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Abstract
Background The purpose of the present study is to assess the
value of the LigaSure™ Vessel Sealing System (LVSS) as a
means for bowel transection and intestinal anastomosis.
Methods We compared the LVSS for (1) transecting bowel
and (2) creation of an intestinal anastomosis with standard
methods such as stapler (S) and hand-sewn (HS) in a porcine
model. For each study arm, i.e., bowel transection and anas-
tomosis creation, both the small bowel and colon were exam-
ined. In total, ten transections and ten anastomoses were per-
formed for each. Burst and anastomotic leak pressures were
compared.
Results In the study arm 1, LVSS achieved lowest burst pres-
sures in both small bowel (LVSS 39.8 ± 3.6 mmHg, S 81.9 ±
3.9, HS 111.9 ± 14.7 mmHg, p < 0.0001) and colon transec-
tions (LVSS 21.5 ± 2.6 mmHg, S 79.5 ± 4.9, HS 91.0 ± 5.2
mmHg, p < 0.0001). There was no difference in burst pres-
sures between S and HS in both small bowel and colon tran-
sections. In the study arm 2, LVSS showed the lowest anasto-
motic leak pressures for small bowel (LVSS 26.4 ± 2.6
mmHg, S 52.1 ± 6.2, HS 87.4 ± 7.0 mmHg, p < 0.0001) and

colonic anastomoses (LVSS 16.9 ± 1.3 mmHg, S 55.9 ± 4.3,
HS 74.4 ± 4.4 mmHg, p < 0.0001). Furthermore, small bowel
and colonic anastomoses using S demonstrated significantly
lower leak pressures than HS anastomosis p < 0.001 and p =
0.004, respectively.
Conclusions The LVSS achieves significantly lower burst
pressures and anastomotic leak pressures for bowel transec-
tion and intestinal anastomosis than S and HS techniques.
However, due to the achieved pressure levels of 39.8 ± 3.6
mmHg, LVSS appears to be a sufficient stand-alone method
for bowel transection. Whether it can be used to perform in-
testinal anastomosis warrants further research in a survival
model.
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Introduction

Gastrointestinal anastomoses are an essential part of many
operations. The two standard methods of intestinal anastomo-
ses are the stapler (S) and hand-sewn (HS) technique. Both
methods achieve comparable outcomes regarding anastomotic
leaks and stenoses [1–5]. The main disadvantage of the HS
anastomoses is the required time to perform it, especially in
the case of a double-layered anastomosis. In contrast, the S
anastomosis has higher expenses due to the price of the car-
tridges. In both methods, the anastomotic leakage rates range
between 3 and 6.4 % for colonic anastomosis and
jejunojejunostomy in Roux-Y gastric bypass surgery [6–9].

The LigaSure™Vessel Sealing System (LVSS) is commonly
used for tissue preparation due to its safe and reliable coagula-
tion of tissue resulting in reduced blood loss and has been
successfully tested for hepatic, esophageal, and proctologic
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surgery in recent years [10–13]. Due to its properties regarding
reliable tissue coagulation and sealing, the LVSS may have
benefits such as a high reproducibility as well as a fast method
to seal the bowel endings for creation of intestinal anastomoses
compared to the thus far widely used standard methods.
Furthermore, since it can also be used for other steps of the
operation, it may be more cost-efficient than the standard
methods. The purpose of this study was to test the feasibility
and stability of bowel transection and creation of an intestinal
anastomosis performed by LVSS in a porcine model. This basic
research is necessary before introducing a new technique for
bowel transection and to create anastomosis in patients.

Materials and methods

Study design

The study consisted of two arms: (1) bowel transection and (2)
creation of an intestinal anastomosis. In each study arm, three
techniques (LVSS, S, HS) were compared against each other in
both small bowel and colon. In study arm 1, ten bowel transec-
tions with each technique for small bowel and colon were per-
formed in ten different pigs (Fig. 1a). In study arm 2, end-to-end
small bowel and colonic anastomoses were created after tran-
section. Ten anastomoses with each technique for small bowel
and colon were performed in ten different pigs (Fig. 1b).

The LigaSure Atlas™ device (Medtronic and Covidien,
Neustadt/Donau, Germany) was used for the LVSS transection
and LVSS anastomosis. For the transection, the bowel was di-
vided using the LVSS while for the LVSS anastomosis, the

bowel endings were attached together for an end-to-end anasto-
mosis using the LVSS. For that, the whole bowl walls of both
ends were everted and the submucosae of the joining bowl wall
endings were placed against each other. The everted bowl walls
were then taken with the LigaSure jaws on the serosal side and
coagulated. Both the submucosa and the serosa were coagulated
with the LVSS. No reinforcement with an additional suture line
was performed. The LigaSure was applied using a LigaSure-8
generator (LS-8; Medtronic and Covidien, Neustadt/Donau,
Germany) with the automatically set power setting at 2 bars.
The voltage output of the LigaSure device depends on the im-
pedance of the tissue which is within the jaws of the instrument
connected to the generator. The LS-8 has an instant response
technology (IRT) which measures the tissue impedance starting
from the closure of the device and 200 times per second over the
whole sealing cycle. Based on these measurements, an algo-
rithm within the generator will adjust the output based on the
changes of the tissue impedance. The output of the generator
can vary within the sealing cycle between 0 and 150 W.

An Endo GIA-45 white cartridge 2.5 mm (Medtronic and
Covidien, Neustadt/Donau, Germany)was used both for the bow-
el transection and for the S anastomosis using standard techniques.
Sincewe used an end-to-end anastomosis for the LVSS arm of the
study, we wished to compare it with a stapled end-to-end anasto-
mosis according to Ravitch and Steichen [14]. In short, the two
bowel ends are held in place by two holding sutures. First, the
backwall of the anastomosis is stapled with a linear stapler. In the
next step, the front wall of the anastomosis is stapled. As in the
LVSS technique, the suture line is not reinforced.

Regarding the HS arms of the study, a two-layer running HS
using PDS 5-0 (Ethicon, Norderstedt, Germany) for small bowel

Fig. 1 Study design for
comparing the different surgical
techniques for a bowel
transection and b creation of
intestinal anastomosis. LVSS
LigaSure™ Vessel Sealing
System, S stapler, HS hand-sewn
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and PDS 4-0 (Ethicon, Norderstedt, Germany) for colon, respec-
tively, was performed for bowel stump closure after transection.
For HS anastomoses, a standard two-layer running end-to-end
anastomosis was used after bowel transection using a scalpel.

The burst and anastomotic leak pressures of each method
were measured using pressure manometry. A purse string su-
ture was placed, and a hole in the bowl wall was made within
the preformed suture. The pressure measuring rod was placed
in the bowl lumen (double lumen, 8-French rod, type
MMS5702) and held in place with the closed purse string
suture (Fig. 2). Through the rod, isotonic sodium chloride
solution (0.9 %) was pumped into the bowl by the manometry
device using a four-roll pump (MMS Solar GI System and
pump and infused volume transducer module). The
intraluminal pressure was measured simultaneously. The pres-
sures were recorded by a computer with the appropriate soft-
ware (MMS Database, Version 8.7g, July 12, 2007, Build
1577) and plotted on a graph. The whole pressure manometry
set-up including the pump was provided by MMS Germany
GmbH. The pressure manometry system is a widely used
standard device commonly used in clinical practice. It is used
for anal and esophageal manometry as well as urodynamic
measurements such as bladder pressure. The device can be
used for both urodynamic system and manometry system.
Abrupt decrease in pressure indicated leakage.

Animal preparation, anesthesia, and surgical procedure

The study was approved by the German Committee on
Animal Care, Regierungspräsidium Karlsruhe, and the medi-
cal faculty ethics committee at University of Heidelberg (ap-
proval code 35-9185.81/G-91/08).

All animals received humane care in compliance with the
national research council’s criteria for humane care, as
outlined in the guide for the care and use of laboratory animals
prepared by the National Institute of Health (NIH Publication
86-23, revised 1985).

In order to minimize bowel content, the pigs were fed with
yogurt 3 days prior to surgery. All pigs were fasted 12 h before
surgery with free access to water. The anesthesia was carried
out as previously published [15]. After the experiments, the
animals were sacrificed with a central venous injection of
potassium chloride (2 mmol/kg) in deep anesthesia.

All surgeries were performed by the same surgeons. The
pigs were put in supine position. Because of the final character
of the experiments, surgeries were not performed under sterile
conditions. The abdomen was opened using a midline inci-
sion. Adhesions were removed when existent, and the entire
intestine was examined.

For study arm 1, a15-cm-long section of small bowel was
selected and isolated from the mesentery using a bipolar device.
Then, the small bowel was ligated at the oral side and transected
at the aboral side according to the above-described techniques
(LVSS, S, HS). A purse string suture was created with a 3-0
Prolene thread in the middle of the bowel segment in order to
place the manometric tube. The purse string suture was closed
using a Kocher’s clamp and the manometry was performed. The
colon transection was similarly performed, but a 10-cm bowel
segment was used due to the shorter length of the colon instead.

For study arm 2, small bowel and colon were prepared the
same way as in study arm 1. An end-to-end small bowel or
colonic anastomosis was created using the previously de-
scribed methods (LVSS, S, HS; Fig. 2). Similar to the first part
of the study, pressure manometry was used to measure anas-
tomotic leak pressures.

Fig. 2 Example pictures of the different study arms. LVSS LigaSure™ Vessel Sealing System, S stapler, HS hand-sewn
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Statistical analysis

Data are presented using box plots showing mean, medi-
an, 25th and 75th percentile, 95 % confidence interval,
and outliers. In the text, data are represented with mean
± standard error of the mean (SEM). Groups were com-
pared against each other using an analysis of variance
(ANOVA) followed by a Bonferroni correction to adjust
for multiple group comparisons. Statistical significance
was set at p< 0.05. SPSS PAWS 18.0 statistics package
(Chicago, IL, USA) was used for the statistical analysis.
Graphs were created using SigmaPlot 11.0 (Systat
Software Inc., San Jose, CA, USA).

Results

Study arm 1

Small bowel transection

An overview of the results is shown in Fig. 3a. Small
bowel transection using the LVSS resulted in the lowest
burst pressures (39.8 ± 3.6 mmHg) whereas the HS group

achieved the highest burst pressures (111.9 ± 14.7 mmHg).
The S group resulted in a intermediate burst pressure of
81.9 ± 3.9 mmHg which was not only significantly higher
than the LVSS alone (p< 0.0001) but also significantly
lower than the double-layered HS small bowel transection
(p= 0.033). Burst pressures after LVSS bowel transection
were significantly lower compared to both other methods
(p< 0.001). None of the different methods used for small
bowel transection was primarily leaky.

Colon transection

Figure 3a outlines the results of the burst pressures using
the different methods for colon transection. Similarly to
the small bowel, LVSS had the lowest burst pressure
(21.5 ± 2.6 mmHg) which was significantly lower than
all the other methods (p< 0.001) whereas HS demonstrat-
ed highest stability (91.0 ± 5.2 mmHg). S transection
achieved again not only significantly higher burst pres-
sures than the LVSS alone (79.5 ± 15.4 mmHg,
p< 0.0001), but also significantly lower burst pressures
than the double-layered hand-sewn colon transection
(p= 0.008). None of the different methods used for colon
transection resulted in a primary leak.

Fig. 3 a Burst pressures after
small bowel and colon transection
for the different surgical
techniques. b Anastomotic leak
pressures after small bowel and
colonic anastomosis for the
different surgical techniques.
*Compares LVSS against all
other methods, †Compares stapler
anastomosis with all other
methods. LVSS LigaSure™ Vessel
Sealing System, S stapler, HS
hand-sewn
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Study arm 2

Small bowel anastomotic leak pressure

With regard to small bowel anastomosis, LVSS (26.4
±2.6 mmHg) demonstrated significantly lower leak pressures
than S (52.1±6.2 mmHg, p=0.01) and HS anastomosis (87.4
±7.0 mmHg, p<0.001), respectively (Fig. 3b). Furthermore,
small bowel anastomosis using S demonstrated significantly
lower leak pressures than HS anastomosis (p<0.001). All of
the small bowel anastomoses were primarily tight without
signs of a leak.

Colonic anastomotic leak pressure

Leak pressure rates for colonic anastomosis yielded similar
results as for small bowel (Fig. 3b). Using the LVSS for co-
lonic anastomosis resulted in lowest leak pressures (16.9
± 1.3 mmHg) compared to S (55.9± 4.3 mmHg, p<0.001)
and HS anastomosis (74.4±4.4 mmHg, p<0.001). In addi-
tion, S anastomosis had significantly lower leak pressures than
HS (p=0.004). All of the colonic anastomoses were primarily
tight without signs of a leak.

Discussion

We found in this study that both bowel transection and
intestinal anastomosis using the LigaSure™ Vessel Sealing
System (LVSS) can be performed with no primary leaks.
The potential benefits of using the LVSS are likely a re-
duction in operative time due to its fast-sealing technique
as it has been shown for other procedures [16, 17].
Furthermore, the use of the LVSS may be cost-effective
due to the reduction in use of staplers and reduced oper-
ative time [18–20]. However, LVSS achieved the lowest
burst and leakage rates whereas S and HS demonstrated
significantly higher burst and leak pressures. Although
these differences were all statistically highly significant,
the burst and leak pressures should be related to the actual
intraluminal pressure that such a transection must with-
stand. Resting intraluminal pressures in small bowel and
colon have been reported around 0 to 7 mmHg [21–23].
During intestinal pressure waves, the pressure may rise up
to maximum levels of 50 mmHg in the physiological set-
ting [21, 23]. However, after surgery, bowel movements
are highly reduced and it is unlikely that such high pres-
sures as in physiological situations will be achieved.
Since the LVSS device alone achieved burst pressures
around 40 mmHg after small bowel transection and
22 mmHg after colon transection, the LVSS may be suf-
ficient as a stand-alone method for bowel transection, es-
pecially for small bowel in a postoperative patient with

reduced bowel movements. In fact, previous studies found
that the LVSS can be used for bowel stump closure or for
closure of the appendectomy stump [24–26].

With regard to bowel anastomosis, the LVSS as stand-
alone method does not appear to achieve sufficient sta-
bility to withstand physiologic intraluminal pressures
during intestinal pressure waves. Leaks occurred around
26 mmHg after small bowel anastomosis and 17 mmHg
after colonic anastomosis whereas the double-layered HS
anastomosis achieved leak pressures around 87 and
74 mmHg, respectively. S anastomosis, however, demon-
strated leak pressure around 52 and 56 mmHg which are
both just slightly above physiologic intraluminal pres-
sures. Since there are no differences regarding anasto-
motic leakage rates between S and HS anastomoses [1,
3, 4], it is unlikely that the intraluminal bowel pressures
after intestinal surgery are comparable to the pressures
seen in the healthy, physiologic state. It has been shown
that the bowel motility is strongly reduced for at least 2–
3 days after intestinal surgery [27–29]. Nonetheless, fur-
ther investigations are necessary whether the LVSS can
be used for intestinal anastomoses. The currently avail-
able data are conflicting. Three studies reported that the
LVSS can be safely used to perform intestinal anastomo-
ses [30–32] whereas other results indicate that the LVSS
may not be similarly safe as S or HS techniques [33]. An
explanation for the differences in the study results may
be different techniques used to perform the intestinal
anastomoses with the LVSS. Further studies should test
different methods of intestinal anastomoses with the
LVSS as well as should investigate whether reinforce-
ment with a single-layered hand-sewn suture can increase
the stability of LVSS intestinal anastomosis.

Some limitations must be considered when the results
of this study are interpreted. First and foremost is the use
of an animal model. Second, the burst and leak pressures
for this study were directly determined after performing
the transection or anastomosis and the influence of
healing, and therefore, increased stability of the stump
or anastomosis could not be accounted for. Furthermore,
the burst and leak pressures were measured and defined
by a highly non-physiological method using a pressure
measuring device. The pressure changes of normal, post-
operative bowel movements are likely different. Lastly,
due to postoperative gut paralysis and gradual increase
in diet after gastrointestinal resections, it is unclear if pa-
tients develop intestinal pressure waves of a magnitude
that actually may disrupt the stump or anastomosis. In
order to address these limitations of the current study,
further experiments performing intestinal anastomosis in
a survival model and histological evaluation of the
healing of the anastomosis several days after the proce-
dure are necessary.
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Conclusion

The LVSS achieves significantly lower burst pressures and
anastomotic leak pressures for bowel transection and intestinal
anastomosis than S and HS techniques. Nonetheless, the burst
pressures after LVSS appear to be a sufficient as a stand-alone
method for bowel transection. Whether it can be used to per-
form intestinal anastomosis warrants further research in a sur-
vival model.
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