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Abstract

We performed a retrospective analysis of 46 patients with
histologically confirmed hepatocellular carcinoma (HCC)
who were treated with transarterial embolization (TAE) of
the hepatic arteries. To induce permanent embolization,
microspheres (Embosphere; 100 to 700l) and a mixture of
ethiodized oil (Lipiodol Ultrafluide) with cyanoacrylate
(Glubran) was injected. A total of 106 TAE procedures were
performed. Cumulative survival rates were calculated. No
patient died during embolization or within the first 24 hours.
Severe procedure-related complications were observed in 2
patients. At the time of analysis, 38 of 46 patients were
alive. The 180-, 360-, 520-, and 700-day cumulative sur-
vival rates for the total study population were 80.6%,
70.7%, 70.7%, and 47.1%, respectively, with a median
survival of 666 days. TAE with the use of microspheres and
Lipiodol and cyanoacrylate for unresectable HCC is a fea-
sible treatment modality. Bland embolization with the use of
microspheres can be used in patients for whom chemo-
embolization is not desired.
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Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide; its annual incidence is 1
million cases [1]. The prognosis for untreated patients is
dismal [2–4]. Despite advances in diagnosis and treatment,
the overall 5-year survival rate is only 2% [5]. Curative

surgical resection is not feasible in many patients; therefore,
a palliative approach is considered frequently to limit tumor
progression. Today several treatment modalities are dis-
cussed and compared. Multiple specialties are required for
optimal treatment [6]. Percutaneous ethanol injection has a
well-documented role in the treatment of small HCCs, and
percutaneous radiofrequency ablation is an evolving tech-
nique that can be used to treat smaller HCC in fewer
treatment sessions [7]. The most frequently applied treat-
ment is chemoembolization for local or regional tissue
therapy, and it is considered to be the standard therapy for
unresectable HCC in many centers [8]. Bland embolization
with the use of cyanoacrylate and Lipiodol has been de-
scribed as an alternative treatment with the potential for
greater peripheral and permanent embolization [9]. The
absence of chemotherapeutic agents could potentially de-
crease adverse events and patient discomfort [9]. Ongoing
development of embolization materials has given rise to
substances (microspheres) with a smooth hydrophilic sur-
face and minimal aggregation tendency. The purpose of this
study was to assess the safety and long-term survival asso-
ciated with transarterial embolization (TAE) with the use of
these microspheres, Lipiodol, and cyanoacrylate in patients
with HCC who are not candidates for surgery.

Patients and Methods
Between January 2000 and September 2002, 46 consecutive pa-
tients with histologically proven HCC were referred to our
institution for selective catheter embolization of the hepatic
arteries. The study population consisted of 34 men and 12 wo-
men. Tumor staging was established by helical computed
tomography (CT) in the arterial and portal venous phase to assess
the vascular support of the tumor and to confirm the patency of
the portal vein [10].
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Curative surgery was not feasible in all patients. The clinical
status of the patients at the time of first embolization procedure
was as follows. In 36 patients, liver cirrhosis was established by
biopsy, and 10 patients did not have liver cirrhosis. Eight patients
of the 46 had positive hepatitis C virus serology. The liver function
of patients with cirrhosis (n = 36) according to Child's classifica-
tion varied between Child's A (n = 21), Child's B (n =11), and
Child's C (n = 4).

According to Okuda�s classification for HCC, 20 patients were
classified as stage I; 23 patients were classified as stage II; and 3
patients were classified as stage III. Exclusion criteria for TAE were
uncontrolled liver disease, bacterial infection, presence of complete
portal vein thrombosis and contraindications for arterial access.

TAE was performed according to a standardized technique.
Antibiotics, analgesics, and antiemetics—including Ceftriaxon,
Tramal, Novalgin, and Zofran—were administered before and
during treatment in all patients. The femoral artery was cannulated
with the patient under local anesthesia using a 6F introducer sheath
(William Cook, Europe), and diagnostic angiography of the celiac
trunk and superior mesenteric artery was performed selectively
with use of angiographic catheter (Sidewinder I, Cordis; Johnson &
Johnson). After identification of the vascular anatomy, a super
selective microcatheter with 2.5F outer diameter (Tracker-18;
Target, Boston Scientific, Ireland) was advanced into the hepatic
arteries by use of a hydrophilic-coated guide wire (Transend Ex,
0.014 inch; Boston Scientific, Freemont, CA). Embolization was
performed by using Trisacryl gelatin microspheres (Embospheres;
Guerbet Biomedical, Roissy, France) ranging in size between 100
and 700 l. The embolic material was applied under fluoroscopic
guidance until visible decreased flow was achieved. This was
followed by application of 0.3–1 ml of a mixture of Glubran (GEM
Srl, Viareggio; Italy) and ethiodized oil (Lipiodol Ultrafluide;
Guerbet, Villepinte, France) in a ratio between 1:3 and 1:5 to
achieve permanent occlusion. The ratio and amount was estimated
before embolization depending on the desired occlusion level. TAE
was performed super-selectively (subselectively) by occluding
only the tumor-feeding segmental arteries. 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 po-
stembolization syndrome or postinterventional liver failure. In 18
patients, embolization was performed with the gallbladder in situ.
In these patients, special care was taken to avoid occlusion of the
cystic artery; however, because of the tumor location, the cystic
artery was occluded in 9 patients. None of the patients was referred
for cholecystectomy because of planned liver embolization.

To avoid immediate polymerization of the emulsion within the
microcatheter, the catheter was flushed with 5% glucose (Laevo-
san; Fresenius Pharma, Graz, Austria). A completion arteriogram
was obtained to confirm occlusion of the embolic vessels. After
TAE, postembolization syndrome was treated symptomatically.
Contrast-enhanced CT of the liver was performed 4 to 5 weeks
after the embolization to assess the effect of embolization on the
tumor and the need for further embolization therapy. The presence
of nonenhancing segments within the tumor lesion were considered
to be TAE-induced malperfusion or necrosis. In patients with a
residual enhancing tumor mass after embolization, diagnostic
arteriography and TAE were repeated to occlude any remaining
tumor feeding arteries. In patients with complete response, helical
CT was repeated 6 months and yearly thereafter.

Statistical analysis included evaluation of the survival time after
the initial diagnosis of HCC. Cumulative survival time curves for a
95% confidence interval were calculated as the primary study end
point with the use of Kaplan-Meier life table method.

Results

A total of 106 TAE procedures were performed in 46 pa-
tients (1 to 5 procedures/patient; mean: 2.16 € 1.57). None
of the patients died during embolization or within the first
24 hours. A self-limiting postembolization syndrome con-
sisting of increased body temperature, nausea, and/or
abdominal pain was evident to varying degrees in nearly all
patients.

Fig. 1. Kaplan-Meier histogram presenting the cumulative survival rates for the entire study population (n = 47) for a 95%
confidence interval. Numbers indicate patients alive.
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In addition, severe procedure-related complications were
observed in 2 patients. In 1 patient, abscess formation
developed within the tumor necrosis, and 1 patient devel-
oped a severe hepatic failure. Mean follow-up period was
15.1 € 9.2 months (range: 3 to 32). At the time of analysis,
38 of 46 patients were alive. For the study population, the
median cumulative survival value (survival probability of

50%) was 666 days after diagnosis (Fig. 1). The 180-, 360-,
520-, and 700-day cumulative survival rates for the total
study population were 80.6%, 70.7%, 70.7%, and 47.1%,
respectively (Fig. 1).

For patients with disease stage Okuda I, the 180-day
cumulative survival rate for the total study population was
93.8%. Evaluation of the 360-, 500-, and 700-day cumula-

Fig. 3. Kaplan-Meier histogram presenting the cumulative survival rates according to Okuda classification.

Fig. 2. Kaplan-Meier histogram presenting the cumulative survival rates according to cirrhosis stage.
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tive survival rates for patients with disease stage Okuda I
was statistically not possible. For patients with disease stage
Okuda II, the 180-, 360-, 520-, and 700-day cumulative
survival rates were 71.1%, 64.0%, 64.0%, and 47.1%,
respectively (p < 0.1). For patients with cirrhosis stage
Child's A, the 180-, 360-, 520-, and 700-day cumulative

survival rates were 84.8%, 67.5%, 67.5%, and 45.0%, re-
spectively. For patients with cirrhosis stage Child's B, the
180-day cumulative survival rate was 68.6%. Evaluation of
the 360-, 500-, and 700-day cumulative survival rates for
patients with cirrhosis stage Child's B was statistically not
possible. There was no significant difference between the

Fig. 4. Course of an HCC embolization. (A) Conventional
angiography before embolization demonstrates large tumor
vascularization mainly in segments VII and VIII. (B) Super-
selective catheterization of tumor vessels. (C) Super-selec-
tive embolization with Embospheres, Glubran, and lipiodol
(embo 1). (D) Angiography after embolization. (E) CT follow-
up 3 months later shows large tumor necrosis and only minor
peripheral revascularization. (F) Re-embolization 7 months

later (embo 2). Conventional angiography before emboliza-
tion demonstrates tumor revascularization. (G) Angiography
after embo 2. (H) CT follow-up 9 months after embo 1
demonstrates no evidence of revascularization. (I) Angio-
graphic follow-up 13 months after embo 1 still demonstrates
no revascularization of the tumor. HCC = hepatocellular
carcinoma.
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results from the evaluation of patients in stages Okuda I and
II and between those from patients in stage Child's A and B
(p < 0.1) (Figs. 2 and 3).

Discussion

HCC remains one of the most highly lethal cancers in the
world. Surgical resection and liver transplantation offer the
only chance for a cure; however, tumors in most patients are
unresectable at presentation [11]. There is currently no
standard palliative therapy. Transcatheter arterial chemo-
embolization has been the most widely used treatment;
nevertheless, controversy has surrounded its efficacy and
impact on patient survival. Two recent randomized trials
investigated therapeutic aspects and found benefits from
chemoembolization [8, 12]. Bland arterial embolization is
described rarely in the literature [9]. The main reason for
bland embolization is to decrease patient discomfort
resulting from the chemotherapeutic agent and its side ef-
fects. Efficacy of chemotherapeutic drugs alone on HCC
continues to be discussed. In the current literature, Llovet et
al. [12] in a randomized study compared survival benefits

from arterial embolization with those from chemoemboli-
zation and found bland embolization to be less effective
[12]. With the development of new embolic agents, arterial
embolization might also be seen in a different light. Parti-
cles used in our study were trisacryl gelatin microspheres.
The efficacy of these particles has been evaluated in several
conditions, and the investigators reported a deeper pene-
tration and embolization of smaller and more peripheral
vessels compared with the standard polyvinyl alcohol par-
ticles (PVA) particles [13, 14]. These characteristics are
related to their lack of aggregation, their smooth and
hydrophilic surface, and their deformability, all of which
result in a lower rate of catheter occlusion and more distal
penetration into the small vessels (15–17). Because of their
irregular shape, PVA particles tend to clump and aggregate
and adhere to the vessel wall of the larger vessels rather than
reaching the desired distal targets [18]. The reasoning be-
hind the technique in our study was twofold: (1) achieving a
distal and effective embolization of tumor vessels by the use
of variably sized hydrophilic microparticles and (2) induc-
ing permanent embolization with decrease of potential re-
flux by adding a mixture of lipiodol and Glubran. Llovet et

Fig. 5. Course of an HCC embolization including the cystic
artery. (A) CT coronal section demonstrates a large HCC in
the right liver lobe. (B) Conventional selective angiography of
the hepatic artery demonstrates the correlating tumor vas-
cularization. (C) Embolization of tumor feeders with Glubran,
lipiodol, and Embospheres. (D) CT follow-up 3 months later

(axial section) shows a good result with a necrotic tumor and
no revascularization. (E) Coronal section and (F) axial section
demonstrate embolization agents in the cystic artery and
shrinking of the gallbladder without other reaction.
CT = computed tomography; HCC = hepatocellular carci-
noma.
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al. [12] used gelatin and sponge for the bland embolization
arm of his study and found better results when using gelatin
and sponge plus doxorubicin. However, comparison of the
survival rates from our study with those from chemoemb-
olization with the use of PVA particles demonstrated similar
outcomes. The survival benefits are strongly influenced by a
restrictive selection of candidates. Clinical staging systems
for HCC provide guidelines for patient assessment and
therapeutic decision making. The Okuda classification is
one of the most commonly used staging systems in the
world. It includes both tumor and liver function factors such
as tumor volume, ascites, and serum albumin and bilirubin
levels. Using the Okuda classification, a highly significant
decrease in mean survival time from stage I to II and from
stage II to III was apparent [4, 5].

The selected target population in Llovet et al.�s [12] study
excluded most patients who had factors associated with
treatment intolerance or failure such as diffuse neoplasm,
renal failure, Child�s category C, portal or segmental
thrombosis, and preserved liver function. In our study
group, three patients with disease stage Okuda III and four
disease stage Child�s C were included, and all other patients
were staged as Okuda I or II or as Child�s A or B. In two
patients, segmental portal vein thrombosis was found;
however, no patient with a complete portal vein thrombosis
was accepted as a candidate. Llovet et al. [12] found sur-
vival probabilities for patients in Okuda stages I and II at 12
and 24 months of 75% and 50% for bland arterial emboli-
zation and 82% and 63% for chemoembolization compared
with our results of the total population at 12 and 18 months
of 70.7% and 47.1 %, respectively.

For bland arterial embolization with the use of cyano-
acrylate and Lipiodol, Loewe et al. [9] found cumulative
survival rates at 6, 12, and 24 months of 77.3%, 59.5%, and
54.6%, respectively. These figures are drawn from the entire
population including patients in Okuda stage III. Our study
population, with a comparable distribution, had higher sur-
vival rates. We found a steady survival rate between 12 and
18 months, whereas other studies noted a decrease in the
survival rate. We suppose that the peripheral targeted
occlusion of tumor vessels by small particles might induce a
more permanent occlusion with a longer steady state.

Embolization of the cystic artery should generally be
avoided in arterial embolization of the liver. Because of the
tumor location, we found embolization of the cystic artery
in nine patients, to whom extended antibiotic therapy was
administered. In one patient, a transient cystitis was ob-
served; no complications were otherwise noted.

Current studies favour chemoembolization and multi-
disciplinary approach such as PEI and radiofrequency
ablation in the treatment of unresectable HCC [6]. Never-
theless, our data suggest fair results for bland embolization
with the use of microspheres. We therefore suggest the use

of bland arterial embolization in patients for whom
chemoembolization is neither indicated nor desired. We
further speculate that the use of microspheres might im-
prove the results from chemoembolization when they are
used as the embolic agent.

Acknowledgments. This study was supported by the Ludwig Boltzmann
Institute for Radiologic Tumor Diagnosis and Ludwig Boltzmann Institute
of Interdisciplinary Vascular Research.

References
1. Lencioni R, Bartolozzi C (1997) Nonsurgical treatment of hepatocel-

lular carcinoma. Cancer 10:17–23
2. Bayraktar Y, Balkanci F, Kayhan B, et al. (1996) A comparison of

chemoembolization with conventional chemotherapy and symptomatic
treatment in cirrhotic patients with HCC. Hepatogastroenterology
43:681–687

3. Savastano S, Bevegnu L, Feltrin GP, et al. (1994) Transcatheter arterial
embolization versus no treatment in cirrhotic patients with hepatocel-
lular carcinoma: A comparative retrospective study. Eur Radiol 4:155–
160

4. Okuda K, Ohtsuki T, Obata H, et al. (1985) Natural history of HCC and
prognosis in relation to treatment. Cancer 56:918–928

5. Okuda K (2000) Hepatocellular carcinoma. J Hepatol 32(Suppl 1):225–
237

6. Rilling WS, Drooz A (2002) Mulidisciplinary management of hepa-
tocellular carcinoma. J Vasc Interv Radiol 13:S259–S263

7. Livraghi T (2001) Treatment of hepatocellular carcinoma by inter-
ventional methods. Eur Radiol 11:2207–2219

8. Lo CM, Ngan H, Tso WK, et al. (2002) Randomized controlled trial of
transarterial lipiodol chemoembolization for unresectable hepatocellu-
lar carcinoma. Hepatology 35:1164–1171

9. Loewe C, Cejna M, Schoder M, et al. (2002) Arterial embolization of
unresectable hepatocellular carcinoma with use of cyanoacrylate and
lipiodol. J Vasc Interv Radiol 13:61–69

10. Graf O, Dock W, Lammer J, et al. (1994) Determination of optimal
time window for liver scanning with CT during arterial portography.
Radiology 190:43–47

11. Geschwind JH (2002) Chemoembolization for hepatocellular carci-
noma: Where does the truth lie? J Vasc Interv Radiol 13:991–994

12. Llovet JM, Real MI, Montana X, et al. (2002) Arterial embolisation or
chemoembolisation versus symptomatic treatment in patients with
unresectable hepatocellular carcinoma: A randomized controlled trial.
Lancet 359:1734–1739

13. Laurent A, Beaujeux R, Wassef M, et al. (1996) Trisacryl gelatin
microspheres for therapeutic embolization, I: Development and in vitro
evaluation. AJNR Am J Neuroradiol 17:533–540

14. Beaujeux R, Laurent A, Wassef M, et al. (1996) Trisacryl gelatin
microspheres for therapeutic embolization, II: Clinical evaluation in
tumors and arteriovenous malformations. AJNR Am J Neuroradiol
17:541–548

15. Derdeyn CP, Graves VB, Shahriar Salamat M, et al. (1997) Collagen-
coated acrylic microspheres for embolotherapy: In vivo and in vitro
characteristic. AJNR Am J Neuroradiol 18:647–653

16. Flandroy P, Grandfills C, Collignon J, et al. (1990) L polyactide
microspheres as an embolic agent. Neuroradiology 32:311–315

17. Bendszus M, Klein R, Burger R, et al. (2000) Efficacy of trisacryl
gelatin microspheres versus polyvinyl alcohol particles in the preop-
erative embolization of meningiomas. AJNR Am J Neuroradiol 21:
255–261

18. Quisling RG, Mickle JP, Ballinger WB, et al. (1984) Histopathologic
analysis of intra-arterial polyvinyl alcohol microemboli on rat cerebral
cortex. AJNR Am J Neuroradiol 5:101–104

19. Liu CL, Fan St (1997) Nonresectional therapies for hepatocellular
carcinoma. Am J Surg 173:358–265

318 T. Rand et al.: Arterial Embolization of Unresectable Hepatocellular Carcinoma


