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Abstract
Introduction. Non-resectable liver tumors are one of the most 

frequent indications of pediatric liver transplantation. However, the 
usefulness of interventional techniques is still to be exploited. This 
is the case of a patient with a non-resectable liver sarcoma proposed 
for liver transplantation, which could be avoided as the tumor was 
fully resected following selective portal embolization combined with 
chemotherapy treatment.

Clinical case. The patient was a 10-year-old female with a large 
hepatic mass compatible with undifferentiated PRETEXT III sarco-
ma treated according to the EpSSG RMS2005 protocol for high-risk 
tumors, but without achieving any reduction in volume. Given the 
risk of developing a small-for-size syndrome following a potential 
resection, a right portal embolization was performed in order to 
induce left hemi-liver hypertrophy. No response was observed after 
two months, so the patient was included on the liver transplantation 
list. However, one month later, a significant reduction in mass vol-
ume was noted at a control CT-scan, which meant the tumor could 
be resected while avoiding transplantation. The one-year follow-up 
was uneventful.

Discussion. Interventional techniques should be considered as 
the main therapeutic option in non-resectable liver tumors, since they 
could potentially avoid transplantation in selected patients.
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La embolización portal selectiva coadyuvante al 
tratamiento quimioterápico en tumores hepáticos 
no resecables produce una reducción tumoral e 

hipertrofia compensadora contralateral que permite 
una resección completa evitando el trasplante hepático

Resumen
Introducción. Los tumores hepáticos irresecables figuran entre 

las indicaciones más frecuentes del trasplante hepático pediátrico. 
Sin embargo, las técnicas intervencionistas suponen un campo te-
rapéutico con utilidades aún por explotar. Presentamos el caso de 
una paciente con un sarcoma hepático irresecable propuesta para 
trasplante hepático, que pudo evitarlo al ser completamente rese-
cado tras realizar una embolización portal selectiva coadyuvante al 
tratamiento quimioterápico.

Caso clínico. Paciente mujer de 10 años con masa hepática 
de gran tamaño compatible con sarcoma indiferenciado PRETEXT 
III tratado según el protocolo EpSSG RMS2005 para tumores de 
alto riesgo sin conseguir reducción del mismo. Debido al riesgo de 
desarrollar un síndrome small-for-size tras una eventual resección, 
se llevó a cabo una embolización portal derecha para inducir la 
hipertrofia del hemi-hígado izquierdo. Tras dos meses no se eviden-
ció respuesta alguna, por lo que la paciente fue incluida en lista de 
trasplante hepático. Sin embargo, un mes después se observó una 
clara disminución de la masa en un TC de control y la resección 
pudo realizarse con éxito evitando así el trasplante. Tras un año de 
seguimiento, la paciente no presentó ningún evento clínico de interés.

Discusión. Las técnicas intervencionistas deben ser consideradas 
como una opción terapéutica en tumores hepáticos irresecables, ya 
que podrían evitar el trasplante en pacientes seleccionados.
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INTRODUCTION

Primary malign liver tumors represent up to 1% of 
tumor pathologies during childhood. Undifferentiated liver 
sarcoma, which was first described by Stocker & Ishak in 
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1978(1-3), is one of the most aggressive(4-6), accounting for 
5-15% of them. It is predominantly found in patients aged 
6-10 years old, with no gender-based differences(2,3). It has 
a highly variable clinical spectrum and shows no specific 
findings in complementary examinations, which impairs 
early diagnosis and, therefore, full surgical resection(1,2,7). 
The fact it is often non-resectable makes it an indication 
of liver transplantation in pediatric patients(2,5,7). 

Nevertheless, tumor removal can be considered as a 
therapeutic option as long as liver resection preserves the 
sufficient amount of liver volume so as to prevent small-
for-size syndrome. The liver volume preserved should be 
25% in healthy livers, and at least 30%-40% in livers of 
patients previously treated with chemotherapy, according 
to various series(8-10).

Nowadays, the adequate use of certain interventional 
techniques allow these liver volumes to be preserved. 
Indeed, vascular system occlusion via the embolization 
of certain segments can induce controlled hypertrophy in 
the contralateral lobe, which makes liver volume adequate 
for resection in up to 80% of cases(11).

This is the case of a female patient with a non-resect-
able liver sarcoma where liver transplantation could be 
avoided thanks to a full tumor resection. Tumor resection 
was possible after a significant reduction in tumor vol-
ume and a healthy liver hypertrophy had been achieved 
through the embolization of the portal system of the seg-
ments involved by the tumor. 

CLINICAL CASE 

This is the case of a 10-year-old female patient with 
no remarkable clinical history presenting an ultrasonog-
raphy-diagnosed large hepatic mass in the context of a 
persistent fever period with associated hepatomegaly. 
Complementary studies included an abdominal CT-scan, 
which demonstrated the presence of a large 9.7 x 13.2 x 
11.7 cm mass at liver segments 4, 5, and 8, with a marked 
compression of the inferior vena cava and dilatation of 

peripheral biliary radicles. The mass was catalogued as 
PRETEXT III (Fig. 1). The extension study was negative, 
as well as tumor analytical markers.

Since an adequate histological sample could not be 
achieved using the percutaneous technique, an open biopsy 
was decided upon. The pathological examination classified 
the mass as an undifferentiated sarcoma. In light of this 
diagnosis, the patient was admitted for treatment purposes 
according to the EpSSG RMS2005 protocol for high-risk 
tumors (ifosfamide, vincristine, actinomycin, doxorubicin), 
but tumor volume did not decrease following four cycles. 

Tumor mass and healthy liver mass volumes were calcu-
lated to assess the feasibility of surgical resection. However, 
the large tumor volume (945 cc) and the little liver paren-
chyma that would remain in place in the left hemi-liver 
(300 cc, 26% of the total healthy liver mass) made surgery 
unwise, since it may have caused small-for-size syndrome 
(Table 1) – the remaining liver parenchyma following a large 
liver resection should be at least 30% of the total hepatic 
mass in livers of patients previously treated with chemother-
apy(9,10). In addition, various studies suggest respecting up 
to 40% in this type of livers(8). At this point, decision was 
made to perform an embolization of the portal branches of 

Figure 1. CT-scan at diagnosis: PRETEXT III liver sarcoma.

Table 1. Comparative study of pre- and post-embolization volumes.

Pre-embolization Post-embolization

Volume Volume

Tumor mass 945 cc 296 cc - 68%
Total healthy mass 1,134 cc 858 cc - 24%

Volume Hepatic mass (%) Volume Hepatic mass (%)

Right healthy mass 834 cc 74% 517 cc 60% - 38%
Left healthy mass 300 cc 26% 341 cc 40% + 14%

Measurement and comparison of tumor mass and healthy hepatic mass (left, right, total) volumes at diagnosis and three months following emboli-
zation. It can be clearly appreciated that this technique caused a significant decrease in tumor mass and right hemi-liver mass volumes, associated 
with a compensating hypertrophy of the left healthy mass, which allowed for a successful surgical resection by means of a right hemihepatectomy.
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the segments involved by the tumor mass in order to induce 
a global atrophy of the tumor-involved hemi-liver and a 
compensating hypertrophy of the left, healthy hemi-liver. 

The procedure was carried out by the Vascular and 
Interventional Radiology Department under general anes-
thesia. A puncture of the portal radicles of the right hepatic 
lobe was performed using a 5Fr percutaneous needle under 
ultrasound control. A 0.018” radio-opaque flexible hydro-
philic guide was then introduced. It was placed at the level 
of the main portal ramification, and used as a guide for 5Fr 
catheter introduction purposes. A first control portography 
was conducted to confirm the permeability of the vascular 
structures and the absence of anatomical variants (Fig. 2). 
The branches of the segments involved were then emboli-
zed. Cyanoacrylate was used in the right portal branches 

(Fig. 3), and polyvinyl alcohol was used in segment 4. A 
second control portography was carried out while verifying 
that the portal flow had completely come to a stop in such 
areas (Fig. 4). The procedure took 74 minutes and was 
clinically uneventful.

Following surgery, the patient received two cycles of 
chemotherapy treatment with ifosfamide, vincristine, and 
actinomycin. In the control CT-scan performed two months 
following surgery, no interventional treatment response was 
observed, so the patient was included on the waiting list 
for liver transplantation. However, in the control CT-scan 
carried out three months following surgery, the tumor mass 
had significantly decreased in volume (296 cc, - 68%), 
associated with hypertrophy of the tumor-free hepatic lobe 
(341 cc, 40% of the total healthy liver mass) (Fig. 5), so 

Figure 2. Pre-embolization portography.

Figure 4. Control portography following embolization. Absence of 
flow in the right branches (blue arrow).

Figure 3. Embolization of the right portal branches: medial right 
portal branch for liver segments 5 and 8 (blue arrow); lateral right 
portal branch for liver segments 6 and 7 (red arrow).

Figure 5. Control CT-scan 3 months following embolization.
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hepatic volumes were remarkably altered relative to both 
portions (Table 1). Such findings allowed us to re-consider 
tumor resection, and in a cross-disciplinary meeting, an 
extended right hemihepatectomy was decided upon, which 
was uneventful. The pathological report demonstrated the 
presence of free surgical borders and the absence of malig-
nant cells in two lymph nodes of the hepatic hilum.

After surgery, the patient received chemotherapy treat-
ment, with 3 further cycles of ifosfamide, vincristine, and 
actinomycin cycles, thus completing the 9 treatment cycles 
established in the therapeutic protocol.

After two years of follow-up, the patient has had no 
pathological events or shown recurrence signs in the con-
trol imaging tests (Fig. 6).

DISCUSSION 

Embryonal liver sarcoma remains relatively unknown, 
since there are only a few short series published, with less 
than 150 pediatric cases reported in the scientific litera-
ture. In the last years, many groups have tried to find data 
allowing diagnostic and therapeutic advances to be made in 
the field of pediatric liver tumors in general and sarcomas 
in particular. However, there are still many aspects to be 
clarified in order to achieve early diagnosis and treatment.

Genetic studies have found multiple chromosomal 
alterations potentially associated with tumor development 
which could serve as a therapeutic target, but the fact they 
are so heterogeneous has not allowed a clear usefulness 
pattern to be found(2,4,12). 

There are no guidelines establishing the most adequate 
treatment for this type of tumor yet, so there are still many 
controversial aspects. However, the introduction of new 
multimodal treatments such as neoadjuvant chemother-
apy or interventional techniques has brought about a clear 
improvement in survival in the last years, from an 80% 

mortality rate in the first year to 0-30% nowadays, accord-
ing to recent series(2,6).

This progress has been made possible thanks to the 
reports on the favorable use of preoperative embolization 
to stimulate hypertrophy of the remaining liver paren-
chyma(3,11), with no specific embolization material proving 
superior to others(10,13,14). In the case reported, cyanoac-
rylates were used in the right portal branches, since they 
act instantaneously by immediately solidifying in contact 
with blood. Therefore, adherence and vessel occlusion can 
be checked for straight away and reinforced in the same 
maneuver if required. However, polyvinyl alcohol was used 
in segment 4 branches, since it has a different structure and 
action mechanism, which makes it an ideal agent in highly 
complex areas. Since it is made up of particles, alcohol 
requires a slow infusion allowing for a gradual vascular 
occlusion. Consequently, if part of the content migrated to 
an area to be respected, such as portal branches of segments 
2 and 3 in this case, the procedure could be interrupted 
without entailing any risk for such vessels(14). 

Even though arterial embolization seems more wide-
spread(6,15), venous embolization is also feasible, with 
growing evidence in the literature. Although tumor cells 
receive most of their irrigation specifically through arterial 
vessels, the liver parenchyma receives most of it through 
the portal venous branches, so embolizing these vessels is 
the most adequate option to atrophy the liver parenchyma 
and achieve a compensating hypertrophy of the contralat-
eral hemi-liver and not an isolated tumor atrophy(16).

The potential occurrence of certain side-effects in 
the early postoperative period (vomit, fever, or transitory 
kidney, heart and/or liver dysfunction) should be taken 
into account, but they do not pose a severe threat for the 
patient’s integrity(6). However, such involvement seems to 
be much more frequent following arterial procedures (6), 
with the procedure being safer in the venous area. Anyway, 
no studies systematically comparing both techniques have 
been published yet.

It is worth noting our case had the longest response 
time reported in the literature, since it was not until 3 
months following embolization that a favorable result was 
achieved, as compared to similar publications which report 
response times of 4-8 weeks(3,10).

Regarding the increase in contralateral hemi-liver vol-
ume, our case had a 14% increase, consistent with that 
reported in recent manuscripts and meta-analyses pub-
lished(17,18).

In addition, tumor volume reduction following embo-
lization was 68% in our case, with similar values to those 
reported in other cases. Nevertheless, it cannot be asserted 
that such decrease was a result of embolization effects 
only, since it could also be due to the concomitant action 
of embolization and chemotherapy treatment(17).

Anyway, given the advantages provided by interven-
tional techniques, the latter should be considered as a 

Figure 6. Control CT-scan 22 months following liver resection (blue 
arrow: left portal branch directed towards the left hemi-liver).
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therapeutic option within the cross-disciplinary approach 
required for non-resectable liver tumors, especially in 
patients with high surgical risks(6,10).

However, in spite of the advances made, the prognosis 
of this tumor does have room for improvement(19), since 
the latest reports describe a 5-year survival rate of around 
62%. Therefore, further research is required in this field. 
These techniques should be pushed forward, since they 
could avoid transplantation in selected pediatric patients.
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