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ABSTRACT

Background: The current treatment of perforated peptic
ulcers is primary closure, supported by the application of
an omental patch. It is difficult and time consuming to
perform this procedure by laparoscopic surgery, largely
because of the required suturing. It was our aim to de-
velop and test a new method of closure for gastric perfo-
ration that is similar in efficacy and safety to a traditional
repair. This technique could have utility in laparoscopic
repair, as it does not require sutures or mobilization of the
omentum.

Method: The new method, called the “stamp” method
consists of closure of the perforation by gluing a biode-
gradable patch made of lactide-glycolide-caprolacton
(LGC, Polyganics, B.V. Groningen, The Netherlands) on
the outside of the stomach. It was compared with the
omental patch procedure. Perforations were made in the
stomach of 20 rats and closed by either method (10 rats in
each group). The rats were followed for 10 weeks.

Results: No complications were seen in any of the rats. In
both groups, histological degradation of the patch by
giant cells started at week 2. No signs of inflammation
existed in either group. Signs of closure of the mucosa
were seen after 2 weeks, and the muscular layer started to
regenerate after 8 weeks in both groups.

Conclusion: Results of both methods were similar, which
means that treatment of a gastric perforation through the

application of a biodegradable patch to the outside of the
stomach is a feasible option and might even be an inter-
esting technique for closure of other perforations in the
digestive tract.

Key Words: Gastric perforation, Laparoscopy, Biode-
gradable patch.

INTRODUCTION

The current treatment of perforated peptic ulcer is primary
closure, covered by omentoplasty. The classical Graham
patch technique, described by Cellan-Jones in 1929 and in
1937 by Graham can be applied.1–3 The idea in closing the
perforation not only by sutures but also with an omental
plug is the sealing and tamponade effect of the plug.
Adding an omental plug also reduces the risk of tearing
out sutures, accelerates ulcer healing, and inhibits ulcer
recurrence.4,5 Laparoscopic surgery has gained in popu-
larity, because there seems to be a decrease of postoper-
ative complications, pain, and length of hospital stay.6–9

Despite this, laparoscopic correction of a perforated pep-
tic ulcer (PPU) still is not the first treatment of choice for
many surgeons. One of the disadvantages of laparoscopic
closure of perforated peptic ulcer is that it takes more
operating time and requires more operating skills, which
makes the procedure more costly and less popular.9,10 The
prolonged operating time might be caused by the laparo-
scopic suturing procedure.6,10 There is a learning curve for
laparoscopic intracorporeal or extracorporeal suture tech-
niques, and because of the fragile edges of the peptic
ulcer walls, sutures tear out easily.10 An alternative tech-
nique for closing the perforation, avoiding the necessity to
use stitches, might facilitate the laparoscopic procedure.
An alternative to omentoplasty and stitching could be the
use of a glued patch of biodegradable material on the
outside of the stomach. Besides reducing operating time,
another advantage of using a glued patch instead of su-
turing is that touching of the friable edges is avoided,
which lowers the risk of enlarging the perforation. Also
the patch method might be the solution for closing larger
peptic ulcers. Performing an omentoplasty in these pa-
tients is difficult, and alternative techniques have been
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tried.7,11–13 Previously the “stamp method,” closing a gas-
tric perforation with a biodegradable stamp, was tested in
a pilot study in 5 rats, showing that is was a safe proce-
dure.14 In this pilot study, there was no control group and
the follow-up period was only 5 weeks. Therefore, a new
rat study has been performed in which we compare clos-
ing an iatrogenic perforation in rats’ stomachs by Graham
omentoplasty with the application of a glued biodegrad-
able (lactide-glycolide-caprolacton) patch to the outside
of the stomach. The aim of this study was to test the stamp
method, which has to be a technique of a similar safety
profile as primary closure and omentopexy but could
allow the laparoscopic procedure to be done more easily
so operating time can be reduced.

METHODS

Twenty male Wistar rats, 12 weeks to 13 weeks old (Har-
lan, The Netherlands) were used in this trial, which was
approved by the animal ethics committee of the University
Medical Center Groningen. Ten rats were in the omentum
group, and 10 were in the stamp group. All procedures
were performed with the rats under general anesthesia by
using isoflurane gas at 2% with oxygen. In both groups, an
upper laparotomy was performed, and a perforation was
created on a fixed point on the ventral side of the stom-
ach. Because this was located underneath the liver lobe,
careful retraction of the liver lobe was necessary. The
perforation was made by cutting a small hole, with a
diameter of 0.5 cm in the gastric wall. In the omentum
group, the perforation was closed by using a Graham
patch. For this, the omentum nearby the perforation site
was mobilized in the fixed pedicle into the perforation
with mattress stitches. A 6–0 Vicryl suture was used (Fig-
ure 1). In the stamp group, a circular shaped patch made
of lactide-glycolide-caprolacton (LGC, Polyganics, B.V.
Groningen, The Netherlands) with a diameter of 1cm was
glued on top of the perforation (Figure 2), ensuring an
overlap of 0.25 cm around the perforation. The glue used
was Glubran 2 made of NBCA (n- butyl 2 cyanoacrylate)
OCA (2- octil cyanoacrilate), which has been approved for
intracorporeal usage (GEM, Italy). Only a few drops
needed to be applied on the dry biodegradable patch,
which then was glued onto the gastric wall surrounding
the perforation. After repair of the perforation by either
one of the above techniques, the abdomen was irrigated
with saline 0.9% and closed in 2 layers with Polysorb 4.0.
Directly postoperatively, one subcutaneous dosage of 0.1
mL Temgesic (0.3 mg/mL) was given as an analgesic. Rats
were fed standard rat chow and received nonacidified tap
water. After one week, one rat, from either group was

brought under general anesthesia again and underwent
relaparotomy. After inspection of the abdomen, the rats
were first perfused transcardially with “prerinse” contain-
ing 0.9% NaCl and 1% heparin, followed by 200 mL 2%

Figure 1. Drawing of Graham omentoplasty. A suture runs
through the gastric wall first then takes a bit of pedicled omen-
tum and runs back to the other site of the perforation.

Figure 2. The stamp method: the biodegradable patch is glued
on the outside of the stomach with a 0.25 cm overlap.
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glutaraldehyde buffered with 0.1mol/L phosphate buffer,
pH 7.4. A full-thickness biopsy with a diameter of 2cm was
then taken from the perforation site and postfixed for
several days in the same fixative. The specimens were
then dehydrated through a graded concentration of etha-
nol and embedded in glycol methacrylate. From all spec-
imens, 2-�m thick slices were prepared using a disposable
histoknife and a Reichert-Jung “2050 supercut” mic-
rotome. The sections were mounted on glass slides and
stained with toluidine blue. In addition, some sections
were evaluated and photomicrographed using an Olym-
pus BX-50 microscope (Olympus Optical Co, Japan). Ev-
ery following week, one rat from each group underwent
the above-mentioned procedure.

RESULTS

All 20 rats survived the operations without complications;
none of the rats died or showed any signs of peritonitis,
sepsis, or wound infection. The most important clinical
sign of peritonitis due to leakage, caused by insufficient
sealing of the perforation, is that the rats do not eat and
will not gain or even loose weight. The weight on the day
of the first surgery (creating the perforation and closure by
the stamp method or omentum patch) was measured. On
the day of relaparotomy, the weight was measured again.
All rats, except one in each groups, gained weight. The rat
in the stamp group that did not gain any weight and the
one in the omentum group that lost some weight were rats

that already had their second surgery after one and two
weeks so had less time to recover from their first surgery.

During relaparotomy in both groups, no signs of leak-
age or peritonitis were found. Some adhesions of the
liver to the stomach were found, mainly in the omen-
tum group, but no official scoring system for classifying
the number or severity of adhesions was used. If adhe-
sions were present, adhesiolysis needed to be per-
formed to get proper accessibility to the perforation
site. This caused slightly more bleeding.

Histology

In the first week in both groups, a sign of infiltration of the
area by granulocytes was observed. At the start of week 2,
invasion of the biodegradable patch by giant cells was ob-
served, indicating that degradation of the patch was started.
Also in both groups, closure of the epithelioid layer of the
mucosa was seen. In week 3, a fibrotic layer started to form
on the outside of the biodegradable patch (Figure 3). In the
following weeks, this developed into a well-organized, vas-
cularized, and structured layer. This phenomenon was not
seen in the rats in which the omental patch was used (Fig-
ure 4). In this group, the fat cells of the omentum were
covering the perforation site. In week 6, newly formed mus-
cle cells crossing the perforation site were found (Figure 5).
In the following weeks, the perforation site was slowly nar-
rowing. The collagen was getting organized, and giant cells
(Figure 6) were filled with patch material. These giant cells
were only found in the group with the biodegradable patch.
The muscle layer seemed to be repaired and continuous

Figure 3. Week 6. Biodegradable patch (1) covering defect.
Patch is covered with a well-organized fibrotic layer (2). Giant
cells invading patch (arrow).

Figure 4. Week 8. Omentum covering the perforation site (1).
The perforation can still be seen in the noncontinuity of the
muscle (2).
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after 8 weeks (Figure 7), comparable in both groups. In
both groups granulocytes were found during the complete
period, slightly more in the patch group, but in none of the
groups were there any signs of inflammation or rejection. In
the ninth week, the amount of giant cells started to decrease.
At week 10, the patch was almost completely absorbed.

DISCUSSION

This new method for closure of a perforated peptic ulcer
has previously been tested in a pilot study of 5 rats.10 In
the literature, we found no information on the histological
phases of recovery of the stomach after perforation, and
because of this, there was no guideline in what the fol-
low-up period should have been to observe full healing.
In the pilot study, there was only a follow-up of 5 weeks,
and the muscle layer still showed signs of perforation after
this period. To get more information on the healing pro-
cess of the gastric wall, a longer follow-up period was
necessary. Therefore in the new study, 10 rats were allo-
cated to each group; one rat from each group was termi-
nated weekly, which provided an overview of the healing
process of 10 weeks. The histology results from this study
have shown that after 1 week in both groups the epithe-
lioid layer of the gastric mucosa already has been re-
paired. The muscular layer takes longer. After 6 weeks,
in-growth of muscle fibers is seen, but the perforation site
is still recognizable. After 8 weeks, the muscle layer in
both groups was continuous.

There were no signs clinical or histological of inflamma-
tion or rejection in either group. The biodegradable patch
is absorbed by giant cells, and this process already starts
after 1 week. But the giant cells filled with patch material
were disappearing after 10 weeks. One of the great ad-
vantages of using a stamp to cover the perforation is that
the size of the perforation does not seem to matter, be-
cause the patch can be cut into any desirable size. Using
glue instead of stitches simplifies and speeds up the pro-
cedure. The use of a degradable patch replaces the need

Figure 5. Perforation site at week 6 covered with omentum.
New muscle cells start filling up the perforation.

Figure 6. Three giant cells invading the “stamp.” Giant cells are
filled with small particles of patch material.

Figure 7. Young muscle fibers closing the old perforation site.
White line is the remaining operative biodegradable patch at
week 8.
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for omentoplasty. Apparently the necessity for the omen-
tal plug considering its sealing and tamponade effect is
arguable.4,5 Ates et al15 have already suggested simple
laparoscopic repair without an omental patch. Avoiding
an omentoplasty might lower the formation of intraperi-
toneal adhesion, but unfortunately, this was not officially
scored and needs further research. Because it is not nec-
essary to mobilize the well-perfused omentum, the risk of
peri- and postoperative bleeding will be a lower. An
interesting histological feature found in the patch group
was the formation of a well-organized and vascularized
collagen layer on top of the perforation. Kung12 describes
this observation as an outer shield formed by fibrosis on
top of a Teflon-felt graft, which was tested in dogs.
Whether this has any clinical importance remains unclear,
but it might lower the risk of leakage or recurrence of the
perforation. No approval from the animal ethics commit-
tee was given for a control group in which the spontane-
ous sealing of a perforation by liver or omentum could
have been investigated. It is estimated that about 40% of
the perforations in humans, with an average 5mm size,
seal by themselves.16 The perforation made in our rat
model had a diameter of 5mm, which would be compa-
rable to a giant ulcer in a human stomach. Spontaneous
healing of a giant ulcer is less likely to happen and is
associated with high morbidity and mortality.17

CONCLUSION

The closure of a perforated peptic ulcer by using a biode-
gradable patch is feasible. It might even have advantages,
such as less adhesion formation, lower recurrence rates, and
less hematoma formation. The lactide-glycolide-caprolacton
patch has proven to be resistant to gastric acid. Also the
biodegradation process did not proceed rapidly; the patch
material started disappearing after the perforation was
healed and did not persist for a long time. After 10 weeks, the
material microscopically was almost completely degraded.
This makes the material suitable for other parts of the diges-
tive tract. That is why the stamp method might be an inter-
esting approach to close small bowel perforations. Realiz-
ing that the stamp method has not been tested on a real
perforated peptic ulcer with associated peritonitis and also
needs to be tested laparoscopically, further research will
be interesting and necessary.
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