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Introduction: The argon beam coagulator (ABC) is used
in combination with other hemostatic agents and suture
renorrhaphy to obtain hemostasis after laparoscopic partial
nephrectomy. We performed a pilot study evaluating the
efficacy of the ABC-alone in obtaining hemostasis during
laparoscopic heminephrectomy (LHN) in a porcine model.

Methods: Eight pigs (4 small (30 kg-40 kg) and 4 large
(70 kg-80kKg)), underwent bilateral LHN. Hemostasis
then was obtained by using the ABC at 120W as a single
modality. The collecting system was not repaired. The
hilum was unclamped and the renal defect observed for
20 minutes with pneumoperitoneun pressure of 4 mmHg.
The animals were survived for 24 hours at which time they

were sacrificed and necropsy performed.

Results: All small pigs underwent LHN successfully.
Mean pre- and post-op Hgb were 11.2 g/dl and
9.8 g/dl, respectively (p = 0.12). In one of the animals,
ABC at 150W was required to obtain hemostasis. All
but one of the large pigs underwent LHN successfully.
One of the animals had continuous bleeding despite ABC
after right LHN and a completion nephrectomy was
performed. Pre and postoperative Hgb for the large pigs
were 9.9 g/dl and 9.3 g/dl, respectively (p = 0.24).
Conclusions: The ABC-alone was successful in obtaining
hemostasis in all but two of the renal units in both small
and large pigs. The two hemostatic failures were noticeable
immediately after hilar unclamping. Our data suggest that
ABC-alone provides adequate hemostasis when applied to
small-caliber vessels. Further long term studies are needed
to fully evaluate the efficacy of the ABC.
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Introduction

Laparoscopic partial nephrectomy (LPN) has been
proven an effective treatment option for patients with
Tla renal tumors.'* In the last decade, as urologists
have become more comfortable with laparoscopic

Accepted for publication February 2008

Address correspondence to Dr. Alvaro Lucioni, Department
of Surgery, Section of Urology, University of Chicago Pritzker
School of Medicine, 5841 S. Maryland Avenue, MC 6038,
Chicago, Illinois 60637 USA

© The Canadian Journal of Urology™; 15(3); June 2008

techniques, the number of LPN performed has
increased significantly.! Patients undergoing LPN
have a more rapid recovery as compared with
open partial nephrectomy (OPN), although LPN is
associated with higher postoperative complication
rates.>® One of the most technically challenging
aspects of the procedure is the resection of the tumor
with appropriate margins and repair of the renal
defect to obtain adequate hemostasis and closure
of the collecting system. This step of the procedure
demands good intracorporeal suturing skills in order
to close the renal defect in a timely fashion. Several
techniques to obtain hemostasis have been described,
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including intracorporeal suturing, application of
various tissue sealants (fibrin sealants, hydrogels,
collagen based adhesives), and vascular coagulation
with the argon beam coagulator, bipolar cautery, or
laser.>'® Unfortunately, there is no consensus as to
which of these techniques is most effective.

The argon beam coagulator (ABC) is a non-contact
electrocautery device. It uses alternating current
delivered to the tissue through ionized argon gas.
The electric current travels through the gas in arcs
that allow for uniform distribution of energy across
the tissue. Traditional electrocautery devices emit
electric current unevenly and over a large area which
leads to more necrotic tissue and poor healing." Apart
from less tissue damage, the ABC allows for better
hemostasis by blowing blood and fluid away from
the target site, causing less smoke plume, preventing
carbonization of the tissue, and allowing the formation
of a homogenous eschar."! The ABC has been widely
used in a variety of surgical fields and has been proven
to be an effective and safe method for hemostasis.'**

In nephron-sparing surgery, the ABC has been
used in conjunction with other hemostatic devices,
such as intracorporeal suturing of vessels and tissue
sealants. There is no study that has evaluated the use
of ABC-alone as a hemostatic technique. We have
performed a pilot study to evaluate the efficacy of the
ABC-alone in obtaining hemostasis after laparoscopic
heminephrectomy (LHN) in a porcine model.

Materials and methods

The study was performed with the approval of our
Institutional Animal Care and Use Committee on eight
non-pregnant female pigs. These included four small
animals weighing 30 kg-40 kg and four large animals,
weighing 70 kg-80 kg. All animals underwent right
followed by immediate left LHN.

Laparoscopic heminephrectomy (LHN)

The pigs were placed in the respective modified lateral
decubitus position and pneumoperitoneum was then
obtained via Veress needle access. A total of three
or four laparoscopic ports were inserted. The renal
hilum was exposed and renal artery and vein fully
dissected. The kidney was then released from its
attachments to the retroperitoneum. The renal artery
and vein were then clamped using a laparoscopic
bulldog clamps (Aesculap, Center Valley, PA). The
heminephrectomy was performed 2 cm below the renal
hilum using sharp dissection with scissors. The renal
defect was then completely coagulated systematically
from anterior to posterior using the laparoscopic ABC
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at 120W setting (ConMed Electrosurgery, Billerica,
MA). Repeat application was used as needed to any
areas that were still bleeding. No attempt was made to
close the collecting system. The lower pole specimens
were left inside the abdominal cavity and removed
when the animal was euthanized. After Bulldog
umclamping, the kidney was observed for 20 minutes
under low intraabdominal presures (4 mmHg). Any
bleeding from the renal defect was suctioned and
collected to measure blood loss. If significant bleeding
occurred (defined by a blood volume of greater than
6.5 ml/kg suctioned out of the abdomen) then the
renal artery and vein were clamped and completion
nephrectomy performed. If significant bleeding was
noted after performing the right heminephrectomy,
then a completion nephrectomy was performed prior
to proceding to the contralateral heminephrectomy.
If there was significant bleeding after the second
heminephrectomy then the animal was euthanized.
The animals were survived for 24 hours only if at least
one of the kidneys remained viable and non-significant
bleeding was noted during the 20 minute observation
period. The animal was euthanized 24 hours following
surgery underwent necropsy.

Perioperative evaluation
Hemoglobin (Hgb) level was assessed preoperatively
as well as 1 hour following the procedure.

Pathological and histological analysis

After euthanasia, the abdomen was open and the
retroperitoneum exposed. The renal artery and vein
were ligated and the kidneys, with their respective
lower pole, were removed for analysis, Figure 1.
The remaining kidney weight was compared to the

Figure 1. Renal units after necropsy. A. Picture
showing the kidneys with their respective lower pole
after LHN. B. Coagulated surface of the kidney 24
hours after hemostasis with the ABC.
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weight of the previously removed kidney pieces
to determine the percent of the kidney that was
removed. The remaining coagulated kidney was
saved for pathological and histological examination.
The abdominal cavity was also be explored to
evaluate for hematomas, urinomas, and other possible
postoperative findings. Sample sections of each
kidney were cut and fixed to examine the coagulated
surface. The cut edge of the lower pole was also fixed
for analysis. Kidney pieces were fixed in 10% neutral
buffered formalin and then sectioned and submitted
for standard processing and paraffin embedding.
Five micrometer tissue sections were stained with
hematoxylin and eosin. Images were captured on an
Olympus BX41 light microscope (Melville, NY) with a
Zeiss Axiocam digital camera (Oberkochen, Germany).
The diameter of the largest vessels that were closest to
the coagulated area were measured.

Statistical analysis

Quantitative data are expressed as mean (+ SEM).
Statistical analysis was performed using Student’s
t test. A p-value < 0.05 was considered statistically
significant.
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Results

Surgical outcomes (Iable 1)
All small animals underwent bilateral LHN
without significant bleeding requiring completion
nephrectomies. The average warm ischemia time was
6 minutes (range 5-10 minutes). The average time of
ABC use was 45 seconds (30-50 seconds). The mean
blood loss (BL) was 117.5 ml (range 60 mI-250 ml). The
average postoperative Hgb decreased from 11.25 g/dl
to 9.8 g/dl, however this drop was not statistically
significant (p = 0.16). Of note, one of the animals (pig
#4) had the left LHN done only 1 cm from the hilum.
After unclamping the hilum, a large bleeding vessel
was identified which led to a BL of 250 ml. Hemostasis
was only achieved after increasing the ABC power to
150W without the need of clamping the hilum. None
of the animals had evidence of hemorrhage prior to
euthanasia 24 hours after surgery. Necropsy only
revealed small urinomas (10 m]-20 ml) in all animals
except pig #4 who also was noted to have a small left
hematoma (20 ml) by the kidney.

With regards to the large animals, all but one
of the pigs underwent successful bilateral LHN.

TABLE 1. Summary of surgical outcomes after LHN using the ABC-alone for hemostasis

Animal Weight EBL  Preop

kg ml Hgb Hgb

Small

Pig#1 347 60 10.6 9.3 No
Pig#2  33.8 100 11.8 11.4 No
Pig#3 38 60 12.5 9.1 No
Pig#4  38.4 250 10.1 9.4 No
Average 36.2 117.5 11.3 9.8

Large

Pig#5 732 100 10.6 10.6 No
Pig#6 778 100 9.9 8.1 No
Pig#7  69.4 250 9.1 9.1

Pig#8  74.6 100 10 9.3 No
Average 73.8 1375 9.9 9.3

Postop Nephrectomy

Yes, right

% right % left
LHN LHN

Necropsy
findings

17.8 16.8 10 ml urinoma,
no hematoma
29.7 26.2 15 ml urinoma,
no hematoma
19.1 214 10 ml urinoma,
no hematoma
34.1 29.0 20 ml urinoma,
20 ml left hematoma
25.2 23.4
18.8 22.0 15 ml urinoma,
no hematoma
15.0 27.7 10 ml urinoma,
no hematoma
154 18.0 15 ml urinoma,
40 ml right hematoma
34.1 17.8 20 ml urinoma,
15 ml bilateral hematoma
20.8 21.4
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The average warm ischemia time was 7 minutes (range
5-10 minutes). The average time of ABC use was 50
seconds (35-70 seconds). The mean BL among this
group was 137.5 ml (range 100 ml-250 ml). The mean
postoperative Hgb did not decreased significantly (9.9
g/dl versus 9.3 g/dl, p = 0.28). Pig # 7 underwent
a completion right nephrectomy after LHN due to
persistent bleeding despite use of the ABC at 150W.
The EBL for this case was 250 ml. Necropsy revealed a
moderate size (40 ml) hematoma in this animal. None
of the animals had evidence of significant bleeding
prior to euthanasia. Small urinomas (10 ml-20 ml)
were found in all animals during necropsy.

Histological findings

Effect of ABC on renal tissue: Histological analysis of the
coagulated surface of the kidneys demonstrated a three
layer effect of the ABC, Figure 2. The first or superficial
layer showed evidence of coagulative necrosis. The
second layer consisted of viable tissue that seems to
have been “spared” with normal appearing glomeruli
and tubules. Deeper to this layer there was an area
demonstrating tubular and glomerular ischemia.
Within this layer, multiple large thrombosed vessels
were noted. The remainder of the kidney appeared
unchanged. The average depth of penetration (DP)
of the ABC was 0.64 mm (range: 0.1 mm-1.5 mm) in
all animals. The average DP in the small animals was

Ischemic Area

Viable “spared” Area

: Coagulative Necrosis
; Area

Figure 2. Histological analysis of the coagulated
surface of the kidneys demonstrating a three layer
effect of the ABC (12.5x and 50x). The first or superficial
layer shows evidence of coagulative necrosis. The
second layer consists of viable tissue that seems to
have been “spared” with normal appearing glomeruli
and tubules. Deeper to this layer there is an area
demonstrating tubular and glomerular ischemia.
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0.85 mm (range 0.3 mm -1.5 mm) compared to 0.46 mm
(range 0.1 mm-0.9 mm) in the larger animals (p = 0.06).
Of note, the depth of penetration on the small animal
requiring the ABC at 150W was 1.5 mm.

Vessel size: Given the extensive necrosis at the
coagulated edge of the kidney the caliber of the vessels
was measured on the cut edge of the lower poles.
Histologic analysis revealed vessels ranging between
0.2 mm-0.4 mm and 0.5 mm-1.0 mm in diameter for
the small and large pigs, respectively.

Histological analysis of the coagulated surface of the
kidneys demonstrated a three layer effect of the ABC,
Figure 2. The first or superficial layer showed evidence
of coagulative necrosis. The second layer consisted of
viable tissue that seems to have been “spared” with
normal appearing glomeruli and tubules. Deeper to
this layer there was an area demonstrating tubular and
glomerular ischemia.

Discussion

There are various methods to obtain tissue hemostasis
after LPN, including the use of the ABC in conjunction
with tissue sealants and suture renorrhaphy. During
LPN, one of the goals of the surgeon is to limit the warm
ischemia time. More rapid methods of hemostasis may
aid the surgeon in achieving this goal. In LPN, where
the mass removed is small and exophytic, and the
collecting was not violated, using the ABC alone may
be effective in obtaining hemostasis. We performed
LHN in pigs to create large tissue defects and see if the
ABC alone was efficacious in obtaining hemostasis.
If the ABC is effective after LHN then it may also be
effective during LPN with smaller tissue defects.
Our pilot study demonstrates that the ABC-alone is
a feasible and effective method to obtain hemostasis in
a large animal model after LHN. The warm ischemia
time was only 6 and 7 minutes in the small and large
animal groups, respectively. Only one of 16 renal
units, in the larger animal model, required completion
nephrectomy due to continuous bleeding after ABC
use. One renal unit in the small animal group required
a higher power setting on the ABC to coagulate a
bleeding vessel. This likely occurred due to an incision
1 cm from the hilum where vessel size was greater. The
two hemostatic failures were immediately noticeable
after unclamping the hilum. All other units did not
show evidence of significant intraoperative bleeding
or postoperative bleeding after 24-hour survival.
Histological analysis showed that the ABC was able
to prevent bleeding from vessels up to 1.0 mm in size
without causing major tissue damage. The average DP
of the ABC was only 0.64 mm. However, all renal units
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had evidence of urinomas postoperatively, suggesting
that the ABC was not effective in closing the collecting
system.

Histological analysis of the coagulated surface of
the kidneys demonstrated a three layer effect of the
ABC. The first or superficial layer showed evidence
of coagulative necrosis. The second layer consisted of
viable tissue that seems to have been “spared” with
normal appearing glomeruli and tubules. Deeper to
this layer there was an area demonstrating tubular and
glomerular ischemia. As described in previous studies,
it is likely that the coagulative necrosis found in the
tirst or superficial layer was the direct effect of the ABC
on the tissue.’ The ischemic changes encountered in
the third or deeper layer may likely be secondary to
the warm ischemia and not a direct effect of the ABC
alone. The average depth of tissue penetration by
the ABC was 0.64 mm. This is less than described in
previous studies. Hernandez et al using the ABC at
130W described an average tissue penetration of 2.4
mm, of which 0.87 mm was a coagulative necrosis layer
and 1.09 mm was a carbonization layer. Of note, in
this study the authors did close the tissue defect with
suture. In our study we used a lower power setting
(120W) and did not close the tissue defect. This may
have allowed for sloughing of the carbonization layer,
which was not observed in our histological analysis.

Our findings are consistent with those found
when using the ABC in open partial nephrectomies.'®
Using a canine model, Hernandez et al demonstrated
that ABC-alone was superior to the traditional
hemostatic methods with suturing with regards to
EBL and surgical time. In their study, the 32 partial
nephrectomies (four per animal) were performed and
either suture ligation or the ABC (130W) was used for
coagulation. All animals were survived for 24 hours
except for two animals that were survived for 48 hours
and 20 days. Mean EBL was 135 cc in the ABC group
compared to the 276 cc in the suture ligation group.
Further, studies have also demonstrated that the ABC
is also effective during resection of other parenchymal
organs such as the spleen and liver.”” The ABC-
alone is extensively used in the field of gynecology
for hemostasis after uterine surgery, complicated
deliveries, and endometriosis.’>'® Hepatobiliary
surgeons have also used the ABC effectively during
liver resections.'>"

In OPN and LPN, the ABC has been also effectively
used as an adjunct to other hemostatic devices. During
LPN, various surgeons will use the ABC together with
tissue sealants and suturing of the renal parenchyma for
hemostasis. There are reports however that care must
be taken during the use of ABC while also suturing

© The Canadian Journal of Urology™; 15(3); June 2008
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given that the ABC may compromise the integrity of
the suture material.®® Despite its effectiveness during
liver, spleen and open renal surgery, there are no
clinical studies demonstrating the use of ABC-alone
for hemostasis after LPN. The potential advantages of
using the ABC-alone for hemostasis when compared to
suture renorrhaphy include decrease warm ischemia
time and the ability to allow for better hemostasis and
tissue visualization by blowing blood and fluid away
from the target site. When compared to standard
electrocautery, the ABC causes less smoke plume,
prevents carbonization of the tissue, and allows for
the formation of a homogenous eschar.''* Despite
its effectiveness there is concern for the use of ABC
because of its effect on the rest of the renal parenchyma,
risk of argon gas embolus, and inability to close the
collecting system.'*?! With regards to the effect of
ABC on the renal parenchyma, Hernandez et al have
demonstrated that the depth of tissue injury by the
ABC ranges between 2 mm-4 mm in both acute and
long term evaluation.'® Though the risk of argon gas
embolus is real, if the renal hilum is clamped during
LPN there should be minimal risk. Finally, the ABC has
not been shown to aid in the closure of the collecting
system in our study and others." Thus, if the collecting
system is entered, suturing of the parenchyma or use
of other sealant should be performed to avoid long
term complications of urine leak.

It is important to emphasize that our investigation
is a pilot study to evaluate at feasibility of using the
ABC-alone for hemostasis after LHN. As such, there
are some limitations to our study that are worth
mentioning. First, we only evaluated the short term
effectiveness of the ABC-alone for hemostasis. The
animals were only survived for 24 hours after surgery.
Studies have demonstrated that after nephron-
sparing surgery there is risk for both acute, as well
as delayed bleeding.”* Another delayed risk is the
formation of a vascular or urinary fistula, as well as
pseudoaneurysms. We cannot deduce any conclusion
with regards to the ability of the ABC-alone to reduce
the risk of delayed bleeding or fistula formation or
other long term complications. Further investigations
are being performed to evaluate the risk of delayed
bleeding or fistula formation after LHN using the ABC-
alone by our group. Second, during LHN the collecting
system is opened and not repaired and thus all animals
experienced a urine leak. Further, it is also possible
that use of the ABC-alone for hemostasis may affect
the ability to close the collecting system adequately.”
Our pilot study suggests that the ABC alone is effective
for acute hemostasis but if the collecting system is
entered it must be repaired by other methods such as
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suturing. Further, any large bleeding vessels may have
to be closed by means other than the ABC. As such,
laparoscopic surgeons must be comfortable with other
techniques to obtain hemostasis and collecting system
closure such as intracorporeal suturing. Third, there
was one animal that required the use of ABC ata power
of 150W. Histological analysis did not show evidence
of further tissue damage in this animal compared to
those were the ABC was used at 120W. No long term
effect of the use of 150W power was evaluated by this
study. Finally, one must be cautious when interpreting
results from and animal model and apply our findings
in clinical setting. Further long term studies in animal
models as well as in patients are necessary to be certain
of the efficacy of the ABC alone for hemostasis.
Despite these limitations, our pilot study does
demonstrate the feasibility and short term efficacy of
the ABC-alone for hemostasis after LHN. Only one of
the 16 units required completion nephrectomy after
the ABC failed to obtain adequate hemostasis. Further
study is needed to evaluate the risk of delayed bleeding
and other complications after using the ABC-alone for
hemostasis after LPN. ]
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