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Summary: Ventral hernias have numerous causes, ranging from sequelae of sur-
gical procedures to congenital deformities. Patients suffering from these hernias
experience a reduced quality of life through pain, associated complications, and
physical disfigurement. Therefore, it is important to provide these patients with
a steadfast repair that restores functionality and native anatomy. To do this, tech-
niques and materials for abdominal wall reconstruction have advanced through-
out the decades, leading to durable surgical repairs. At the cornerstone of this
lies the use of mesh. When providing abdominal wall reconstruction, a surgeon
must make many decisions with regard to mesh use. Along with the type of mesh
and plane of placement of mesh, a surgeon must decide on the method of mesh
fixation. Fixation of mesh provides an equal distribution of tension and a more
robust tissue-mesh interface, which promotes integration. There exist numer-
ous modalities for mesh fixation, each with its own benefits and drawbacks. This
Special Topic article aims to compare and contrast methods of mesh fixation in
terms of strength of fixation, clinical outcomes, and cost-effectiveness. Methods
included in this review are suture, tack, fibrin glue, mesh strip, and self-adhering

modes of fixation.

entral hernias are common sequelae of
abdominal surgery; studies have shown

that the incidence of ventral hernias after
midline incision laparotomies averages 9.9 per-
cent (range, 2 to 20 percent)."” These hernias
also stem from infections, impairment of collagen
metabolism or expression, and congenital diseases
such as gastroschisis."*” It is crucial to effectively
manage advanced hernias, thereby preventing vis-
ceral eventration, restoring physiologic tension,
and providing dynamic muscle support. Failure to
repair ventral hernias can result in bowel incar-
ceration, loss of domain, and poor quality of life.®
First used in the late 1800s and gaining pop-
ularity since the 1950s, mesh has become an
important adjunct in complex abdominal wall
reconstruction, providing superior reinforcement
to suture-only repair.”® With advancements in
mesh materials and fixation techniques, surgeons
are able to achieve durable repairs of complex
abdominal wall defects that were previously inop-
erable. The placement of a mesh creates a more
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equal distribution of tension over the repair area,
leading to decreased stress points and focal weak-
nesses.” Furthermore, studies have shown that
ventral hernia repair with mesh leads to decreased
hernia recurrence rates when compared to suture-
only repair.'""

There are many choices a surgeon must make
when using mesh, with the first being mesh type.
The surgeon must also consider the mesh materi-
al’s porosity, thickness, coating, density, and cost."
The plane of mesh placement must also be taken
into consideration. Although retromuscular and
underlay mesh locations typically experience lower
rates of complications and hernia recurrence com-
pared to onlay or interposition,"” factors such as
speed, comorbidities, and prior component release
also factor into this decision. After deciding on
mesh type and plane of placement, the method of
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Table 1. Comparisons of Techniques for Mesh
Fixation*

Amount of

Strength  Postoperative

of Repair Pain Speed Costf
Transfascial sutures eccoce LX) ooe oo
Tacks 00000 o000 (1] 00
Fibrin glue [T 1) ° LYY Y} °
Self-adhering mesh eooe ° eccee oo
Mesh sutures eccce ece oo °

*Derived through comparative literature review and author personal
opinion.
fIncreasing marker numbers indicate higher cost of technique.

fixation must be determined, including the choice
of no mesh fixation at all.

The purpose of mesh fixation is threefold. First,
by fixating the mesh, tensile forces are distributed
across the mesh itself, leading to more favorable
biodynamics through offloading of tension from
the fascia, especially during the early phases of
wound healing. Second, fixation achieves a more
robust tissue-mesh approximation, leading to
better mesh integration.' Finally, fixation limits
mesh mobility, thereby reducing migration. Many
methods of mesh fixation are available and can
be divided into two major categories: penetrating
(sutures, tacks, mesh strips) and nonpenetrating
(fibrin glue, microgrips). The surgeon may also
choose the option of no mesh fixation.

Studies comparing mesh fixation techniques
to one another have been conducted, but no lit-
erature has synthesized these studies to compare
and contrast the benefits and drawbacks of fixa-
tion techniques on the whole. This article aims to
describe, compare, and contrast various forms of
mesh fixation by reviewing the current literature
on modes of mesh fixation.

The most common form of mesh fixation is
suture fixation. In this method, sutures are passed

Table 2. Characteristics of Fixation Techniques

across fascial planes and mesh. Each suture
anchors mesh to healthy musculofascial tissue,
promoting immediate fixation strength and dura-
bility. Although techniques for mesh placement
in a retrorectus plane vary, most suggest transfas-
cial placement of sutures lateral to the semilunar
line. To do this, the retrorectus space needs to be
developed to access the correct plane for mesh
placement.”'® In this form of fixation, nonab-
sorbable sutures are typically used, and large bites
are taken approximately 1 cm from the edge of
the mesh to minimize suture pull-through. The
historical need for extensive soft-tissue under-
mining to place transfascial sutures has been
obviated with newer techniques using a laparo-
scopic suture passer.'’

Many of the following forms of fixation in this
review use this transfascial technique as a baseline
of comparison for recurrence rates, clinical out-
comes, and complications. A visual representation
of these fixation strategies derived from a synthe-
sis of the following literature can be found in
Table 1. Furthermore, Table 2 highlights use cases
and pros and cons for each fixation technique.
The information in Table 2 has been adapted
from the literature in this review and the experi-
ence of the senior author (J.E.J.).

Along with sutures, tacks and screw-type fas-
teners are the most common method of mesh
fixation in the underlay position. Primary advan-
tages of tacks are ease of application and speed.
Tacks have been shown to be 89 percent faster to
place than sutures, saving on average 34 minutes
per operation.'” Tacks are divided into absorbable
and nonabsorbable, with the former made from
metal (usually titanium) and the latter from lactic
or glycolic acid polymers." The theory of tack fix-
ation is similar to that of suture fixation: a method

Frequency of
Fixation Use for Plastic
Type Surgeons  Best For Pros Cons
Transfascial soce Repairs involving component separation; Strength of repair, Time consuming
sutures used in both retromuscular and low learning curve
intraperitoneal underlay repairs
Tacks o Laparoscopic or robotic repairs, or onlay Strength of repair Learning curve, limited use
repairs using staples and fibrin glue in open repair, pain
Fibrin glue o Onlay repairs in open ventral hernias and Speed, ease of use,  Reduced strength early in
some laparoscopic repairs low cost repair
Self-adhering oo Retrorectus repairs involving components Speed, ease of use,  Limited use case
mesh separation reduced pain
Mesh sutures ooo Repairs not needing component Strength of repair, Time consuming,

separation

low learning curve  postoperative pain
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of fixation penetrating both the mesh and tissue,
although tacks do not span the entire thickness of
the tissue (and transfascial sutures do).

Animal models have shown greater tensile
strength of transfascial suture repair, as measured
by force required for fixation pull-through, when
compared to either titanium tack or absorbable
tack repair.'”*” However, even though tacks have
inferior tensile strength, there are no significant
differences in ventral hernia recurrence rates
when comparing transfascial sutures and tack
mesh-fixation."” This perhaps stems from the fact
that, although tacks singularly are weaker than
sutures, the composite strength of multiple tacks
is similar. Tack fixation has also not been shown to
result in different rates of surgical-site infection,
seroma formation, or small bowel obstruction
when compared to transfascial sutures.”!

An important sequela of ventral hernia repair
with mesh is chronic pain, with the incidence of
chronic pain rising as high as 39 percentin patients
undergoing this procedure.” Studies have shown
that metal tacks lead to increased patient-reported
pain in the immediate postoperative period up to
6 weeks when compared to transfascial sutures;
however, there is no difference in long-term pain
between these forms of fixation.'”* To our knowl-
edge, there have not been any studies comparing
pain in groups undergoing transfascial suture fix-
ation versus absorbable tack fixation.

When comparing absorbable versus nonab-
sorbable tacks, one study found that absorbable
tacks had higher hernia recurrence rates than
nonabsorbable tacks; however, this study had short
follow-up and used earlier iterations of absorbable
tacks.” A recent meta-analysis of studies compar-
ing mesh fixation using absorbable versus tita-
nium tacks showed no difference in recurrence
rates between the groups at a mean follow-up of
30 months.” Furthermore, this study showed no
difference in secondary complication rates such
as seroma formation, hematoma, or prolonged
ileus. Regarding pain, patients in which mesh was
fixated with absorbable tacks reported decreased
early postoperative pain, up to 12 weeks earlier
than in those who underwent titanium tack fixa-
tion.” However, with longer follow-ups extend-
ing past 13 months, there was no difference in
chronic pain in patients undergoing either fixa-
tion method.*

Regarding cost-effectiveness, tack fixation has
greater material cost than transfascial suture fixa-
tion: one study showed an average material cost
for suture fixation of $32, versus $201 for tack
fixation.”” This study did not take into account the
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cost savings for operative time reductions when
using tack fixation methods. Nonabsorbable
tacks are 30 percent more costly than absorbable
tacks.”*’ However, when looking at the incremen-
tal cost-effectiveness ratios between fixation with
absorbable versus nonabsorbable tacks, nonab-
sorbable tacks are more cost-effective than absorb-
able tacks.”

Our review finds that tacks provide comparable
fixation strength and recurrence and complica-
tion rates compared to transfascial suture fixation.
There have been no differences in reported inci-
dences of chronic pain in tack versus transfascial
suture groups. Therefore, clinical outcomes are
indiscernible between transfascial suture mesh
fixation and tack fixation. We suggest taking
tradeoffs between these two methods of fixation
into account: although tack fixation is speedier, it
does come at a higher cost to the patient because
of the increased material cost and the necessity
for a tack applicator in most instances.?” Tacks are
also technically more challenging to place in open
repairs versus laparoscopic repairs, because of the
need for applicators and a correct angle of deploy-
ment to ensure sufficient approximation. Tacks are
more suitable for laparoscopic and robotic repairs
because they afford the advantage of ease of appli-
cation with an applicator and speed as compared
to the use of traditional suture.

Fibrin glue—first used for mesh fixation in
inguinal hernia repair—recently has been shown
to have good results in ventral hernia repair in
onlay and retrorectus techniques.” Fibrin glue
is made up of fibrinogen and thrombin. When
applied, it stimulates fibroblast promotion, ulti-
mately leading to the creation of a fibrotic layer.”
Creation of this fibrotic layer allows for an atrau-
matic mesh-fascial integration. For retrorectus
mesh fixation, 10 to 20 ml of fibrin is applied with
a spray applicator. [See Video (online), which
demonstrates a technique for application of fibrin
glue for mesh fixation in a retrorectus repair.] If
a transversus abdominis release is performed, a
larger amount of fibrin glue is used to secure the
mesh to the entire transversalis fascia.” In ingui-
nal hernia repair, fibrin glue shows no difference
in hernia recurrence, seroma, hematoma, or
operative time when compared to staple mesh fix-
ation,™ although postoperative pain is decreased
with the use of glue.”

In abdominal wall reconstruction, suture fixa-
tion has an increased strength of repair relative to
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fibrin glue—which requires a lower shear strength
to detach mesh from the tissue interface—within
the first 24 hours of repair.”* At 7 to 14 days, how-
ever, there is no statistically significant difference
in the force required to dissociate tissue from
mesh that has been fixated with fibrin glue or
transfascial sutures.” A prospective study demon-
strates the long-term durability of fibrin glue fixa-
tion: there were no reported hernia recurrences
with either fibrin glue or transfascial suture fixa-
tion for retrorectus mesh repairs at a 1-year follow-
up.” Furthermore, in rat models, fixation with
fibrin glue in an underlay position led to more
favorable adhesion profiles when compared to
tack fixation.”” To our knowledge, this has not
been clinically shown in humans.

When comparing secondary outcomes of
fibrin glue fixation in abdominal wall reconstruc-
tion, studies have shown similar incidences of
seroma and hematoma formation, postoperative
infections, and skin necrosis when compared to
traditional fixation techniques.” Regarding pain,
individuals undergoing abdominal wall recon-
struction with fibrin glue mesh fixation were 12
times less likely to report pain at a 6-month follow-
up as compared to those undergoing transfascial
suture fixation.”

The use of fibrin glue to fixate mesh in either
an onlay or retrorectus position has evidence with
regard to strength, durability, and incidence of
soft-tissue-related complications. Fibrin glue’s
advantage over transfascial suture and tack fixa-
tion lies in reduction of postoperative pain. If
immediate strength of a closure is warranted,
transfascial suturing provides an advantage to
fibrin glue fixation. This should be taken into
account in situations where the fascial closure is
tight despite components separation, and tension
offloading is needed. Finally, regarding cost, a
2019 study demonstrates that fibrin glue provides
a more cost-effective form of fixation than suture
fixation because of decreased operative time and
length of postoperative stay, saving patients an
average of $14,500 per operation for retromuscu-
lar hernia repairs.™

Self-adhering mesh was developed in the early
2000s to satisty the need for an easy-to-handle,
atraumatic method of mesh placement in her-
nia repair. These meshes are laid onto native
tissue without need for suture, tack, or glue fix-
ation. Meshes such as Adhesix (C.R. Bard, Inc.,
Warwick, R.I.) rely on a polyethylene glycol/

polyvinylpyrrolidone coating on the surface that
interfaces with tissue, leading to reaction forma-
tion and integration when the surface comes into
contact with moisture.”* Other self-adhering
meshes rely on mechanical processes: ProGrip
(Medtronic, Minneapolis, Minn.) self-adhering
mesh is coated with thousands of absorbable poly-
lactic acid microhooks.***! LifeMesh (LifeBond,
Caesarea, Israel) is yet another self-fixating mesh,
which uses a microbial transglutaminase and dry
porcine gelatin coating that undergoes molecular
crosslinking when contacting moisture."

In an animal study, self-adhering mesh was
found to have comparable strength to compos-
ite mesh fixated with transfascial nonabsorbable
tacks at 28 and 90 days.” ProGrip has shown a
similar strength of fixation to tissue compared to
fibrin glue, whereas LifeMesh has shown a greater
amount of force needed to dissociate mesh from
tissue when compared to ProGrip and Fibrin
glue." Further studies comparing self-adhering
mesh to fibrin glue have shown a shorter time
needed to reach full fixation strength: approxi-
mately 5 days for self-adhering mesh and 2 weeks
for fibrin-based sealants.*’

Clinically, self-adhering mesh has shown good
outcomes when compared to transfascial suture
mesh fixation. A 2016 study showed no hernia
recurrences in patients undergoing either suture
fixation or self-adhering mesh fixation at a mean
follow-up of 600 days.** In addition, a 2017 study
showed a lower rate of hematoma formation with
ProGrip when compared to polypropylene mesh
fixated by transfascial sutures.”’ Seroma formation
was also found to be low in patients undergoing
large incisional hernia repairs with self-adhering
mesh, with an incidence of 5 percent in a 2015
study.” This study also reported no recurrences of
hernias at a 2-year follow-up.*

Self-adhering mesh has favorable pain out-
comes when compared to both suture- and
tack-fixation mesh.”*** Patients undergoing
fixation with transfascial sutures were more than
three times as likely as patients undergoing self-
adhering mesh fixation to require high doses of
postoperative narcotics.”* Furthermore, those
undergoing ventral hernia repair with a transfas-
cial suture mesh fixation used twice as many mil-
ligram equivalents of morphine when compared
to those undergoing the same procedure using
ProGrip.** Therefore, patients repaired using
self-adhering mesh experienced shorter lengths
of stay, reduced immediate postoperative pain,
and higher patient satisfaction scores than those
undergoing transfascial suture fixation.*"*
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No direct comparison of cost-effectiveness of
self-gripping mesh versus other forms of fixation
has been performed. There may, however, be the-
oretical savings from shorter intraoperative times
and lengths of stay.**

Self-adhering mesh provides an easy-to-use
and quick alternative to suture, tack, and fibrin-
glue fixation. These meshes provide comparable
to increased strengths of fixation when com-
pared to tack and fibrin glue fixation (perhaps
because of the greater surface area of fixation)
and a shorter time to reach maximal strength
when compared to fibrin glue. Further studies
need to be conducted to assess the cost-effective-
ness of self-adhering mesh compared to other
forms of fixation.

MESH SUTURES

A new technique of mesh use in abdominal wall
reconstruction uses strips of mesh tied as simple
interrupted stitches for midline fascial approxima-
tion rather than sutures (Figs. 1 and 2). In a 2015
animal study, strips of polypropylene mesh exhib-
ited greater pull-through strength than 5-0 polypro-
pylene monofilament sutures in rats undergoing
ventral hernia repair.” Strips of polypropylene mesh
provide larger surface area interaction with tissue
edges and therefore distribute forces more evenly
at each site than a thinner suture. This leads to less
pressure at the leading edge of each mesh strip
placement and therefore a lower chance of mesh
strip pull-through in vivo.”” Because mesh strips are
larger than sutures, the foreign body response to the

Fig. 1. Mesh strip method for mesh fixation. (Used with permission
from Lanier ST, Dumanian GA, Jordan SW, Miller KR, Ali NA, Stock
SR. Mesh sutured repairs of abdominal wall defects. Plast Reconstr

Surg Glob Open 2016;28:€1060.)

Fig. 2. Intraoperative mesh strip technique for mesh fixation.
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material is greater, providing a strong integration
into the native tissue.”

A 2016 study showed a hernia recurrence rate
of 3.7 percent and a surgical-site infection rate of
4.6 percent during a mean follow-up period of 234
days.”" In addition, mesh strip repair of contami-
nated ventral hernias showed a recurrence rate of
only 6 percent.”

Mesh strips provide a cost-effective repair
that is stronger than suture repair and has shown
promising clinical results. There is no need for
coating mesh with bioreactive materials or seal-
ants to adhere the mesh to surrounding tissue.
Furthermore, this technique requires only sim-
ple modifications of cutting the mesh into strips
and threading the mesh strips through the tissue
using a swaged suture or a Pulvertaft weaver.”
Although they present an increased amount of
foreign body response, studies have shown no
increase in surgical-site infection when com-
pared to traditional mesh repair.”’”* The larger
knot made by the mesh strip may lead to more
awareness and pain at the site than a knot made
by monofilament suture. To our knowledge, no
study has compared chronic pain outcomes in
this form of mesh use for abdominal wall recon-
struction. From an economic standpoint, mesh
strip repair represents a similar cost to traditional
transfascial suture fixation of mesh, as typically
the same amount of planar mesh is used, just in a
different fashion.

The idea of a fixation-less placement of mesh
has been studied in inguinal hernia repair. In
inguinal hernia repairs, there is no significant dif-
ference in mesh migration in fixated versus non-
fixated mesh groups.” In ventral hernia repair,
the theory of this technique is predicated on a
wide field of tissue undermining in the retrorec-
tus plane. Once the wide dissection has been com-
plete, a large piece of synthetic mesh is placed in
this plane—offering a massive tissue mesh inter-
face and promoting strong mesh integration and
therefore repair. Although the operative tech-
nique has been described,” no studies have been
conducted that show long-term follow-up compli-
cation or recurrence rates.

We posit that this technique affords cost sav-
ings to the hospital and patient through reduced
material costs—as no materials are used to fixate
the mesh. Furthermore, as there are no trans-
fascial sutures or tacks, the patient theoretically
would experience reduced postoperative pain.
Finally, this operation for ventral hernia repair

can be performed laparoscopically, reducing the
need for a large abdominal incision.”

Research is currently being performed to
augment current techniques of mesh fixation
with stronger and easier-to-use methods of fixa-
tion with low complication rates. In tack fixation,
new permanently capped helical coils are being
tested, leading to less adhesion than their tradi-
tional counterparts.”” Fibrin glue is being modified
by adding mesenchymal stem cells, leading to a
modulated inflammatory response toward a more
regenerative—rather than inflammatory—profile,
with belief that this will allow for better healing
and less pain.”® Finally, swaged needles are being
developed for mesh strips that eliminate the need
for bulky knots, perhaps leading to less pain and
reduced foreign body response at the knot’s tis-
sue interface.” Meshes are also being created that
have variations in shape and applicative technique.
Octomesh (Insightra Medical, Inc., Clarksville,
Tenn.) is an eightlimbed mesh that uses a specially
developed passer to integrate the limbs into the
rectus muscle in an onlay or sublay technique.

Each mesh fixation type has advantages and
drawbacks. It is important for surgeons to fully
understand these aspects when performing ven-
tral hernia repairs. This allows for one to tailor
the technique to each individual patient based on
the defect complexity, patient comorbidities, and
resources available.
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915 Olentangy River Road

Columbus, Ohio 43212
jeffrey,janis@osumc.edu
Twitter: @jjanismd

1. Le Huu Nho R, Mege D, Ouaissi M, Sielezneff I, Sastre B.
Incidence and prevention of ventral incisional hernia. ] Visc
Surg. 2012;149 (Suppl):e3—el4.

2. Faylona JM. Evolution of ventral hernia repair. Asian | Endosc
Surg. 2017;10:252-258.

3. Poulose BK, Shelton J, Phillips S, et al. Epidemiology and
cost of ventral hernia repair: Making the case for hernia
research. Hernia 2012;16:179-183.

4. Janis JE. Essentials of Plastic Surgery. 2nd ed. New York:
Thieme; 2017.

5. Harrison B, Sanniec K, Janis JE. Collagenopathies:
Implications for abdominal wall reconstruction. A systematic
review. Plast Reconstr Surg Glob Open 2016;4:¢1036.

6. Azar FK, Crawford TC, Poruk KE, et al. Ventral hernia repair
in patients with abdominal loss of domain: An observational
study of one institution’s experience. Hernia 2017;21:245-2592.

489


mailto:jeffrey.janis@osumc.edu?subject=
https://doi.org/10.1016/j.jviscsurg.2012.05.004
https://doi.org/10.1016/j.jviscsurg.2012.05.004
https://doi.org/10.1016/j.jviscsurg.2012.05.004
https://doi.org/10.1111/ases.12392
https://doi.org/10.1111/ases.12392
https://doi.org/10.1007/s10029-011-0879-9
https://doi.org/10.1007/s10029-011-0879-9
https://doi.org/10.1007/s10029-011-0879-9
https://doi.org/10.1097/GOX.0000000000001036
https://doi.org/10.1097/GOX.0000000000001036
https://doi.org/10.1097/GOX.0000000000001036
https://doi.org/10.1007/s10029-017-1576-0
https://doi.org/10.1007/s10029-017-1576-0
https://doi.org/10.1007/s10029-017-1576-0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Plastic and Reconstructive Surgery ® February 2021

. Luijendijk RW, Hop WC, van den Tol MP, et al. A compari-

son of suture repair with mesh repair for incisional hernia. N
Engl | Med. 2000;343:392-398.

. Burger JW, Luijendijk RW, Hop WC, Halm JA, Verdaasdonk

EG, Jeekel J. Long-term follow-up of a randomized con-
trolled trial of suture versus mesh repair of incisional hernia.
Ann Surg. 2004;240:578-583; discussion 583-585.

. Hoer J, Fischer L, Schachtrupp A. Laparotomy closure and

incisional hernia prevention: What are the surgical require-
ments? (in German). Zentralbl Chir. 2011;136:42-49.

Mathes T, Walgenbach M, Siegel R. Suture versus mesh
repair in primary and incisional ventral hernias: A systematic
review and meta-analysis. World | Surg. 2016;40:826-835.
Nguyen MT, Berger RL, Hicks SC, et al. Comparison of out-
comes of synthetic mesh vs suture repair of elective primary
ventral herniorrhaphy: A systematic review and meta-analy-
sis. JAMA Surg. 2014;149:415-421.

Lak KL, Goldblatt MI. Mesh selection in abdominal wall recon-
struction. Plast Reconstr Surg. 2018;142 (Suppl):99S-106S.
Sosin M, Nahabedian MY, Bhanot P. The perfect plane: A sys-
tematic review of mesh location and outcomes. Update 2018.
Plast Reconstr Surg. 2018;142 (Suppl):107S-116S.

Shahan CP, Stoikes NN, Roan E, Tatum J, Webb DL, Voeller
GR. Shortterm strength of non-penetrating mesh fixation:
LifeMesh, Tisseel, and ProGrip. SurgEndosc. 2017;31:1350-1353.
Khansa I, Janis JE. Complex open abdominal wall recon-
struction: Management of the skin and subcutaneous tissue.
Plast Reconstr Surg. 2018;142:1255-1328S.

Janis JE, Khansa 1. Evidence-based abdominal wall recon-
struction: The maxi-mini approach. Plast Reconstr Surg.
2015;136:1312-1323.

Roy S, Hammond J, Panish ], Shnoda P, Savidge S, Wilson
M. Time savings and surgery task load reduction in
open intraperitoneal onlay mesh fixation procedure.
ScientificWorldJournal 2015;2015:340246.

Chatzimavroudis G, Kalaitzis S, Voloudakis N, et al. Evaluation
of four mesh fixation methods in an experimental model of
ventral hernia repair. J Surg Res. 2017;212:253-259.

Brill JB, Turner PL. Long-term outcomes with transfascial
sutures versus tacks in laparoscopic ventral hernia repair: A
review. Am Surg. 2011;77:458-465.

Joels CS, Matthews BD, Kercher KW, et al. Evaluation of
adhesion formation, mesh fixation strength, and hydroxy-
proline content after intraabdominal placement of polytet-
rafluoroethylene mesh secured using titanium spiral tacks,
nitinol anchors, and polypropylene suture or polyglactin 910
suture. Surg Endosc. 2005;19:780-785.

Kitamura RK, Choi J, Lynn E, Divino CM. Suture versus tack
fixation of mesh in laparoscopic umbilical hernia repair.
JSLS 2013;17:560-564.

Cox TC, Huntington CR, Blair L], et al. Predictive model-
ing for chronic pain after ventral hernia repair. Am J Surg.
2016;212:501-510.

Beldi G, Wagner M, Bruegger LE, Kurmann A, Candinas
D. Mesh shrinkage and pain in laparoscopic ventral hernia
repair: A randomized clinical trial comparing suture versus
tack mesh fixation. Surg Endosc. 2011;25:749-755.
Christoffersen MW, Brandt E, Helgstrand F, et al. Recurrence
rate after absorbable tack fixation of mesh in laparoscopic
incisional hernia repair. Br | Surg. 2015;102:541-547.

Khan RMA, Bughio M, Ali B, Hajibandeh S, Hajibandeh S.
Absorbable versus non-absorbable tacks for mesh fixation in
laparoscopic ventral hernia repair: A systematic review and
meta-analysis. Int [ Surg. 2018;53:184-192.

Stirler VMA, Nallayici EG, de Haas R], Raymakers JTF], Rakic
S. Postoperative pain after laparoscopic repair of primary

490

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

umbilical hernia: Titanium tacks versus absorbable tacks. A
prospective comparative cohort analysis of 80 patients with
a long-term follow-up. Surg Laparosc Endosc Percutan Tech.
2017;27:424-427.

Langenbach MR, Enz D. Mesh fixation in open IPOM proce-
dure with tackers or sutures? A randomized clinical trial with
preliminary results. Hernia 2020;24:79-84.

Colak E, Ozlem N, Kucuk GO, Aktimur R, Kesmer S, Yildirim
K. Prospective randomized trial of mesh fixation with absorb-
able versus nonabsorbable tacker in laparoscopic ventral inci-
sional hernia repair. Int | Clin Exp Med. 2015;8:21611-21616.
Bansal VK, Asuri K, Panaiyadiyan S, et al. Comparison of
absorbable versus nonabsorbable tackers in terms of long-
term outcomes, chronic pain, and quality of life after lapa-
roscopic incisional hernia repair: A randomized study. Surg
Laparosc Endosc Percutan Tech. 2016;26:476—483.

Kingsnorth AN, Shahid MK, Valliattu A], Hadden RA, Porter
CS. Open onlay mesh repair for major abdominal wall her-
nias with selective use of components separation and fibrin
sealant. World | Surg. 2008;32:26-30.

Moazzez A, Dubina ED. A novel approach to mesh fixation
in retrorectus ventral hernia repair using fibrin sealant. J Am
Coll Surg. 2017;225:e1-e4.

Shi Z, Fan X, Zhai S, Zhong X, Huang D. Fibrin glue ver-
sus staple for mesh fixation in laparoscopic transabdominal
preperitoneal repair of inguinal hernia: A meta-analysis and
systematic review. Surg Endosc. 2017;31:527-537.

Choi BJ, Jeong WJ, Lee SC. Fibrin glue versus staple mesh
fixation in single-port laparoscopic totally extraperitoneal
inguinal hernia repair: A propensity score-matched analysis.
Int J Surg. 2018;53:32-37.

Stoikes N, Sharpe J, Tasneem H, et al. Biomechanical evalua-
tion of fixation properties of fibrin glue for ventral incisional
hernia repair. Hernia 2015;19:161-166.

Shahan CP, Stoikes NF, Webb DL, Voeller GR. Sutureless
onlay hernia repair: A review of 97 patients. Surg Endosc.
2016;30:3256-3261.

Weltz AS, Sibia US, Zahiri HR, Schoeneborn A, Park A,
Belyansky I. Operative outcomes after open abdominal wall
reconstruction with retromuscular mesh fixation using fibrin
glue versus transfascial sutures. Am Surg. 2017;83:937-942.
Schreinemacher MH, van Barneveld KW, Peeters E,
et al. Adhesions to sutures, tackers, and glue for intra-
peritoneal mesh fixation: An experimental study. Hernia
2014;18:865-872.

Rhemtulla IA, Tecce MG, Broach RB, Messa CA IV, Mauch
JT, Fischer JP. Retromuscular mesh repair using fibrin glue:
Early outcomes and cost-effectiveness of an evolving tech-
nique. Plast Reconstr Surg Glob Open 2019;7:¢2184.
Champault G, Polliand C, Dufour F, Ziol M, Behr L. A “self
adhering” prosthesis for hernia repair: Experimental study.
Hernia 2009;13:49-52.

Gruber-Blum S, Riepl N, Brand J, et al. A comparison of
Progrip and Adhesix self-adhering hernia meshes in an
onlay model in the rat. Hernia 2014;18:761-769.
Bueno-Lledo6 J, Torregrosa A, Arguelles B, et al. Progrip self-
gripping mesh in Rives-Stoppa repair: Are there any differ-
ences in outcomes versus a retromuscular polypropylene
mesh fixed with sutures? A “case series” study. Int | Surg Case
Rep. 2017;34:60-64.

Yehuda AB, Nyska A, Szold A. Mesh fixation using novel bio-
adhesive coating compared to tack fixation for IPOM hernia
repair: In vivo evaluation in a porcine model. Surg Endosc.
2019;33:2364-2375.

Hollinsky C, Kolbe T, Walter I, et al. Comparison of a
new self-gripping mesh with other fixation methods for


https://doi.org/10.1056/NEJM200008103430603
https://doi.org/10.1056/NEJM200008103430603
https://doi.org/10.1056/NEJM200008103430603
https://doi.org/10.1097/01.sla.0000141193.08524.e7
https://doi.org/10.1097/01.sla.0000141193.08524.e7
https://doi.org/10.1097/01.sla.0000141193.08524.e7
https://doi.org/10.1097/01.sla.0000141193.08524.e7
https://doi.org/10.1055/s-0030-1262682
https://doi.org/10.1055/s-0030-1262682
https://doi.org/10.1055/s-0030-1262682
https://doi.org/10.1007/s00268-015-3311-2
https://doi.org/10.1007/s00268-015-3311-2
https://doi.org/10.1007/s00268-015-3311-2
https://doi.org/10.1001/jamasurg.2013.5014
https://doi.org/10.1001/jamasurg.2013.5014
https://doi.org/10.1001/jamasurg.2013.5014
https://doi.org/10.1001/jamasurg.2013.5014
https://doi.org/10.1097/PRS.0000000000004862
https://doi.org/10.1097/PRS.0000000000004862
https://doi.org/10.1097/PRS.0000000000004864
https://doi.org/10.1097/PRS.0000000000004864
https://doi.org/10.1097/PRS.0000000000004864
https://doi.org/10.1007/s00464-016-5119-z
https://doi.org/10.1007/s00464-016-5119-z
https://doi.org/10.1007/s00464-016-5119-z
https://doi.org/10.1097/PRS.0000000000001831
https://doi.org/10.1097/PRS.0000000000001831
https://doi.org/10.1097/PRS.0000000000001831
https://doi.org/10.1155/2015/340246
https://doi.org/10.1155/2015/340246
https://doi.org/10.1155/2015/340246
https://doi.org/10.1155/2015/340246
https://doi.org/10.1016/j.jss.2017.01.013
https://doi.org/10.1016/j.jss.2017.01.013
https://doi.org/10.1016/j.jss.2017.01.013
https://doi.org/10.1007/s00464-004-8927-5
https://doi.org/10.1007/s00464-004-8927-5
https://doi.org/10.1007/s00464-004-8927-5
https://doi.org/10.1007/s00464-004-8927-5
https://doi.org/10.1007/s00464-004-8927-5
https://doi.org/10.1007/s00464-004-8927-5
https://doi.org/10.4293/108680813X13693422520044
https://doi.org/10.4293/108680813X13693422520044
https://doi.org/10.4293/108680813X13693422520044
https://doi.org/10.1016/j.amjsurg.2016.02.021
https://doi.org/10.1016/j.amjsurg.2016.02.021
https://doi.org/10.1016/j.amjsurg.2016.02.021
https://doi.org/10.1007/s00464-010-1246-0
https://doi.org/10.1007/s00464-010-1246-0
https://doi.org/10.1007/s00464-010-1246-0
https://doi.org/10.1007/s00464-010-1246-0
https://doi.org/10.1002/bjs.9750
https://doi.org/10.1002/bjs.9750
https://doi.org/10.1002/bjs.9750
https://doi.org/10.1016/j.ijsu.2018.03.042
https://doi.org/10.1016/j.ijsu.2018.03.042
https://doi.org/10.1016/j.ijsu.2018.03.042
https://doi.org/10.1016/j.ijsu.2018.03.042
https://doi.org/10.1097/SLE.0000000000000467
https://doi.org/10.1097/SLE.0000000000000467
https://doi.org/10.1097/SLE.0000000000000467
https://doi.org/10.1097/SLE.0000000000000467
https://doi.org/10.1097/SLE.0000000000000467
https://doi.org/10.1097/SLE.0000000000000467
https://doi.org/10.1007/s10029-019-01991-z
https://doi.org/10.1007/s10029-019-01991-z
https://doi.org/10.1007/s10029-019-01991-z
https://doi.org/10.1097/SLE.0000000000000347
https://doi.org/10.1097/SLE.0000000000000347
https://doi.org/10.1097/SLE.0000000000000347
https://doi.org/10.1097/SLE.0000000000000347
https://doi.org/10.1097/SLE.0000000000000347
https://doi.org/10.1007/s00268-007-9287-9
https://doi.org/10.1007/s00268-007-9287-9
https://doi.org/10.1007/s00268-007-9287-9
https://doi.org/10.1007/s00268-007-9287-9
https://doi.org/10.1016/j.jamcollsurg.2017.05.015
https://doi.org/10.1016/j.jamcollsurg.2017.05.015
https://doi.org/10.1016/j.jamcollsurg.2017.05.015
https://doi.org/10.1007/s00464-016-5039-y
https://doi.org/10.1007/s00464-016-5039-y
https://doi.org/10.1007/s00464-016-5039-y
https://doi.org/10.1007/s00464-016-5039-y
https://doi.org/10.1016/j.ijsu.2018.01.029
https://doi.org/10.1016/j.ijsu.2018.01.029
https://doi.org/10.1016/j.ijsu.2018.01.029
https://doi.org/10.1016/j.ijsu.2018.01.029
https://doi.org/10.1007/s10029-013-1163-y
https://doi.org/10.1007/s10029-013-1163-y
https://doi.org/10.1007/s10029-013-1163-y
https://doi.org/10.1007/s00464-015-4647-2
https://doi.org/10.1007/s00464-015-4647-2
https://doi.org/10.1007/s00464-015-4647-2
https://doi.org/10.1007/s10029-013-1192-6
https://doi.org/10.1007/s10029-013-1192-6
https://doi.org/10.1007/s10029-013-1192-6
https://doi.org/10.1007/s10029-013-1192-6
https://doi.org/10.1097/GOX.0000000000002184
https://doi.org/10.1097/GOX.0000000000002184
https://doi.org/10.1097/GOX.0000000000002184
https://doi.org/10.1097/GOX.0000000000002184
https://doi.org/10.1007/s10029-008-0419-4
https://doi.org/10.1007/s10029-008-0419-4
https://doi.org/10.1007/s10029-008-0419-4
https://doi.org/10.1007/s10029-014-1258-0
https://doi.org/10.1007/s10029-014-1258-0
https://doi.org/10.1007/s10029-014-1258-0
https://doi.org/10.1016/j.ijscr.2017.03.012
https://doi.org/10.1016/j.ijscr.2017.03.012
https://doi.org/10.1016/j.ijscr.2017.03.012
https://doi.org/10.1016/j.ijscr.2017.03.012
https://doi.org/10.1016/j.ijscr.2017.03.012
https://doi.org/10.1007/s00464-019-06806-x
https://doi.org/10.1007/s00464-019-06806-x
https://doi.org/10.1007/s00464-019-06806-x
https://doi.org/10.1007/s00464-019-06806-x
https://doi.org/10.1016/j.jamcollsurg.2009.01.046
https://doi.org/10.1016/j.jamcollsurg.2009.01.046

Volume 147, Number 2 ® Abdominal Wall Mesh Fixation

44.

45.

46.

47.

48.

49.

50.

51.

52.

laparoscopic hernia repair in a rat model. J Am Coll Surg.
2009;208:1107-1114.

Khansa I, Janis JE. Abdominal wall reconstruction using ret-
rorectus self-adhering mesh: A novel approach. Plast Reconstr
Surg Glob Open 2016;4:¢1145.

Hopson SB, Miller LE. Open ventral hernia repair using
ProGrip self-gripping mesh. Int J Surg. 2015;23:137-140.
Davila DG, Helm MC, Pourladian IS, et al. Improved immediate
postoperative pain following laparoscopic inguinal herniorrha-
phy using self-adhering mesh. Surg Endosc. 2018;32:1160-1164.
Khansa I, Koogler A, Richards J, Bryant R, Janis JE. Pain
management in abdominal wall reconstruction. Plast Reconstr
Surg Glob Open 2017;5:¢1400.

Khansa I, Jefferson R, Khansa L, Janis JE. Optimal pain con-
trol in abdominal wall reconstruction. Plast Reconstr Surg.
2018;142(Suppl):1425-148S.

Souza JM, Dumanian ZP, Gurjala AN, Dumanian GA. In vivo
evaluation of a novel mesh suture design for abdominal wall
closure. Plast Reconstr Surg. 2015;135:322e-330e.

Dumanian GA, Tulaimat A, Dumanian ZP. Experimental
study of the characteristics of a novel mesh suture. Br ] Surg.
2015;102:1285-1292.

Lanier ST, Dumanian GA, Jordan SW, Miller KR, Ali NA,
Stock SR. Mesh sutured repairs of abdominal wall defects.
Plast Reconstr Surg Glob Open 2016;4:¢1060.

Dumanian GA, Lanier ST, Souza JM, et al. Mesh sutured
repairs of contaminated incisional hernias. Am ] Surg.
2018;216:267-273.

53. Janis, ].E. Pearls of wisdom: Little things that make a big dif-

54.

55.

56.

57.

58.

59.

ference in AWR. Paper presented at: 10th Annual Abdominal
Wall Reconstruction (AWR) Symposium; June 7-9, 2018;
Washington, DC.

Claus CM, Rocha GM, Campos AC, et al. Prospective, ran-
domized and controlled study of mesh displacement after
laparoscopic inguinal repair: Fixation versus no fixation of
mesh. Surg Endosc. 2016;30:1134-1140.

Novitsky YW. Transversus abdominis release: Who, to whom,
and when should this technique be applied? (Abdominal Wall
Hernia Session). Paper presented at: Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES); March
22-25, 2017; Houston, Texas.

Li B, Qin C, Bittner R. Totally endoscopic sublay (TES)
repair for midline ventral hernia: Surgical technique and
preliminary results. Surg Endosc. 2020;34:1543-1550.
Majumder A, Fayezizadeh M, Hope WW, Novitsky YW.
Evaluation of a novel permanent capped helical coil fastener
in a porcine model of laparoscopic ventral hernia repair.
Surg Endosc. 2016;30:5266-5274.

Blazquez R, Sanchez-Margallo FM, Alvarez V, Uséon A,
Marinaro F, Casado JG. Fibrin glue mesh fixation combined
with mesenchymal stem cells or exosomes modulates the
inflammatory reaction in a murine model of incisional her-
nia. Acta Biomater. 2018;71:318-329.

Green JL, Ruppert D, Glisson R, Ibrahim M, Gall K, Levinson
H. Application of a novel suture anchor to abdominal wall
closure. Am [ Surg. 2019;218:1-6.

491


https://doi.org/10.1016/j.jamcollsurg.2009.01.046
https://doi.org/10.1016/j.jamcollsurg.2009.01.046
https://doi.org/10.1097/GOX.0000000000001145
https://doi.org/10.1097/GOX.0000000000001145
https://doi.org/10.1097/GOX.0000000000001145
https://doi.org/10.1016/j.ijsu.2015.09.069
https://doi.org/10.1016/j.ijsu.2015.09.069
https://doi.org/10.1007/s00464-017-5787-3
https://doi.org/10.1007/s00464-017-5787-3
https://doi.org/10.1007/s00464-017-5787-3
https://doi.org/10.1097/GOX.0000000000001400
https://doi.org/10.1097/GOX.0000000000001400
https://doi.org/10.1097/GOX.0000000000001400
https://doi.org/10.1097/PRS.0000000000004870
https://doi.org/10.1097/PRS.0000000000004870
https://doi.org/10.1097/PRS.0000000000004870
https://doi.org/10.1097/PRS.0000000000000910
https://doi.org/10.1097/PRS.0000000000000910
https://doi.org/10.1097/PRS.0000000000000910
https://doi.org/10.1002/bjs.9853
https://doi.org/10.1002/bjs.9853
https://doi.org/10.1002/bjs.9853
https://doi.org/10.1097/GOX.0000000000001060
https://doi.org/10.1097/GOX.0000000000001060
https://doi.org/10.1097/GOX.0000000000001060
https://doi.org/10.1016/j.amjsurg.2017.10.025
https://doi.org/10.1016/j.amjsurg.2017.10.025
https://doi.org/10.1016/j.amjsurg.2017.10.025
https://doi.org/10.1007/s00464-015-4314-7
https://doi.org/10.1007/s00464-015-4314-7
https://doi.org/10.1007/s00464-015-4314-7
https://doi.org/10.1007/s00464-015-4314-7
https://doi.org/10.1007/s00464-018-6568-3
https://doi.org/10.1007/s00464-018-6568-3
https://doi.org/10.1007/s00464-018-6568-3
https://doi.org/10.1007/s00464-016-4874-1
https://doi.org/10.1007/s00464-016-4874-1
https://doi.org/10.1007/s00464-016-4874-1
https://doi.org/10.1007/s00464-016-4874-1
https://doi.org/10.1016/j.actbio.2018.02.014
https://doi.org/10.1016/j.actbio.2018.02.014
https://doi.org/10.1016/j.actbio.2018.02.014
https://doi.org/10.1016/j.actbio.2018.02.014
https://doi.org/10.1016/j.actbio.2018.02.014
https://doi.org/10.1016/j.amjsurg.2019.04.016
https://doi.org/10.1016/j.amjsurg.2019.04.016
https://doi.org/10.1016/j.amjsurg.2019.04.016

