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Abstract

Introduction The purpose of this study was to evaluate
the acute fixation strength of fibrin sealant as an alternative
fixation method for laparoscopic ventral hernia repair
(LVHR) when utilized with absorbable and nonabsorbable
barrier meshes.

Methods Representative mesh types for LVHR included
one nonabsorbable barrier mesh (Bard®C0mp0sixTM) and
three absorbable barrier meshes (SeprameshTM, ProceedTM,
and Parietex'™ Composite Mesh). Macroporous polypro-
pylene mesh (Prolite Ultra™) served as a control. An
associated pilot study demonstrated that acute fixation was
not achieved with C-QurTM or Dualmesh®, thus these
meshes were not subjected to further analysis. Two fibrin
sealants varying in thrombin concentration (TISSEEL™
500 IU/ml or ARTISS™ 4 IU/ml) were each utilized to
secure a 3 x 4 cm piece of mesh to the peritoneal surface
of harvested abdominal wall from New Zealand white
rabbits. Ten samples were prepared for each mesh and
fibrin sealant combination. The resulting mesh-tissue
interface (3 x 3 cm) underwent lap shear testing at a rate
of 0.42 mm/s using a tensiometer (Instron 5542, Norwood,
MA). The maximum load sustained by the construct
was recorded as the acute fixation strength in units of
Newtons (N). Data are given as means = SEM. Statistical
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significance (P < 0.05) was determined using a two-way
ANOVA and Bonferroni post-test.

Results  There was no significant difference (P > 0.05) in
the acute fixation strength achieved by ARTISS™ versus
TISSEEL™ with Composix™, Sepramesh™, Proceed™,
and Parietex ™ Composite Mesh. However, Prolite Ultra™
fixed with ARTISS™ (7.099 + 1.01 N) had a significantly
higher tensile strength (P < 0.001) than Prolite Ultra™
fixed with TISSEEL™ (3.405 + 0.72 N). Among meshes
fixed with TISSEEL™, Parietex™ Composite (3.936 +
0.73 N) was significantly stronger than Sepramesh™™
(1.760 £ 0.33 N) (P < 0.05).

Conclusions Acute fixation strength is equivalent for
TISSEEL™ and ARTISS™ fibrin sealants for selected
nonabsorbable (ComposixTM) and absorbable barrier-
coated (SeprameshTM, ProceedTM, and Parietex™ Com-
posite Mesh) meshes. Previous evaluations in this model
indicated fibrin sealant alone did not appear to be a suitable
method of fixation with C-Qur'™ or DualMesh® against
the peritoneum. Long-term evaluation is needed to evaluate
the efficacy of this method of fixation using absorbable and
nonabsorbable barrier-coated meshes in a model of LVHR.

Keywords Fibrin sealant - Fixation strength -
TEP/TAPP - Laparoscopic ventral hernia repair -
Tisseel/Tissucol/Artiss - Alternative fixation -
Postoperative complication - Absorbable/nonabsorbable
barrier coated mesh

Introduction
Although laparoscopic techniques have been associated with

improved outcomes in ventral hernia [1] and inguinal hernia
repair [2—4], dispute remains regarding the optimal method
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of mesh fixation. Transfascial sutures in laparoscopic ventral
hernia repair (LVHR) are associated with significant acute
postoperative pain as well as chronic pain syndromes [5, 6].
Staple and tack fixation devices in LVHR have the potential,
due to their intraperitoneal location, to cause intestinal
adhesions, obstruction, erosion and/or fistulization [5, 7-9].
These problems with conventional fixation methods have led
to research in alternative fixation techniques.

The use of a glue product for mesh fixation was first
reported by Jourdan and Bailey in [10]. They utilized n-butyl
2-cyanoacrylate for mesh fixation in a laparoscopic TEP
repair. However, experimental studies have shown cytotox-
icity [11], carcinogenicity [12], severe inflammation and
decreased tissue integration [13] with the use of cyanoacrylate
glues. Due to these results, recommendations have been made
to cease using cyanoacrylate glue in mesh fixation.

The use of fibrin sealant products in hernia repair was
first described by Chevrel and Rath [14]. They reported a
series of onlay hernia repairs in which fibrin sealant was
used as an adjunctive method of mesh fixation. Since that
time, fibrin sealant products have been utilized in an
increasing number of hernia applications.

TISSEEL™/TISSUCOL™ (Baxter Healthcare, Deer-
field, IL), manufactured with a 500 IU/ml thrombin con-
centration, has been utilized as an alternative fixation method
in multiple laparoscopic TAP and TEPP series [15-20].
Benefits of a fibrin sealant for fixation in laparoscopic TEP
and TAPP included decreased postoperative analgesic con-
sumption [15], lower postoperative pain [19, 20], shorter
mean recovery time to normal physical activity [19] and
decreased incidence of chronic pain [16, 18]. None of these
studies showed an increase in recurrence rate, although one
study showed an increased rate of seroma formation [15].

Another formulation of fibrin sealant, ARTISS™
(Baxter Healthcare), contains a lower concentration of
thrombin (4 IU/ml) and received FDA approval for the
purpose of skin graft fixation to burn wound beds in 21].
ARTISS™ is not currently approved for fixation of pros-
thetic mesh and has not yet been evaluated in a model of
either preperitoneal or intraperitoneal mesh fixation.

Although fibrin sealants have shown promising out-
comes for mesh and graft fixation, acute fixation strength
has not been adequately evaluated in a LVHR model, in
which mesh is placed on the peritoneal surface. The purpose
of this study was to evaluate the acute fixation strength of
two fibrin sealant products utilized to attach absorbable and
nonabsorbable barrier meshes to the peritoneum.

Methods

This study was performed under a protocol (# 20060254)
approved by the Washington University School of
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Medicine Animal Studies Committee. All animals were
housed, fed, and handled according to established protocols
for humane animal treatment currently in practice at our
institution. Seventeen New Zealand white rabbits, weigh-
ing 3—4 kg, were utilized as a source of abdominal wall
tissue for this study. All animals were euthanized with a
pentobarbital overdose (>300 mg/kg, IV) at the time of
sacrifice for abdominal wall tissue harvest.

Mesh selection

The study included five mesh types. Four mesh types FDA-
approved for intraperitoneal placement and utilized in
LVHR were evaluated, including one nonabsorbable bar-
rier mesh, Bard®ComposixTM (Bard, Murray Hill, NJ), and
three absorbable barrier meshes, SeprameshTM (Genzyme,
Cambridge, MA), Proceed™ (Ethicon, Somerville, NIJ),
and Parietex ™ Composite Mesh (Sofradim Production,
Trevoux, France). The fifth mesh type chosen was Prolite
Ultra™ (Atrium Medical, Hudson, NH), a non-barrier
macroporous polypropylene mesh, which served as a con-
trol. Meshes were cut or specially manufactured
(Bard®C0mposixTM) to 3 x 4 cm size (Fig. 1). C-Qur™
(Atrium Medical) and Dualmesh® (Gore, Flagstaff, AZ),
were excluded following a pilot study demonstrating that
acute fixation was not achieved with either mesh type.

Fibrin sealants

Two fibrin sealants varying in thrombin concentration were
utilized for fixation, TISSEEL™ 500 TU/ml and ARTISS™
4 TU/ml (Baxter Healthcare). The fibrin sealants were
reconstituted according to the manufacturer’s instructions
and maintained at 37°C in a Fibrinotherm (Baxter Health-
care)—a heating/stirring device that helps automate the

Fig. 1 3 x 4 cm piece of Bard®Composix™ manufactured by Bard
(Murray Hill, NJ)
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reconstitution of fibrin sealant products. After preparing two
separate syringes of fibrinogen mixed with aprotinin and the
activated thrombin, they were loaded into the dual syringe
system provided in the kit. A Duplospray MIS Applicator
(Baxter Healthcare) was utilized to spray an even layer of
fibrin sealant to the peritoneal side of a 3 x 3 cm area of
harvested rabbit abdominal wall. Upon application of the
fibrin sealant,a3 x 3 cmareaof a3 x 4 cm piece of mesh
was secured to the abdominal wall. Pressure was applied for
3 min for each sample secured with TISSEEL™ and 5 min
for each sample secured with ARTISS™ to allow bond-
ing between the mesh, sealant, and abdominal wall. One
milliliter of fibrin sealant was utilized for each piece of
mesh. The abdominal wall and mesh samples were
maintained at body temperature (37°C) for 2 h prior to
fixation strength testing to allow complete polymerization
of the fibrin sealant. Ten samples (n = 10) were prepared
for each mesh and fibrin sealant combination, for a total
of 100 samples.

Fixation strength testing

The mesh-tissue interface underwent lap shear testing using
an Instron Series 5542 Materials Testing Machine (Instron,
Norwood, MA). Screw-action grips were utilized to grip the
samples during testing. The free edge of mesh, measuring
1 x 3 cm, was secured in the upper grip (Fig. 2). The free
edge of abdominal wall tissue was secured in the lower grip.
The fixation interface (3 x 3 cm) was tested in tension at a
constant rate of 0.42 mm/s until the mesh completely
sheared off the underlying tissue. The maximum load sus-
tained by the construct was recorded as the acute fixation
strength in units of Newtons (N), where 1 Newton equals
0.225 1b (or 1 1b equals 4.4 Newtons). Data are presented as
means =+ standard error of the mean (SEM).

Statistical analysis

Statistical significance was determined using a two-way
ANOVA and Bonferroni post-test. A value of P < 0.05
was considered statistically significant.

Results

There was no significant difference (P > 0.05) in the acute
fixation strength achieved by ARTISS™ versus TIS-
SEEL™ when utilized for fixation of ComposixTM,
SeprameshTM, Proceed™, and Parietex ™ Composite
Mesh to the peritoneum. However, Prolite Ultra™ fixed
with ARTISS™ (7.099 + 1.01 N) was significantly
stronger (P < 0.001) than Prolite Ultra™ fixed with TIS-
SEEL™ (3.405 4+ 0.72 N). Among meshes fixed with
TISSEEL™, Parietex™ Composite (3.936 & 0.73 N) was
significantly stronger than Sepramesh™ (1.760 + 0.33 N;
P < 0.05; Fig. 3).

Discussion

We believe this study represents the first of its kind in
evaluating the acute fixation strength of fibrin sealants on a
peritoneal surface as performed for LVHR. Our study
demonstrates that the acute fixation strength is equivalent
for TISSEEL™ and ARTISS™ fibrin sealants for selected
nonabsorbable (ComposixTM) and absorbable barrier-
coated (SeprameshTM, Proceed™, and Parietex '™ Com-
posite Mesh) meshes when applied to the peritoneal surface.
Earlier pilot experiments indicated that fibrin sealants do
not appear to be a suitable method of fixation with C-Qur™
or Dualmesh® against the peritoneum (data not shown).

Fig. 2 Mesh sample, Composix ™, attached to abdominal wall tissue, prepared to undergo fixation strength testing via lap sheer test. a Mesh
view, b lateral view, c tissue view
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Fig. 3 Acute fixation strengths of TISSEEL™ and ARTISS™ when
applied to Composix™, Sepramesh™, Proceed™, and Parietex™
Composite Mesh and Prolite Ultra™

Perhaps the microporous architecture and hydrophobicity of
Dualmesh® (expanded polytetrafluoroethylene, ePTFE) and
the omega 3 fatty-acid barrier of C-Qur™, not only prevent
cellular penetration and/or adhesions of the intestines or
abdominal viscera but may also prevent fibrin sealant
fixation between the mesh and peritoneum. While Sepra-
meshTM, ProceedTM, and Parietex ™ Composite Mesh also
have absorbable barrier-coatings, these layers are present
only on the visceral side of the mesh. Although Compo-
six™ mesh also contains an ePTFE layer, the layer that
faces the abdominal wall is comprised of a macroporous
polypropylene mesh. These data suggest that the compo-
sition and/or physical structure of mesh products may
have more impact on fixation strength than the thrombin
concentration of fibrin sealants. Some non-absorbable and
absorbable barrier coated meshes may perform better in
the peritoneal cavity for use with fibrin sealants than
others.

Although the thrombin concentration of the fibrin seal-
ants we evaluated did not affect the acute fixation strength,
thrombin concentration may affect other factors such as
inflammatory effect and polymerization time, which should
be considered when choosing the appropriate fibrin sealant
for mesh fixation. Fibrin sealant products are a biode-
gradable adhesive. The last step of the coagulation cascade
is replicated when human-derived fibrinogen is combined
with calcium chloride-activated thrombin, leading to the
formation of polymerized fibrin chains [8]. The fibrinogen
component gives the product its tensile strength [20].
Aprotinin is added to the fibrin sealant preparation as an
antifibrinolytic agent to delay its degradation. When fibrin
sealant products are broken down through the process of
fibrinolysis they are replaced by a fibrotic layer. Fibrin
sealant acts as a scaffold for fibroblastic ingrowth that is
enhanced by the chemotactic action of its thrombin com-
ponent [8]. Histologically, fibrin sealant has been shown to
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cause a significantly stronger fibrous reaction and inflam-
matory response when compared to mesh placed with
staples and no fixation [8]. These findings may have been a
species-related phenomenon (swine reaction to human
thrombin protein) [8]. Also, the effect on the inflammatory
response to varying thrombin concentrations in fibrin
sealants has not been evaluated.

When reconstituted, ARTISS™ contains a thrombin
concentration of 4 IU/ml. Compared to TISSEEL™
(500 IU/ml), the reduced thrombin concentration in AR-
TISS™ allows more time for graft or mesh positioning
before polymerization. Surgeons have 60 s for graft
manipulation with ARTISS™, compared to 3 s with TIS-
SEEL™, prior to polymerization. The results from this
study show that acute fixation strength is equivalent for
ARTISS™ and TISSEEL™. Surgeons may thus be able to
utilize fibrin sealants with lower thrombin concentrations,
allowing greater time for graft manipulation prior to
polymerization, while still achieving equivalent fixation.
This may be particularly beneficial in laparoscopic proce-
dures where the positioning of mesh materials is a more
complex process than with open procedures.

Research into alternative fixation techniques in LVHR is
ongoing due to the current problems with chronic pain,
intestinal adhesions, obstruction, erosion and/or fistuliza-
tion attributable to current mesh fixation techniques [5-9].
Multiple absorbable tacking or fixation devices have been
designed in an attempt to provide adequate acute fixation
strength and yet decrease the problems associated with
chronic fixation material. The acute fixation strength pro-
vided by these devices is designed to be replaced by the
strength obtained through incorporation of the mesh
material. No randomized controlled trial exists to date
comparing these products either to each other or conven-
tional non-absorbable tacking devices.

Previous pooled data analysis confirmed lower recur-
rence rates (4.3 vs 12.1%) when comparing laparoscopic to
open technique in ventral hernia repair [1]. However, lower
recurrence rates with LVHR assumes traditional mesh
fixation involving suture =+ tacks. The low acute fixation
strength of fibrin sealant to peritoneum demonstrated in
this study is indicative of the need for further evaluation
prior to human application in LVHR. The efficacy of fibrin
sealants’ chronic fixation strength when applied to the
peritoneum needs to be evaluated. Additional work also
remains to compare the chronic fixation strength of fibrin
sealant to titanium tacks and fibrin sealant with suture.
Fibrin sealants are currently not FDA-approved for mesh
fixation. Application of these products in LVHR are “off
label” in the United States.
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