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Abstract. To improve the efficacy of transcatheter arterial 
chemoembolization (TACE) for hepatocellular carcinoma 
(HCC), this study evaluated the prevalence and causes of 
extrahepatic arteries (EHAs) and identified feeding arteries 
in HCCs in three independent clinical groups in a single 
inverventional radiology center. Between November 2011 and 
September 2012, 942 cases of HCC were included in this retro-
spective study. The patients were treated in three independent 
groups of 285, 301 and 356 patients, respectively. Enhanced 
computed tomography, enhanced magnetic resonance imaging 
and digital subtraction angiography were reviewed retrospec-
tively and correlations between the presence of tumor‑feeding 
EHAs and tumor number, size and location in the liver, number 
of repeat TACE procedures and complications were assessed. 
There were 698 EHAs in the 942 cases of HCC, with 182, 233 
and 283 EHAs in the three independent groups, respectively. 
Tumor size was associated with EHA formation; the percent-
ages of patients with EHAs were 2.7±3.0, 5.5±0.5, 43.2±4.0, 
61.8±5.2 and 93.4±1.8% with tumor sizes of 2‑3, 3‑5, 5‑7, 7‑9 
and >9 cm, respectively. There were 159±19 EHAs in each 
group feeding tumors in peripheral locations in the liver, but 
only 48.7±6.8 in the central zone. The most common EHA was 
the right inferior phrenic artery, with a mean of 101.0±14.1 
per group. The number of EHAs increased proportionally 
with the number of TACE sessions. The number of EHAs was 
positively associated with tumor size, peripheral location of 
the tumor and number of TACE sessions.

Introduction

The normal liver obtains its blood supply from two sources, 
namely the portal vein, which provides 70% of the supply, and 
the hepatic artery, which provides 30% (1). However, primary 
liver cancer, also known as hepatoma or hepatocellular 
carcinoma (HCC), obtains blood exclusively from the hepatic 
artery (2,3). Since Yamada et al first reported transcatheter 
arterial embolization (TAE) treatment for HCC in 1983 (4), 
transcatheter arterial chemoembolization (TACE) has become 
widely used for the treatment of unresectable HCC, with 
the direct infusion of chemotherapeutic drugs to the tumor 
through the hepatic artery. The advantage of TACE is that 
greater concentrations of drug can be delivered directly to the 
tumor to reduce systemic toxicity and increase the efficacy of 
treatment (5,6).

With the development of TACE, physicians have found 
that the main hepatic artery is not the only artery that supplies 
blood to hepatic tumors (7‑9). Superselective TACE requires 
proper identification of tumor feeding arteries (10). Tumors are 
commonly supplied by extrahepatic collateral vessels, irrespec-
tive of the patency of the hepatic artery; indeed, most tumors 
fed from extrahepatic arteries (EHAs) are found in patients 
with a patent hepatic artery (11,12). Investigators now consider 
that location of a tumor adjacent to the suspensory ligaments 
and bare area of the liver, direct invasion of or adhesion to 
adjacent organs, adhesions induced by previous abdominal 
surgery and recurrent tumor at the resection margin are the 
causes of EHA development (13‑16).

In China, due to imbalances of economic development, 
many patients are diagnosed late with HCC and lose the 
opportunity for surgical treatment. TACE is an effective 
way to prolong the life of such patients. In practice, HCCs 
supplied by EHAs are often encountered even when the 
hepatic arteries are patent (17‑19). Moreover, the development 
of EHAs interferes with effective treatment of the tumor 
with TACE. Although there are 401,000 patients in China 
diagnosed with liver cancer annually (20), few studies have 
focused on the formation of EHAs feeding hepatic tumors in 
Chinese patients.

The purpose of this study was to assess the occurrence of 
EHAs feeding HCCs, to determine the spectrum of extrahe-
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patic collateral vessels and the causes of EHA formation, and 
to study the imaging characteristics of EHAs on routine radio-
logical examinations such as enhanced magnetic resonance 
imaging (MRI) and computed tomography (CT), to improve 
the efficacy and avoid complications in Chinese patients 
undergoing TACE of EHAs.

Materials and methods

Patients. This retrospective study was approved by the ethics 
committee of Zhongshan Hospital of Fudan University 
(Shanghai, China). Informed consent that the associated 
clinical information would possibly be used in future retro-
spective studies was obtained from all patients before TACE 
was performed. Each year, TACE is performed on ~6,000 
patients from different regions of China in the Department 
of Interventional Radiology at Zhongshan Hospital of Fudan 
University. There are three completely independent clinical 
groups in this interventional radiological center, and each 
independent group treats ~2,000 TACE cases each year. 
Therefore, in this study the clinical data of the patients in these 
three independent clinical groups were compared to evaluate 
the extrahepatic collateral arteries in HCC and considered that 
the data may be representative of the occurrence of EHAs in 
Chinese patients with HCC.

A total of 942 patients were diagnosed with HCC by 
enhanced CT or MRI in the hospital from November 2011 to 
September 2012. The patients were treated in three indepen-
dent groups of 285, 301 and 356 patients, respectively. These 
patients were underwent routine history taking, physical exam-
ination, blood tests, liver function and serum α‑fetoprotein 
(AFP) tests, ultrasonography, and abdominal enhanced CT or 
enhanced MRI. HCC was staged according to the Barcelona 
Clinic Liver Cancer (BCLC) criteria (21).

Inclusion and exclusion criteria
Inclusion criteria. The related clinical information of the 
patients treated with TACE was reviewed. Patients included in 
this retrospective study had unresectable BCLC stage B HCC, 
with <50% tumor volume in the liver, Child stage A or B and 
a patent portal vein.

Exclusion criteria. Patients with BCLC stage B/C HCC 
with chronic renal failure, congestive heart failure, encepha-
lopathy, previous upper gastrointestinal bleeding, severe 
coronary artery disease and portal vein occlusion were not 
included in this retrospective study.

Indications of EHAs in HCC. Enhanced CT or MRI was 
performed prior to TACE to confirm the location and size 
of tumors and the retention of iodized oil. Maximum tumor 
diameter was measured to indicate the tumor size. Results 
were evaluated by three radiologists. The levels of AFP, a 
tumor marker, were determined prior to TACE.

Certain findings suggested that it was necessary to search 
for EHAs by selective angiography. These were cases where: 
Tumors were in a peripheral or subcapsular location; there 
was exophytic tumor growth; a peripheral iodized‑oil reten-
tion defect was exhibited within the tumor; a peripherally 
located portion of viable tumor was observed on a follow‑up 
CT scan after TACE; hypertrophied arteries other than the 

hepatic artery were visible around the tumor on a CT scan; 
and a persistent elevation of the serum AFP level even after 
successful chemoembolization via the hepatic arteries.

Identification of arteries supplying tumors by initial TACE. 
Angiography or TACE was performed through the right 
femoral artery using a 4F or 5F catheter and a 0.035‑inch 
J‑shaped guide wire. Celiac axis arteriography was first 
undertaken to identify the location and number of tumors. 
Subsequently, selective cannulation was achieved by placing 
the catheter in the artery feeding the tumor.

In cases where celiac axis arteriography did not image the 
entire liver or there was a contrast staining defect in part of the 
liver, angiography of at least one of the superior mesenteric 
artery, inferior phrenic artery, omental branch, adrenal artery, 
intercostal artery, internal mammary artery, renal capsular 
artery, gastric artery or lumbar artery was conducted to deter-
mine the blood vessels supplying the tumor.

During TACE, in cases where the lipiodol emulsion did 
not cover the entire tumor or there was a defect in the tumor 
in addition to the deposition of lipiodol, other potential tumor 
supplying arteries were sought.

Chemoembolization. The emulsion comprised iodized oil 
(Lipiodol; Andre Guerbet, Aulnay‑sous‑Bois, France) and a 
chemotherapeutic drug, and was made by mixing, with stirring, 
1‑15 ml iodized oil and 10‑30 mg doxorubicin hydrochloride 
or 50‑150 mg oxaliplatin. The emulsion was then infused into 
the selected arteries. When the flow slowed or ceased and tiny 
portal venules were seen, TACE was stopped to avoid emul-
sion reflux and non‑target embolization.

Follow‑up for the presence of tumor‑supplying EHAs. The 
patients underwent MRI or CT and measurement of AFP 
4‑6 weeks after TACE, to detect primary or recurrent tumors 
supplied by EHAs. In cases where the presence of a tumor 
other than the lipiodol‑covered lesion or tumor recurrence 
was suspected, angiography was conducted to identify the 
EHAs supplying the tumor. Superselective cannulation 
using a microcatheter and microguide wire was performed 
to reach as far as possible into the target arteries and avoid 
non‑target organ embolization. Chemoembolization of the 
EHAs in these patients was performed in the same manner 
as that through the hepatic artery. When sustained elevation 
of serum AFP was observed, even in the absence of tumor 
on MRI or CT, the presence of EHAs was suspected. In 
such cases, repeat TACE was performed to identify EHAs 
supplying a tumor.

Statistical analysis. All data are expressed as the mean ± the 
standard error of the mean and n represents the number of patients 
per clinical. Data processing and analysis were conducted using 
SPSS version 10.0 (SPSS Inc., Chicago, IL, USA). Statistical 
comparisons between the groups were performed using the rank 
sum test. Differences were considered significant at P<0.05.

Results

Detection of EHAs. A total of 942 patients with HCC underwent 
TACE. In these patients, 698 EHAs were found in addition to 
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the hepatic artery. The finding of elevated AFP following TACE 
usually implied that EHAs supplying the tumor had formed 
or existed. The presence of EHAs was often demonstrated 
by superselective angiography in addition to celiac artery 
angiography. In this study, 92.1% of EHAs were identified by 

arteriography and 7.9 % were initially present in the HCC cases 
and were diagnosed by enhanced MRI or CT prior to angiog-
raphy and chemoembolization (Fig. 1). In addition, 67.3% of 
patients, EHAs were indicated by persistantly increased levels 
of AFP. Hepatic artery occlusion is not a major cause of EHAs; 
in the present study, 84.5% of patients with EHAs had widely 
patent hepatic arteries.

Tumor size is associated with the formation of extrahepatic 
collateral arteries. The present study shows that the prevalence 
of an extrahepatic collateral supply to HCC was closely associ-
ated with tumor size. When the tumor was <5 cm in diameter, the 
prevalence of EHAs at the initial TACE session was <3.0±0.4%; 
when the tumor was >5 cm in diameter, the prevalence was 
43.3±4.0%. In patients with primary tumors >5 cm in diameter, 
the majority of the EHAs fed the primary tumor.

The cumulative probability of EHAs in patients with a large 
tumor (≥5 cm) was significantly higher than that in those with 
a small tumor (<5 cm; P<0.05). In patients who initially had a 
large primary tumor, EHAs supplying the primary tumor were 
usually present, whereas patients with a small tumor usually 
had EHAs supplying a recurrent tumor following several TACE 
sessions. The percentages of patients with EHAs were 2.7±3.0, 
5.5±0.5, 43.2±4.0, 61.8±5.2 and 93.4±1.8% with tumors of 2‑3, 
3‑5, 5‑7, 7‑9 and >9 cm, respectively (Fig. 2). The difference 
between any two tumor size groups was significant (P<0.05).

Tumor location. There were 159±19 EHAs feeding tumors in a 
peripheral location in the liver and 48.7±6.8 feeding tumors in 
a central location. The number of the former was significantly 
higher than that of the latter (P<0.05; Fig. 3). Tumors located in 
the bare area were found to be associated with a higher preva-
lence of EHAs than tumors not in the bare area. It was also 

Figure 2. Prevalence of extrahepatic arteries (EHAs) supplying the hepato-
cellular carcinoma was closely associated with tumor size.

Figure 3. Most extrahepatic arteries (EHAs) supplied peripheral tumors.

Figure 1. Hepatocellular carcinoma supplied by the right internal mammary artery. (A) Transverse computed tomography following transcatheter arterial 
chemoembolization shows an absence of iodized oil retention (black arrow) and iodized oil retention (white arrow). (B) Hepatic artery arteriogram (white 
arrow) shows an absence of staining in the upper part of the tumor. (C) Right internal mammary arteriogram (black arrow) shows tumor staining. (D) Right 
internal mammary arteriogram with a microcatheter inserted in the pericardiophrenic artery shows tumor staining (black arrow).
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observed that some tiny tumor foci located in the periphery 
of the liver were initially supplied by EHAs, and that EHAs 
supported local tumor progression as the primary tumor grew 
to reach a subcapsular location or exophytically invaded adja-
cent organs. The right inferior phrenic artery accounted for 
half of all of the observed EHAs and supplied the tumors in 
any liver location (Fig. 4).

Number of TACE sessions correlates with the cumulative 
probability of EHAs. It was observed that the majority of 
the EHAs supplied the recurrent small tumors (<5 cm) that 
appeared after repeated TACE. Peripheral hepatic artery 
attenuation or occlusion subsequent to multiple TACE 
sessions contributed to the development of EHAs. In the 
present study of 942 cases, EHAs were detected from the first 
to the fifth TACE session; 18.3±8.5% of the study subjects had 
EHAs at the initial session, 47.0±3.5% at the second session 
and 98.0±5.6% at the third session, and all had EHAs at the 
fourth and fifth sessions. In 46.1% of the 942 patients, EHAs 
supplied the primary tumors that were present at TACE. In 
the other patients, EHAs supplied recurrent tumors. The 
cumulative probability of the presence of EHAs is shown 
in Fig. 5. As the number of TACE sessions increased, the 
cumulative probability of EHAs also increased. From the 
initial TACE to the fifth TACE, the numbers of EHAs were 
0.18±0.08, 0.47±0.04, 0.98±0.06, 1.19±0.16 and 2.66±0.31, 
respectively (Fig. 5).

Adhesion and invasion. In 19.2% of the patients in this study, 
omental arteries were found to feed tumors that were adjacent 
to the stomach or colon and growing exophytically. The devel-
opment of collateral vessels to a tumor could also be triggered 
by omental adhesion caused by exophytic growth, extracap-
sular HCC infiltration, abdominal postoperative omental or 
peritoneal adhesion, or recurrent tumor at the resection margin.

Types of EHA. The most common EHA was the inferior 
phrenic artery, with 101.0±14.1 (Figs. 6‑8), followed by the 
omental artery (30.3±3.1; Fig. 9) and adrenal artery (4.0±1.7; 
Figs. 7‑8). Other EHAs included the right intercostal artery 
(4.7±1.5; Fig. 10), renal artery (7.7±3.1; Fig. 11), left inferior 
phrenic artery (7.7±1.5), right internal mammary artery 
(7.3±2.5; Fig. 1), left gastric artery (13.3±4.6; Figs. 7 and 12), 
cystic artery (12.0±5.0; Fig. 13), super mesenteric artery 
(18.7±6.4; Fig. 14), right gastric artery (2.3±2.3) and left 
internal mammary artery (2.0±1.0), as shown in Fig. 4.

Complications of EHA embolization. Complications were 
observed in 32 patients. Complications were usually associ-
ated with the location of the embolized lesions and included 
hiccup, acute gastroduodenal mucosal ischemic ulceration, 
cholecystitis, aggressive hepatic failure, hepatic artery spasm, 
hepatic artery constriction, hepatic artery occlusion, dissec-
tion, hepatic encephalopathy, left face‑neck‑shoulder pain, 
pleural effusion and lung infection.

Discussion

In this retrospective study, the radiological findings and 
imaging of HCCs supplied by EHAs were evaluated. The 
results demonstrated that the formation of EHAs in HCC is 
closely associated with the anatomical location of the tumor, 
tumor size, multiple TACE procedures, postsurgical adhesions 
and exophytic tumor growth. EHAs supplying HCCs require 
embolization; however, these arteries should be treated care-
fully and superselectively to avoid complications such as 
vascular dissection, spasm and non‑target tissue or organ 
embolization.

There are various strategies to treat hepatic tumors by the 
transcatheter arterial approach (22‑24). Familiarity with the 
blood supply that feeds hepatic tumors is essential not only to 

Figure 4. Extrahepatic arteries (EHAs) feeding tumors included the inferior phrenic artery, omental branch, adrenal artery, intercostal artery, internal mam-
mary artery, renal capsular artery, gastric artery and lumbar artery.

Figure 5. As the number of transcatheter arterial chemoembolization (TACE) 
sessions increased, the cumulative probability of extrahepatic arteries 
(EHAs) also increased.
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appreciate the limitations of these strategies but also to improve 
their therapeutic efficacy. The development of EHAs in HCC is 
a situation that limits the efficacy of TACE (25‑27). In a study 
of TACE, Kim et al observed 2,104 extrahepatic collateral 
routes in 1,622 sessions in 860 patients and performed TACE 
via 1,556 extrahepatic collateral vessels in 732 patients (7).

Chemoembolization through EHAs can be attempted to 
improve the therapeutic efficacy of TACE. In this situation, 
selective catheterization should be achieved by manipulating 
the guide wire or catheter tip into the branches of the EHAs 
that are feeding the tumor, in order to prevent tumor progres-
sion or recurrence.

The main cause of EHAs was once considered to be 
hepatic artery occlusion by surgical ligation (which is no longer 
performed), mechanical injury or multiple TACE procedures. 
Certain studies have reported interruption or dissection of the 
hepatic artery by multiple TACE procedures to be the principal 
cause of the formation of extrahepatic collateral vessels (28,29). 
A previous study showed that only 4% of patients with HCC 
suffered proximal hepatic artery occlusion and the majority of 
patients with a collateral supply had a patent hepatic artery (7). 

The present study indicates a close association between the 
prevalence of an extrahepatic collateral supply to HCC and 
tumor size. It was found that the occurrence of an extrahepatic 

Figure 6. Hepatocellular carcinoma supplied by the right inferior phrenic artery. (A) Inferior phrenic arteriogram (arrow) indicates enhancement of tumor 
staining in S8 near the right diaphragm. (B) Inferior phrenic arteriogram indicates tumor staining in S5 (arrow). (C) Inferior phrenic arteriogram indicates 
tumor staining in S6 (arrow).

Figure 7. Development of extrahepatic arteries after several sessions of transcatheter arterial chemoembolization (TACE). (A) After the third session, the 
hepatic artery was occluded. The right inferior phrenic artery (arrow) supplied the tumor. (B) Embolization with iodized oil (arrow) through the right inferior 
phrenic artery. (C) The right inferior phrenic artery (arrow) supplied the tumor. (D) Hepatocellular carcinoma (HCC) supplied by a branch (white arrow) of 
the superior mesenteric artery (black arrow) after the fourth session of TACE. (E) The right adrenal artery (white arrow) supplied the partial tumor after the 
sixth session of TACE (black arrow indicates the renal artery). (F) HCC supplied by a branch (white arrow) from the pancreaticoduodenal arterial arch (black 
arrow; black arrow head indicates the superior mesenteric artery). (G) After the sixth session of TACE, the HCC was supplied by the left gastric artery (black 
arrow). (H) Embolization with iodized oil (white arrow) through the left gastric artery.

Figure 8. Hepatocellular carcinoma supplied by multiple arteries. (A) Celiac arteriogram shows that the hepatic artery (black arrow) supplied part of the tumor. 
(B) The inferior phrenic arteriogram (black arrow) supplied the upper part of the tumor. (C) Adrenal arteriogram (black arrow) shows that the adrenal artery 
also contributed to the tumor blood supply.
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collateral supply to HCC was closely associated with tumor 
size. These data are consistent with the literature (7‑13).

The majority of the EHAs were found to supply the recur-
rent small (<5 cm) tumors that appeared after repeated TACE. 
Peripheral hepatic artery attenuation or occlusion following 
multiple TACE sessions contributed to the development of 
EHAs. In other studies, researchers have included only patients 

who underwent TACE ≤5 times, due to the fact that patients 
treated with TACE >5 times had advanced disease and a poor 
prognosis (7,13). As the number of TACE sessions increased, 
the cumulative probability of EHAs also increased, particu-
larly for EHAs supplying recurrent tumors (7,11).

It has been hypothesized that EHAs develop early at the 
bare area of the liver because the diaphragm and liver are 

Figure 9. Hepatocellular carcinoma supplied by the omental branch of the gastroduodenal artery. (A) Celiac arteriogram shows hypervascular nodules in the 
liver supplied by a prominent omental branch (black arrow) of the gastroduodenal artery (white arrow). (B) Selective arteriogram shows staining of the tumor 
supplied by the omental branch (black arrow). (C) Complete iodized oil retention (black arrow) after transcatheter arterial chemoembolization through the 
omental branch of the gastroduodenal artery.

Figure 10. Hepatocellular carcinoma supplied by the intercostal artery. (A) Intercostal artery angiogram (white arrow) shows a hypervascular tumor of the 
liver. (B) Selective intercostal arteriogram with microcatheter inserted shows that the intercostal artery supplied the tumor (white arrow).

Figure 11. Hepatocellular carcinoma supplied by the renal artery. (A) Angiogram of a prominent superior renal capsular artery shows a hypervascular tumor 
(white arrow). (B) Renal arteriogram shows the hepatic tumor (white arrow) with a microcatheter inserted into the branch of the renal artery. (C) Right renal 
arteriogram shows staining of the tumor (white arrow) supplied by the renal artery. (D) A further selective angiogram shows tumor staining (white arrow).

  A   B   C
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in direct contact without any capsular barrier, and the blood 
supply to the diaphragm can thus reach the liver by adher-
ence (30). A surface tumor location is a prerequisite for and 
the most important factor associated with the formation of 
EHAs (7,31). EHAs develop to supply the peripheral zone 
of the liver parenchyma, with the subsequent recurrence of 
tumor at remote sites in the peripheral zone supplied by the 
EHAs (32,33). In the present study, it was found that tumors 

located in the bare area may be associated with a higher preva-
lence of EHAs than tumors not in the bare area.

The development of collateral vessels to a tumor could be 
triggered by omental adhesion caused by exophytic growth, 
extracapsular HCC infiltration, abdominal postoperative 
omental or peritoneal adhesion, or recurrent tumor at the 
resection margin. In cases of multiple TACE, hepatic infarc-
tion in peripheral zones could trigger omental or peritoneal 
adhesion leading to the development of extrahepatic collateral 
arteries (34). Direct contact with or invasion into other organs, 
including the stomach (35), colon (36), adrenal gland (37) and 
kidney (38), may create extrahepatic collateral arteries to the 
tumor from these organs.

The inferior phrenic artery (29), omental branch (38), 
adrenal artery, intercostal artery, internal mammary artery, 
renal capsular artery (39), left gastric artery (40), gastroduo-
denal artery, cystic artery and mesenteric superior artery are 
among the EHAs known to feed tumors (41). Considering the 
broad contact between the liver and the diaphragm, it may 
be expected that diaphragmatic blood supplies, including the 
inferior phrenic, internal mammary and intercostal arteries, 
are major sources of collateral circulation.

When collateral vessels are chemoembolized, there is 
a risk of embolizing non‑target tissues or organs. Hiccups 
were usually the result of embolization through right inferior 
phrenic arteries (42). Acute gastroduodenal mucosal ischemic 
ulceration or necrosis typically occurs following emboliza-
tion through the branches of the gastroduodenal artery (43). 
Cholecystitis is frequently caused by the embolization of the 
cystic artery (44). Aggressive hepatic failure may occur as 
a result of multiple embolization through the hepatic artery 
and EHA branches (45). Hepatic artery spasm, hepatic artery 
constriction and hepatic artery occlusion are typically caused 
by the repeated stimulation of the hepatic artery with a 5F 
catheter or by careless actions (46). Pleural effusion is common 
when tumors adjacent to the diaphragm are treated (47). Lung 
infection usually results from an overdose of the iodized oil 
infusion (48).

Strategies to avoid these complications include superse-
lective catheterization of the specific branch supplying the 
tumor, avoiding reflux of embolization material into non‑target 
vessels, and use of coils and microparticles to occlude normal 
vessels before chemoembolization is performed (49). However, 
the risk in patients with advanced HCC is worthwhile if the 
EHAs of tumors are carefully occluded with a microcatheter.

Figure 12. Hepatocellular carcinoma supplied by the left gastric artery. (A) Celiac arteriogram shows a viable tumor supplied by the left gastric artery (white 
arrow) with partial retention of iodized oil. (white arrow head indicates the hepatic artery). (B) Left gastric arteriogram (white arrow) shows tumor staining.

Figure 13. Hepatocellular carcinoma supplied by the cystic artery (white 
arrow) which is the first branch of the right hepatic artery (black arrow).

Figure 14. Hepatocellular carcinoma in the right hepatic lobe supplied by 
the right hepatic artery (white arrow) from the mesenteric superior artery 
(black arrow).

  A   B
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Selective angiography of EHAs was performed in patients 
in whom it was suspected that there was a blood supply to a 
tumor. However, unsuspected EHAs may have been missed in 
some patients, because some tumor‑feeding arteries are diffi-
cult to identify as a result of insufficient tumor vascularity or 
overlapping vessels. The development of alternative methods 
for identifying EHAs, in addition to routine examinations such 
as MRI, enhanced CT and digital subtraction angiography, 
is required. In this study, it was not possible to chemoem-
bolize every detected extrahepatic collateral vessel because 
of potential complications or difficulties in superselective 
catheterization. In cases where the EHA supply could not 
be accessed, the tumor lesion was treated with local ethanol 
injection or radiofrequency ablation guided with sonography 
or CT.

In conclusion, the number of extrahepatic collateral arteries 
feeding tumors was positively associated with tumor size, 
peripheral location of the tumor in the liver, and the number 
of TACE sessions. In addition to the main hepatic artery, the 
most common EHAs were the right inferior phrenic artery 
and the omental artery. Knowledge of changes in the hepatic 
artery can help when performing repeated TACE and reduce 
the time required for the procedure, and may help to improve 
the outcome of patients with HCC.
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