
 













-Abstract-
Altered Findings of Hepatic Arteriography after

Radiofrequency Ablation of Hepatocellular Carcinoma:

Comparison of Pre-Ablation and Post-Ablation Angiograms

Purpose: To evaluate the altered findings of hepatic arteriography after 

radiofrequency (RF) ablation of hepatocellular carcinoma.

Materials and Methods: Twenty-five patients with twenty-seven hepatocellular 

carcinomas treated by RF ablation (M: F =23: 2, mean age: 54 years), in which 

hepatic arteriography was performed before and after RF ablation were evaluated. 

Patients with any treatment other than RF ablation between the two hepatic 

arteriograms were excluded. Pre-RF ablation arteriography was performed while 

performing computed tomography (CT) during arterial portography and CT 

hepatic angiography. Post-RF ablation arteriography was performed during 

transcatheter arterial chemoembolization (n=20), or follow up CT during arterial 

portography and CT hepatic angiography (n=7). The angiograms before and after 

the RF ablation were evaluated for the altered findings.

Results: The altered findings of hepatic arteriography after RF ablation of the 

hepatocellular carcinoma were; arterio-portal shunt, periablational enhancement, 

varied caliber of the feeding artery to the tumor and occlusion/destruction of an 

adjacent arterial branch. Residual unablated or local tumor progression could not 

be visualized in the post-RF ablation arteriography in five of nineteen patients 

due to arterio-portal shunt or periablational enhancement. The interval from RF 

ablation to post-RF ablation arteriography was shorter when the tumor could not 

be visualized (Mann-Whitney test, p=0.026).

Conclusion:  The altered findings of hepatic arteriography after RF ablation of 

the hepatocellular carcinoma were; arterio-portal shunt, periablational 

enhancement, varied caliber of the feeding artery and occlusion/destruction of an 

adjacent arterial branch. The altered findings of may increase the difficulty in 

performing super-selective transcatheter arterial chemoembolization of the residual 



unablated or locally progressed tumor.
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I. Introduction

The hepatocellular carcinoma is a malignant neoplasm of the liver and 

commonly occurs in patients with cirrhosis. Surgical resection of the tumor 

remains the gold standard of therapy, but only 20% are eligible for surgical 

resection due to the decreased hepatic reserve or the unresectable location (1-4). 

In these patients with poor hepatic reserve and the hepatocellular carcinoma 

confined to the liver, minimally invasive therapy is considered as an alternative 

treatment.

Radiofrequency (RF) ablation and transcatheter arterial chemoembolization are 

among the widely used minimally invasive techniques in the treatment of the 

unresectable hepatocellular carcinoma (5-10). The RF ablation produces localized 

coagulation necrosis of the tumor by the heat induced by the alternating electric 

current. Transcatheter arterial chemoembolization produces ischemic necrosis of 

the tumor by selective embolization of the hepatic arterial supply. The 

transcatheter arterial chemoembolization can be performed before the RF ablation 

to reduce tumor perfusion and heat loss (11, 12), and the transcatheter arterial 

chemoembolization can be performed after the RF ablation in the treatment of 

residual unablated or locally progressed tumor.

The treatment of RF ablation may alter the findings of the hepatic 

arteriography, which may influence the treatment of transcatheter arterial 

chemoembolization. The computed tomography (CT) and the ultrasonography 

findings of the RF ablation zone and the locally progressed tumor after RF 

ablation have been reported (13-17). The purpose of this study was to evaluate 

the altered findings of the hepatic arteriography after RF ablation of the 

hepatocellular carcinoma.



II. Materials and Methods

A. Patient population

We retrospectively evaluated the hepatic arteriograms performed before and 

after the RF ablation of the hepatocellular carcinoma since August 1999. Since 

this period, one hundred and eleven patients with hepatocellular carcinoma 

underwent pre-RF ablation hepatic arteriography while performing CT during 

arterial portography and CT hepatic angiography as a part of staging work up 

and preoperative evaluation. In these patients, fifty-three patients underwent RF 

ablation of the hepatocellular carcinoma due to the inoperability, or the patients 

refusal for operation.

Among the fifty-three patients, twenty-five patients received RF ablation as the 

sole treatment of the hepatocellular carcinoma, and post-RF ablation hepatic 

arteriography was performed during follow up. In two patients, remote 

intrahepatic recurrence of the tumor developed in a different segment during 

follow-up, 21 months and 24 months after the first RF treatment respectively. 

These two patients underwent a second series of treatment of pre-RF ablation 

hepatic arteriography while performing CT during arterial portography and CT 

hepatic angiography, treatment of the tumor with RF ablation, and post-RF 

ablation hepatic arteriography during further follow up. So the twenty-seven 

hepatocellular carcinomas treated by the RF ablation, in which the pre-RF 

ablation hepatic arteriography and the post-RF ablation hepatic arteriography were 

performed were included in the study. Patients with any local or systemic 

treatment other than the RF ablation between the two hepatic arteriographies 

were excluded.

Since the hepatic arteriography and the RF ablation were performed during 

evaluation and treatment of the hepatocellular carcinomas, and since this is a 

retrospective study, by the policy of our institution, approval by the institutional 

review board was not required.

The patients were twenty-three males and two females and ranged in ages 

from 41 years to 75 years (mean, 54 years). All patients had underlying liver 



cirrhosis, of which twenty patients were hepatitis B viral carriers, one patient 

was a hepatitis C viral carrier, three patients had alcoholic liver cirrhosis and 

one patient had cryptogenic liver cirrhosis. The hepatocellular carcinoma was 

diagnosed by operation in three, biopsy in nine, elevated alpha-fetoprotein 

(>400ng/ml) in four, and clinical findings in eleven cases. The radiologic 

diagnoses of the CT, the hepatic arteriography and the CT during arterial 

portography and CT hepatic angiography were consistent with hepatocellular 

carcinoma in all patients. One patient received hepatic segmentectomy and five 

patients received transcatheter arterial chemoembolization for hepatocellular 

carcinoma located at a different segment of the liver, prior to the pre-RF 

ablation hepatic arteriography included in the study.

B. RF ablation technique

The RF ablation of the hepatocellular carcinoma was performed using the 

internally cooled electrode (Radionics Inc., Burlington, Mass, USA) or using the 

multitined expandable electrode (Rita Medical Systems, Mountain View, Calif., 

USA), 1 day to 33 days (mean, 10 days) after the pre-RF ablation hepatic 

arteriography. One session to five sessions (mean, 1.6 sessions) of RF ablation 

were performed, percutaneously in twenty-six tumors, and intra-operatively in one 

tumor.

C. Angiography technique

After the femoral arterial access, selective arteriography of the superior 

mesenteric artery and the celiac artery in postero-anterior projection, and selective 

arteriography of the common hepatic artery or the proper hepatic artery in 

postero-anterior projection and right anterior oblique projection (25-30 degrees) 

were performed. The arteriography was performed using the digital subtraction 

angiography technique using a 5-Fr Rosch hepatic catheter (Cook, Bloomington, 

USA) or a 5-Fr Rosch hepatic H catheter (Cook, Bloomington, USA). On the 

average, 80-90mL of the iodinated contrast material iodixanol (Visipaque; 

Nycomed Ireland, Cork, Ireland) was administered for the hepatic arteriography. 



The CT during arterial portography and CT hepatic angiography and the 

transcatheter arterial chemoembolization were performed after the hepatic 

arteriography. Selective arteriography and CT hepatic angiography of the aberrant 

hepatic artery was also performed when present.

The pre-RF ablation hepatic arteriography was performed while performing the 

CT during arterial portography and CT hepatic angiography in all twenty-seven 

hepatocellular carcinomas. The post-RF ablation hepatic arteriography was 

performed when residual or recurrent tumor was suspected during follow up. The 

post-RF ablation hepatic arteriography was performed 2 days to 754 days (mean, 

164 days) after the RF ablation, while performing transcatheter arterial 

chemoembolization in twenty tumors, and follow up CT during arterial 

portography and CT hepatic angiography in seven tumors. Ten tumors had local 

tumor progression, nine tumors had both local tumor progression and remote 

intrahepatic recurrence, and six tumors had only remote intrahepatic recurrence. 

Two had no evidence of recurrent tumor on hepatic arteriography, CT during 

arterial portography and CT hepatic angiography and further follow up of 12 

months.

The pre-RF ablation hepatic arteriograms and the post-RF ablation hepatic 

arteriograms were evaluated for the altered findings of the hepatic arteriography 

after the RF ablation.



III. Results

The altered findings of the hepatic arteriography after the RF ablation of the 

hepatocellular carcinoma were: the arterio-portal shunt, the periablational 

enhancement, the varied caliber of the feeding artery to the locally progressed 

tumor, and the occlusion/destruction of an adjacent arterial branch (Table 1, 2).

The arterio-portal shunt was seen in three of the post-RF ablation hepatic 

arteriography (11.1%) performed for the residual unablated or locally progressed 

hepatocellular carcinoma, 2 days to 103 days (mean 41 days) after the RF 

ablation. The arterio-portal shunt was lobar/segmental in two, and peripheral 

subsegmental in one. The residual unablated tumor was located within the 

staining by the arterio-portal shunt and could not be visualized in two post-RF 

ablation hepatic arteriograms (Fig 1) (Table 3).

The periablational enhancement was seen in five of the post-RF ablation 

hepatic arteriography (18.5%) performed for the locally progressed or remote 

intrahepatic recurrent tumors, 50 days to 196 days (mean 137 days) after the RF 

ablation. The periablational enhancement was completely encircling the ablation 

zone in two and partially encircling the ablation zone in three. The locally 

progressed tumor was located within the periablational enhancement and could 

not be visualized in three of the post-RF ablation hepatic arteriograms (Fig 2) 

(Table 4).

The feeding artery to the hepatocellular carcinoma could be identified in 

twenty cases of the pre-RF ablation hepatic arteriography, and varied caliber of 

the feeding artery to the locally progressed tumor was seen in seventeen of the 

post-RF ablation hepatic arteriograms (63.0%). The feeding artery disappeared in 

the two without local tumor progresssion, decreased in caliber in eleven when 

the locally progressed tumor was smaller in size than the index tumor (Fig 3), 

and increased in caliber in four when the locally progressed tumor was larger in 

size than the index tumor.

Occlusion/destruction of an adjacent subsegmental arterial branch was seen in 

twelve post-RF ablation hepatic arteriography (Fig 4) (44.4%).



Table 1. Summary of the altered findings of hepatic arteriography after RF 

ablation of HCC (N=27).

the altered findings incidence    interval from RF (mean days)

arterio-portal shunt     3 41

periablational enhancement     5 137

varied caliber of the feeding artery

  to the locally progressed HCC     17 203

occlusion/destruction of adjacent artery    12 199

no change     3 144

RF: radiofrequency

HCC: hepatocellular carcinoma



Table 2. Altered findings of hepatic arteriography according to the interval from 

RF ablation to post-RF ablation hepatic arteriography. (N=27)
interval from RF arteriographic findings

to post-RF HA (days) APS periablational enhancement feeder change occluded artery

  0-50 (n=3) 2 1   1  1

  51-100 (n=6) 0 0   2  3

  101-200 (n=12) 1 4   8  4

  201- (n=6) 0 0   6  4

RF: radiofrequency

HA: hepatic arteriography

APS: arterio-portal shunt



Fig. 1. A. Images of a 45-year-old man with three hepatocellular carcinomas in 

right lobe. Hepatic arteriogram shows the three staining of 

hepatocellular carcinoma at right lobe of liver (white arrows).



Fig. 1. B. Images of a 45-year-old man with three hepatocellular carcinomas in 

right lobe. CT hepatic angiography shows the two hyper-dense 

enhancing tumors at segment 7 and 8 (arrows). Another tumor was 

present at segment 6 (not shown). Two sessions of 

ultrasonography-guided RF ablation of the tumor at segment 7 was 

performed, but was poorly targeted due to the iso-echogenicity.



Fig. 1. C. Images of a 45-year-old man with three hepatocellular carcinomas in 

right lobe. Transcatheter arterial chemoembolization was performed 2 

days after the RF ablation, but arterio-portal shunt has developed. 

The staining of the tumor is embedded within the arterio-portal shunt 

and is not seen.



Fig. 1. D. Images of a 45-year-old man with three hepatocellular carcinomas in 

right lobe. CT scan performed 1 day after transcatheter arterial 

chemoembolization shows that most of the iodized oil emulsion has 

bypassed the arterio-portal shunt, and is deposited at subcapsular 

region. Small amount of iodized oil emulsion is deposited at the 

tumor of segment 8.



Fig. 1. E. Images of a 45-year-old man with three hepatocellular carcinomas in 

right lobe. Four month follow up CT scan shows progression of the 

tumor in segment 8. The tumor in segment 6 also progressed and a 

new tumor developed in segment 4 (not shown).



Table 3. Characteristics of patients with arterio-portal shunt on post-RF ablation 

hepatic arteriography.

stainging of HCC

patient recurrence interval from RF (days) degree of shunt  on arteriography

1 l and r 2   lobar   not detected

2    l 17  segmental   not detected

3    l 103 subsegmental     detected

RF; radiofrequency

l; local progression of hepatocellular carcinoma

r; remote intrahepatic recurrence of hepatocellular carcinoma



Fig. 2. A. Images of a 44-year-old man with newly developed hepatocellular 

carcinoma during follow up of 2 years after RF ablation of 

hepatocellular carcinoma at segment 8. Early sinusoidal phase hepatic 

arteriograms show the staining of the tumor at segment 8 (white 

arrow). Two sessions of ultrasonography-guided RF ablation was 

performed.



Fig. 2. B. Images of a 44-year-old man with newly developed hepatocellular 

carcinoma during follow up of 2 years after RF ablation of 

hepatocellular carcinoma at segment 8. Hepatic arteriogram performed 

117 days after the RF ablation shows the periablational enhancement. 

The tumor staining is embedded within the periablational 

enhancement and is not seen.



Fig. 2. C. Images of a 44-year-old man with newly developed hepatocellular 

carcinoma during follow up of 2 years after RF ablation of 

hepatocellular carcinoma at segment 8. Image of the CT hepatic 

angiography shows the hyper-dense staining tumor (black arrow) 

hidden within the periablational enhancement.


	TABLE OF CONTENTS 
	TITLE PAGE 
	ABSTRACT
	LIST OF FIGURES 
	LIST OF TABLES 
	I. INTRODUCTION  
	II. MATERIALS AND METHODS 
	A. Patient population  
	B. RF ablation technique 
	C. Angiography technique 

	III. RESULTS  
	IV. DISCUSSION 
	V. CONCLUSION 
	BIBLIOGRAPHY 
	국문요약

