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Abstract
Background: The aim of this study was to develop a
simple method for closure of a perforated peptic ulcer,
making it more accessible for laparoscopic surgery.
Methods: An experimental pilot study was performed
using five male Wistar rats. The perforation was closed
by a bioabsorbable patch made of lactide–glycolid–
caprolactone fixed with glue onto the outside of the
stomach.
Results: Postoperatively, there were no signs of leakage
or other complications. Histologically, there were no
signs of inflammation on the inside of the stomach, and
there was a 50% reduction of the perforation each suc-
cessive postoperative week. No adverse reactions be-
cause of the degradable material or glue were observed.
Conclusions: Treatment of a perforated peptic ulcer by
placing a patch of biodegradable material like a
‘‘stamp’’ on the outside of the stomach is a feasible
option.
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Introduction

Laparoscopic correction still is not the gold standard for
management of a perforated peptic ulcer [4] although
many advantages of laparoscopic procedures have been
demonstrated during the recent years with regard to
postoperative morbidity and pain [1, 8, 9]. During a
multicenter Dutch trial (LAMA trial), we compared

laparoscopic closure of perforated peptic ulcer with the
conventional method using laparotomy. It seemed that
one of the problems with the laparoscopic procedure
involves the suturing technique [2]. It is especially diffi-
cult for surgeons to take big bites, to prevent cutting out
of the sutures [9], and to exert sufficient tension on the
knot during intra- or extracorporal knotting.

The operation time for laparoscopic correction often
is prolonged [2, 6], which is mainly due to the learning
curve with regard to suturing technique. This may be the
reason why many surgeons (especially during the night)
are not even starting up laparoscopically or soon convert
to laparotomy. A new method has been developed in
which perforation of the stomach in rats was closed with
a biodegradable patch fixed with glue, similar to putting
a ‘‘stamp’’ on the outside of the stomach. In the current
current experiment, this ‘‘stamp’’ method was evaluated.

Methods

Five adult male Wistar rats with an average weight of 255 were used in
this trial. With the rats general anesthesia (isoflurangas 2% with oxy-
gen), a median laparotomy was performed. At a fixed point on the
ventral side of the stomach, a perforation was created with a diameter
of 0.5 cm. A patch, made of lactide–glycolid–caprolactone (LGC)
(Polyganics, B.V., Groningen, The Netherlands) was cut into a circle
with a diameter of 1 cm and an overlap of 0.5 cm all around the
perforation. The patch was glued on the outside of the stomach with
Glubran 2 (n-butyl [2] cyanoacrylate, methacryloxysulfolane). The
abdomen was closed in two layers with Polysorb 4-0.

After 1week, the first rat underwent relaparotomy under general
anesthesia.After inspection of the abdomen, the patch, including the full
thickness of the stomach wall, was resected and sent for histology. Each
successive postoperative week, one rat underwent the same procedure,
resulting in a total clinical and histologic follow-up period of 5 weeks.

For histology, tissue specimens were rinsed in saline and placed
into a fixative containing 2% glutardialdehyde buffered with 0.1 mol/
phosphate buffer, pH 7.4. Then the specimens were dehydrated
through a graded concentration of ethanol and embedded in glycol
methacrylate. From all samples, 2-lm-thick sections were prepared
using a disposable histoknife and a Reichert–Jung ‘‘2050 supercut’’Correspondence to: M. J. O. E. Bertleff
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microtome. The sections were mounted on glass slides and stained with
toluidine blue and alkaline fuchsin (Merck, Darmstadt, Germany). All
the sections were evaluated and photomicrographed using a Olympus
BX-50 microscope (Olympus Optical Co., Japan)

Results

All the rats survived the first operation without com-
plications. The mean operating time was 10 min. At re-
laparotomy, there were neither signs of leakage nor
evidence of peritonitis. There were small adhesions,
mainly to the liver, and in the first two rats there also
were small adhesions between the spleen and the stom-
ach. From week 1, the patch was covered by omentum.
Biodegradation of the patch was visible at week 5. The
diameter of the perforation, as observed from the inside
of the stomach, decreased by 50% every week. After 5
weeks, only a pinpoint perforation could be found. All
the rats gained weight during their weeks of follow-up
evaluation, with an average weight of 348 g (range, 313–
392 g), on the day of re-operation meaning they were in
good condition.

Histology

At 1 week postoperatively, no inflammatory cells were
detected on the inside of the stomach. Bacteria were

found in the superficial mucous layer of the epithelium,
and among the microvilli of epithelial cells. They were
distributed irregularly, patchy and with heavy coloni-
zation, in some areas but did not invade the epithelium.
The mucosa consisted of dense connective tissue and
numerous blood vessels. The basement membrane
underlying the epithelial basal cells was clearly visible.
The muscular layer and submucosal glands were pres-
ent, but did not continue, as was to be expected.

At 2 weeks postoperatively, cellular ingrowth of
inflammatory cells, especially granulocytes, was seen
lying against the LGC patches. Multinucleated giant
cells also were seen at the interface of the patches.

At 3 weeks postoperatively, the LGC patches were
covered by a capsule of fibrotic tissue. This capsule
consisted of 14 to 15 layers of fibroblasts, collagen fi-
bers, extracellular matrix, and numerous blood vessels.
Still, some multinucleated giant cells were observed in
the patches, and degradation of the LGC patches had
begun.

At 4 weeks postoperatively, the amount of inflam-
matory infiltrate had increased, while other cells such as
macrophages and multinucleated giant cells were seen
infiltrating the LGC-patches. The capsule of fibrotic
layer became ticker. Fibroblasts as well as collagen fi-
bers and blood vessels were found more frequently and
denser, as compared with findings 3 weeks postopera-
tively.

Fig. 1. Histology at week 1.

Fig. 2. Histology at week 5.
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At 5 weeks postoperatively, the fibrotic layer on the
patch had increased Macrophages and giant cells still
were found infiltrating and phagocytosing the LGC
patches. There were epithelial cells close to the perfo-
ration. The muscular layer still showed perforation.
There were no signs of rejection (Figs. 1 and 2).

Discussion

A new method for closure of peptic ulcer perforation
was tested in rats, and the first results seem promising.
Sealing of the perforation with a glued biodegradable
patch seemed sufficient because no leakage occurred.
Furthermore, no inflammation or other side effects to
the abdominal wall were observed. It was decided that at
this phase, the use of an iatrogenically made perforation
would be sufficient, because we wanted only to evaluate
whether this new technique would work.

Of course, this test did not completely mimic the
clinical situation. There was no edema, no fibrin depo-
sition, and no inflammation of surrounding tissue.
However, no clinical evidence so far had proved that a
perforation of any longer duration with fibrin deposi-
tion has a worse outcome with regard to healing of the
perforation itself and a higher risk for reperforation. It
could even be suggested that fibrin deposition helps in
sealing the perforation, but more research on this topic
is needed.

Closure of a perforated peptic ulcer by a Graham
omental patch or mere sutures has been performed for
many years [7, 8]. Several alternative techniques have
been tried [7, 9]. The incentive for introducing these new
operations was to simplify the procedure and make it
suitable for minimal invasive therapy [9]. A few proce-
dures can be accomplished by endoscopy, but often it
still is necessary to combine it with laparotomy or lap-
aroscopy [3, 6]. Lau et al. [5] described a method for
closing the perforation using spongostan fixed with fi-
brin glue. This seemed to be suitable only for smaller
perforations. The patch used in this study can be
introduced through a trocar and unfolded with ease
because it has no memory. Glubran 2, the glue used in
this trial, is a synthetic surgical glue european con-

formity (CE) certified for internal use. It is liquid, does
not need any preparation and can be applied to the
patch inside the abdomen using a laparoscopic needle.
The size of the perforation does not matter because the
patches can be cut easily into any desired size.

In conclusion we propose a simple technique for
closure of a perforated peptic ulcer, making laparo-
scopic correction of a perforated peptic ulcer more
accessible. A randomized clinical trial will be initiated in
due course.
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