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Hand-Assisted Laparoscopic
Partial Nephrectomy: A Controlled
Study of Bipolar Inline Radiofrequency 
Ablation Device in Swine
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Aravin Gunasegaram,1 Leigh A. Ladd,3 and David L. Morris1

Abstract

Background: Bipolar inline radiofrequency ablation (ILRFA) is an effective way to control bleeding during parenchymal 
organ transection. This was investigated in a study of laparoscopic hand-assisted partial nephrectomy in swine. Methods: 
Nine Landrace pigs were divided between 2 groups; diathermy was employed in the control group for parenchymal 
transaction and ILRFA was applied in the experimental group through a hand-port and deployed into the resection 
plane. After complete coagulation, resection was performed using scissors. Results: The mean intraoperative blood loss 
was 32 ± 15 mL in the ILRFA group and 187 ± 69 mL in the control group: a 82.9% reduction (P = .015). The mean 
blood loss per resection area was 2.53 ± 0.92 mL/cm2 in the ILRFA group compared with 17.31 ± 9.05 mL/cm2 in controls; 
the reduction was 85.4% (P = .005). Conclusions: ILRFA is effective in achieving reducing blood loss and provides a drier 
operative field for precise dissection.
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Introduction

Nephron-sparing surgery (NSS) is safe and effective in 
the management of small, localized renal tumours.1,2 
Recently, several studies have reported favorable onco-
logical and morbidity results with NSS for larger renal 
tumors up to 7 cm, prompting the possibility of expanding 
the indications for selective partial nephrectomy (PN).3,4 
Moreover, Lesage et al5 indicated that the patients who 
had undergone elective NSS had a significantly lower risk 
of developing renal failure compared with those treated 
by radical nephrectomy.

The first laparoscopic partial nephrectomy (LPN) was 
performed by Winfield et al6 in 1992. Since then this 
approach is becoming increasingly accepted as a mini-
mally invasive form of NSS. It has been shown that LPN 
is emerging as an appropriate alternative to open PN in 
selected centers with laparoscopic expertise.7 However, 
the biggest challenge with LPN is the control of intra-
operative hemorrhage. LPN differs from open PN in 
its approach to and method for hemostasis. Prolonged 
hilar vascular clamping can induce warm ischemia, and 
hypothermia can be very hard to apply laparoscopically. 

Therefore, several hemostatic agents and techniques have 
been investigated, but none have proved to be the ideal 
method for LPN.8

The bipolar inline radiofrequency ablation device 
(ILRFA) was developed by our group. In our previous 
research in liver resection using ILRFA, intraoperative 
blood loss can be significantly reduced, and the risk of 
postoperative complications (secondary bleeding, bile 
leak, and liver failure) is not increased.9 We also studied 
the performance of ILRFA in the open PN and renal 
trauma in an animal model. Promising results were 
obtained from both experiments.10,11 In this study, we 
evaluated the applicability of ILRFA for fast and effec-
tive control of blood loss during hand-assisted LPN in 
swine.
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Methods

A total of 9 Landrace pigs, weighing around 40 kg were 
studied. Approval for this study was obtained from the 
University of New South Wales Animal Ethics Commit-
tee (ACE No: 05/96B). All animals received humane 
care in compliance with the guidelines of “ACEC Animal 
Usage and Monitoring Guidelines” (http://www.ro.unsw 
.edu.au/ethics/acecmonitor.rtf). These were nonrecovery 
experiments conducted under general anesthesia; the ani-
mals were euthanized with a lethal injection of barbitu-
rate after surgery.

The ILRFA consists of a linear array of 6 electrodes, 
each 4-cm long mounted on a 5-cm long plastic base 
(Figure 1). The ILRFA is compatible with a range of radio-
frequency generators, in this study we used a RITA 1500 
Generator (RITA Medical Systems, Mountain View, CA). 
This machine generates radiofrequency current at 460 kHz 
with a maximum power output of 150 W. The amount 
of power applied depended on the depth of resection 
(Table 1). This power setting is used for ILRFA assisted 
liver resection.12

Induction of anesthesia was by ketamine (6 mg/kg) 
and acepromazine (0.05 mg/kg); pigs were intubated 
with a cuffed endotracheal tube using a stilette method. 
General anesthesia was maintained with halothane in 
oxygen. A catheter was placed for vascular access in an 
accessible ear vein and 0.9% sodium chloride solution 
was administered at a rate of 10 mL/kg/h for the first 
hour, and then turned down to half for the remaining sur-
gery time. Monitoring devices were attached as appropri-
ate immediately after commencement of controlled 
ventilation. Operative analgesia was provided by incre-
mental doses of methadone during the procedure. Blood 
pressure was maintained (>80 mm Hg) throughout these 
procedures using intravenous fluids.

The surgery was performed with the pigs in right/left 
lateral decubitus position. The trocars and hand-port 
position are shown in Figure 2. CO2 pneumoperitoneum 
was established and a 3-port laparoscopic approach was 
used. The peritoneum was incised with scissors over the 
convexity of the kidneys and reclined medially to release 
the surface of the kidney. The renal hilum was mobilized 
en bloc without any attempt to dissect the renal artery 
and vein individually, the ureter was identified. Then 
Gerota’s fascia was dissected off the renal surface, the 
proposed line of parenchymal incision was circumferen-
tially scored with a diathermy in a lower pole. The entire 
renal hilum was not clamped during surgery. A conven-
tional diathermy pencil was used to transect this lower 
pole, further sutures were then used to secure the residual 
bleeding. After careful hemostasis, the pig was rolled 
over to left/right lateral decubitus position for the ILRFA 
experiment. A subcostal skin incision of about 7.5 cm 
was made, and a hand-port (Tyco Healthcare, Lane Cove, 
New South Wales, Australia) system was installed. After 
mobilization of the kidney, sponges were placed around 
the kidney to protect the adjacent organs. ILRFA was 
introduced through the hand-port. The renal hilum was 
not clamped during surgery. After insertion of the ILRFA 
into the kidney along the resection line, the generator 
was turned on. As the ablation began, the resistance was 
increased until complete coagulation was achieved dem-
onstrated by a rise in impedance on the generator moni-
tor. (Figure 3) The resection was then simply performed 
using scissors. The ILRFA was the sole hemostatic tech-
nique employed for the experimental group both before 
and during transection.

The removed renal specimen was retrieved and its 
size and weight were measured. The volume of intraop-
erative blood loss was measured from the sum of the 
blood aspirated in the suction bottles and the blood loss 
as calculated by sponge weights. The surface area of each 
resection plane was then measured to allow calculation 
of the blood loss per cm2. All data were expressed as 
the mean ± standard deviation. Student’s t test was used 
to analyze the difference of blood loss and blood loss 
per cm2. P value <.05 was considered to be statistically 
significant. The results were analyzed using SPSS for 
Windows (Version 12.0; SPSS Inc, Chicago, IL).

Results
In total, 9 pigs were tested in this study; all operations 
were performed as planned. Each pig underwent 2 lower 
pole laparoscopic partial nepnrectomies. Two LPNs in the 
controls required hilar clamping to help control of hem-
orrhage. No massive bleeding occurred, and no animal 
died during operation. After surgery, pigs were euthanized 
immediately.

Figure 1. The bipolar inline radiofrequency ablation device.
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The experimental results are shown in Tables 2 and 3. 
The ILRFA deployments were set to a 3-cm power algo-
rithm that we previously used for the liver resection. The 
average RFA coagulation time was 6 (3 to 8) minutes. 
After ILRFA precoagualtion, the parenchymal transection 
could be performed in an avascular, dry and clean resec-
tion plane. The mean intraoperative blood loss was 32 ± 
15 mL in the ILRFA group and 187 ± 69 mL in the control 
group: a 82.9% reduction (P = .015; Figure 4). The mean 
weight of specimen was not different between the ILRFA 
and control groups, 17 ± 4 g and 16 ± 5 g, respectively 
(P = .583). Similarly, there was no difference in the mean 
resected surface area between the ILRFA and control 
groups, 12 ± 2 cm2 versus 11 ± 2 cm2 (P = .680). The 
mean blood loss per resection area was 2.53 ± 0.92 mL/cm2 
in the ILRFA compared with 17.31 ± 9.05 ml/cm2 in 
controls: a reduction of 85.4% (P = .005; Figure 5).

Discussion
Currently, radical nephrectomy is the optimal treatment 
known to provide long-term survival and potential of 
cure for renal carcinoma. However, over the past decade, 
the management of renal carcinoma has undergone a dra-
matic change from radical nephrectomy to NSS.13 It has 
been shown that the 10-year cancer-free survival rate of 
patients following open partial nephrectomy for tumors 
<4 cm was found to be comparable with that achieved 
with radical nephrectomy, and patients with a small renal 
tumor have similar outcomes regardless of treatment 

with partial or radical nephrectomy.1,2 Patard et al3 have 
also suggested that it was safe to expand the indications 
of partial nephrectomy to include patients with tumors 
up to 7 cm. Leibovich et al4 reported that there were no 
statistically significant differences in cancer specific sur-
vival and distant metastases-free survival between patients 
treated with radical nephrectomy or PN for renal cell car-
cinoma of size 4 to 7 cm, with excellent outcome in 
appropriately selected patients. More recently, Lesage 
et al5 compared perioperative outcome and health-related 
quality of life after open partial and radical nephrectomy 
for renal tumors. They indicated that PN achieved a bet-
ter health-related quality of life because of better preser-
vation of renal function and overall quality of life.5

LPN has some well-accepted advantages: less post-
operative pain, reduced trauma to the abdominal wall, 
smaller incisions, shorter hospital stay, and earlier ambu-
lation and return to normal activities than open proce-
dures.14 Clinical evidence suggests that LPN provides 
oncological outcomes comparable with those in contem-
porary open PN.7 However, during a LPN, control of 
blood loss can pose a major technical challenge. The use 
of hilar clamping provides a clean field for resection of 

Table 1. Power Setting for RITA 1500 Generator

Electrode Initial Power Second Power Final Power 
Deployment (cm) Setting 90 s (W) Setting 60 s (W) Setting 30 s (W)

1 13 15 17
2 27 30 33
3 41 45 50
4 54 60 66
5 68 75 83
6 77 85 94

Figure 2. The installation of ports and hand-port: A, B, and C 
indicate the 3 trocar sites

Figure 3. Inline radiofrequency ablation deployment
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tumor and repair of collecting system, however, vascular 
clamping can be difficult and induces warm ischemic 
changes that may injury the nephrons compromise kid-
ney function.15 Therefore, research has been done on new 
agents and techniques, but perhaps none is the ideal solu-
tion for LPN.8

Radiofrequency ablation is a new and promising tech-
nique that has mainly been used for the management of 
unresectable neoplastic lesions in the liver. More recently, 
it has also been applied to kidney tumors.16 It is well known 
that when the tissue temperature rises to more than 54°C, 
proteins denature and the surrounding tissue is destroyed 
by coagulation necrosis. Desiccation of the vessel wall, 
subsequent thrombosis due to injury of the vessel wall, 
and coagulation of the blood proteins, resulting in the 
formation of an occlusive coagulum that is the basis of 
the pathophysiological mechanisms of the hemostasis 
achieved using RFA.17

RFA devices have been reportedly used for LPN. 
Herrell and Levin18 used the TissueLink floating-ball 
radiofrequency dissector (TissueLink Medical, Dover, 
DE) in 25 patients. The results showed a mean lesion size 
of 1.9 cm, operating time of 205 minutes, and mean esti-
mated blood loss of 98 mL. No blood transfusion was 
required. However, 5 patients underwent ureteral stenting 
and 6 patients had prolonged perirenal drainage. They sug-
gested that TissueLink is safe for treating small periph-
eral renal tumors.18 Oefelein19 reported the results of 16 
patients undergoing RFA-assisted LPN. The mean opera-
tive treatment time was 99 minutes. The estimated blood 
loss was 121 mL, and no patient required blood transfu-
sion. However, 3 patients developed delayed urinoma 

Table 2. Experimental Results of Inline Radiofrequency Ablation (ILRFA) and Control

Animal  Blood Loss Surface Area Radiofrequency  
No. Method (mL) (cm2) Ablation Time (min) Specimen (g)

1 ILRFA 25 8.00 3 8
 Control 205 5.40  5
2 ILRFA 36 15.04 8 28
 Control 164 12.50  16
3 ILRFA 24 12.00 4 14
 Control 181 12.15  11
4 ILRFA 17 10.00 6 15
 Control 101 6.00  3
5 ILRFA 32 12.00 6 17
 Control 300 7.50  8
6 ILRFA 70 15.00 8 16
 Control 170 9.60  10
7 ILRFA 30 13.50 3 15
 Control 283 12.50  12
8 ILRFA 25 15.00 7 21
 Control 176 10.00  12
9 ILRFA 25 12.00 8 27
 Control 100 11.25  6

Table 3. Comparison of Inline Radiofrequency Ablation 
(ILRFA) and Control

 ILRFA Control P
Method (n = 9) (n = 9) Value

Mean weight 17 ± 4 16 ± 5 .538
 of specimen (g)
Mean blood 32 ± 15 187 ± 69 .015
 loss (mL)
Mean surface 12 ± 2 11 ± 2 .680
 area (cm2)
Mean blood loss 2.53 ± 0.92 17.31 ± 9.05 .005
 per cm2 (mL/cm2)

82.9% Reduction
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Figure 4. The comparison of blood loss between inline 
radiofrequency ablation (ILRFA) and control
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and accepted conservative management or ureteral stent 
placement.19 The TissueLink device applies energy to a 
limited area and in a different concept to ILRFA where 
the whole resection line is coagulated.

The principle of the ILRFA is the creation of a precise 
RFA area between electrodes of alternating polarity that 
leads to localized heating and coagulation of tissue includ-
ing blood vessels up to approximately 3 mm. This tran-
section plane is then dissected almost bloodlessly.9 In 
previous animal and clinical studies of liver resection, we 
have demonstrated that using ILRFA intraoperative blood 
loss can be significantly reduced, and the risk of postop-
erative complications (secondary bleeding, bile leak, and 
liver failure) is not increased.9 We also investigated PN 
in 8 Landrace pigs where ILRFA was used in conven-
tional open surgery.10 The mean intraoperative blood 
loss was 35 ± 7 mL in the ILRFA group and 152 ± 94 mL 
in the control group; a 77.0% reduction (P = .024). The 
mean blood loss per resection area was 2.09 ± 1.41 mL/cm2 
in the ILRFA group compared with 12.79 ± 1.68 mL/cm2 
in controls, the reduction was 79.0% (P = 0.019). We 
demonstrated that ILRFA for open PN in a porcine model 
is effective in reducing blood loss. Recently, we com-
pleted a renal trauma experiment, using ILRFA hemor-
rhage where hemostasis was able to be rapidly achieved 
in a time of 3.5 minutes after a stimulated grade IV renal 
injury.11 In that study, the mean intraoperative blood loss 
was 42 ± 16 mL in the ILRFA group and 195 ± 58 mL in 
the control group, with a 78.5% reduction (P < .001). 
Operative time was not measured as it would have been 
expected that the control group would have had a longer 
procedural time because of the time taken to achieve 
hemostasis.

Although the present study further demonstrates the fea-
sibility of achieving satisfactory hemostasis in laparoscopic 

PN, we accept that there are certain limitations present. 
First, the use of porcine kidney rather than human kidney 
as a potential difference between these 2 types of kidney 
may affect the experimental results. Second, as this was a 
nonsurvival study, long-term complications such as second-
ary hemorrhage and urinomas were not assessed. Another 
limitation is that a hand-port is required and therefore it is 
not purely laparoscopic and is considered hand-assisted. 
Cherif et al,20 who reported using ILRFA to perform an 
open PN on a transplanted kidney with ultrasonography-
guided biopsied confirmed clear cell carcinoma with nega-
tive surgical margins confirmed on histological examination, 
emphasized that using the ILRFA technique, renal pedicle 
temporary occlusion was avoided, minimal blood loss was 
observed, and quality of surgical parenchyma resection 
surrounding the allograft tumor was clearly preserved.20

ILRFA is compatible with most radiofrequency gener-
ators. It is easy to set up and use. ILRFA is effective in 
achieving fast coagulation to achieve significant decrease 
of blood loss, a drier operative field, and more precise 
dissection. The associated cost at present may find its use 
more cost-effective when applied only selectively rather 
than generally, and must be further investigated. Our cur-
rent data suggest that ILRFA may be of considerable clin-
ical value in the hand-assisted LPN. Although nephrectomy 
may now already be performed using a robotic-assisted 
and laparoscopically in expert centers, we believe that our 
technology described here is novel in achieving hemosta-
sis for a bloodless nephrotransection. Clearly, translating 
this technology into human studies and also incorporat-
ing it into a purely laparoscopic or robotic-assisted device 
will represent the next step forward.
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