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Abstract
Introduction Increasing awareness and regulatory body attention is directed towards the insertion of synthetic material for a
variety of surgical procedures. This review aims to assess current evidence regarding systemic and auto-immune effects of
polypropylene mesh insertion in hernia repair.
Methods The electronic literature on systemic and auto-immune effects associated with mesh insertion was examined.
Results Foreign body reaction following mesh implantation initiates an acute inflammatory cellular response. Involved markers
such as IL-1, IL-6, IL-10 and fibrinogen are increased in circulation in the presence of mesh but return to normal at 7 days post
operatively. Oxidative degradation of implanted mesh is likely, but no evidence exists to support systemic absorption or resulting
disease effects. Variable cytokine production in healthy hosts leading to unpredictable or overwhelming response to implanted
biomaterial warrants further investigation. Clinical studies show no associated long-term systemic effects with mesh.
Conclusion To date, there remains no evidence to link polypropylene mesh and systemic or auto-immune symptoms. Based on
current evidence, the use of polypropylene mesh is supported.
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Introduction

There are 20 million inguinal hernia repairs performed each
year worldwide making it one of the most commonly per-
formed surgical procedures [1, 2]. The standard Lichtenstein
tension free repair has significantly reduced recurrence rates
and requires the use of mesh, usually in the form of polypro-
pylene [3, 4]. There are innumerable types of mesh available
which can be broadly divided according to their composition.
First-generation meshes are composed of one material, most
commonly polypropylene which is non-absorbable. Second-
generation meshes are generally composed of polypropylene
with another material and were developed to accommodate for
shortcomings in tensile strength, adhesions and local reactions
associated with first-generation meshes.

In a large collaboration of randomised trials, raw data from
11,000 randomised patients has shown that the use of synthetic

mesh, regardless of open or laparoscopic placement, reduces
the risk of hernia recurrence by 50% [5]. In addition, mesh use
has actually been shown to be associated with lower rates of
chronic pain compared to non-mesh techniques in a recent
meta-analysis of 23 randomised controlled trials [6].
European guidelines promote the use of Lichtenstein mesh re-
pair or laparoscopic mesh repair in primary unilateral inguinal
hernia and bilateral inguinal hernias [7]. Recommendations
regarding suture repair suggest that the Shouldice technique
should be used if considering not using mesh. This is generally
specific to scenarios when use of meshmay not be possible due
to high risk of infection. Several studies have shown that for
surgeons who do not specialise solely in Shouldice technique,
outcomes are inferior to Lichtenstein repair [8, 9].

There is increasing patient awareness and regulatory body
attention directed towards the insertion of synthetic material
for a variety of surgical procedures. In 2017, the Therapeutic
Goods Administration in Australia banned the use of some
mesh products for use in pelvic organ prolapse. This was in
response to concerns regarding under-reporting of mesh asso-
ciated complications and failure of both general practitioners
and specialists in recognising mesh-related problems [10].
This focused specifically on local complications of sling or
tape mesh but has brought public awareness of mesh to the
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forefront. Successful lawsuits against surgeons and medical
device manufacturers were carried out previously regarding
silicone implants and associated systemic effects. An agree-
ment via the federal district court in America in 1994 conclud-
ed that fixed settlements be paid to over 25,000 women who
felt local and systemic symptoms occurred relating to im-
plants. The breast-implant agreement ensured that set amounts
were to be paid to women with specific medical conditions,
including lupus, auto-immune disease and connective tissue
disorders with no requirement that they show that their im-
plants caused the disorders. Interestingly, subsequent robust
studies such as a recently published 8-year follow-up involv-
ing over 1000 US hospitals found no increased systemic dis-
eases with silicone implants [11].

A multitude of materials and mesh types exist and there is
severe under reporting and lack of consistency in mesh pack-
aging information in comparison to food packaging [12, 13].
A recent study suggests that inconsistencies in property
reporting among hernia mesh brands do not provide a strong
foundation for surgeons to make informed intra-operative de-
cisions [13]. The Food and Drug Administration (FDA) in
America has issued a safety communication regarding the
use of surgical meshes specifically in hernia repair [14].
Some legal firms are now investigating all hernia mesh-
associated complaints and encouraging clients to come for-
ward if they feel long-term side effects associated with their
surgery. Complications now being considered to relate to
mesh on consumer websites include auto-immune disease,
dental problems, neurological changes, joint aches and pains
and abnormal sweating [15, 16]. This review aims to assess
clinical and scientific evidence regarding the association of
systemic and auto-immune effects of polypropylene mesh
insertion.

Methods

Literature published in English from January 1977 to
May 2018 on systemic and autoimmune effects associated
with mesh insertion was examined by electronic search
(MEDLINE and the National Library of Medicine,
Embase and the Cochrane Library) using the key words
(Bhernia^ AND Bmesh^ AND Bsystemic OR auto-
immune^). The search was performed independently by
two reviewers who selected potentially relevant papers
based on title and abstract. Additional articles were iden-
tified by cross-referencing from papers retrieved in the
initial search. Due to heterogeneity of data and varied
methodology, studies identified via cross-referencing de-
scribing possible mechanisms of systemic symptoms as-
sociated with polypropylene mesh insertion in surgery of
any type were assessed.

Eligibility criteria

Studies including specific areas of interest that included stud-
ies relating to mesh composition, foreign body reaction, sys-
temic inflammation, mesh degradation and individual re-
sponse to mesh were included. Mesh usage and potential
mechanisms for systemic effects in surgeries other than ingui-
nal hernias were included based on their relevance. Surgery
types included urological, gynaecological and pelvic floor
surgery in addition to hernia surgery. There were no language
restrictions. Where data was unclear, authors were contacted.

Results

Twenty-three published studies containing information relat-
ing to areas of interest such as mesh composition, foreign
body reaction, systemic inflammation, mesh degradation and
individual response to mesh were identified (Fig. 1). The ini-
tial search identified 84 articles. Seven full text studies were
initially assessed for eligibility and a number of further studies
were identified through searching the references. All studies
vary significantly in scientific methods and clinical parameters
recorded making homogenous systematic review impossible.
No large randomised trials or data series reported any signif-
icant group of patients to suffer from systemic effects at long-
term follow-up.

Foreign body reaction to mesh

Foreign body reaction following mesh implantation initiates
an acute inflammatory cellular response of injury, blood-
material interactions, provisional matrix formation, acute and
chronic inflammation, granulation, foreign body reaction and
finally fibrous capsule formation [17]. Insult to vascularized
connective tissue initiates the inflammatory responses and al-
so leads to activation of the extrinsic and intrinsic coagulation
systems, complement system, fibrinolytic system, the kinin-
generating system and platelets [17]. Recruitment of macro-
phages and monocytes to the implant site is required for the
progression from initial inflammatory reaction to foreign body
response. Chemokines and other chemo-attractants are re-
sponsible for guiding this process, most significantly IL-4
and IL-13, which are involved in foreign body giant cell for-
mation [18]. Studies have demonstrated that a measurable
higher systemic inflammatory marker response occurs after
mesh repair compared to suture repair. Involved markers such
as IL-1, IL-6, IL-10 and fibrinogen are increased in circulation
in the presence of mesh [19]. With materials such as polypro-
pylene, early resolution of the acute and chronic inflammatory
responses occurs with the chronic inflammatory response
composed of mononuclear cells usually lasting no longer than
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2 weeks. Inflammatory responses beyond a 3-week period
usually indicates an infection [17]. This is supported by other
literature demonstrating a normalisation in systemic inflam-
matory markers at 7 days post-operatively [19].

It has been suggested that the extent of foreign body tissue
reaction and associated chronic pain correlates with the amount
of mesh inserted [20–22]. Light weight polypropylene meshes
with larger pores or alternate web designs were developed to
dampen the effects of foreign body reaction associated with
heavy weight meshes [23, 24]. A recent meta-analysis demon-
strated that light weight and heavy weight meshes did not show
any difference in early post-operative pain but heavy weight
meshes were associated with a significantly higher incidence of
chronic pain. This result remained significant for a subgroup of
randomised controlled studies examining the same end-point
[25]. Another recent large meta-analysis of randomised con-
trolled trials has shown that there is no difference in chronic
pain rates between mesh and non-mesh techniques [6].

Systemic and auto-immune effects of mesh

Up-regulation of systemic inflammatory markers

One hypothesis for systemic symptoms associated with mesh is
that the inflammatory reaction produced locally instigates and

maintains a systemic up-regulation of inflammatory mediators.
All trauma associated with surgery induces a systemic inflam-
matory response associated with enzymatic cascades including
previously mentioned coagulation factors, complement systems
and altered cytokine transcription [26–28]. Persistent local reac-
tion to foreign bodies can account for many mesh-related com-
plications such as seromas and fistula formation. A persistent
systemic response to mesh can hypothetically account for devel-
opment of generalised symptoms in a similar fashion. A recent
systematic review examined the inflammatory response in pa-
tients with mesh repair vs no mesh repair in inguinal hernia
surgery [19]. Specifically, systemic levels of CRP and IL-6 were
found to be higher in the immediate post-operative period in
mesh repair compared to non-mesh repair in some studies [19].
This was normalised by 7 days post-operatively so does not give
information regarding long-term systemic effects. Other studies
have found that systemic levels of CRP and IL-6 return to similar
levels between mesh and non-mesh groups after 168 h [29]. It
has been suggested that normal levels of inflammatory markers
following a period of 7 days suggest biological inertia of the
mesh associated with excellent tissue integration [29] (Table 1).

In vivo degradation and mesh absorption

Another hypothesis to account for systemic symptoms asso-
ciated with mesh is degradation and absorption of
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Fig. 1 Modified PRISMA diagram (preferred reporting items in systematic reviews and meta-analysis)
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polypropylene into systemic circulation. Long-term oxidative
degradation of polypropylene mesh has been suggested in
explanted meshes previously (Table 1). Between 33 and
75% of polypropylene meshes can exhibit evidence of degra-
dation at 3 years [30].Whether or not degraded polypropylene
can be absorbed systemically leading to long-term systemic
symptoms or development of auto-immune disease is unclear.
A number of studies have suggested that oxidative degrada-
tion does take place based on the appearance of cracks on the
surface of polypropylene fibres and a thickened bark like de-
graded outer layer [30–34]. In addition to oxidative degrada-
tion, fatty acid diffusion causing long-term damage to poly-
propylene fibres has been hypothesised [31]. Scanning elec-
tronmicroscopy, infrared spectroscopy, morphological assess-
ment along with other chemical tests and weight assessments
have supported the theory that mesh and sutures are degraded
in vivo. This has been found independently in different centres
in human and animal models [31–36]. A recent study exam-
ining explanted polypropylene meshes which had been in
place in some instances for over 11 years suggests that no
oxidative degradation takes place [37]. Thames et al. found
no evidence of degradation. What was previously suggested
as degraded mesh and often appears as curled edges of fibres
was a protein formaldehyde coating which occurs when plac-
ing explanted meshes in formalin as is frequently done at the
time of removal in the operating theatre [37].

High responders

Finally, the concept of ‘high responders’ in which certain
people have profound systemic reactions to implanted
mesh has been suggested [38]. Polypropylene has been
shown to cause a more pronounced inflammatory reaction
locally when compared to polyester and ePTFE [22].
Significant research has been applied to mesh properties,
associations with volume of polypropylene and recurrent
inflammation and the ongoing inflammatory foreign body
reaction produced. Monocytes have shown variable re-
sponse to biomaterials used in surgery previously. In the
context of sepsis, a marked variety of host reactions have
been observed in response to the same triggers [39–42]. It
has been shown that cytokine production by monocytes
from healthy blood donors varies significantly when ex-
posed to implantable biomaterials. TNF-alpha, IL-6 and
IL-10 are produced in significantly different amounts ac-
cording to the host. Schachtrupp et al. concluded that
r ega rd ing monocy te–macrophage -de r ived p ro -
inflammatory and anti-inflammatory cytokines, the indi-
vidual was identified as an independent factor for the
response to commonly used biomaterials [38] (Table 1).
This warrants further investigation in the context of poly-
propylene mesh.T
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Conclusion

In the context of the current perception and attitudes towards
mesh, it is critical that surgeons have a comprehensive knowl-
edge of all clinical and scientific evidence available to them.
Consenting of patients for inguinal hernia surgery requires
extensive discussion around the benefits and side effects as-
sociated with polypropylene mesh. Based on current studies
examining systemic effects, there is no evidence in large series
to support systemic effects, backed up by systemic cytokines
resolving to normal levels within 1 week of implantation.
Significant evidence does exist to demonstrate some in vivo
oxidative degeneration of polypropylene, but the resultant ef-
fects of this are unclear.

To support the ongoing use of mesh, however, more fo-
cused studies to disprove systemic effects may be required.
Only one large population-based study designed specifically
to examine the effect of mesh on systemic disease has thus far
shown no association with mesh and auto-immune disease
[43]. The hypotheses of abnormal host immune response, ox-
idative degradation with systemic absorption of polypropyl-
ene and ‘high responders’, however, are difficult to prove or
disprove in the absence of well-performed clinical studies
with long-term follow-up. There certainly is a significant body
of scientific evidence suggesting some minimal level of deg-
radation of polypropylene fibres when examined by electron
microscopy and other techniques [31–36]. The significance of
this in the context of development of systemic symptoms,
however, is unclear. It is noteworthy that the majority of the
studies focusing on assessment of polypropylene mesh degra-
dation in vivo are performed following extraction and assess-
ment in medicolegal cases.

Clinical studies to establish links between systemic disease
and polypropylene have also been performed showing no as-
sociation. A study based on New York State Department of
Health Statewide Planning and Research Cooperative System
(SPARCS) data collected over 2 years was performed exam-
ining the incidence of autoimmune/systemic inflammatory
conditions in adult males following inguinal hernia surgery
with mesh vs a control group undergoing colonoscopy. Over
12,000 patients who had undergone mesh inguinal hernia re-
pair were followed up to 2 years. There was no significant
difference in the development of systemic inflammatory or
auto-immune diseases at 6 months, 1 year or 2 years [43]. A
similar study looking at the development of auto-immune dis-
ease and conditions such as fibromyalgia and rheumatoid ar-
thritis following polypropylene vaginal mesh implantation for
pelvic prolapse was performed. Again, no association of mesh
use and auto-immune/systemic inflammatory disease was
found inmesh vs control groups examining over 2000 patients
[44].

The vast number of patients studied in long-term follow-up
to assess recurrence and chronic pain who do not have

systemic complaints, however, is evidence against the exis-
tence of systemic side effects. Case reports do describe foreign
body reactions, granuloma formation in tendon repairs and
urticarial rash months after the use of polypropylene sutures
[45–47]; however, no large series exist. In order to continue to
use polypropylene-based meshes to maintain optimal out-
comes in inguinal hernia repair surgery, it may be necessary
to perform larger studies to demonstrate their safety profile or
to establish mesh registries. To establish the safety of breast
implants, studies with over 10-year follow-up of more than
5000 breast implant patients were performed in Scandinavia
to prove no association with malignancy [48]. Over 40,000
patients were prospectively followed in North America to
outrule an association between connective tissue disease and
breast implants [49].

Historically, the fact that no evidence exists to prove an
association between mesh and systemic disease does not pro-
vide medicolegal protection. More importantly, it may be-
come increasingly common for patients to refuse mesh-
based hernia repairs based on consumer sites associating mesh
with systemic side effects. Further scientific data regarding
long-term up-regulation of inflammatory mediators beyond
the first post-operative week in higher volumes of patients
may be useful. Large clinical studies focusing on systemic
complaints at long-term follow-up and the use of registries
for all patients in whichmesh is inserted would further support
the appropriate use of mesh in hernia repairs and other
surgeries.
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