less than 3 cm in diameter has been achieved [28].
According to the guidelines of the European Association for
the Study of the Liver, PEI should be considered the stan-
dard technique for percutaneous treatment of small HCC
[17]. In patients with small HCC, it has recently been re-
ported that radio-frequency thermal ablation (RF ablation) is
superior to PEI with respect to local recurrence-free survival
rates [29]. As a result of difficulties in obtaining homoge-
neous alcohol perfusion in larger tumors, patients with large
HCC are usually treated with TACE [30]. There are several
reports evaluating the combined therapy of TACE and PEI
for patients with HCC [31–34], but only one of these is a

randomized controlled study [33]. The results of these
studies may allow us to conclude that combination therapy
with TACE and PEI is superior to monotherapy in terms of
recurrence-free survival. Among patients with HCC tumors
measuring less than 2 cm, Koda et al. found that the survival
rates in the group treated with TACE and PEI group were
significantly better than the survival rates in the group
treated with PEI alone [33]. Bartolozzi et al. concluded that
the combination of TACE and PEI was an effective treat-
ment even in patients with large HCC [31]. We combined
TACE and PEI in 3 patients, all of whom had tumors 4 cm
or less in diameter. One patient died 7 months later due to
liver failure unrelated to treatment. The other patients
showed stable disease 30 and 46 months after two sessions
with combined therapy together with one session of TACE,
respectively. Using the life table method, our overall 1-, 2-,
and 3-year survival rates are 83%, 63%, and 45%, respec-
tively.

The main challenge and potentially the most crucial as-
pect of TACE is to preserve as much functional liver tissue
as possible, and thus avoid deterioration of liver function
[35]. Due to decreased portal blood flow and the potential
decrease in arterial nutrient hepatic blood flow, this chal-
lenge is maximized in patients with portosystemic shunts.
To our knowledge there are four case reports of combining
TIPS and TACE in patients suffering from cirrhosis and
HCC [7–10]. Following the same strategy as ours with su-
perselective chemoembolization, they report that HCC was
well controlled without hepatic deterioration, but long-term
follow-up [10] is reported only in 2 cases (22 and 58 months
after therapy).

In conclusion, transcatheter arterial chemoembolization
and percutaneous ethanol injection seems to be useful even
in patients with TIPS, provided there is good liver function
and superselective catheterization of segmental branches for
the chemoembolization leaves the normal liver parenchyma
virtually unaffected. Further research is warranted to clarify
whether newer methods of tissue ablation, such as RF
ablation, are superior with respect to survival rates.
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