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INTRODUCTION

Radiofrequency ablation (RFA) is a minimally invasive treat-
ment used for renal cell carcinomas that preserves renal func-
tion (1, 2). Previous clinical studies on renal RFA reported 
good results for treatment of small renal tumors (1-6). Howev-
er, large renal tumors (> 3 cm) were not completely eradicated 
by RFA using a single electrode in one treatment session (2-6). 

For complete tumor ablation, RFA should induce an ablation 
zone large enough to cover the entire tumor with the ideal abla-
tive margin (0.5-1 cm) (7). Monopolar RFA using a single elec-
trode in one treatment session has limitations in regards to its 
ability to induce an adequately sized ablation zone for large tu-
mor. Sequentially overlapping single electrode ablation can be 
used for large tumors (8); however, repositioning the electrode 
into an untreated tumor area is difficult and requires additional 
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Purpose: To compare the ablation zone after radiofrequency ablation (RFA) with 
saturated saline preinjection and renal artery occlusion in canine kidneys.
Materials and Methods: RFA was induced in the kidneys of six mongrel dogs. A to-
tal of 24 ablation zones were induced using a 1-cm tip internally cooled needle elec-
trode in three groups: RFA (Control group), RFA with 0.5 mL saturated saline prein-
jection (SS group), and RFA with renal artery occlusion by atraumatic vascular clamp 
(Occlusion group). Ablation zone diameters were measured along transverse and lon-
gitudinal sections of the needle axis, and volumes were calculated. Temperature, ap-
plied voltage, current, and impedance during RFA were recorded automatically.
Results: The RFA zone volume was the largest in the SS group (1.33 ± 0.34 cm3), 
followed by the Occlusion group (1.07 ± 0.38 cm3) and then the Control group (0.62 
± 0.09 cm3). Volumes for the SS and Occlusion groups were significantly larger than 
those for the Control group (p = 0.001, p = 0.012). There was no significant differ-
ence in volumes between the SS and Occlusion groups (p = 0.178). 
Conclusion: Saturated saline preinjection is as effective as renal arterial occlusion 
for expanding the ablation zone. RFA with saturated saline preinjection could help 
to treat large renal tumors.
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and the radiofrequency (RF) currents were distributed evenly 
through the tissue in the grounding pad’s direction. The upper 
area of the abdomen and epigastrium were shaved and steril-
ized. A midline incision was made to expose the kidney.

All experiments were conducted using a 200 W RF current 
(480 kHz) generator (CTRF-220; Valleylab, Boulder, CO, USA) 
capable of producing currents of up to 2000 mA. An 18-gauge 
electrode with a 1-cm active tip (Big tip®; RF Medical Co. Ltd., 
Seoul, Korea) was used in all groups. For all procedures, the 
needle tip of the electrode was placed approximately 1.5 cm 
deep relative to the renal capsule. RF was applied to the kidneys 
in the monopolar mode, and RF energy was delivered to the 
electrodes for 5 minutes. Energy was delivered at half power 
(100 W) in the impedance control mode. A peristaltic pump 
(PE-PM, Radionics, Burlington, MA, USA) simultaneously 
cooled the electrode internally so that the electrode tempera-
ture was maintained below 25°C. Before all experiments, the 
electrode was internally cooled at least 1 minute before place-
ment. Circuitry incorporated in the generator allows for con-
tinuous monitoring of impedance between the active parts of 
the internally cooled needle electrodes and grounding pads. A 
thermocouple embedded in the electrode ensures constant 
monitoring of the temperature at the electrode tip. The applied 
current, power output, and impedance were automatically re-
corded (Real Time Graphics Software V 2.0, Radionics, Burl-
ington, MA, USA).

In the SS group, before placement of the internally cooled 
needle electrode, a total of 0.5 mL 36% saturated saline solution 
was delivered slowly through the 1-cc syringe along the elec-
trode axis. In the Occlusion group, the renal artery was identi-
fied and transiently clamped using an atraumatic vascular clamp 
without occluding the renal vein, and then the RFA was per-
formed as described above. The clamping time was within 15 
minutes to prevent renal parenchyma injury. Renal arterial blood 
flow was immediately restored to the kidney after ceasing RFA.

Dogs were euthanized with intravenous pentobarbital, and 
each kidney was removed en block. The kidney blocks were 
sectioned along the longitudinal plane (electrode insertion 
axis) and then cut transversely and perpendicularly to the lon-
gitudinal plane (transverse plane). RFA zone diameters were 
assigned as the consensus of measurements made by 2 observ-
ers. The RFA zone was considered as an elliptical cone. The 

time. Therefore, attempts have been made to expand the abla-
tion zone using a single RFA session (9).

Among the various modified RFA methods, RFA combined 
with renal artery occlusion is considered effective for expand-
ing the ablation zone in the kidney (10-14). Despite the effec-
tiveness of blood flow occlusion for this purpose, there is the 
risk of renal infarction, which limits its use in clinical practice. 
RFA combined with hypertonic saline administration is anoth-
er strategy (15-23), and has been used clinically to treat large 
hepatic tumors (17, 18). Renal RFA combined with hypertonic 
saline administration has also been used for this purpose in an-
imal studies (19-23).

Comparative studies of modified RFA methods have been 
performed; however, to the best of our knowledge, no studies 
have simultaneously compared these two RFA methods in the 
kidney. Here, we present the results of our study, which was de-
signed to compare saturated saline preinjection and renal artery 
occlusion with respect to ablation zone volumes in renal RFA.

MATERIALS AND METHODS

The study protocol was approved by the Committee on the 
Ethics of Animal Experiments. Six mongrel dogs (13-20 kg; 
mean, 15.8 ± 2.4 kg) were included in this study. Two RFAs 
were performed in the upper and lower poles of each kidney. A 
total of 24 ablation zones were induced using a 1-cm tip inter-
nally cooled needle electrode in the following 3 groups: RFA 
only (Control group, n = 8), RFA with 0.5 mL saturated saline 
preinjection (SS group, n = 8), and RFA with renal artery 
clamping (Occlusion group, n = 8).

The animals were first administered an intramuscular injec-
tion of atropine sulfate, 0.04 mg/kg (Atropine sulfate; Jeil Pharm., 
Seoul, Korea), and general anesthesia was induced by intrave-
nous administration of 6 mg/kg propofol (Provive injection; 
Myungmoon Pharm., Seoul, Korea). After endotracheal intuba-
tion, anesthesia was maintained with 0.8-1.25% isoflurane (If-
ran®; Hana Pharm., Seoul, Korea) in oxygen using a semi-closed 
circle-breathing circuit. Cardiac and respiratory parameters were 
monitored throughout the procedure. Dogs were placed in a su-
pine position. The upper area of the back was shaven and 
grounding pads were attached. Grounding for RFA was accom-
plished using two external dorsally attached grounding pads, 



Byung Seok Shin, et al

submit.radiology.or.kr J Korean Soc Radiol  2012;66(4):363-369 365

Occlusion groups were not significantly different (p = 0.860).
Mean ablation zone volumes were as follows (large to small): 

SS group (1.33 cm3 ± 0.34), Occlusion group (1.07 cm3 ± 0.38), 
and Control group (0.62 cm3 ± 0.09). The value of the SS group 
was 114% greater than those of the Control group (p = 0.001). 
The values of the Occlusion group was 72% greater than those 
of the Control group (p = 0.012). The value of the SS group was 
24% greater than those of the Occlusion group, but this differ-
ence was not statistically significant (p = 0.178). The variation 
in ablation zone volumes for the SS and Occlusion groups was 
greater than that in the Control group (Fig. 2). The results are 

central white coagulation zone was measured excluding the 
surrounding hemorrhagic rim (Fig. 1). The longitudinal diam-
eter was defined as the maximum diameter along the electrode 
insertion axis (T long), and the transverse diameter was de-
fined as the maximum diameter perpendicular to the electrode 
insertion axis in the cortex (D cortex). The volume was calcu-
lated using the formula that describes the volume of an ellipti-
cal cone: 1/6 × π × height (T long) × base diameter (D cortex)2. 
The measured diameters and calculated RFA zone volumes are 
reported as mean ± standard deviation and compared between 
each group using the Mann-Whitney U test. Statistically signif-
icant differences were defined as p values < 0.05.

RESULTS

The mean T long values of the ablation zones were as follows 
(long to short): SS group (16.7 mm ± 1.1), Occlusion group 
(15.8 mm ± 1.8), and Control group (13.9 mm ± 1.1). The T 
long value of the SS group was 20% greater than the value of 
the Control group (p = 0.000). The T long value of the Occlu-
sion group was 14% greater than the value of the Control group 
(p = 0.024). No statistically significant difference was observed 
between the mean T long values of the SS and Occlusion groups 
(p = 0.258).

The ablation zones’ mean D cortex values were as follows (long 
to short): SS group (12.3 mm ± 3.3), Occlusion group (12.0 mm 
± 1.7), and Control group (9.4 mm ± 1.3). The value of the SS 
group was 31% greater than those of the Control group (p = 
0.048). The value of the Occlusion group was 28% greater than 
those of the Control group’s (p = 0.004). The values of the SS and 

Fig. 1. Images of the gross specimen in each group show central white coagulation zone (arrows) with a surrounding dark hemorrhagic rim. The 
needle electrode tract is clearly observed in the central portion of the ablation zone. Ablation zone volumes are largest in the Saturated Saline 
group (B), followed by the Occlusion group (C) and then the Control group (A). 

A B C

Fig. 2. Group Volumes. There are significant differences in ablation 
zone volumes between the Control and Saturated Saline groups (p = 
0.001), and between the Control and Occlusion groups (p = 0.012). No 
significant difference between Saturated Saline and Occlusion groups 
was observed (p = 0.178). The RFA zone volume of the Saturated 
Saline group varied more than the volume of the other two groups.
Note.-RFA = radiofrequency ablation
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effectively expanded the ablation zone, which is consistent with 
other animal studies (10-13). However, our results showed 
more variation in ablation zone diameters and volumes, which 
is in contrast to the results reported in the animal study per-
formed by Chang et al. (13). 

RFA with hypertonic saline administration is another strate-
gy that has been used to expand the ablation zone and is con-
sidered effective in the liver (9, 15-18), and has been attempted 
in the kidney (19-23). 

Injected hypertonic saline improves the tissue electrical and 
thermal conductivity during RFA by modulating the biologic 
environment of treated tissue. This effect can be maximized by 
using saturated saline (24). Therefore, saturated saline was used 
in this study. Saturated saline injection without RFA can induce 
patch necrosis of tissue, but the volume of necrosis is smaller 
than that induced by RFA only (24). RFA with 14.6% hypertonic 
saline preinjection was feasible for both the normal parenchyma 
and VX-2 tumor implanted in the rabbit kidney (20, 21). RFA 
combined with preinjection and additional continuous infu-
sion of 14.6% hypertonic saline was also feasible for a VX-2 tu-
mor implanted in the rabbit kidney (22). In contrast, Collyer et 
al. (23) reported that RFA combined with preinjection and ad-
ditional continuous infusion of 14.6% hypertonic saline applied 
to a porcine model induced colonic injury and resulted in ir-
regular-shaped ablation lesions when compared to cryotherapy. 
They suggested that leakage of the hypertonic saline resulted in 

summarized in Table 1.
The SS group showed decreased impedance and increased 

current values that were significantly greater than those of the 
Control and Occlusion groups (p < 0.001). Administration of 
the saline solution into the renal tissue affected the parameters 
of the RF generator. The results are summarized in Table 2.

DISCUSSION

Various modified RFA methods have been developed to ex-
pand the ablation zone. RFA combined with vascular inflow 
occlusion is one strategy for expanding the ablation zone by re-
ducing the heat sink effect (9), which refers to heat removal by 
blood flowing in adjacent vessels, thereby limiting the size and 
altering the shape of the ablation zone (7). Therefore, RFA with 
vascular inflow occlusion induces a larger ablation zone than 
that without occlusion. RFA with renal artery occlusion was at-
tempted in previous animal studies by using a vascular clamp-
ing, balloon occlusion, or intraarterial embolization (10-13). 
Chang et al. (13) reported that renal artery occlusion effectively 
expanded the ablation zone. They suggested that RFA com-
bined with selective intraarterial tumor embolization was use-
ful for treating large renal tumors. Furthermore, Yamakado et 
al. (14) used RFA combined with arterial embolization for large 
renal cell carcinomas (> 3.5 cm) in eleven patients. Our results 
also showed that renal artery occlusion by vascular clamping 

Table 2. Radiofrequency Ablation Data

Control (n = 8) SS (n = 8) Occlusion (n = 8)
p value

C vs. SS/C vs. O/SS vs. O
Temperature (°C) 15.6 ± 6.6 14.7 ± 8.3 13.7 ± 5.4 0.813/0.543/0.786
Watts (W) 11.7 ± 1.8 25.7 ± 7.8   8.7 ± 1.6 0.001/0.003/0.000
Impedance (Ω) 101 ± 12 76 ± 8 116 ± 10 0.000/0.017/0.000
Current (mA) 291 ± 26   550 ± 130 237 ± 30 0.001/0.002/0.000

Values are presented as mean ± standard deviation.
Note.-C = Control group, SS = Saturated Saline group, O = Occlusion group

Table 1. Comparison of Ablation Zones

Control (n = 8) SS (n = 8) Occlusion (n = 8)
p value

C vs. SS/C vs. O/SS vs. O
T long (mm) 13.9 ± 1.1 16.7 ± 1.1 15.8 ± 1.8 0.000/0.024/0.258
D cortex (mm)  9.4 ± 1.3 12.3 ± 3.3 12.0 ± 1.7 0.048/0.004/0.860
Volume (cm3) 0.62 ± 0.09   1.33 ± 0.34   1.07 ± 0.38 0.001/0.012/0.178

Values are presented as mean ± standard deviation.
Note.-C = Control group, SS = Saturated Saline group, O = Occlusion group
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occlusion. Therefore, RFA with saturated saline preinjection 
may help in the treatment of large renal tumors.

REFERENCES

1.	Hui GC, Tuncali K, Tatli S, Morrison PR, Silverman SG. Com-

parison of percutaneous and surgical approaches to renal 

tumor ablation: metaanalysis of effectiveness and compli-

cation rates. J Vasc Interv Radiol 2008;19:1311-1320

2.	Breen DJ, Railton NJ. Minimally invasive treatment of small 

renal tumors: trends in renal cancer diagnosis and manage-

ment. Cardiovasc Intervent Radiol 2010;33:896-908

3.	Gervais DA, McGovern FJ, Arellano RS, McDougal WS, 

Mueller PR. Radiofrequency ablation of renal cell carcino-

ma: part 1, Indications, results, and role in patient man-

agement over a 6-year period and ablation of 100 tumors. 

AJR Am J Roentgenol 2005;185:64-71

4.	Varkarakis IM, Allaf ME, Inagaki T, Bhayani SB, Chan DY, Su 

LM, et al. Percutaneous radio frequency ablation of renal 

masses: results at a 2-year mean followup. J Urol 2005;174: 

456-460; discussion 460

5.	Zagoria RJ, Traver MA, Werle DM, Perini M, Hayasaka S, 

Clark PE. Oncologic efficacy of CT-guided percutaneous 

radiofrequency ablation of renal cell carcinomas. AJR Am 

J Roentgenol 2007;189:429-436

6.	Breen DJ, Rutherford EE, Stedman B, Roy-Choudhury SH, 

Cast JE, Hayes MC, et al. Management of renal tumors by 

image-guided radiofrequency ablation: experience in 105 

tumors. Cardiovasc Intervent Radiol 2007;30:936-942

7.	Goldberg SN, Grassi CJ, Cardella JF, Charboneau JW, Dodd 

GD 3rd, Dupuy DE, et al. Image-guided tumor ablation: 

standardization of terminology and reporting criteria. J 

Vasc Interv Radiol 2009;20(7 Suppl):S377-S390

8.	Dodd GD 3rd, Frank MS, Aribandi M, Chopra S, Chintapalli 

KN. Radiofrequency thermal ablation: computer analysis 

of the size of the thermal injury created by overlapping 

ablations. AJR Am J Roentgenol 2001;177:777-782

9.	Goldberg SN, Gazelle GS. Radiofrequency tissue ablation: 

physical principles and techniques for increasing coagula-

tion necrosis. Hepatogastroenterology 2001;48:359-367

10.	Aschoff AJ, Sulman A, Martinez M, Duerk JL, Resnick MI, 

MacLennan GT, et al. Perfusion-modulated MR imaging-

current delivery to surrounding structures, which induced ad-
jacent organ injury. In hepatic RFA with saline administration, 
spilling of uncontrolled saline into tissue was also shown to 
cause irregular-shaped ablation zones (25).

Additional hypertonic saline continuous infusion during RFA 
increases the amount of spilled saline into tissues. A relatively 
large amount of spilled saline causes an irregular-shaped abla-
tion zone, and can lead to adjacent organ injury. Therefore, in 
the present study, only a bolus hypertonic saline preinjection 
was used to control and decrease the amount of infused saline. 
We also used saturated saline to decrease the amount of spilled 
saline, which effectively expanded the ablation zone. Although 
this amount was small, more variation in the diameters and 
volumes of ablation zones were caused by RFA with, than with-
out, saturated saline preinjection. Further studies are therefore 
needed to optimize saline solution administration.

Our study showed that both saturated saline preinjection and 
renal artery clamping effectively expanded the ablation zone in 
canine kidneys. Saturated saline preinjection resulted in larger 
ablation zones than those induced by renal artery clamping, al-
though the differences were not statistically significant. Because 
our interpretations were limited by the small sample size, more 
studies are required.

Our study had other limitations. First, we used an internally 
cooled needle electrode with a 1 cm active tip, instead of a 2 cm 
or 3 cm active tip, because of the smaller size of the canine kid-
ney. We used a lower level of RF energy for a shorter time than 
that employed in standard clinical practice. Second, an animal 
tumor model was not used due to the lack of a widely available 
inexpensive and reproducible large animal tumor model. Fur-
thermore, there may be differences in ablation zone sizes and 
shapes between tumor and normal renal tissues. Third, the RFA 
zone diameter of the gross specimen was measured, and the 
volume of the ablation zone was calculated based on diameter 
measurements. A more comprehensive evaluation of ablation 
zone shape using an imaging modality such as computed to-
mography will be required to more accurately determine the 
volume and shape of the RFA zone.

In conclusion, both RFA with saturated saline preinjection and 
renal artery clamping effectively expanded the ablation zone, 
and RFA with saturated saline preinjection resulted in a slightly 
larger ablation zone when compared to RFA with renal artery 



Comparison of Radiofrequency Ablation with Saturated Saline Preinjection and Renal Artery Occlusion

submit.radiology.or.krJ Korean Soc Radiol  2012;66(4):363-369368

Wolf F, et al. Percutaneous saline-enhanced radiofrequen-

cy ablation of unresectable hepatic tumors: initial experi-

ence in 26 patients. AJR Am J Roentgenol 2003;180:1537-

1545

19.	Leveillee RJ, Hoey MF. Radiofrequency interstitial tissue 

ablation: wet electrode. J Endourol 2003;17:563-577

20.	Patel VR, Leveillee RJ, Hoey MF, Herron AJ, Zaias J, Hulbert 

JC. Radiofrequency ablation of rabbit kidney using liquid 

electrode: acute and chronic observations. J Endourol 2000; 

14:155-159

21.	Munver R, Threatt CB, Delvecchio FC, Preminger GM, Polas-

cik TJ. Hypertonic saline-augmented radiofrequency abla-

tion of the VX-2 tumor implanted in the rabbit kidney: a 

short-term survival pilot study. Urology 2002;60:170-175

22.	Polascik TJ, Hamper U, Lee BR, Dai Y, Hilton J, Magee CA, et 

al. Ablation of renal tumors in a rabbit model with intersti-

tial saline-augmented radiofrequency energy: preliminary 

report of a new technology. Urology 1999;53:465-472; dis-

cussion 470-472

23.	Collyer WC, Landman J, Olweny EO, Andreoni C, Kerbl K, 

Bostwick DG, et al. Comparison of renal ablation with cryo-

therapy, dry radiofrequency, and saline augmented radio-

frequency in a porcine model. J Am Coll Surg 2001;193: 

505-513

24.	Ahmed M, Lobo SM, Weinstein J, Kruskal JB, Gazelle GS, 

Halpern EF, et al. Improved coagulation with saline solu-

tion pretreatment during radiofrequency tumor ablation 

in a canine model. J Vasc Interv Radiol 2002;13:717-724

25.	Cha J, Choi D, Lee MW, Rhim H, Kim YS, Lim HK, et al. Ra-

diofrequency ablation zones in ex vivo bovine and in vivo 

porcine livers: comparison of the use of internally cooled 

electrodes and internally cooled wet electrodes. Cardio-

vasc Intervent Radiol 2009;32:1235-1240

guided radiofrequency ablation of the kidney in a porcine 

model. AJR Am J Roentgenol 2001;177:151-158

11.	Corwin TS, Lindberg G, Traxer O, Gettman MT, Smith TG, 

Pearle MS, et al. Laparoscopic radiofrequency thermal ab-

lation of renal tissue with and without hilar occlusion. J 

Urol 2001;166:281-284

12.	Kariya Z, Yamakado K, Nakatuka A, Onoda M, Kobayasi S, 

Takeda K. Radiofrequency ablation with and without bal-

loon occlusion of the renal artery: an experimental study 

in porcine kidneys. J Vasc Interv Radiol 2003;14(2 Pt 1): 

241-245

13.	Chang I, Mikityansky I, Wray-Cahen D, Pritchard WF, Kara-

nian JW, Wood BJ. Effects of perfusion on radiofrequency 

ablation in swine kidneys. Radiology 2004;231:500-505

14.	Yamakado K, Nakatsuka A, Kobayashi S, Akeboshi M, Taka-

ki H, Kariya Z, et al. Radiofrequency ablation combined 

with renal arterial embolization for the treatment of un-

resectable renal cell carcinoma larger than 3.5 cm: initial 

experience. Cardiovasc Intervent Radiol 2006;29:389-394

15.	Goldberg SN, Ahmed M, Gazelle GS, Kruskal JB, Huertas 

JC, Halpern EF, et al. Radio-frequency thermal ablation 

with NaCl solution injection: effect of electrical conduc-

tivity on tissue heating and coagulation-phantom and 

porcine liver study. Radiology 2001;219:157-165

16.	Lobo SM, Afzal KS, Ahmed M, Kruskal JB, Lenkinski RE, 

Goldberg SN. Radiofrequency ablation: modeling the en-

hanced temperature response to adjuvant NaCl pretreat-

ment. Radiology 2004;230:175-182

17.	Hänsler J, Frieser M, Schaber S, Kutschall C, Bernatik T, 

Müller W, et al. Radiofrequency ablation of hepatocellular 

carcinoma with a saline solution perfusion device: a pilot 

study. J Vasc Interv Radiol 2003;14:575-580

18.	Kettenbach J, Köstler W, Rücklinger E, Gustorff B, Hüpfl M, 



Byung Seok Shin, et al

submit.radiology.or.kr J Korean Soc Radiol  2012;66(4):363-369 369

고주파 소작술에서 포화식염수 주입과 신동맥 폐색술의 비교: 
잡견의 신장에서의 생체연구1

신병석1 · 안문상2 · 박미현3 · 전경식4 · 이병모5 · 이기창6 · 김호준7 · 엄준영8

목적: 잡견의 신장에서 포화식염수 주입과 신동맥 폐색술 후 고주파 소작술의 소작범위를 비교하고자 하였다. 

대상과 방법: 6마리 잡견의 신장을 이용하여 고주파 소작술을 시행하였다. 1 cm 길이의 냉각형 전극침을 이용하여 3군

으로 나누어 총 24개의 소작술을 시행하였다. 일반 고주파 소작술군(대조군), 0.5 mL 포화식염수를 주입 후 소작술을 

시행한 군(SS군), 혈관 클램프를 이용한 신동맥 폐색술 후 소작술을 시행한 군(폐색군)으로 나누었다. 소작범위는 바늘

의 장축면과 횡단면의 길이를 측정하여 부피를 구하였다. 소작술 중 온도, 전압, 전류, 임피던스를 기록하였다. 

결과: 소작부피는 SS군(1.33 ± 0.34 cm3), 폐색군(1.07 ± 0.38 cm3), 대조군(0.62 ± 0.09 cm3) 순으로 컸다. SS

군과 폐색군이 대조군보다 통계학적으로 유의하게 컸다(p = 0.001, p = 0.012). SS군과 폐색군 간의 차이는 없었다(p 

= 0.178).

결론: 포화식염수 주입은 소작범위를 넓히는 데 신동맥 폐색술만큼 효과적이다. 포화식염수를 이용한 고주파 소작술은 

큰 신장암의 치료에 도움이 될 수 있다.
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