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Background. In recent years, the use of synthetic
glues has become an established practice in several
areas of surgical treatment. For example, they are
used in open and laparoscopic surgery and in digestive
tract endoscopy, interventional radiology, and vascu-
lar neuroradiology. The experiments in this study
were aimed at elucidating that suture-based permanent
mesh fixation can be replaced by fixation with N-butyl
2-cyanoacrylate glue (Glubran2) for surgical repair of
abdominal wall hernias.

Materials and Methods. In 25 Wistar rats, two hernia
defects (1.5 cm in diameter) per animal were created bi-
laterally in the midline of the abdominal wall. The peri-
toneum was spared. The lesions were left untreated for
10 d to achieve a chronic condition. Then the defects
were covered with TiMESH extralight (2 3 2 cm) and
fixed by 30 mL of Glubran2 or traditional suture. The
time points of sacrifice were 17 and 28 d, 3, 4, and
5 mo. At autopsy, histology and immunohistochemistry
were performed to evaluate the inflammatory response
and the presence of apoptotic cells respectively.

Results. Mesh fixation was excellent in all samples at
each time point. At application sites, the inflammatory
reaction was mild with a small number of macrophages
and vascularized connective tissue presence around
glue and mesh threads. Glue residues were observed
in histologic sections at each time point. No presence
of apoptotic cells was found.

Conclusions. ThisstudydemonstratedthatGlubran2
can effectively replace traditional suture in mesh fixa-
tion without affecting tissue healing and determining
1 To whom correspondence and reprint requests should be
addressed at Laboratory for Biomaterials and Graft Technology, Insti-
tute of Clinical Physiology CNR, via Aurelia Sud, 54100 Massa (MS),
Italy. E-mail: losi@ifc.cnr.it.

e1
a physiological inflammatory reaction at the abdominal
wall site. � 2010 Elsevier Inc. All rights reserved.
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INTRODUCTION

Laparoscopic hernia repair is an effective technique,
offering more rapid recovery and less pain than with
the traditional open approach; recurrence rates are
equivalent to those of the traditional open approach [1,
2]. The current methods of laparoscopic hernia repair
involve the application of a preperitoneal prosthetic
mesh over the hernia spaces, creating a tension-free
repair [3, 4]. The mesh is fixed in place using metal
staples to prevent graft displacement, with consequent
hernia recurrence [5]. Laparoscopic herniorrhaphy is
not devoid of complications. Some of these complications
are inherent to the use of the staples and include
sensory nerve entrapment with neuralgia, bleeding,
hematomas, and chronic unexplained groin pain attrib-
uted to staples fixed in Cooper’s ligament [5–7].

The complications associated with stapled mesh fixa-
tion in laparoscopic hernia repair led to consideration of
alternative methods of fixation using tissue sealants.
These products can be divided into three main cate-
gories: synthetic glues (e.g., cyanoacrylate based), bio-
logic products (e.g., fibrin), and genetically engineered
polymer protein glues [8].

Biological sealants such as fibrin sealant have a long
history in surgery, where they are used primarily for
sealing and hemostatic purposes. Their exceptional
safety record is attributable to their complete biode-
gradability and physiologic mechanism of action. Both
clinical and experimental trials demonstrate that fibrin
0022-4804/$36.00
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FIG. 1. Defects were created by resection of the rectus abdominis
muscles using microsurgical technique 10 d before experimentation.
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sealant is a feasible option for mesh fixation in hernia
repair [9–11].

Acrylic adhesives or cyanoacrylates form a category of
substances extremely interesting for clinical applica-
tions. They are synthesized as monomers by condensa-
tion of a cyanoacetate with formaldehyde in the
presence of catalysts and the adhesive film develops by
fast polymerization (5–60 s) triggered by hydroxyl
groups on the surfaces to be glued [12].

Synthetic cyanoacrylates are promoted for hernia
mesh fixation. However, their surgical use is not widely
accepted because of reported cytotoxicity and the lack of
published studies outlining the potential side effects of
cyanoacrylate glue for mesh sealing [13–15].

Fixation of Ti-Mesh with fibrin sealant and staples
was previously tested, and favorable results were pub-
lished [11]. The controversial results from the applica-
tion of cyanoacrylate-based glues demanded further
experimental investigation before their introduction
to the clinical routine of hernia repair [16–18].

The aim of this study was to investigate in rat animal
model the efficacy of the use of a small amount of modi-
fied n-butyl-2-cyanoacrylate (Glubran2) in abdominal
mesh fixation as a feasible alternative to sutures and
staples. Glubran2 is a class III medical-surgical product
(for internal and external surgical use) which owns out-
standing haemostatic and adhesive properties and, once
set, produces an effective antiseptic barrier against
infectious agents or pathogens commonly found in
surgical settings. At the present it is used in open
and laparoscopic surgery, digestive tract endoscopy,
interventional radiology, and vascular neuroradiology.
MATERIALS AND METHODS

Experimental Animals

Twenty-five male Wistar rats weighting 180 to 220 g were sacrificed
for this study. Five different groups were established on the basis of ob-
servation time: 17 d (n¼ 4), 28 d (n¼ 7), 3 mo (n¼ 6), 4 mo (n¼ 4), and
5 mo (n¼ 4). All the animals were caged under constant light and tem-
perature conditions during the experimentation in accordance with
the guidelines from Ministero della Salute–Dipartimento della Sanità
Pubblica Veterinaria, la Nutrizione e la Sicurezza degli Alimenti,
which approved this study, based on the Italian Legislative Decree
116/92 regarding animal experimentation.
Surgical Procedure

Anesthesia was induced with sodium thiopental (40 mg/kg) and
xylazine (10 mg/kg) i.p. The ventral abdominal wall was shaved and
a 5-cm midline incision was made. Under sterile conditions 1.2 cm
diameter round defects were created bilaterally by resection of the
rectus abdominis muscles using microsurgical technique (Fig. 1).
The peritoneum below the muscle was preserved. The skin incision
was closed with nonresorbable suture material. The animals were
single-caged and allowed to recover for 10 d. This interval ensured
treatment of defects free of acute inflammatory response.
The rats were re-anesthetized 10 d after the creation of the defects,
as described above. The skin incision was reopened, and the defects
were examined macroscopically. The absence of defect closure and
free accessibility to the peritoneum were confirmed in all the animals.
Each rat received two samples: a TiMESH extralight fixed by Glu-
bran2 (sample) and a TiMESH extralight fixed by traditional suture
threads (control) were placed randomly on the left and on the right
side of the abdomen.

Glubran2 was supplied by GEM S.r.l. (Viareggio, Italy) in the form
of sterile liquid. The chemical structure of this adhesive for internal
use is similar to n-butyl-2-cyanoacrylate, but it contains also a mono-
mer additive synthesized by the manufacturer (methacryloxysulpho-
lane) that decreases exothermic reaction during polymerization
reducing the temperature to 45�C, reduces the cytotoxic effect,
improves the elasticity and the bacteriostatic properties slightly
extending the polymerization time [19].

The meshes were positioned over the hernias and used to close the
defects. The sample meshes were glued with 30 mL of Glubran2 ac-
cording to the manufacturing instructions that suggest one drop per
cm2, in particular 6 mL of glue was applied by a micropipette in each
corner and in the middle of the mesh (Fig. 2). To avoid adhesions to
the implant, the skin was lifted for 90 s to allow the glue complete
polymerization. The reference mesh was secured by four interrupted
3.0 Polysorb sutures (at each edge) on rectus muscles. Skin closure
was obtained using interrupted 2.0 Maxon sutures. After operation
antibiotic (Baytril) was administered to each animal for 7 d according
to the Italian guidelines for animal care (DL 116/92). The rats were
single-caged and checked daily for signs of cutaneous infection,
inflammation, and seroma formation.

At the predetermined time points, rats wereeuthanizedby isoflurane
overdose.

Macroscopic Evaluation

The skin incision was reopened, and the macroscopical status of the
implant site was assessed. If opaque glue residues were present
(clearly distinguishable to the naked eye), the defects were rated P
for ‘‘Present.’’ If no residues could be found macroscopically, the
meshes were rated A for ‘‘Absent.’’ Finally, the meshes with surround-
ing muscular tissue were harvested and fixed in 10% buffered forma-
lin for histological and immunohistochemical examinations.

Histology

Fixed specimens were embedded in paraffin and cut into 7 mm sec-
tions. After haematoxylin and eosin (H an E, Bio-Optica, Milano,



FIG. 2. The sample meshes were glued with five drops of Glu-
bran2 applied by a micropipette (on the top), while the control mesh
was secured by four interrupted 3.0 Polysorb sutures (at each edge)
on rectus muscles (on the bottom; only two suture threads are visible).

FIG. 3. Macroscopic observation of glued mesh (left) and sutured
mesh (right) at 28 d of implant. Both samples appear firmly attached
to underlining tissues, without seroma or macroscopic sign of inflam-
matory reaction.
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Italy) stained sections were examined by Axiophot 2 microscope (Carl
Zeiss, Oberkochen, Germany). Analysis was performed by an experi-
enced pathologist who was not aware of the randomization protocol.
Samples were screened for pathologic characteristics of inflammation
and foreign body reaction elicited by residual glue. Findings were
scored qualitatively as 0 (none), 1 (mild), or 2 (severe).

Immunohistochemistry

For the detection of DNA fragmentation in apoptotic cells, ApopTag
peroxidase in situ apoptosis detection kit (Chemicon International
Inc., Temecula, CA) was employed. Briefly, the reagents provided in
ApopTag Kit are designed to label the free 3’OH DNA termini in
situ with chemically labeled and unlabeled nucleotides. The nucleo-
tides contained in the reaction buffer are enzymatically added to
the DNA by terminal deoxynucleotidyl transferase (TdT). TdT cata-
lyzes a template-independent addition of nucleotide triphosphates
to the 3’-OH ends of double-stranded or single-stranded DNA, that
are very high concentrations of 3’-OH ends in apoptotic bodies. DNA
fragments that have been labeled with the digoxigenin-nucleotide
are then allowed to bind an anti-digoxigenin antibody that is conju-
gated to a peroxidase reporter molecule. The bound peroxidase anti-
body conjugate enzymatically generates a localized brown stain
from diamino benzidine (DAB) chromogenic substrates.

Sections were counterstained by light green FS yellowish that stains
normal nuclei in green. Apoptosis was assessed by observing ApopTag-
positive cells on histologic sections. Negative control sections were not
treated by TdT enzyme, while sections pretreated with DNase I
supplied positive control.
RESULTS

Macroscopic Evaluation

No intraoperative complications occurred. All rats
had an uneventful recovery and remained free from in-
fection and disturbance of wound healing. No seroma
formation was observed. No detachment between
mesh and underlining tissue was observed in Glubran2
fixed samples at all time points (Fig. 3), while in the
control group, at earlier time points in some cases, the
edges of the mesh were releases from tissue.

All the defects were rated P because glue residues
were still present at autopsy at each time points. These
areas appeared as pale yellow irregular residues local-
ized at the sites of original application.
Histology-Immunohistochemistry

Histology examination showed signs of mild inflam-
mation (1 scored) in all glued samples similar to tradi-
tionally sutured meshes. Tissue healing was not
affected by the glue presence and it was comparable
to control sutured meshes at each time points (17 and
28 d, 3, 4, and 5 mo). The inflammatory reaction was
constituted by a small number of macrophages and
giant cells and vascularized connective tissue around
glue residues and mesh threads (Fig. 4). No PMN, ne-
crotic, or apoptotic cells were observed (Fig. 5). These
results are compatible with the presence of a permanent
stimulus induced by a biocompatible implantable mate-
rial such as polypropylene.
DISCUSSION

Tissue adhesives have been proposed as an alterna-
tive to permanent fixation devices in hernia repair
with the aim of reducing perforation-associated compli-
cations and chronic pain. The adhesives can be divided
into three main categories: biologic products (e.g.,
fibrin), synthetic glues (e.g., cyanoacrylate based), and
genetically engineered polymer protein glues [8].

Fibrin sealant has been used extensively in all surgi-
cal disciplines for tissue adhesion, suture support, he-
mostasis, wound care, and endoscopic treatment of
bleeding [20–24].



FIG. 4. H & E staining showed signs of slight inflammation (1 scored) in all glued samples at 17 d (A), 28 d (B), 4 mo (C), and 5 mo (D). The
inflammatory reaction was constituted of a small number of macrophages around glue residues (visible at each time point) and mesh threads.
The granulation tissue appears neovascularized (black arrows indicate capillaries).
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Cyanoacrylate based glues have been investigated in
numerous scientific studies as hemostaticagents, topical
dressing, and adhesives in soft tissues, in ophthalmol-
ogy, odontostomatology, osteosynthesis of bone fracture
and, recently, as drug carriers [25–28]. They were
also used in gastroenterology for esophagus varix
treatment, in maxillo-facial surgery, and in vascular
surgery for arterious anastomoses [29, 30].

After cyanoacrylate adhesives were used in humans
and animals, some authors have found inflammatory
responses, delayed healing, necrosis, and even bone
destruction, while other authors have noticed a relative
compatibility of polymerized cyanoacrylate with the
surrounding tissues, resulting in normal healing
processes of the injury. The shorter-chain cyanoacrylate
FIG. 5. ApopTag staining showed the absence of necrotic and apop
mesh threads (B).
(methyl- and ethyl-cyanoacrylate) have proven to be
intensely necrotizing and pyogenic and to stimulate
an acute severe inflammatory response, whereas
longer-chain cyanoacrylate (butyl- and isobutyl-
cyanoacrylates) evoke only mild transient inflammation
when applied to various tissues in the rabbit [31]. The
length of the alkyl chain determines toxicity, in fact
the higher molecular weight monomers are in general
less toxic because they are depredated more slowly
than the short-chain cyanoacrylate [32]. The observed
toxicity was attributed to the adhesive heat of polymer-
ization and/or degradation products such as formalde-
hyde and alkyl cyanoacetate [31]. When a series of
cyanoacrylates adhesives was tested for local toxicity
on rabbit, the butyl adhesive was consistently found to
totic cells (no brown nuclei are observed) around glue residues (A) or
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be less toxic than cyanoacrylates with methyl and ethyl
radicals [33].

More recently, n-butyl-2-cyanoacrylate tissue adhe-
sive demonstrated its safety and efficacy in vitro and
in vivo showing low cytotoxicity and high adhesive
properties [34, 35].

Concerning the adhesive use in mesh fixation, the
beneficial effects of fibrin sealant have been reported in
both experimental and clinical hernia repair [36–39].
However, data on cyanoacrylate glues for mesh
fixation are still limited, but the capability of such
substances to bond with enormous strength in a wet
environment, as well as their bacteriostatic activities,
have stimulated continuous research on their potential
clinical applications [17, 18].

Moreover, in contrast to traditional mesh fixation, cy-
anoacrylate glue fixation avoids the risk of periostitis
and muscle ischemia, is painless, prevents hernia re-
lapse, and provides a sterile occlusive dressing. Finally,
the use of tissue adhesive for tension-free mesh repair
of abdominal hernia provides the advantages of this
technique avoiding the potential problems associated
with use of sutures or staples, such as the risk of injury
to the patient or surgeon [40, 41].

The method described in this work is based on hernia
repair using a modified n-butyl-2-cyanoacrylate glue
instead of sutures or staples for abdominal mesh fixa-
tion. This surgical product polymerizes quickly (1–2 s
to 1 min) when in contact with blood and tissues, allow-
ing a rapid tissue closure and creating a thin elastic film
with high stretch resistance that guarantees solid
adhesion of the tissues [42].

In this study, extralight polypropylene meshes were
fixed by Glubran2 or traditional stitches to repair ab-
dominal defects in rat animal model. The in vivo exper-
iments were carried out up to 5 mo. Some residues of
glue films were found at each time point, demonstrating
a low glue degradation rate.

We assumed as physiologic wound healing model, the
tissue surrounding polypropylene mesh fixed with
suture threads, which represents the present gold-
standard in hernia repair. Then we compared the in-
flammatory reaction around polypropylene mesh fixed
with suture threads and polypropylene mesh fixed
with glue. The results from histologic analysis demon-
strated that the degree of tissue integration and the in-
flammatory reaction around mesh threads was similar
for the two study groups, without remarkable difference
between glue or stitches fixed meshes.

Immunohistochemical analysis confirmed the histo-
logic results; in fact no apoptotic cells were observed in
all the glued samples. The absence of apoptotic cells cor-
relates with the small number of granulocytes around
mesh threads as observed in previous study[43].
Moreover, in this work it was demonstrated that an
excellent mesh fixation was obtained employing a small
right glue amount (30 mL of glue applied in the corners
and in the middle), that rapidly polymerizes without in-
terfering with the physiologic wound healing. For this
reason surgeons should avoid excessive and useless ap-
plication of large glue amount that may lead to severe
inflammatory reaction and poor wound healing as
observed in another experimental study [16].

The mild inflammatory reaction here observed can
be explained with the low polymerization temperature
(45 �C) generated by Glubran2 with respect to other com-
mercially used cyanoacrylates [34]; in fact it is known
that high polymerization temperatures affect the host
tissue, inducing local inflammation and necrosis [31].

In conclusion, on the basis of these experimental re-
sults, the use of a right amount of Glubran2 can effec-
tively replace traditional suture threads in fixing
abdominal mesh, guaranteeing a long-term firm adhe-
sion without increasing inflammatory reaction respect
to mesh fixed in traditional way.

Now that the potential of this method of mesh fixa-
tion has been established, Glubran2 should be used to
perform a prospective randomized trial comparing the
long-term results of adhesive mesh repair with those
of the traditional sutured technique.
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