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Summary

Liver transplantation is a method that allows treating of various liver pathological conditions. Interventional radiolo-
gy (IR) focuses on oncology patients, primarily those with hepatocellular carcinoma. The importance of interventional radi-
ology techniques is in preventing the progression of current liver disease in those patients awaiting liver transplantation and 
downstaging in patients with unresectable liver tumors to the stage where transplantation is possible.

Chemoembolization (TACE), i.e., conventional transarterial chemoembolization (cTACE) or with drug particles (DEB-
TACE), radioembolization (SIRT), BLAND embolization, radiofrequency ablation (RFA), and microwave ablation (MWA) 
are the most widely used IR methods in the treatment of liver cancer. cTACE is a form of TACE in which a high dose of cy-
tostatic is injected into the feeding vessel and the tumor’s microenvironment, and then the blood vessels that feed the tumor 
are embolized. DEB-TACE is a form of TACE in which a cytostatic bind to bead particles that gradually release the drug 
within the liver tumor itself after injection. BLAND embolization is an IR method of TACE based on ischemia of tumor tissue 
by IR procedure of embolization and occlusion of the feeding vessel that supplies the tumor, without the use of chemo-
therapeutics. Transarterial radioembolization is a method that uses endovascular techniques to bring radiospheres contain-
ing a radioactive substance near the tumor. Radiofrequency ablation (RFA) is an IR percutaneous method of treatment in 
which an RF needle inserted into a liver tumor releases heat that causes coagulation necrosis of tumor cells. MWA is an IR 
percutaneous method of treatment that uses molecules with an internal dipole moment, which move kinetic energy and 
then heat inside the tumor via a percutaneously inserted MWA needle into the tumor.
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INTRODUCTION

Interventional radiology (IR) is based on in-
novative, less invasive procedures that reduce the 
incidence of complications and mortality in rela-
tion to previously used, more invasive surgical 
procedures. IR also provides greater opportuni-
ties in disease diagnosis in the form of cytological 
punctures and histological biopsies. The basic 

principle of IR is intervention through needles or a 
catheter inserted by the percutaneous puncture. 
Procedures are performed under X-ray fluorosco-
py, ultrasound, or CT guidance. IR treatments  
of liver pathology include chemoembolization 
(TACE) methods (cTACE, DEB-TACE, radioembo-
lization and BLAND-embolization) and ablation 
(radiofrequency-RFA and microwave-MWA)(1). 
Liver cirrhosis is the most common indication for 
liver transplantation, an irreversible pathological 
condition usually caused by excessive alcohol 
consumption, biliary cirrhosis, or sclerosing chol-
angitis. IR methods allow for better outcomes in 
hepatocellular cancer (HCC) treatments.
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DIAGNOSTIC DEVICES USED  
IN THE DIAGNOSIS OF LIVER DISEASE

Radiological procedures used in diagnosing 
and treating liver pathology include ultrasound 
(US), computed tomography and multislice com-
puted tomography (CT/MSCT), magnetic reso-
nance imaging (MRI), color Doppler (CD), and 
digital subtraction angiography (DSA).

Most procedures are performed under US 
guidance because of its simplicity and availability 
without known complications and contraindica-
tion. Different invasive diagnostic and therapeutic 
methods performed under US guidance include 
puncture and biopsy of liver lesions and therapeu-
tic radiofrequency ablation of liver metastases.

The CD show changes in portal blood flow, 
which is extremely useful for post-transplant 
check-ups and to differentiate individual liver tu-
mors based on measured differences in vascular-
ization(2).

CT/MSCT are methods that are complemen-
tary to US and are used to analyze the liver

parenchyma. After intravenous contrast ad-
ministration, MSCT provides multiphase CT angi-
ography (CTA) with detailed imaging of visceral 
arteries, portal system, and hepatic veins.

In comparison to the US and CT/MSCT, MRI 
has an advantage in diagnosing small lesions sur-
rounded by edema. Moreover, MRI also supplies 
additional information about parenchymal dis-
eases. MRI angiography using paramagnetic con-
trast provides detailed imaging of blood vessels. 
Disadvantages of MRI are longevity imaging that 
results in artifacts caused by patient movement 
and the inability to display small calcifications(3).

DSA allows imaging of the blood vessels of 
the liver but also provides the possibility for tran-
sjugular liver biopsy. Today, the role of DSA is 
crucial in the implementation of TACE and other 
IR treatment methods(4).

DIAGNOSTIC ALGORITHMS  
IN THE TREATMENT OF HCC

Diagnostic algorithms used for diagnosing 
liver disease are based on radiological findings, 
clinical symptoms, and the psychophysical condi-
tion of the patient. The purpose is to present the 
liver disease objectively and correctly by catego-
rizing the condition according to the perceived 
changes inpatient and comparing it with the de-
fault criteria. Therefore, it presents the basis for 
further treatment and monitoring the effect of 
treatment. Prognostic clinical parameters used in 
evaluating liver disease include liver function (de-
fined by the Child-Pugh classification), tumor sta-
tus, tumor size, number of tumors, vascular inva-
sion, and extrahepatic enlargement(5).

The BCLC (Barcelona Clinic for Liver Can-
cer) classification has the highest prognostic value 

Table 1.
Child-Pugh score correlation with disease prognosis.

Group A B C
Child-Pugh 
score

Less than  
or equal to 6 7-9 points 10-15 points

Prognosis Good Variable Poor

Table 2.
BCLC score correlation with possible treatment.

BCLC score 0 and A B C D

Findings

1-3 tumors, less than 3 cm in diameter. 
No extrahepatic enlargement and 
vascular invasion.
Liver function is preserved.
ECOG status 0.

Multifocal tumor without 
vascular invasion and 
extrahepatic enlargement.
ECOG status 0.

One or more positive 
parameters including 
extrahepatic enlargement, 
vascular invasion and 
ECOG status 1-2.

Poor liver 
function and 
ECOG status 
greater than 2. 

Treatment Ablation, resection and transplantation. If liver function is preserved, 
chemoembolization

Systemic therapy 
(sorafenib and 
regorafenib).

Supportive 
therapy.

Table 3.
RECIST category correspondence to treatment efficacy.

RECIST category 1 2 3
Treatment efficacy Condition improved Condition remained the same Worsening of the conditions
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in HCC classification and treatment modalities. It 
includes the ECOG status of the patient, hepatic 
function (based on Child-Pugh score), and radio-
logically determined cancer spread(6).

ECOG status of patients classifies patients 
into five categories, from fully preserved ability to 
perform daily activities to a dead patient(7).

The Child-Pugh classification is used to as-
sess liver function and is based on the presence of 
ascites, portal encephalopathy, elevated blood 
bilirubin and albumin levels, and prothrombin 
time. The sum of the scores of these categories 
classifies patients into three groups (table 1).

Based on BCLC classification, the patients 
suffering from HCC are stratified in 5 groups (ta-
ble 2).

The Milan criteria are the most commonly 
used classification in transplant medicine. The pa-
tient meets the liver transplantation criteria only if 
suffering from one tumor smaller than 5 centime-
ters or no more than three tumors smaller than 3 
centimeters and if there is no extrahepatic cancer 
spread and vascular invasion(8).

The RECIST criteria (The Response Evaluation 
Criteria in Solid Tumors) classify patients into 3 cat-
egories based on treatment efficacy(9) (table 3).

Compared to standard RECIST criteria, mRE-
CIST (modified RECIST) criteria provide a more 
detailed tumor progression assessment. Also, 
mRECIST is used in evaluating the effectiveness of 
novel treatments and combined therapies(10).

TREATMENT OF LIVER DISEASE

Conservative treatment of liver disease is 
most often performed in patients suffering from 
disseminated tumor disease. The symptoms asso-
ciated with cirrhosis are treated with beta-block-
ers, diuretics, and antibiotics. Antiviral therapy is 
prescribed if cirrhosis is caused by hepatitis.

Sorafenib is used as systemic therapy for pa-
tients with advanced HCC(11,12).

Portal vein embolization (PVE) is the inter-
vention based on redirecting portal blood in seg-
ments of the future liver remnant. Such an ap-
proach results in hypertrophy of remnant liver 
volume. Compared to partial liver resection, PVE 
reduces postoperative morbidity and potential 
liver dysfunction(13,14).

Partial liver resection is often used in curative 
and palliative care. It is based on the high ability 
of liver regeneration, which enables resection of 
larger parts of the pathologically altered liver with 
a highly favorable outcome(15).

Orthotopic liver transplantation (OLT) is a 
surgical procedure in which pathologically al-
tered host liver is replaced with donor liver.

Although the gold standard for the treatment 
of liver tumors presents liver transplantation to-
gether with partial resection techniques, only a 
small number of patients meet the necessary crite-
ria(16).

IR treatments include a set of ablation and 
chemoembolization methods that enable the de-

Fig 1. Axial MSCT demonstrates: a) the position of MWA needle in the initial stage of application, b) the position of MWA needle in 
ablation zone, c) appearance of liver lesion after MWA procedure (MSCT – multislice computed tomography, MWA – microwave abla-
tion)

Source: Department of diagnostic and interventional radiology, Clinical Hospital Merkur, Zagreb, Croatia

a) b) c)
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struction of tumor cells without surgical resection 
of the tumor.

Contraindications associated with IR meth-
ods include acute hepatic decompensation, severe 
iodinated contrast allergies, portal vein thrombo-
sis, severe coagulopathy, acute renal failure, ac-
tive inflammation in any organ, heart dysfunction, 
high intrahepatic tumor burden or extrahepatic 
tumor burden(17).

Ablation methods are particularly useful in 
patients with advanced tumor disease who do not 

Fig 2. DSA demonstrates: a) selective angiography of HA with a hypervascular lesion (HCC) in VI segment, b) 
subselective presentation of a segmental artery with a hypervascular lesion (HCC), c) subselective presentation of 
VI segmental artery after cTACE, d) selective HA angiography condition after cTACE procedure (DSA – digital 
subtraction angiography, HCC – hepatocellular cancer, HA – hepatic artery, cTACE – conventional transarterial 
chemoembolization)

Source: Department of diagnostic and interventional radiology, Clinical Hospital Merkur, Zagreb, Croatia

currently meet the resection and/or transplantation 
criteria. The most common indications for ablation 
include HCC and colorectal cancer metastases. In 
recent times, ablation is increasingly used to treat 
benign hepatic hemangiomas and metastases from 
other sites, including breast, kidney, and various 
neuroendocrine tumors. The most commonly used 
ablation methods include radiofrequency (RFA) 
and microwave ablation (MWA)(18).

RFA is mostly used in the treatment of inop-
erable liver metastases. This method is based on 
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introducing a radiofrequency electrode in the 
shape of a needle into the target organ. The high-
frequency generator generates the heat needed for 
tissue necrosis. The success of RFA is enhanced by 
previous percutaneous embolization of blood ves-
sels near cancer. The greatest efficiency of RFA 
treatment is achieved in those patients with pri-
mary tumor size up to 3 centimeters(19).

MWA is a method based on the constant 
movement of molecules with an internal dipole 
moment in a variable field. Compared to RFA, 
MWA does not require prior embolization of 
blood vessels. This method has been particularly 
successful in ‘downstaging’ in patients suffering 
from disseminated tumor disease(20) (Fig 1).

The success of the ablation method is evalu-
ated by determining the minimum ablation mar-
gin (MAM) by contrast MSCT immediately after 
the procedure and is compared with the MSCT 
finding 3 to 6 months later. Possible local tumor 
progression (LTP) is monitored by comparison of 
the findings.

Transarterial chemoembolization (TACE) is a 
technique based on the difference in blood supply 
to a healthy liver parenchyma and tumor (Fig 2). 

Unlike healthy liver parenchyma, which receives 
about 70% of blood supply through the portal 
vein, a tumor receives most of its blood through 
the hepatic artery. The chemotherapeutic agent is 
mixed with oil contrast particles (Lipiodol) which 
retain the chemotherapeutic in tumor arterioles 
and lead to slow and continuous drug release(21).

TACE includes conventional TACE (cTACE), 
drug-eluting beads TACE (DEB-TACE), radioem-
bolization and BLAND embolization (table 4).

Various studies have been conducted to de-
termine the effectiveness of individual TACE 
methods (table 5)

DISCUSSION

Although partial resection and transplanta-
tion represent the gold standard in the treatment 
of liver cancer, only 30% of patients present at a 
sufficiently early stage where they meet the neces-
sary transplantation criteria(16). Therefore, IR 
methods serve as an excellent addition to stan-
dard surgical procedures. Due to the possibility of 
avoiding general anesthesia and its minimal inva-
siveness, IR methods are available for a more sig-

Table 4.
Different types of TACE.

cTACE DEB-TACE Radioembolization BLAND embolization
Size of microsphere 30-60 micrometer 100-300 micrometer 20-60 micrometer 40-100 micrometer

Ethiodized oil Lipiodol / / N-butyl-cyanoacrilate
Lipiodol

Chemotherapeutic/
radioactive matter

Epirubicin
Miriplatine

Doxorubicin
Irinotecan

Radioisotope Yttrium-90 
(90Y) /

Mechanism of action
Local application of 
chemotherapeutic 
emulsified in Lipiodol

Drug-eluting beads 
containing 
chemotherapeutic 

Radiation that causes the 
formation of free oxygen 
radicals

Embolization of cancer 
arteries

Table 5.
Studies establishing benefit of different TACE techniques.

TACE Studies establishing benefit of procedure

cTACE
1) �Cohort study, 8510 patients, median of one-year survival of 84%, three-year 47% and five-year 26% (22).
2) �Cohort study, 4966 patients, study excluded patients with vascular invasion, extrahepatic metastases and 

prior treatment. Medial survival 3.3 years (23). 

DEB-TACE
1) �27 patient series, response rate 75% by CT at 6 months. One and 2-year survival rates were 92.5%  

and 88.9% (24).
2) �Cohort study, 104 patients. Median survival of 48 months (25).

Radioembolization 1) �291 patient, 17.2 months survival (Child-Pugh A) and 7.7 months survival (Child-Pugh B) (26).
2) �108 patients, 16.4 months survival (27).

BLAND embolization 1) �80 patients, two groups treated with different embolic agents (microspheres (ME) and polyvinyl alcohol 
(PVA)), median survival was 39 months in both groups (28)
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nificant number of patients. Of particular benefit 
is the option of ‘downstaging’ advanced tumor 
disease and classifying the patient into transplant 
criteria. Numerous studies have been conducted 
to evaluate the effectiveness and risk of individual 
IR methods and a combination of different IR 
methods in the treatment of liver cancer.

Comparing the combination of cTACE/RFA 
methods with the independent use of the cTACE 
method, better outcomes in terms of less local tu-
mor progression (LTP) and longer time to pro-
gression (TTP) were observed when using combi-
nation cTACE/RFA (29).

According to Si et al., MWA followed by 
TACE provides a safe and effective method in 
treating large HCC(30). Moreover, different stud-
ies based on comparing cTACE and DEB-TACE 
show slightly better outcomes after using the 
DEB-TACE method in terms of lower peak blood 
concentrations of cytostatic. This may contribute 
to a weaker systemic response(31).

To conclude, IR methods provide great alter-
natives and addition to surgical procedures.
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Sažetak

ZNAČAJ INTERVENCIJSKE RADIOLOGIJE U TRANSPLANTACIJI JETRE

V. Perić, H. Sertić Milić, T. Bratić, M. Zekan Vučetić, N. I. Leder, T. Ferenc, V. Vidjak

Transplantacija jetre je metoda koja omogućuje liječenje brojnih jetrenih patoloških stanja. Intervencijska radiologija 
(IR) najveći značaj pruža liječenju onkoloških pacijenata, najčešće onima s hepatocelularnim karcinomom. Odlike interven-
tnih radioloških tehnika ogledaju se ponajprije u prevenciji progresije trenutne jetrene bolesti te smanjenju stupnja prošire-
nosti tumorske bolesti. U najčešće korištene IR metode u liječenju jetrenih tumora svrstavaju se transarterijska kemoembo-
lizacija (TACE), tj. konvencionalna transarterijska kemoembolizacija (cTACE) ili TACE česticama koje sadržavaju citostatik 
(DEB-TACE), radioembolizacija, BLAND embolizacija, radiofrekvencijska ablacija (RFA) te mikrovalna ablacija (MWA). 
cTACE metoda konvencionalni je oblik TACE metode temeljen na lokalnoj aplikaciji citostatika u mikrookoliš tumora te 
embolizaciji krvnih žila koje opskrbljuju tumor. DEB-TACE metoda zasniva se na lokalnoj aplikaciji čestica ispunjenih ci-
tostatikom koje omogućavaju konstantno otpuštanje lijeka u tumorski mikrookoliš.

BLAND embolizacijom emboliziraju se krvne žile koje opskrbljuju tumor što rezultira tumorskom ishemijom. Tran-
sarterijska radioembolizacija metoda je kojom se radiosferama apliciraju radioaktivne supstance u tumorski mikrookoliš. 
RFA tehnika zasnovana je na aplikaciji toplinske energije kroz radiofrekvencijsku iglu uvedenu u jetreni tumor što rezultira 
koagulacijskom nekrozom tumora.

MWA je metoda zasnovana na perkutanoj aplikaciji molekula sa unutarnjim dipolom koje u kombinaciji sa vanjskim 
promjenjivim poljem uzrokuju produkciju topline što rezultira nekrozom tumora.
KLJUČNE RIJEČI: transplantacija, kemoembolizacija, radioembolizacija, ablacija


