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Background: Prophylactic mesh-augmented reinforcement during closure of abdominal wall incisions has been proposed in patients with increased risk for development of incisional hernias (IHs). As part of the BioMesh consensus project, a systematic literature review has been performed to detect those studies where MAR was performed with a non-permanent absorbable mesh (biological or biosynthetic).

Methods: A computerized search was performed within 12 databases (Embase, Medline, Web-of-Science, Scopus, Cochrane, CINAHL, Pubmed publisher, Lilacs, Scielo, ScienceDirect, ProQuest, Google Scholar) with appropriate search terms. Qualitative evaluation was performed using the MINORS score for cohort studies and the Jadad score for randomized clinical trials (RCTs).

Results: For midline laparotomy incisions and stoma reversal wounds, two RCTs, two case–control studies, and two case series were identified. The studies were very heterogeneous in terms of mesh configuration (cross linked versus non-cross linked), mesh position (intraperitoneal versus retro-muscular versus onlay), surgical indication (gastric bypass versus aortic aneurysm), outcome results (effective versus non-effective). After qualitative assessment, we have to conclude that the level of evidence on the efficacy and safety of biological meshes for prevention of IHs is very low. No comparative studies were found comparing biological mesh with synthetic non-absorbable meshes for the prevention of IHs.

Conclusion: There is no evidence supporting the use of non-permanent absorbable mesh (biological or biosynthetic) for prevention of IHs when closing a laparotomy in high-risk patients or in stoma reversal wounds. There is no evidence that a non-permanent absorbable mesh should be preferred to synthetic non-absorbable mesh, both in clean or clean-contaminated surgery.
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INTRODUCTION

Prophylactic mesh-augmented reinforcement during closure of abdominal wall incisions has been proposed in patients at high risk for incisional hernia (IH). Several randomized clinical trials (RCTs) have been published on the use of prophylactic mesh in patients undergoing aortic aneurysm surgery (1–4), obesity surgery (3, 5–7), stoma creation (8–14), in colorectal cancer patients (15, 16), or other high-risk patients (17, 18). The recently published guidelines of the European Hernia Society have provided the following weak recommendation: “Prophylactic mesh augmentation for an elective midline laparotomy in high-risk patients in order to reduce the risk of incisional hernias is suggested.” Due to the lack of sufficient data, no recommendations on the type of mesh, the optimal mesh position, or the optimal mesh fixation technique could be made (19). Although prophylactic mesh-augmented reinforcement has been performed safely in clean-contaminated setting, one concern is the potential short- or long-term harms by implantation of a permanent mesh (20). Application of a non-permanent absorbable for prophylactic mesh-augmented reinforcement might therefore hold some benefit if these meshes will be as effective as permanent meshes.

A systematic literature review has been performed to detect those studies where prophylactic mesh-augmented reinforcement was performed with a non-permanent absorbable biological or biosynthetic mesh and provide guidance for future research on the use of biological or biosynthetic meshes.

METHODS

Protocol

The systematic search was part of the BioMesh consensus project. This project, initiated by Ferdinand Köckerling, gathered surgical expertise in a working group to provide a summary on the use of non-permanent absorbable biological or biosynthetic meshes in different indications. During a consensus meeting in Berlin on January 27, 2016, the working group decided in consensus on the statements and conclusions derived from the level of evidence for each indication. This manuscript reports on the review of the use of non-permanent absorbable biological or biosynthetic meshes for the prevention of IHs.

Eligibility Criteria

Inclusion criteria: because of the paucity of available studies on prophylactic mesh-augmented reinforcement with biological or biosynthetic mesh for the prevention of IHs, no limitation, to the study design, length of follow-up, or number of included patients, was used.

Exclusion criteria: prevention of parastomal hernias were excluded because this was part of a separate search within the BioMesh study group (21).

Information Sources

A computerized search was performed within 12 databases (Embase, Medline, Web-of-Science, Scopus, Cochrane, CINAHL, Pubmed publisher, Lilacs, Scielo, ScienceDirect, ProQuest, Google Scholar) on June 25, 2015.

Search

The biomedical librarian of the Erasmus University Medical Centre, Rotterdam, The Netherlands performed the search, and the search strategy is provided in Section “Addendum 1” in Appendix.

Study Selection

From the search, only the studies reporting on the use of a non-permanent absorbable biological or biosynthetic mesh were retained. Studies written in English, Dutch, French, and Spanish were considered.

Data Collection Process

Two authors (Filip Etienne Muysoms and An Jairam) independently screened all records retrieved upon application of the search strategy by title and abstract. The full text of all retained records was screened for eligibility. The references of all review articles found were cross-checked for additional eligible records.

Data Items

The following data were extracted by two authors independently and cross-checked: type of study, number of patients included, patient characteristics, indication for surgery, type of biological mesh, position of the mesh, method of mesh fixation, length of follow-up, and outcome measures (hernias, seroma, wound infections, burst abdomen). Primary outcome was IH incidence, and secondary outcomes were postoperative seroma, wound infection, and burst abdomen.

Quality Assessment of Individual Studies

Qualitative evaluation was performed using the MINORS score for non-randomized studies (22) and the Jadad score for RCTs (23). Additionally, the quality of evidence across the RCTs was done using the GRADE Pro software.1

Statistical Analysis

A meta-analysis of the outcome from the RCTs detected was performed for relevant outcomes: IH, seroma, wound infections, and burst abdomen. Meta-analysis was performed using the Review Manager 5.3 software (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2013). Our outcomes were expressed as risk ratios (RRs) with 95% confidence intervals (CIs) to estimate the pooled effect size and p-value. All tests were two-sided.

RESULTS

Study Selection

The PRISMA flow diagram of our search is illustrated in Figure 1. Six studies were retained after the screening and sift for eligibility. Four studies included patients with midline laparotomy (2, 7, 24, 25), and two studies investigated the prevention of IHs after stoma reversal (26, 27).
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FIGURE 1 | PRISMA flow diagram of a systematic review on the use of biological mesh for prevention of incisional hernias.



Study Characteristics

Midline Laparotomy

Our literature review revealed four studies where a biological mesh was used to prevent IHs in high-risk patients. Details of the study characteristics and quality assessment (MINORS score, Jadad score) are shown in the summary of evidence table (Table 1). A small cohort study on eight patients that underwent a midline laparotomy for cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) described short-term outcome using an intraperitoneal biological mesh (24). In a prospective non-randomized case–control study, obese patients operated for a gastric bypass through a midline laparotomy were either treated with an intraperitoneal biological mesh (n = 59) or primary suture closure (n = 75). A significant reduction in the number of IHs by prophylactic mesh was reported [2.3% (90% CI: 2.31–6.86) versus 17.7% (90% CI: 7.92–27.52), p = 0.014] (25). In an RCT in obese patients undergoing a gastric bypass operation through a midline laparotomy, patients were randomized between an intraperitoneal biological mesh (n = 185) and primary suture closure (n = 195). This adequately powered RCT, did not show any benefit for prophylactic mesh concerning the risk for IH at 24 months (17.3 versus 19.5%, p = 0.60), but did show a significant higher number of wound infections and wound seroma in the mesh group (7). In an RCT of aortic aneurysm patients, midline laparotomy closure with an onlay biologic mesh (n = 20) was compared to primary suture closure (n = 20) (2). The study was not powered with a sample size calculation, but the follow up was adequate in length (36 months) and methodology (systematic CT scan evaluation). A highly significant protective effect of the mesh was shown, with no hernias in the mesh group and 32% in the non-mesh group [cumulative freedom of IH at 36 months was 100 versus 74.4% (p < 0.008)] (2).

TABLE 1 | Summary of evidence table of a systematic review on the use of biological mesh for the prevention of incisional hernias after midline laparotomy.
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Stoma Reversal Wound

Our literature review revealed two studies in which a biological mesh was used to prevent IHs after reversal of a temporary ileostomy. Details of the studies are shown in the summary of evidence table (Table 2). In a pilot study with a limited patient population (n = 7), the feasibility of an intraperitoneal prophylactic mesh was investigated in terms of safety in the short term (27). The second report was a matched case–control study of 30 patients that received a retro-muscular prophylactic biological mesh, compared to 64 matched patients with suture closure of the stoma wound. At 1-year follow-up with CT scan, the number of patients with IH was significantly lower for the mesh group (p = 0.043).

TABLE 2 | Summary of evidence table of a systematic review on the use of biological mesh for prevention of incisional hernias after stoma reversal.
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Meta-analysis

The pooled analysis for the outcome IH showed no statistical differences between groups (RR 0.38, 95% CI 0.04–3.83; p = 0.41). The forest plots of the meta-analysis of the two RCTs on prevention of midline laparotomy IHs, and the secondary outcomes are shown in Figure 2.
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FIGURE 2 | Forest plots and risk of bias assessment of randomized studies on the prevention of incisional hernias by biological mesh reinforcement.



DISCUSSION

Midline Laparotomy

Overall, the Level of Evidence on the efficacy of biological mesh to prevent IHs is very low. Moreover, the study with the highest level of evidence and lowest risk of bias did not show any advantage in reducing IHs by prophylactic intraperitoneal biological mesh in patients undergoing a midline laparotomy for performing gastric bypass surgery (7). On the contrary, it did show a higher number of wound complications after the use of the prophylactic mesh. Another study regarding gastric bypass patients did show a benefit, but this study was non-randomized and had a high risk of bias (25).

For aortic aneurysm patients, only one RCT is available, which showed a high efficacy with 3 years follow-up. However, this study was poorly powered, non-blinded, and scored low in the Jadad scale (2). Moreover, no information on sources of funding and protocol registration was provided, and therefore, the risk of bias cannot be assessed.

The currently available evidence is not strong enough to make any statements regarding the optimal mesh position (intraperitoneal, retro-muscular, or onlay) in case a prophylactic biological mesh is used. Also, the different meshes used in the studies (non-cross-linked human origin; non-cross-linked porcine small intestinal submucosa; cross-linked bovine pericardium) might have an important impact on the outcome.

On the contrary, the Level of Evidence on the efficacy of prophylactic synthetic non-absorbable mesh (all polypropylene) in high-risk patients currently is high, with 8 published RCTs encompassing 727 patients with a follow-up of at least 12 months (1, 4–6, 15–18). Moreover, the safety of prophylactic retro-muscular or onlay meshes in clean or clean-contaminated surgery is shown in 9 published RCTs encompassing 1207 patients (1, 3–6, 15–18).

No comparative studies were found comparing biological mesh with synthetic non-absorbable meshes for the prevention of IHs. There is a study ongoing at the Vall d’Hebron Hospital, Universidad Autónoma de Barcelona on the prevention of IHs from midline laparotomies using an absorbable synthetic mesh (Bio-A, WL Gore & Ass, USA), PREBIOUS trial.2

Stoma Reversal Wound

Overall, the Level of Evidence on the efficacy of biological mesh to prevent IHs of stoma reversal wounds is very low. Currently, the only study providing evidence is a matched case–control study, showing a lower IH rate at 1 year. This study is a pilot study for an RCT that is planned in France, the MEMBO trial3 (27). The small pilot study by Banghu et al. is part of a large project, the ROCSS study, which is a properly powered multicenter RCT from the University of Birmingham4 (26). This study compares the technique described in the pilot study with sutured closure of the stoma wound and has now included 790 patients, and the follow-up is ongoing. Furthermore, a study from the Vall d’Hebron Hospital (Universidad Autónoma de Barcelona), ILEOCLOSE study,5 will investigate in a RCT the application of prophylactic mesh reinforcement of closure of temporary diverting ileostomy with an absorbable synthetic mesh (Bio-A) in 120 patients.

CONCLUSION

So far, there is no solid evidence on the effectiveness of prophylactic non-permanent absorbable biological or biosynthetic mesh for the closure of midline laparotomies or reinforcement of a stoma reversal site. There is no evidence that, in this setting, a non-permanent absorbable biological or biosynthetic mesh should be preferred to synthetic non-absorbable mesh, both in clean or clean-contaminated surgery.

PUBLICATION STATEMENT

This manuscript was written in accordance with the PRISMA statement: The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health-care interventions: guidelines for reporting parallel group randomized trials.6

AUTHOR CONTRIBUTIONS

All authors: initiation of the project, determination of search strategy, reviewing manuscript, and agreement. FM and AJ: systematic search at Erasmus University Rotterdam, the Netherlands, data collection process, and writing the manuscript. FM, AJ, FK, and IK-L: study selection from retrieved records. FM, AJ, ML-C, SA, MS, GW, and FK: qualitative evaluation of the retrieved records. FM, AJ, ML-C, and IK-L: quantitative evaluation of the retrieved records.

BioMESH STUDY GROUP

Ferdinand Köckerling (Chairman), Stavros Antoniou, René Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil Smart, Marciej Smietanski, and Bernd Stechemesser.

REFERENCES

1. Bevis PM, Windhaber RAJ, Lear PA, Poskitt KR, Earnshaw JJ, Mitchell DC. Randomized clinical trial of mesh versus sutured wound closure after open abdominal aortic aneurysm surgery. Br J Surg (2010) 7:1497–502. doi:10.1002/bjs.7137

2. Bali C, Papakostas J, Georgiou G, Kouvelos G, Avgos S, Arnoutoglou E, et al. A comparative study of sutured versus bovine pericardium mesh abdominal closure after open abdominal aortic aneurysm repair. Hernia (2015) 19:267–71. doi:10.1007/s10029-014-1262-4

3. Timmermans L, Eker HH, Steyenberg EW, Jairam A, de Jong D, Pierik EG, et al. Short-term results of a randomized controlled trial comparing primary suture with primary glued mesh augmentation to prevent incisional hernia. Ann Surg (2015) 261:276–81. doi:10.1097/SLA.0000000000000798

4. Muysoms FE, Detry O, Vierendeels T, Huyghe M, Miserez M, Ruppert M, et al. Prevention if incisional hernia by prophylactic mesh-augmented reinforcement of midline laparotomies for abdominal aortic aneurysm treatment. Ann Surg (2016) 263:638–45. doi:10.1097/SLA.0000000000001369

5. Strzelczyk JM, Szymanski D, Nowicki ME, Wilczynski W, Gaszynski T, Czupryniak L. Randomized clinical trial of postoperative hernia prophylaxis in open bariatric surgery. Br J Surg (2006) 93:1347–50. doi:10.1002/bjs.5512

6. Abo-Ryia MH, El-Khadrawy OH, Abd-Allah HS. Prophylactic preperitoneal mesh placement in open bariatric surgery: a guard against incisional hernia development. Obes Surg (2013) 23:1571–4. doi:10.1007/s11695-013-0915-1

7. Sarr MG, Hutcher NE, Snyder S, Hodde J, Carmody B. A prospective, randomized, multicenter trial of Surgisis Gold, a biologic prosthetic, as a sublay reinforcement of the fascial closure after open bariatric surgery. Surgery (2014) 156:902–9. doi:10.1016/j.surg.2014.06.022

8. Hammond TM, Huang A, Prosser K, Frye JN, Williams NS. Parastomal hernia prevention using a novel collagen implant: a randomised controlled phase 1 study. Hernia (2008) 12:475–81. doi:10.1007/s10029-008-0383-z

9. Jänes A, Cengiz Y, Israelsson LA. Preventing parastomal hernia with a prosthetic mesh: a 5-year follow-up of a randomised study. World J Surg (2009) 33:118–23. doi:10.1007/s00268-008-9785-4

10. Serra-Aracil X, Bombardo-Junca J, Moreno-Matias J, Darnell A, Mora-Lopez L, Alcantara-Moral M, et al. Randomized, controlled, prospective trial of the use of a mesh to prevent parastomal hernia. Ann Surg (2009) 249:583–7. doi:10.1097/SLA.0b013e31819ec809

11. López-Cano M, Lozoya-Trujillo R, Quiroga S, Sanchez JL, Vallribera F, Marti M, et al. Use of a prosthetic mesh to prevent parastomal hernia during laparoscopic abdominoperineal resection: a randomized controlled trial. Hernia (2012) 16:661–7. doi:10.1007/s10029-012-0952-z

12. Fleshman JW, Beck DE, Hyman N, Wexner SD, Bauer J, George V, et al. A prospective, multicenter, randomized, controlled study of non-cross-linked porcine acellular dermal matrix fascial sublay for parastomal reinforcement in patients undergoing surgery for permanent abdominal wall ostomies. Dis Colon Rectum (2014) 57:623–31. doi:10.1097/DCR.0000000000000106

13. Lambrecht JR, Larsen SG, Reiertsen O, Vaktskjold A, Julsrud L, Flatmark K. Prophylactic mesh at end-colostomy construction reduces parastomal hernia rate: a randomized trial. Colorectal Dis (2015) 17:O191–7. doi:10.1111/codi.13065

14. Vierimaa M, Klintrup K, Biancari F, Victorzon M, Carpelan-Holmstrom M, Kossi J, et al. Prospective, randomized study on the use of a prosthetic mesh for prevention of parastomal hernia of permanent colostomy. Dis Colon Rectum (2015) 58:943–9. doi:10.1097/DCR.0000000000000443

15. Caro-Tarrago A, Olona Casas C, Jimenez Salido A, Duque Guillera E, Moreno Fernadez F, Vicente Guillen V. Prevention of incisional hernia in midline laparotomy with an onlay mesh: a randomized clinical trial. World J Surg (2014) 38:2223–30. doi:10.1007/s00268-014-2510-6

16. Garcia-Urena MA, Lopez-Monclus J, Blazquez Hernando LA, Melero Montes D, Valle de Lersundi RA, Pavon CC, et al. Randomized controlled trial of the use of a large-pore polypropylene mesh to prevent incisional hernia in colorectal surgery. Ann Surg (2015) 261:876–81. doi:10.1097/SLA.0000000000001116

17. Gutierrez de la Pena C, Medina Achirica C, Dominguez-Adame E, Medin Diez J. Primary closure of laparotomies with high risk of incisional hernia using prosthetic material: analysis of usefulness. Hernia (2003) 7:134–6. doi:10.1007/s10029-003-0124-2

18. El-Khadrawy OH, Moussa G, Mansour O, Hashish MS. Prophylactic prosthetic reinforcement of midline abdominal incisions in high-risk patients. Hernia (2009) 13:267–74. doi:10.1007/s10029-009-0484-3

19. Muysoms FE, Antoniou SA, Bury K, Campanelli G, Conze J, Cuccurullo D, et al. European Hernia Society guidelines on the closure of abdominal wall incisions. Hernia (2015) 19:1–24. doi:10.1007/s10029-009-0484-3

20. Herbert GS, Tausch TJ, Carter PL. Prophylactic mesh to prevent incisional hernia: a note of caution. Am J Surg (2009) 197:595–8. doi:10.1016/j.amjsurg.2009.01.002

21. Fortelny RH, Hofman A, May C, Köckerling F; BioMesh Study Group. Prevention of a parastomal hernia by biological mesh reinforcement. Front Surg (2015) 2:53. doi:10.3389/fsurg.2015.00053

22. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological index for non-randomized studies (minors): development and validation of a new instrument. ANZ J Surg (2003) 73:712–6. doi:10.1046/j.1445-2197.2003.02748.x

23. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the quality of reports of randomized clinical trials: is blinding necessary? Control Clin Trials (1996) 17:1–12. doi:10.1016/0197-2456(95)00134-4

24. Boutros C, Somasundar P, Espat NJ. Early results on the use of biomaterials as adjuvant to abdominal wall closure following cytoreduction and hyperthermic intraperitoneal chemotherapy. World J Surg Oncol (2010) 8:72. doi:10.1186/1477-7819-8-72

25. Llaguna OH, Avgerinos DV, Nagda P, Elfant D, Leitman IM, Goodman E. Does prophylactic biologic mesh placement protect against the development of incisional hernia in high-risk patients? World J Surg (2011) 35:1651–5. doi:10.1007/s00268-011-1131-6

26. Bhangu A, Futaba K, Patel A, Pinkney T, Morton D. Reinforcement of closure of stoma site using a biological mesh. Tech Coloproctol (2014) 18:305–8. doi:10.1007/s10151-013-1001-3

27. Maggiori L, Moszkowicz D, Zappa M, Mongin C, Panis Y. Bioprosthetic mesh reinforcement during temporary stoma closure decreases the rate of incisional hernia: a blinded, case-matched study in 94 patients with rectal cancer. Surgery (2015) 158:1651–7. doi:10.1016/j.surg.2015.07.004

Conflict of Interest Statement: Dr. FM reports grants and personal fees from Covidien, grants and personal fees from Johnson & Johnson, personal fees from WL Gore & Ass, personal fees from Bard Davol, grants and non-financial support from FEG DynaMesh, grants and personal fees from B. Braun, outside the submitted work; Dr. AJ reports no conflict of interest concerning the work. Dr. ML-C has received honoraria for consultancy and lectures from Ethicon, Johnson & Johnson, personal fees from Bard Davol, and grants from WL Gore & Ass, outside the submitted work. Dr. IK-L reports no conflict of interest concerning the work. Dr. MS reports fees for teaching and learning from Medtronic, Bard Davol, B. Braun, and Ehticon, outside of the submitted work. Dr. GW reports grants and consulting fees from Acelity, B. Braun, and Bard Davol, outside the submitted work. Dr. SA reports absence of any commercial or financial relationships that could be construed as a potential conflict of interest. Dr. FK reports no conflict of interest concerning the work.

Copyright © 2016 Muysoms, Jairam, López-Cano, Śmietański, Woeste, Kyle-Leinhase, Antoniou, Köckerling and BioMesh Study Group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



APPENDIX

Addendum 1

Search strategy used for a systematic literature review on prevention of incisional hernias with mesh. A computerized search was performed within 12 databases (Embase, Medline, Web-of-Science, Scopus, Cochrane, Cinahl, Pubmed publisher, Lilacs, Scielo, ScienceDirect, ProQuest, Google scholar) on June 25th 2015.

Embase.com 839

('surgical mesh'/exp OR (mesh* OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR 'Bard Composix EX' OR 'BIO-A Tissue Reinforcement prosthesis' OR CollaMend OR DermaMatrix OR DualMesh OR 'Evolution P3EM' OR FasLata OR FlexHD OR FortaGen OR 'IntePro Lite' OR InteXen OR NEOVEIL OR 'Parietex composite' OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR 'Peri-Strips Dry' OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR 'TiLoop Bra' OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix):ab,ti) AND (prevention/exp OR prevention:lnk OR (prevent* OR protect* OR prophyla*):ab,ti) AND ('incisional hernia'/exp OR 'abdominal wall hernia'/de OR 'abdominal wall defect'/de OR 'abdominal surgery'/de OR 'abdominal wall closure'/de OR laparotomy/exp OR 'abdominal wall'/de OR (((incision* OR cicatri* OR scar* OR ventral*) NEAR/3 (herni*)) OR ((abdominal* OR transabdominal*) NEAR/3 (surger* OR clos* OR defect* OR wall*)) OR laparotom* OR (midline NEAR/3 incision*)):ab,ti) NOT ([animals]/lim NOT [humans]/lim)

Medline (ovid) 490

("surgical mesh"/OR (mesh* OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR "Bard Composix EX" OR "BIO-A Tissue Reinforcement prosthesis" OR CollaMend OR DermaMatrix OR DualMesh OR "Evolution P3EM" OR FasLata OR FlexHD OR FortaGen OR "IntePro Lite" OR InteXen OR NEOVEIL OR "Parietex composite" OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR "Peri-Strips Dry" OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR "TiLoop Bra" OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix).ab,ti.) AND ("Primary Prevention"/OR "prevention and control".xs. OR (prevent* OR protect* OR prophyla*).ab,ti.) AND ("Hernia, Ventral"/OR "Hernia, Abdominal"/OR abdomen/su OR laparotomy/OR "abdominal wall"/OR (((incision* OR cicatri* OR scar* OR ventral*) ADJ3 (herni*)) OR ((abdominal* OR transabdominal*) ADJ3 (surger* OR clos* OR defect* OR wall*)) OR laparotom* OR (midline ADJ3 incision*)).ab,ti.) NOT (exp animals/NOT humans/)

Cochrane 30

((mesh* OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR 'Bard Composix EX' OR 'BIO-A Tissue Reinforcement prosthesis' OR CollaMend OR DermaMatrix OR DualMesh OR 'Evolution P3EM' OR FasLata OR FlexHD OR FortaGen OR 'IntePro Lite' OR InteXen OR NEOVEIL OR 'Parietex composite' OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR 'Peri-Strips Dry' OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR 'TiLoop Bra' OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix):ab,ti) AND ((prevent* OR protect* OR prophyla*):ab,ti) AND ((((incision* OR cicatri* OR scar* OR ventral*) NEAR/3 (herni*)) OR ((abdominal* OR transabdominal*) NEAR/3 (surger* OR clos* OR defect* OR wall*)) OR laparotom* OR (midline NEAR/3 incision*)):ab,ti)

Web-of-science 474

TS = (((mesh* OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR "Bard Composix EX" OR "BIO-A Tissue Reinforcement prosthesis" OR CollaMend OR DermaMatrix OR DualMesh OR "Evolution P3EM" OR FasLata OR FlexHD OR FortaGen OR "IntePro Lite" OR InteXen OR NEOVEIL OR "Parietex composite" OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR "Peri-Strips Dry" OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR "TiLoop Bra" OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix)) AND ((prevent* OR protect* OR prophyla*)) AND ((((incision* OR cicatri* OR scar* OR ventral*) NEAR/3 (herni*)) OR ((abdominal* OR transabdominal*) NEAR/3 (surger* OR clos* OR defect* OR wall*)) OR laparotom* OR (midline NEAR/3 incision*))) NOT ((animal* OR rat OR rats OR mouse OR mice OR murine OR rabbit* OR rodent* OR pig OR sus OR swine* OR porcine OR monkey* OR dog OR sheep OR ovine) NOT (human* OR patient*)))

Scopus 697

TITLE-ABS-KEY(((mesh* OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR "Bard Composix EX" OR "BIO-A Tissue Reinforcement prosthesis" OR CollaMend OR DermaMatrix OR DualMesh OR "Evolution P3EM" OR FasLata OR FlexHD OR FortaGen OR "IntePro Lite" OR InteXen OR NEOVEIL OR "Parietex composite" OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR "Peri-Strips Dry" OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR "TiLoop Bra" OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix)) AND ((prevent* OR protect* OR prophyla*)) AND ((((incision* OR cicatri* OR scar* OR ventral*) W/3 (herni*)) OR ((abdominal* OR transabdominal*) W/3 (surger* OR clos* OR defect* OR wall*)) OR laparotom* OR (midline W/3 incision*))) AND NOT ((animal* OR rat OR rats OR mouse OR mice OR murine OR rabbit* OR rodent* OR pig OR sus OR swine* OR porcine OR monkey* OR dog OR sheep OR ovine) AND NOT (human* OR patient*)))

cinahl (ebsco) 23

(MH "surgical mesh + " OR (mesh* OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR "Bard Composix EX" OR "BIO-A Tissue Reinforcement prosthesis" OR CollaMend OR DermaMatrix OR DualMesh OR "Evolution P3EM" OR FasLata OR FlexHD OR FortaGen OR "IntePro Lite" OR InteXen OR NEOVEIL OR "Parietex composite" OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR "Peri-Strips Dry" OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR "TiLoop Bra" OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix)) AND (MH "Preventive Health Care" OR MW prevention OR (prevent* OR protect* OR prophyla*)) AND (MH "Hernia, Abdominal" OR MH abdomen/su OR MH laparotomy OR (((incision* OR cicatri* OR scar* OR ventral*) N3 (herni*)) OR ((abdominal* OR transabdominal*) N3 (surger* OR clos* OR defect* OR wall*)) OR laparotom* OR (midline N3 incision*))) NOT (MH animals + NOT humans +)

Pubmed publisher 14

("surgical mesh"[mh] OR (mesh*[tiab] OR 4DDOME OR AIGISRx OR AlloDerm OR AlloMax OR "Bard Composix EX" OR "BIO-A Tissue Reinforcement prosthesis" OR CollaMend OR DermaMatrix OR DualMesh OR "Evolution P3EM" OR FasLata OR FlexHD OR FortaGen OR "IntePro Lite" OR InteXen OR NEOVEIL OR "Parietex composite" OR Pelvicol OR Pelvisoft OR Pelvitex OR PerFix OR "Peri-Strips Dry" OR PeriGuard OR Permacol OR Physiomesh OR SeamGuard OR Strattice OR Surgisis OR "TiLoop Bra" OR Timesh OR Tutomesh OR Tutopatch OR Ultrapro OR Ventralex OR Veritas OR Vivosorb OR Vypro OR X-Repair OR XenMatrix)) AND ("Primary Prevention"[mh] OR "prevention and control"[sh] OR (prevent*[tiab] OR protect*[tiab] OR prophyla*[tiab])) AND ("Hernia, Ventral"[mh] OR "Hernia, Abdominal"[mh] OR abdomen/su[mh] OR laparotomy[mh] OR "abdominal wall"[mh] OR (((incision*[tiab] OR cicatri*[tiab] OR scar*[tiab] OR ventral*[tiab]) AND (herni*[tiab])) OR ((abdominal*[tiab] OR transabdominal*[tiab]) AND (surger*[tiab] OR clos*[tiab] OR defect*[tiab] OR wall*[tiab])) OR laparotom*[tiab] OR (midline AND incision*[tiab]))) NOT (animals[mh] NOT humans[mh]) AND publisher[sb]

Google scholar

Mesh|meshes prevention|preventive|protective|protection|prophylactic|prophylaxis "incisioal|cicatrical|scar|ventral hernia"|"abdominal|transabdominal surgery|closure|defect|wall"|laparotomy|"midline incision" -animal -animals -rats -mice

Lilacs 18

Scielo 8

(Mesh*) AND (prevent* OR protect* OR prophyla*) AND ("incisional hernia" OR "cicatrical hernia" OR "scar hernia" OR " ventral hernia" OR "abdominal hernia" OR "abdominal surgery" OR "abdominal closure" OR "abdominal defect" OR "abdominal wall" OR laparotom* OR "midline incision")

ScienceDirect 92

(Mesh*) AND (prevent* OR protect* OR prophyla*) AND ("incisional hernia" OR "cicatrical hernia" OR "scar hernia" OR " ventral hernia" OR "abdominal hernia" OR "abdominal surgery" OR "abdominal closure" OR "abdominal defect" OR "abdominal wall" OR laparotom* OR "midline incision") AND TOPIC (incisional hernia)

ProQuest 9

(ti(Mesh*) OR ab(Mesh*)) AND (ti(prevent* OR protect* OR prophyla*) OR ab(prevent* OR protect* OR prophyla*)) AND (ti("incisional hernia" OR "cicatrical hernia" OR "scar hernia" OR " ventral hernia" OR "abdominal hernia" OR "abdominal surgery" OR "abdominal closure" OR "abdominal defect" OR "abdominal wall" OR laparotom* OR "midline incision") OR ab("incisional hernia" OR "cicatrical hernia" OR "scar hernia" OR " ventral hernia" OR "abdominal hernia" OR "abdominal surgery" OR "abdominal closure" OR "abdominal defect" OR "abdominal wall" OR laparotom* OR "midline incision"))
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The widespread use of meshes for hiatal hernia repair has emerged in the era of laparoscopic surgery, although sporadic cases of mesh augmentation of traumatic diaphragmatic rupture have been reported. The indications for biologic meshes in diaphragmatic repair are ill defined. This systematic review aims to investigate the available evidence on the role of biologic meshes in diaphragmatic rupture and hiatal hernia repair. Limited data from sporadic case reports and case series have demonstrated that repair of traumatic diaphragmatic rupture with biologic mesh is safe technique in both the acute or chronic setting. High level evidence demonstrates short-term benefits of biologic mesh augmentation in hiatal hernia repair over primary repair, although adequate long-term data are not currently available. Long-term follow-up data suggest no benefit of hiatal hernia repair using porcine small intestine submucosa over suture repair. The effectiveness of different biologic mesh materials on hernia recurrence requires further investigation.

Keywords: biologic mesh, biologic graft, hiatal hernia, diaphragmatic rupture, paraesophageal hernia, fundoplication

INTRODUCTION

Blunt or penetrating trauma of the abdomen and thorax may cause injury to the diaphragm (1). In the case of traumatic diaphragmatic rupture, abdominal organs such as the stomach, spleen, colon, or the liver may herniate into the thoracic cavity causing a wide range of symptoms, which may occur several years after the injury (2–5). Chest X-ray is often diagnostic, whereas computed tomography and magnetic resonance imaging provide detailed information about the herniated structures and the size of the defect (6, 7). There is no consensus on the absolute indications for surgery or the timing of surgical intervention. A traumatic rupture of the diaphragm is generally considered an indication for surgical repair, especially in the presence of symptoms.

Relevant literature evidence is limited, mainly due to the rarity of the condition. Primary suture repair or covering the defect with a synthetic mesh has been the standard of care during the past decades (8). Biologic meshes have been thought to be effective in closing the diaphragmatic defect, induce limited inflammatory response, and minimize adhesion formation.

In the presence of insufficient evidence, there is ongoing debate on the need of augmentation of the diaphragmatic hiatus during hernia repair (9). A number of randomized controlled trials (RCTs) and a meta-analysis have demonstrated lower recurrence rates after mesh repair; however, long-term data are not currently available (10). Several studies have reported complications, which has created skepticism with regard to the benefits of augmented hiatal hernia repair (11–13).Several biologic materials have been manufactured and are currently in use in surgical practice. Experimental data have shown biologic meshes to possess characteristics of an ideal mesh material, such as reduced adhesion formation, improved biocompatibility, decreased inflammatory response, and optimal neovascularization (14). Our objective was to review the evidence investigating the role of biologic meshes in traumatic repair of the diaphragm and in hiatal hernia repair.

MATERIALS AND METHODS

Repair of Traumatic Diaphragmatic Defects

Electronic searches of the Medline database were conducted using the PubMed search engine. The following combination of terms and keywords was applied: (trauma OR traumatic OR posttraumatic OR rupture*) AND (diaphragm* OR phren*) AND (mesh OR implant). The search returned 141 reports. The last search was run in November 2014. Titles and abstracts were interrogated and clinical reports on the use of biologic material for closure of traumatic diaphragmatic defects were selected. The full texts of 17 articles were assessed for eligibility; three relevant reports were identified (15–17). The remaining 15 articles were excluded because they reported on the use of synthetic materials in diaphragmatic rupture repair or did not provide relevant outcomes. A summary of the study characteristics and outcomes is presented in Table 1.

TABLE 1 | Characteristics and outcomes of studies reporting on repair of traumatic diaphragmatic rupture with the use of biologic mesh.

[image: image1]

Hiatal Hernia Repair with Mesh Augmentation

Similarly, Medline was searched to identify relevant clinical evidence using the PubMed interface up to November 2014. The keywords (hiat*) AND (hernia) AND (mesh OR implant) were used. Of a total of 309 records, 28 articles were selected for full text review based on relevant information from titles and abstracts. Twenty-two articles provided relevant outcome data on mesh-reinforced hiatal hernia repair with biologic meshes (18–39). The study characteristics and outcomes are listed in Table 2.

TABLE 2 | Characteristics and outcomes of studies reporting on hiatal hernia repair with the use of biologic mesh.
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RESULTS

Repair of Traumatic Diaphragmatic Defects

Two case reports and one case series reported on the use of biologic meshes in traumatic diaphragmatic rupture. Four chronic traumatic defects and two acute ruptures were repaired laparoscopically, or with a laparotomy or a combined (thoracotomy and laparotomy) approach using human acellular cadaveric dermis (HACD) or porcine small intestine submucosa (SIS). Two of the repairs were performed in contaminated surgical fields, one due to inflammation of the herniated gallbladder and one due to pleural empyema. No septic complications requiring prolonged hospital stay or reintervention were reported. Chest X-ray in five of these cases did not reveal recurrence within a 6- to 24-month follow-up period.

Hiatal Hernia Repair with Mesh Augmentation

A plethora studies reporting use of biologic mesh augmentation of the esophageal hiatus have been published since 2003. Most of these are retrospective industry-sponsored cohort studies. Both HACD and SIS meshes have been used, most commonly in a U-shape or a pantaloon fashion, placed in a retroesophageal position with the limbs of the mesh encircling the esophagus. The graft is anchored to the diaphragm and, in some cases, to the esophagus with non-absorbable sutures, tacks, or fibrin sealant, most commonly following suture repair of the crura or in a tension-free bridging fashion. A Collis gastroplasty has also been reported as a lengthening procedure in cases of a short esophagus (27, 32). Although no adverse effects associated with allografts or xenografts have been reported, in a chart review of 51 pediatric patients, Sharp and colleagues found that fever occurred more frequently after mesh repair and this group of subjects presented with a higher mean temperature during their hospital stay (37).

The best available evidence is provided by two well-designed RCTs (21–23, 39). In an industry-sponsored trial, Oelschlager and colleagues assigned 108 patients with paraesophageal hernia to receive either U-shaped SIS or suture repair. The authors found a significant reduction in the incidence of hernia recurrence (24 vs. 9%) at 6 months (21); however, long-term follow-up data (median 58 months, range 40–78) demonstrated no such benefit (22). Although this outcome may be biased by significant attrition (exceeding 20%), the reported recurrence rate for the mesh group remains unacceptably high.

In a recent double blind RCT that was sponsored by a national authority, suture mesh repair was compared with SIS or collagen-coated titanium mesh augmentation of the hiatus(39); similar recurrence rates at 6 months (7.9 vs. 5.9%, respectively) were found in the suture and biologic mesh repair groups, whereas no recurrence occurred in the synthetic mesh group. This finding, however, should be cautiously interpreted in the presence of wide confidence interval (95% confidence interval, 0.24–9.78). Long-term follow-up data of this trial are pending.

Most authors have focused their interest on potential beneficial effects of biologic grafts in paraesophageal hernia. In a cohort study, Schmidt and colleagues compared suture repair and mesh augmentation with HACD in small hernias (1–5 cm as assessed by barium upper gastrointestinal series or esophagogastroscopy) (36). A benefit of mesh repair was demonstrated, as indicated by a reduced recurrence rate (16 vs. 0%) at 1 year and improvement of symptoms of dysphagia.

DISCUSSION

Limited evidence exists investigating the role of biologic meshes in traumatic diaphragmatic repair. Low quality evidence (Level 4) suggests that this approach is feasible, at least in chronic cases. Biologic meshes have also been used in contaminated surgical fields with favorable results (Level 5). Because of the difficulties randomizing patients in the acute setting and the rarity of this condition, clinicians should be encouraged to publish their experience with biologic meshes in traumatic diaphragmatic rupture.

Level 1b data currently support lower recurrence rates for biologic mesh repair in the setting of paraesophageal hernia in the short term with conflicting evidence, whereas level 2b data support that this outcome benefit is lost in the long term. In a recent systematic review and meta-analysis of randomized and observational studies conducted by our research group, we found a beneficial short-term effect of mesh augmentation of the hiatus using biologic mesh (odds ratio 3.74, 95% confidence interval 0.92–8.98, p = 0.003) (40). However, no long-term outcome data were available for meta-analysis. Low quality data (level 4) suggest that patients with hiatal hernia measuring between 1 and 5 cm may benefit from biologic mesh augmentation. Nevertheless, cost-benefit assessment is lacking and the available evidence favoring biologic over synthetic meshes is insufficient.

The impact of type of biologic graft on hernia recurrence remains to be investigated. Further experimental and clinical research is required to assess new biologic implants in hiatal hernia repair. Although current data have shown SIS implants to be associated with high recurrence rates, other biologic materials have not been adequately investigated. Considering the rarity of cases with traumatic diaphragmatic defects, the effectiveness of biologic implants in such situations may be extrapolated from evidence derived from hiatal hernia repair. Future RCTs are required to investigate the role of biologic meshes in both paraesophageal and small hiatal hernias and evaluate their comparative efficacy to synthetic meshes.
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APPENDIX

BioMesh Study Group

Ferdinand Köckerling (Chairman), Stavros A. Antoniou, René Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil Smart, MarciejSmietanski, Bernd Stechemesser undertaken by the BioMesh Study Group.

AIM

The BioMesh Study Group has set itself the task of identifying how best to use biological meshes for the various indications. The first step toward achieving that goal is to compile systematic reviews of the different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Next, based on the review findings corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes for the different indications. The findings of the Consensus Conference are then to be summarized for a joint publication. This present publication is part of the project undertaken by the BioMesh Study Group.
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Background: The aim of this observational study is to analyze the results of patients with large hiatal hernia and upside-down stomach after surgical closure with a biological mesh (Permacol®, Covidien, Neustadt an der Donau, Germany). Biological mesh is used to prevent long-term detrimental effects of artificial meshes and to reduce recurrence rates.

Methods: A total of 13 patients with a large hiatal hernia and endothoracic stomach, who underwent surgery between 2010 and 2014, were included. Interviews and upper endoscopy were conducted to determine recurrences, lifestyle restrictions, and current complaints.

Results: After a mean follow-up of 26 ± 18 months (range: 3–58 months), 10 patients (3 men, mean age 73 ± 13, range: 26–81 years) were evaluated. A small recurrent axial hernia was found in one patient postoperatively. Dysphagia was the most common complaint (four cases); while in one case, the problem was solved after endoscopic dilatation. In three cases, bloat and postprandial pain were documented. In one case, an explantation of the mesh was necessary due to mesh migration and painful adhesions. In one further case with gastroparesis, pyloroplasty was performed without success. The data are compared to the available literature. It was found that dysphagia and recurrence rates are unrelated both in biological and in synthetic meshes if the esophagus is encircled. In series preserving the esophagus at least partially uncoated, recurrences after the use of biological meshes relieve dysphagia. After the application of synthetic meshes, dysphagia is aggravated by recurrences.

Conclusion: Recurrence is rare after encircling hiatal hernia repair with the biological mesh Permacol®. Dysphagia, gas bloat, and intra-abdominal pain are frequent complaints. Despite the small number of patients, it can be concluded that a biological mesh may be an alternative to synthetic meshes to reduce recurrences at least for up to 2 years. Our study demonstrates that local fibrosis and thickening of the mesh can affect the outcome being associated with abdominal discomfort despite a successful repair. The review of the literature indicates comparable results after 2 years with both biologic and synthetic meshes embracing the esophagus. At the same point in time, reconstruction with synthetic and biologic materials differs when the esophagus is not or only partially encircled in the repair. This is important since encircling artificial meshes can erode the esophagus after 5–10 years.

Keywords: hiatal hernia repair, recurrence, dysphagia, biologic mesh, complications

INTRODUCTION

Surgery for hiatal hernia has gone through many developmental stages after the first repair was reported by Soresi in 1926 (1). The therapy of a large hiatal hernia is far from being established due to the complexity of the anatomical region and the need for improvement of some current methods. In analogy to hernia repair of the abdominal wall, synthetic materials were used to repair hiatal hernia to reduce the risk for hernia recurrence (2). Despite the lower recurrence rates in comparison to direct suture (3), there were significant long-term complications due to local fibrosis, stricture formation around the prosthetic material, esophageal erosion, mesh migration, and late dysphagia (4). To solve these problems, biological meshes from human acellular cadaveric dermis (HACD), porcine small intestine submucosa (SIS), porcine dermal collagen (PDC), or bovine pericardium were developed. HACD and SIS have been utilized as mesh grafts for hiatal hernia repair (5). It is assumed that the natural tissue texture of the biologic mesh results in less esophageal erosions and lowers the risk of complications. Less inflammation and reduced fibrotic tissue changes at the hiatus should lead to a better quality of life, specifically lower dysphagia rates (6).

This study aims to assess the clinical result of patients with large hiatal hernia after repair with a biologic mesh.

PATIENTS AND METHODS

A consecutive number of patients, who were diagnosed with large hiatal hernia and thoracic stomach, underwent surgery between 2010 and 2014. Pre- and postoperative work-up included symptoms assessment, barium swallow, endosopy, and CT scan. The large hiatal hernias were anatomically classified as types III and IV and clinically as type 2dII according to Koch et al. (7). Using the formula given by Granderath (8), the hiatal surface area was calculated intraoperatively as 13.5 ± 4.5 cm2, which is well in the range of large mixed-type hiatal hernia (9).

The CT scan in Figure 1 and the intraoperative picture in Figure 2 demonstrate a representative finding of a large hiatal hernia with an upside-down stomach.
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FIGURE 1 | Preoperative computed tomography of the upside-down stomach of a 73-year-old male with the gastroesophageal junction being fully dislocated into the thoracic cavity (arrow).
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FIGURE 2 | Situs of a large hiatal hernia in this 72-year-old male operated on 2 years ago. The upside-down stomach is fully encased in both loose and dense adhesions.



Surgery was conducted in the Asklepios Klinikum Harburg in Hamburg, a teaching hospital of the University of Hamburg, and the Asklepios Medical School. All patients complained of unbearable mass reflux with regurgitation of acid material preoperatively. Eight patients complained of the inability to sustain their weight due to dysphagia. Five patients were subsequently unable to conduct routine daily life, such as gardening, wiping of the floor, cycling, etc. One patient suffered from chronic obstructive airway disease and another patient from recurrent pneumonia due to silent aspiration. All hernias were surgically treated by a sutured hiatal repair reinforced with a cross-linked biologic mesh of a porcine acellular dermal collagen matrix (Permacol®, Covidien) under general anesthesia. The mesh was placed to circularly enclose the esophagus with an opening of at least 15 mm in diameter. All patients were included prospectively into an inhospital registry. Data including demographics, prior history, and individualized surgical technique were obtained from the patients’ charts and surgical reports. The postoperative progress, the patients’ complaints, and the recurrence status were recorded at regular intervals of maximally 1 year. All case notes were reviewed to determine follow-up and to check specifically whether a recurrence occurred or any further unplanned surgery or endoscopy was required. The current status to date was supplemented by a telephone interview.

Surgical Procedures

Both laparoscopic and conventional methods were used. The principle was the same: the closure of the paraesophageal hernia using a 10 cm × 10 cm and 1-mm thick biologic mesh of a porcine acellular dermal collagen matrix (Permacol® and Covidien). The surgical technique has previously been described (10). Briefly, the hiatal hernia repair involves the preparation and resection of the sac and reduction and retention of the hernia contents intra-abdominally (Figure 3). The reposition of the stomach back to the abdominal cavity was followed by a wide mediastinal mobilization of the distal esophagus to ensure appropriate intra-abdominal length to prevent the stomach from sliding back up. Retention was achieved with a posterior hiatoplasty (Figure 4) using non-absorbable sutures (Ethibond 0, Ethicon, Norderstedt, Germany). Additionally, a short floppy Nissen’s fundoplication was executed and sutured in place again using Ethibond 0 as three interrupted stitches encircling the intra-abdominal esophagus for 25 mm (Figure 5). The closure of the hiatus was supported with the quadratic biologic mesh. The mesh was tailored to the individual anatomy by rounding the edges, placed on the diaphragmal crura from the abdominal side, sutured into place with at least four non-absorbable sutures (Ethibond 0), and reinforced with fibrin sealant (Evicel®, Ethicon®, Norderstedt, Germany) (Figure 6).
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FIGURE 3 | Preparation of the hiatal sac with the right and the left crus of the diaphragm prepared in their ventral aspect (arrows).
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FIGURE 4 | A hiatoplasty is formed with three evenly spaced non-absorbable sutures (Ethibond 0, Ethicon, Norderstedt, Germany, arrows). The distal esophagus is encircled with a silastic band and held to the left. At this point of time, a 54-Ch Rüsch tube is passed through the esophagogastric junction and a 5-mm instrument is additionally placed from the left into the newly formed hiatus in order to ensure sufficient space for the passage of food. A similar instrument is placed at the low left corner of the picture for comparison of sizes. Another 5-mm instrument is inserted from the right in order to lift the ventral crural junction to facilitate instrumentation.




[image: image1]

FIGURE 5 | Short floppy Nissen’s fundoplication in place with the top suture fixing the stomach, esophagus, and right hiatal leg (white arrow).
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FIGURE 6 | Hiatal region of a 75-year-old female patient 1 year after implantation of the Permacol® mesh as described above. The arrows show the position of the mesh. An upper endoscopy showed a mild gastritis without signs of esophageal reflux at this time.



RESULTS

During the study period, 13 patients were surgically treated for a thoracic stomach. Among them one patient passed away in the meantime from coronary heart disease. Additionally, two patients were lost to follow-up by moving to an unknown destination – they could not be located either by searching their medical records or by contacting their primary care physicians, leaving a total of 10 patients for further study. There were three (30%) men and seven (70%) women with a median age of 73 ± 13 years (range: 26–81).

The mean follow-up was 27 ± 18 months (range: 3–58). The patients underwent in four cases an open procedure twice due to respiratory and once due to cardiocirculatory instability upon laparoscopy. In one case, the laparoscopic approach had to be converted to a combined laparotomy and left-sided thoracotomy due to the inability to reduce the completely intrathoracic stomach in the abdominal cavity. In six cases, a laparoscopic procedure was performed as described above. A total of 20% (2 of 10) underwent one further, unplanned surgery after the prior therapy; in one case, the mesh was explantated because of dysphagia and pain due to dense fibrosis surrounding the mesh. In the other case, pain due to peritoneal adhesions was found unrelated to the sufficient hiatoplasty with mesh enforcement. In the latter case, first, a gastritis was found on repeat gastrocopy, and later, a Herpes zoster infection was elucidated. On an intercurrent computed tomography scan, the mesh was found in place but appears thickened (arrows in Figure 7 below). Measuring the mesh from the scans, a 5-mm plate resulted from the 1-mm mesh in this case.
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FIGURE 7 | Permacol® reinforment of the hiatoplasty shown above. The Permacol® is secured with non-absorbable interrupted stitches and additionally fastened with fibrin glue (Evicell®) in critical areas (white arrow).



In this case, a pyloroplasty was performed because of gastroparesis without complete relief of symptoms. Since the patient can keep a normal weight, she is reluctant to any further surgical treatment. There were no other major complications. A total of six patients underwent upper endoscopy because of various complaints, such as burning, intra-abdominal pain, regurgitation, and dysphagia. Except for one case with a stenosis bettered by balloon dilatation and the one reported with a small recurrence, there were no pathological findings related to the hiatal repair.

Four patients (40%) complained about dysphagia postoperatively. In one case, the symptoms declined spontaneously within 6 months. Another patient successfully underwent esophageal dilatation of a stenosis 2 months postoperatively. Up to this date, two patients (20%) still report mild dysphagia but maintain normal body weight. Four cases report persistent intra-abdominal discomfort without weight loss. Three patients experienced bloating, while another patient reported reflux. In another case, regurgitation was described by the patient without abnormal endoscopic findings. The symptoms are summarized in Table 1.

TABLE 1 | Summary of the status after 2 years (multiple declarations possible).
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DISCUSSION

The treatment of large and giant hiatal hernias has been a challenge, since it is both technically more difficult and has always substantially elevated recurrence rates (10–12). Laparoscopic hiatal hernia repair for larger hernias seem to have even higher recurrence rates leading to revision surgery (13). Primary suture hiatoplasty without reinforcement is associated with high recurrence rates, so that a variety of meshes has been developed to reduce the risk of recurrence (11). The main concern using a synthetic mesh is the risk of specific complications through the local erosion into the stomach, fibrosis, mesh contraction, and esophageal stenosis, which are thought to cause higher dysphagia rates (4, 14–19). Synthetic meshes are associated with a higher risk of esophageal resection at revision surgery (4, 20). In order to minimize these side effects, biologic meshes from human cadaveric dermis and SIS have been developed. A mild inflammatory response and neovascularization were reported for the biologic grafts (21–23). It is believed that a limited foreign body reaction at the hiatus due to their biocompatibility minimizes the risk of postoperative dysphagia (24).

Among the US surgeons who use mesh to repair the hiatal hernia, 67% prefer biologic mesh (25). The recurrence rates following a biological mesh hiatoplasty can vary in the literature between 0 and 54%, with a median value of 10% (Table 2). These recurrence rates are almost identical to those found after hiatal repair using synthetic meshes (range: 0–35, median 7%). In this study, large hiatal hernias were repaired using a cross-linked collagen matrix derived from pig tissue.

TABLE 2 | Pre- and postoperative data from published hiatal repairs embracing the esophagus and reinforcing only the crural repair.
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According to a retrospective analysis of hiatal revisions following synthetic or biologic mesh application, there were no significant differences in terms of blood loss, duration of surgery, morbidity, and need for esophageal reconstruction (17). The recurrence rate can be significantly reduced from 16 to 0% with the use of an absorbable mesh for the repair of small hiatal hernia (23). In a study of 108 patients, the recurrence rate was reduced from 24 to 9% with the laparoscopic use of a biologic mesh compared to the suture of the hiatus (7). A new meta-analysis confirmed the lower recurrence rates for the biologic mesh in the short-term, but the long-term benefit remains unclear (24). The repair of large hiatal hernias with biologic mesh may be associated with a lower risk for short-term recurrence compared to primary suture repair. Short-term recurrence rates for suture repair and biologic mesh repair ranged in a meta-analysis between 16.6 and 3.5%, respectively. The same study showed that the long-term recurrence based on data provided by one trial only was 51.3 and 42.4%, respectively (25). In our study, the recurrence rate was 10% after a median time of 27 months. The recurrence rate after the use of SIS can be up to 9% (26). Another large study with 92 patients treated with SIS achieved a recurrence rate of 3.3% and a dysphagia rate of 8.6% in a median follow-up of 3.3 years (27). The incidence of postoperative dysphagia in 22 patients after treatment with human acellular dermal matrix was 4.5% (28). In our study, 40% of the patients complaint postoperatively about dysphagia. Up to now and after successful endoscopic dilatation in one case, 20% of the patients still have the sensation of dysphagia but keep their weight.

Since dysphagia impairs the quality of life significantly, an attempt is made to further elucidate potential associations. In Table 2, data are accumulated from the available literature attempting an assessment at a certain postoperative period, namely, 1–2 years as observed in this manuscript. The data are divided in biological and synthetic meshes using techniques embracing the esophagus in order to reduced long-term recurrence rate or excluding the esophagus in an attempt to preserve its function. Since it cannot be assumed that the data are homogenously distributed, the Mann–Whitney U-test was used to evaluate group differences. Neither the preoperative dysphagia rate nor the placement of the mesh influences the dysphagia rate significantly although meshes encircling the esophagus tend to exhibit higher dysphagia rates (Table 2, p = 0.126). The length of the follow-up and the rate of recurrence or dysphagia are unrelated in all groups (Table 2, p = 0.667). In both synthetic and biological meshes embracing the esophagus, there is a trend toward elevated dysphagia rates with increasing recurrence rates (Table 2, p = 0.021). In reconstructions avoiding at least half of the circumference, synthetic meshes increase dysphagia as recurrences occur [Table 2; Figure 8, r = 0.63, small effect according to Thalheimer and Cook (59)]. In contrast, biological meshes decrease dysphagia rates as recurrences occur [Table 2; Figure 9, r = −0.728, intermediate effect according to Thalheimer and Cook (59)]. The results should be viewed with caution but can be interpreted that the integration of biological meshes in reconstructions avoiding the esophagus decreases dysphagia increasing recurrences within the first 2 years.
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FIGURE 8 | Dysphagia rates as a function of recurring hiatal hernia after 1–2 years using synthetic meshes leaving at least half of the circumference of the esophagus to move freely (data from Table 2). The line indicates the trendline.
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FIGURE 9 | Dysphagia rates as a function of recurring hiatal hernia after 1–2 years using biological meshes leaving at least half of the circumference of the esophagus to move freely (data from Table 2). The line indicates the trendline.



In a recent study with 49 patients, 8% required endoscopic dilatation with a successful resolution of the symptoms (60). Interestingly, hiatal hernia repair with biomesh fails to increase the postoperative dysphagia rate compared to suture repair alone (6). The reported rates of dysphagia with synthetic meshes vary between 0 and 41%, with a median of 15.5% [Table 2 (24, 61–63)].

Most patients with a recurrent paraesophageal hernia still experience an improvement of clinical symptoms compared to the preoperative status (63, 64). Despite the high recurrence rate up to 54% after a laparoscopic repair of the hiatus with or without mesh, there can be a significant improvement in all parameters assessing the quality of life (10). This can be due to the smaller sac of the recurrent hernia compared to the original size with a diminished risk of volvulus, obstruction, and ischemia. Our findings demonstrate, in general, that gastrointestinal symptoms associated with big paraesophageal hernias and thoracic stomach, such as postprandial obstruction and pain, are significantly improved after a mesh repair up to 58 months following the surgical closure and reinforcement with the biomesh Permacol®. However, price and limited use, e.g., for religious reasons should be weighed against the potential of the biomesh.

Cross-linked collagen matrices have a more coordinated structure and therefore can sustain higher loads for longer times compared to non-cross-linked ones (60, 65). Several studies showed that cross-linking does not appear to affect the tissue integration in animal models or human (60, 65, 66). Mesh fibrosis may occur potentially increasing the stiffness of the repair (as demonstrated in a postoperative CT scan, Figure 7). Late onset dysphagia even in mesh positions avoiding the esophagus might be related to this scar formation (60). It remains unclear whether cross-linking contributes to fibrotic changes since we know that resorption is delayed. Permacol™ is a porcine-derived acellular dermal sheet, which is composed predominantly of type I collagen (93–95%). During the manufacturing process, the cellular components are removed and the collagen of the dermis is treated with hexamethylene diisocyanate (HMDI) to increase the degree of cross-linking. It is currently used for the repair of abdominal and thoracic wall defects and for hernias (60). To prevent mesh dislocation, meshes must be fixated (67). So far, little is known how to best fasten a hernia mesh in the hiatal position. There are many different ways to anchor a mesh, such as non-absorbable sutures, tacks, or fibrin sealant (61). We prefer a limited number of sutures and add fibrin glue as shown in Figure 6 in order to achieve a maximal pliability still holding the mesh in place at the same time. Since the mesh can be placed in at least six different positions, the best placement is still unknown. Most surgeons place a mesh in a U-shape or a pantaloon collar in a retroesophageal position with the limbs of the mesh encircling the esophagus [Table 2 (10–64)]. Data depicted in Figures 8 and 9 indicate a different behavior of synthetic and biologic meshes when the esophagus is not fully encircled. On the one hand, patients with smaller (up to 5 cm) hiatal hernias may benefit from the use of a biologic mesh for the repair (61, 64, 68). On the other hand, larger hernias are more prone to develop recurrences, even with mesh reinforcement (68). At this point of time, the preferred technique, the superior mesh position, or the outstanding material still awaits future investigation.

CONCLUSION

The principle of hiatal hernia repair aims to eliminate the hernia preserving the functionality of the gastroesophageal junction at the same time. The use of a biologic mesh to repair large hiatal hernias is an effective method with low recurrence rates. It can reduce the local inflammation and postoperative dysphagia compared to synthetic meshes. Our study demonstrates that local fibrosis and thickening of the mesh can affect the outcome being associated with abdominal discomfort despite a successful repair. The review of the literature indicates comparable results after 2 years with both biologic and synthetic meshes embracing the esophagus. At the same point of time, reconstruction with synthetic and biologic materials differs when the esophagus is not or only partially encircled in the repair.
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Introduction: Although recently published guidelines recommend against the use of synthetic non-absorbable materials in cases of potentially contaminated or contaminated surgical fields due to the increased risk of infection (1, 2), the use of bio-prosthetic meshes for abdominal wall or ventral hernia repair is still controversially discussed in such cases. Bio-prosthetic meshes have been recommended due to less susceptibility for infection and the decreased risk of subsequent mesh explantation. The purpose of this review is to elucidate if there are any indications for the use of biological and biosynthetic meshes in incarcerated abdominal wall hernias based on the recently published literature.

Methods: A literature search of the Medline database using the PubMed search engine, using the keywords returned 486 articles up to June 2015. The full text of 486 articles was assessed and 13 relevant papers were identified including 5 retrospective case cohort studies, 2 case-controlled studies, and 6 case series.

Results: The results of Franklin et al. (3–5) included the highest number of biological mesh repairs (Surgisis®) by laparoscopic IPOM in infected fields, which demonstrated a very low incidence of infection and recurrence (0.7 and 5.2%). Han et al. (6) reported in his retrospective study, the highest number of treated patients due to incarcerated hernias by open approach using acellular dermal matrix (ADM®) with very low rate of infection as well as recurrences (1.6 and 15.9%). Both studies achieved acceptable outcome in a follow-up of at least 3.5 years compared to the use of synthetic mesh in this high-risk population (7).

Conclusion: Currently, there is a very limited evidence for the use of biological and biosynthetic meshes in strangulated hernias in either open or laparo-endoscopic repair. Finally, there is an urgent need to start with randomized controlled comparative trials as well as to support registries with data to achieve more knowledge for tailored indication for the use of biological meshes.

Keywords: incarceration, strangulation, groin hernia surgery, abdominal wall hernia, biological mesh, incisional hernia, ventral hernia, bio-resorbable mesh

INTRODUCTION

The BioMesh Study Group has set itself the task of identifying the best way to use biological meshes for various indications. The first step (toward achieving that goal) is to compile systematic reviews of different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Next, based on the review findings, corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes regarding different indications. The findings of the Consensus Conference will then be summarized as a joint publication. This present publication is part of the project undertaken by the BioMesh Study Group.

Although recently published guidelines recommend against the use of synthetic non-absorbable materials in cases of potentially contaminated or contaminated surgical fields due to the increased risk of infection (1, 2), the use of bio-prosthetic meshes for abdominal wall or ventral hernia repair is still controversially discussed in such cases. Especially in these indications, bio-­prosthetic meshes have been recommended due to less susceptibility for infection and the decreased risk of subsequent mesh explantation. The greatest drawback of bio-prosthetics is still the high cost in comparison to synthetic non-absorbable meshes (2). Above all, there is a lack of evidence concerning the clinical efficacy of biologic over synthetic non-absorbable meshes (7). In the literature, wound infection rates after the use of biological meshes even in clean-contaminated fields are reported up to 40% (8, 9) and hernia recurrence rates up to 30%, respectively (10). On the other hand, the reports of Zafar et al. (11) regarding emergency surgery of incarcerated incisional hernia with associated bowel obstructions enrolling 60 patients by the use of permanent prosthetic meshes revealed an almost identically high percentage (31%) of wound complications in a retrospective study. The purpose of this review is to elucidate if there are any indications for the use of biological and biosynthetic meshes in incarcerated abdominal wall hernias based on the recently published literature.

METHODS

A literature search of the Medline database using the PubMed search engine, using the keywords (incarcerated hernia OR strangulated hernia OR inguinal hernia OR Groin hernia OR inguinal hernia OR ventral hernia OR incisional hernia AND biological mesh OR Biomesh OR Biological OR biosynthetic mesh AND open repair OR laparoscopic repair OR endoscopic repair) returned 486 articles up to June 2015. Titles and abstracts were searched for the use of biologic meshes in open and laparo-endoscopic repair of incarcerated/strangulated abdominal wall hernias. The full text of 486 articles was assessed, and 13 relevant papers were identified including 5 retrospective case cohort studies (9, 12–14), 2 case-controlled studies (5, 15) and 6 case reports (16–21). A summary of study demographics and characteristics is presented in Table 1 and the outcome data in Table 2. Qualitative assessment of all included studies was based on the Oxford Centre for Evidence-Based Medicine 2009 levels of evidence.

TABLE 1 | Summary of study demographics and characteristics.
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TABLE 2 | Outcome data.
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RESULTS

In the special case of an incarcerated recurrent Amyand’s hernia, the only paper concerning the use of a biological mesh was published by Quartey et al. (16). After appendectomy in an open approach, an acellular hydrated dermis (Flex HD®) was implanted with an uneventful postoperative follow-up to 5 months. In a review regarding Amyand’s hernia, Michalinos et al. (23) concluded that in case of proper treatment, including the use of meshes, the morbidity or mortality is not increased beyond that of a typical inguinal hernia repair. Similar conclusions can be found in the review of Köckerling et al. (24) with the statement: “The use of biological meshes in inguinal hernia repair especially in potentially contaminated fields is an alternative to the use of synthetic meshes with reasonable recurrence rates.”

In the case cohort study of Ueno et al. (15) including 2 inguinal and 18 ventral hernias – 3 with incarceration – patients were treated with Surgisis® mesh implants. In a follow-up of 15.7 months, no infection or recurrence was detected.

The retrospective case–control study of Xourafas et al. (12) regarding the use of meshes in incarcerated ventral hernia repair with a simultaneous bowel resection included five patients (out of 51 in the mesh group) with the implantation in underlay technique using Alloderm® in four cases and Surgisis® in one case, respectively. The overall infection and recurrence rate (synthetic and biological meshes) was 22% in a follow-up of 22 months. The result of an univariate and a multivariate analysis detected a significant risk of increased postoperative infection in the mesh group, without separation regarding the type of mesh.

Helton et al. (13) reported in a retrospective case–control study of 13 patients treated with bowel resection due to incarceration or strangulation in ventral hernia by the use of Surgisis Gold® in an open approach. The wound infection rate was 24% and the recurrence rate 17% in a follow-up of 14 months.

In a retrospective study of different bio-prosthetic materials in complex ventral hernia repair by Shah et al. (9) nine patients with incarceration (out of 58) were included. Different biological meshes were used (Alloderm®, CollaMend®, Permacol®, Surgisis®, and Strattice®). The overall recurrence rate was 27.9%, and surgical wound infections were detected in 19% in a follow-up of 1 year. The 17.2% of the meshes required explantation. Non-cross-linked porcine biologics were less likely to be explanted, but had higher recurrence rates compared to cross-linked porcine biologics and a higher infection rate compared to Alloderm® (non-cross-linked human dermis).

Franklin et al. published a case–control study using porcine small intestinal submucosa mesh (Surgisis®) for laparoscopic IPOM repair of hernias in infected fields in the years 2002, 2004, and 2008 (3–5). In summary, 133 procedures were performed in 116 patients of which 17 (12.7%) required a bowel resection due to strangulated hernias with necrotic bowel. The overall recurrence rate was 5.2% and the infection rate 0.7% in a mean follow-up of 52 months.

Incarcerated abdominal wall hernias treated with the use of human dermal matrix (ADM®) in IPOM position by open approach in combination with vacuum wound drainage was reported by Han et al. (6) in a retrospective study. In 33 out of 63 incarcerated hernias, bowel resection was performed. In a follow-up of 43 months, 15.9% recurrences were detected and 1.6% suffered from a superficial wound infection. Multivariate analysis isolated BMI, defect size, and numbers of biological meshes used as risk factors to significantly affect recurrence rates.

Patton et al. (14) published a retrospective study of abdominal wall reconstructions with the use of acellular dermal matrix (ADM®) in complex and contaminated ventral hernias. In 51% of the repairs, the mesh was positioned as IPOM bridging with 3 cm overlap, 42% as an interlay, and 8% as an onlay. The 13 patients out of 89 were treated in case of incarcerated hernias. Overall, 16% developed wound infections, and in a follow-up of 10.6 months, 17.9% suffered from a recurrent hernia.

There are some single case reports like Giakoustidis et al. (17) reporting of a biological mesh used in an incarcerated recurrent incisional hernia as well as Tsuda (22) describing a laparoscopic repair of an incarcerated umbilical hernia using Strattice® and Fallis et al. (18) publishing an open mesh repair of a strangulated perineal hernia after abdominoperineal resection. Another single case was reported by Gooch et al. (19) concerning a transthoracic repair of an incarcerated diaphragmatic hernia with a cross-linked porcine dermal collagen (Permacol®) and finally Pulido et al. (20) who described a laparoscopic repair in a case of chronic traumatic diaphragmatic hernia containing an obstructed small bowel and gallbladder also used Permacol®.

Schiergens et al. (21) reported of an emergent laparoscopic fundoplication of acute upside-down stomach with incarceration using biocompatible gradually absorbable synthetic polymers (BioA®) in a 32-year-old male patient. The follow-up was uneventful.

DISCUSSION/SUMMARY

In summary, so far the data regarding the use of biological and biosynthetic meshes are very scarce and there is only one level 3 study published up to now. The results of this study of Xourafas et al. (12) comparing mesh versus mesh-free repair of ventral hernia with a simultaneous bowel resection obtained a significant risk factor for the mesh group concerning the development of an infection. On multivariate regression analysis, the risk was present irrespective of drain use, defect size, and type of bowel resection. However, the analysis of a subgroup of 10 patients treated with the use of biological meshes out of a total of 100, which underwent mesh repair, did not reveal a single infection, whereas the group of polypropylene meshes showed a 24% infection rate. There was no reported significant difference in the incidence of recurrences between the mesh- and the mesh-free group (22 versus 24%), but unfortunately no comparative analysis between synthetic and biological meshes was published.

The results of Franklin et al. (3–5) include the highest number of biological mesh repairs (Surgisis®) in infected fields by laparoscopic approach, which demonstrated a low ratio of required bowel resection (12.7%), furthermore the overall incidence of recurrence and infection was very low (5.2 and 0.7%) in a mean follow-up of 52 months. Han et al. (6) reported, in his retrospective study, the highest number of treated patients due to incarcerated hernias with bowel resection by open approach using acellular dermal matrix (ADM®) with very low rate of infection (1.6%) as well as recurrences (15.9%) in a follow-up of 43 months. Both studies achieved acceptable outcome in a follow-up of at least 3.5 years compared to the use of synthetic mesh in this high-risk population (7).

In the conclusion of a critical review of biologic mesh use in ventral hernia repairs under contaminated conditions by Primus and Harris (7) as well as in the systematic review by Lee et al. (25), a similar statement can be found: “The available evidence is limited, but does not support the superiority of biologic over synthetic non-absorbable prosthetics in contaminated fields. Due to a lack of scientific evidence concerning the use of biologic mesh in case of laparoscopic treatment in incarcerated/strangulated ventral hernias (in potentially contaminated field) no recommendation or suggestion can be stated.”

Taking into account that there is a significantly increasing rate of emergent incisional hernia repair in the group of older men (>65 years) when analyzing the years 2001 to 2010 in the United States (26), the importance to treat this growing population with an appropriate method including the selection of mesh type and material should be addressed in further studies and registries. The results of a survey of practicing surgeons (members of American College of Surgeons) concerning the use of biological meshes in abdominal reconstructions (27) revealed a lack of consensus in terms of indication, surgical techniques, as well as type of biological mesh.

Looking to the different Guidelines based on consensus conferences of the European Association for Endoscopic Surgery (EAES), International Endo Hernia Society (IEHS), European Hernia Society (EHS), and the World Society of Emergency Surgery (WSES) (28–33), we can only find a recommendation of the WSES in terms of the question which kind of mesh should be used in incarcerated/strangulated hernia. The WSES guideline based on a Consensus Meeting in 2013 (29) recommends the use of biological meshes as a valid option in case of emergency hernia repair in potentially contaminated surgical field for patients with intestinal strangulation and/or concurrent bowel resection [grade 2C recommendation GRADE (34)]. In case of stable patients with strangulated obstruction and peritonitis by bowel perforation (contaminated-dirty surgical field), direct tissue suture is recommended when the hernia defect is small; in the events that direct tissue suture is not possible, biological mesh repair may be suggested (grade 2C recommendation). The choice between cross-linked and non-cross-linked biological mesh should be evaluated depending on the defect size and degree of contamination (grade 2C recommendation).

Without any doubt, currently there is a very limited evidence for the use of biological and biosynthetic meshes in strangulated hernias in open as well as in laparo-endoscopic repair. Finally, there is an urgent need to start with randomized controlled comparative trials as well as to support registries with data to achieve more knowledge for tailored indication for the use of biological meshes.
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Introduction: The incidence of deep infection using a synthetic mesh in inguinal hernia repair is low and reported to be well below 1%. This is in contrast to incisional hernia surgery where the reported incidence is 3% respective 13% comparing laparoscopic to open mesh repair reported in a Cochrane review. Main risk factors were long operation time, surgical site contamination, and early wound complications. An infected mesh can be preserved using conservative treatment were negative pressure wound therapy (VAC®) could play an important role. If strategy fails, the mesh needs to be removed. This review aims to look at evidence for situations were a biological mesh would work as a replacement of a removed infected synthetic mesh.

Materials and methods: A literature search of the Medline database was performed using the PubMed search engine. Twenty publications were found relevant for this review.

Results: For studies reviewed three options are presented: removal of the infected synthetic mesh alone, replacement with either a new synthetic or a new biological mesh. Operations were all performed at specialist centers. Removal of the mesh alone was an option limited to inguinal hernias. In ventral/incisional hernias, the use of a biological mesh for replacement resulted in a very high recurrence rate, if bridging was required. Either a synthetic or a biological mesh seems to work as a replacement when fascial closure can be achieved. Evidence is though very low.

Conclusion: When required, either a synthetic or a biological mesh seems to work as a replacement for an infected synthetic mesh if the defect can be closed. It is, however, not recommended to use a biological mesh for bridging. Mesh replacement surgery is demanding and is recommended to be performed in a specialist center.

Keywords: hernia, mesh infection, biological mesh, mesh replacement, mesh complication

INTRODUCTION

Reduced recurrence rates can be achieved by using standardized surgical techniques for mesh reinforcement in hernia surgery (1–3). Accordingly, several different types of meshes are used worldwide in hernia surgery. In the US alone, some 800,000 inguinal hernia (4) and 400,000 ventral hernia, including primary and incisional (5), operations are performed annually. In Sweden, 16,000 inguinal and 7,000 ventral hernias are reported on an annual basis in the national registers. In Germany, 275,000 inguinal and 100,000 ventral hernia operations are carried out annually.

In a review (6), the reported incidence of mesh-related infections following hernia repair was between 1 and 8% in different series. The incidence was influenced by the underlying comorbidities, type of mesh, surgical technique, and the strategy used to prevent infections. Risk factors to determine the onset of mesh infection were a prolonged operation time (7, 8), the extent of contamination of the surgical site (9), and early complications of the wound (seroma, hematoma, and infection) (8). In the Cochrane review of laparoscopic versus open surgical techniques for ventral or incisional hernia repairs, the overall infection rate was 13% after open and 3% after laparoscopic mesh repair (10).

Prevention of mesh infections continues to be the best strategy (11). Not all infections necessitate mesh removal. In the Cochrane review, only 3.3% of meshes had to be removed following open and 0.7% following laparoscopic ventral and incisional hernia repairs (10). It was possible to preserve 17 (55%) of meshes through conservative treatment in a case series of 31 infected meshes after incisional hernias repair (7). In a study on in ventral hernia repairs by Liang et al., a total of 30 out of 407 (7.4%) were re-operated due to an infection and the mesh could be saved in 10 out of these 30 (33%) (9). Reoperations were performed evenly spread from operation up to 10 years after the primary operation. In another series, it was possible to preserve 12 out of 13 (92%) were VAC® was used in addition in 11 patients (12). The rate of mesh removal due to infection following inguinal hernia repairs was reported to be 0.13% (13). The interval between hernia operation and mesh removal could be up to 10 years or longer.

In a review by Darehzereshki et al. including eight retrospective studies, with a total of 1,229 patients comparing different biological to synthetic mesh repair in ventral and incisional hernias. It was demonstrated that biological grafts were associated with significantly fewer wound infections (p < 0.00001) but with no difference in recurrence rate (14).

The aim to look at evidence for situations were a biological mesh would work as a replacement of a removed infected synthetic mesh.

MATERIALS AND METHODS

A literature search of the Medline database was performed using the PubMed search engine. The following key words were used: biological mesh, replacement of infected mesh, ventral hernia AND infected mesh, inguinal hernia AND infected mesh, mesh infection AND biological mesh, infected synthetic mesh AND biological mesh. Two thousand five hundred one citations were found. After checking the title and abstracts, 20 publications remained included in this study. Seven of these publications, four case series and three case reports, do report on the replacement of a synthetic by a biological mesh (Table 1).

TABLE 1 | Characteristics and outcomes of studies reporting on replacement of infected synthetic meshes with either a synthetic or biologic mesh in ventral/incisional hernia repair.

[image: image1]

The treatment options were removal of the infected mesh alone, replacement of the infected with a new synthetic mesh, and replacement of an infected synthetic with a biological mesh.

RESULTS

Removal of the Infected Mesh Alone

In the following two studies, a total of 47 patients with mesh infection were treated by means of partial or complete mesh removal. Neither a synthetic nor a biological mesh was implanted to replace the explanted mesh.

In a retrospective case series by Akyol et al., 15 mesh removals were performed after inguinal hernia repair because of chronic mesh infection in 14 males and 1 female with a median age of 52 years (range 35–75 years) (13). At the time of presentation, 13 patients had chronic sinus at explanation, while 2 had abscesses. The interval from hernia repair to mesh removal was 4–204 months. The infected meshes were completely removed. None of the patients had the transversalis fascia reinforced, due to thickening by fibrosis from the former mesh. Follow-up was performed median 62 months (range 16–115 months). Infection resolved successfully in all patients. One patient reported paresthesia and another developed a recurrent hernia.

In a retrospective case series by Tolino et al., 32 mesh removals were performed due to chronic infection, 22 after incisional and 10 after inguinal hernia repair (8). The interval from repair to mesh removal ranged from 4 to 60 months. A total of 51 operations in the 32 patients were needed for definitive treatment, including partial or total mesh removal. The average follow-up was 40 months (range 30–97). Five hernia recurrences and one intestinal fistula were observed after incisional mesh removal. One recurrence and one fistula developed after inguinal hernia mesh removal.

Replacement of the Infected with a New Synthetic Mesh

In a single surgeon case series by Birolini et al., a 16-year retrospective review based on a prospective protocol was carried out in 41 patients having had ventral hernias surgery with their meshes removed (15). A total of 27 patients had a supportive infection and 14 had an exposed mesh. Bowel resection or an associated contaminated procedure was performed in 15 patients. An onlay polypropylene mesh was used for replacement in all patients. In the short-term follow-up, all, except one mesh, could be preserved. Three recurrences were seen after a mean follow-up of 74 months, out of which one was associated with an intestinal fistula. A total of 95% of the patients were considered cured from their chronic mesh infection. It was concluded that onlay polypropylene mesh yielded favorable outcomes, for high-risk ventral hernia patients, having an infected synthetic mesh removed in a single-stage repair setting.

Replacement of the Infected with a Biological Mesh

In the following six studies (three case series and three case reports), a total of 92 patients with mesh infection were treated by mesh removal followed by implant of a biological mesh in ventral hernia patients.

In a retrospective case series, Albino et al. reported on 27 patients with an infected synthetic mesh treated with a multi-staged approach (5). The initial surgical procedure consisted of abdominal exploration with debridement and mesh removal followed by VAC® therapy. In the second stage, all patients underwent component separation and hernia repair reinforced by porcine acellular dermal matrix (PADM). Primary fascial closure was achieved in 21 (78%) of patients (19 meshes placed underlay and 2 onlay). Bridging was performed in six (22%) patients. The average follow-up was 32 months (range 8–52 months). Six (22%) patients were found to have wound dehiscence and five (19%) of these had had clinical evidence of a surgical site infection. Wound healing was achieved in all patients in average after 8 weeks (2–60 weeks). Five (19%) patients developed a recurrent hernia. Both bridging and a postoperative infection were found to increase the risk of a hernia recurrence (p = 0.03 and 0.001, respectively).

In a single institution, Rosen et al. reported on 128 patients who had a single-stage reconstruction using a biological mesh in a contaminated field, of whom 45 (35%) were operated on for a simultaneous removal of a contaminated mesh (16). The mesh removal patients were not reported on separately. A total of 27% of operations were considered “dirty” according to the CDC classification and would probably include most of the mesh infected patients. A total of 66% had a retromuscular and 31% an intraperitoneal mesh repair. Component separation was performed in 70% of patients and fascial closure was achieved in 94%. Overall wound morbidity was seen in 61 patients (48%), of whom 28 were re-operated and 33 managed by local treatment of the infection. All wounds resolved within 60 days. At a mean follow-up of 22 months, 31% recurrences were seen. It can be concluded that using a biological mesh in these situations is safe, but the long-term durability seems to be less favorable, even when fascial closure has been achieved.

In a retrospective case review by Guerra, 13 patients had an infected synthetic mesh removed after former incisional hernia surgery (17). Mesh replacement was performed with a porcine-derived acellular dermal matrix. The mean age was 60 years. Comorbidity was high. Facial closure was achieved in 11 and bridging in 2 patients. One wound infection, one seroma, and two hernia recurrences (both bridged patients) were observed at a median follow-up of 22 months. It was concluded that outcomes were favorable in high-risk patients with infected synthetic mesh if bridging was avoided.

Two patients were presented in a case report by Cavallaro et al. where one preperitoneal Prolene® mesh and one retromuscular polypropylene mesh were extracted and replaced with a retromuscular bovine pericardium graft. No complication and no recurrences were reported after 5 and 4 years, respectively. Closure of the gap was not reported on (18).

In a case report, Peppas et al. described drainage of an infected ePTFE together with a macro porous onlay polypropylene mesh for 1 month. The meshes were extracted and replaced by porcine onlay mesh (19). No complications were reported up to 6 months.

Two patients were reported by Coccolini et al. having a surgical site infection after a double-layered PP-e PTFE retromuscular mesh repair (20). The first patient had a surgical site infection that discovered with substantial abdominal wall tissue loss 2 weeks after the operation for a recurrence. After 2 years of conservative treatment, the patient underwent mesh removal and retromuscular reconstruction using an acellular porcine dermal collagen cross-linked implant (CollaMend™). The second patient had an infection resulting in a sinus. The mesh was removed and replaced by a porcine mucosal non-cross-linked implant (Surgisis™). At 37 respective 35 months after the operation, the patients demonstrated no evidence of recurrence. The description of the technique used in these two patients implicates a bridging procedure (20).

DISCUSSION

Mesh procedures are standard practice for surgical repair of both inguinal, ventral and incisional hernias (1–3). As the number of hernias treated worldwide continues to grow, also the number of hernia meshes implanted each year rise inexorably. Mesh infection rate in inguinal hernia surgery is below 1% and is not regarded as a clinical problem. However, surgeons often have to deal with mesh infections after ventral and incisional hernia surgery, which is estimated to be between 1 and 8% (6). The primary treatment modality is conservative. This is successful in eliminating mesh infection in over 50% of cases without mesh removal (7, 10). The most common bacterial agent is Staphylococcus aureus. With increasing proportion of methicillin resistance (MRSA), the treatment options in long-standing wound infections might be problematic to handle (11). There are no recommendations on how long a conservative regime is acceptable. Polypropylene and polyester meshes can be saved in a higher proportion that a laminar mesh-like ePTFE. Extensive ePTFE mesh infections are best managed by mesh explantation (11). Pros and cons must though be weighed against each other according to the scenario presented. If conservative treatment fails, the mesh must be explanted (8, 15).

In mesh infection, biological meshes are increasingly used for replacement as synthetic meshes by some are regarded as contraindicated (5). The publications included in the present review demonstrated that there were three approaches that could be taken depending on the individual patient situation. The first option was to remove the infected mesh without a new implant. This is the most common option after inguinal hernia surgery, since the transversalis fascia is thickened by fibroses after the mesh removal (13). Using this approach, no inguinal hernia recurrence was seen on mean follow-up of 62 months in a case series (13). This does, however, not apply for incisional and ventral hernias. Tolino et al. reported on a recurrence rate of 23% after removal of an infected mesh following incisional hernia operation without reimplantation of a new mesh (8).

The second option was to replace the infected polypropylene mesh with a new polypropylene mesh (15). The short-term results showed a relative uneventful postoperative course after mesh replacement in 27 patients. Six (22%) patients developed a minor wound infection and were treated with dressings and antibiotics, five (19%) patients had wound infections requiring debridement and one required complete mesh removal. On follow-up, there were three hernia recurrences, one with an enterocutaneous fistula. Ninety-five percent of the patients undergoing mesh replacement were considered cured from chronic mesh infection after a mean follow-up of 74 months (15).

The third option was to replace the explanted synthetic mesh with a biological mesh (5, 16–20). Long-term results were successful only if bridging was omitted (5, 16, 17). An unacceptably high recurrence rate was observed following bridging with biological meshes (5, 16, 17). When bridging was avoided, good results were obtained for replacement of an infected synthetic mesh with a biological (5, 16, 17). An algorithm for treatment of ventral/incisional hernia mesh infection is presented in Figure 1.
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FIGURE 1 | Algorithm for treatment of ventral/incisional hernia mesh infection.



It can be concluded that a mesh can be saved in more than half of patients suffering from an infection after implantation of a synthetic mesh for an incisional hernia. If mesh explanation is necessitated a replacement seems safe either using a synthetic or a biological mesh if fascia could be closed. Bridging seems to result in a high failure rate using a biological mesh. Further studies are needed to create a better evidence-based platform for specific therapeutic decision-making.
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APPENDIX

BioMesh Study Group

Ferdinand Köckerling (Chairman), Stavros Antoniou, René Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil Smart, Marciej Smietanski, and Bernd Stechemesser.

Aim

The BioMesh Study Group has set itself the task of identifying how best to use biological meshes for the various indications. The first step toward achieving that goal is to compile systematic reviews of the different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-Based Medicine-Levels of Evidence (March 2009). Next, based on the review findings, corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes for the different indications. The findings of the Consensus Conference are then to be summarized for a joint publication. This present publication is a part of the project undertaken by the BioMesh Study Group.
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Introduction: The aim of this review is to provide an overview of the evidence for the use of biologic mesh in the reconstruction of the pelvic floor after extralevator abdominoperineal excision of the rectum (ELAPE).

Methods: A systematic search of PubMed was conducted using the search terms: “ELAPE,” “extralevator abdominoperineal excision of rectum,” or “extralevator abdominoperineal resection.” The search yielded 17 studies.

Results: Biologic mesh was used in perineal reconstruction in 463 cases. There were 41 perineal hernias reported but rates were not consistently reported in all studies. The most common complications were perineal wound infection (n = 93), perineal sinus and fistulae (n = 26), and perineal haematoma or seroma (n = 11). There were very few comparative studies, with only one randomized control trial (RCT) identified that compared patients undergoing ELAPE with perineal reconstruction using a biological mesh, with patients undergoing a conventional abdominoperineal excision of the rectum with no mesh. There was no significant difference in perineal hernia rates or perineal wound infections between the groups. Other comparative studies comparing the use of biologic mesh with techniques, such as the use of myocutaneous flaps, were of low quality.

Conclusion: Biologic mesh-assisted perineal reconstruction is a promising technique to improve wound healing and has comparable complications rates to other techniques. However, there is not enough evidence to support its use in all patients who have undergone ELAPE. Results from high-quality prospective RCTs and national/international collaborative audits are required.

Keywords: ELAPE, extralevator abdominoperineal excision of rectum, extralevator abdominoperineal resection, pelvic floor reconstruction, biological mesh

INTRODUCTION

Abdominoperineal excision of the rectum (APER) is used as a treatment modality in patients with rectal cancer where an anterior resection (AR) and an anastomosis cannot be performed (1). Extralevator abdominoperineal excision (ELAPE) involves the en bloc excision of the levator muscles and the rectum, in order to reduce the risk of tumor involvement in the circumferential resection margins (CRMs) and reduce the risk of tumor perforation intraoperatively. This method has been demonstrated as leading to a wider surgical margin and therefore fewer positive CRMs (2–5). Initially, the terminology used was “cylindrical APER” but with refinement and the use of MRI to highlight the area of risk of a positive CRM, the term ELAPE is more appropriate (4). The nomenclature surrounding the technique has been the source of much debate and confusion, with some authors noting that ELAPE is no different from the original description in English by Miles (6). Furthermore, what exactly constitutes “standard” surgery that allows differentiation of ELAPE has come under scrutiny (7).

Volumetric analysis has confirmed that ELAPE does remove more tissue (3), and the wider excision can, however, increase morbidity and wound complications and will require some form of perineal reconstruction (4). Perineal wound problems are reported in up to 57% of patients undergoing APER (8), although the precise rates following ELAPE are not yet known. Given that ELAPE produces a larger defect in the pelvic floor, leaving only the ischiorectal fat and skin to close the perineal wound; it is presumed that the perineal complication rate is higher. Furthermore, the changes in the proportion of patients having neoadjuvant (chemo)radiotherapy over the time course of ELAPE implementation are incompletely reported in individual studies and in national registries. If the wound fails to heal via primary intention, secondary wound healing can result in prolonged hospital stay that requires intensive wound care.

Various alternative techniques have been described to reconstruct the pelvic floor following ELAPE with the aim to reduce perineal wound complications and hernias. The optimal method of perineal reconstruction remains a matter of debate. Myocutaneous flaps, such as those derived from gluteus maximus (2, 4, 9), rectus abdominis, and latissimus dorsi muscles (4, 10), have been used but are associated with donor-site morbidity, flap necrosis, prolonged operative time, additional resources, and increased cost. Biologic mesh has recently been introduced as an alternative form of reconstruction in order to improve perineal wound healing and reduce perineal hernia rates (11). The mesh is usually placed as an inlay or bridge across the defect in the pelvic floor in close relation to the bony structures and sutured in 1-cm intervals to the origin of the levator muscles laterally (12). [Figure 1 (13)] The mechanism by which the use of a bridging prosthesis reduces perineal wound problems is not clear. It has been suggested that biological mesh allows native cellular ingrowth and promotes tissue remodeling, which in turn reduces perineal wound problems (14, 15). Alternatively, the biologic mesh may act as a physical barrier, supporting the pelvic contents (omentum, small bowel, and uterus) and minimizing the pressure on the skin and ischiorectal fat as they heal.
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FIGURE 1 | ELAPE technique (13). Black line indicates dissection line of standard APE and blue line ELAPE. Horizontal line indicates meeting point of abdominal and perineal dissection.



Alternative methods for removing the pressure of small bowel that prolapses into the pelvis, directly on the perineum include the following:

(1) Omental pedicle flaps (16–18),

(2) Mobilization of the cecum (9),

(3) Retroversion of the uterus in female (19).

All of the above techniques are designed to close off the dead space in the pelvis, resulting from the removal of the rectum and to keep the small bowel out of the pelvis. Of these methods, the most widely established is the omental pedicle. However, these techniques largely related to an era of open surgery, and they have mostly been abandoned with the move to laparoscopic and other minimally invasive techniques and are not representative of contemporary practice. Omental pedicles are associated with perineal wound complication rates of 14–18% and decreased wound dehiscence in comparison to primary closure (16, 18) whereas others show no advantage to this technique (20). Mobilization of the cecum is uncommon and evidence is limited to case reports (9). Retroversion of the uterus involves retroverting the uterus and securing it to the bony pelvis at a level where it obliterates the pelvis, with the use of non-absorbable suture material (19). This can be achieved via the abdominal or perineal wound, although it has been associated with dyspareunia and positional menstruation (19).

The aim of this review is to provide an overview of the evidence for the use of biologic mesh in the reconstruction of the pelvic floor after extralevator abdominoperineal excision.

METHODS

A systematic search of PubMed was conducted using the search terms: “ELAPE,” “extralevator abdominoperineal excision of rectum,” or “extralevator abdominoperineal resection” in order to identify studies evaluating the use of biologic mesh for reconstruction of the pelvic floor. Titles, abstracts, and full texts were analyzed for studies reporting on the use of biologic mesh for reconstruction of the pelvic floor. Inclusion criteria were studies that used biologic mesh for perineal reconstruction. Studies were excluded if only synthetic mesh was used or if there was no mention of a mesh. Furthermore, studies on patients under the age of 18 were excluded as well as non-English language studies, technical tips, conference abstracts, or duplicates series from the same research group. Overall, the search yielded 17 studies for analysis after the exclusion of review articles. The study characteristics are presented (Table 1).

TABLE 1 | Reconstruction of the pelvic floor after ELAPE.
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RESULTS

There were 15 case series, one randomized control trial (RCT), and one case report identified. A biologic mesh was used in perineal reconstruction in 463 cases. The different types of biologic mesh used were cross-linked porcine dermal collagen (Permacol™) in 206 cases, 44 using porcine intestinal submucosa (Surgisis©), 136 using human acellular dermal matrix, and 9 using a combination of Permacol™ and Surgisis©. Two studies did not specify the type of biologic mesh used.

Perineal Hernia

There were 41 perineal hernias reported, but rates were not consistently reported in all studies. In those studies that did report perineal hernia rates, it was difficult to delineate whether hernias occurred in patients that had perineal reconstruction using a biological or synthetic mesh or a myocutaneous flap.

Perineal Wound Infection/Healing Problems

Perineal wound infection was reported explicitly in 93 cases, whereas the overall rate of perineal problems was much higher. Perineal sinus and fistulae were reported in 26 cases, with a further 11 cases of perineal hematoma or seroma. Some studies have described “perineal wound complications” but not specified whether they were related to infection, dehiscence, hernia, or pain (Table 1).

The most common complications were perineal wound infection and perineal sinus. However, there are no standardized measures for reporting perineal outcomes of any type following ELAPE. Definitions of wound infection, wound healing problems, perineal herniation, pain measurement, and functional status assessment are inconsistent between studies, thus limiting comparisons.

There are very few studies comparing the use of biologic mesh for perineal reconstruction for ELAPE. Two case series compared biologic mesh with myocutaneous flaps and one series compared laparoscopic ELAPE with laparoscopic and open APER. However, they are all of low-level evidence (level 4). Only one RCT was identified that compared patients undergoing ELAPE with perineal reconstruction using a biological mesh, with patients undergoing a conventional APER with no mesh. There was no significant difference in perineal hernia rates or perineal wound infections between the two groups.

DISCUSSION/SUMMARY

The use of ELAPE over conventional APER is becoming more widespread despite the reservations of some (13), and the optimal method of perineal wound closure remains a topic of discussion. The reported results of primary closure of the perineal defect are poor (34) and most surgeons performing ELAPE opt for an adjunct (35). The literature analyzed suggests that perineal closure using a biologic mesh produces wound infection and complication rates that are comparable to other methods of reconstruction, such as myocutaneous flaps. Myocutaneous flap reconstruction using a vertical rectus abdominis (VRAM), gracilis, or the gluteus maximus, however, has short-term disadvantages, such as longer operative times and the need for plastic surgical expertise, resulting in higher operative costs, flap necrosis, wound complications at the donor site, and longer bed rest (15). Longer term incisional hernias at the VRAM donor site and reduced abdominal wall strength have been reported (36). Biologic mesh reconstruction avoids all of these potential complications.

Synthetic non-absorbable mesh is associated with high infection rate in contaminated fields and consequently is considered by many to be contra-indicated for use in perineal reconstruction following ELAPE (37). The role of newer, absorbable synthetic meshes is, as yet, unclear. Biologic meshes are composed of an acellular collagen matrix that is believed to allow tissue regeneration, neovascularization, repopulation with fibroblasts, and therefore provides a scaffold for tissue incorporation (15, 23). This is thought to reduce the rate of infection. However, the overall volume and quality of evidence available regarding biologic mesh use for perineal reconstruction following ELAPE is poor, with observational retrospective studies predominating. There have been some attempts at comparative studies, but these too have been of low quality with a high risk of bias and confounding factors. Head-to-head randomized trials or high-quality prospective cohort studies comparing biological with synthetic mesh, types of biologic mesh, and biologic mesh with (myo)fasciocutaneous flaps are also lacking, partly because there is no consensus among surgeons as to the optimal biologic mesh or optimal tissue flap. Trials directly comparing any technical adjunct to primary closure alone as a control arm may be difficult to perform in light of the lack of equipoise among surgeons and possibly even unethical given the reported poor results of primary closure. Furthermore, there does not appear to be a consensus in the studies regarding perineal outcome reporting. There are a variety of different end points recorded across the studies, such as perineal defect size, blood loss, and operating time. There needs to be a focus on standardized definitions and reporting of perineal healing rates, perineal hernia, and functional outcomes following ELAPE (38).

Jensen et al. also examined the long-term follow-up for patients undergoing pelvic floor reconstruction with a biologic mesh following ELAPE (25). As well as low perineal hernia rates, there was no major restriction in movement or sitting. Chronic pain had resolved in all patients at a median of 8 months, and there was no major limitation to walking. However, other studies evaluating quality-of-life scores using validated tools (11) demonstrated a favorable comparison to the reference population of patients with colorectal cancer who had undergone a standard APE, whereas patients who had undergone flap reconstruction had a lower quality of life score (11).

Of note, a number of studies from Beijing have been included for analysis. The three studies include patients managed over an approximately 3-year period, and there is overlap of the studies within the time period, therefore suggesting some replication. One study is classified as a case series (23), the second a RCT (14), and the third another case series (24). It is unclear as to whether these three studies are from the same patient group or three different cohorts.

CONCLUSION

Overall, the use of a biologic mesh to close perineal defects has comparable complications rates to myocutaenous flaps but may offer advantages, such as shorter operating time and early mobilization, which results in a more cost-effective repair (15). Biologic mesh-assisted perineal reconstruction is a promising technique to improve wound healing, but there is not enough evidence to support its use in all patients who have undergone ELAPE. The results from high-quality prospective RCTs or national/international collaborative audits using statistical process control as a methodology of assessment of improvement are required.
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Introduction: The aim of this review is to provide an overview of the use of biological materials in the augmentation of the anal sphincter either as part of an overlapping sphincter repair (OSR) or anal bulking procedure.

Methods: A systematic search of PubMed was conducted using the search terms “anal bulking agents,” “anal sphincter repair,” or “overlapping sphincter repair.” Five studies using biological material as part of an overlapping sphincter repair (OSR) or as an anal bulking agent were identified.

Results: 122 patients underwent anal bulking with a biological material. Anorectal physiology was conducted in 27 patients and demonstrated deterioration in maximum resting pressure, and no significant change in maximum squeeze increment. Quality of life scores (QoLs) demonstrated improvements at 6 weeks and 6 months, but this had deteriorated at 12 months of follow up. Biological material was used in 23 patients to carry out an anal encirclement procedure. Improvements in QoLs were observed in patients undergoing OSR as well as anal encirclement using biological material. Incontinence episodes decreased to an average of one per week from 8 to 10 preoperatively.

Conclusion: Sphincter encirclement with biological material has demonstrated improvements in continence and QoLs in the short term compared to traditional repair alone. Long-term studies are necessary to determine if this effect is sustained. As an anal bulking agent the benefits are short-term.

Keywords: fecal incontinence, anal sphincter repair, overlapping sphincter repair, anal encirclement, anal bulking, biological material

INTRODUCTION

Fecal incontinence (FI) affects between 1 and 10% of adults in varying degrees. Current epidemiological studies have shown that up to 1% of adults have regular episodes of FI that adversely impacts on their quality of life (1). Treatment modalities vary from conservative, with the use of anti-diarrheal medications such as loperamide and codeine, to non-operative interventions such biofeedback strategies, to surgical management. Surgical options are usually indicated when continence is affected secondary to an anatomic disruption, such as a sphincter weakness or defect (2). Patients who have a history of colorectal surgery (dilatation), obstetric sphincter injury, or pelvic irradiation are also prone to fecal seepage and soiling (3).

The most common surgical procedure performed for the direct repair of an anatomic sphincter defect for FI is an overlapping sphincter repair (OSR) (4). Repairing the ends of the sphincter in an “overlapping” fashion has been shown to have slightly better results in comparison to a direct end-to-end repair (4). OSR is ideal for an isolated single defect (often obstetric trauma related) and bulking is reported ideal for a reduced hemorrhoidal cushion: anal canal ratio (5, 6). An anal encirclement, usually referred to as a Thiersch procedure, is the insertion of a prosthesis around the anal sphincter, thus narrowing the anal opening and is performed in patients with rectal prolapse who have high operative risk and/or extreme old age (7). Originally carried out using a silver wire, but due to ulcers and other complications, newer sutures are used including nylon, Dacron, Silastic, Teflon, and silicon rubber materials have been described.

Passive FI results in fecal leakage and is more likely to be due to internal sphincter damage (8). This can occur during childbirth or as a complication from anal surgery, particularly following a lateral sphincterotomy or hemorrhoidectomy (9–11).

Injecting bulking agents into the anal sphincter complex is a relatively new modality for patients with passive FI or mild–moderate incontinence (2). It is proposed that the bulking agents act to augment the anal cushions, thus providing an improved seal and therefore increasing the anal zone pressure (12). Furthermore, bulking agents are believed to improve anal canal symmetry and again, improve anal canal sealing (12). Neuromodulation techniques have recently become the reference standard for FI, but concerns persist regarding long-term effectiveness, costs, and complications arising from implanted devices. Sacral nerve stimulation has been used increasingly for FI in patients with external anal sphincter defects, but it is invasive and expensive (13).

The aim of this review is to provide an overview of the biological materials that have been used to augment an overlapping sphincter repair and as a bulking agent (14).

METHODS

A systematic search of PubMed was conducted using the search terms “anal bulking agents,” “anal sphincter repair” or “overlapping sphincter repair.” Titles, abstracts, and finally full texts were analyzed for studies reporting on the use of biological mesh. Inclusion criteria were studies that utilized biological material for either sphincter repair or as a bulking agent. Studies were excluded if only synthetic material was used. Furthermore, studies on patients under the age of 18 were excluded as well as non-English language studies, technical tips or duplicates series from the same research group. Overall, the search yielded five studies for analysis after the exclusion of review articles. The study characteristics are presented (Table 1).

TABLE 1 | Biologic materials augmenting the anal sphincter for the treatment of fecal incontinence.
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RESULTS

Anal Bulking

There were three studies (a case series of 100 patients, a case series with 17 patients and an RCT pilot study with 10 patients) (15–17) where patients underwent anal bulking. Of these, 122 patients received a biological material as a bulking agent. Overall, 105 patients received additionally cross-linked porcine dermal collagen paste (Permacol™) and a further 17 received Glutaraldehyde cross-linked (GAX) collagen, a highly purified bovine dermal collagen. Anorectal physiology was carried out in only 27 patients and demonstrated deterioration in maximum resting pressure, and no significant change in maximum squeeze increment.

St Mark’s incontinence score was used in the RCT of 10 patients and demonstrated an improvement at 6 weeks, but deteriorated at 6-month follow up (17). The SF-36 quality of life scale showed a significant improvement in the role of a physical score from 29 to 100 after the injections. Similarly the Cleveland Clinic Florida Incontinence Score (CCFIS) was used in the second study on 100 patients and demonstrated an improvement in scores at 6 weeks and 6 months, but this had deteriorated at 12-month follow up (15). Another study carried out anorectal physiology in 17 patients but did not use any scoring system (16). There were no complications reported in any of the studies.

Sphincter Repair

One study with 10 patients used an additionally cross-linked porcine dermal collagen (Permacol™) to augment an OSR (18). A traditional OSR dissection was carried out and the Permacol™ implant sutured to the under surface of the two muscle arms. Another study with 13 patients used porcine intestinal submucosa (Surgisis©) to carry out an anal encirclement procedure (19). A tunnel was created around the anal canal through which the Surgisis©graft was passed through and tightened. Validated incontinence scores such as the Fecal Incontinence Severity Index (FISI), Wexner, CCFIS and Fecal Incontinence Quality of Life (FIQL) have been used to assess outcome. Improvements in FISI, CCFIS and two sub scales of FIQL (coping/behavior and embarrassment) were observed in the group of patients undergoing OSR (18). Furthermore, the FISI, Wexner score and all components of FIQL score (lifestyle, coping/behavior, depression and embarrassment) showed an improvement following anal encirclement using biological material (19). Incontinence episodes decreased to an average of one per week from 8 to 10 preoperatively and there were no complications reported.

DISCUSSION/SUMMARY

There are many different methods to improve symptoms of FI and despite limited evidence; they have been adopted to varying degrees. Agents such as autologous fat were first injected into the anal canal to create bulk and resistance in 1995 (20). Since then, other agents have been injected into the anal canal including polytetrafluoroethylene, carbon-coated zirconium oxide beads (Durasphere) and dextranomer microspheres in non-animal stabilized hyaluronic acid gel (NASHA) hydrogel cross-linked with polyacrylamide to name but a few (21) biologic materials are relatively new in comparison and their use is becoming more widespread. However, as the literature search above demonstrates, the evidence advocating their use is limited. There is only one pilot study for a controlled trial that randomized five patients to receive a biological injectable agent and five to receive a synthetic injectable agent (17) and the remainder are small case series of low level evidence. Short-term outcomes are promising and show some improvement in incontinence scores, but only half the studies used patient reported outcomes in the form of the FIQL scale. With regards to anal bulking with biologic material; there is an initial improvement but this improvement does not appear to be sustained at 12-month follow up. It was postulated that the operative technique may play an important role as biological agents injected sub mucosally, proximal to the dentate line, had better outcomes than agents injected via the trans-sphincteric route (22). Long-term follow up data is required in the form of prospective controlled trials. Outcomes are poor in comparison to NASHA DX, which has high quality RCT evidence to support its use. Anal bulking may offer some improvement to a select subgroup of patients, but NASHA DX should be the agent of choice. The use of biologics, especially given the cost, cannot be justified.

Anal encirclement with a prosthetic sling of silicone, which aims to reinforce the repair and the damaged external anal sphincter muscle has been demonstrated to have similar outcomes to alternative surgical procedures, although a high risk of breakage and fecal impaction (23, 24). Only one study was identified using biological material for anal encirclement and did not report any complications. In the small group analyzed, patients benefited from augmentation of the external anal sphincter, but long-term follow up is required to determine if this benefit is sustained (19).

Finally, OSR using biological tissue does not appear add morbidity. Sphincter augmentation has been in significant improvement in continence and quality of life scores (QoLs) compared with the preoperative scores in the short term over traditional repair (18). Long-term studies are necessary to determine if this effect is sustained.

AUTHOR NOTE

The data in this paper has, in part, been presented as a poster at the following meeting: Digestive Disorders Federation, ExCel London, June 2015.
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AIM

The BioMesh Study Group has set itself the task of identifying how best to use biological meshes for the various indications. The first step toward achieving that goal is to compile systematic reviews of the different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Next, based on the review findings, corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes for the different indications. The findings of the Consensus Conference are then to be summarized for a joint publication. This present publication is part of the project undertaken by the BioMesh Study Group.
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Introduction: In the field of hernia prevention, the prophylactic mesh-reinforcement of stoma-sites is one of the most controversially discussed issues. The incidence of parastomal hernias in the literature reported to be up to 48.1% after end colostomy and up to 30.8% after loop of colostomy, but still remains uncertain due to diagnostic variety of clinical or radiological methods, heterogeneous patient groups and variable follow-up intervals. Anyway, the published data regarding the use of synthetic or bio-prostethic meshes in the prevention of parastomal hernia at the primary operation are very scarce.

Methods: A literature search of the Medline database in terms of biological prophylactic mesh implantation in stoma creation identified six systematic reviews, two randomized controlled trials (RCT), two case-controlled studies, and one technical report.

Results: In a systematic review focusing on the prevention of parastomal hernia including only RCTs encompassing one RCT using bio-prosthetic mesh the incidence of herniation was 12.5% compared to 53% in the control group (p < 0.0001). In one RCT and two case-control studies, respectively, there was a significant smaller incidence of parastomal herniation as well as a similar complication rate compared to the control group. Only in one RCT, no significant difference regarding the incidence of parastomal hernia was reported with comparable complication rates.

Conclusion: Thus, so far two RCT and two case-control studies are published with prophylactic bio-prosthetic reinforcement in stoma sites. The majority revealed significant better results in terms of parastomal herniation and without any mesh-related complications in comparison to the non mesh group. Further, multicenter RCT are required to achieve a sufficient level of recommendation.

Keywords: parastomal hernia, parastomal hernia repair, parastomal hernia prevention, biologic mesh, bio mesh, bio-prostethic mesh

INTRODUCTION

The BioMesh Study Group has set itself the task of identifying the best way to use biological meshes for various indications. The first step toward achieving that goal is to compile systematic reviews of the different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Next, based on the review findings, corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes for the different indications. The findings of the Consensus Conference are then to be summarized for a joint publication. This present publication is part of the project undertaken by the BioMesh Study Group.

In the field of hernia prevention, the prophylactic mesh-reinforcement of stoma-sites is one of the most controversially discussed issues. The exact incidence of parastomal hernias remains uncertain due to diagnostic variety of clinical or radiological methods like ultrasound and computed tomography, heterogeneous patient groups, and variable follow-up intervals (1). Based on a meta-analysis by Carne et al. (2), the incidence for parastomal hernia ranges from 1.8 to 28.3% for end ileostomies and 0–6.2% for loop ileostomies. In case of end colostomy, the hernia rates are reported as 4.0–48.1% and in case of loop colostomy, the hernia rates are 0–30.8% after 10-year follow up. In a life time analysis of stomal complications such as bulge, abdominal discomfort, abdominal pain, constipation, incarceration, ileus, and parastomal herniation following colostomy can be occur in a time frame of up to 20 years postoperatively (3). It seems that one of the most successful prevention of stoma site hernias is the use of a prophylactic mesh. The risk of colostomy herniation seems to be doubled in comparison to an ileostomy. The relation of a larger diameter of the trephine to the abdominal wall defect in case of colostomy creation might be the main reason. There are different surgical options for parastomal hernia repair. In the current review of Aquina et al. (4) the cumulative recurrence rates in the literature for open surgery are reported to be 67.6% after suture repair, 18.2%, after mesh only repair and 9.6% after retromuscular mesh repair. For laparoscopic surgery recurrence rates were 30% after mesh repair by keyhole technique, 8.1% by Sugarbaker technique and 2.1% after sandwich technique respectively. In another review concerning the use of biologic grafts for parastomal hernia repair by Slater et al. (5), four retrospective studies (combined enrollment of 57 patients) obtained a cumulative recurrence rate 15.7% [95% confidence interval (CI) 7.8–25.9] and wound-related complications in 26.2% (95% CI 14.7–39.5). No mortality or graft infections were reported.

But anyhow following questions still remain: first, the selection of mesh type and location at the primary operation for the prevention of hernia development and second is there any indication for the use of bio mesh in a clean contaminated field.

METHODS

A literature search of the Medline database using the PubMed search engine, using the keywords (parastomal hernia OR parastomal hernia repair OR parastomal hernia prevention AND biologic mesh AND biomesh AND bio mesh) returned 236 hits up to June 2015. Titles and abstracts were scrutinized on the use of prophylactic biologic mesh reinforcement of the stoma site at the primary operation. The full text of 25 articles was assessed and 11 relevant papers were identified including six systematic reviews (4, 6–10), two randomized controlled studies (RCT) (11, 12), two case-controlled studies (13, 14), and one technical report (14). A summary of study characteristics and outcomes is presented in Table 1. Qualitative assessment of all included studies was performed using the Oxford Centre for Evidence-Based Medicine 2009 levels of evidence.

TABLE 1 | Studies of prevention of parastomal hernia.
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RESULTS

The reviews of Aquina et al., Hotouras et al., Shabbir et al., Sajid et al., Wijeyekoon et al., and Tam et al. (4, 6–10) all focused on parastomal hernia prevention by the placement of a mesh (synthetic and biological) at the primary operation. Aquina et al. (4) reported a cumulative incidence of parastomal hernia rate of 10.7% including the RCT of Hammond et al. (11) using a biologic mesh (Permacol). In the systematic review of Shabbir et al. (7), three RCT [Hammond et al., Jänis et al., and Serra-Aracil et al. (11, 15, 16)] were enclosed. The analysis of the three RCT comprising a total of 128 patients (64 with mesh, 64 without mesh) revealed a hernia incidence of 12.5% compared to 53% in the control group [risk ratio, 95%, CI, 0.25 (0.13, 0.48), p < 0.0001] in a follow up period of 7–83 months. Two of the studies (11, 16) used clinical and radiological examinations. Concerning mesh-related morbidity, no difference was detected. The systematic review of Sajid et al., Wijeyekoon et al., and Tam et al. (7–9) all including the same RCT (11, 15, 16) obtained identical results.

In 2008, the first RCT focusing on the use of biological mesh for parastomal hernia prevention was published by Hammond et al. (11). Twenty patients undergoing a defunctioning stoma operation were randomized to an interventional group with reinforcement by porcine-derived, acellular dermal sheet, cross-linked acellular dermal sheet (Permacol, Tissue science laboratories, Aldershot, Hants, UK) or a conventional group without mesh. The trephine of the abdominal wall including the rectus sheath was defined by 2 cm × 2 cm. The biological mesh measuring 10 cm × 10 cm was supplied with a center keyhole of 2 cm and positioned between posterior layer of the rectus sheath and the peritoneal membrane – described as pre-peritoneal position and fixated by interrupted 3/0 prolene sutures to the rectus sheath by an inner and outer suturing at four positions.

The patient controls were performed at the time of stoma reversal or in cases of non-stoma reversal, at 12 months. At a median follow up of 6.5 months, three patients suffered from a parastomal hernia in the control group and no patient in the treatment group. Stoma site ultrasound assessment was performed in 7 of 10 patients in the treatment group and 9 of 10 in the control group. There were no detected differences concerning the infection signs or other complications. The shortcomings of this randomized controlled phase 1 study are the low number of patients enrolled, the short follow-up period and an unexpected very high percentage of stoma site hernias in the control group in comparison to the published literature (2).

The second study selected in this review published in 2012 is a retrospective case-control study by Figel et al. (13). A biologic mesh derived from porcine submucosa (Surgisis EXL, Cook Surgical, Bloomington, IN, USA) and non-cross-linked with a size of 13 cm × 22 cm was placed at the time of creation of an intestinal end stoma in a Sugarbaker position (12 patients) and in keyhole-technique (four patients). Sixteen patients were enrolled. No mesh related complications and no parastomal hernias were detected in a median follow-up of 38 months. This study confirmed the safety, efficacy, and cost-effectiveness, respectively, of prophylactic bio-prosthetic mesh reinforcement at the time-point of permanent stoma creation.

In the year 2014, another prospective, multicenter, randomized, controlled, double-blinded study of non-cross-linked porcine acellular dermal matrix (PADM; Strattice, LifeCell Corporation, Branchburg, NJ) in patients undergoing elective surgery for permanent end stoma (71 colostomies, 42 ileostomies) was published by Fleshman et al. (12). Fifty-five patients were treated with the use of PADM in a size of 6 cm × 6 cm or 8 cm × 8 cm (median size after trimming 4.8 cm × 4.8 cm) with a cruciate incision of 2 cm for the bowel passage (incision was enlarged in 78.2%) in a retro-muscular sublay position using no fixation. The control group consisted of 58 patients without mesh reinforcement. Intraoperative complications, blood loss, and quality of life-scores were without significant differences in either group. The postoperative investigations were performed by a blinded assessor and an abdominal CT (11 patients) was followed in case of suspected herniation at the stoma site. The incidence of parastomal hernias in a follow up of 24 months was 12.2% in the PADM-group and 13.2% in the controls without significant difference. The ostomy circumference in the PADM group was significant larger (6.4 ± 3.9 vs. 4.8 ± 2.9 cm; p = 0.002) compared to the control group, which may be a predisposition for the development of a parastomal hernia and represents a potential bias of the study. In a letter to the editor, Hontouras (17) discussed the important role and risk of oversized stoma aperture for the development of a hernia. Based on the study of Pilgrim et al. (18), a stoma aperture >35 mm is an independent risk factor for hernia development – increasing by 10% for every millimeter increase in size. In summary, the RCT of Fleshmann et al. confirms the safety of prophylactic biological reinforcement. However, based on the results of parastomal hernia incidence in comparison to the control group, no recommendation for the use of bio-prosthesis can be given.

Recently published in 2015, Williams et al. (14) reported a case-controlled pilot study based on a stapled mesh stoma reinforcement technique (SMART), which was already introduced in 2011 (19). A special designed circular stapler gun (Compact™, Frankemann International Limited) was used in combination with a porcine-derived cross-linked acellular dermal sheet (Permacol™, Covidien plc, 20 Lower Hatch St, Dublin 2, Ireland), which is configured in a circular design with a diameter of 7 cm. After excising, a cylinder of abdominal wall and subcutaneous fat a cruciate incision of the rectus sheath is performed. The knife diameter used (17, 21, or 24 mm) is dependent on the diameter of the bowel used to be traverse the stoma trephine. The shaft of the anvil is delivered through the posterior rectus sheath and mated with the trocar of the circular stapling device after preloading with the mesh. The circular stapling device is closed, fired, and removed, encompassing a disc of mesh, posterior rectus sheath and peritoneum and leaving a precise reinforced stapled trephine. Finally, the outer mesh circumference is sutured to the anterior rectus sheath. Twentytwo patients were included and received stoma formation with SMART-technique and another 11 were assigned to the control group without reinforcement of the stoma site (18 open: 4 laparoscopic; 11 ileostomies: 11 colostomies). All SMART stomas were fashioned using a circular stapler with a 24-mm knife diameter. Patients with either complications from a pre-existing stoma (n = 15) – large parastomal hernia unsuitable for local repair (n = 6) or recurrent herniation as a result of previous repair (n = 9) or underlying conditions (n = 7) – such as obesity, asthma, corticosteroid use, collagen disorder or combination of these respectively underwent a resiting SMART-procedure at the index operation.

There were no intraoperative or early stoma complications. Recurrent parastomal herniation was diagnosed in four patients (19%) of the SMART group, which was significantly lower (p = 0.003) in comparison to 8 patients (73%) in the control group. Designed as a pilot study, there are some basic limitations, such as missing randomization, heterogeneity of patients and short follow up. But this new technique could be promising in high risk patients and the results of an ongoing randomized trial (ISRCTN 94943190) in this technique should be give us more detailed information and conclusions.

Another ongoing multicenter RCT from France (Centre Hospitalier Universitaire, Amiens) comparing prophylactic biological mesh vs. no mesh in colorectal surgery with colostomy (“Prospective, Multicenter, Randomized, Parallel Group Clinical Study Evaluating the Efficacy of a Biological Mesh (Strattice™) for the Prevention of Parastomal Hernia After Colorectal Surgery With Colostomy,” NCT02121743), should be completed by April 2016.

DISCUSSION/SUMMARY

The current literature supports the significant risk reduction of parastomal hernia development by mesh reinforcement of the permanent stoma at the primary operation. Based on the published literature, the prophylactic mesh application is not associated with a significant increase of mesh-specific complications and comorbidities such as seroma, infection and migration. Concerning the choice of mesh, synthetic or biologic prosthesis, there are only four level 1 b studies – two with the use of synthetic meshes in retro-muscular position (15, 16) as well as two with biologic mesh reinforcement in sublay position (11, 12). The best option of mesh placement – onlay, sublay, or intraperitoneal – keyhole, sugarbaker, sandwich, or by a 3D funnel mesh type (20) – remains unclear and has to be compared in further RCT. In summary, so far now only two RCT (11, 12) and two case-control studies with prophylactic biomesh reinforcement in stoma sites are published. Both studies have to be looked at very critically due to limitations [too small numbers of patients and short follow up (11)] and a heterogeneity of patients regarding the different trephine sizes to the abdominal wall (12). However, in both RCT as well in the two case-control studies (13, 14), no bio-mesh related complication was observed. The discussion addressing the topic of crosslinking vs. non-crosslinking in terms of susceptibility to infection and failure of remodeling (bulging) in this special indication remains unclear, since we do not have any late term results and both studies used different bio-prosthesis (Permacol™, Surgisis™).

Nevertheless, we have to consider that only 50% of patients will develop a parastomal hernia by using non-mesh techniques and there is a risk of overtreatment if all patients receive a prophylactic mesh. So, it is mandatory to investigate which patients are at a significant risk of developing a parastomal hernia. In conclusion, it seems to be beneficial to place a mesh at the primary operation when performing a permanent stoma based on the available literature, which describes no increase of complications, easy performance, and cost-effectiveness (13).

In summary, based on the data available, the prophylactic placement of mesh at the index operation associated with stoma creation needs scientific attention in the near future.

The remaining questions concerning the choice of mesh material, mesh design, and most favorable anatomical location for the mesh have to be answered by additional well-designed prospective multicenter studies.

REFERENCES

1. Carne PW, Frye JN, Robertson GM, Frizelle FA. Parastomal hernia following minimally invasive stoma formation. ANZ J Surg (2003) 73:843–5. doi:10.1046/j.1445-2197.2003.02779.x

2. Carne PW, Robertson GM, Frizelle FA. Parastomal hernia. Br J Surg (2003) 90:784–93. doi:10.1002/bjs.4220

3. Londono-Schimmer EE, Leong AP, Phillips RK. Life table analysis of stomal complications following colostomy. Dis Colon Rectum (1994) 37:916–20. doi:10.1007/BF02052598

4. Aquina CT, Iannuzzi JC, Probst CP, Kelly KN, Noyes K, Fleming FJ, et al. Parastomal hernia: a growing problem with new solutions. Dig Surg (2014) 31(4–5):366–76. doi:10.1159/000369279

5. Slater NJ, Hansson BM, Buyne OR, Hendriks T, Bleichrodt RP. Repair of parastomal hernias with biologic grafts: a systematic review. J Gastrointest Surg (2011) 15(7):1252–8. doi:10.1007/s11605-011-1435-8

6. Hotouras A, Murphy J, Thaha M, Chan CL. The persistent challenge of parastomal herniation: a review of the literature and future developments. Colorectal Dis (2013) 15(5):e202–14. doi:10.1111/codi.12156

7. Shabbir J, Chaudhary BN, Dawson R. A systematic review on the use of prophylactic mesh during primary stoma formation to prevent parastomal hernia formation. Colorectal Dis (2012) 14:931–6. doi:10.1111/j.1463-1318.2011.02835.x

8. Sajid MS, Kalra L, Hutson K, Sains P. Parastomal hernia as a consequence of colorectal cancer resections can prophylactically be controlled by mesh insertion at the time of primary surgery: a literature based systematic review of published trials. Minerva Chir (2012) 67(4):289–96.

9. Wijeyekoon SP, Gurusamy K, El-Gendy K, Chan CL. Prevention of parastomal herniation with biologic-composite prosthetic mesh – a systematic review and meta-analysis of randomized controlled trials. J Am Coll Surg (2010) 211(5):637–45. doi:10.1016/j.jamcollsurg.2010.06.111

10. Tam KW, Wei PL, Kuo LJ, Wu CH. Systematic review of the use of a mesh to prevent parastomal hernia. World J Surg (2010) 34(11):2723–9. doi:10.1007/s00268-010-0739-2

11. Hammond TM, Huang A, Prosser K, Frye JN, Williams NS. Parastomal hernia prevention using a novel collagen implant: a randomised controlled phase 1 study. Hernia (2008) 12(5):475–81. doi:10.1007/s10029-008-0383-z

12. Fleshman JW, Beck DE, Hyman N, Wexner SD, Bauer J, George V, et al. A prospective, multicenter, randomized, controlled study of non-cross-linked porcine acellular dermal matrix fascial sublay for parastomal reinforcement in patients undergoing surgery for permanent abdominal wall ostomies. Dis Colon Rectum (2014) 57(5):623–31. doi:10.1097/DCR.0000000000000106

13. Figel NA, Rostas JW, Ellis CN. Outcomes using a bioprosthetic mesh at the time of permanent stoma creation in preventing a parastomal hernia: a value analysis. Am J Surg (2012) 203(3):323–6. doi:10.1016/j.amjsurg.2011.10.006

14. Williams NS, Hotouras A, Bhan C, Murphy J, Chan CL. A case-controlled pilot study assessing the safety and efficacy of the Stapled Mesh stomA Reinforcement Technique (SMART) in reducing the incidence of parastomal herniation. Hernia (2015). doi:10.1007/s10029-015-1346-9

15. Jänes A, Cengiz Y, Israelsson LA. Preventing parastomal hernia with a prosthetic mesh: a 5-year follow-up of a randomized study. World J Surg (2009) 33(1):118–21. doi:10.1007/s00268-008-9785-4

16. Serra-Aracil X, Bombardo-Junca J, Moreno-Matias J, Darnell A, Mora-Lopez L, Alcantara-Moral M, et al. Randomized, controlled, prospective trial of the use of a mesh to prevent parastomal hernia. Ann Surg (2009) 249(4):583–7. doi:10.1097/SLA.0b013e31819ec809

17. Hotouras A, Bhan C, Murphy J, Chan CL, Williams NS. Parastomal hernia prevention – is it all about mesh reinforcement? Dis Colon Rectum (2014) 57(12):e443–4. doi:10.1097/DCR.0000000000000255

18. Pilgrim CH, McIntyre R, Bailey M. Prospective audit of parastomal hernia: prevalence and associated comorbidities. Dis Colon Rectum (2010) 53:71–6. doi:10.1007/DCR.0b013e3181bdee8c

19. Williams NS, Nair R, Bhan C. Stapled mesh stoma reinforcement technique (SMART). A procedure to prevent parastomal herniation. Ann R Coll Surg Engl (2011) 93:169. doi:10.1308/003588411X12851639107313d

20. Köhler G, Hofmann A, Lechner M, Mayer F, Wundsam H, Emmanuel K, et al. Prevention of parastomal hernias with 3D funnel meshes in intraperitoneal onlay position by placement during initial stoma formation. Hernia (2015). doi:10.1007/s10029-015-1380-7

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2015 Fortelny, Hofmann, May, Köckerling and Biomesh Study Group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

APPENDIX

BioMesh Study Group:

Ferdinand Köckerling (Chairman), Stavros Antoniou, René H. Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil Smart, Marciej Smietanski, Bernd Stechemesser.







	 
	REVIEW
published: 05 September 2016
doi: 10.3389/fsurg.2016.00049





[image: image1]

Repair of Perineal Hernia Following Abdominoperineal Excision with Biological Mesh: A Systematic Review

Sunil K. Narang1, Nasra N. Alam1, Ferdinand Köckerling2, Ian R. Daniels1 and Neil J. Smart1*

1 Exeter Surgical Health Services Research Unit (HeSRU), Royal Devon and Exeter Hospital, Exeter, Devon, UK

2 Department of Surgery, Center for Minimally Invasive Surgery, Vivantes Hospital, Academic Teaching Hospital of Charité Medical School, Berlin, Germany

OPEN ACCESS

Edited by:

Hakan Kulacoglu, Recep Tayyip Erdoğan University, Turkey

Reviewed by:

Gabriel Sandblom, Karolinska Institutet, Sweden
Ulf Gunnarsson, Umeå University, Sweden
Juan Manuel Suárez-Grau, Riotinto Hospital and Clinic QUIRON Sagrado Corazon, Spain

*Correspondence:

Neil J. Smart
drneilsmart@hotmail.com

Specialty section:

This article was submitted to Visceral Surgery, a section of the journal Frontiers in Surgery

Received: 04 July 2016
Accepted: 22 August 2016
Published: 05 September 2016

Citation:

Narang SK, Alam NN, Köckerling F, Daniels IR and Smart NJ (2016) Repair of Perineal Hernia Following Abdominoperineal Excision with Biological Mesh: A Systematic Review. Front. Surg. 3:49. doi: 10.3389/fsurg.2016.00049

Introduction: Perineal hernia (PerH) following abdominoperineal excision (APE) procedure is a recognized complication. PerH was considered an infrequent complication of APE procedure; however, PerH rates of up to 45% have been reported in recent publications following a laparoscopic APE procedure. Various methods of repair of PerH with the use of synthetic meshes or myocutaneous flap have been described, although there is no general agreement on an optimal strategy. The use of biological meshes for different operations is growing in popularity, and these have been promoted as being superior and safer when compared to synthetic meshes. Although the use of biologics is becoming popular claims of better outcomes are largely unsupported by evidence. The aim of this systematic review is to evaluate the currently available evidence supporting the use of biologic or biosynthetic meshes for the repair of PerH that develop following an APE.

Methods: A systematic review of all English language literature relevant to repair of PerH following APE with biologic or biosynthetic mesh published between January 1, 2000 and July 31, 2016 was carried out using MEDLINE, EMBASE, and the Cochrane Library of Systematic Reviews for relevant literature. Searches were performed using a combination of Medical Subject Headings (MeSH) terms and text words “PerH,” “APE,” “morbidity,” “biologics,” “biosynthetic,” and “hernia.” Studies in which the use of biological meshes was not reported were excluded from the review. Various outcome measures, including operative technique, complication rates, recurrence rates, type of mesh, management of recurrences, and risk factors, were extracted. Oxford Centre for Evidence-based Medicine – Levels of Evidence (March 2009) was used to assess the quality of evidence.

Results: The systematic review of the literature identified three case reports, four case series, and one pooled analysis that were included in the final review. Overall, these studies were of poor quality providing level 4 evidence. Various different approaches and techniques of repair of PerH were described; however, it was difficult to extract information with regard to the primary and secondary outcome measures.

Conclusion: There is no general agreement to the optimal operative strategy to repair PerH following an APE. There is insufficient evidence to recommend any specific operative approach or repair technique for PerH following an APE.

Keywords: perineal hernia, abdominoperineal excision, biologic mesh, biosynthetic mesh

INTRODUCTION

The finding of a perineal hernia (PerH) following an abdominoperineal excision (APE) is a recognized complication; however, it is unclear as to how frequently this occurs. Until a few years ago, they were considered to be an infrequent complication following an APE and prevalence rates of 0.6–7% were reported (1–6). However, the surgical management of rectal cancer has evolved over the recent years with the acceptance of the principle of total mesorectal excision (TME) and the recognition of the importance of a clear surgical resection and avoidance of tumor perforation during an APE (7). This procedure has evolved into the extra levator abdominoperineal excision (eLAPE) with the potential surgical resection margin information being identified through MRI staging (7, 8). This has resulted in a reduction in circumferential resection margin involvement and intra-operative perforation of the tumor (9). However, an eLAPE creates a wider defect in the pelvic floor leaving only the ischioanal fat and skin for closure of the defect as the entire pelvic floor muscle complex has been excised surrounding the distal rectum. Perineal herniation in this group of patients is increasingly recognized and a recent publication has reported an overall PerH rate of 26% and this can be as high as 45% in those having a laparoscopic eLAPE procedure (10).

A PerH repair may be necessary as the hernia is not only painful but can also result in urinary dysfunction or bowel obstruction causing impairment of daily activities of living. Various methods or repair have been described in the literature, including primary tissue repair, synthetic mesh, biological mesh, and myocutaneous flaps. This repair can be facilitated by either using an abdominal and/or perineal approach although none of the described repairs are well established.

The use of synthetic meshes is associated with problems, such as mesh infection, chronic inflammation, and foreign body reaction. If bowel is in direct contact with the synthetic mesh used for a PerH repair, then there is a risk of adhesions and erosion into the bowel wall by the mesh. Biologic and biosynthetic meshes were developed to overcome such problems. The role of biologic mesh for primary reconstruction of the pelvic floor after eLAPE has been the subject of a systematic review, and this was considered a promising technique for improving wound healing and complication rates comparable to other techniques (11). Biologic meshes have been used recently as an alternative for repairing PerH following an eLAPE. The biologic mesh acts not only as a structural support for the hernia repair but also as a scaffold allowing the ingrowth of native fibroblasts, which in turn lay down the fibrous tissue and promote tissue remodeling (12). The aim of this systematic review is to evaluate the currently available evidence supporting the use of biologic or biosynthetic meshes for the repair of PerH.

METHODS

Search Strategy

A systematic review of all English language literature relevant to the repair of a PerH following an APE with biologic or biosynthetic mesh published between January 1, 2000 and July 31, 2016 was carried out using MEDLINE (PubMed and Ovid), EMBASE (Ovid), and the Cochrane Library of Systematic Reviews/Controlled Trials for relevant literature. Searches were performed using a combination of Medical Subject Headings (MeSH) terms and text words “perineal hernia,” “abdominoperineal excision,” “morbidity,” “biologics,” “biosynthetic,” and “hernia.” All randomized/non-randomized, controlled/non-controlled clinical trials, prospective observational studies, clinical registry data, retrospective case series, and case reports that reported on repair of PerH following APE were included for analysis. Conference abstracts, letters, technical notes, and commentaries were excluded. In addition, bibliographies from the papers requested were manually checked to identify additional relevant papers.

Study Selection

Titles and abstracts of the identified studies were screened by the main reviewer Sunil K. Narang and independently checked by Nasra N. Alam. Studies that were irrelevant were rejected. The full texts of identified papers were independently assessed by two reviewers (Sunil K. Narang and Nasra N. Alam) to determine whether they met the predetermined inclusion/exclusion criteria. Disagreements were resolved by discussion or adjudication by the senior author (Neil J. Smart).

Inclusion Criteria

All studies should have been published in print or electronic format between 1 January, 2000 and July 31, 2016. Only adult patients undergoing PerH repair following APE were included in the review. An APE may have been performed as an open procedure, laparoscopic, hand-assisted or robot-assisted. PerH repair may have been done using open, laparoscopic, or combined approach. The diagnosis of PerH may have been established based on clinical examination or cross-sectional imaging.

Exclusion Criteria

Studies on the pediatric population or using synthetic mesh or myocutaneous flaps were excluded from this review. Diagnosis of PerH established on the basis of patient-reported symptoms of PerH or telephone or postal follow-up were excluded from the review.

Outcomes

The primary outcome measure of the systematic review was to assess the recurrence of PerH following repair with biologic or biosynthetic meshes. Other factors, such as time interval to development of PerH and diagnostic definition of PerH (clinical, cross-sectional imaging, patient-reported or telephone interview), were also noted.

The secondary outcome measures recorded were:

1. Complications following repair.

2. Management of recurrences.

3. Patient-reported outcome measures or quality of life scores.

Definitions

Clinically, a PerH is defined as a palpable bulge in the perineum associated with protrusion of intra-abdominal or pelvic viscera through the defect in the pelvic floor fascia and musculature. Radiographic definition of PerH unclear as the landmarks for defining the pelvic floor are not universally agreed.

Quality Assessment

Oxford Centre for Evidence-based Medicine – Levels of Evidence (March 2009) was used to assess the quality of evidence (13).

Data Extraction (Selection and Coding)

Data on the study type, number of patients treated, length of follow-up, cross-sectional imaging, and symptoms from PerH were extracted from the included studies by the reviewers. These data were extracted separately by reviewers (Sunil K. Narang and Nasra N. Alam) to guard against reviewer bias. Any discrepancies were resolved by adjudication by the senior author Neil J. Smart. All data and results of statistical tests were extracted from the papers and entered into an electronic data sheet (Microsoft Excel). For particular outcomes that were to be evaluated, if the data were not specifically reported, they were regarded as not reported or missing and no assumptions were made regarding the missing data.

Statistical Analysis

There was a significant heterogeneity in the included studies in the study design, intervention design, study cohorts, and outcome measures. A weighted analysis of variables for risk factors for PerH development was not possible because of the lack of both uniformity and the quantity of the data reported. For this reason, a meta-analysis of the data could not be performed; therefore, primary and secondary outcome measure parameters are expressed as a range.

RESULTS

A total of 190 potential articles were identified from the initial literature search. After removal of duplicate articles 176 articles remained (Figure 1). Using the inclusion criteria described above, 146 articles were eliminated on title and abstract review. Full text articles were obtained for 30 articles out of which 22 articles were rejected, as they did not meet the inclusion criteria. Eight articles were included for final analysis. Out of the eight articles that were included, three were case reports, four were case series, and one article was a pooled analysis. The quality assessment of the included studies is presented in Tables 1–3. The level of evidence based on the Oxford Centre for Evidence-based Medicine (March 2009) was 4 at best. The pooled analysis included all publications from 1944 to 2010 and has probably included data from Skipworth et al. (14) and de Campos et al. (15). There was a significant variation among studies in their description of diagnostic method, selection criteria, operative technique, type of mesh used, and duration of follow-up, recurrence rates, complications, and management of recurrences. None of the studies in the review used the Clavien Dindo grading of post-operative complications (16).
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FIGURE 1 | PRISMA flow diagram outlining study selection.



TABLE 1 | Case reports.
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TABLE 2 | Case series.
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TABLE 3 | Pooled analysis evidence.
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In the three case reports, there were no recurrences following repair of PerH on follow-up ranging from 12 to 18 months (11, 13, 14). Of the four case series, the duration of follow-up and final outcome was not reported in one publication (4, 8, 12). In the remaining three case series, different types of cross and non-cross-linked biologic meshes were used and some patients underwent myocutaneous flap repair and/or omentoplasy in addition to the mesh repair.

The operative technique to repair a PerH varied significantly ranging from perineal repair, open abdominal repair, or combined approach with or without the use of laparoscope. The type of biological mesh used was not reported in three studies. Others described the use of additionally cross-linked acellular porcine collagen (Permacol™), non-cross-linked porcine collagen (Strattice™), Human-derived Acellular Dermal graft (DermaMatrix), Dura mater patch, and Bovine pericardium. Complications following repair were not reported in any of the case reports although the pooled analysis reported a perineal wound breakdown rate of 12% with the use of all different types of synthetic and biologic meshes. Management of recurrence of PerH was reported by Musters et al. and four recurrent PerH were repaired using prolene mesh (19). None of the studies used patient-reported outcome measures to assess the impact of surgery on the quality of life of the patients.

DISCUSSION

A PerH is an incisional hernia through the pelvic floor, which results in protrusion of abdominal or pelvic viscera. There is no universally accepted clinical or radiological definition of a PerH. They are typically diagnosed based on symptoms, such as an expansile cough impulse in the perineum, which is not only uncomfortable but can also cause bowel or bladder symptoms. In the majority of cases, this hernia remains asymptomatic and may be incidentally detected on cross-sectional imaging performed for oncologic follow-up. It is vital that there should be a universally agreed clinical and radiological definition of PerH in order to make meaningful comparison between studies.

Most publications reporting PerH repair following APE are either individual case reports or small retrospective case series with relatively short follow-up. This review includes mostly small case series over a long period of time reporting different techniques performed by different surgeons. These papers are focused on the description of successful technique and are, therefore, prone to publication bias. It appears that myocutaneous flap techniques have a role in repair of PerH when the operative field has been severely damaged by irradiation and can provide a well-vascularized tissue for repair (19, 22). None of the studies compared the use of biologics with either prosthetic mesh or myocutaneous flaps and, therefore, findings of individual studies are difficult to interpret.

Some of the risk factors that may predispose an individual to the development of PerH include female gender, previous hysterectomy, coccygectomy, pre-operative pelvic irradiation, post-operative wound infection, a long small bowel mesentery, high BMI, smoking, and non-closure of the pelvic peritoneum (1, 6, 21, 23, 24). Patients with rectal cancer may have been treated with neoadjuvant chemoradiotherapy. The role of these risk factors has not been evaluated in these studies.

The decision to repair PerH is based on the symptoms, fitness of the patient and oncological stage. Repair may be performed via abdominal, perineal, or combined approach. Laparoscopy has been used in patients with reasonable access. There is no evidence to support the use of any particular approach. The pooled analysis by Mjoli et al. reported 22 perineal repairs, 11 open abdominal operations, 3 combined abdominoperineal approach, 5 laparoscopic repairs, and 2 laparoscopic-perineal procedures (21).

Within the last decade, the eLAPE procedure has become increasing popular and has led to reduction in the circumferential margin positivity rate. However, due to the wider resection of the pelvic floor, the risk of herniation may be higher. The pelvic floor may or may not have been reconstructed using flaps/meshes, etc. There is evidence that laparoscopy results in fewer adhesion in the abdomen and this may contribute to increasing PerH rates as the small and large bowel are free to descend into the pelvis (25, 26). It is likely that the incidence and prevalence of PerH will increase unless there is a much better technique of primary reconstruction of the pelvic floor at the time of APE.

The advent of synthetic absorbable meshes has generated considerable interest within the surgical community. These materials promote fibroblast activity and generate a foreign body reaction. Following complete absorption within 30–90 days, the synthetic material is replaced by collagen rich connective tissue. In this review, only one patient was identified to have undergone repair with an absorbable mesh and this hernia recurred within 16 months (21). The use of biologic mesh for repairing PerH appears attractive as the acellular collagen matrix is believed to allow migration of fibroblasts, neovascularization, and incorporation within the native tissues. This is thought to reduce the risk of wound infection. A recently published case series of 15 patients undergoing PerH repair with porcine acellular dermal mesh reported recurrence rates of 47% after a median follow-up of 17 months (IQR 12–24) (19). However, the low volume, quality of available data, and lack of any comparative studies make it difficult to evaluate the use of biologic meshes as a technique.

CONCLUSION

There is no general agreement to the optimal operative strategy to repair PerH following an APE. There is insufficient evidence to recommend any specific operative approach or repair technique for PerH following APE.
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APPENDIX

BioMesh Study Group

Ferdinand Köckerling (Chairman), Stavros Antoniou, René Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil Smart, Marciej Smietanski, Bernd Stechemesser.

Aim

The BioMesh Study Group has set itself the task of identifying how best to use biological meshes for the various indications. The first step toward achieving that goal is to compile systematic reviews of the different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Next, based on the review findings, corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes for the different indications. The findings of this study were presented at the Consensus Conference in Berlin in January 2016 as a part of the project undertaken by the BioMesh Study Group. The findings of the Consensus Conference are currently being summarized for a joint publication.
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Introduction: Ventral mesh rectopexy (VMR) is a recognized treatment for posterior compartment pelvic organ prolapse (POP). The aim of this review is to provide a synopsis of the evidence for biological mesh use in VMR, the most widely recognized surgical technique for posterior compartment POP.

Methods: A systematic search of PubMed was conducted using the search terms “VMR,” “ventral mesh rectopexy,” or “mesh rectopexy.” Six studies were identified.

Results: About 268/324 patients underwent ventral rectopexy using biological mesh with a further 6 patients having a combination of synthetic and biological mesh. Recurrence was reported in 20 patients; however, 6 were from studies where data on biological mesh could not be extracted. There are no RCTs in VMR surgery and no studies have directly compared types of biological mesh. Cross-linked porcine dermal collagen is the most commonly used mesh and has not been associated with mesh erosion, infection, or fistulation in this review. The level of evidence available on the use of biological mesh in VMR is of low quality (level 4).

Conclusion: Ventral mesh rectopexy has become prevalent for posterior compartment POP. The evidence base for its implementation is not strong and the quality of evidence to inform choice of mesh is poor.

Keywords: ventral mesh rectopexy, mesh rectopexy, pelvic organ prolapse, biological mesh, vMR

INTRODUCTION

Ventral mesh rectopexy (VMR) is a recognized treatment for posterior compartment pelvic organ prolapse (POP). It is believed to address functional bowel symptoms by providing suspensory support to the prolapsing organ (in this case the rectum ± the vaginal vault) and avoiding the autonomic denervation that results in de novo symptomatology. Consequently, it improves obstructive defaecatory symptoms as well as symptoms of incontinence (1–4) without initiating significant new onset constipation (1, 5). VMR comprises dissection of the rectovaginal septum from above to the level of the pelvic floor. This is followed by fixation of a synthetic or biological prosthesis to the anterior wall of the rectum and proximally to the sacral promontory (Figures 1 and 2). The vaginal vault may also be fixed to the mesh to provide support and help obliterate the deep rectovaginal pouch. VMR has rapidly established itself in Europe as the procedure of choice for posterior compartment POP in spite of a limited evidence base.
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FIGURE 1 | Placement of mesh anterior to rectum and suturing to the anterior wall of the rectum ± suture to vaginal vault.
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FIGURE 2 | Tacking of mesh to sacral promontory. Photographs by kind permission of Mr. Mark Mercer-Jones, Consultant Colorectal Surgeon, Gateshead, UK.



A variety of synthetic meshes have been used for a wide range of POP surgery but there have been reports of high rates of pelvis sepsis, as well as concerns regarding mesh erosion, dyspareunia, fistulation. and stricturing (6–8). The Food and Drug Administration (FDA) issued a warning in 2011 that, “serious complications associated with surgical mesh for transvaginal repair of POP are not rare” (9). It is not clear to what extent this warning is relevant to POP surgery carried out via abdominal approaches. Nevertheless, since it has been postulated that biological mesh may cause fewer complications in comparison to synthetic mesh in certain high-risk circumstances (10–12). This has led to an increase in the popularity of biological mesh use for POP surgery. The aim of this review is to provide a synopsis of the evidence for biological mesh use in VMR, the most widely recognized surgical technique for posterior compartment POP.

METHODS

A systematic search of PubMed was conducted using the search terms “VMR,” “ventral mesh rectopexy,” or “mesh rectopexy.” Titles, abstracts, and finally full texts were analyzed for studies reporting on the use of biological mesh in rectopexy. Inclusion criteria were studies that described a ventral rectopexy using a biological mesh in either an open or laparoscopic technique. Studies were excluded if only synthetic mesh was used or if there was no mention of a mesh. Furthermore, studies on patients under the age of 18 were excluded as well as non-English language studies, technical tips, or duplicates series from the same research group. Overall, the search yielded six studies for analysis after the exclusion of review articles. The study characteristics are presented (Table 1).

TABLE 1 | Study characteristics.
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RESULTS

In the 6 case series, there was a total of 324 patients. Of these, 268 patients underwent ventral rectopexy using biological mesh with a further 6 patients having a combination of synthetic mesh and biological mesh. Overall, 155 patients underwent VMR using additionally cross-linked porcine dermal collagen (Permacol™ or Pelvicol™) and 89 using porcine intestinal submucosa (Surgisis©). Recurrence was reported in 20 patients; however, 6 of these were from studies where data on biological mesh could not be extracted. One study did not report recurrence. Complications are outlined (Table 1).

There are no randomized controlled trials in VMR surgery generally and no studies have directly compared types of biological mesh, e.g., cross-linked vs. non-cross-linked. Cross-linked porcine dermal collagen is the most commonly used mesh and has not been associated with mesh erosion, infection, or fistulation in this current review. The level of evidence available on the use of biological mesh in VMR is of low quality (level 4) (13).

DISCUSSION/SUMMARY

Ventral mesh rectopexy has become established as the current procedure of choice for posterior compartment POP without a high quality evidence base in support of its adoption and therefore this has consequently been called into question (14). In light of the limited evidence base for VMR generally, it is perhaps of no surprise that the level of evidence for any specific mesh type, either synthetic or biological, is level 4. The expert consensus assumes that VMR is the optimal treatment paradigm in many circumstances (15). This may well turn out to be the case, but as yet the evidence basis is lacking and recommendations regarding any specific type of mesh are at best grade C (16).

All the included studies are retrospective, often with short follow-up, have small numbers of patients and are usually derived from single institutions. The applicability of the findings to a wider population is uncertain. There is one comparative case series with 29 patients undergoing laparoscopic VMR using a biological mesh and 29 patients matched for age and surgical indication, undergoing laparoscopic VMR using a synthetic mesh (17). However, it did not meet the inclusion criteria for the review as it was a subset analysis of data that has already been presented and discussed and was therefore excluded. Furthermore, the other key limitation for most of the included studies is the variability of outcome reporting and the lack of standardization of outcome measures. Some studies report functional outcome scores for both constipation and incontinence, e.g., Wexner/FISI, but these scoring systems are not necessarily appropriate for obstructed defaecation syndrome (ODS) or prolapse (18, 19). Disease-specific scoring systems such as pelvic organ prolapse quantification system (POP-Q) or the ODS score (20), and quality of life scores (e.g., SF-36 EQ-5D) may be more appropriate but, these have not been used in any of the studies included in this review. Anorectal physiology results are reported in some studies but correlation to anatomy, recurrence or symptomology is not clearly defined. For those studies where VMR was used to treat ODS, post-operative defaecography that supports long-term anatomical correction of prolapse has not been reported.

Complications in the included studies are inconsistently reported and standardized methods of reporting, such as Clavien–Dindo have not been used (21). Two studies did not meet the inclusion criteria because they only addressed complications pertaining to VMR. The first was a systematic review of reported complications, which failed to demonstrate any difference in complications between synthetic and biological mesh although the follow-up was short (22). The second study has reported 50 patients referred for complications following VMR and has documented operative strategies and techniques. Although complications from both biological and synthetic meshes are discussed, there is no denominator provided and therefore it is not possible to ascertain the relative frequency of complications with each type of mesh (6). It is interesting to note that the concerns raised by the FDA have not been reported in the literature pertaining to VMR to the same extent. Although most series have follow-ups of short duration, in the transvaginal approach mesh complications were mainly reported within 12 months (8). This suggests that the concerns relating to mesh placement via the transvaginal or other perineal approaches may not be extrapolated to transabdominal approaches.

CONCLUSION

Ventral mesh rectopexy has become prevalent for posterior compartment POP. The evidence base for its implementation is not strong and the quality of evidence to inform choice of mesh is poor.
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Introduction: In a recent Cochrane review, the authors concluded that there is an urgent need for well-powered, well-conducted randomized controlled trials comparing various modes of treatment of fistula-in-ano. Ten randomized controlled trials were available for analyses: There were no significant differences in recurrence rates or incontinence rates in any of the studied comparisons. The following article reviews the studies available for treatment of fistula-in-ano with a fistula plug with special attention paid to the technique.

Material and Methods: PubMed, Medline, Embase, and the Cochrane medical database were searched up to July 2015. Sixty-four articles were relevant for this review.

Results: Healing rates of 50–60% can be expected for treatment of complex anal fistula with a fistula plug, with a plug-extrusion rate of 10–20%. Such results can be achieved not only with plugs made of porcine intestinal submucosa but also those made of other biological or synthetic bioabsorbable mesh materials. Important technical steps are firm suturing of the head of the plug in the primary opening and wide drainage of the secondary opening.

Discussion: Treatment of a complex fistula-in-ano with a fistula plug is an option with a success rate of 50–60% with low complication rate. Further improvements in technique and better studies are needed.

Keywords: complex anal fistula, fistula plug, biological mesh, fistula closure rate, incontinence

INTRODUCTION

Fistula-in-ano is a difficult problem that physicians have struggled with since the time of Hippocrates (1). Despite the long-standing history of fistula-in-ano and the multiple approaches that are utilized, there is a paucity of high quality data to guide decision (1). In a recent Cochrane review, the authors concluded that there is an urgent need for well-powered, well-conducted randomized controlled trials comparing various modes of treatment of fistula-in-ano (2).Ten randomized controlled trials were available for analyses: there were no significant differences in recurrence rates or incontinence rates in any of the studied comparisons. The American Gastroenterological Association divides the fistula-in-ano into simple and complex (1). Simple fistulas are low – i.e., they involve a small or no portion of the sphincter complex. These fistulas include superficial, low intersphincteric, or low transsphincteric fistula. In addition, communication between the anal canal end skin is only via one tract and is not associated with inflammatory bowel disease, radiation or involve any other organ (1). Complex fistulas are anatomically higher: they involve a significant portion of the sphincter musculature, may have multiple tracts, involve other organs (i.e., vagina) and may be associated with radiation or inflammatory bowel disease. Recurrent fistulas are usually included in this category as well (1).

Fistulotomy, although extremely effective in treating low anal fistulas, is not a feasible option when the fistula tract incorporates a significant amount of the internal and external anal sphincter, as is the case for many high transsphincteric fistulas (3). It is also frequently contraindicated for anterior transsphincteric fistulas in women, for most fistulas in patients with Crohn’s disease, and for fistulas in patients who have diminished continence (3).

The alternative treatment option of a transanal mucosal advancement flap for patients with high transsphincteric fistulas has reported success rates ranging from 59 to 98%. However, these procedures are technically challenging and some authors report incontinence rates of up to 20% (3).

In Crohn’s disease-related high perianal fistulas, the mucosa advancement flap was combined with platelet-rich plasma (4).

Fibrin glue has also been used as treatment option, but with modest or poor success rates of between 0 and 74% (3–8).

Cutting seton procedures result in low recurrence rates, but can cause incontinence in up to 12–25% of patients (3, 9).

Ligation of the intersphincteric tract (LIFT) is a further alternative technique and has been associated with fistula closure rates of between 57 and 94% (3, 9). In a recent systematic review of 26 studies, including only 1 randomized controlled trial and 24 case series, 7 technical variations were used. Primary healing rates ranged from 47 to 95% (10).

Johnson et al. (11) first described the anal fistula plug, a bioabsorbable xenograft made of lyophilized porcine intestinal submucosa.

The following article reviews the studies available on treatment of fistula-in-ano with a fistula plug and calculates the success rates, while paying special attention to the fistula closure rate and the techniques used. The literature reports a success rate ranging from 24 to 88% with the mean follow up of 8 months. A possible explanation for this discrepancy could be differences in patient selection and variation of the technique (5). In a Consensus Conference, it was stated that a frequent issue affecting the plug procedure is a failure in the plug placement technique (5, 12). Therefore, each publication was carefully reviewed to identify the surgical technique employed. This sets this systematic review apart from those published hitherto.

MATERIALS AND METHODS

PubMed, Medline, Embase, and the Cochrane medical databases were searched up to December 2014 using the key words: “Anal fistula” AND “Plug,” “Fistula-in-ano” AND “Plug,” “Anal fistula” AND “Fistula plug.” In addition, the references of articles retrieved were searched for relevant articles not previously identified. Sixty-four articles were relevant for this review.

RESULTS

The first systematic review of the efficacy of a SIS-anal-fistula plug was published in 2010 (13). All randomized/non-randomized, controlled/non-controlled clinical trials, which studied SIS-anal-fistula plug or compared SIS-anal-fistula plug with other ­treatment methods for anal fistula and which reported clinical healing of the fistula as the outcome, were included. Studies on patients with rectovaginal fistula who were treated by SIS-anal-fistula plug and patients undergoing additional procedure (advancement flap or fibrin glue) along with SIS-anal-fistula plug were excluded from the review. One study reporting the usage of an acellular extracellular matrix was not included because the material used was different.

Twelve studies were analyzed in the systematic review (Table 1). These consisted of one RCT (11), seven prospective case series (14–20), and four retrospective case series (21–24). Since the majority of studies analyzed in the systematic review are prospective or retrospective case series, the level of evidence is only 4. Table 2 gives details of the surgical technique used in the studies included in the review.

TABLE 1 | Results of systematic reviews about the efficacy of anal fistula plug in fistula-in-ano.
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TABLE 2 | Surgical techniques used in the studies included in the systematic review of Garg et al. (13).
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A total of 317 patients were analyzed in the review by Garg (13) with a follow-up of range 3.5–12 months (Table 1). The SIS-anal-fistula plug procedure had a success rate of n = 180/317 (59.9%) ranging from 24 to 92%. The number of complex fistulae reported in 8 out of 12 studies was 186 with a success rate of n = 119/186 (64.0%) ranging from 35–87%. In patients with recurrent fistula, the success rate was n = 16/34 (47.1%) ranging from 13 to 71%. The success rate in patients with Crohn’s disease was n = 26/41 (63.4%) ranging from 29 to 86%. The success rate in patients with single tracts (n = 123/184; 66.8%, range 44–93%) seemed better than for patients with multiple tracts (n = 21/43; 48.8% range 20–71%). If the patients with plug extrusion were excluded from the analysis, the success rate was n = 121/189 (64.0%), ranging from 40 to 90%.The plug extrusion rate was n = 43/232 (18.5%), ranging from 4 to 41%.

In 2012, another systematic review was published (3). This systematic review included studies whose results for patients with and without Crohn’s disease could be differentiated. Patients with rectovaginal, anovaginal, rectouretral, or ileal-pouch vaginal fistulas were excluded as were studies where the mean or median follow-up was <3 months.

The systematic review contained 20 studies, consisting of 18 articles and 2 abstracts (26, 27). Among the 20 studies included are two RCTs (28, 29), 10 prospective case series (15, 16, 20, 26, 30–35), and 8 retrospective case series (22, 24, 27, 36–40). Only 5 out of 20 of the publications listed were also included in the review by Garg (13, 15, 16, 20, 22, 24). This systematic review, too, was supported only by level of evidence 4 in view of the predominant number of prospective and retrospective case series.

Table 3 lists the exact surgical technique employed in the studies that were included in the review by O’Riordan (3) and not already analyzed in the Garg (13) review in Ref. (15, 16, 22, 24). Details of the surgical technique are not given for studies for which only an abstract is available (26, 27).

TABLE 3 | Surgical techniques used in the studies included in the systematic review of O’Riordan et al. (3) minus abstracts and studies already analyzed in the review of Garg et al. (13).
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The study sample sizes ranged from 4 to 60 patients with a pooled total of 530 patients for this review. Forty-two of these patients had Crohn’s disease, whereas 488 patients did not have Crohn’s disease. The shortest mean or median follow-up in the 20 studies was 3 months, and the longest follow-up was 24.5 months.

Closure of the fistula was successful in 288 of the 530 patients with fistula-in-ano (54.3%; 95% CI 0.50–0.59). The overall success rate for patients with Crohn’s disease was 23 of 42 patients (54.8%), whereas for patients without Crohn’s disease it was 265 of 488 patients (54.3%).

A total of 46 patients experienced plug extrusion (8.7%). Eight of the 20 included articles reported continence levels pre- and post-insertion of the SIS-anal-fistula plug (20, 23, 24, 29, 31, 34, 40). There were no reported cases of any significant change in continence after insertion of the SIS-anal-fistula plug in any of the patients in these studies (n = 196 patients).

Leng et al. (25) then published a meta-analysis comparing anal fistula plug vs. mucosa advancement flap in complex fistula-in-ano. The studies included were three RCTs (28, 29, 41), one prospective cohort study (33) and two retrospective case series (37, 38). Hence the level of evidence is 2a. Apart from the RCT by A ba-bai-Ke-re et al. (41), the other studies had also been taken into account in the systematic review by O’Riordan et al. (3) and Garg et al. (13).

The six studies encompassed 408 patients with 167 cases of SIS-anal-fistula plug treatment and 241 with mucosa advancement flap. The difference in the overall success rates and incidence of fistula recurrence was not statistically significant between SIS-anal-fistula plug and mucosa advancement flap in complex fistula-in-ano treatment (risk difference = −0.12. 95% CI: −0.39–0.14; risk difference = 0.13; 95% CI: −0.18–0.43, respectively). However, for the SIS-anal-fistula plug, the risk of postoperative impaired continence was lower (risk difference = −0.08. 95% CI: −0.15–0.02) as was the incidence of other complications (risk difference = −0.06. 95% CI: −0.11 to 0.00). Patients treated with the SIS-anal-fistula plug had less persistent pain of a shorter duration and the healing time of the fistula and hospital stay were also reduced. Another comparative study identified similar results for treatment, in addition to cost savings for the plug-in technique because of the shorter hospital stay (42).

Other studies (43–51), which had not been included in the systematic reviews and the meta-analysis (Table 4) do not have any implications for the results of the systematic reviews.

TABLE 4 | Case series of SIS-anal-fistula plug treatment not included in the systematic reviews and meta-analyses.
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It can thus be stated that treatment of complex anal fistula with SIS-anal-fistula plug is likely to be associated with a failure rate of about 50%. This result is not worse than that obtained for the mucosa advancement flap. However, the plug technique has the advantage of a lower postoperative complication rate and no negative impact on continence. More studies and technical modifications are needed to further improve the plug technique.

For example, Köckerling et al. (52) reported on a modified plug technique in which the extra-sphincteric portion of the complex anal fistula was removed by means of a limited fistulectomy and the remaining section of the fistula in the sphincter muscle was repaired using the fistula plug with fixing button. After a mean of 19.32 ± 6.9 months with a follow-up rate of 77% the success rate was 90%.

Another modification entails the use of plugs made of acellular dermal matrix instead of intestine submucosa (53–56). These are not preconfigured as a plug but are cut out from flat biological meshes. Details of the technique as well as the results are given in Table 5. The studies available show that success rates similar to those achieved with the SIS-anal-fistula plug can also be obtained with plugs made from acellular dermal matrix under similar technical conditions. In comparison to traditional surgical treatment, the fistula recurrence rate was significantly lower in the group treated with acellular dermal matrix (57).

TABLE 5 | Case series of complex anal fistula repair with acellular dermal matrix.

[image: image1]

In a pilot study, 10 patients with a median of 3 previous fistula operations were successfully operated on with an autologous cartilage plug from the nose or the ear. The treatment was initially successful in 90% of the patients, but two patients later developed a recurrence (58).

A relative new product for treatment of anal fistulas consists of a synthetic bioabsorbable anal fistula plug composed of a copolymer, from polyglycolic acid trimethylene carbonate, which is gradually absorbed by the body. This plug consists of a button or disc, with numerous tubes attached to it. Depending on the diameter of the fistula canal, several tubes are trimmed. The bioabsorption process is supposed to have been completed after 6–7 months (59). To date, there are only six prospective and retrospective cases series that report on treatment of anal fistulas with this synthetic bioabsorbable anal fistula plug (59–64). The results are illustrated in Table 6. The results obtained for the bioabsorbable fistula plug, too, are very variable, ranging from 15.8–72.7%. As in the case of the biological plug, that may be due to differences in the technical conduct of the operation (Tab. 6) or to differences in patient selection. Otherwise, the results obtained for the synthetic bioabsorbable anal fistula plug are comparable with those obtained for the plug made of biological material.

TABLE 6 | Case series of complex anal fistula repair with synthetic bioabsorbable anal fistula plug.
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DISCUSSION

In summary, healing rates of 50–60% can be expected for treatment of complex anal fistula with a fistula plug, with a plug extrusion rate of 10–20%. That result is not worse than that achieved for the mucosa advancement flap, fibrin glue treatment or ligation of the intersphincteric tract.

The anal fistula plug poses a lower risk of postoperative impairment of sphincter muscle function and other postoperative complications than the transanal mucosal advancement flap. Such results can be achieved not only with plugs made of porcine intestinal submucosa, but also those made of other biological mesh materials, such as acellular dermal matrix, and synthetic bioabsorbable material.

It is possible that additional modifications to the technique, e.g., limited fistulectomy of the extrasphincter portion of the anal fistula, will further improve the outcome. Important technical steps in the successful performance of a complex anal fistula plug repair are a mechanical debridement of the fistula tract or partial removal of the extra sphincteric portion of the tract, pulling the plug tip-first in the internal opening, trimming excess plug material flush with the primary opening, suturing firmly the head of the plug into the primary opening, fixation of the tip of the plug to the edge of the secondary opening and no complete occlusion, but wide secondary opening to allow drainage.

There is a need for more high-quality prospective comparative studies which, in addition to the anal fistula diagnosis, give precise technical details of the operation technique, design and biological or synthetic material of the plugs employed as well as their fixation. Both RCTs and registries lend themselves to that effect.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at http://journal.frontiersin.org/article/10.3389/fsurg.2015.00055
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Introduction: Biological meshes are a potential alternative to the synthetic meshes to avoid complications and are used in a contaminated field for incarcerated inguinal hernias. The clinical experiences gained with biological meshes for repair of inguinal hernias are presented in this review.

Materials and methods: In a literature search of the Medline database using the key word “Biological mesh,” 2,277 citations were found. There remained 14 studies in which biological meshes had been used to repair inguinal hernias.

Results: In prospective randomized trials, the use of polypropylene vs. biological meshes was compared in open inguinal hernia repair. There was no difference in the recurrence rate, but differences were observed in the postsurgical pain incidence in favor of the biological mesh. In the remaining retrospective studies, the recurrence rates were also acceptable. The biological mesh was used successfully in a potentially contaminated setting.

Conclusion: Inguinal hernias can be repaired with biological meshes with reasonable recurrence rate, also as an alternative in a potentially contaminated field.

Keywords: biological mesh, inguinal hernia, contaminated field, recurrence, pain

Introduction

The Guidelines of the European Hernia Society state, based on evidence level 1 A, that operation techniques using mesh result in fewer recurrences than techniques, which do not use mesh (1). Although mesh repair appears to reduce the likelihood of chronic groin pain rather than increase it (1), mesh can cause considerable pain and stiffness around the groin and affect physical functioning (2). This has led to various types of mesh being engineered, with a growing interest in lighter weight polypropylene (PP) meshes (2), absorbable meshes (3), and biological meshes. For open inguinal hernia repair the use of light-weight PP meshes was not associated with an increased risk of hernia recurrence. Light-weight PP meshes reduce the incidence of chronic groin pain as well as the risk of developing other groin symptoms (4). To avoid complications, the use of absorbable meshes – such as those made of lactic acid polymer or lactic and glycolic acid copolymers – has been proposed. This exposes the patient to inevitable hernia recurrence because the inflammatory response, through a hydrolytic reaction, completely digests the implanted prosthetic material (3, 5).

Another potential alternative to the synthetic meshes is biological meshes which, unlike absorbable meshes, are not completely degraded; instead, these induce a remodeling process, i.e., the biological mesh is incorporated into the host through the reproduction of new site-specific tissue. The clinical experiences gained with biological meshes for repair of inguinal hernias are presented below.

Materials and Methods

A literature search of the Medline database was performed using the PubMed search engine. The following key words were used: Biological mesh; inguinal hernia OR Groin hernia AND Biological mesh OR Biomesh OR Biological. 2,277 citations were found. After checking the title and abstracts, there remained seven prospective randomized trials (RCTs) (5–11). In one of these seven RCTs (Table 1), the results were reported for a smaller sample size (6) from the entire study (5) at an earlier follow-up time point. For two RCTs, only an abstract is available (8, 9). Recently, two meta-analyses were also published reporting on three and four RCTs, respectively (12, 13). Furthermore, there are five retrospective case series available (14–18), in which biological meshes had been used to repair inguinal hernias and the corresponding follow-up results reported (Table 2). These are also described below.

TABLE 1 | Characteristics and outcomes of RCTs on inguinal hernia repair with the use of biologic vs. polypropylene mesh.
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TABLE 2 | Characteristics and outcomes of studies reporting on inguinal hernia repair with the use of biologic mesh.
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Results

In a prospective randomized double-blind trial (5, 6), Lichtenstein’s inguinal hernia repair was compared using a PP or a small intestine submucosa (SIS) mesh. Seventy male patients underwent Lichtenstein’s hernioplasty, with 35 patients in the SIS group and 35 patients in the PP group. At 3 years after surgery, there were two deaths (5.7%) in the PP group and one death (2.9%) in the SIS group (NS). Only one recurrence (2.9%) was seen in the PP group (NS). Although a significant decrease in the postsurgical pain incidence was never observed among patients in the SIS group, a significantly lower degree of pain was detected at rest and on coughing at 1, 3, and 6 months and on movement at 1, 3, and 6 months and 1, 2, and 3 years. A significant decrease in the postsurgical incidence and degree of discomfort when coughing and moving were observed among patients in the SIS group at 3 and 6 months and at 1, 2, and 3 years after surgery. The authors concluded that SIS hernioplasty seems to be a safe and effective procedure.

In a prospective RCT (7), Lichtenstein inguinal hernioplasty was performed in local anesthesia, using prolene (PP) or vypro (polylactin and PP) or SIS. The median follow-up was 12 months, with a range of 1–16 months. No recurrent hernias were observed. Postoperative pain (visual analog scale) and discomfort were lower in patients with SIS. There was a tendency toward a higher incidence of pain and discomfort in the vypro and prolene group.

In an abstract as interim report, Macklin et al. (8) have treated 140 patients in a prospective RCT receiving either PP or collagen mesh. Postoperatively, there was an increase in hematoma in the PP group (p = 0.048). Infection and inflammation were similar postoperatively and at 3 months. There was one recurrent hernia in each group in 1 year.

Initial results showed that collagen mesh is an effective method of providing tissue repair in primary inguinal hernia.

In another abstract, Ridgway et al. (9) reported on a blinded randomized controlled trial comparing porcine dermal collagen with PP for primary inguinal hernia repair in 201 patients. Recurrence, inflammation, infection, and hematoma rates were comparable at all time intervals. Collagen repairs had improved pain scores at 2 years. The authors concluded that inguinal hernia repair using modified porcine dermal collagen can be performed successfully.

In another prospective, randomized, double-blinded, single-center study (10), the use of a Biodesign Inguinal Hernia Matrix (IHM) vs. a PP mesh for Lichtenstein operation was compared for 100 patients. The follow-up period was 1 year. Three recurrences were observed in the IHM group and none in the PP group (p = 0.11). There was a higher tendency toward persistent pain in the PP group (6 vs. 4%).

Likewise, in a prospective randomized, double-blinded multicenter study (11) that compared the use of Strattice vs. Ultrapro for Lichtenstein operation in 100 patients, no differences were observed in the wound complication rate after 3 months. No recurrences occurred in any of the two groups, nor any difference was seen in postoperative pain after 3 months.

On pooling, the results of the three (5, 7, 10) aforementioned RCTs, each of which used small intestinal submucosa (SIS), no difference was found in the recurrence and pain rate after 1 year (12). Only the discomfort rate was lower in the SIS group, but the seroma rate was higher. Likewise, these findings are confirmed in the meta-analysis of four (5, 7, 10, 11) RCTs (13).

In a retrospective case series Holl-Allen (14) published the results of 137 consecutive unselected male patients with inguinal hernias treated with Zenoderm as the repair material after a mean follow-up of 48 months. There have been two indirect recurrences after 11 and 14 months, representing a low recurrence rate of 1.25%.

In three retrospective case series (15–18) with 10–38 patients, inguinal hernias were repaired in an endoscopic technique (TEP, TAPP) with SIS. During a mean follow-up period of 12–14.5 months, a recurrence rate of 2 and 9.1% was observed, respectively (15, 16). No improvement in symptoms was seen in one patient with a sports hernia following TEP operation with SIS (17). In another study the biological meshes (SIS) were used successfully even in a potentially contaminated setting, i.e., with incarcerated/strangulated bowel within the hernia or coincident with a laparoscopic cholecystectomy/colectomy as well as in a grossly contaminated field (i.e., gross pus or fecal spillage) (18).

Discussion

Inguinal hernias can be repaired with biological meshes, and with a reasonable recurrence rate. This applies for a period of 3 years for the Lichtenstein operation and of 1 year for the endoscopic TEP and TAPP techniques. As such, biological meshes can be used as an alternative in a potentially contaminated field for incarcerated inguinal hernia or coincident with a laparoscopic cholecystectomy or colectomy as well as in a setting grossly contaminated with pus or fecal spillage (18). However, this was a retrospective case series rather than a RCT. The RCTs identified demonstrated the equivalence of a biological mesh and the PP mesh in terms of the recurrence rate as well as reduced pain at rest, on coughing or on movement. Because of the very small sample size, the equivalence of biological meshes and synthetic meshes with regard to recurrence rate and reduced pain must be verified in further studies. Besides, in none of the studies were the higher costs incurred for the biological meshes analyzed. Since the biological meshes do not have any major advantages over the synthetic meshes with respect to the most important assessment criteria, at present they can only be recommended for situations involving a contaminated surgical field.
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Appendix

BioMesh Study Group

Ferdinand Köckerling (Chairman), Stavros Antoniou, René Fortelny, Frank A. Granderath, Markus Heiss, Franz Mayer, Marc Miserez, Agneta Montgomery, Salvador Morales-Conde, Filip Muysoms, Alexander Petter-Puchner, Rudolph Pointner, Neil Smart, Marciej Smietanski, and Bernd Stechemesser.

Aim

The BioMesh Study Group has set itself the task of identifying how best to use biological meshes for the various indications. The first step toward achieving that goal is to compile systematic reviews of the different indications on the basis of the existing literature. The available literature sources will be evaluated in accordance with the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Next, based on the review findings corresponding Statements and Recommendations are to be formulated in a Consensus Conference for the use of biological meshes for the different indications. The findings of the Consensus Conference are then to be summarized for a joint publication. This present publication is part of the project undertaken by the BioMesh Study Group.
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TABLE 1| Continued
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SPHINCTERREPAR
Zutshi Case 10 Group 1: 0:10  Fecal incontinence (moderate to Group 1 Group 1 Group 1: None 4
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vs. Group 2 =40%
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Wexner Preop:18.33 (:5.04). Postop: 7.5 (:4.94)
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FISI, Fecal Incontinence Severity Index: CCFIS. Cleveland Clinic Fecal Incontinence Score: FIQL, Fecal Incontinence Quality of Life scale: NS, not specified.
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(14)

Han et al.
(24)

Study
design

Case series

Case series

Case series

Open label
RCT

Multicenter
prospective
cohort study
(case series)

No. of pts Age

57

31

12

67

109 (102)

(32.7-86.2)

MESH: 69.7
(48.7-84.5)

Mean
668 +SD
114 years

68 (49-80)

63 median
(44-81)

68 (32-84)

61 years
(27-78)

Sex (M:F)

11:22

10:14

823

75

20115

21:11

60:42

Patient characteristics Material used

52 primary rectal cancer  Gluteal flaps: 33

5 local recurrence.
48 patients (84%)
received neoadjuvant
CRT

Neoadjuvant CRT: 14

Ultra low rectal cancer.
Neoadjuvant CRT: 3
Neoadjuvant therapy: 10

Neoadjuvant therapy: 9

Permacol: 24

VRAM flap: 1

Permacol: 30

HADM

HADM

None

HADM

Intervention

ELAPE for low rectal
cancer

Open ELAPE

Gylindrical APR-open

ELAPE: 35

APER: 32

Biological mesh: 83
(81.4%)
Primary closure: 19
(18.6%)

Follow-up
(months)

Median follow-
up: gluteal fiap:
3.2 years (1.7-4.3)
Biologic mesh: 1.7
(0.4-2.2) years

Median: 20 (0-45)

Median: 8 (2-16)

Median: 29 (12-48)

Median: 22 (14-46)

44 median (18-68)

Complications

Gluteal flap vs. biologic
Perineal heria: 7 vs. 0, P < 0.01
Infectious complications: 2 (17%)
vs. 4 (6%), P < 0.26

1 patient per group with a
persistent perineal sinus
Breakdown of perineal wound: 6
Skin paddle necrosis of a VRAM
flap: 1

Perineal wound hematoma: 1
Minor wound discharge: 9
Asymptomatic seroma: 1
Perineal wound infection: 1

Bowel perforation: 2
Perineal wound infection: 4
Perineal seroma: 4
Peristomal hernia: 16
Abdominal wound infection: 2
Perineal heriation: 5

Bowel perforation: 5

Perineal wound infection: 6
Peristomal hernia: 13
Abdominal wound infection: 3
Perineal heriation: 4

Biological mesh
Perineal wound complications: 15
Infection: 5

Seroma: 5

Hernia: 4

Abdominal wound infection: 3
Primary closure

Perineal wound complications: 9
Infection: 3

Seroma: 1

Hernia: 2

Wound dehiscence: 3

Chronic sinus: 1

‘Abdominal wound infection: 2

LoE
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Reference

Jensen
etal. (25)

Kipling et al
(26)

Peacock
etal. (15)

Peacock
etal. (27)

Vaughan-
Shaw et al.
(28)

Wille-
Jorgensen
etal. (29)

Chietal
(30)

Study
design

Case series

Case series

Gase series
(comparative)

Case series

Case series
(case-control)

Case series

Case series

No. of pts

53-31
agreed to
long-term f/u

28

15

16

10

10

11

Age
69(33-83)

median

70
(52-81 years)
median

68 median
(48-74)

57 median
(47-68)

Median
62 years
(40-77)

1 (49-88)

72 (52-87)

72.5(46-89)

63 median
(51-77)

Mean: 69

Sex (M:F)

33:20

20:8

a1

o1

21:7

7.9

55

82

74

42

Patient characteristics

Neoadjuvant CRT: 23

Neoadjuvant therapy
None: 9 (32%)

Short course: 2 (7%)
Long course: 17 (61%)

Long-course CT/RT: 4
Long-course RT: 1

Long-course CT/RT: 6
Long-course RT: 2 (not
suitable for CT): 2

Long-course CRT: 26
Long-course RT (not
suitable for CT): 2

Not required/deciined: 6

Short-course RT: 7
Long-course CR
Short-course RT: 7

Long-course CRT: 2

Short-course RT: 2
Long-course CRT: 5

Neoadjuvant CRT: 6

Neoadjuvant CRT 4

Material used  Intervention Follow-up
(months)
Permacol 6 planned open Median: 36 (1-67)

47 laparoscopic of which
7 converted to open

Permacol Lap ELAPE, 5 conversions  Median 38 (23-66)
VRAM: 5 Cylindrical APER Median: 29 (23-35)
Surgisis: 10 13(3-27)
Surgisis: Gylindrical APER Median: 21 (1-54)
9 Permacol/ Laparoscopic ELAPE: 14
Surgisis (1 conversion)
(omentoplasty: 7)  Open: 2

Lap APER: 10

Open APER: 10

Permacol Laparoscopic APER: 9 Median: 12 (3-18)
(2 conversions) Open
APER: 2

HADM Mean: 5 (2-19)

Complications LoE
Perineal hernia: 3 4
Fistuale: 11

Perineal abscess: 4
Superficial wound infections: 4
Removal of mesh: 1

Implantation of new mesh: 1

Bowel perforation: 1 4
Persistent perineal sinus at

6 months: 1

Delayed healing of the perineal

wound: 1

Perineal wound infection (wound 4
dehiscence): 1

Fiap necrosis: 1

Wound hematoma: 1

Perineal sinus: 1

Superfcial perineal wound

infection: 2

Abscess/collection: 3

Perineal sinus: 5 4
Superficial perineal wound
infection: 3
Abscess/collection: 3
Parastomal hernia: 1

Retur to theater (<30 days):
Perineal wound complications: 2
Perineal wound complications: 5
Perineal hernia: 2

Infection: 1

Retur to theater (<30 days): 1
In-hospital mortality: 1

Perineal wound complications: 2

Mesh removal 2nd to infection: 1 4
Rectal perforation: 1

Long-lasting perineal pain: 6

Fistula: 1

Surgical site infection: 2 4
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Reference  Study No. of pts Age Sex (M:F) Patient characteristics Materialused  Intervention Follow-up Complications LoE
design (months)
Palmer Case series 193 66median  81:112  NeoadjwantCRT:91  Perinealclosure  Pelvic exenteration: 25, Median 31 (0-156)  Intra-operative perforation: 19 4
etal. (31) (28-87) RT alone: 92 Gluteal flap: 99 extended resection with 30-day postoperative mortality: 6
Locally advanced tumor  (51) parts of other organs: 56
on MR (T4)-126 (65%) ~ Biological mesh:  ELAPE alone: 112
66 (34)
Closure directly:
28(15)
Westetal. Retrospective 176 66(58-73) 11654 Neoadjwant RT Gluteus maximus:  ELAPE: 176 NS Wound compiications 4
(@ case series Median 6-unknown Yes: 135 60 Open surgery: 122 Yes: 57
(multicenter) No: 35 Rectus abdominis: - Laparoscopic surgery: 19 Infection/breakdown/sinus: 41
Unknown: 11 12 Unknown: 35 Perineal hernia: 5
Neoadjuvant CT Latissimus dorsi: 1 Other: 11
Given: 84 Permacol: 11
Not given: 81
Unknown: 11
124 68(57-75)  87:37 Neoadjuvant RT APER: 124 NS Wound complications
median Yes: 90 Open surgery: 56 Yes: 11
No: 24 Laparoscopic surgery: 4 Infectior/breakdown/sinus: 7
Unknown: 10 Unknown: 64 Perineal hernia: 1
Neoadjuvant CT Other: 3
Given: 48 Unknown: 26
Not given: 66
Unknown: 10
Harries Prospective 48 Median:63  36:12 Neoadjuvant Permacol ELAPE Median: 27 (1-85)  Specimen perforation: 3 (6.4%) 4
etal (32)  case series (40-86) treatment: 43 Lap: 28 Unhealed at 6 months: 4 (8.3%)
Conversion: 7 Perineal sinus: 7
Open: 23 Abdominal wound dehiscence: 1
Ureteric injury: 1
Radiological drainage of pelvic
collections: 2
Perineal wound infections: 9
Kavanagh  Case report 1 72 01 Long-course ORT Permacol Lap ELAPE 12 NS 4
etal. (33)
Sayers etal. Case series 54 Median:695 40114 Neoadjwvant CRT: 52 Primary closure:  Lap ELAPE: 20 Median: 38 (9-61)  Perineal complications: 24 4
(34 (31-90) 46 Open: 34 Perineal heria: 14
Bio: 2 Perineal hematoma: 1
FLAP: 6 (VRAM: 5 Infected myocutaneous flap: 1
Gracils: 1) Total dehiscence of the
perineum: 1

APER, abdominoperineal excision of the rectum; CRT, chemoradiotherapy; CT, chemotherapy; ELAPE, extralevator abdominoperineal excision; HADM, human acellular dermal matri; LoE, level of evidence; RCT, randomized controlled
trial: RT. radiotherapy: VIRAM, vertical rectus abdominis muscle.
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Reference  n Study ~ MF  Age Treatment of primary disease Approach to perineal  Mesh type Follow-up Outcome Complications
period hernia repair
Mio 43 1944-2010 2320 63years RT18 Perineal 22 Perineal NR Primary recurrence 13 Perineal wound
etal (21) mean  Open APE24 (55.8%) Open abdominalin 11 Non-absorbable 3 Second recurrence 3 breakdown 12%
(10SD,  Open APE + cocoyx 4 (9.3%) Open abdominoperineal 3 Composite 1
range  Laparoscopic APE 9 (20.9%) Laparoscopic 5 Biological 4 Recurrence rate: 5/25
45-89)  Laparoscopic APE + posterior vaginal  Laparoscopic-perineal 2 Non-specific 1 synthetic or biological mesh
wall 3 (7.0%)
Staged Lahey procedure 1 (2.3%) Open abdominal 6/12 primary closure; 2/6

Staged Lahey procedure + cocoyx 1
(2.3%)
Open APE + perineal colostomy 1 (2.3%)

Absorbable mesh 1
Non-absorbable 3
Biologic 3

Open Abd-Perineal
Non-absorbable 3

Laparoscopic
Composite 5

Laparoscopic-perineal
Non-absorbable 1
Composite 1

remaining techniques
Recurrences repaired:
synthetic or biologic mesh 6

Primary closure 5
Gluteal/Gracils flap 4
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Reference n  Studyperiod MF  Age Treatment of Approach to perineal Mesh type Follow-up  Outcome Complications
primary disease hernia repair
Musters 15 50 months 96 62+ 11years  Conventional APR (1, %)  Transperineal 14 Permacol™ 3 17 months  Clinical recurrence  Wound infection
etal. (19) mean 5(33) Laparoscopic Omental Strattice™ 12 median 7(47%) 3 patients
Extralevator APR (1, %) plasty + Transperinal 1 Myocutaneous (IR 12-24)
5(33) flap + Biological
Ischio-anal APR (1, %) 4 (27) mesh 3
Intersphincteric APR
(0, %) 1(7)
Sayers 14/54 54 months 40:14 69.5 years median  eLAPE 20 Not reported Biologic mesh 5/8  57.5 months, Biologic mesh, 1/56  NR
etal. (10) (31-90) Neo-CRT 52 Myocutaneous  median had recurrence
Biological mesh 2 flap 3/8 (29-61) Myocutaneous flap,
Myocutaneous flap 1/3 had recurrence
6 (5 rectus and 1 gracils)
Simple suture in 46
Abbas and 7 Over66months 4:3 64 years median 0.5 ater lap APER Lap repair 5 Synthetic 25months  No recurrences NR
Garner (20) (@4-77) 1 had gluteal rotation flap  Lap converted to open 1 composite 4 (16-64)
Allhad RT Perineal approach 1 (sublay) ~ Biologioal 2
1 had adjuvant CT Direct suture
repair 1
de Gampos 7 1995-2004 NR NR 35 patients in one center Duramaterpatch  NR NR NR
etal. (15) had pre op CT. 4/35 via laparotomy 1
developed PERH Bovine pericardium
3 patients from another 1 via perineal
center approach
Bovine pericardium
via abdominal
approach 1

Conservative 1
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Reference n Study M:F Age Treatment Approach to perineal Mesh type Follow-up  Outcome ions
period (vears) of primary  hernia repair
disease
Ongand 1 12months 72 Neoadjuvant Transperineal using Mitek suture  Acellular porcine dermal 6 months  No recurrence il
iller (17) after APR CRT anchors mesh (Permacol)
Kathju 1 2011 M 56 Neoadjwant Abdominoperineal Human-derived acelular 1 year No NR
etal. (18) CRT,APR  Mesh anchored anteriorlyto~ dermal graft (Derma complications
pubic bone using Mitek suture  Matrix) or recurrence
anchors
Skpworth 1 2006 M 46 PreopCRT Perineal approach Porcine collagen matrix 18 months  No recurrence NR
etal. (14) Trendelenburg lthotomy positon
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Author

Safar et al. (43)

Owen et al. (44)

Lenisa et al. (45)

Kleit et a. (46)

Chan et al. (47)

Tan et al. (48)
Cintron et al.
(49)

Year

2009

2010

2010

2011

2012

2013

2013

Conflict
of
interest

NR

NR

None

None

None

None

Yes

Study
design

Retrospective
case series

Retrospective
case series

Prospective
case series

Retrospective
case series

Prospective
case series

Prospective
case Series

Prospective
case series

LoE Patients Follow-up

4 35
4 32
4 60
4 37
4 a4
4 26
4 73

Mean:
126 days

Median:
15 months

Mean:
13 months

Median:
605 days

Mean:
10.5 months

Median:
59 weeks.

Mean:
15 months

Success
rate

13.9%

37%

60%

45.9%

50%

13.3%

Primary 38%

Recurrence
40%

Surgical technique

Clearing with hydrogen peroxidate
Sis-anal-fistula plug

Plug was pulled through the internal opening in the fistula track

‘The excess plug is cut and then secured to the internal opening

The internal sphincter was incorporated into the stitch to have at least mucosa and submucosa covering the plug.
‘The part protruding Through the external opening was trimmed back flush with the skin and an optimal tacking
stick was placed

Clearing with hydrogen peroxidate
SIS-anal-fstula plug

Plug was drown into the tract from the internal opening

Internal aspect of the plug was trimmed to length and fixed with sutures
The overlying mucosa of the anal canal was closed over the internal opening
The tail of the plug was trimmed to length

Irrigation with hydrogen peroxide and gentle debridement with an endoluminal brush
SiS-anal-fistula plug

Pull-through technique from the internal opening

‘The plug was than tightly secured to the internal sphincter muscle

Excess material was trimmed flush to both openings

‘The external opening was left open to drain

Fistula tract was irigated with hydrogen peroxide and brushed with a fistula brush

Sis-anal-fistula plug

Plug was drown through the fistula tract from the inside opening

‘The plug was fixed to the internal sphincter.

Remaining plug inside was excised and the inner Opening closed with a mucosal fiap

The plug in the external opening was left free of fixation, and sometimes the outer opening was even opened a bit

Track was flushed with hydrogen peroxide
SIS-anal-fistula plug

Pull-through from the internal opening

Plurg secured at the internal opening by suture including the mucosa and submucosa

The internal opening was covered by a limited mucosal flap

Distal end of the plug was trimmed flush with the external end of the opening without fixation

Cleaning of the track with saline and hydrogen peroxide
SIS-anal-fistula plug

Pull-through from internal opening

‘The plug was secured at the interal opening

The plug was attached loosely to the skin at the external opening

Fistula tract was either gently roughened with a cytette brush or debriced with curette
Irrigation with hydrogen peroxide

SIS-anal-fstula plug

Pul-through-technique from the internal opening

Plug was trimmed flush with the inner opening

The plug was anchored to the mucosa/submucosa and internal sphincter

The plug was completely covered with mucosa

‘The end of the plug was then trimmed flush with the external opening
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Author

Garg et al. (13)
O'Riordan et al. (3)
Leng and Jin (25)

Year

2010
2012
2012

Conflict of interest

None
None
NR

LoE

4
4
2a

Patients

317
530
167

Follow-up

3.5-12 months
3-24,5 months
5.7-14 months

Success rate

59.9% (range: 24-92%)
543%
51.5% (range: 20.0-82.82%)

Plug extrusion rate

18.5% (range: 4-41%)

11.1 4+ 18.9%
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Reference

Johnson
etal. (1)

O'Connor
etal. (14)

Champagne
etal (15)

Elis (21)

van Koperen
(16)

Schwandner
etal. (17)

Surgical technique

Self made SIS-anal-fistula plug from a 2 cm x 3 cm SIS - sheet
rolled into a conical configuration

Plug was pulled tip-fist into the internal opening

Suture fixation of the plug at the primary and secondary opening
Plug was trimmed at the mucosa and skin level

No complete occiusion of the secondary opening to allow drainage

Tracts were inigated with hydrogen peroxide
SIS-anal-fistula plug

Plug was pulled tip-first into the internal opening

Excess plug material was trimmed flush with the mucosa and skin
Suture fixation of the plug at the primary and secondary opening
Gase was taken ot to occlude the secondary opening

Hydrogen-peroxide instalation
SIS-anal-fstula plug

Plug was pulled tip-first into the internal opening

Excess plug material was trimmed flush with the primary opening
Mechanical stabilty of the plug relies on firmly suturing the head
of the plug into the primary opening

Fixation of the tip of the plug to the edge of the secondary opening
No complete occlusion of the secondary opening to allow drainage
Hydrogen-peroxide instalation

SiS-anal-fistula plug

No debridement of the fistula tract was performed

Occasionally, the distal most portion of the fistula tract was.
opened to ensure adequate drainage

Cleaning with hydrogen peroxide

SIS-anal-fistula plug

No surgical debridement

Remaining portion of the plug was removed

Plug fixation at the internal and exteral opening

‘The external fistula opening was not completely closed, enabing
further drainage from the fistula tract

Tract was irrigated with polyhexamide solution

Sis-anal-fistula plug
No currettage, mechanical debridement, or fistulectomy was
performed

Plug was pulled tip-first into the internal opening

Plug fixation at the internal opening

The excess plug was trimmed at the mucosa and the former
internal opening was covered with mucosa

Finally, the excess plug material of the external opening was
trimmend at skin level, but no further fixation was made

Reference

Ky etal. (18)

Lawes et al.
@2)

Christoforidis
etal. (23)

Thekkinkattil
etal. (19)

Garg (20)

Surgical technique

SiS-anal-fstula plug

Plug was pulled tail-first into the internal opening

Excess plug material was trimmed flush at the internal opening
‘with the mucosa

Plug was sutured deep to the internal opening

A small mucosal flap was raised as advancement flap over the
top of the plug

Excess material protruding the external opening was excised
The secondary opening was left open to allow drainage

Tract was washed out with hydrogen peroxide
SIS-anal-fistula plug

Plug was pulled tip-fist into the internal opening

Excess plug material was trimmed flush with the internal and
external opening

Suture fixation to the mucosa and internal sphincter

SiS-anal-fistula plug
Plug was pulled through the internal opening

Plug was secured at the interal opening

‘The excess plug was trimmed of and the rectal mucosa was
closed over the plug

“The plug was trimmed flush with the skin

It was then secured with a stitch on one side of the external
opening (15 procedures) or left unsecured (49 procedures)

Tract was irrigated with saline or hydrogen peroxide
§1S-anal-fstula plug

“The fistula plug was inserted from the internal opening

The rectal mucosa was closed over the plug at the interal
opening along with a deep suture through the internal
sphincter

Special attention has been made so ensure that the external
opening was not completely occluded

SiS-anal-fstula plug
Plug was pulled through the track from the internal opening

Any excess plug was cut flush with the internal opening

‘The internal opening was then closed over the plug including the
submucosa and internal sphincter muscle

The distal end of the plug was sutered to the side of the
external opening taking, care not to occlude it and allow
drainage
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Reference

Christoforidis
et al. (37)

Chung et al. (38)
Chung et al. (40)

Wang et al. (39)

Ortiz et al. (28)

Schwandner
and Fuerst (30)
Schwandner et al.
31)

Surgical technique

Fistula irrigated with hydrogen peroxide

SIS-anal-fistula plug

Suture fixation of the internal opening

The excess plug was trimmed of and the rectal mucosa was
closed over the plug

Plug was trimmed flush at skin level and was secured at the
external opening in only 30%

Hydrogen peroxide installation

SIS-anal-fistula plug

Excess plug material was trimmed flush with the mucosa
at the internal opening and at the external fistula opening at
skin level

Sutures were used to secure The plug to the internal
sphincter muscle and to cover the mucosal opening of the
fistula

The external end of the plug was secured to 1 side of the
external fistula opening

Fistula tract irrigation with hydrogen peroxide

Plug was pulled through internal opening of the fistula

“The plug was then trimmed

The head of the play was secured to the internal opening
by a suture incorporating mucosa, submucosa and internal
sphincter

Closurre of the internal opening of the fistula over the plug
No fixation of the plug to the external opening

Injection of hydrogen peroxide

SIS-anal-fistula plug

Suture fixation of the plug to the internal sphincter
Closure of the internal opening of the fistula over the piug
Gare was taken to ensure that the external orifice of the
fistula was not completely occluded o that the track
could drain

The remaining Plug was cut of the level of the external
opening

Fistula passage was rinsed with hydrogen peroxide and
debrided with a soft-bristle brush

The external fistula opening was debrided

SIS-anal-fistula plug

Insertion Into the fistula through internal opening

Plug was fixed with several sutures to the sphincter muscle
and the inner fistula opening closed

The external fistula opening was kept open to allow
drainage

Plug was trimmed, but not fixed to the external opening

Reference

Zubaidi and
Al-Obeed (32)

Adamina et al
[£)

McGee et al. (34)

El-Gazzaz et al.
(36)

Lupinacci et al.
(35)

van Koperen et al
@9

Surgical technique

Curetage and iigation with hydrogen peroxide

Plug was inserted through the internal opening

Excess fistula plug was trimmed from both ends

Plug was buried into the primary opening using a figure-of-
eight absorbable suture, which was inserted deep into the
internal sphincter muscle

At the secondary opening the tip of the plug was tacked
1o the edge, making sure to not completely occlude the
secondary opening to allow drainage of exudates

No irigation
SiS-anal-fstula plug

Plug was inserted through the internal opening

Plug sutured to the internal sphincter

“The tip of the plug was cut at skin level and not sutured to
allow drainage

Irrigation with hydrogen peroxide

SiS-anal-fistula plug

Plug was pulled from the intemal opening into the fistula
Excess fistula plug was trimmed from both ends

“The fistula plug was fixed and buried within the interal
sphincter at the internal opening

Avoidance of occluding the external opening

Irrigation with hydrogen peroxide

SiS-anal-fistula plug

Puil-through technique from the intemal to the external opening
Fixation to the internal sphincter muscle

Plug material was trimmed

Former internal opening was closed deeply with sutures

Plug material at the external opening was trimmed at skin level
No further fixation

Tract washed out with hydrogen peroxide
Plug was inserted via the primary internal orifice and pulled
toward the external orifice

Plug was cut flush with the anal mucosa

Plug was anchored With sutures to the internal sphincter
Plug was carefully covered with anal mucosa

The external orifice was left open

Plug was cut again and affixed to the skin

Clearing of the fistula tract with hydrogen peroxide

Plug was pulled in the tract from the internal opening

Plug was trimmed

Plug was sutured in place with of least two sutures

The external opening was left open to allow for drainage of
the tract
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Author

Blom et al. (50)

Adamina et al.
61)

Year Conflict
of
interest

2014 NR

2014 NR

Study
design

Retrospective
case series

Prospective
case series

LoE Patients
4 126
4 a6

Follow-up  Success

rate
Median: 24%

13 months

Median: 43.5%
68.1 months

Surgical technique

Fistula track was flushed clean with saline or hydrogen peroxide and brushed clean of biofim
SiS-anal-fistula plug

Plug was fixed to the internal sphincter

Any redundant plug was trimmed of the skin level

The external opening was excised to secure drainage

Irrigation of track with saline or hydrogen peroxide

SiS-anal-fistula plug

Plug was inserted through the internal fistula opening

Plug was sutured to the internal sphincter

The tip of the plug was cut at the skin level and not sutured, left open for drainage
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Author  Year Conflict Study LoE Patients Follow-up  Plug material Success Surgical technique

of design rate
interest
Songetal. 2008 NR Prospective 4 30withlowanal ~ 80days  Human 100%  Instilltion of hydrogen peroxide
(53) case series fistula. acelular The plug was cut out with three or four strips.
dermal matrix The ADM - plug was pulled trough from external to internal opening
(ADM) The ADM - material was inserted deep to the internal sphincter
The excess was at skin level
Care was taken to avoid complete closure of the outer opening to allow drainage. At the end of
the procedure, the plug was completely buried within the fistula tract
Hammond 2010 Yes RCT 20 26 (twointer- Medan:  Porcine 54%  The collagen implant was cut into a strip that approximated the dimensions (width and length) of
etal. (54) sphincteric, seven 29 months  acellular the fistula tract
mid transsphinteric, dermal matrix, Drawn into position via the inner opening
four low cross-linked Excess material was trimmed at the internal and external opening
transsphinteric (Permacol) Implant sutured into the tract at both openings
The mucosa at the internal opening was closed over the tip of the implant
Hanetal. 2011 NR Prospective 4 114 Medan:  Human 54.4%  Instilation of hydrogen peroxide
(55) case series 19.5months  acelular Mechanical debridement with a blunt curette
dermal matrix A conical biologic plug was fashioned from a
35 cm sheet of human ADM
The plug was pulled tip-first nto the internal opening
The excess plug was trimmed flush with the primary opening
‘The plug was sutured deep into the interal sphincter
/ADM material protruding from the secondary opening was trimmed at skin level
No further fixation
Sazo 2018 NR Prospective 4 12 Mean: Porcine 75%  The design of the plug (wedge-shaped with sharp edges) neutralizes the forces of axial
et al. (56) case series 93 months  acelular displacement and rotation
dermal matrix Mechanical courettage of the fistular tract was performed

‘The device was pulled into the fistuia track from the internal opening
A small mucosal periorificial flap was created

The plug was then secured to the internal sphincter

The interal opening was then closed with a mucosa plastic

The plug was sutured to the external opening

Finally the external opening was enlarged for drainage
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Author  Year Conflict Study design LoE Patients Follow-up Success Surgical technique

of rate
interest

dela 2011 NR Prospective 3 19 12months 16.8%  The button or disc of the synthetic plug was secured in place at the

Portila observational internal opening with 2 or 3 sutures. The number of tubes was removed

etal study based on the estimated diameter. The remaining tubes were sutured

(60) together. Tubes were visible at the external opening

Ommer  2012a yes Prospective 3 12 6months  50% Fixation of the button or disc of the synthetic plug to the sphincter at the

etal observational internal opening. Coverage of the button by a mucosa flap. Excision of the

61) study external opening for better drainage

Ratto 2012 NR Prospective g 11 Smonths 72.7% A smal submucosal pocket was created around the internal opening.

et al observational The submucosal pocket was closed including the disc of the plug in

(62) study the suture. The excess tubes were trimmed of the base of the disc. The
prutrading tubes were trimmed 2-3 mm beyond the surface of the perianal
skin. The external opening was left open to drainage.

Ommer 20120 yes Mulicenter 4 40 6months  50% See Ommer et al. (61)

etal retrospective

63) case series

Heydari 2013 yes Retrospective 4 49 12months 69.3%  The button or disc was fixed to the mucosa by the use of absorbable

etal case series sutures. One suture was run through the distal ends of the retained tubes

(64) 10 pull them together. Any tube segments that prutraded beyond the
perineal skin were trimmed 1om over skin level

Stamos 2015 yes Prospective 3 93 12months 49%  The button or disc was sutured to the anorectal wall by using at least

etal multicenter 3 sutures. Button or disc was not covered by mucosa. The end of the

(59) case series retained tubes was trimmed flush with the skin. No sutures were placed in

the external opening, which was left sufficiently open to allow drainage
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Study design

Retrospective
case series

Retrospective.
case series

Retrospective
case series

Retrospective
case series

Retrospective.
case series

Patients characteristic

=137 male patients
n=16 emergency cases

=15 potentially or
grossly contaminated
field

=10 sports hernia,
Professional or amateur
athletes

=38 patients with 45
primary and 6 recurrent
inguinal hernias

n=11

Mesh material

Porcine dermis
(Zenoderm)

sis
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sis

Intervention details
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Notaras-technique

Laparoscopic TAPP

TEP; 7cm x 10cm
mesh size, fixation with
five tacks (Protack),
one patient had only
fibrin glue fixation

TEP; 7cm x 10cm
mesh size, fibrin glue
fixation

TAPP; Fibrin glue
fixation

Follow-up

Mean:
48months

Median:
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(1-30)

12months

Mean:
13months
(1-30)

Mean:
14.5 % 1month

Outcome Conflict of

interest
Two recurrences NR
(1.25%)
No recurrence NR
Nine improved, NR
one not
One recurrence NR
(2%) three
patients chronic
pain (7.9%)
One recurrence NR

LoE
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TABLE 2| Continued

References Study

design
Sharp Retrospective
etal.(37)  case-control
Ward Prospective
etal. (38)  case series
Watson  Double

etal. (39  bind RCT

Patient Mesh
characteristics material
n=52 SIS or
Pediatric patients HACD
with hernia
recurrence

54 HACD
Sliding, n =14
Paraesophageal,
n=40
Recurrent, n =3
n=126 sis

Herniation of >50%
of the stomach

Intervention
details

Suture repair, n =26
Mesh repair, n = 25

Suture repair with #0
polyethylene sutures
U-shaped 4 cm x 7cm mesh
anchored with 8-10 #2-0
polyethylene sutures

Suture repair, n = 43
Ti-mesh, n=42

SIS, n=41

Granderath buttress technique
2-3cm x 4-5cm mesh
posterior repair anchored with
sutures or tacks

Follow up

NA

Min. 6months
uGis

6months
UGEE + UGIS
12-month
symptom
outcome

Outcome

23.1% (suture) vs.
569% (mesh) of
patients presented
fever, p=0.02
Mean max
temperature
37.8:+0.7 (suture)
v5.38.6:£09
(mesh), p=0.002

7.4% recurrence
13% attrition

Similar dysphagia
rates

7.9% (suture) vs.
5.9% (SIS) vs. 0%
(Ti-mesh) recurrence
(non-significant)

Conflictof  LoE?

interest

None

Yes

No

2

UGS, barium contrast upper gastrointestinal series; UGIE, upper gastrointestinal endoscopy; LOE, level of evidence; RCT, randomized controled trial; SIS, small intestine submucosa,

HACD, human acelluar cadaveric dermis; LESF, lower esophageal sphincter pressure; BMI, body mass index; VATS, video-assisted thoracoscopic surgery.

2Based on the Oxford Centre for Evidence-based Medicine - Levels of Evidence (March 2009).
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Reference

(®)
Abstract only

©)

()
Abstract only

(10)

Study design

Prospective
blinded
randomized trial

Prospective
double-blinded
randomized trial

Prospective
randomized trial

Prospective
blinded
randomized trial

Double-blinded
RCT

Prospective,
double-blinded,
single-center
randomized trial

Prospective,
double-binded,
multicenter

randomized trial

Patients Mesh
characteristic material

140 Collagen mesh

primary vs. polypropylene

inguinal

hernias

n=20 SiSvs.

primary polypropylene

inguinal

hernias

n=45made  SSvs

patients with  polypropylene

inguinal vs. polylactic and

hernia polypropylene

201 Porcine dermal

collagen vs.
polypropylene

n=70 SiSvs.

primary polypropylene

inguinal

hernia

n=100 Biodesign
Inguinal Hernia
Matrix (IHM) vs.
polypropylene

n=172 Strattice vs.
Ulrapro

Intervention
details

Open
procedures

Lichtenstein in
general or spinal
anesthesia

Lichtenstein in
local anesthesia

Open procedure

Lichtenstein in
general or spinal
anesthesia

Lichtenstein in
local anesthesia

Lichtenstein in
local or general
anesthesia

Follow-up

12months

6months

Mean:
12months
(1-16)
24months

36months

12months

3months

Outcome Contflict of

interest

One recurrence n each NR
group

No recurrence, no wound NR
infection, no

post-hemioplasty acute

and chronic

pain/discomfort,

parenteral/oral analgesic
consumption were lower in
surgsis group

No recurrence, NR
postoperative pain lower

with SIS, full recovery

shorter with SIS

No difference in recurrence  NR
rate, collagen repairs had
improved pain scores

One recurrence inthe PP NR
group; significant lower

pain degree for the SIS

group

Three recurrences in the Grant from
1HM group vs. O in the producer of

polypropylene group 1HM
(p=0.11). Persistent pain

trended higher in the

polypropylene group

No recurrence, no wound Grant form
complication, impairment producer of
caused by the hernia Strattice

decreased significantly in
both groups, less
postoperative pain days 1
and 3 in the Strattice group

LoE

1b

b

b

b

1b

b

1b
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References Study Patient Mesh  Intervention Follow up Outcome Conflictof ~ LoE®

design  characteristics material details interest
Teicher Case 25years old HADM  Open tension-free repair  6months No recurrence NR 5
etal (15 report  Acutecase withadom x 4cmmesh  Chest Xeray

Grade IV left-sided Anchorage with a 3-0

diaphragm rupture polydioxanone running

suture

Puido Case 70years old HADM  Laparoscopic NR Empyema, bile leak, NR 5
etal.(16) repot  Chronic case cholecystectomy and biliary effusion of

Accident 41years. Anchorage with the right pleura

before - no surgery interrupted #0 ERCP and VAT

Inflamed gallbladder and polyethylene sutures pleurodesis

small bowel herniated
A-Nouri  Case =4 HADM/  Thoracotomy or 1-2years No recurrence NR 4
etal.(17) seies  2right-sided, 2left-sided SIS thoracotomy/laparotomy ~ Chest X-ray

diaphragm ruptures repair

3 chronic cases, 1 acute Suture approximation and

case mesh reinforcement

1 case of concurrent Pleurodesis in the case of

pleural empyema pleural empyema

HADM, human acellular dermal matrix; SIS, small intestine submucosa; ERCR, endoscopic retrograde cholangiopancreatography; VAT, video-assisted thoracoscopy; LOE, level of
evidence.
2Based on the Oxford Centre for Evidence-based Medicine — Levels of Evidence (March 2009).
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Reference ~ Study type Quality N(mesh/ Patient characteristics  Intervention Comparison Length of Outcome measure
assessment  no mesh) follow-up (months)
Boutos  Non-comparative  MINORS 8- Midine laparotomy for Intraperitoneal - Mean 6.3 Seven patients had no abdorminal wall morbidity.
etal. (24)  case series score 5/16 cytoreductive surgery Su One patient had an incisional hernia and
and HIPEC in peritoneal 20 om x 20 om fixed entero-cutaneous fistula following re-iaparotomy
carcinoma patients with PDS sutures. 2 weeks after the primary operation

General comments: very low MINORS score of this case series. Follow-up inadequate to make conclusion about incisional hernia rate

Funding: no direct funding; speakers fee from Cook
Study registration: no

Uaguna  Prospective MINORS 184 Patients undergoing gastric  Intraperitoneal
etal. (25)  case-control score19/24  (59/75)  bypass surgery with midline  Alloderm 16-cm long
study laparotomy and 6-cm wide, fixed

with PDS sutures

Sutured with PDS no Mean 17.3
1, running suture

Incisional hernia: mesh: 1/44 (2%); no mesh:
11/62 (18%); p = 0.014 (OR 0.06)

General comments: prospective single surgeon non-randomized study, with adequate follow-up. Statistical significant differences on the number of patients with some confounding factors were seen: prior abdominal

surgery, postoperative BMI
Funding: not mentioned
Study registration: no

sarr RCT JADAD 402 Patients undergoing gastric  Intraperitoneal
etal. (7) score2/5  (185/195)  bypass surgery with midine  Surgisis 8-om wide
laparotomy fixed with PDS
sutures

Suture
non-absorbable and
absorbable, running
suture

24 Incisional hernia: mesh: 32/185 (17.3%); no mesh:
38/196 (19.5%); p = 0.60; wound infections:
11.9% versus 3.6% (p < 0.003); wound seroma:

4.9% versus 0.5% (p < 0.01)

General comments: open label RCT with adequate sample calculation and power. Showed no difference in incisional hernia rate. The number of clinically relevant wound infections and wound seroma was significant

higher in the Mesh group
Funding: industry-funded study (Cook Biotech, Inc., West Lafayette, IN, USA)
Study registration: www.ClinicalTrials.gov NCT00274625

Bali RCT JADAD 40 Elective midiine laparotomy  Onlay periguard

etal. 2) score 1/5 (20/20) for AAA repair 8-cm wide fixed
with non-absorbable
sutures.

General comments: small open label RCT, no sample size calcuiation. Prophylactic mesh was effective and safe
Funding: not mentioned
Study registration: no

Sutured with PDS no 36
1, running suture

Incisional hernia: mesh: 0/20 (0%); no mesh: 6/20
(329%); estimate freedom of incisional hernia was
significantly higher for the mesh group (o < 0.008)
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Reference  Study type Quality N Patient Intervention Comparison  Length of Outcome

assessment (mesh/no mesh)  characteristics follow-up  measure
Bhangu  Non-comparative MINORS 7/~ Patients with Intraperitoneal  ~ 30days  One superficial
etal (26)  case series score 4/16 temporary ileostomy  Strattice 3-om wound infection.
needing stoma closure  overiap fixed with No early hernias
PDS sutures

General comments: very low MINORS score of this case series. Follow-up inadequate to make conclusion about incisional hernia rate. This study is a pilot study on
the safety of the technique, before starting a large RCT

Funding: industry-funded study

Study registration: part of the ROCCS study: www.ClinicalTrials. gov NCT02238964

Maggiori  Matched MINORS 94 (30/64) Closure of adiverting ~ Retro-muscular  Two layer 1year  Radiological
etal. (27)  case-control score 15/24 ileostomy following  Meccelis mesh  continuous incisional hernia
study rectal cancer resection  10cm x 10cm,  suture of rate mesh: 1/30
fixed with prolene  anterior and (3%); no mesh:
sutures posterior fascia 12/64 (19%)
with Vicryl 1 p=0043

General comments: Significant reduction of the number of incisional hernias at the stoma wound diagnosed with CT scan. No difference in morbidity
Funding: industry-funded study
Study registration: no






OPS/images/cover.jpg
SOFT-TISSUE
RECONSTRUCTION USING
BIOLOGIC TISSUE MATRIX:
WHERE DO WE STAND?

EDITED BY:
PUBLISHED

@ frontiers Research Topics





OPS/images/fsurg-03-00016-g007.jpg





OPS/images/fsurg-03-00016-g008.jpg
B N
o S

Dysphagia 1 - 2 yrs postoperatively (%)
s

Synthetic meshes

avoiding the esophagus

0.* L L

5 10 15 20
Recurrence (%)

25

30

40





OPS/images/fsurg-03-00016-g009.jpg
10

20

Biological meshes
avoiding the esophagus

30 40 50
Recurrence (%)

60





OPS/images/fsurg-03-00016-g001.jpg





OPS/images/fsurg-03-00016-g002.jpg





OPS/images/fsurg-03-00016-g003.jpg





OPS/images/fsurg-02-00067-g001.jpg
Ventrallinsicional hernia
mesh infection

Conservative treatment
¢  savemesh
¢ local wound care
¢ VAC treatment

Two stage procedure

VAC - wound
treatment

Conservative treatment
fails
¢ Meshremoval

Single stage procedure

*  Sublay mesh
(biologic or
synthetic)

«  Fascial closure

l

. Sublay mesh
(biologic or syntethic)
. Component
separation
«  Fascial closure

Sublay mesh
(syntethic)
Component
separation
Bridging of mesh






OPS/images/fsurg-03-00016-g004.jpg





OPS/images/fsurg-03-00016-g005.jpg





OPS/images/fsurg-03-00016-g006.jpg





