
Renal cell carcinoma (RCC) is a common renal
parenchymal malignancy, and although complete or
partial nephrectomy remains the gold standard of man-
agement, many minimally invasive treatment tech-

niques, including laparoscopic or open partial nephrec-
tomy, cryotherapy, and radiofrequency ablation (RFA)
are emerging. 

RFA involves the conversion of an alternating current
into heat, which destroys soft tissues by desiccation and
coagulative necrosis (1). The sizes of the lesion and le-
sion configurations created are primarily related to the
amount of energy delivered, ablation time, tissue im-
pedance, tissue electrolyte content, and the surface area
of the electrode used (2). 

However, the inability of RFA to consistently produce
a large enough zone of coagulation necrosis to treat
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Purpose: The purpose of this study was to compare the in-vivo efficiency of vascular
occlusion on radiofrequency ablation (RFA) lesion size in a rabbit kidney model.
Materials and Methods: RFA lesions were created in a single kidney in 20 rabbits using
an internally cooled electrode. Twenty ablation zones (1 per kidney) were created us-
ing 4 different regimens: RFA without vascular occlusion (n = 5), RFA with renal
artery occlusion (n = 5), RFA with renal vein occlusion (n = 5), RFA with renal artery
and vein occlusion (n = 5). Seven days later, the rabbits were sacrificed and the lesions
were excised. These groups were then compared with respect to the dimensions of the
ablation zones and the changes in impedance and current during RFA.
Results: The maximum ablation zone width was the greatest in the renal artery and
vein occlusion group (21.0±1.4 mm), followed by the renal artery occlusion group
(17.8±1.0 mm), the renal vein occlusion group (17.4±1.1 mm), and the nonocclusion
group (7.8±2.4 mm) (p < 0.05). No significant differences were observed for imped-
ances and currents between the 4 groups. 
Conclusion: Vascular occlusion combined with RFA effectively increased ablation
zone dimensions compared with RFA alone, and the best effect was accomplished by
combined renal artery and vein occlusion.
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RCCs exceeding 3 cm in diameter represents a serious
limitation (3-6). This is attributable partly to the “heat
sink” effect, i.e., the relatively cool blood flow acts as a
“heat sink,” thus limiting the size of radiofrequency-in-
duced lesions and contributing to an unpredictable le-
sion shape in the immediate vicinity of the vessels.
Therefore, an obstruction to the blood flow may in-
crease thermal lesion dimensions, and thus might be
useful for the treatment of tumors larger than 3 cm.
Moreover, by adopting a blood flow occlusion ap-
proach, it might also be possible to reduce hemorrhagic
complications after RFA.

Studies conducted on the effect of perfusion on RFA
lesion size in the kidney (7-10) have reported that RFA
lesions created with renal arterial occlusion in animals
are larger than those created with normal blood flow.
However, there have been no comparative investiga-
tions concerning the effects of occluding renal veins
and/or renal arteries. Therefore, we decided to under-
take this study to compare the in-vivo effects of renal
artery, renal vein, renal artery and vein occlusion, and
nonocclusion on the efficacy of RFA in a rabbit kidney

model.
The purpose of our study was to compare the in-vivo

efficiency of RFA with renal artery, renal vein, renal
artery and vein occlusion, or nonocclusion in a rabbit
kidney model.

Materials and Methods

Animals and Surgery

Twenty New Zealand White rabbits (male; weight,
2.5-3 kg) were used in this study, and one lesion was
created per rabbit. All animals were anesthetized using
an intramuscular injection of 50 mg/kg ketamine hy-
drochloride (Ketamine; Yuhan, Seoul) and 5 mg/kg of
xylazine (Rumpun;[Editor1] Bayer Korea, Ansan,
Korea). A 10% povidone-iodine solution was then ap-
plied topically, and the left kidney was exposed by a
paramidline incision. The renal artery and vein were
isolated and clamped using atraumatic vascular clamps
just before RFA. The renal vessels were declamped im-
mediately after RFA to minimize vascular compromise
due to renal infarction. Booster injections of up to one-
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A

Fig. 1. RFA lesion created without occlusion of renal vessel.
A. Contrast-enhanced CT scan shows lobulating contoured un-
enhanced region in the lower pole of the left kidney (arrows).
B. The photograph of the gross specimen shows the RFA lesion
(arrows).

B C



half of the initial dose of xylazine were administered as
required. *Memo: Please check the change in the trade
name.

RFA Protocol

An internally cooled, 17-G electrode (CC-3; Radionics,
Burlington, Mass., U.S.A.) with a 1-cm active tip was
placed in the lower pole of the left kidney. 

Lesions were created using a 500-kHz RF generator
(CC-3; Radionics) capable of producing 200 W. During
the procedure, tissue impedance and current were mon-
itored every 30 sec using circuitry incorporated within
the generator. A peristaltic pump (Watson-Marlow,
Medford, Mass., U.S.A.) was used to infuse normal
saline solution at 0℃ into the lumen of the electrode at a
rate of 10-25 mL/min, which was sufficient to maintain

a tip temperature of 20-25℃. The power output was
set at 20 W, and RF energy was applied for 2 min. 

CT Protocol

Spiral CT (Somatom Plus 4; Siemens, Erlangen,
Germany) was performed 1 week after RFA to monitor
its effects. Axial CT scans of both the lungs and the up-
per abdomen including the kidneys were obtained 60
sec after contrast administration (Ultravist 300;
Schering, Berlin, Germany) using a 2-mm slice thickness
and a pitch of 1.5. Thirteen milliliters of contrast media
was injected at 1 mL/sec through an ear vein. 

Lesion Size Measurements

Rabbits were sacrificed by pentobarbital sodium over-
dose (Somlethal; Anpro Pharmaceutical, Arcadia, Calif.,
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A B
Fig. 3. RFA lesion created with renal vein occlusion.
A. Contrast-enhanced CT scan shows well-defined nonenhanced region in left kidney lower pole (arrows).
B. The photograph of the gross specimen shows the RFA lesion (arrows).

A B
Fig. 2. RFA lesion created with renal artery occlusion.
A. Contrast-enhanced CT scan shows well-defined nonenhanced region in the lower pole of the left kidney (arrows).
B. The photograph of the gross specimen shows the RFA lesion with a smooth well-defined margin (arrows).



U.S.A.) 7 days after RFA, and the kidneys were excised.
Since the white central area of the RF-induced ablation
zone has been previously shown to correspond to the
zone of coagulation necrosis (11, 12), the maximum
widths (perpendicular to the long axis of the RFA elec-
trode) of the RFA lesions were measured by the author
(C.H.J.) after all the specimens had been bisected in a
plane parallel to the RFA electrode.

Statistical Analysis

Group lesion dimensions, impedances, and RFA cur-
rents were compared using factorial analysis of vari-
ance. Values are expressed as means±SD. P values
were calculated by comparing lesion ranks, and the
Mann-Whitney test was used for intergroup compar-
isons. For all statistical analyses, p values of <0.05 were
considered significant.

Results

Dimensions of Ablation Zones

Vascular occlusion increased the RFA-ablated tissue
volume. The largest RFA lesion widths were observed
in the renal artery and vein occlusion group (21.0±1.4
mm) followed by the renal artery occlusion group (17.8
±1.0 mm), the renal vein occlusion group (17.4±1.1
mm), and the nonocclusion group (7.8±2.4 mm) (Figs.
1-4). A significant difference in lesion volume was
found between the nonocclusion group and all the vas-
cular occlusion groups (p = 0.01). Moreover, the mean
lesion width in the renal artery and vein occlusion group

was greater than that in the other occlusion groups (vs.
the renal artery occlusion group; p = 0.029, vs. the renal
vein occlusion group; p = 0.016).

RFA Parameters

Kidney blood flow conditions did not affect RF imped-
ance and current during this study (Table 1). 

RFA related complications

No RFA related complications were detected in the
follow-up CT images.

Discussion

Early small renal tumors are now being discovered
thanks to the development of imaging modalities, and it
has become acceptable to utilize a nephron-sparing ap-
proach for treating these lesions. However, partial
nephrectomy is associated with significant morbidity, a
protracted operating time, increased blood loss, and pro-

longed hospital stay as compared with radical nephrec-
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A B
Fig. 4. RFA lesion created with both renal artery and vein occlusion.
A. Contrast-enhanced CT scan shows nonenhanced region in the lower pole of the left kidney (arrows). Note the larger nonen-
hanced region compared with that observed in other groups.
B. The photograph of the gross specimen shows the RFA lesion (arrows).

Table 1. Values of RFA Parameters after 90 sec of Ablation

Vessel occluded Number Impedance (Ω) Current (mA)

Renal artery 5 128.0±15.3 435±39 
and vein

Renal artery 5 134.5±16.3 382±28 
Renal vein 5 133.6±26.3 392±37 
None 5 129.3±10.5 427±36

Note.─Values are averages±standard deviation
No significant differences between groups were observed with re-
spect to any of the listed parameters (p > 0.05)



tomy (13, 14). Although the efficacy of RFA in the man-
agement of small RCC is debated, RFA has gradually
been accepted as a good alternative to partial nephrecto-
my (3-6). However, tissue perfusion and blood flow
through vessels near target sites may affect the size and
shape of RFA lesions. In the liver, lesion volume has
been observed to increase on reducing blood flow (15-
18). Another study reported that the Pringle maneuver
(hepatic artery and portal vein occlusion) produced larg-
er RFA lesions than portal vein or hepatic vein occlusion
(15). Other studies have also been undertaken to investi-
gate the effect of renal arterial occlusion during RFA (7-
10), but no comparative study has yet evaluated the ef-
fects of renal vein and/or renal artery occlusion during
RFA.

In the present study, the occlusion of renal blood flow
increased RFA lesion diameter; further, no overlap be-
tween lesion diameters obtained using these procedures
was observed. Moreover, RFA lesions in the more re-
strictive renal artery and vein occlusion group were larg-
er than those in the other 2 occlusion groups; these dif-
ferences were statistically significant (vs. renal artery oc-
clusion; p = 0.029, and vs. renal vein occlusion; p =
0.016). 

Although venous infarcts are known to cause more se-
vere renal parenchymal damage than arterial infarcts,
no differences were observed in the nonablated renal
parenchyma between the 4 study groups. However, be-
cause the vessel clamping time (2-3 min) was shorter
than that in humans (10-12 min) and because
histopathological specimens were acquired 1 week after
RFA, there is a possibility that normal renal function
had recovered to some extent after RFA in our rabbit
model. Thus, further investigation should be undertak-
en to confirm the safety of renal venous clamping dur-
ing renal RFA in humans.

Our study had several limitations. First, we did not
use a tumor model. However, available evidence indi-
cates that tumors are more susceptible to heat damage
than normal tissue (19). Nevertheless, further study is
needed to apply the vessel occlusion concept to renal tu-
mors. Second, the number of animals used was relative-
ly small. In fact, the study was terminated because a
clear statistically significant difference was observed be-
tween the renal artery and vein occlusion group and the
other occlusion groups in terms of lesion size. A substan-
tially larger cohort would be needed to definitively eval-
uate RFA lesion differences between the renal artery
and renal vein occlusion groups. Finally, in the present

study, RFA and vessel occlusion was performed using
an open method, and thus, it diverged from the clinical
situation. A percutaneous RFA trial in an animal model
is necessary. 

In the present study, the RFA time was 2 min, which
is shorter than that required for renal parenchymal co-
agulation. RFA times used to treat rabbit kidneys in pre-
vious studies range from 80 sec to 8 min (20-23).
However, in the present study RFA was performed on
normal renal parenchyma; therefore, we shortened the
RFA time to 2 min in order to avoid injury to the chief
renal vessels. 

The present study was undertaken to determine a
more efficient means of enlarging RFA lesion dimen-
sions. It was observed that combined renal artery and
vein occlusion does effectively enlarge RFA zones. In
practice, the occlusion of both the vessels during RFA
can be achieved by vascular clamping, intraarterial em-
bolization, or by ballooning. By occluding both the ves-
sels, we consider it likely that large hypervascular tu-
mors and their margins can be effectively treated and
that local recurrence rates can be reduced.

In conclusion, vascular occlusion combined with RFA
was observed to effectively increase RFA lesion dimen-
sions compared with RFA alone, and this method was
found to be most effective when both the renal artery
and vein were occluded.
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고주파 열 치료 영역에 대한 가토 신장 혈관폐쇄 유형에 따른
효과의 비교연구1

1국립암센터 영상의학과, 2서울대학교병원 영상의학과
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목적: 이 연구의 목적은 토끼의 신체 내에서 신장 혈관의 폐쇄가 신장의 고주파열치료에 미치는 영향을 각 혈관의

폐쇄모델 간에 비교하기 위함이다.

대상과 방법: 20마리의 토끼에게 총 20개의 신장 고주파열치료를 시행하였다. 전극을 토끼의 좌측 신장 하극에 위

치시킨 후 4가지 다른 방법으로(5마리: 혈관 패색 없이 시행, 5마리: 신동맥 패쇄 후 시행, 5마리: 신정맥 폐쇄 후

시행, 5마리: 신동맥과 신정맥 모두 폐쇄 후 시행) 고주파열치료를 시행하였다. 고주파시술 일주일 후 토끼를 희생

시키고 좌측 신장을 적출하였으며, 고주파 열치료가 된 부위의 크기, 저항과 전류의 변화를 측정하였다. 

결과: 신동맥과 신정맥을 모두 폐쇄한 군에서 고주파 열치료가 된 크기가 가장 컸으며(21.0±1.4 mm), 다음으로

신동맥 폐쇄군(17.8±1.0 mm), 신정맥 폐쇄군(17.4±1.1 mm), 그리고 혈관폐쇄를 시행하지 않은 군(7.8±2.4

mm)의 순이었다(p < 0.05). 4개의 군 간에 고주파 치료를 하는 동안에 저항이나 전류의 차이는 없었다.
결론: 토끼에서 신혈관의 폐쇄는 효과적으로 고주파열치료가 되는 부위의 크기를 증가시켜 주며, 신동맥과 신정맥

을 동시에 폐쇄했을때 그 효과가 가장 크다.


