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Safety and efficacy of radiofrequency ablation with internally cooled
electrode for perivascular hepatic malignancy.
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Abstract

The abjective of this study was to evaluate the therapeutic safety and efficacy of percutaneous
radiofrequency ablation (RFA) with Internally Cooled Electrode for malignant hepatic tumors;
which were in contact with blood vessels. A total of 297 patients with malignant hepatic tumors
(358 nodules) who underwent RFA, by means of straight Internally Cooled Electrodes, were
enrolled in this study. Seventy-seven of these patients had 79 perivascular nodules, which were
situated within 5 mm of the intrahepatic vessels larger than 3 mm in diameter. While 220
patients had 279 non-perivascular nodules, which were more than 5mm away from the
intrahepatic vessels with diameter lager than 3mm. The clinical data and outcomes were
compared between the two groups. There were no treatment-related deaths, and the
complication rateswere similar (3.9% vs 2.7%, P>0.05) in the two groups. The disease-free 1-,2-
,and 3-year survival ratesin the perivascular group were 54.3%, 48.8% and 35.5%, respectively
while those in the nonperivascular group were 59.7%, 35.4% and 30.7%, respectively (P>0.05).
There were no significant differences between perivascular and nonperivascular groupsin local
recurrencerate (22.8% vs 16.1% ,P>0.05). It can therefore be concluded that per cutaneous RFA
with Internally Cooled Electrode is a safe and effective treatment for perivascular malignant
hepatic tumors.
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Introduction proximity of the ablative tumors to the large hépat
vessels [15-16]. However, so far, the factors diffgc

Percutaneous radiofrequency ablation (RFA) has beedplative results, such as, the types and diameiérs
widely developed and practiced as a nonsurgicdl€Patic vessels have been rarely reported.

treatment for primary or secondary malignant hepati

tumors, because it has been shown to provide morg'e Ppresent retrospective study aimed to evaluage t
consistent control of local tumors than other awdat therapeutic safety and efficacy of ultrasound-gdide

techniques in several studies [1-4]. Neverthel@&EA radiofre_quency_ ablatit_)n with Intemally Cooled Etedes
treatment for perivascular malignant hepatic tumordOr patients with perivasular malignant hepatic ousn
remains controversial. Several studies have shdwan t 1he clinical outcomes of these patients were coetpar
proximity of the target tumor to vital vascularustiures ~ With those with nonperivasular malignant hepatinaos
results in attenuation of RF ablative energy duthémt- Who had RFA in the same period.
sink’ effect, which limits the ability to deliverufficient
heat for complete tumor cell destruction [5-8]; adRBE  Materials and Methods
ablation may also cause vascular occlusion, inpmy
thrombosis [9-12]. Patients

The study was performed at Zhejiang Cancer Hospital
The local recurrence rates after radiofrequencysome Hangzhou, China. Written informed consent was oleti
articles, were considered particularly high (47-53%  from the patients and/or relatives, when approgyiat
zones of ablation adjacent to major vascular strest before treatment. Ethical approval was obtainedhftbe
[13-14] while some studies considered that thers m@ Ethical Committees of Zhejiang Cancer Hospital.
significant correlation between tumor recurrencesl a
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Inclusion criteria of the study for performing R FA  Under intravenous anesthesia, all patients weegettieby
patients with malignant hepatic tumors were a¥ad:  percutaneous RFA under real-time ultrasonographic
(&) the tumor or tumors should be visualized withguidance (model: LOGIQ 9, GE Health Care) with B 3.
ultrasonography and accessible via the percutaneoddHz probe. When cool-tip electrodes worked, RF was
route; (b) multiple tumors @8); (c) a single tumor with delivered at the maximum power of the generatathe
no greater than 6 cm in the largest dimension;liggy  impedance automatic mode for 12 minutes.
malignant tumor was histologically confirmed by sy
or diagnosed by the presence of a hypervascular livin all patients, single or overlapping ablations reve
mass in the arterial phase of a dynamic imaging ¢€T performed on the basis of lesion size and geomesy,
MRI) with contrast washout during the portal orajeld well as on findings from real ultrasonography (US)
phase plus angiographic confirmation of a hypenwtas  performed during ablation. Our aim was to make suag¢
mass; (e) no portal venous thrombosis and extrdicepathe entire tumor was destroyed. The ablation zoas w
metastasis; (f) prothrombin activity >50%, a platel extended beyond the tumor margin by about 0.50d@mh
count greater than 5x30, and no refractory ascites; (g) in a single session of RFA. After the ablation, treedle
Child-Pugh class A or B liver cirrhosis; (h) no etHocal track was thermocoagulated by continuing the RFA
treatment performed such as ethanol injection (RIEEI) current in a manual mode as the electrode was vt
transcatheter arterial chemoembolization (TACE). slowly. For perivascular tumors, care was takeawoid
thermal injury to the nearby blood vessel by the RF

297 cases with primary or secondary malignant hepatyas kept in the hospital overnight and was discitye
tumors performed by ultrasound-guided RFA wereyext day if found clinically well.

enrolled in this study. All patients underwent inat
ultrasound and contrast enhanced ultrasound (CEU®)sta Collection And Outcome Measures

before RFA. They were divided into two groupa group A complication was defined as any adverse evert tha
of 77 patients (79 perivascular nodules) with pesoular  required specific treatment, prolonged hospitaéirabr re-
tumors and a group of 220 patients (279 non-perilas  hospitalization after RFA. Treatment-related maytalvas
nodules) with non-perivascular tumors. defined as any death within 30 days of the RFA.

Perivascular tumor was defined as a tumor situattdn ~ L0cal therapeutic efficacy of the patient was eald with
5 mm from intrahepatic vessels larger than 3 mm irgjynamlc CT scan or contrast-enhanced uItrasoundJS}‘EE
diameter. A tumor would be regarded as non-periasc month after percutaneous RF ablation. Then dyn&ior

if the distance between the tumor and the majoMR Scan was performed every 2 to 3 months forvelp.
intrahepatic vessels was more than 5 mm. The absence of contrast enhancement within thenatig

tumor was defined as complete ablation. Any contras
enhancing areas within the targeted tumor on puatian
CT or MR scan indicated incomplete tumor ablatidny
new tumor that occurred in the liver outside thiateld area
and showed arterial phase perfusion on focal lagion on
dynamic CT or MR scans, was defined as distana-intr
I@epatic recurrence.

I nstruments and Methods
The Cool-tip™ radiofrequency system (Radionics,
Burlington, Massachusetts, USA) was used in alepé,
the radiofrequency generator capable of deliverang
maximum power of 200 W. Based on the distinct attat
zones of two types of RFA electrodes and our ow

experience, the principle of choosing radiofreqyencyhen the indication of dynamic CT or MR scans thile
electrodes was as follows: single radiofrequencieypicate, we comprehensively considered the disigno
electrodes with exposed length of 3 cm were used fQeferring to further CEUS and dynamic serum alpha-
tumors less than 2 cm in dimension; clustered Bldes  fetoprotein ¢-FP) level. During the postoperative follow-up
(three parallel single electrodes close to eackrpiith @ rocess, continuity of the patient's study was ddrto be
exposed length of 2.5cm were used to treat largeots ( g;spended and new interventions such as TACE, PEI o
> 2 cm in dimension). Clustered electrodes are misce repeated RFA were performed if residual tumor or
likely to be used in case of hepatic tumors clesifger  yecyrrence was found; the follow-up process coatinu
vessels. The RF electrode was of 17 G, which coetai 5 ;tomatically if no new malignant evidence was tbufhe
internal dual channels for chilled water to be pethp sportest tumor-free survival time was 6 monthinstudy.
through by a peristaltic pump.

Statistical Analysis
The resulting cooling effect around the electragesould ~ Student's t test for quantitative data and Chisgtest for
reduce charring of the surrounding tissue, whicighni Qqualitative data were used to compare baseline

otherwise decrease tissue conductivity and bloekREF ~ characteristics of patients, and rank sum test weasl to
current. compare multiplicity of RFA procedures in the twougps.
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Recurrence risk and overall survival after RFA wereTreatment-related morbidity and mortality

calculated by the Kaplan-Meier method and the iiffees The incidences of severe complications in Groupnd a
between two groups were determined with log-rarst. te Group 2 were 3.9% and 2.7% respectively, whicmate
Data processing and analysis were performed by $&SS statistically significant (P>0.05). The severe cboagions in
Windows version 19 (SPSS, Chicago, IL). A value ofGroup 1 included 1 case of portal vein occlusiocade of

P<0.05 was considered statistically significant. intra-abdominal infection and 1 case of gastroiimak
bleeding. Those in Group 2 included 2 cases ofraleu
Results hemorrhage, 1 case of chest infection, 1 caselahaj 1

case of subarachnoid hemorrhage and 1 case ofngtaic
hemorrhage. None of the patients died as a diesottrof a

Patient Characteristics complication of RFA in any group.

The baseline characteristics of patients with psiGular

malignant hepatic tumors (Group 1) and those withou

perivascular malignant hepatic tumors (Group 2) ardreatment outcome after RFA

illustrated in Table 1. The therapeutic outcomes after RFA treatments fiemia
with perivascular malignant hepatic tumors (Groypadd

There were no significant differences between these those without perivascular malignant hepatic tungGreup

groups in terms of age and types of malignancie8.(®). 2) were summarized with an overall mean follow-up o

However, Group 1 had a higher proportion of pasiemth ~ 13.4+10.5 months as follows: The disease-free-1aritl 3

tumors>3 cm in dimension, cluster needles selections, angear survival rates in patients with perivasculaligmant

number of RFA sessions than Group 2 (P<0.01). hepatic tumors (Group 1) were 54.3%, 48.8%, an8985.
respectively;

Table 1. Comparison of baseline characteristics of patiemith perivascular malignant hepatic tumors
(Gr.1) and those with nonperivasular malignant &gptumors (Gr. 2)

Parameter Group 1 Group 2 P value
Gender
Male 56 174 >0.05 (0.250)
Female 21 46
Age (years)
<50 23 73 >0.05 (0.593)
> 50 54 147
Types of malignancies
Primary 49 155 >0.05 (0.267)
Metastatic 28 65
Maximal diameter of tumor (cm)
<3.0 39 202 <0.01 (0.000)
>3.0 40 77
Type of electrode
Cluster 66 177 <0.01 (0.001)
Single 13 102
Multiplicity of RFA procedure
1 54 240 <0.01 (0.001)
2 15 31
3 8 7
4 2 1

Note: Based oyP statistics for all category variables Studentest was used because it tests continuous vasable
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Table 2. Comparison of the treatment-related outcomesafwo groups(nodules

Parameter Complete ablation Residual/local P value
recurrence

Overall RFA-related outcomes

Maximal diameter of tumor(cr)3.0

perivascular group 33 6 >0.05(0.312)
nonperivascular group 182 20

Maximal diameter of tumor(cm)>3.0

perivascular group 28 12 >0.05(0.785)
nonperivascular group 52 25

Primary

perivascular group 43 7 >0.05(0.604)
nonperivascular group 172 22

Metastatic

perivascular group 18 11 >0.05(0.310)
nonperivascular group 62 24

RFA-related outcomes of perivascular group

Blood vessel diameter (mm)

3~5 27 6 >0.05(0.409)
>5 34 12

Types of blood vessels

Interhepatic veins 18 7 >0.05(0.452)
Interhepatic portal veins 43 11

Sizes of tumours (cm)
<3 33 6 >0.05(0.122)
>3 28 12

Note: Based op2 test for all category variables.

and the survival in those patients without perivdac The comparison of therapeutioutcomes based on the
malignant hepatic tumors (Group 2) were 59.7%multi-factors between inter-groups and intra-Grdupre
35.4% and 30.7%, respectively. However, there werdlustrated in Table 2.

no significant differences between the two groups i

terms of disease-free survival rates (P>@b) (Fig. 1). The RFA outcomes did not differ in the sizes arngesy
The local recurrence rates of Group 1 and Group Zprimary or Metastatic) of the malignant hepatimeus
were 22.8% versus 16.1% respectlvely, no Slgnlhcanbetween Group 1 and Group 2. S|m||ar|y' the abtatio
differences were found between the two groupgutcomes had no significant difference in vesseési
(P>0.05) (Fig. 2). vessel types and tumor sizes in intra-Group 1 @)0.
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circulatory system of the liver is unlike that saanany
other organ. It has dual sources of blood suppty @me
hepatic venous system. A great number of patiefits w
liver malignancies cannot be radically resectechbse of
the close proximity to major hepatic vessels. Sualgi
resection is quite difficult and risky and the arte is
still unsatisfactory for those patients [21-22].

Therefore, a more safe and effective treatmenbodtr
those liver tumors is always a clinical concernpédsent,
RFA is well established as the standard local adalat
therapy for various liver malignancies, and caubed as
an alternative to surgery because of its supeoacall
control rates and high survival rate relative tbheotlocal
treatments [1,2]. In recent years, a series of ahim
experiments and clinical studies on the perivascula
malignant hepatic tumors have been conducted, Haut t

therapeutic efficacy and safety of ultrasound-gdide
radiofrequency ablation for those tumors remains
controversial [9,11].

Figure 1. Cumulative disease-free survival curves of pa
tients in perivascular group (Gr.1) and nonperivalse
group (Gr.2).
Note: Cumulative disease-free rates of patientsh wit
perivascular hepatic malignancies (group 1;n=77)dan Metealfe et al [9] performed radiofrequency zone of
those without hepatic malignancies carcinoma (grougblation adjacent to hepatic veins in large whitewith
2;:n=220). (P= 0.998; log rank test) RITA™ electrodes. The zones of ablation were examined
histologically 72 hours after RFA. The result shdvtieat
zones of ablation necrosis adjacent to the vesaklwere

1.0

0.8+

(= Perivascular group
— Nonperivascular
group
Perivascular group -
+Censcredda|ga ’
Nonperivascular
group - Censored dat

incomplete in three of seven cases. All zones tHtiain
were associated with intimal necrosis and most with
mural thrombosis. The study concluded that ablatbn
hepatic tumors by radiofrequency was unreliablaast)t

b to hepatic vein and the modality of radiofrequency
o6 ] ablation was not recommended for those zones of
T, ablation.

Another experiment with RFA using a porcine model,
was reported by Ngt al [23]. The procedure using a
— cooled-tip electrode was performed 5 mm from tHe le
main portal vein branch under ultrasonographic guog

for 12 min. The results indicated that there was no
significant change in mean portal vein flow velgcit
before RFA and after the procedure. Gross and
histological examination of the portal vein brarghe

Figure 2. Cumulative recurrence rate curves of patientsShowed no damage without (n = 10) a Pringle marreuve
in perivascular group (Gr.1) and nonperivasculaogp !N another study by Let al [24], radiofrequency lesions
(Gr. 2). targeted to tissues adjacent to a variety of vessere
Note: Cumulative recurrence rates of patients withcreated in vivo in the liver of 10 Yorkshire pig3ost-
perivascular hepatic malignancies (group 1;n=77)dan ablation contrast-enhanced CT and then histopagfwlo
those without hepatic malignancies carcinoma (grouginalysis of the vessels and lesions were perforafieed
2;n=220).(P= 0.646 ; log rank test) sacrificing the pigs. At CT, 42 (95%) of 44 veineater
than 3 mm remained patent without vascular occtusio
On histopathology, the extent of vessel wall injury
decreased with increasing vessel diameter in 24eles
greater than 3 mm. The authors concluded that ¢a¢- h

Primary liver carcinoma is one of the most prevelengin effect was seen consistently and substangistular
types of malignancies, worldwide whereas, the ligghe injury was rare in hepatic vessels beyond 4 mm.
second most common site of metastasis [18-20]. The
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procedures. The volume of coagulation necrosis of
Even though in existing literatures of clinicaldites there clustered electrodes fixed with an exposed length o
are evidences that perivascular RFA could leadortap 2.5cm, which can theoretically reach 1.25cm from th
vein occlusion, most clinical studies are inclintml front tip and 2.0cm in a direction perpendiculartie
support the safety of perivascular RFA procedudeld]. electrode So we preferred to apply them for ablations of
Similarly, in our study, no RFA-related death ocedrin  perivascular or subcapsular hepatic tumors. Resgilts
any of the 77 patients, and no significant diffeerof number of studies have demonstrated that the shst-
serious complications was seen between perivasculdiameters of RF ablation zones adjacent to theel@ss
group and nonperivascular group. Of course, it khba were shorter than those of the non-vascular sig5][8
highlighted that the type of straight Internally aled therefore, in order to ensure sufficient coagulated
Electrodes, which have been used in this study areoverage in intended areas of nonperivascular sides
different from the Expandable Multitined Electrodesdeflected the RFA electrodes to the targeted lonati
usually used in other similar studies. near major intrahepatic blood vessels as far asilges

At the same time, relatively large volumes of dblat
The features of the latter make it more difficut t zones produced by cluster electrodes rendered ue mo
precisely display and position each tine under thelegrees of freedom for the introduction of the RFA
circumstance of its full deployment. Further, theelectrode
ultrasound image quality is severely impaired byARF
induced hyperechogenicity. In our country, the mgjo In addition, we hypothesized another importantdaat
of primary liver carcinomas are associated withesev incomplete ablation may be attributable to unsatisf
cirrhosis infected with chronic hepatitis B. In burases it ory RFA electrode deployment hampered byblood vesse
is almost impossible to achieve the theoreticathptella- A straight Internally Cooled RFA electrode employed
shaped array with the electrode tines and the lkctuaession of RFA, which produces a relatively lange sf
positions of the tines deviate from the requiredigle coagulation, is an advantage in RF ablation of
points. The above-mentioned concerns motivated ouerivascular tumors as well. In current reports on
team to choose Internally Cooled Electrodes instefad perivascular RFA treatment, applications of Intéyna
Expandable Multitined Electrodes for RF ablationtttd  Cooled Electrodes are more likely to have satiefgct
tumors near the major intrahepatic structures. outcomes [15-17].

A study conducted by Let al [14] concluded that the If a RFA electrode with an expandable active tipswa
presence of vessels at least 3 mm in size contgudiln  accurately placed within 5mm of a blood vesselailgu
hepatic tumors was the dominant predictor of incletep an equivalent fine therapeutic effect could be iolei
tumor destruction by RFA. In their study, the oWldcal  Half-deployed method of expandable electrode of the
recurrence rate was 19 per cent in 105 malignaet li same power as in the fully deployed method wasrtego
tumors. Up to 48 per cent of perivascular tumocsimed  to concentrate more energy and rapidly raise tissue
locally at previous ablated sites, whereas onhef7qent temperature near large vessels. This RFA technicase

of nonperivascular tumors had local recurrenceraftenow considered as a valuable approach to completely
RFA. ablate liver tumor proximal to large vessels [26-27

It is recommended by Huang [11] that avoiding tH6AR The majority of research articles deem that the sizthe
cool-tip electrode placement next to the large lpdra tumor is an important decisive factor for the costgl
blood vessel would have a better heat treatmerihglur ablation of a liver tumor. Usually larger tumorsvhaa
RFA heating, and reducing blood flow rate couldphel high probability of lying close to large blood velss as
reduce significant cooling by large blood vesselobserved in some related research data[13-15].uin o
Nevertheless, another study by Ng and his colleaffill]]l research, we have noted that the average size of
reported an opposite finding. The outcome of 52 RF/Aperivascular nodules is larger than the nonperidasc
treated patients with perivascular HCC was comparedodules. Taking this into consideration, we thoutfat
with 90 RFA treated patients with non-perivasci&C, the analytic result would be more objective if tiwdules
at the same time. Their study showed no significanivere compared by subcategories of stratified sizkss,
difference in the rates of complete ablation andallo the subcategories of nodules 3mm and> 3cm were
recurrence in the two groups. They speculated ttat respectively compared, the closer rates of locsidt=l
choice of RFA approaches might affect the finabibh  and recurrence were found between two groups.
results.

The evaluation of RFA effect with respect to differ
To obtain a sufficient margin of safety, in ourdstuve  types and diameters of vessels have rarely beeanteep
used more clustered electrodes to perform the RFAr discussed. An experimental study using a poriciee

model revealed that the perivascular tissue arougils
490 Biomed Res- India 2015 Volume 26 Issue 3
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greater than of 5 mm diameter were more difficolt t
ablate completely than those around veins at 3-5 mm
diameter [24]. Similarly high proportion of residaamor

was observed in our present study. 5
Nevertheless, no significant differences were found
between perivascular tumors around veins greagar th
mm and those round the veins of 3-5 mm. We made an
assumption that the hemodynamics of the hepatin vei6
were different from those of the portal vein, se #ifects '
of hepatic vein and portal vein blood flow on thermal
coagulation of RFA may differ. However, no sigrefit
differences in rates of the incomplete ablation &wal 4
recurrence were found between the two differentsypf
veins in our present study.

In summary, this study shows that radiofrequency
ablation of liver cancer adjacent to large hepadgsels is 8.
safe and effective. A straight Internally Cooled ARF
Electrode, which is easily employed, clearly digpland
provides relatively reliable volume of coagulation a
session of RFA. This may have certain advantages ov
other methods of radiofrequency ablation for pesivdar 9.
hepatic tumors.
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