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Abstract

Background The objective of this review was to provide

an overview of the components that comprise each of the

eight barrier mesh prostheses commonly utilized for LVHR

and to review the current literature related to the charac-

teristics and effectiveness of these materials to guide the

general surgeon in selecting the most appropriate material

for LVHR.

Methods Composite prostheses with permanent barriers

(BardTM ComposixTM E/X, BardTM ComposixTM L/P, and

DUALMESH� Biomaterial) were compared to composite

prostheses with absorbable barriers (C-QURTM Mesh,

PROCEEDTM Surgical Mesh, BardTM SeprameshTM IP

Composite, ParietexTM Composite, and PHYSIOMESHTM)

using scanning electron microscopy and a review of the

current preclinical and clinical literature.

Results Clinical studies and preclinical animal models

have attempted to determine the adhesion characteristics

and effectiveness of barrier mesh prostheses available for

ventral hernia repair applications. However, it is difficult to

make any definitive statements about the adhesion char-

acteristics and effectiveness of these materials because all

meshes were not included in all studies and likewise not

compared under identical conditions. Overall, ParietexTM

Composite and DUALMESH� Biomaterial were cited

most frequently for improvement of adhesion characteris-

tics, followed closely by BardTM SeprameshTM IP Com-

posite and C-QURTM Mesh. BardTM ComposixTM,

PROCEEDTM Surgical Mesh, and uncoated polypropylene

were cited most frequently as having the most tenacious

and extensive adhesions.

Conclusions Differences observed between the various

barrier prostheses are likely attributable to the chemical

composition of the barrier or the conditions required for

resorption and metabolism of the barrier components. It is

likely that the components of these barriers incite a wide

range of inflammatory responses resulting in the range of

adhesion coverage and tenacity observed in the preclinical

and clinical studies reviewed. Clinical trials are needed to

more appropriately define the clinical effectiveness of these

barriers.

Keywords Absorbable barrier � Adhesions �
Laparoscopy � Mesh � Permanent barrier � Ventral hernia

During the past 50 years, hernia repair techniques have

evolved from primary suture repair to the use of synthetic

mesh products to accomplish a ‘‘tension-free’’ repair to

minimally invasive laparoscopic techniques. Burger et al.

have shown that the use of mesh to repair incisional hernias

reduces recurrence rates from 63% to 32% at 10 years

follow-up [1]. Laparoscopic techniques have further

improved the field of hernia repair by not only reducing

recurrence rates but also reducing complications and length

of hospital stay compared with open techniques [2, 3]. One

drawback of laparoscopic hernia repair (LVHR), however,

is the placement of prosthetic mesh materials inside the

abdomen. These mesh materials are in direct contact with

the abdominal viscera and can form adhesions leading to
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pain, fistula formation, bowel obstruction, or adhesiolysis-

related complications, such as enterotomy and unplanned

bowel resection during subsequent surgical procedures

[4–6].

In a recent study, Halm et al. evaluated patients with

prior placement of mesh in the intraperitoneal or preperi-

toneal position and found that intraperitoneal mesh place-

ment was associated with significantly greater adhesions

(62% vs. 26%), resulting in difficult adhesiolysis and sig-

nificantly greater perioperative complications (76% vs.

29%), small-bowel resections (21% vs. 0%), and surgical

site infections (26% vs. 4%) [6]. The majority of the

meshes (93%) were uncoated polypropylene without an

adhesion barrier, which allowed the formation of dense

adhesions and contributed to considerable complications

during subsequent abdominal surgeries.

Furthermore, Gray et al. have shown that the incidence

of enterotomy or unplanned bowel resection is almost four

times higher in patients with previous intraperitoneal mesh

repair compared with those repaired previously without

mesh [5]. These complications were associated with

increased operative time, length of hospital stay, risk of

postoperative complications, and development of entero-

cutaneous fistula. Again, the types of meshes utilized in

these cases were not fully identified, but the majority were

uncoated polypropylene without an adhesion barrier. Thus,

it is likely that dense adhesions and difficult adhesiolysis

ultimately resulted in enterotomy or unplanned bowel

resection.

Prosthetic mesh materials have evolved since Usher first

introduced uncoated polypropylene mesh in the late 1950s

[7]. The hernia mesh industry now includes a wide variety

of products, including permanent synthetic polymer mate-

rials, biological tissue-based materials, composite pros-

theses, and absorbable synthetic polymer materials.

Composite prostheses represent the ideal design for LVHR

applications, because these materials are comprised of a

permanent synthetic mesh material on the parietal side and

an adhesion barrier layer on the visceral side. The mesh

side is intended to promote tissue ingrowth and anchor the

prosthesis to the abdominal wall, whereas the barrier layer

prevents adhesion of the abdominal viscera to the under-

lying mesh. The barrier layer also minimizes spontaneous

difficulties, such as bowel obstruction, erosion, and fistula

formation, and potentially reduces complications related to

enterotomy or unplanned bowel resection associated with

difficult adhesiolysis during subsequent abdominal

surgeries.

A variety of composite barrier prostheses have been

developed and can be divided into two basic categories:

those with permanent barrier layers, and those with

absorbable (temporary) barrier layers or coatings. Pros-

theses, such as BardTM ComposixTM E/X (C.R. Bard/

Davol, Inc., Warwick, RI) BardTM ComposixTM L/P

(C.R. Bard/Davol, Inc., Warwick, RI), and DUAL-

MESH� Biomaterial (W.L. Gore & Associates, Inc.,

Flagstaff, AZ) are examples of composite prostheses with

permanent barrier layers, whereas C-QURTM Mesh

(Atrium Medical Corp., Hudson, NH), PROCEEDTM

Surgical Mesh (Ethicon, Inc., Somerville, NJ), BardTM

SeprameshTM IP Composite (C.R. Bard/Davol, Inc.,

Warwick, RI), ParietexTM Composite (Covidien, Mans-

field, MA), and PHYSIOMESHTM (Ethicon, Inc., Som-

erville, NJ) are examples of prostheses with absorbable

barrier layers/coatings. These absorbable barriers are

typically degraded by the body over the course of

30 days with some components lasting up to 240 days

[8–11]. After the barrier layer is fully resorbed, the

permanent, synthetic mesh material is left behind for the

long-term hernia repair. The injured peritoneum forms a

new mesothelial layer as quickly as 5–7 days after sur-

gery, so the first postoperative week is the critical period

for preventing adhesions to the prosthetic mesh [12].

However, some recent studies have shown increased

adhesion formation between 7 and 30 days, likely due to

increased inflammation while the barrier layers are being

degraded and resorbed [13].

Due to the variety of prosthetic mesh materials now

available, the general surgeon is faced with the difficult

decision of determining which material is most appropriate

for a particular hernia repair application. The objectives of

this review are to provide an overview of the components

comprising each of the eight barrier mesh prostheses

commonly utilized for LVHR, as well as to review the

current literature relevant to the characteristics and effec-

tiveness of these materials.

Materials and methods

Materials evaluated

Permanent barriers

BardTM ComposixTM E/X (C.R. Bard/Davol, Inc.,

Warwick, RI)

BardTM ComposixTM L/P (C.R. Bard/Davol, Inc.)

DUALMESH� Biomaterial (W.L. Gore & Associates,

Inc. Flagstaff, AZ)

Absorbable barriers

C-QURTM Mesh (Atrium Medical Corp., Hudson, NH)

PROCEEDTM Surgical Mesh (Ethicon, Inc., Somerville,

NJ)
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BardTM SeprameshTM IP Composite (C.R. Bard/Davol,

Inc.)

ParietexTM Composite (Covidien, Mansfield, MA)

PHYSIOMESHTM (Ethicon, Inc.)

Scanning electron micrographs

Samples of each mesh were prepared for scanning electron

microscopy (SEM) by mounting 0.5- 9 0.5-mm specimens

on SEM stubs using double-sided Scotch tape and silver

paint. The samples were sputter coated with approximately

100 Å of Au/Pd alloy using a Technics Hummer V Sputter

Coater (San Jose, CA). A LEO 435VP SEM (LEO Electron

Microscopy Ltd, Cambridge, England) was then utilized at

20 kV and approximately 8.0 9 10-6 torr to capture ima-

ges at 960, 9200, and 93000 magnifications.

Results

Table 1 provides an overview of the components of each of

the composite mesh prostheses, including the expected

resorption time of each component, and Fig. 1 depicts

scanning electron micrographs taken of the cross-section of

each of the prostheses at 960 and 9200 magnifications.

Permanent barrier prostheses

BardTM ComposixTM E/X & BardTM ComposixTM L/P

BardTM ComposixTM E/X (Fig. 1A and B) and BardTM

ComposixTM L/P (Fig. 1C and D) are both comprised of a

permanent synthetic mesh layer (polypropylene, PP)

combined with a permanent barrier layer (expanded poly-

tetrafluoroethylene, ePTFE). The two layers are attached to

each other via concentric rings of monofilament polytet-

rafluoroethylene stitches, which allow the prostheses to be

trimmed to fit a variety of defect sizes without permitting

the layers to delaminate [14, 15]. The difference between

BardTM ComposixTM E/X and BardTM ComposixTM L/P is

the density of the polypropylene mesh layer. BardTM Mesh

(density: 102.5 ± 1.7 g/m2) [14, 16] is utilized in the

BardTM ComposixTM E/X meshes, and BardTM Soft Mesh

(density: 40.7 ± 0.7 g/m2) [15, 16] is utilized in the

BardTM ComposixTM L/P meshes, allowing the surgeon to

choose the most appropriate density for a particular repair.

DUALMESH� biomaterial and DUALMESH� PLUS

biomaterial

DUALMESH� Biomaterial is comprised of a permanent

dual-sided expanded polytetrafluoroethylene (ePTFE)

Table 1 Description of the components of the permanent and absorbable barrier mesh materials commonly utilized for hernia repair applications

Product Mesh layer Adhesion barrier layer/coating

Components Degradation Components Degradation

BardTM ComposixTM E/X

Davol, Inc., Warwick, RI

Polypropylene (PP) Not

biodegradable

Expanded polytetrafluoroethylene

(ePTFE)

Not

biodegradable

BardTM ComposixTM L/P

Davol Inc., Warwick, RI

Polypropylene (PP) Not

biodegradable

Expanded polytetrafluoroethylene

(ePTFE)

Not

biodegradable

DUALMESH� Biomaterial

W.L. Gore & Assoc Inc.,

Flagstaff, AZ

Expanded

polytetrafluoroethylene

(ePTFE)

Not

biodegradable

Smooth side of ePTFE Not

biodegradable

BardTM SeprameshTM IP

Composite Davol Inc.,

Warwick, RI

Polypropylene (PP) co-knitted

with polyglycolic acid fibers

(PGA)

Not

biodegradable

50–80 days

Hydrogel layer comprised of:

Sodium hyaluronate (HA) 30 days

Carboxymethylcellulose (CMC) 30 days

Polyethylene glycol (PEG) 30 days

C-QURTM Atrium Medical

Corp., Hudson, NH

Polypropylene (PP) Not

biodegradable

Omega-3 fatty acid gel coating derived

from fatty acids, lipids, and

glycerides (03FA)

90–120 days

ParietexTM Composite

Covidien, Mansfield, MA

Polyethylene terephthalate

(PET)-3 dimensional,

multifilament structure

Not

biodegradable

Type I collagen, polyethylene glycol,

and glycerol layer (COL)

30 days

PROCEEDTM Ethicon, Inc.,

Somerville, NJ

Polypropylene (PP)

encapsulated by

polydioxanone (PDS)

Not

biodegradable

Oxidized regenerated cellulose (ORC) 28 days

180 days

PHYSIOMESHTM Ethicon,

Inc., Somerville, NJ

Polypropylene (PP)

encapsulated by

polydioxanone (PDS)

Not

biodegradable

Polyglecaprone-25 (Monocryl) layer

on both sides of the PP mesh

240 days

180 days
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Fig. 1 Scanning electron

micrographs. A Composix E/X,

960; B Composix E/X, 9200;

C Composix L/P, 960;

D Composix L/P, 9200;

E DualMesh, 960;

F DualMesh, 9200;

G Sepramesh, 960;

H Sepramesh, 9200; I C-QUR,

960; J C-QUR, 9200;

K Parietex Composite, 960;

L Parietex Composite, 9200;

M Proceed, 960; N Proceed,

9200; O Physiomesh, 960;

P Physiomesh, 9200
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material (Fig. 1E and F). One side is textured with pore

sizes conducive to tissue ingrowth, whereas the other side

has a smooth texture and a closed structure to prevent

adhesions [17]. A further enhancement of DUALMESH�

Biomaterial is the DUALMESH� PLUS Biomaterial,

which is impregnated with silver carbonate and chlorhex-

idine diacetate and has been shown to inhibit microbial

colonization, such as E. coli, S. aureus, P. aeruginosa, K.

pneumoniae, S. epidermidis, and C. albicans using in vitro

models [18, 19].

Absorbable barrier prostheses

BardTM SeprameshTM IP Composite

BardTM SeprameshTM IP Composite is comprised of a

permanent synthetic mesh (polypropylene, PP) co-knitted

with absorbable polyglycolic acid fibers (PGA). An

absorbable hydrogel layer comprised of sodium hyaluronate

(HA), carboxymethylcellulose (CMC), and polyethylene

glycol (PEG) is coated on the PGA side of the co-knitted

mesh to form an absorbable adhesion barrier layer (Fig 1G

and H) [9]. The PGA fibers are utilized to improve binding

of the hydrogel layer to the polypropylene mesh layer. The

PGA is hydrolytically degraded during a period of

approximately 50–80 days into glycolic acid, which is

absorbed and metabolized by the body [9, 20]. The HA/

CMC/PEG hydrogel barrier layer is absorbed within

approximately 30 days. HA is a linear polysaccharide

comprised of D-glucuronic acid and N-acetyl-D-glucosa-

mine [21]. HA molecules can enter the lymphatic system

and be broken down into both high and low molecular

weight byproducts, which enter the bloodstream and are

metabolized by the liver [21]. CMC is a derivative of cel-

lulose, which is enzymatically hydrolyzed, metabolized by

macrophages, and finally excreted [22]. The plasticizer,

PEG, is absorbed by the lymphatic system, circulated in the

blood, and finally cleared through the kidneys [23].

Fig. 1 continued
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C-QURTM Mesh

C-QURTM Mesh is comprised of a permanent synthetic

mesh layer (polypropylene: ProLiteTM) with an absorbable

gel coating comprised of omega-3 fatty acids, lipids, and

glycerides derived from fish oil (Figs. 1I and J) [24, 25].

This gel material is coated onto the individual polypro-

pylene mesh monofilaments and undergoes a gentle, ther-

mal crosslinking process to form the protective semi-solid

gel coating [26]. This coating is absorbed in vivo during a

period of approximately 90-120 days via hydrolysis by

body fluids and lipase enzymes [26]. Once the crosslinked

bonds of the gel are cleaved, the coating is converted into

naturally occurring fatty acids, glycerides, and fatty alco-

hols, which are absorbed and then consumed via normal

lipid metabolism [26]. It is believed that this omega-3 fatty

acid coating possesses antimicrobial [27, 28] and anti-

inflammatory properties [29, 30].

ParietexTM Composite

ParietexTM Composite is comprised of a permanent syn-

thetic mesh layer of multifilamented polyester (polyethylene

terephthalate, PET). An absorbable coating comprised of

porcine collagen, polyethylene glycol, and glycerol is then

coated onto the mesh to provide an absorbable adhesion

barrier layer (Fig. 1K and L) [31]. The collagen film is

created using type I porcine atelocollagen (a partially

digested collagen typically produced by removal of the

antigenic telopeptides using a protease such as pepsin) with

a nonreactive additive, such as polyethylene glycol or

glycerol [32, 33]. This collagen film is expected to degrade

via neutrophil collagenase (MMP-8) activity [34] within

approximately 30 days, leaving behind the polyester mesh

as the permanent hernia repair material. The glycerol com-

ponent of the film is readily absorbed by the cells in vivo and

enzymatically converted into glycerol-3-phosphate for cel-

lular energy production [35]. Polyethylene glycol is expec-

ted to be absorbed by the lymphatic system, circulated in the

blood, and finally cleared through the kidneys [23].

PROCEEDTM Surgical Mesh

PROCEEDTM Surgical Mesh is comprised of a permanent

synthetic mesh layer (polypropylene: PROLENETM Soft

Mesh) encapsulated by an absorbable film (polydioxanone,

PDS), which is utilized to bind the permanent mesh layer to

the absorbable adhesion barrier layer comprised of oxidized

regenerated cellulose (ORC) fabric (Fig. 1M and N) [8].

The polydioxanone (PDS) film is a polyester material

that was originally developed for use as an absorbable

suture material. PDS is created by ring-opening polymer-

ization of p-dioxanone along with heat and the addition of a

catalyst [36]. When the PROCEEDTM Surgical Mesh is

assembled, the PDS is sandwiched between the ORC and

the polypropylene mesh and is designed to degrade at a

much slower rate than the ORC fabric. According to the

PROCEEDTM Surgical Mesh instructions for use, the PDS

is expected to be resorbed within approximately 180 days

[8]. PDS contains ether and ester linkages, which degrade

via hydrolysis to form byproducts that are converted into

carbon dioxide and water [37].

Oxidized regenerated cellulose (ORC) is created from

Rayon fabric (regenerated cellulose), which has the same

chemical structure as cellulose. Regenerated cellulose is

created by extraction of cellulose from wood pulp that is

treated by the Viscose process to create regenerated cel-

lulose fibers [38]. Rayon fabric (consisting of primarily

D-glucose units) must be further oxidized to become bio-

absorbable ORC (consisting of a mixture of D-glucose and

D-glucuronic acid units) [39–41]. According to the PRO-

CEEDTM Surgical Mesh instructions for use, the ORC is

absorbed within approximately 28 days [8]. The mecha-

nism of ORC degradation has been previously studied both

in vitro and in vivo [41, 42]. Dimitrijevich et al. exposed

ORC to plasma and serum in vitro and determined that the

ORC undergoes chain shortening, which yields oligomers.

These oligomers then hydrolyze into smaller fragments,

such as D-glucuronic acid and D-glucose [41]. Dimitrije-

vich’s in vivo studies also have demonstrated that rabbit

peritoneal macrophages digest and hydrolyze ORC [42].

PHYSIOMESHTM

PHYSIOMESHTM is comprised of a permanent synthetic

mesh material (polypropylene, PP) encapsulated with po-

lydioxanone (PDS) to facilitate bonding of two polygleca-

prone-25 absorbable barrier layers, one to each side of the

polypropylene mesh (Fig. 1O and P) [11]. PDS is a poly-

ester material that was originally developed for use as an

absorbable suture material, which is created by ring-open-

ing polymerization of p-dioxanone along with heat and the

addition of a catalyst [36]. PDS contains ether and ester

linkages, which degrade via hydrolysis and form byprod-

ucts that are converted into carbon dioxide and water [37],

and the PDS is expected to be fully resorbed within

approximately 180 days. The polyglecaprone-25 layer is

comprised of a copolymer of e-caprolactone and glycolide,

which degrade through hydrolysis [43] and are expected to

be fully resorbed within approximately 240 days [11].

Discussion

A number of clinical studies have evaluated the adhesion

characteristics associated with intraperitoneal placement of
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mesh prostheses and the impact of absorbable and perma-

nent barrier layers on reducing adhesions [44–49]. In one

study, adhesions to polyester mesh materials were evalu-

ated via ultrasound examination of visceral slide in patients

with ParietexTM Composite mesh compared with uncoated

polyester mesh. The results demonstrated that the protec-

tive barrier layer of the ParietexTM Composite significantly

reduced the incidence of adhesions from 77% for uncoated

polyester to 18% for ParietexTM Composite [44]. In another

study, infection and recurrence rates associated with the

use of BardTM ComposixTM mesh materials were assessed

in 95 cases of previous open incisional hernia repair with

intraperitoneal mesh placement. In this particular series,

BardTM ComposixTM mesh materials had an 8% infection

rate and overall 10% recurrence rate [45], but this study

lacked a comparison to bare polypropylene or to a pros-

thesis with an alternative barrier.

Clinical studies were identified that evaluated the

adhesions observed at the time of a subsequent abdominal

surgery. In the first study, 65 subjects (n = 65) with

DUALMESH� Biomaterial implanted in the intraperito-

neal position during a previous laparoscopic ventral hernia

repair were evaluated at the time of reoperation. The

majority (91%) exhibited zero or filmy adhesions, and only

a few (9%) exhibited dense adhesions to the omentum or to

the tacking devices utilized to attach the mesh to the

anterior abdominal wall [46]. In a similar study, 72 subjects

(n = 72) with DUALMESH� Biomaterial implanted dur-

ing a previous laparoscopic ventral or incisional hernia

repair were evaluated at the time of a subsequent operation.

The majority (83%) exhibited adhesions with 65%

involving omentum and 18% involving bowel. However,

the adhesiolysis was easily performed and inadvertent en-

terotomies were avoided [50]. In a third study, 85 subjects

(n = 85) with ParietexTM Composite implanted during a

previous laparoscopic incisional or ventral hernia repair

were evaluated at the time of reoperation. The majority

exhibited zero (47%) or loose adhesions to the omentum

(42%), whereas the rest (11%) exhibited mild serosal

adhesions [49]. However, these studies lacked quantifica-

tion of the characteristics of the adhesions, such as area

covered by adhesions, adhesion tenacity, or measurement

of adhesiolysis time.

Only one clinical study provided a comprehensive

comparison of the majority of the barrier mesh prostheses

available for hernia repair applications [48]. In this par-

ticular study, Jenkins et al. compared the adhesion char-

acteristics and adhesiolysis-related complications

associated with uncoated polypropylene mesh, permanent

barrier composite prostheses (BardTM ComposixTM), per-

manent barrier noncomposite prostheses (DUALMESH�

Biomaterial), absorbable barrier prostheses (C-QURTM

Mesh, ParietexTM Composite, PROCEEDTM Surgical

Mesh, and BardTM SeprameshTM IP Composite), and bio-

logical tissue-derived prostheses (AlloDerm�, Surgisis�,

FlexHD�, CollaMendTM, AlloMaxTM, and PermacolTM) at

the time of laparoscopic reexploration of a previous ventral

hernia repair. The only barrier mesh prosthesis not included

in this study was PHYSIOMESHTM, which was not com-

mercially available at the time that this study was

conducted.

Sixty-nine patients were enrolled in this study, with 12

uncoated polypropylene mesh, 17 permanent barrier com-

posite prostheses, 14 permanent barrier noncomposite

prostheses, 18 absorbable barrier prostheses, and 8 bio-

logical tissue-derived materials. The results revealed that

DUALMESH� Biomaterial performed well overall with

significantly less tenacious adhesions (score of 2.4 ± 0.6

indicative of dense adhesions requiring blunt dissection)

compared with all other types of meshes, which generally

scored approximately 3.0–3.5, indicating the presence of

dense adhesions requiring sharp dissection or the inability

to separate the adhesions from the mesh in some cases.

Statistically significant differences were not detected

between the other mesh types: uncoated mesh, permanent

barrier composite prostheses, absorbable barrier prostheses,

and biological tissue-derived prostheses.

Scores for adhesion surface area were assigned based on

10% intervals of surface area covered by adhesions.

DUALMESH� Biomaterial exhibited significantly less

surface area covered by adhesions compared with BardTM

ComposixTM and uncoated polypropylene mesh. Statisti-

cally significant differences were not detected between the

other mesh types: absorbable barrier prostheses biological

tissue-derived prostheses.

A ratio of adhesiolysis time to adhesion area (min/cm2)

was utilized as a surrogate for operative complexity, and

the results indicated that DUALMESH� Biomaterial

exhibited a significantly lower ratio of adhesiolysis time to

adhesion area compared with uncoated polypropylene

mesh, BardTM ComposixTM, and biologic mesh. However,

no differences were detected with the absorbable barrier

prostheses. Adhesiolysis-related complications were docu-

mented in two cases—one cystotomy and one enterotomy;

both were associated with the use of uncoated polypro-

pylene mesh.

A few trends were documented between the absorbable

barrier prosthesis, although statistical significance was not

achieved due to low numbers of patients in each group

(PROCEEDTM Surgical Mesh n = 8, C-QURTM Mesh

n = 5, BardTM SeprameshTM IP Composite n = 4, and

ParietexTM Composite n = 1). For instance, C-QURTM

Mesh consistently exhibited the lowest adhesion tenacity,

least area covered by adhesions, and lowest ratio of ad-

hesiolysis time to adhesion area compared with the other

three absorbable barrier prostheses. PROCEEDTM Surgical
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Mesh consistently exhibited the highest values across all of

these categories. However, due to the pilot nature of the

project, this study was underpowered to detect significant

differences within each subcategory of mesh. For this

reason, a multi-institutional clinical trial is currently

underway to expand this pilot project with the goal of

elucidating the effectiveness of barrier-coated versus non-

barrier-coated mesh in reducing adhesions and adhesioly-

sis-related complications after intraperitoneal placement

during ventral hernia repair applications (clinicaltrials.gov

protocol number: NCT01355939).

Numerous preclinical animal models have attempted to

determine the adhesion characteristics and effectiveness of

barrier mesh prostheses available for ventral hernia repair

applications. Porcine [51–53], rat [13, 54–56], and rabbit

models [10, 57–60] have all been described evaluating a

variety of mesh types in a number of combinations. Of 12

studies cited, bare polypropylene was evaluated in 10

studies [10, 13, 52–56, 58–60], ParietexTM Composite [10,

13, 51–56] and DUALMESH� Biomaterial in 8 studies

[10, 52, 54–59], BardTM ComposixTM in 7 studies [10, 51,

54, 55, 57, 59, 60], BardTM SeprameshTM IP Composite in

6 studies [10, 54–57, 60], PROCEEDTM Surgical Mesh in 4

studies [10, 13, 53, 59], C-QURTM Mesh in 2 studies [10,

13], and PHYSIOMESHTM in 0 studies. It is difficult to

make any definitive statements about the adhesion char-

acteristics and effectiveness of these materials, because all

meshes were not included in all studies and likewise not

compared under identical conditions. However, some basic

trends do emerge. Overall, ParietexTM Composite and

DUALMESH� Biomaterial were cited most frequently for

improvement of adhesion characteristics, followed closely

by BardTM SeprameshTM IP Composite and C-QURTM

Mesh. BardTM ComposixTM, PROCEEDTM Surgical Mesh,

and uncoated polypropylene were cited most frequently as

having the most tenacious and extensive adhesions.

Of these 12 studies, only one compared 6 barrier mesh

prostheses to each other and to an uncoated polypropylene

control, making it the best available comparison of these

materials [10]. In this particular study, Pierce et al. eval-

uated the amount and tenacity of adhesions, mesh con-

tracture, and overall tissue response to bare polypropylene

mesh (ProLiteTM UltraTM) compared with permanent bar-

rier prostheses (BardTM ComposixTM M and DUALMESH�

Biomaterial) and absorbable barrier prostheses (C-QURTM

Mesh, ParietexTM Composite, PROCEEDTM Surgical

Mesh, and BardTM SeprameshTM IP Composite) in a rabbit

model during a period of 120 days. The meshes were

placed on an intact peritoneum without any intentional

bowel abrasion, essentially evaluating only the intraperi-

toneal response. The only mesh not included in this study

was PHYSIOMESHTM, which was not commercially

available at the time that this study was conducted.

After 120 days, DUALMESH� Biomaterial and BardTM

SeprameshTM IP Composite exhibited significantly fewer

adhesions with significantly lower tenacity compared with

PROCEEDTM Surgical Mesh, which exhibited the greatest

amount and tenacity of adhesions out of all of the meshes

evaluated. No significant differences in adhesion amount or

tenacity were detected between the other meshes evaluated.

However, it should be noted that many of the meshes

scored less than 1.5 for adhesion tenacity, which corre-

sponds to a mixture of mostly zero adhesions with a few

filmy adhesions. With regard to overall mesh contracture,

C-QURTM Mesh exhibited the least contracture overall and

significantly less contracture than PROCEEDTM Surgical

Mesh and DUALMESH� Biomaterial, which exhibited the

greatest contracture overall. No significant differences in

mesh contracture were detected between the other meshes

evaluated. Detailed histological analyses revealed similar

results for all of the meshes in terms of abdominal wall

incorporation, vascularity, necrosis, and mesothelialization.

Overall, the meshes exhibited an established neointima,

moderate vascularization, a lack of surrounding necrosis,

and development of a neoperitoneum.

Pierce et al. concluded that the differences observed

between the various barrier prostheses were likely attrib-

utable to the chemical makeup of the barrier or the con-

ditions required for resorption and metabolism of the

barrier components. It is likely that the components of

these barriers incite a wide range of inflammatory

responses, resulting in the range of adhesion coverage and

tenacity observed. In fact, Schreinemacher et al. have

observed this phenomenon in a 30-day rat study [13]. After

7 days, C-QURTM Mesh exhibited less inflammation than

PROCEEDTM Surgical Mesh and ParietexTM Composite.

Moderate to abundant macrophages and giant cells were

observed phagocytosing the barrier layers of PROCEEDTM

Surgical Mesh and ParietexTM Composite, but only a few

of these cells were observed in the C-QURTM Mesh

specimens 7 days postoperatively. By 30 days, the colla-

gen layer of the ParietexTM Composite was completely

resorbed. Thus, macrophages were not observed in these

specimens, but giant cells remained. However, moderate to

abundant macrophages and giant cells were still observed

in the PROCEEDTM Surgical Mesh specimens 30 days

postoperatively, and these cells continued to degrade the

ORC barrier layer. Only a few macrophages and giant cells

were observed in the C-QURTM Mesh specimens, and the

coating layer remained intact 30 days postoperatively. This

study also demonstrated increased adhesion formation for

all of the barrier mesh prostheses between 7 and 30 days,

which the authors attributed to increased inflammation

related to the degradation and resorption of the barrier layer

components, which were ongoing between 7 and 30 days.

This effect was most pronounced in PROCEEDTM Surgical
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Mesh materials, which again highlights the influence that

the chemistry of the particular barrier components may

have over the inflammatory response and subsequent

adhesion formation. In particular, the anti-inflammatory

properties of omega-3 fatty acids [29, 30] may contribute

to the low-grade inflammatory response and minimal

adhesions observed for the C-QURTM Mesh materials in

this study.

Conclusions

Numerous clinical studies and preclinical animal models

have attempted to determine the adhesion characteristics

and effectiveness of barrier mesh prostheses available for

ventral hernia repair applications. However, it is difficult to

make any definitive statements about the adhesion char-

acteristics and effectiveness of these materials, because all

meshes were not included in all studies and likewise not

compared under identical conditions. Thus, clinical trials

are needed to more appropriately define the clinical

effectiveness of these barriers. For this reason, we have

initiated a multi-institutional clinical trial to assess the

effectiveness of barrier-coated versus non-barrier-coated

mesh in reducing adhesions and adhesiolysis-related com-

plications after intraperitoneal placement during ventral

hernia repair applications (clinicaltrials.gov protocol

number: NCT01355939).
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