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Introduction 

FDA’s recent report on urogynecologic surgical mesh only briefly acknowledges the 

existence of different types of mesh product and grafts (i.e., synthetics vs. biologics) and 

does not distinguish between two important types of biologic grafts (chemically cross-

linked vs. non-crosslinked).  As a result, Cook has conducted a thorough literature review 

with respect to material type.  

The Importance of Mesh/Graft Biomaterials in POP Repair 

A woman’s lifetime risk of requiring surgery to correct pelvic organ prolapse (POP) is 

11%.1  At least 200,000 procedures are performed each year in the United States.2,3  

Approximately 30% of these surgeries are for repair following a previous corrective 

procedure (i.e., recurrence of prolapse).4  Standard colporrhaphy (plication and suture 

closure) provides less than optimal results.  For example, in recent series, anterior 

colporrhaphy had success rates of approximately 50%.5,6  

Recognizing the similarities between the surgical correction of POP and abdominal wall 

hernia repair, over the past 10 years surgeons have begun to apply the principles 

employed in hernia repair to POP procedures.  These principles include using 

biomaterials such as synthetic mesh and biologic-derived grafts for reinforcement or 

repair of soft tissues.6-9  

FDA’s recent report10 raises legitimate concerns about surgical mesh for POP repair.  

However, the report groups the different types of materials together and largely fails to 

acknowledge the significantly different clinical outcomes obtained with different 

materials.  The success of any surgical procedure involving implants depends on at least 

three factors:  assuring that the patient is a suitable candidate, performing the procedure 

correctly, and choosing the appropriate product.  While the report addresses the safety 
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and effectiveness of different procedures (e.g., transvaginal vs. transabdominal, anterior 

vs. apical vs. posterior), it only briefly acknowledges that there are significantly different 

types of mesh and grafts used, i.e., synthetics (both absorbable and non-absorbable) vs. 

biologics.  In addition, it does not discuss the most significant difference between types 

of biologic grafts, namely, chemically cross-linked vs. non-crosslinked grafts.  Likewise, 

although the review articles referenced in FDA’s report differentiate between synthetic 

and biologic-derived materials, the reviews, such as Foon11 and Abed,12 do not 

differentiate between chemically cross-linked and non-crosslinked biologic grafts when 

assessing safety and effectiveness.  Finally, FDA’s report provides only one instance in 

which consideration is given to the type of biomaterial used in the procedure, stating, 

“more than half of the women who experienced erosion from non-absorbable synthetic 

mesh required surgical excision in the operating room.” 

Cook has conducted a thorough review of the literature on POP repair with respect to the 

type of material used.  Surgical products for POP repair can be divided into four groups: 

1. Synthetic, non-absorbable mesh 

2. Absorbable synthetic mesh 

3. Chemically cross-linked biologic grafts 

4. Non-crosslinked biologic grafts 

Synthetic mesh materials include non-absorbable polypropylene and absorbable 

polyglactin.  Biologic graft materials include porcine dermis, human dermis, bovine 

pericardium, and porcine small intestinal submucosa.   

Tissue Response to Biomaterials Used for POP Repair 

This section discusses the differences in the body’s response to the four categories of 

biomaterials: 1) non-absorbable synthetic mesh, 2) absorbable synthetic mesh, 

3) chemically cross-linked biologic grafts, and 4) non-crosslinked biologic grafts. 

Non-absorbable Synthetic Mesh.  Tissue response to non-absorbable synthetic mesh is 

partially based on pore structure, classified as Types I-IV. 13,14  The current mesh of 

choice for POP repair is Type I monofilament polypropylene mesh.15,16  Type I mesh has 

a pore size > 75 µm, and thus host cells can infiltrate the mesh.  Over time, compact 

fibrous tissue surrounds the mesh.13,14  This is postulated to provide a strong mechanical 

bond between the mesh and adjacent tissue, thereby effecting a long-term repair.13,14  
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However, concerns have been raised that after both acute and chronic inflammatory 

reactions occur, the ultimate tissue response is that of a foreign body reaction with the 

formation of granulation tissue, limited neovascularization, and eventual fibrosis (i.e., 

encapsulation).17  Mesh with smaller pores (Types II-IV) are even more susceptible to 

encapsulation and risk of infection with associated clinical consequences.14,15,16,18 

Absorbable Synthetic Mesh. Absorbable synthetic mesh materials (e.g., polyglactin) have 

not been reviewed extensively in the literature.  The initial inflammatory response to 

these multifilament materials is similar to the response to the non-absorbable mesh. 

Unfortunately, absorbable synthetic mesh was found not to provide long-term mechanical 

support, because the incorporation of the host cells at the implantation site hastens the 

degradation of the mesh.  For example, Polyglactin 910 has been found to retain only 

25% of its original strength at 21 days in vivo.5  

Chemically Cross-linked Biologic Grafts.  The primary structural component of biologic 

grafts is collagen fibrils derived from extracellular matrix.  Chemical cross-linking agents 

are used to modify the structure of collagen to inhibit its rate of degradation.  As a 

consequence, cellular infiltration into the graft (a crucial part of the body’s remodeling 

process) is significantly decreased.14,19-22  Based on studies in humans, inflammation 

gradually gives way to a foreign body reaction and eventual encapsulation of the graft 

(dense fibroconnective tissue with limited neovascularization) without beneficial 

fibroblast infiltration.20   In addition, cross-linking makes the graft stiffer.  The stiffness 

(i.e., pliability) of a graft affects the ability of the host cells to differentiate – another key 

part of the remodeling process23 and may result in an increased propensity for erosion.   

Thus, the chemically cross-linked graft material behaves much like a synthetic mesh in 

that, rather than facilitating the body’s natural remodeling processes, it elicits an early 

tissue response characterized by mixed inflammation, followed potentially by 

encapsulation.   

Non-crosslinked Biologic Grafts.   Like chemically cross-linked biologic grafts, the non-

crosslinked biologic grafts are comprised of acellular extracellular matrices, derived 

primarily from dermis (human, bovine, or porcine) or porcine small intestinal submucosa.  

However, because they are not chemically cross-linked, they permit cellular infiltration, 

proliferation, and remodeling of host tissue.19,24-26  Over time, the collagen scaffold is 

gradually repopulated by a mixture of host cells.  Structural proteins in the graft are 

gradually replaced by patient-derived collagen.  Several months after placement of the 
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graft, the implant site is characterized by well-organized connective tissue with collagen 

bundles oriented into the pattern of parallel arrays typical of true ligaments and 

aponeuroses.27,28  Moreover, a normal vascular supply has been re-established, and any 

inflammation is localized in regions where small remnants of the synthetic suture used to 

affix the graft remain.  Non-crosslinked grafts remodel into normal host tissue29 and thus, 

substantially reduce the long-term foreign body response.  

Review of Clinical Literature 

PubMed® was searched for relevant articles in which biologic grafts were used to 

reinforce anterior, posterior, or apical prolapse repair.  Articles were limited to clinical 

use, English language, transvaginal access, and to those published from January 1, 1996 

to August 2, 2011.  Search terms and results may be found in Appendix A.  Relevant 

articles were identified, sorted by type of graft (cross-linked or non-crosslinked biologic), 

and then reviewed for incidences of erosion, pain, and infection, as well as persistence or 

recurrence of the original defect.  These adverse events were chosen as they were 

referenced as the three most common complications in FDA’s report.10  The safety and 

effectiveness of synthetic mesh products were also reviewed for the same factors as 

biologic grafts (e.g., erosion, recurrence) by examining the references cited in FDA’s 

report.  Given the longer history of synthetic mesh products and FDA’s reliance on these 

references for its report, review of additional citations was deemed unnecessary.  In 

addition, multiple systematic reviews used colporrhaphy as a comparison group and thus, 

the associated complications and recurrence for this procedure were also evaluated for the 

sake of comparison to the products under consideration.   

Appendix B (Tables 1-5) presents the results of the literature reviews for each of the five 

procedural categories: 

Table Material/Procedure 

B-1 Synthetic, non-absorbable mesh 

B-2 Absorbable synthetic mesh 

B-3 Chemically cross-linked biologic grafts 

B-4 Non-crosslinked biologic grafts 

B-5 Standard colporrhaphy (plication and suture) 
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For all tables, the data are further summarized with non-weighted averages across all 

studies for erosion, pain, infection, and recurrence rates.  The following definitions were 

used when comparing studies: 

 Erosion:  Includes exposure, extrusion, and protrusion 

 Pain:  Refers to graft-related pain, including dyspareunia 

 Objective Recurrence:  Includes both recurrence and persistence, as measured 

by prolapse quantification/International Continence Society (POP-Q/ICS) 

guidelines (author-defined, but typically POP-Q of Stage 2 or higher), or 

Baden-Walker Scale 

 Symptomatic Recurrence:  Includes both recurrence and persistence, as 

reported by the patient (i.e., subjective recurrence)  

A bibliography for all studies referenced in the tables is provided after the tables.  

The literature review is summarized in Table 1.   

Table 1.  Average incidence of various complications by type of biomaterial. 

Number 
of Studies 
Reviewed 

Average Incidence (%) 

Type of 
Biomaterial  Erosion Pain Infection

Objective 
Recurrence 

Symptomatic 
Recurrence 

Non-absorbable 
Synthetic Mesh 

20 10.0% 11.6% 4.3% 8.2% 13.9% 

Absorbable 
Synthetic Mesh 

3 0.2% 8.0% 0.0% 21.7% 24.1% 

Cross-linked 
Biologic Grafts 

22 6.2% 21.6% 2.3% 24.0% 8.5% 

Non-crosslinked 
Biologic Grafts 

10 1.2% 15.4% 1.3% 14.5% 15.1% 

Standard 
Colporrhaphy 

25 
not 

applicable
21.5% 4.0% 30.0% 20.3% 

With respect to erosion, absorbable synthetic mesh products and non-crosslinked biologic 

grafts had very low average erosion rates (0.2% and 1.2%, respectively) compared to 

cross-linked biologic grafts (6.2%) and non-absorbable synthetic mesh products (10.0%).  

With respect to pain, absorbable synthetic mesh products had the lowest rate (8.0%), 

followed by non-absorbable synthetic mesh products (11.6%) and non-crosslinked 

biologic grafts (15.4%).  The average rate for cross-linked biologic grafts (21.6%) was 

slightly higher than standard colporrhaphy (21.5%).  The infection rates for absorbable 
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synthetic mesh products, non-crosslinked biologic grafts, and cross-linked biologic grafts 

were below standard colporrhaphy rates (0%, 1.3%, and 2.3%, respectively). The average 

rate for non-absorbable synthetic mesh products (4.3%) was slightly higher than standard 

colporrhaphy (4.0%).  With respect to objective recurrence, all four types of materials 

had lower rates than standard colporrhaphy (30%). With respect to symptomatic 

recurrence, cross-linked biologic grafts (8.5%) had the lowest rate, followed by non-

absorbable synthetic mesh products (13.9%) and non-crosslinked biologic grafts (15.1%).  

The average rate for absorbable synthetic mesh products (24.1%) was higher than 

standard colporrhaphy (20.3%).   

Discussion   

Non-absorbable Synthetic Mesh.  Cook’s literature review confirms FDA’s finding that 

non-absorbable synthetic mesh products have a relatively high rate of erosion (10.0% vs. 

10% reported by FDA10), a complication not associated with standard colporrhaphy, 

while offering a lower rate of recurrence, a lower rate of pain, and a similar rate of 

infection compared to standard colporrhaphy. 

Absorbable Synthetic Mesh. Absorbable synthetic mesh products have the lowest rate of 

erosion and low rates of pain and infection.  However, the recurrence rates associated 

with absorbable synthetic mesh products are similar to those of standard colporrhaphy.  It 

should be noted that absorbable synthetic mesh products are not widely used in clinical 

practice for POP repair, likely due to the high recurrence rates and that the products lose 

strength relatively quickly compared to other types of biomaterials. 

Chemically Cross-linked Biologic Grafts. Chemically cross-linked biologic grafts have a 

high rate of erosion, and rates of pain and objective recurrence that are higher than non-

absorbable synthetic mesh products.  The high rate of erosion is consistent with 

histological findings in humans that cross-linked biologic grafts exhibit a foreign body 

response similar to non-absorbable synthetic mesh products.  In addition, although cross-

linked biologic grafts have the lowest rate of symptomatic recurrence (in apparent 

contradiction to their high objective recurrence rate), it should be noted that: 

1) symptomatic  recurrence is less frequently reported than objective recurrence (e.g., 

n = 8 for cross-linked biologic grafts and n = 5 for non-absorbable synthetic mesh 

products) and 2) the use of objective measures of recurrence (e.g., POP-Q) allows for a 

more straightforward comparison of study results. 
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Non-crosslinked Biologic Grafts. Non-crosslinked biologic grafts have a low average 

erosion rate (1.2%).  While the average objective recurrence rate is higher than non-

absorbable synthetic mesh products (14.5% vs. 8.2%), its rate is still well below the 

recurrence rate for standard colporrhaphy.  Furthermore, its average symptomatic 

recurrence rate is similar to non-absorbable synthetic mesh products (15.1% vs. 13.9%). 

When comparing different types of materials, objective measures (erosion, infection, and 

objective recurrence) allow for a more standardized comparison than subjective measures 

(pain, symptomatic recurrence).  Figures 1 to 3 display these three objective measures for 

each of the three widely-used materials. (Absorbable synthetic mesh is not included 

because it is not widely used for POP repair.)   

 

Figure 1.  Average rates of erosion by type of biomaterial. 

 

 

Figure 2.  Average rates of infection by type of biomaterial. 
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Figure 3.  Average rates of objective recurrence by type of biomaterial. 

The differences in clinical outcomes between biomaterials are not surprising, given the 

body’s tissue response.  As summarized earlier, the body’s response to a chemically 

cross-linked biologic graft is more similar to that of a synthetic mesh (i.e., foreign body 

reaction) than to the more natural incorporation of a non-crosslinked biologic graft.  As 

stated by Birch8 with respect to erosion, “[e]rosion of material is a more chronic process, 

which is secondary to the properties of the prosthesis and its long-term interaction at the 

tissue interface.”  In fact, biologic-derived grafts were initially introduced, in part, to 

mitigate the complications associated with synthetic mesh.14   

Furthermore, biologic graft erosions can be managed conservatively with topical estrogen 

and/or antibiotic cream as in Drake et al.30  However, non-absorbable synthetic mesh 

erosions typically require one or more operative revisions.  As stated in FDA’s report,10 

“More than half of the women who experienced erosion from non-absorbable synthetic 

mesh required surgical excision in the operating room.  Some women required two to 

three additional surgeries.”  Thus, not only is the risk of erosion higher with non-

absorbable synthetic mesh products, the treatment often requires at least one partial 

excision of the mesh and potentially multiple excisions to remove the entire mesh.  Use 

of a non-crosslinked biologic graft mitigates this long-term risk because the graft 

remodels into host tissue and thus, is not present long-term in the body. 

With respect to recurrence, treatment options vary as a function of material type.  For 

instance, surgical options following use of non-absorbable synthetic mesh products 

include the use of biologic grafts and standard colporrhaphy.  Repair options following 
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use of a non-crosslinked biologic graft include standard colporrhaphy, biologic graft, and 

synthetic mesh.  Thus, the small increase in recurrence associated with non-crosslinked 

biologic grafts compared to non-absorbable synthetic mesh products is more than offset 

by the lower erosion rate. 

Conclusion 

FDA’s recent report on urogynecologic surgical mesh products raises legitimate concerns 

about synthetic mesh products and biologic grafts for POP repair.  However, the report 

only briefly acknowledges the existence of different types of mesh products and grafts 

(i.e., synthetics vs. biologics) and does not distinguish between two important types of 

biologic grafts (chemically cross-linked vs. non-crosslinked). Yet significant differences 

exist in terms of how the body responds to these different types of biomaterials and the 

subsequent clinical outcome.  As a result, Cook has conducted a thorough literature 

review with respect to material type.  

The literature review shows that important differences exist between the safety and 

effectiveness of different types of biomaterials:   

 Non-absorbable synthetic mesh products are permanent implants that elicit a 

foreign body response.  Non-crosslinked biologic grafts remodel into normal host 

tissue, substantially reducing long-term foreign body response, and do not leave 

behind a foreign material that may need to be removed at some later time.  

 Non-crosslinked biologic grafts have a lower average erosion rate than non-

absorbable synthetic mesh products (1.2% vs. 10.0%).   

 Non-crosslinked biologic grafts have an acceptably low objective prolapse 

recurrence rate compared to non-absorbable synthetic mesh products (14.5% vs. 

8.2%), especially when compared to standard colporrhaphy (30.0%).     

 Important differences exist between non-absorbable synthetic mesh products and 

non-crosslinked biologic grafts in the management of erosion and recurrence.  

Erosion associated with non-absorbable synthetic mesh products typically 

requires one or more surgical operations to remove the mesh, while the natural 

remodeling associated with non-crosslinked biologic grafts allows for non-

surgical management.  Recurrence of prolapse associated with a non-absorbable 

synthetic mesh product requires removing the mesh or attempting another 
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procedure with the mesh still in place, while a non-crosslinked biologic graft will 

eventually be resorbed. 

Any literature review has limitations, as FDA’s own report acknowledges when 

presenting its results.  However, Cook’s review shows that the literature strongly suggests 

that important differences exist between biomaterials in terms of tissue response, risks, 

and successful clinical outcome.  Additionally, it provides strong evidence of the safety 

of non-crosslinked biologic grafts, such as those provided by Cook and other companies.   

Cook urges FDA and the Obstetrics and Gynecology Devices Panel to consider this 

information when deliberating on possible recommendations concerning the use of 

synthetic mesh products and biologic grafts to treat pelvic organ prolapse.  The data show 

that non-absorbable synthetic mesh products and non-crosslinked biologic grafts have 

different risk profiles.  Recommendations concerning labeling, post-market studies, and 

reclassification should be made based on the risk profiles of the different biomaterials.
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Literature Search Terms and Results  

The searches listed below were conducted on PubMed® between July 20, 2011 and 

August 2, 2011 and limited to articles published in English since January 1, 1996 (the 

same date limit used to support FDA’s report). Articles were then excluded if they: 

1. Did not pertain to transvaginal access, 

2. Described devices not approved for use in the United States,  

3. Reported data on only 1 or 2 patients, 

4. Did not involve a biomaterial, the type of biomaterial was not identified, or 

involved a synthetic mesh, or 

5. Could not be readily obtained through Cook’s corporate copyright license (n = 2; 

in one case, partial information could be obtained through the abstract). 

A total of 32 articles were found that met these criteria. 

Search Term(s) and Limits 

1. Pelvic floor prolapse AND mesh  
2. Transvaginal repair AND mesh 
3. Transvaginal repair AND graft 
4. Transvaginal repair AND augmentation 
5. Anterior colporrhaphy AND mesh 
6. Anterior colporrhaphy AND graft 
7. Posterior colporrhaphy AND mesh 
8. Cystocele AND mesh 
9. Cystocele AND graft 
10. Rectocele AND mesh NOT rectopexy 
11. Rectocele AND graft NOT rectopexy 
12. Pelvic AND small intestinal submucosa 
13. Pelvic AND Surgisis 
14. Pelvic AND Biodesign 
15. Repliform 
16. Xenform 
17. Pelvicol 

 

18. Pelvic AND porcine dermis 
19. InteXen 
20. Pelvic AND human dermis 
21. Pelvic AND fetal bovine 
22. Vagina AND fetal bovine AND graft 
23. Pelvic AND surgical AND mesh AND 

transvaginal 
24. Vagina AND mesh AND complications 

NOT laparoscopic NOT rectopexy NOT 
slings NOT sacrocolpopexy 

25. Transvaginal AND erosion NOT sling 
NOT sacrocolpopexy 

26. Pelvic AND mesh AND morbidity 
(limit: Title) 

27. Biologic AND prolapse (limit: Human) 
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Table B-1.  Non-absorbable synthetic mesh. 

FDA 
 Ref.  No.* Study Base Procedure 

No. of 
Patients 

Postoperative Complications 
Objective 

Recurrence 
Symptomatic 
Recurrence Erosion Pain Infection 

6 Carey (2009) Anterior colporrhaphy 63 6.3% (4/63) 40.0% (12/30) -** 19.0% (12/63) - 

7 Iglesia (2010) Anterior colporrhaphy 32 15.6% (5/32)  - 0.0% (0/32) - - 

8 Withagen (2011) Anterior colporrhaphy 93 16.9% (14/83)  10.1% (8/79)  - 9.6% (8/83) 20.0% (16/80)  

9 Nieminen K (2010) Anterior colporrhaphy 105 19.0% (20/105) - - 13.3% (14/105) 8.7% (9/105) 

10 Sivaslioglu (2008) Anterior colporrhaphy 43 7.0% (3/43)  4.7% (2/43)  - 9.3% (4/43) - 

11 Nguyen (2008) Anterior colporrhaphy 37 5.4% (2/37)  8.7% (2/23) 10.8% (4/37) 10.8% (4/37)  - 

12 Altman (2011) Anterior colporrhaphy 186 3.2% (6/186)  2.7% (5/186)  - 12.4% (24/194)  39.2% (69/176)  

    Anterior colporrhaphy 108 8.3% (9/108)  - - 7.4% (8/108)  - 

13 Caquant (2008) Posterior colporrhaphy 101 1.0% (1/101)  - - 4.0% (4/101)  - 

    Both 475 7.6% (36/475) - - 5.1% (24/475)  - 

14 Aungst (2009) 
Anterior and/or 
posterior colporrhaphy 

290 3.8% (11/290) 18.3% (53/290) - 5.2% (15/290)  - 

16 Miller (2011) 
Anterior and/or 
posterior colporrhaphy 

66 18.8% (16/85) 11.1% (3/27) - 22.7% (15/66) - 

    Anterior colporrhaphy - 10.2% (68/666) 36.4% (4/11)  2.0% (11/558) 8.8% (48/548) 1.8% (1/55) 

18 Jia (2008) Posterior colporrhaphy - 6.5% (2/31)  - 3.8% (4/106) 6.5% (2/31) - 

    Both - 5.5% (62/1119) 7.1% (3/42) 5.0% (33/661) 6.4% (41/645) 0.0% (0/148) 

19 Foon (2008) Anterior colporrhaphy 31 - 6.5% (2/31)  - 3.2% (1/31) - 

20 Diwadkar (2009) Anterior colporrhaphy 3425 5.8% (198/3425) - - 8.5% (291/3425) - 

    Anterior colporrhaphy 525 10.7% (56/525) 2.7% (14/525) - 5.0% (26/525) - 

21 Feiner (2009) Anterior colporrhaphy 1295 5.7% (74/1295) 2.1% (27/1295) - 13.0% (168/1295) - 

    Anterior colporrhaphy 178 4.5% (8/178) 5.6% (10/178) - 7.9% (14/178) - 

22 Maher (2010) Anterior colporrhaphy - 10.2% (30/293) - - - - 

23 Abed (2011)  
Anterior and posterior 
colporrhaphy 

- 8.6% (897/10440) 6.2% (284/4566) - - - 
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FDA 
 Ref.  No.* Study Base Procedure 

No. of 
Patients 

Postoperative Complications 
Objective 

Recurrence 
Symptomatic 
Recurrence Erosion Pain Infection 

Cited in 24 Hiltunen (2007) Anterior colporrhaphy 104 17.3% (18/104) - - 6.7% (7/104) - 

Cited in 24 Julian (1996) Anterior colporrhaphy 12 - - - 0.0% (0/12) - 

Cited in 24 Bai (2007) Anterior colporrhaphy 28 - - - 0.0% (0/28) - 

Cited in 24 Deffieux (2007) Anterior colporrhaphy 

89 16.9% (15/89) - - 3.4% (3/89) - 

49 24.5% (12/49) - - 8.2% (4/49) - 

Average Incidence  10.0% 11.6% 4.3% 8.2% 13.9% 

*FDA Ref. No. refers to the reference given in FDA’s Urogynecologic Surgical Mesh: Update on the Safety and Effectiveness of Transvaginal Placement for Pelvic Organ 
Prolapse. July 2011. 
**Cells marked with a dash indicate that the reference did not report this value. 
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Table B-2. Absorbable synthetic mesh. 

FDA 
 Ref. No.* Study Base Procedure 

No. of 
Patients 

Postoperative Complications Objective 
Recurrence 

Symptomatic 
Recurrence Erosion  Pain Infection  

5 Sand (2001) 
Anterior colporrhaphy 73 0.0% (0/73) 0.0% (0/49) 0.0% (0/73) 24.7% (18/73) -** 

Posterior colporrhaphy 73 0.0% (0/73) - 0.0% (0/73) 8.2% (6/73) - 

18 Jia (2008) 

Anterior colporrhaphy 273 0.7% (1/147) - 0.0% (0/112) 23.1% (63/273) 4.5% (5/112) 

Posterior colporrhaphy 70 - 16.0% (4/25) 0.0% (0/5) 8.6% (6/70) - 

Both 32 - - - 7.7% (2/26)  43.8% (14/32) 

Cited in 22 Weber (2001) Anterior colporrhaphy 26 - - - 57.7% (15/26) - 

Average Incidence 0.2% 8.0% 0.0% 21.7% 24.1% 

*FDA Ref. No. refers to the reference given in FDA’s Urogynecologic Surgical Mesh: Update on the Safety and Effectiveness of Transvaginal Placement for Pelvic Organ 
Prolapse. July 2011. 
**Cells marked with a dash indicate that the reference did not report this value.  
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Table B-3. Cross-linked biologic grafts. 

Ref.  
No.* Study Base Procedure 

No. of 
Patients 

Postoperative Complications Objective 
Recurrence 

Symptomatic 
Recurrence Erosion Pain Infection 

1 Altman (2005) Posterior colporrhaphy 29 0.0%  (0/29)  86.7% (13/15)  -** 10.3% (3/29)  - 

2 Altman (2006) Posterior colporrhaphy 27 0.0%  (0/23) 86.7% (13/15)  - 40.7% (11/27) - 

3 Daraï (2009) 
Sacrospinous suspension (post.); Paravaginal 
(ant.) 

89 - 3.4% (3/89)  - 18.0% (16/89) - 

4 David-Montefiore (2005) Anterior or posterior sacrospinous suspension 47 - 4.3% (2/47)  0.0% (0/47) 17.0% (8/47)  6.4% (3/47) 

5 De Boer (2010) Anterior and/or posterior colporrhaphy 71 0.0%  (0/71) 1.4% (1/71)  - 25.4% (18/71) - 

6 Gomelsky (2007) Anterior or posterior colporrhaphy 40 15.0%  (6/40) - 7.5% (3/40) - - 

7 Guerette (2009) Anterior colporrhaphy 47 0.0%  (0/47)  15.0% (3/20)  0.0% (0/47) 14.3% (5/35)  - 

8 Handel (2007) Anterior colporrhaphy; interposition graft 56 21.4% (12/56)  - 1.8% (1/56) 35.7% (20/56) - 

9 Hviid (2010) Anterior colporrhaphy (fascia not plicated) 28 - - - 7.1% (2/28) 3.6% (1/28)  

10 Koutsougeras (2009) Anterior colporrhaphy 95 3.2%  (3/95)  - - 18.9% (18/95) - 

11 Lebouef (2004) Anterior four-defect repair 19 0.0% (0/19)  - 0.0% (0/19) 15.8% (3/19) 5.3% (1/19) 

12 Leu (2011) Anterior colporrhaphy; interposition graft 70 - - - 12.9% (9/70) 4.3% (3/70) 

13 Meschia (2007) Anterior colpotomy + fascial plication 98 1.0% (1/98)  14.9% (7/47)  1.0% (1/98) 7.1% (7/98) - 

14 Natale (2009) Tension-free cystocele repair 94 0.0% (0/94)  14.9% (14/94)  0.0% (0/94) 43.6% (41/94) - 

15 Novi (2007) Site-specific rectocele repair 50 - 8.0% (4/50)  - - - 

16 Paraiso (2006) Site-specific rectocele repair 29 - 10.3% (3/29)  10.3% (3/29) 46.2% (12/26) 21.4% (6/28) 

17 Ross (2008) Anterior and/or posterior colporrhaphy 72*** 1.2% (1/82)  9.7% (7/72)  - 15.9% (13/82) 7.3% (6/82) 

18 Salomon (2004) Vaginal hysterectomy + anterior wall repair 27 - 3.7% (1/27)  0.0% (0/27) 18.5% (5/27)  3.7% (1/27) 

19 Simsiman (2006) Vaginal paravaginal anterior repair 89 16.9% (15/89) - - 23.6% (21/89) - 

20 Singh (2007) Anterior colporrhaphy 56 21.4%  (12/56) - - 35.7% (20/56) - 

21 Taylor (2008) Site-specific rectocele repair 198 13.1% (26/198) - - - - 

22 Wheeler (2006) Anterior colporrhaphy 35 0.0% (0/35)  - - 50.0% (14/28) 16.1% (5/31) 

Average Incidence 6.2% 21.6% 2.3% 24.0% 8.5% 

*Ref. No. refers to bibliography following Table 5.        **Cells marked with a dash indicate that the reference did not report this value.     ***82 repairs on 72 patients.
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Table B-4. Non-crosslinked biologic grafts. 

Ref.  
No.* Study Base Procedure 

No. of 
Patients 

Postoperative Complications Objective 
Recurrence 

Symptomatic 
Recurrence Erosion Pain Infection 

23 Botros (2009) 
Anterior colporrhaphy (graft 
arcus anchored) 

72 0.0% (0/72) 13.7% (7/51) -** 19.4% (14/72)  - 

24 Chaliha (2006) Anterior colporrhaphy 14 0.0% (0/14) - 0.0% (0/14)  - 28.6% (4/14) 

25 Chung  (2002) 
Pubovaginal sling + anterior 
repair 

19 - - 5.3% (1/19) 15.8% (3/19) -  

26 Drake (2005) 
Anterior or posterior 
colporrhaphy 

64 10.9% (7/64) -  -  -  - 

27 Feldner (2010) 
Anterior colporrhaphy (graft 
arcus anchored) 

29 0.0% (0/29) 17.2% (5/29) 0.0% (0/29) 13.8% (4/29)  - 

28 Goldstein (2010) 
Anterior or posterior 
colporrhaphy 

43 0.0% (0/43) 0.0% (0/43)  - 11.6% (5/43)  - 

29 Gomelsky (2004) 
Anterior colporrhaphy; 
interposition graft 

70 0.0% (0/70)  -  - 12.9% (9/70)  0.0% (0/70) 

30 Jeffery (2009) 
Anterior and/or posterior 
colporrhaphy 

21 0.0% (0/21) 38.1% (8/21)  - 4.8% (1/21) 28.6% (6/21) 

31 Kohli (2003) Site-specific rectocele repair 30 0.0% (0/30) 0.0% (0/30) 0.0% (0/30) 6.7% (2/30)  - 

32 Mouritsen (2010) 
Anterior colporrhaphy or site-
specific rectocele repair 

41 0.0% (0/41) 23.1% (3/13)  - 31.3% (10/32) 3.1% (1/32) 

Average Incidence 1.2% 15.4% 1.3% 14.5% 15.1% 

*Ref. No. refers to bibliography following Table 5.      
**Cells marked with a dash indicate that the reference did not report this value. 
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Table B-5. Standard colporrhaphy. 

FDA 
 Ref. No.* Study Compartment 

No. of 
Patients 

Postoperative Complications Objective 
Recurrence 

Symptomatic 
Recurrence Erosion Pain Infection 

5 Sand (2001)  Anterior or Posterior 70 N/A** 52.9% (37/70) -*** 

6 Carey (2009) Anterior or Posterior 61 N/A 39.4% (13/33)  - 34.4% (21/61) 11.3% (7/62) 

7 Iglesia (2010) 
Anterior and/or 
Posterior  33 N/A  - 0.0% (0/33) 72.7% (24/33)  - 

8 Withagen (2011) 
Anterior and/or 
Posterior 96 N/A 11.8% (10/85)  - 45.2% (38/84) 20.0% (16/80) 

9 Nieminen (2010) Anterior 96 N/A  -  - 41.2% (40/97) 65.0% (26/40) 

10 Sivaslioglu (2008) Anterior 42 N/A 9.5% (4/42)   - 28.6% (12/42)  - 

11 Nguyen (2008) Anterior 37 N/A 15.4% (4/26)  0.0% (0/38) 44.7% (17/38)  - 

12 Altman (2011) Anterior 182 N/A 0.5% (1/189)  - 65.5% (114/174) 37.9% (66/174) 

  Anterior 640 N/A  - 2.8% (4/142) 28.8% (184/640) 10.6% (19/179) 

18 Jia (2008) Posterior 142 N/A  - 13.8% (13/94) 12.7% (18/142) 15.0% (9/60) 

  Both 109 N/A  -  - 24.8% (27/109) 41.2% (14/34) 

19 Foon (2008) Anterior 229 N/A 9.6% (11/115) 4.1% (4/97) 22.3% (51/229) 12.6% (13/103) 

20 Diwadkar (2009) Anterior 7827 N/A 1.6%  (125/7827) 3.5% (274/7827) -  - 

Cited in 22 Meschia (2007)  Anterior 103 N/A 10.4% (5/48)  - 19.4% (20/103) 12.6% (13/103) 

Cited in 22 Gandhi (2005) Anterior 78 N/A  -  - 29.5% (23/78) 10.5% (6/57) 

Cited in 22 Colombo (2000) Anterior 33 N/A 56.5% (13/23)  - 3.0% (1/33) 0.0% (0/33) 

Cited in 22 Meschia (2004) 
Anterior 25 N/A -  - 28.0% (7/25) 32.0% (8/25) 

Posterior 25 N/A  -  - 12.0% (3/25)  - 

Cited in 22 Colombo (1997) Anterior 55 N/A  -  - 10.9% (6/55)  - 

Cited in 22 Weber (2001) Anterior 33 N/A  -  - 69.7% (23/33)  - 

Cited in 22 Kahn (1999) Posterior 24 N/A 25.0% (6/24)  - 12.5% (3/24) 12.5% (3/24) 

Cited in 22 Nieminen (2004) Posterior 15 N/A 33.3% (4/12)  - 6.7% (1/15) 6.7% (1/15) 

Cited in 22 Paraiso (2006)  Posterior 31 N/A 45.0% (9/20)  - 14.3% (4/28) 16.1% (5/31)  
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FDA 
 Ref. No.* Study Compartment 

No. of 
Patients 

Postoperative Complications Objective 
Recurrence 

Symptomatic 
Recurrence Erosion Pain Infection 

Cited in 24 Altman (2004) Posterior 15 N/A  -  - 13.3% (2/15)  - 

Cited in 24 Hiltunen (2007) Anterior 97 N/A  -  - 39.2% (38/97)  - 

Cited in 24 Julian (1996) Anterior 12 N/A  -  - 33.3% (4/12)  - 

Cited in 24 Bai (2007) Anterior 72 N/A  -  - 1.4% (1/72)  - 

Cited in 24 Vakili (2005) 
Anterior and/or 
Posterior 214 N/A  -  - 43.0% (92/214)  - 

Average Incidence 21.5% 4.0% 30.0% 20.3% 

*FDA Ref. No. refers to the reference given in FDA’s Urogynecologic Surgical Mesh: Update on the Safety and Effectiveness of Transvaginal Placement for Pelvic Organ 
Prolapse. July 2011. 
**N/A: Not applicable 
***Cells marked with a dash indicate that the reference did not report this value.
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