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A new method using a vessel-sealing system provides coagulation
effects to various types of bleeding with less thermal damage

Shosaburo Oyama' - Takashi Nonaka’ - Keitaro Matsumoto'- - Daisuke Taniguchi'? - Yasumasa Hashimoto'2 -
Tomohiro Obata'? - Makoto Hisanaga'? - Masaaki Moriyama'? - Naoto Matsuo'? - Hideo Wada' - Kiyoaki Hamada' -
Kouki Wakata' - Tetsuro Tominaga' - Shigekazu Hidaka'? - Terumitsu Sawai’ - Takeshi Nagayasu'-2

Received: 13 December 2019 / Accepted: 22 September 2020 / Published online: 15 October 2020
© The Author(s) 2020

Abstract

Background Hemostasis is very important for a safe surgery, particularly in endoscopic surgery. Accordingly, in the last
decade, vessel-sealing systems became popular as hemostatic devices. However, their use is limited due to thermal damage
to organs, such as intestines and nerves. We developed a new method for safe coagulation using a vessel-sealing system,
termed flat coagulation (FC). This study aimed to evaluate the efficacy of this new FC method compared to conventional
coagulation methods.

Methods We evaluated the thermal damage caused by various energy devices, such as the vessel-sealing system (FC method
using LigaSure™), ultrasonic scissors (Sonicision™), and monopolar electrosurgery (cut/coagulation/spray/soft coagula-
tion (SC) mode), on porcine organs, including the small intestine and liver. Furthermore, we compared the hemostasis time
between the FC method and conventional methods in the superficial bleeding model using porcine mesentery.

Results FC caused less thermal damage than monopolar electrosurgery’s SC mode in the porcine liver and small intes-
tine (liver: mean depth of thermal damage, 1.91+0.35 vs 3.37+0.28 mm; p=0.0015). In the superficial bleeding model,
the hemostasis time of FC was significantly shorter than that of electrosurgery’s SC mode (mean, 19.54 +22.51 s vs
44.99 +21.18 s; p=0.0046).

Conclusion This study showed that the FC method caused less thermal damage to porcine small intestine and liver than
conventional methods. This FC method could provide easier and faster coagulation of superficial bleeds compared to that
achieved by electrosurgery’s SC mode. Therefore, this study motivates for the use of this new method to achieve hemostasis
with various types of bleeds involving internal organs during endoscopic surgeries.

Keywords Flat coagulation - Laparoscopic surgery - Thermal damage - Vessel-sealing system

The progress of endoscopic surgery in recent years has been
remarkable. Among other reasons, this is due to the develop-
ment of surgical equipment, particularly, hemostatic devices.
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During endoscopic surgery, hemostasis is vital because
bleeding is not only the most common intraoperative com-
plication, but also the most important determinant of the
postoperative course [1]. Currently, several new hemostatic
devices, such as vessel-sealing systems and ultrasonically
activated scalpels, have been developed and have evolved the
method used to achieve hemostasis during surgery. However,
an appropriate hemostasis method for controlling superficial
bleeds has not been identified. Conventional methods (e.g.,
monopolar and bipolar electrosurgery) are often challeng-
ing to obtain hemostasis safely and effectively during endo-
scopic surgery, especially for diffuse superficial bleeding,
as this could lead to much collateral thermal spread.[2-8].
The LigaSure™ vessel-sealing device (Medtronic, Min-
neapolis, MN, USA) is often used during surgery because

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-020-08043-z&domain=pdf
https://doi.org/10.1007/s00464-020-08043-z

1454

Surgical Endoscopy (2021) 35:1453-1464

of its strong hemostatic power, low mist generated from
the device, and low thermal effects [9]. In the conventional
hemostatic method using LigaSure™, the bleeding site can
be held and clamped between the tip blades (compression),
and the bipolar function between the blades is activated
[10]. However, certain surgical conditions make the use of
LigaSure™ challenging. First, large, dense tissues cannot
be sandwiched between the blades of the device. Second,
clamp hemostasis for critical nerves and blood vessels
with LigaSure™ can lead to nerve and blood vessel dam-
age [11]. Thus, the use of this device is presumably diffi-
cult during standard procedures, such as cases of bleeding
from the surface of big organs (e.g., pancreas, prostate,
gallbladder, and neurovascular bundle), vascular surfaces,
or perivascular areas.

To address these issues, we developed a new method of
hemostasis using the vessel-sealing system LigaSure™,
termed “flat coagulation” (FC). This technique is as fol-
lows: First, the vessel sealer is first open and activated.
Then, the thermal energy generated on the backside of the
blade is used for hemostasis. We found the FC especially
useful for pelvic manipulation in rectal surgery.

Through clinical experiences by using this FC tech-
nique, we recognized a number of advantages if the LigaS-
ure™ had been used at the beginning of the operation: (1)
Immediate hemostasis was achieved at the bleeding site;
(2) there was no need to replace the device, meaning that
the surgical field was not cluttered with the cable of a new
hemostatic device; and (3) there was no additional cost.
On the other hand, this method requires an off-label use of
the device. Therefore, the aim of this study was to evaluate
the hemostatic efficacy of this FC method.

Materials and methods
Animals

Small, male mini-pigs, those that were Dai-Yorkshire,
Landrace, and Duroc hybrid, were used (weight: approxi-
mately 30 kg) according to the animal experimental proto-
col approved by the local ethical and research institutional
committee. Experimental animals were given ordinary
feed. One day before the experiment, they were fasted and
allowed to drink once. This study was carried out in strict
accordance with the recommendations in the Guide for
the Care and Use of Laboratory Animals of the National
Institutes of Health. The protocol was approved by the
Institutional Animal Care and Use Committee of Nagasaki
University (Approval number 1607261327). All efforts
were made to minimize suffering.
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Platform and settings of the desiccation
and coagulation model in vivo

To examine the effects of energy devices, we conducted
a comparative study using an electrosurgery, LigaSure™,
and an ultrasonically activated scalpel. We used Valley-
lab™ FT10 energy platform (Medtronic, Minneapolis, MN,
USA), which has the functions of both an electrosurgical
scalpel and LigaSure™ platform. A cordless Sonicision™
(Medtronic, Minneapolis, MN, USA) was used as the ultra-
sonically activated scalpel. In the experimental setting, all
devices were fixed, with the fixture’s arm having sufficient
contact with the organ (Fig. 1A, B). Desiccation and coagu-
lation was performed with no pressure applied to the tip.
Electrosurgery and LigaSure™ were activated by the foot
switch, while the ultrasonically activated scalpel was con-
trolled by a hand switch. The coagulated tissue was damp-
ened with 2 ml of normal saline at room temperature prior
to the use of the FC using LigaSure™, electrosurgery’s soft
coagulation (SC) mode, and Sonicision™.

Monopolar electrosurgery

We chose and applied four types of electrosurgical modes
as follows: cut mode, coagulation mode, spray mode, and
SC mode. The actual clinical settings were as follows: the
power settings in the cut, coagulation, and spray mode were
set to 15 W, 25 W, and 35 W, and in the SC mode were set
to 50 W, 60 W, and 70 W, respectively. The activation time
in all modes was set to 1, 3, and 5 s. For the electrosurgical
tip pole, the blade-type pole was used in the cut, coagula-
tion, and spray mode and the ball-type pole was used in the
SC mode.

LigaSure™ FC

LigaSure™ FC is a method used for activating the bipolar
function keeping the tip blades open and utilizing the ther-
mal energy generated on the back of the blades to achieve
hemostasis (Fig. 1C). The open width of the LigaSure™
blade was 7 mm, and the tip was fixed with a 20 silk thread
(Fig. 1D). The maximum opening width of the blade was
inappropriate for the experiment because air resistance
between the electrodes was high, and the output was often
erroneous. The application time settings were 1, 3, and 5 s,
as with electrosurgery.

Ultrasonically activated scalpel (Sonicision™)

We used the Sonicision™ ultrasonic scalpel in the low
power mode. The performance time was setto 1,3, and 5 s,
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A

Fig. 1 Experimental design. A Each device was fixed by the fix-
er’s arm on the stand. The generator used was ValleyLab FT10™
(MEDTRONIC). Desiccation of LigaSure™ flat coagulation (FC)
was controlled by a foot switch. B Mechanism of FC. With the tip
blade 7 mm open and the bipolar function is activated (blue triangle),

just as before. Sonicision™ was adequately fixed, and the
fixture’s arm had sufficient contact with the organ. The tip of
the blades was closed and had fixed contact with the tissue,
and it was controlled using the hand switch. In addition, the
coagulation field was moistened with 2 ml of normal saline
using an injection syringe.

Operation
After anesthesia induction with ketamine (intramuscular,

20 mg/kg) and vecuronium (intravenous, 0.1 mg/kg), tra-
cheotomy was performed, and maintenance anesthesia was
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the thermal energy can be made at the back (yellow cloud). C Actual
experimental scenes (top, ball-type pole of electrosurgery of the soft
coagulation mode; bottom, tip of the blade of LigaSure™ Maryland).
D Width of LigaSure™’s blade: the narrow open width for FC is
7 mm, and the full open width is 15 mm

administered by inhalation anesthesia with 2% isoflurane.
After laparotomy with a mid-line abdominal incision, each
device was tested in various organs and their effects exam-
ined. After the experiment, the organs were removed and
animals were euthanized by pentobarbital overdose (150 mg/
kg, div).

The small intestinal wall was marked and sectioned
with a 10-cm interval between the sections (Fig. 1B). The
middle wall section and the other side of the intestinal
mesentery were coagulated using the devices. Desiccation
and coagulation using each device were applied at each
performance time and each power setting (n=3). There
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were a total of 126 sections of the small intestines, and
the degree of thermal injury was evaluated based on the
mucosal surface changes on the contralateral side of the
coagulated site (Fig. 2). From specimens that were coagu-
lated in the small intestine, we chose the devices that did
not perforate the tissues as hemostatic methods with little
thermal effect. In the porcine small intestine, the following
“damage score” that we created was used to select devices
with less heat damage.

The liver was divided into 3 X5 cm sections (total 48
sections), and the center of each section was coagulated
with each device. Desiccation and coagulation were per-
formed with each power and activation time (n=4). The
spread and depth of thermal damage were measured from
these tissue specimens. Desiccation and coagulation using
LigaSure™ FC was performed for 1 s,3s,and 5 s (n=4).
Desiccation and coagulation using electrosurgery’s SC
mode was performed for 1s,3 s, and 5 s at 50 W, 60 W,
and 70 W outputs, respectively (n=4).

To examine the actual efficacy of LigaSure™ FC, a
superficial bleeding porcine model in vivo was created,
and the hemostasis time of LigaSure™ FC and electrosur-
gery’s SC was evaluated. The superficial bleeding porcine
model was designed to have an oozing-like hemorrhage
and was created by scratching one straight vessel near the
small intestinal wall. We measured the time that the sur-
geons (n=9) and medical students (n=6) required to stop
the bleeding when using LigaSure™ FC and electrosur-
gery’s SC mode (60 W), respectively. Measurements were
performed three times, and average values were obtained.
Immediately after the experiment, we evaluated the exami-
nees using three questionnaires on a 5-point evaluation
(1 point, bad; 5 points, good) based on the ease, effec-
tiveness, and safety of the devices’ hemostatic procedures
against the bleeding model.

Morphological assessment using damage score

After fixing the cauterized intestine with formalin, we evalu-
ated morphological changes of the serous and mucosal sur-
faces of the contralateral side of the small intestinal tract. We
decided that the coagulated area on the serosa surface was
unsuitable because there was a difference in the contact area
due to the difference in the shape of the tip of each device.
Regarding changes in the mucosal surface, we graded the
degree of influence and damage to the small intestine: per-
foration was scored at 3; no perforation but the mucosal
surface became white was scored at 2; no perforation but the
mucosal surface became brown was scored at 1; and almost
intact was scored at 0. Each device, power, and time zone
were measured three times, and the scores were evaluated at
a total of 126 locations.
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Histological assessment

The removed porcine organs were fixed with formalin, embed-
ded in paraffin, sliced to 0.1 um, and placed on a slide. Each
slide was subjected to hematoxylin—eosin staining and Elastica
van Gieson (EVG) staining. The slide specimen was blinded
to the pathologist and evaluated histologically. The degree
of thermal damage was evaluated by the depth of the tissue
degeneration site due to heat produced at the cauterized site.
We examined the depth and spread of the thermal damage
in the liver because the porcine small intestine was too thin.
After desiccation and coagulation with LigaSure™ FC, the
coagulated part of the resected liver specimen was divided into
3-mm-wide sections along the minor axis (transverse to the
major axis), and its cross section was evaluated histologically.
The liver specimen desiccated and coagulated with electrosur-
gery’s SC mode was evaluated histologically on the maximum
cleavage plane of the coagulated site (Fig. 3A). In addition,
the depth of thermal damage in the liver was measured using
Image J (NIH, USA). The liver specimens coagulated with
LigaSure™ FC (total of 48 sites) and electrosurgery’s SC
mode (total of 36 sites) were evaluated and assessed for dif-
ferences in thermal damage between each burned site.

Temperature measurements in vitro

Tissue surface temperature was measured with a super resolu-
tion infrared thermal imaging camera (InfReC R500, Nippon
Avionics Co., Ltd) at the point of the device and around the
device. We recorded a 5-s movie using this camera during
desiccation and coagulation of a fresh pig’s meat block using
LigaSure™ FC, electrosurgery’s SC mode (70 W), and Sonici-
sion™ (low power mode). We performed each method three
times and the average value was calculated from recorded data
such as the maximum temperature of the coagulated parts,
time to reach the maximum temperature, and point of the
maximum temperature.

Statistical assessment

All values are expressed as mean + SD. Statistical analyses
were performed using Student’s #-test. P-values < 0.05 were
considered statistically significant. Data were analyzed using
the software of an advanced online analysis program, InfReC
Analyzer NS9500 Professional (Nippon Avionics Co., Ltd,
Tokyo, Japan).
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Activation time for 1 second Activation time for 3 second Activation time for 5 second
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Mucosal surface
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Fig.2 Desiccation and coagulation of porcine small intestine using and LigaSure™ FC). We scored changes to the tissues on the oppo-
devices. A Representative examples of macroscopic images of desic- site side of the desiccated site: 0, mucosal surface intact; 1, mucosal
cated sites by electrosurgery (coagulation mode, 35 W). B A “damage surface change (+), not white; 2, mucosal surface change (+), and

score” of porcine small intestine by thermal damage of each energy white; 3, perforation
device was developed (electrosurgery’s soft coagulation (SC) mode
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Fig.3 Assessment of flat coagulation in porcine stomach and liver.
A The assessment of liver specimens of each device’s desiccation.
Those of LigaSure™ FC were divided by 4 segment and examined
(Left, up), and those of electrosurgery’s SC mode was evaluated on
the maximum cleavage plane of the desiccated site (Left, bottom).
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The desiccation area of LigaSure™ FC had an elongated planar shape
and uniform thermal damage was observed. B Representative histo-
logical specimens demonstrating thermal effect (scale bars, 3 mm). C
Electrosurgery’s SC mode 60 W group (SC 60 W) has significantly
more thermal damage than the LigaSure™’ FC group (FC) (p <0.05)
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Results

Thermal damage by each energy device (device
selection for the comparison group)

The porcine small intestinal wall thickness was less than
2 mm. In the cut/coagulation/spray mode of electrosur-
gery, the small intestine was obviously perforated at the
1-s desiccation and coagulation. However, in all modes
in the LigaSure™ FC and most electrosurgery’s SC
mode groups, there was clearly no histological perfora-
tion, although the thermal effects were observed up to the
mucosal surface. In addition, the longer desiccation and
coagulation time and higher output power in any device
resulted in greater thermal effects on the porcine intestine
(Fig. 2A and Table 1). Moreover, the in vivo experimen-
tal conditions could not be replicated for Sonicision™;
thus, results could not be determined for this device [12].
Therefore, the LigaSure™ FC was compared with the elec-
trosurgery’s SC mode.

Comparison of thermal damage in the small
intestine

In LigaSure™ FC and almost all electrosurgery’s SC modes,
no perforation was observed in any activation time, except
in a single case in which electrosurgery’s SC mode was used
at 60 W. FC had a damage score of 0 at 1 s, and the score
gradually increased after 3 s. Although these scores tended
to be lower than the damage scores obtained with the elec-
trosurgery SC mode, no significant difference was found
(damage score at 3 s, LigaSure™ FC vs electrosurgery’s SC
mode 60 W, 1.33 vs 2.0; p=0.184) (Fig. 2B and Table 2).
The porcine small intestinal wall was too thin, and it was
difficult to evaluate histologically.

Expansion of the thermal damage in the liver

The depth of thermal damage in the liver showed that elec-
trosurgery’s SC mode caused significantly more thermal
damage than LigaSure™ FC (Fig. 3). In FC, the thermal
impact appeared slightly stronger at the root of the LigaS-
ure™ blade than at the blade tip, but the depth of thermal
damage was almost the same, <1 mm in 1 s, <2 mm in 3 s,
and about 2 mm in 5 s (Fig. 3A). In electrosurgery’s SC
mode, a power of 50 W created deeper thermal damage than
60 W and 70 W, and the average depth of thermal damage
was 3.34+0.28 mm at 50 W for 5 s, 3.37+0.28 mm at 60 W
for 5's, and 3.12+0.98 mm at 70 W for 5 s. In addition, no
statistically significant difference in the degree of thermal
damage was observed between the electrosurgery’s SC mode

at60 W for 1 s (1.76 +£0.47 mm) and LigaSure™ FC for 5 s
(1.91 £0.35 mm) (p=0.685) (Fig. 3B, C).

Hemostasis of the superficial bleeding in porcine

Both LigaSure™ FC and electrosurgery’s SC mode could
stop bleeding completely (Fig. 4A). The mean hemostatic
time in the FC group was 19.54 +22.51 s, and the mean time
in the electrosurgery’s SC mode group was 44.99+21.18 s
(Fig. 4B) (Supplementary video 1). The hemostatic time was
shorter in FC than in electrosurgery’s SC mode (p =0.0046).
Moreover, the hemostatic time achieved by the medical stu-
dents using FC was shorter than that of the surgeon’s using
electrosurgery’s SC mode, although the surgeons achieved
a shorter hemostatic time than the medical students (mean
hemostatic time: in LigaSure™ FC, surgeons vs medical
students, 10.46 +4.61 vs 32.09+31.14 s; in electrosurgery’s
SC mode, surgeons vs medical students, 35.95+16.16 vs
53.74 +£21.75 s). In an experiment questionnaire compar-
ing hemostasis in the superficial bleeding model, the usabil-
ity, effectiveness, and safety were higher in the FC group
(Fig. 4C).

Thermography of each device using porcine in vitro
model

We examined the change in superficial temperature around
each device during the application time of 5 s using a
fresh pig’s meat block. In LigaSure™ FC, the temperature
increased to around 90 °C quickly at about 2 s and was main-
tained at less than 100 °C (Fig. 5A). The maximum tempera-
ture with FC was 98.62 +0.55 °C at 5 s. The time taken to
reach a stable temperature was 1.84 +0.48 s. In electrosur-
gery’s SC mode, the surface temperature increased gradu-
ally, and the maximum temperature was 96.63 +11.52 °C at
5 s (Fig. 5B). In Sonicision™, the temperature reached more
than 120 °C quickly in about 2 s and was maintained above
120 °C for 2.76 +1.64 s (Fig. 5C).

Discussion

Our study showed that a new hemostatic method, Flat coagu-
lation method using LigaSure™, was effective for hemosta-
sis of superficial bleeding in various organs, which is often
observed in endoscopic surgeries. FC method using vessel-
seal system was found to cause less of an effect on organs
than conventional hemostasis methods.

We found two advantages of FC method. First, FC
caused less thermal damage to organs compared to con-
ventional coagulation methods. As shown in the liver des-
iccation and coagulation model, the coagulated area had an
elongated planar shape, and uniform thermal damage was
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Table 1 (continued)
the small intestine

Table2 Damage score shows that LigaSure™ FC has less of an
effect than electrosurgery’s SC mode

Device Power Energy device average activation time
1s(n=3) 3s(n=3) 5s(n=3)
50 W 2
Electrosur- 60 W 1.33+0.47 2
gery (Soft
coagula-
tion)
70 W 2 2.33+0.47 2
LigaSure 0 1.33+£0.47 1.67+£0.47
(Flat coagu-
lation)

LigaSure™ FC has a gradually increasing damage score after 3 s, but
it is lower than that of electrosurgery’s SC mode (damage score at
3 s, LigaSure™ FC vs electrosurgery’s SC mode 60 W, 1.33 vs 2.0;
p=0.184)

observed with FC. Although the depth of thermal damage
was greater over time with FC, it produced less overall
thermal damage than the electrosurgery’s SC mode. FC
has lateral thermal effects comparable to conventional
LigaSure™. Some reports supported our data by stating
that the extent of lateral thermal damage by conventional
LigaSure™ was approximately 1.5 mm [5-7]. In the ther-
mographic results, the surface temperature of FC was not
much different from that of electrosurgery’s SC mode.
However, as can be seen from the lateral thermal effect
to the liver, FC should be used for hemostasis only on
the surface by creating more tangential energy flow to the
hemostasis surface.

Second, FC achieves hemostasis of superficial bleeds
faster and easier than electrosurgery’s SC mode. FC could
create an environment in which it is easier to stop bleeding
by activating the bipolar function just above and around
the bleeding point. In the thermography, FC could generate
a temperature environment of 90 °C to < 100 °C quickly
around the bleeding point in about 2 s. LigaSure™ ’s seal-
ing system did not produce excessive heat due to the con-
trolled power output of the generator (such as FT 10). This
finding suggested that FC could be effective for planar
hemostasis. In fact, our data showed that the hemostatic
time by FC was much shorter than that of electrosurgery’s
SC mode. The average hemostatic time of medical students
using FC was less than that by surgeons using electrosur-
gery’s SC mode. Thus, regarding hemostasis using FC,

The degrees of thermal damage by each device. LigaSure™ flat coagulation (FC) had less of an effect on

it appeared that there was not much difference between
mature and immature surgeons. In addition, the results
of the questionnaire about hemostasis for the superficial
bleeding supported that maneuverability and effectiveness
of FC could be higher than that of electrosurgery’s SC
mode.

The device does not only control point bleeds, but
also superficial oozing [11, 13—18], which may be more
challenging to do as a longer time of coagulation is often
required to attain hemostasis. We used FC in the clinical
setting of colorectal surgery. We realized that it is highly
effective for hemostasis of superficial bleeding around
blood vessels and neurovascular bundles, particularly
during total pelvic exenterations and lateral lymphad-
enectomies in pelvic surgery (Supplementary video 2).
Conventional hemostasis with electrosurgery generates
“point” hemostasis at the tip of the electrosurgery, whereas
this new FC method provides broad “planar” hemostasis.
Furthermore, the manipulation of FC is easy due to its
activation by simply opening the blade and desiccating
and coagulating using a sweeping motion. This also helps
to reduce the number of devices required during surgery.

There are several limitations in this study. First, FC may
not be an appropriate hemostatic method in some cases,
especially liver or renal injury [13—15]. In these cases, the
electrosurgery’s SC mode could be more appropriate than
FC because bleeding from the parenchymatous organ has
a high risk of rebleeding [16]. However, there are some
reports about thermal damage and complications due to
thermal energy by electrosurgery’s SC mode; therefore,
the operator should pay careful attention to this when
using the device [19-24]. The second limitation is that
our data were obtained from porcine organs, not human
organs. Third, this study does not allow hemostasis by
FC on the intestinal wall. Fourth, the damage score in
this study was only used for scoring the macroscopic
evaluation; therefore, the difference in the scores does not
correlate with clinical results (e.g., perforation). Finally,
LigaSure™ itself is an expensive device. Although FC is
a very useful method during laparoscopic surgery with
LigaSure™, an intraoperative hemostatic method must be
selected in consideration of the cost-effectiveness. In the
future, we believe that all surgeons can safely perform dif-
ficult surgery by utilizing this FC technology.

In conclusion, bleeding in organs can be effectively
controlled with FC. Surgeons should select the appropri-
ate hemostatic device for each case. FC can be a suitable
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Fig.4 Superficial bleeding model in porcine mesentery. A Actual
scenes of hemostatic methods in porcine superficial bleeding model
(top, scene of electrosurgery’s SC mode; bottom, LigaSure™ FC). B
The mean bleeding time in LigaSure™ FC was 19.54+23.30 s and

hemostatic device in endoscopic surgery. This study dem-
onstrates the potential of bipolar function rather than the
characteristics of this vessel sealer. In doing so, this study
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Electrosurgery
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(Soft coagulation) (Flat coagulation)

Electrosurgery LigaSure
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that in electrosurgery’s SC mode was 42.90+21.92 s (p=0.0046),
and C even in the questionnaire, the effectiveness and safety were
higher in LigaSure™ FC for the manipulation in the bleeding model

helps expand our understanding of the LigeSure™ device
and contributes to the potential development of endoscopic
surgery.
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Fig.5 Thermography of superficial and surrounding temperatures
using each device. The activation time was 5 s. A In the LigaSure™
FC, the temperature increased to around 90 °C quickly at about 2 s,
and was maintained at less than 100 °C. B In electrosurgery’s SC

Acknowledgements We thank Ikuo Yamamoto, Murray Lawn, and
their colleagues (Dept of Mechanical Science, Nagasaki Univ Graduate
School, and Medical-Engineering Hybrid Professional Development
Center, Nagasaki University Graduate School of Biomedical Sciences,
Nagasaki, Japan) for their engineering advice in this study.

Funding None.

3 4 5 6 % 8 9 10
Time (sec)

mode, the surface temperature increased gradually, and the maximum
temperature was 98.23 +14.88 °C at 5 s. C In Sonicision™, the tem-
perature increased to more than 120 °C quickly in about 2 s

Compliance with ethical standards

Disclosures All authors contributed significantly to this study and
agree with the content of the manuscript. Shosaburo Oyama, Takashi
Nonaka, Keitaro Matsumoto, Daisuke Taniguchi, Yasumasa Hashi-
moto, Tomohiro Obata, Makoto Hisanaga, Masaaki Moriyama, Naoto
Matsuo, Hideo Wada, Kiyoaki Hamada, Kouki Wakata, Tetsuro Tomi-

@ Springer



1464

Surgical Endoscopy (2021) 35:1453-1464

naga, Shigekazu Hidaka, Terumitsu Sawai, and Takeshi Nagayasu have
no conflicts of interest or financial ties to disclose and received no
financial support for this study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Petra FJ, Hans AMB, Judith AFH (2012) Effectiveness of elec-
trothermal bipolar vessel-sealing devices versus other electro-
thermal and ultrasonic devices for abdominal surgical hemosta-
sis: a systematic review. Surg Endosc 26:2892-2901

2. Sankaranarayanan G, Resapu RR, Jones DB, Schwaitzberg S,
De S (2013) Common uses and cited complications of energy
in surgery. Surg Endosc 27:3056-3072

3. Choi C, Do IG, Song T (2018) Ultrasonic versus monopolar
energy-based surgical devices in terms of surgical smoke and
lateral thermal damage (ULMOST): randomized controlled
trial. Surg Endosc 32:4415-4421

4. Overbey DM, Townsend NT, Chapman BC, Bennett DT, Foley
LS, Rau AS, Yi JA, Jones EL, Stiemann GV, Robinson TN
(2015) Surgical energy-based device injuries and fatalities
reported to the Food and Drug Administration. J] Am Coll Surg
221:197-205.el

5. Hefermehl LJ, Largo RA, Hermanns T, Poyet C, Suslser T, Eberli,
(2014) Lateral temperature spread of monopolar, bipolar and
ultrasonic instruments for robot-assisted laparoscopic surgery.
BJU Int 114:245-252

6. Smith CT, Zarebczan B, Alhefdhi A, Chen H (2011) Infrared
Thermographic profiles of vessel sealing devices on thyroid paren-
chyma. J Surg Res 170:64—68

7. Druzijanié¢ N, Pogoreli¢ Z, Perko Z, Mrkli¢ I, Tomié S (2012)
Comparison of lateral thermal damage of the human peritoneum
using monopolar diathermy, Harmonic scalpel and LigaSure. Can
J Surg 55:317-321

8. Penson DF, Mclerran D, Feng Z, Li L, Albertsen PC, Gilliland
FD, Hamilton A, Hoffman RM, Stephenson RA, Potosky AL,
Stanford JL (2005) 5-year urinary and sexual outcomes after rad-
ical prostatectomy: Results from the prostate cancer outcomes
study. J Urol 179:S40-S44

9. Hongo F, Kawauchi A, Ueda T, Fujihara-Iwata A, Nakamura
T, Naya Y, Kamoi K, Okihara K, Miki T (2015) Laparoscopic
off-clamp partial nephrectomy using soft coagulation. Int J Urol
22:731-734

10. Grieco M, Apa D, Spotini D, Grattarola E, Carlini M (2018) Major
vessel sealing in laparoscopic surgery for colorectal cancer: a

@ Springer

single-center experience with 759 patients. World J Surg Oncol
16:101

11. ZaidiN, Glover AR, Sidhu SB (2015) The covidien ligasure mary-
land jaw device. Exper Rev Med Devices 12:151-155

12. Nishida K, Kakutani K, Maeno K, Takada T, Yurube T, Kuroda
R, Kurosaka M (2013) Efficacy of hemostasis for epidural venous
plexus and safety for neural structure using soft coagulation sys-
tem in spinal surgery. J Spinal Disord Tech 26:e281-e285

13. Gao T, Lau BE, Yamaguchi T, Hanari N, Gunji H, Kano M, Mat-
subara H, Hayashi H (2017) Experimental analyses of the cavita-
tion generated by ultrasonically activated surgical devices. Surg
Today 47:122-129

14. Itano O, Ikoma N, Takei H, Oshima G, Kitagawa Y (2015) The
superficial precoagulation, sealing and transection method: a
“bloodless” and “ecofriendly” laparoscopic liver transection tech-
nique. Surg Laparosc Endosc Percutan Tech 25:e33-e36

15. Takagi T, Kondo T, Omae K, lizuka J, Kobayashi H, Yoshida K,
Hashimoto Y, Tanabe K (2015) Assessment of surgical outcomes
of the non renorrhaphy technique in open partial nephrectomy for
>T1b renal tumors. Urology 86:529-533

16. Hamada T, Nanashima A, Yano K, Sumida Y, Hiyoshi M, Imam-
ura N, Tobinaga S, Tsuchimochi Y, Takeno S, Fujii Y, Nagayasu T
(2017) Significance of a soft coagulation system with monopolar
electrode for hepatectomy: a retrospective two-institution study
by propensity analysis. Int J Surg 45:149-155

17. Allaix ME, Furnée EJ, Arezzo A, Mistrangelo M, Morino M
(2016) Energy sources for laparoscopic colorectal surgery: Is
one better than the others? J Laparoendosc Adv Surg Tech A
26:264-269

18. Morino M, Rimonda R, Allaix ME, Giraudo G, Garrone C (2005)
Ultrasonic versus standard electric dissection in laparoscopic
colorectal surgery: a prospective randomized clinical trial. Ann
Surg 242:897-901

19. Huang HHY, Liu YCC, Li YC, Kuo HH, Wang CJ (2018) Com-
parison of three different hemostatic devices in laparoscopic
myomectomy. J Chin Med Assoc 81:178-182

20. Li YC, Chao A, Yang LY, Huang HY, Huang YT, Kuo HH,
Wang CJ (2018) Electrothermal bipolar vessel sealing device
(LigaSure™) versus conventional diathermy in laparoscopic
myomectomy: a propensity-matched analysis. PLoS ONE
13:e0193611

21. Fujita T, Ohta M, Ozaki Y, Takahashi Y, Miyazaki S, Harada T,
Iino I, Kikuchi H, Hiramatsu Y, Kamiya K, Konno H (2015) Col-
lateral thermal damage to the pancreas by ultrasonic instruments
during lymph node dissection in laparoscopic gastrectomy. Asian
J Endosc Surg 8:281-288

22. Kawai T, Suzuki M, Otsuka M, Nakazono S, Tanaka Y, Homma Y
(2015) Hypertensive crisis during hemostasis of adrenal bleeding
using a soft-coagulation device. Int J Urol 22:799-800

23. Shibano T, Endo S, Otani S, Nakano T (2015) Incidental bronchial
injury by soft coagulation. J Thorac Dis 7:1483-1485

24. Humes DJ, Ahmed I, Lobo DN (2010) The pedicle effect and
direct coupling: Delayed thermal injuries to the bile duct after
laparoscopic cholecystectomy. Arch Surg 145:96-98

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/

	A new method using a vessel-sealing system provides coagulation effects to various types of bleeding with less thermal damage
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Animals
	Platform and settings of the desiccation and coagulation model in vivo
	Monopolar electrosurgery
	LigaSure™ FC
	Ultrasonically activated scalpel (Sonicision™)
	Operation
	Morphological assessment using damage score
	Histological assessment
	Temperature measurements in vitro
	Statistical assessment

	Results
	Thermal damage by each energy device (device selection for the comparison group)
	Comparison of thermal damage in the small intestine
	Expansion of the thermal damage in the liver
	Hemostasis of the superficial bleeding in porcine
	Thermography of each device using porcine in vitro model

	Discussion
	Acknowledgements 
	References




