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           Background   

 In 1951, Benjamin Pease fi led a patent titled, 
“Nonmetallic Mesh Surgical Insert for Hernia 
Repair.” The patent was awarded in 1954 
(Fig.  6.1 ). In 1958, Usher described the use of 
this patented material in the form of polypro-
pylene mesh for hernia repair [ 1 ]. It was later 
popularized by the technique outlined by 
Lichtenstein et al. in 1989 [ 2 ]. Today, a mesh 
hernia repair is the most common technique to 
repair inguinal and ventral hernias, although 
there are many technique and mesh variations 
to choose from. Several studies have demon-
strated lower recurrence rates for mesh repair 
of abdominal wall defects. A meta-analysis of 
13 randomized trials comparing open hernia 
repair with mesh versus without mesh showed a 
signifi cantly lower incidence of recurrent her-
nia when mesh was used [ 3 ]. The EU Hernia 
Trialist Collaboration looked at 58 randomized 
controlled trials and found the use of synthetic 
mesh was superior with respect to recurrence in 

both open and laparoscopic hernia operations 
[ 4 ,  5 ]. Mesh, therefore, potentially results in a 
more durable hernia repair. At fi rst, the thought 
process employed by surgeons was that a 
heavyweight polypropylene material that can 
withstand maximum intra-abdominal pressure 
of 170–200 mmHg and that induced signifi cant 
fi brosis and scar tissue formation was best to 
buttress a weakened fascia. However, the use of 
such a mesh and the subsequent fi brotic reac-
tion were later found to be associated with 
chronic post-hernia repair neuralgia, mesh 
migration and contraction as well as potential 
functional restrictions for some patients. The 
next step in the evolution of polypropylene syn-
thetic mesh was the introduction of mid and 
lightweight material that had less density of 
material and wider pores which potentially led 
to less fi brotic reaction while still providing 
enough tensile strength to withstand maximum 
intra-abdominal pressures [ 6 ]. Despite the 
advantage of a less aggressive foreign body 
response, these newer mesh products continued 
to have various complications including loss of 
tensile integrity, erosion, intra- abdominal adhe-
sions, bowel obstruction, and fi stula/abscess 
formation in some patients. Consequently, vari-
ous medical device companies have joined the 
quest for the development of the single “ideal” 
mesh. Other material such as polyester, polytet-
rafl uoroethylene (PTFE), absorbable com-
pounds, and biological meshes have been 
introduced. While numerous patients have ben-
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efi tted from each of these materials, none has 
yielded a superior outcome for all patients with 

all types of hernias in all hernia repair tech-
niques all the time. Today, there are hundreds of 
different meshes manufactured with the above 
materials. Each addresses some of the concerns 
related to biocompatibility of synthetic prosthe-
ses while posing potential disadvantages. This 
has created a challenge for many surgeons, par-
ticularly in the setting of increasing complexity 
of hernias seen in everyday practice. Selecting 
the right mesh for the right patient requires the 
surgeon to have a relatively thorough under-
standing of the potential benefi ts and defi cien-
cies for all types of hernia mesh and the 
requirements for each specifi c clinical scenario. 
With that knowledge, the surgeon is still left 
with numerous choices and uncertainty in pre-
dicting the outcomes for each patient.

       Defi ning Hernia Mesh 

 Table  6.1  describes types of hernia mesh avail-
able in the US market by the plastic polymer used 
and divided be those which are macroporous (not 
used in the abdominal cavity) and those that have 
microporous surfaces (potentially used in the 
abdominal cavity).

     Polypropylene    (Figs.  6.2 ,  6.3 ,  6.4 ,  6.5 , and  6.6 ) 
is synthesized from the monomer propylene via 
addition reaction. It is a hydrophobic compound 
and theoretically resistant to many chemical 

  Fig. 6.1    The original plastic hernia mesh patent       

   Table 6.1    Description of available hernia meshes based on type of polymer, pore size and location for use   

 Basic polymer  Macroporous (used in abdominal wall) 
 Microporous (potential for use in 
abdominal cavity) 

 Polypropylene  Lightweight 
 Mid-weight 
 Heavyweight 
   Coated polypropylene 

 Polypropylene with absorbable 
microporous barrier 
 Polypropylene with permanent 
microporous barrier 
 Microporous PTFE and 
Polypropylene composite 

 Polyester  Multifi lamented polyester 
 Monofi lamented polyester 

 Polyester with absorbable 
microporous barrier 

 PTFE  Macroporous PTFE  Microporous PTFE 
 Dual-sided PTFE (smooth and 
textured) 
 Microporous PTFE and 
Polypropylene composite 

 Absorbable synthetic  Macroporous absorbable synthetic  Microporous absorbable synthetic 
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solvents, bases, and acids. It is, however, thermo-
plastic and can be remelted and reformed. Hernia 
mesh is made with semicrystalline polypropylene 
fi bers extruded and then woven into monofi la-
ment or multifi lament structures. Recently, non-
woven and coated polypropylene fi bers have also 
been made available to the growing list of hernia 
mesh choices. In vivo, polypropylene mesh has 
been shown to degrade by undergoing oxidation. 
It occurs when C–H bonds are compromised, 
creating free radicals that will bind oxygen. If 
chain scission or cross-linking occurs, the mesh 
may change its property and become stiff and/or 
contract. Heavy-weight polypropylene mesh, 
defi ned as having greater than 90 g/m 2  area of 
material and pore size <3–5 mm, has been shown, 

  Fig. 6.2    Lightweight Polypropylene (macroporous)       

  Fig. 6.3    Polyurethane-coated polypropylene 
(macroporous)       

  Fig. 6.4    Omega-3 fatty acid-coated polypropylene 
(macroporous)       

  Fig. 6.6    Non-woven polypropylene       

  Fig. 6.5    Polypropylene with a microporous absorbable 
cellulose surface       
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in some patients and animal studies, to induce 
an intense foreign body reaction. Examples of 
polypropylene mesh are in Figs.  6.2 ,  6.3 ,  6.4 ,  6.5 , 
and  6.6 .

        Polyethylene Terephthalate  ( PET     ) is a mem-
ber of the polyester family (Figs.  6.7  and  6.8 ). It 
is synthesized from the monomer bis-β- 
hydroxyterephthalate via condensation reaction 
by either esterifi cation (water as a by-product) or 
transesterifi cation (methanol as a by-product). It 
is less hydrophobic than polypropylene. Yet its 
thermoplastic property is similar to polypropyl-
ene. The degradation mechanism of concern is 
hydrolysis. The physiochemical changes that 
occur during degradation of PET include discol-
oration, chain scissions resulting in reduced 

molecular weight, formation of acetaldehyde, 
and formation of cross-links. Because of its 
macroporous design, a signifi cant infl ammatory 
reaction with tissue ingrowth occurs that results 
in variable degree of scar formation. Polyester 
mesh can be constructed in monofi lament or mul-
tifi lament forms. Recent data, however, suggest 
that monofi lament polyester may be too fragile 
with resultant frequent central mesh failures.

      Polytetrafl uoroethylene  (PTFE)   (Fig.  6.9 ) is a 
fl uorocarbon-based polymer that is synthesized 
via a free-radical polymerization of tetrafl uoroeth-
ylene.  PTFE   is highly crystalline, signifi cantly 
hydrophobic, and one of the most chemically inert 
polymers in the market. The high strength of the 
fl uoro-carbon bind is mostly responsible for the 
inertness of this polymer. Expanded PTFE 
(ePTFE), commonly used in hernia mesh, is pro-
duced when PTFE is heated and then stretched, 
creating micropores. The hydrophobic, micropo-
rous nature of this material can lead to fi brous 
encapsulation and mesh contraction in some 
patients. There have also been rare reports of 
chronic, active seromas. This material was used in 
one of the fi rst meshes designed for placement 
against the viscera (primarily using a laparoscopic 
approach for ventral/incisional hernia repair). In 
this type of PTFE product, one side of the material 
is rough to induce tissue ingrowth, while the other 
side is smooth to reduce tissue ingrowth from the 
viscera. Monofi lament PTFE mesh with an open 
macroporous design is another PTFE-based prod-
uct that may allow better tissue integration.

  Fig. 6.7    Multifi lamented polyester (macroporous)       

  Fig. 6.9    Dual-sided PTFE mesh (microporous)       
  Fig. 6.8    Multifi lamented polyester with a microporous 
absorbable collagen barrier       
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    Mesh    design    is an important factor that needs 
to be taken into consideration before selecting a 
mesh. Unfortunately, despite recent advances, all 
meshes incite variable degrees of foreign body 
response. In order to improve this response, the 
mesh design could be better optimized. The 
parameters infl uencing the mesh design are 
weight, pore size, and the weave. Heavy-weight 
meshes with small pores were initially thought to 
be the best to withstand maximum intra- 
abdominal pressure of 170–200 mmHg. However, 
they were later found to be over-engineered for 
most people. In addition, they formed a rigid scar 
plate and granuloma bridging in many patients 
due to their small pores. The introduction of mid 
and lightweight meshes with larger pores 
(>1 mm) reduced the foreign body response and 
granuloma bridging [ 7 ] Despite this reduction, 
the foreign body response has not been elimi-
nated and lower ratio of type I/III collagen con-
tinues to occur, highlighting the need for 
additional research. The weave design will dic-
tate the overall mechanical properties, pore size, 
and the foreign body response. Isotropic and 
anisotropic qualities of the mesh are also deter-
mined by the weave design. Isotropic mesh 
design displays equal mechanical properties in 
any direction of applied force, while anisotropic 
mesh exhibits different mechanical properties 
depending on the direction of the force.  

    Hernia Mesh for Specifi c Clinical 
Scenarios 

  Direct  viscus exposure    to the synthetic hernia 
mesh can lead to adhesions or the ingrowth of 
bowel and other visceral organs causing erosion, 
fi stula, abscess, and/or obstruction. A variety of 
mesh options for intra-abdominal placement have 
been designed to address this issue. A solid per-
manent (PTFE or silicone) or absorbable (many 
types) barrier is used on a variety of polypropyl-
ene or polyester meshes. This combination is 
referred to as “composite” mesh (Fig.  6.10 ). There 
are also PTFE meshes with a rough surface that is 
intended to promote ingrowth into the abdominal 
wall and a smooth surface that faces the intra-

abdominal visceral organs and is designed to pre-
vent ingrowth. (More recent mesh options include 
non-woven microfi bers of polypropylene.)

   The use of synthetic hernia mesh in a  con-
taminated or potentially contaminated    field    
has been controversial. Contamination has 
long been regarded as a relative contraindica-
tion to the use of permanent synthetic mesh. 
As a result, in such a setting, a multi-stage 
operation with delayed definitive hernia repair 
has been advocated [ 8 ,  9 ] More recently, a 
single-stage repair with the use of biologic 
mesh has become widely popular in the 
USA. Despite its relatively safe profile, higher 
wound complications and higher 3-year recur-

  Fig. 6.10    Microporous PTFE and macroporous 
Polypropylene composite mesh       

  Fig. 6.11    Macroporous long-term resorbable synthetic 
mesh       
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rence (about 50%) have been associated with 
this technique [ 10 ]. Furthermore, a systematic 
review of 32 studies comparing the use of bio-
logic mesh to synthetic non-absorbable mesh 
in contaminated fields during single-stage 
repairs did not find any advantage favoring the 
use of biologic material. While wound infec-
tion rates were similar, the recurrent hernia 
rate was significantly higher with biologic 
mesh [ 11 ]. The value of biologic mesh and 
other options will need to be measured. The 
use of long-term absorbable synthetic material 
has also been documented for both multi-
staged and single-stage hernia repairs in con-
taminated fields (Fig.  6.11 ).

       New Concepts in Improving Mesh 
Biocompatibility 

 Animal studies have demonstrated that  ran-
domly generated fi bers , or non-woven  material  , 
such as non-woven polypropylene, may be ben-
efi cial for biocompatibility when compared to 
woven or knitted fi bers [ 12 ]. Based on this prin-
ciple, hernia meshes made with non-woven 
fi bers have been introduced. Long-term out-
comes have yet to be demonstrated. 

 Another relatively new concept in mesh 
design, aimed at minimizing fi brotic tissue, 
ingrowth, and/or scar tissue formation, are 
 coated polypropylene or polyester    prostheses   . 
Most coated products are designed to prevent 
ingrowth to the viscera by coating the visceral 
side of the mesh with a microporous coating. 
Different types of coatings that are currently 
available in the market for this purpose include 
collagen, omega 3 fatty acid, hyaluronic acid, 
and other degradable polymers. Coatings can 
also be applied to individual mesh fi bers to mask 
the bodies’ foreign body response to polypro-
pylene. Coatings available for this purpose 
include titanium and polyurethane. Because 
these mesh products are macroporous, they are 
not designed to prevent ingrowth and may not 
be the best choice for placement against the vis-
cera. However, they may be benefi cial in 
decreasing the foreign body response.  

    The  Medical and Legal Aspects   
of Synthetic Mesh Manufacturing 
and Marketing 

 Most hernia meshes fall in the class II medical 
device category of FDA and enter the market 
with a 510K application process. Class II devices 
are subject to general controls and special con-
trols. Special controls include safety measures 
such as postmarket surveillance and premarket 
data requirements. However, no clinical study or 
premarket approval is generally necessary as 
long as a predicate device is identifi ed. Therefore, 
biocompatibility defi ned as “the ability of a mate-
rial to perform with an appropriate host response 
in a specifi c application” [ 13 ] is not typically 
tested in humans prior to use in patients. With 
respect to postmarket surveillance, there are cur-
rently two mechanisms in place. The Safe medi-
cal Devices Act of 1990 requires user facilities to 
report device-related deaths to the FDA and the 
manufacturer and report serious injuries to the 
manufacturer, who then reports to the FDA. This 
law does not address whether or not the device 
responsible for death or serious injury needs to be 
returned to the manufacturer and/or studied [ 14 ]. 
The second mechanism for postmarket surveil-
lance is a voluntary web-based program known 
as MedWatch. This program allows health care 
professionals and consumers to report adverse 
events directly to the FDA [ 15 ].  

    Is There an “Ideal” Mesh? 

 Since the introduction of the synthetic material 
to the hernia world, there has been a quest to 
fi nd the  “ideal” mesh  . Various attempts have 
been made to either manufacture or describe 
the qualities of an “ideal” prosthesis. Clinical 
studies have not yet found a single hernia mesh 
that has ideal tensile strength which also 
behaves as the most biocompatible in all 
patients with all types of hernias all the time. 
While the “ideal” mesh may not exist when 
looking at the hernia patient population as a 
whole, there are individuals whose hernias 
have been repaired with what they would con-
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sider “ideal” mesh for that particular patient, 
or a sub-population of patients. Unfortunately, 
traditional clinical research tools, such as pro-
spective randomized controlled trials, are inad-
equate to help us identify those individuals and 
sub-populations. Identifying sub-populations 
of patients that would do best, or worst, with 
various mesh options is a future challenge for 
hernia researchers.  

    Shared  Decision-Making Process   

 The general public awareness about hernia 
mesh is on the rise. Whether it is due to 
increased conversation on social media or the 
negative advertisements by various legal fi rms, 
or both, more and more patients today expect 
to play an active role in the technique and mesh 
selection process. Surgeons are often able to 
narrow down the options based on the under-
standing of the potential benefi ts and defi cien-
cies of different hernia mesh choices and their 
application to any specifi c clinical scenario. 
But, for a growing number of patients, a 
shared-decision process for the choice of mesh 
and technique for hernia repair is preferred.  

    Applying Complexity Science 
and Nonlinear Data Analytics: 
A Novel Approach 

 As mentioned earlier, traditional research meth-
odologies are insuffi cient to best identify the sub- 
population of patients who may benefi t from or 
be harmed by a certain type of mesh. This is due 
to the fact that hernia disease (as with other medi-
cal phenomenon) is a complex entity while tradi-
tional clinical research tools are designed for 
simple (or isolated) systems. Recently, the prin-
ciples of complexity science have been intro-
duced into the health care.  Complexity science 
tools   can potentially categorize patients into sub- 
populations that are more likely to demonstrate 
biocompatibility with one type of hernia mesh 

versus others. One tool that can be used to better 
determine appropriate mesh choice is the use of 
 clinical quality improvement (CQI) principles  . 
CQI includes defi ning a dynamic care process, 
preferably based on the entire cycle of care, for 
patients with hernia disease. It also involves 
defi ning outcome measures that ultimately deter-
mine the value of care. The data can be gathered 
from multiple sources during real patient care, 
including from the patient. Many institutions that 
have begun CQI projects have also introduced 
disease-specifi c multidisciplinary teams. These 
teams tend to maintain a better contact with the 
patient throughout the entire cycle of care and, 
therefore, collect a great deal of information per-
taining to the process and outcome measures. As 
more data are collected, certain patterns begin to 
emerge. These patterns can potentially be quanti-
fi ed using  nonlinear data analytics  . Identifying 
the factors (variables) that matter in determining 
outcomes can generate predictive algorithms that 
can assist surgeons and patients in determining 
the appropriate mesh (and technique) choice for 
each patient group [ 16 ]. Although the application 
of complexity science to patient care is in its 
infancy, the potential to improve outcomes 
through predictive analytics using data generated 
by real-world patient care is signifi cant.  

    Summary 

 Mesh selection for patients undergoing hernia 
repair can be a challenging process. Due to the 
complexity of the hernia patient population and 
the vast choices of hernia mesh, traditional 
research mechanisms to determine the best, and 
worst, mesh for each technique, patient, and 
patient sub-populations are inadequate. 
Currently, a shared decision process allows the 
surgeon and patient to make choices that 
include each perspective. In the future, the use 
of complexity science tools such as CQI will 
facilitate predictive analytics that will allow for 
more informed choices that will benefi t both 
the surgeon and the patient.     

6 Synthetic Mesh: Making Educated Choices



60

   References 

    1.    Usher FC, Ochsner J, Tuttle Jr LLD. Use of Marlex mesh 
in the repair of incisional hernias. Am Surg. 1958;24:969.  

    2.    Lichtenstein IL, Shulman AG, Amid PK, et al. The ten-
sion free hernioplasty. Am J Surg. 1989;157:188–93.  

    3.   Scott NW, McCormack K, Graham P, et al. Open 
mesh versus non-mesh for repair of femoral and 
inguinal hernia. Cochrane Database Syst Rev. 2002; 
CD002197.  

    4.    EU Hernia Trialists Collaboration. Repair of groin 
hernia with synthetic mesh: meta-analysis of random-
ized controlled trials. Ann Surg. 2002;235:322–32.  

    5.    EU Hernia Trialists Collaboration. Mesh compared 
with non-mesh methods of open groin hernia repair: 
systematic review of randomized controlled trials. Br 
J Surg. 2000;87:854–9.  

    6.    Brown CN, Finch JG. Which mesh for hernia repair? 
Ann R Coll Surg Engl. 2010;92:272–8.  

    7.    Klinge U, Binnebosel M, Mertens PR. Are collagens 
the culprits in the development of incisional and 
inguinal hernia disease? Hernia. 2006;10(6):472–7.  

    8.    Fabian TC, Croce MA, Pritchard FE, et al. Planned 
ventral hernia. Stagedmanagement for acute abdomi-
nal wall defects. Ann Surg. 1994;219:643–50. discus-
sion 651–653.  

    9.    Jernigan TW, Fabian TC, Croce MA, et al. Staged 
management of giant abdominal wall defect: acute 
and long-term results. Ann Surg. 2003;238:349–55. 
discussion 355-357.  

    10.    Rosen MJ, Krpata DM, Ermlich B, Blatnik JA. A 
5-year clinical experience with single-staged repairs of 
infected and contaminated abdominal wall defects uti-
lizing biologic mesh. Ann Surg. 2013;257(6):991–6.  

    11.    Lee L, Mata J, Landry T, Khwaja KA, Vassiliou MC, 
Fried GM, Feldman LS. A systematic review of syn-
thetic and biologic materials for abdominal wall rein-
forcement in contaminated fi elds. Surg Endosc. 
2014;28:2531–46.  

    12.    Raptis DA, Vichova B, Breza J, Skipworth J, Barker 
S. A comparison of woven versus nonwoven polypro-
pylene (PP) and expanded versus condensed polytet-
rafl uoroethylene (PTFE) on their intraperitoneal 
incorporation and adhesion formation. J Surg Res. 
2011;169(1):1–6.  

    13.    Ratner BD, Hoffman AS, Schoen FJ, Lemons JE, edi-
tors. Biomaterials science: an introduction to materi-
als in medicine. 2nd ed. London: Elsevier; 2004.  

    14.   Lowe NS, W.L. Medical device reporting for user facil-
ities. Center for devices and radiological health. 1996.  

    15.   Medwatch.   http://www.fda.gov/medwatch/    .  
    16.    Siegel E. Predictive analytics: the power to predict 

who will click, buy, lie, or die. Hoboken: Wiley; 2013.      

I. Mirmehdi and B. Ramshaw

http://www.fda.gov/medwatch/

	6: Synthetic Mesh: Making Educated Choices
	 Background
	 Defining Hernia Mesh
	 Hernia Mesh for Specific Clinical Scenarios
	 New Concepts in Improving Mesh Biocompatibility
	 The Medical and Legal Aspects of Synthetic Mesh Manufacturing and Marketing
	 Is There an “Ideal” Mesh?
	 Shared Decision-Making Process
	 Applying Complexity Science and Nonlinear Data Analytics: A Novel Approach
	 Summary
	References


