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ANSWERS 

 

Question 1: 

Our patient groups have said to us that they feel synthetic mesh is unsuitable for long term 

insertion. 

What are your views on this for the use of polypropylene mesh 

▪ for stress urinary incontinence? 

▪ for pelvic organ prolapse? 

Is there such a thing as medical grade polypropylene? If so what is it? 

 

Answer: 

My opinion is that assessment of suitability should be based on a long-term risk/benefit profile of 

a device compared to non-mesh surgeries and non-surgical approaches. My recommendation for 

the review team would be to conduct an independent literature review and possibly a patient 

satisfaction survey. There are several factors that need to be considered in assessment of the 

long-term risk/benefit profile: 

 

i. Data comparison 

A simple approach could be to compare cure (fail) rates and rates of complications for mesh 

and non-mesh approaches as well as non-surgical treatment. In practice, published numbers 

are highly heterogeneous due to differences in methodologies of data collection, length of 

follow up, criteria to define complications and cure rates etc. My recommendation would be 

to compare methodologically similar studies and select type of studies that can yield better 

quality data. Some of the main issues are discussed below. 

 

ii. Cure rates 

In the literature there can be objective parameters of anatomical correction (measurements of 

prolapse etc.) and subjective alleviation of symptoms felt by the patients (patient 

satisfaction). Patient satisfaction is likely a better measure as we need to treat patients, not 

numbers. My recommendation would be to consider both objective and subjective measures 

reported in the literature.  Studies of patient satisfaction for mesh and non-mesh procedures, 
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if available, can provide patient-centered information. The review team may also consider 

conducting an independent survey, subject to practical considerations, availably of patient 

data, and randomization to avoid bias. 

 

iii. Definition of complications 

As for any new treatment approach, complications can become evident only some time after 

introduction of the approach. There is a period when some symptoms may not be readily 

attributed to a drug or an implanted device. Therefore, initial studies may not include all 

complications. Also, less experienced providers may not connect a symptom with a drug or a 

device. Based on published literature and my experience with medical records of mesh 

excision cases the complications can be split into groups/symptoms: 

i. Vaginal mucosal erosion. This was the first complication described in publications 

and it is readily diagnosed by even less experienced clinicians. 

ii. Pain, including dyspareunia. This may not be readily associated with mesh and may 

be under-reported. Less experienced clinicians may only attribute pain to exposure, 

not realizing that similar tissue damage can occur deeper in the tissues. Scarring, 

mesh contraction, tissue distortion, direct nerve involvement and other mechanisms 

can contribute to mechanisms of pain without mesh exposure. The review team will 

likely encounter a significant heterogeneity in the publications as studies vary in the 

definitions and criteria to associate pain with mesh.  

iii. Hispareunia. This term was introduced into literature after reports of male discomfort 

during intercourse due to exposed mesh. 

iv. De novo urinary symptoms (urge incontinence, recurrent UTIs, outflow obstruction 

etc.)  These symptoms can be caused by either compression of the urethra/bladder 

neck without mesh erosion or it can be caused by mesh erosion into the 

urethral/bladder wall. The erosion can be partial, without mesh exposure in the lumen 

of the urethra or bladder. These partial erosions can be underdiagnosed. The 

symptoms may be also underdiagnosed due to overlaps with the pre-existent urinary 

symptoms. Complete transmigration through the wall of an organ is more readily 

diagnosed as mesh is visible in the lumen on cystoscopy. It also has more advanced 

symptoms such as UTIs, stone formation etc.  
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v. Rectal symptoms, including rectovaginal fistula. Based on my review of the 

published literature and records, these can be most devastating complications. As for 

urinary symptoms they can occur with or without mesh erosion into the rectum and 

the severity would depend on the degree of penetration. In cases I encountered, 

complete transmigration into the rectal lumen resulted in recto-vaginal fistula. 

vi. Bowel adhesions. This complication is mainly applicable to sacropexy mesh. If 

exposed into the peritoneal cavity, bare mesh or granulation tissue will trigger 

adhesions. These may or may not be associated with mesh since any intra-abdominal 

surgery poses risks for adhesions but the risks are significantly higher with foreign 

objects. 

vii. Infection (clinically apparent). A common scenario for mesh infection is in a setting 

of mesh exposure. However, I have encountered cases of deep mesh infections 

without mesh exposure. The infections are more extensive in a setting of mesh 

transmigration into the bladder or the rectum. More advanced cases present as an 

abscess or fistula. The infections are usually more extensive in diabetic patients. 

viii. Systemic symptoms. These have been recently described in the literature as mesh-

related autoimmune diseases or ASIA syndrome. [1] At present, we may not fully 

understand their mechanisms and association with implants. A complicating factor is 

that there can be an overlap between concurrent non-implant related autoimmune 

diseases and mesh-related symptoms resembling autoimmune conditions. From my 

understanding, further research is needed in this area as we may face a new iatrogenic 

condition with unique mechanisms. 

 

A coding system introduced by the International Urogynecological Association (IUGA) can give 

the team another overview of the range of possible complications that need to be searched in the 

literature. [2]  
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Figure 1. Coding of pelvic mesh complications. [2] 

 

iv. Sensitivity of studies to detect complications 

Studies under consideration should be sensitive to detect complications. Frequently, studies 

are focused on cure rates of the original condition (stress incontinence, prolapse) but not on 

the complications. Understandably, complications are not a primary goal of the studies that 

investigate a new approach aiming to improve outcomes. High rates of complications may 

have a range of negative effects such as “publishability” in higher ranking journals, funding 

for further research, time and monetary investments etc. There is also an issue of awareness 

of the full range of possible complications and their inclusion in the records (discussed in 

paragraph “iii”). One can only find what he is looking for. Therefore, methodology of the 

studies may be affected in different ways with resultant underreporting of complications. 

Generally, there are much less possibilities for over-reporting complications. Overall, long-

term (discussed in “v”) studies designed to detect the full range of complications have a 

higher chance to detect true rates of complications.  
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v. Length of follow up 

Timing of complications ranges from days to years and decades after mesh implantation. [3] 

[4] [5] [6] This means that the rate of complications is not a fixed number but rather a 

parameter that rises over time to a certain relative plateau. Complications can occur at any 

time after implantation and a given cohort of patients will continuously accumulate 

complication cases, although at a gradually slowing rate. In my practice, I have examined 

specimens of meshes removed anytime between few weeks to 30+ years after implantation. 

For example, in our experience with hernia meshes excised for complications [7] [8], 50% of 

excisions (complications) occur within approximately the first 4 years after implantation 

(Figure 2 below). [9] Then it takes much longer, more than 10 years to accumulate the 

remaining 50% of complications and reach a relative plateau. This plateau would reflect the 

long-term complication rates in a prospective study. 

 

Figure 2. Percentile of excisions vs. time since implantation, hernia mesh excisions. Note 

that accumulation of complications reached 50%tile at ~4 years after implantation while a 

relative plateau was reached after 15 years. [9] 
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Similar data is reported in published literature for pelvic mesh complications. For 

example, Miklos et al. reported median (50%tile) of 3-4 years between pelvic mesh 

implantation and excision.  

 

Figure 3. Median timing of pelvic mesh excisions is 3-4 years after implantation. [10] 

 

This timing indicates that a prospective study would detect 50% of complications after 3-

4 years of follow-up. The rates would be underestimated by 50% at that time. In practice, 

patients are enrolled during prospective studies and follow up time for most patients is 

shorter than the length of a study. Therefore, median follow up time, not study length is more 

important to estimate accuracy of the complication rates. Short studies and studies with short 

median follow up can provide only partial information of the complication rates. Miklos et al. 

reported maximum implantation interval of 18 years. For prospective studies, a common 

problem of long follow up times is rising drop-out rate. The patient become lost to follow up 

after some time and the causes of drop-outs can introduce biases. Therefore, drop-out 

proportion and its causes should be considered during literature review. 
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vi. Causation of complications 

I have examined over 500 explanted mesh specimens during my career. In these cases, 

clinicians determined that an area was either painful, exposed through mucosa, 

deformed/banded, infected, or mesh eroded through an organ. In over 95% of excisions 

nature of the lesion was mesh, as a foreign object with tissue reaction to it. Only in a small 

proportion of cases clinicians made errors in their assessment as for the nature of the lesion 

and excised other foreign objects such as gauze material, injectable substances, surgical 

staples etc. I have not yet encountered a case when a non-iatrogenic lesion (natural disease), 

such as a tumor was mistaken for mesh material or a case where mesh became involved 

secondarily by such a lesion. Based on this information, it is expected that in cases of mesh 

excisions clinical assessments of mesh as a cause of complications are fairly accurate. There 

can be some uncertainty in cases when clinical investigations do not result in mesh excision. 

In these cases a clinician may either have an uncertainty whether mesh is the cause of a 

complication (usually pain) or may not perform an excision for technical reasons. Based on 

my review of clinical records only highly specialized surgeons perform extensive mesh 

excisions. Less experienced physicians may not know the full range of mesh complications 

and associate mesh complications only with mucosal erosions, not realizing that tissue 

damage also occurs internally. Some patients also present with multiple conditions where 

differential diagnosis can be difficult. Considering these factors, studies that are based on 

mesh excisions are likely to be of higher value in terms of causation but will underestimate 

complication rates since not all meshes are excised to treat complications. Without mesh 

excision, institutions and clinicians with good experience of treating the full range of 

complications will provide better data in comparison with those who mainly focus on 

implantations or have limited volumes. 
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vii. Type of device 

Although made of the same type of mesh, monofilament polypropylene, the devices for stress 

urinary incontinence (tapes) and pelvic organ prolapse are placed in somewhat different 

locations and affect different areas in the pelvis. At microscopic level tissue reactions to 

mesh are the same, independent of a device type. However, at a larger scale, complication 

profiles are different, depending on the affected organs such as the bladder, rectum, bowel, 

vagina. Also, complications can differ depending on affected anatomical structures such as 

nerves, vessels, and muscles. Therefore, risk/benefit profiles should be assessed for groups of 

similar devices: 

a) Retropubic stress urinary incontinence slings (tapes) 

b) Transobturator stress urinary incontinence slings (tapes) 

c) Transvaginal pelvic organ prolapse kits (mesh implant) 

d) Sacrocolpopexy mesh for transabdominal placement (mesh implant) 

 

The transvaginal (kit) devices for treatment of pelvic organ prolapse (c) peaked in use 

around 2012. After that they have been gradually removed from the market or banned for sale. 

The alternatives were non-mesh surgeries and surgery using mesh - transabdominal 

sacrocolpopexy (d). This change likely shifted numbers towards sacropexy and non-mesh 

surgeries in the later years. However, it is likely too early to be reflected in the studies with 

long-term follow up. This timeline should be also considered during literature review. 
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Question 2: 

We are interested in understanding the physical properties of mesh once it has been inserted, 

including: 

▪ shrinkage, 

▪ degradation, 

▪ leeching of chemicals, and 

breakdown cause by body heat 

 

Answer: 

As a pathologist I observe mesh-body interactions at microscopic level. As stated earlier, the 

devices under question are composed of the same type of mesh – macroporous monofilament 

polypropylene mesh. At microscopic level tissue reactions are the same for these devices. They 

are also the same for monofilament mesh used for hernia repair: 

 

i. Inflammatory reaction  

Inflammatory reaction to an implant is a non-specific reaction to a foreign body. The main 

cellular component of a foreign body type inflammation is macrophages. They are recruited 

in an attempt to destroy the foreign object. They secrete an array of substances such as 

bioactive lipids, hydrolytic enzymes, reactive oxygen metabolites, and mediators of 

fibroblast proliferation. [11] [12] The inflammation persists for as long as a foreign object 

remains in the body. [13] Generally, the degree of inflammation tends to lessen over time, 

but this is variable between individuals. In some patients the inflammation can be as intense 

many years after implantation as in some patients few months after implantation. The 

inflammation damages surrounding tissues and, after the scar is matured, contributes to 

continuous remodelling of the scar around mesh fibers. [14] The main significance of 

inflammation is that it damages tissues non-specifically and provides stimulus for scarring. 
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Figure 4. Staining for macrophages (brown) shows foreign body type inflammation around mesh 

fibers (clear oval spaces). [15] 

 

 

Figure 5. Foreign body type inflammation against mesh is mainly composed of macrophages 

(between M arrowheads). [16]   
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ii. Mesh integration and scarring 

Mesh integration into the tissue is a result of repair mechanisms. As in any wound repair, 

these mechanisms aim to restore continuity of the tissues. Mammalian connective tissues 

do not regenerate except at foetal stages. [17] [18] [19] [20] Instead, the damaged tissues 

and void spaces are filled with a non-specific reparative tissue - scar. This reparative type 

of fibrous tissue is used by our body as a universal glue or filler. The reparative tissue is 

non-specific as it is used to repair a variety of damages: mechanical cuts, burns, 

infectious and non-infectious inflammatory damage. Reparative tissue in wounds is 

usually called “scar”, while similar tissue laid within organs after an inflammatory 

damage is usually called “fibrosis” (lung fibrosis, liver cirrhosis etc.). 

 

Figure 6. Diagram showing the pathways of regeneration and repair. P. 107-108 [20] 
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In relation to a foreign object, the body needs to repair damaged tissue as well as 

to deal with the foreign object as it is recognized as potentially harmful. Although 

variable in intensity, these processes are the same for all foreign objects: implants and 

traumatic foreign objects such as pieces of glass, metals, wood etc. There are two zones 

of reaction around a foreign body: inner zone of inflammation immediately at the foreign 

body surface and an outer zone of scarring forming a scar capsule: 

 

Figure 7. Drawing showing two zones of tissue reaction around a foreign object – 

inflammation and scar encapsulation. [21] 
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After surgery, the void spaces around and within mesh are filled with clotted 

fluids. While macrophages clean the area, fibroblasts migrate from the viable edges. [20] 

[19] This initiates propagation of granulation tissue into the mesh spaces from the viable 

tissues surrounding mesh. The initial loose collagenous matrix with abundant capillaries 

forms granulation tissue. In cases of implanted mesh granulation tissue surrounds the 

mesh and propagates into the spaces within the mesh structure, such as folds, curls, pores 

and interstices between mesh fibers, provided they are large enough for tissue ingrowth. 

[22] Over a course of weeks, the amount of deposited collagen grows, while fibroblasts, 

previously producing collagen acquire contractile filaments and transform into 

myofibroblasts. Myofibroblasts’ function is somewhat similar to muscle fibers. They can 

contract and shrink the area of scarring. Their contractile function together with reduction 

of extracellular fluid and collagen cross-linking result in wound contraction. The process 

is aimed to minimise the volume of maturing scar. For scar tissue within and around 

mesh, the contracting forces act within and around mesh and pull mesh fibers together. 

As a result, the entire mesh becomes contracted. [23] [24] [25] [26] [27] During this stage 

collagen becomes more organized, and the density of microvasculature recedes. The scar 

tissue becomes more compact. The repaired area becomes dense hypocellular scar, which 

then is slowly remodelled further depending on tissue forces, repetitive damage, damage 

form inflammation etc. [28] [29] [30] 
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Figure 8. Healing within and around monofilament mesh, cross-sectioned mesh fibers 

are filled yellow. Scar tissue (red) fills pores and folds within mesh. As scar tissue 

contracts during maturation it pulls mesh fibers closer to each other and the entire device 

contracts [21] 
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Some larger pores may include fat or other components of normal connective 

tissue that passively collapses into the pores. Mesh designs containing pores of several 

millimetres (lightweight) have a greater chance to contain normal connective tissue in the 

larger pores of their complex structures. [31] [32] In pores where scar fills pores or 

bridges from fiber to fiber across the pores, it is termed “bridging fibrosis”. Scar tissue 

inside mesh together with the scar encapsulating the entire mesh form a composite mesh-

scar plate or a “scar plate”. Scar tissue also provides connections between the composite 

mesh-scar plate and the surrounding normal tissues. [28] 

The scarring, along with other mesh-related tissue changes, is an important factor 

in the mechanism of complications. That is why an entire direction of research and 

development in the field of implantable meshes was dedicated to minimizing scarring and 

its negative effects. [31] [33] [34] This research led to the development of lighter-weight 

larger-pore mesh designs. However, the design only shows benefit if the mesh stays flat 

in a single layer. The pores should also stay large after mesh deformations such as 

stretching and contraction. The benefit of larger pores becomes irrelevant in folded, 

multilayered mesh and in the designs that allow significant pore collapse. For example, it 

is more problematic to keep mesh flat in the groin or in the pelvis, since the locations are 

not flat and subject to movement and bending. The mesh can fold and bunch, and the scar 

fills the spaces between the folds. The phenomenon was termed “meshoma” since the 

mesh forms a tumour-like mass (-oma). [35] [36]  

Scar tissue affects flexibility and elasticity of implanted mesh. Elasticity and 

flexibility of knitted meshes is dependent on bending and movement of the mesh fibers. 

The degree of movement freedom becomes significantly restricted by the ingrown 

collagenous scar. At the same time, the embedded mesh acts as a rebar reinforcement for 

the scar tissue limiting its native flexibility and elasticity. The resultant mesh-scar 

composite structure is stiffer than the original new mesh or scar tissue without mesh. The 

resultant stiffness is dependent on mesh design with its own physical characteristics as 

well as the amount of induced scarring. [37] [38] [23] [33] [39]  

A stiff implant affects surrounding tissues. It has been shown that native tissues 

surrounding an implant undergo weakening. Published data indicated a non-age related 

loss of strength of the surrounding tissues after mesh implantation. [40] [41] This occurs 
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due to physical loads being transferred to the implant, while native tissue undergo partial 

atrophy in a “braced” position. [40] There is also the age-related loss of strength that needs 

to be considered as mesh implants are permanent. The overall effect is that the mesh stiffens 

over time while the tissues become weaker through a variety of mechanisms. This leads to 

a growing mismatch between the implant and the tissues. 

 

iii. Tissue innervation 

After any injury axons of interrupted nerves grow to re-innervate their targets. [42] [43] 

This process can lead to painful scars. [44] [45] [46] [47] [48] The process of scar 

innervation also takes place in the scar tissue within and around mesh. It has been shown 

that the nerves can grow into mesh pores, provided the pores are large enough. [49] 

Higher degree of innervation within mesh has shown an association with the risk of pain 

as a long-term complication. [7] Normal nerves would conduct sensations from the areas 

around mesh, including mechanical effects of the mesh and scarring on the tissues. Some 

nerves can also be affected directly by the mesh fibers. Traumatized nerves can form 

traumatic neuroma type lesions. Traumatic neuromas are formed when a nerve is 

damaged and attempts to regrow within scar tissue. [50] [51] They are typically painful 

lesions. For example, traumatic neuromata commonly occur in amputated limbs. This 

leads to pain sensation felt in an area that does not exist anymore. The nerves can also 

form similar lesions in the mesh, either in their attempt to grow through the mesh or 

disrupted by migrating mesh fibers. [7] [31] 
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Figure 9. Diagram showing restoration of innervation after surgery and mechanisms the 

nerves can be affected directly by the mesh. [21] 
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Figure 10. Growth of nerve branches into mesh (A-D) and neuroma formation (A), nerves are 

stained brown, cross-sections of mesh fibers are filled yellow. [7] 
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Figure 11. Neuroma formed within mesh structure due to a nerve damaged by mesh fibers (A), 

tight position of a nerve between mesh fibers (B). [7] 
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iv. Mesh migration/erosion through tissues  

Two types of migration were outlined: primary migration of unsecured mesh within 

surgical pocket, and secondary migration through tissues. The latter occurs either during 

or after mesh integration into tissue. Ability of foreign bodies to migrate through tissues 

and organs is established knowledge. [52] [53] [54] [55] [56] [57] [58] It is a slow 

internal erosion of the mesh through the tissues. [59] [54] When the tissues cannot 

withstand the forces, mesh fibers gradually disrupt tissue components and erode through 

them. This slow migration can lead to disruption of important anatomical structures such 

as nerves, neural ganglia, vessels and walls of organs. These effects are seen in both, 

hernia and vaginal mesh devices. [60] [61] [62] [63] [64] [65] [66] [67] [59] [54] Variety 

of forces, such as intrabdominal pressure, mesh contraction, organ movements, and 

muscle contraction act to displace the mesh. At the same time, foreign body 

inflammatory reaction and general ability of tissues to remodel or become disrupted 

under chronic pressure provide the path for migration. There is likely movement of mesh 

in every patient, but the distance and extent are variable between the patients. In some 

patients the movement is clinically insignificant. However, in some patients mesh 

transmigrates through the full thickness of organ walls such as the bladder or bowel. 

Symptoms of mesh migration/erosion will depend on the structures damaged on the path 

of migration. Erosion of mesh through mucosal surfaces or skin exposes the tissues and 

the mesh to bacterial contamination. This can lead to subclinical or clinically apparent 

infection. Depending on timing and sequence of events, in some cases mesh becomes 

exposed through a non-healing operative incision, rather than through a healed surface or 

other sites. A never healed operative wound is complicated by the presence of a foreign 

object in the wound. Although can be partially dependent on surgical technique, mesh is a 

factor in these early erosions. Presence of a foreign body is a known factor for interrupted 

healing. [20] In relation to erosion through healed skin or mucosa, published literature 

indicated that mesh specific factors play a role. [68] [28] Variable materials showed 

different risks for mesh exposure. [69] [70] [71] [72] [68] Animal models showed that the 

rate of erosion was also dependent on mesh size, where larger mesh implants had a higher 

risk of exposure. [24] [73] Overall, the published literature and cumulative clinical 
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experience demonstrated that the risks of mucosal exposure are, among all other factors 

dependent on device design. [28] [74] [75] [76] [77]  

 

   
Figure 12. Migration/erosion of mesh fibers through striated muscle. [66]  

 

 

Figure 13. Hernia mesh migration into the fallopian tube (FT). [8]  
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Figure 14. Hernia mesh migration through spermatic cord structures. [8]  

Slides of the same block are stained by 3 stains: H&E (A), desmin (B), and S100 (C); mesh 

fibers filled yellow, vas lumen indicated by arrowheads, 40x magnification in the upper half of 

each panel (A, B, C), and enlargements to 100x in the lower half. A, Mesh fibers clearly eroded 

into the vas; hence, it could not be separated from the mesh intraoperatively. Note the trail of 

scarring, inflammation, and stretched blood capillaries left behind the migrating mesh fibers. B, 

Desmin stain to show the muscular layer of the vas (dark brown). The muscle is being replaced 

by scar tissue as the mesh moves through the vas. Note sparse residual muscle fibers on the right 

behind the advancing mesh (migrating to the left). C, S100 stain to highlight the nerves (dark 

brown) that are stretched and disrupted by the migrating mesh fibers.  
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v. Mesh folding/curling 

Any soft material can fold. Earlier, during the search for “ideal mesh”, knitted meshes 

were found to be more prone to fold and curl edges. [78] Mesh folding is routinely 

observed in explanted mesh devices. [30] [49] Similarly to migration, folding of a flat 

mesh can be primary due to intra-/perioperative movement of unsecured mesh, or 

secondary, slowly occurring after tissue ingrowth. Immediate postoperative folding can 

be caused by muscle contraction and organ movement adjacent to the mesh. The mesh 

may be placed flat during surgery when the muscles are relaxed and the body is in a 

supine position. After surgery, muscles start contracting, organs shift with body 

movements, and the bladder and bowel change shape during their function. While human 

tissues can contract and expand and organs can move back to their previous position, 

there is no force in a folded mesh to stretch it back. Once folded, it stays folded. Mesh 

folding/wadding is also further aggravated by scar contraction. [23] The literature 

demonstrates that the softer lighter weight designs are more prone to folding than the 

stiffer heavier weight meshes. [39] This property reduces advantages of the lighter weight 

mesh and the overall result can be worse than for a stiffer mesh that remains flat. 

Wadding of the mesh into a bulky clump has been termed “meshoma” by hernia surgeons 

and it is a recognized complication frequently requiring mesh excision. [35] [36] Mesh 

folding became a serious problem in larger transvaginal (kit) devices. [79] [80] [81] 

These devices have been withdrawn from use and reclassified as high-risk. [82] [83] [84] 

For stress incontinence slings, edges of the tapes can curl towards the mucosa increasing 

risks for exposure. In extreme cases this curling can result in a complete roll (roping). 

This is likely caused by stretching of the slings where the mesh cannot spring back as it is 

held by the ingrown tissue. A narrowed roped sling is more likely to cut into the urethra. 
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Figure 15. Lighter weight meshes have been reported to be more prone to folding. [39] 

 

 

Figure 16. Folding of mesh as seen in histological sections. [49]  
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Figure 17. Edges of stress urinary incontinence slings (tapes) can curl. If a curl occurs in the 

body it can become fixed by the ingrown scar. [16] 
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vi. Effect on blood vessels 

Having examined over 500 mesh explants my observation is that larger vessels do not 

penetrate mesh. There are capillaries and smaller blood vessels within the tissue inside 

mesh pores and folds, however larger supplying vessels are present only at the mesh 

interface. This indicates that blood supply to the tissues on the distal (downstream) side 

of mesh needs to circumvent mesh. This can be problematic for larger devices, especially 

folded and located more superficially. Thinner mucosal flaps generally have less vascular 

reserves and the situation is aggravated by the underlying bulky object of folded mesh. It 

was likely one of the factors for higher erosion rates of the transvaginal (kit) devices for 

pelvic organ prolapse. This factor is also important in sacropexy meshes as they are 

larger devices. Sites that become surrounded by mesh, for example apex of the vaginal 

vault may have limited access for larger supplying vessels. The apex is one of the 

common areas for mesh erosion. One of the other contributing factors is concurrent 

hysterectomy which places more demands on healing in an area with a potential vascular 

compromise. 

 

vii. Infection 

Clinically detectable infection (different from subclinical/dormant) occurs only in a 

proportion of mesh implants. As for any foreign object, infection can be either introduced 

with the mesh during implantation, or mesh can become seeded later, through mucosal 

exposure or hematogeneously, through blood stream from a distant site. In either 

scenario, surface and spaces within the mesh structure provide adhesion and shelter 

opportunities for bacteria. Materials with smaller spaces in the mesh structure are more 

prone to retain infection. [85] The key feature is to allow free traffic of the immune cells - 

neutrophils. These cells are recruited to fight bacterial infections. [20] Microporous and 

multifilament meshes contain spaces with limited access for the immune cells, therefore 

introduce higher risks for infection. [85] [86] [87] [88] Macroporous and monofilament 

mesh designs can also become infected, although these tend to have more limited spread 

of infection. In cases of mesh erosion through the bowel infection can be destructive and 

extensive with subsequent risks of abscess, fistula formation and sepsis. Diabetic patients 

also tend to have more extensive spread of infection along the mesh and deeper tissues.  



29 
 

Question 3: 

What are your views on whether mesh degrades in vivo, and if so, how does it do so and what 

causes this? 

 

Answer: 

Earlier studies showing that polypropylene changes in vivo date back to the 1970’s. [89] It was 

determined at that time that non-stabilized polypropylene degrades in the body. Antioxidants 

need to be added into resin to retard degradation. It is my understanding that all polypropylene 

mesh products on the market contain antioxidants and other technical additives. However, it was 

never shown that the antioxidants remain effective indefinitely throughout the entire thickness of 

the fiber. Subsequent studies indicated that polypropylene on the market degrades while in the 

body. [89] [90] [91] [92] [93] [94] [95] Most conclusions were based on observation of surface 

cracking of explanted mesh filaments using scanning electron microscopy.  

 

 

Figure 18. Scanning electron microscopy images of the degraded surface. [93]  



30 
 

Later, approximately at the time when mesh drew more attention due to looming 

litigation, these findings were questioned suggesting that there could be interpretive errors of the 

scanning electron microscopy observations. [96] [97] [98] However, polypropylene degradation 

in other environments, such as high temperature, sunlight, and bacterial exposure show changes 

similar to that of polypropylene exposed to the body environment. [99] [100] [101] It was also 

found that the cracking layer does not form on other implanted polymers. For example, it has 

been shown comparing polypropylene and PVDF implanted at the same time. [102] My 

contribution was to describe polypropylene degradation in cross-sections, using histological 

sections and transmission electron microscopy. [30] [29] [103] [104] An external zone of altered 

polypropylene slowly propagates from the surface and becomes visible several months after 

implantation. The degraded layer forms a continuous tree-bark like shell at the entire surface of 

mesh fibers. Although relatively thin in relation to the fiber diameter, it forms a tube-like sheath. 

As any tube type structure, it has a high mechanical efficiency relatively to its thickness. 

 

 

Figure 19. A 3-D restoration of a cross-sectioned mesh fiber. [104] 
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Figure 20. Appearance of degradation “bark” in regular and polarized light. A mesh fiber of a 

monofilament polypropylene mesh is cross-sectioned and stained by regular histological dyes. 

Note that a circumferential layer at fiber surface retained the dyes and appears purple (a, between 

arrowheads). The non-degraded core material appears clear as it does not retain dyes. The 

degraded layer has optical properties of polypropylene and is bright in polarized light as is the 

core (b). [104] 

 

 

Figure 21. Similar findings in a multifilament polypropylene mesh. [87] 
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Noteworthy, thickness of the degraded layer increases more rapidly within the first 3-4 

years in the body. [104] This timing coincides with the median timing of mesh excision. [10] 

This indicates that changes of the polymer likely contribute to the mechanisms of complications. 

For the mechanisms of degradation in vivo, it is known that oxidative substances 

expressed by macrophages and other chemical compounds in the tissue generate oxidative 

environment. [105] [89] Oxidation was determined as a mechanism of degradation in the earlier 

studies, that is why commercial products contain antioxidants. [89]  

As for any substance, the breakdown invariably results in particles and simpler 

molecules, or chemical products of degradation. In vitro thermal degradation of polypropylene 

produces an array of organic molecules such as acids, ketones, ethers, aldehydes, alcohols and 

smaller hydrocarbons. [106] Thermal degradation is easier to study and, although the conditions 

are different from other types of degradation, it provides information of a range of possible 

chemicals that can be produced through other types of degradation, including in the body. 

Additionally, additives used to stabilize the polymer can also leach into the tissue. In published 

literature, additives leaching from polypropylene labware were shown to affect cultured cells in 

vitro. [107] In patients, a systemic effect was detected when intravenous injections of saline from 

prefilled and stored polypropylene syringes were found to induce smell and taste effects 

(metallic, chemical taste) in patients. This indicated that the substances leach into saline during 

storage, then enter blood and reach taste and smell receptors after injection. [108] [109] Larger 

scales and particles of degraded material also shed from the mesh fibers during their 

manipulations. They can be seen in the blood clot adherent to excised specimens and embedded 

in the tissue at sites of previous excisions. These scaled-off particles of degradation layer trigger 

the same foreign body type inflammation in the tissue as the original non-degraded fibers. For a 

systemic effect, chemical substances and small particles can travel through the blood stream but 

the overall burden and effect of this is not clear at this time. 

Recently there was a study which, to my knowledge is the only study that concluded that 

the cracked layer is not degraded polypropylene. The used cleaning procedures were more 

extensive than those used by previous researchers. [110] The exposed surface may not have been 

the original surface as extensive cleaning could remove all detachable materials, including tissue 

residue and polypropylene degradation layer. After observing non-degraded polypropylene at the 

exposed surface, the authors concluded that the brittle layer is composed of proteins cross-linked 
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by formalin. This conclusion does not explain the fact that cracked layer can be seen 

immediately after mesh excision, without exposure to formalin. [111] It also does not explain 

presence of premanufactured granules of blue dye within the layer. The granules, as they are 

added to resin during manufacturing serve as an internal marker of polypropylene.  

 

 

Figure 22. Surface cracking observed immediately after mesh excision, before exposing mesh 

fibers to any chemicals. [104] 
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Figure 23. Retention of the blue granules in the degradation layer indicates its origin from 

polypropylene. [111] Blue granules are present in the fiber core (C) and in the degraded layer 

(between arrowheads). 
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Question 4: 

Is there any consensus on ways to identify women for whom mesh is likely to be less successful? 

For example, physical characteristics, immunological responses, vaginal microbiomes. 

 

Answer: 

From a pathological point, the unifying cause of the complications is mesh as a foreign object. 

However, the mechanisms of complications are multifactorial. Based on what we learned for the 

last few decades foreign body type inflammation, scarring, mesh contraction, mesh folding, 

nerve involvement, mesh erosion/migration through tissues, and other factors that were discussed 

earlier play their roles in the mechanisms of complications. Most of these factors are non-

specific, inherent to mesh as a foreign object. As any foreign object, it can damage tissues 

mechanically and triggers tissue reactions. Some of these factors are modifiable by mesh design 

and its physical characteristics. For example, scarring can be modified by pore size, while mesh 

stiffness can have both positive and negative effects. A stiffer mesh can damage tissues but at the 

same time is less prone to folding.  

From my experience, the mechanisms of local (non-systemic) complications are mostly 

mechanical, mainly through direct tissue damage and distortion. The combination of contributing 

factors varies from patient to patient. For example, in some patients mesh may happen to gather 

into a ball or erode through the vaginal mucosa or into the bladder. In other patients mesh may 

be flat (monolayered) but there happened to be a more pronounced nerve damage in the mesh. 

These events appear to be random which poses a challenge for identification of a marker or a 

criterion to select patients at risk. We similarly struggle to identify patients at risk for side effects 

of medications. There are also some non-mesh related factors such as smoking, diabetes, 

concurrent procedures that can contribute to the inherent risks of the devices. Essentially, all 

patients with an implant are at risk for complications but we cannot predict in whom and when a 

combination of all factors can lead to a complication. Also, individual risks for each patient can 

change over time as our tissue become weaker and we may acquire diseases such as diabetes. 

 I cannot comment on the systemic (autoimmune- or fibromyalgia-like) symptoms as 

these are not diagnosed by pathological examination. 
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Question 5: 

We have an international perspective here, with exposure to the EU and the US regulatory 

regimes, is there anything that you think should be added to either the pre-market or the post-

market testing for implantable devices? 

 

Answer: 

As discussed in Question 1, full assessment of the risk/benefit ratio needs to be based on long-

term data. The full range, severity and rates of complications can become apparent only many 

years after device introduction. To ensure safety of the patients during this time it needs to be a 

stepwise approach: 

i. In vitro studies and animal studies. 

ii. Analysis of similar devices on the market for:  

- Type of complications 

- How to screen for these complications to detect them earlier 

- Analysis of how long it takes for complications to accumulate and reach a relative 

plateau. 

iii. Initial smaller clinical trials for patients in whom conventional treatments failed. 

iv. After the devices showed a favourable predicted risk/benefit ratio and are cleared for 

sale there should be a continuous monitoring to collect real-life data in real-time. 

Since devices are permanent and it may take a long time for complications to become 

apparent, post-marketing surveillance is as important as the pre-marketing 

assessment. The best solution is nation-wide REGISTRIES with possibility of 

information sharing between countries. A public registry will have multiple benefits: 

- Independent - less risks for biases. 

- Comprehensive coverage of the full range of providers - real-life data. 

- Real-time monitoring can allow earlier detection of problematic devices and 

prevent further exposure of new patients to the risks. 

- Enforcement of mandatory reporting of all implantations, results, complications 

and subsequent treatments. 

- Standardization and accuracy of data collection. (For example, presently 

explanting surgeons may not know the type of excised device as patients change 
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providers over the years since implantation. Also, some providers may not be 

aware of the full range of possible complications.). 

- Ability to standardize reporting of complication and cure/recurrence rates by a 

common time denominator. For example, in oncology 5- and 10-year survival 

rates are used for prognostication and comparison.  

- Ability to update reporting for new, previously unexpected (unknown) symptoms 

in a standardised way. 

- Ability to include long-term medications and other product types (injectable 

substances, tissue engineering etc.) to the registry since these are subject to the 

same problems of long-term complications as well as quality and heterogeneity of 

published information. 

 

In fact, this review would not be necessary if nation-wide registries were 

implemented before introduction of the devices on the market. If collected properly, 

the data would have a better quality than in any presently available publication. The 

present discussion whether risks outweigh benefits (or vice versa) is because of the 

lack of high-quality long-term data. 

 

 

Sincerely, 

 

 

Vladimir Iakovlev, MD, FRCPC, FCAP    DATE: October 04, 2019 
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