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Although laparoscopic IPOM is still the gold standard in ventral hernia repair, it is subject of a slow but constant decline, while new minimally invasive techniques are increasingly used, as well as open retromuscular repairs. One of the reasons are the intraperitoneal mesh position and its suspected higher risk for creating intraabdominal adhesions, compared to extraperitoneal mesh positions. In potential subsequent operations (e.g., in recurrent ventral hernia repair) adhesions usually must be taken down, which is a known risk factor for complications such as inadvertent enterotomies, surgical site infections and prolonged hospital stay. In this review we evaluate the incidence of intraabdominal adhesions after ventral hernia repair and their potential impact on surgical outcome in subsequent operations. Special attention is paid to the impact of mesh position in developing adhesions.
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INTRODUCTION
Laparoscopic repair of ventral or incisional hernias with intraperitoneal mesh (laparoscopic IPOM) is still the gold standard of care, with low rates of surgical and general postoperative complications as well as complication-related reoperations [1, 2].
Many factors are thought to influence the postoperative outcome of laparoscopic IPOM [2]. More recently the intraperitoneal mesh and its potential effects are in the focus of hernia surgeons worldwide. The main concern roots from the intraperitoneal mesh position and its potential adverse events. Subsequentially, the laparoscopic IPOM seems to be on a decline, which has been shown in a recent large hernia registry analysis [3]. In contrast, alternative techniques such as minimally-invasive extraperitoneal repairs eTEP (extended totally extraperitoneal plasty or total extraperitoneal repair) or MILOS (Mini Less Open Surgery) are on a rise [3–5]. They show advantages over laparoscopic IPOM and open mesh repair [4] with significantly lower rates of mesh-related complications, bowel obstructions, mesh infections, fistulae, and mesh-related reoperations in the 5-year follow-up. Surprisingly, open retromuscular repairs are increasingly used as well [3], although the disadvantages of this approach especially regarding wound complications are well documented [4].
There are well documented surgeon-related [6] and patient-related factors [7–9] regarding the postoperative outcome in laparoscopic IPOM. Also, mesh-related problems have been described, which may have rooted from a design flaw [10–13]. In addition, mesh features including textile and structural components seem to play an important role for postoperative outcomes, such as recurrence and mesh-related complications. Under ideal circumstances the mesh should combine antimicrobial features, excellent tissue integration to the abdominal wall, long-lasting and strong mechanical performance, low rate of visceral adhesion and minimal inflammatory response or foreign body reactions [14]. The only approved preventive mesh features against adhesions are anti-adhesive barriers, such as implanted hydrogels, that physically separate internal tissues following surgery. Although gel-coated meshes with antiadhesive barriers are routinely used for laparoscopic IPOM repairs [14], data show that the clinical use of hydrogels has not yet significantly reduced the incidence of adhesion-related disease, challenging the long-lasting effect of anti-adhesive barriers [15]. Mesh features seem to be of importance, since the risk of re-operation with potential adhesiolysis is affected by type of mesh too [16]. Therefore, further developments in mesh technology a needed to improve the composite membranes and other features to reliably preventing intraabdominal adhesions [17].
In this review article we want to evaluate the incidence of mesh-related adhesions after laparoscopic IPOM, the process of adhesions development, the symptoms they can create and what clinical impact they may have.
HOW OFTEN WILL ADHESIONS DEVELOP AFTER ABDOMINAL SURGERY AND VENTRAL HERNIA REPAIR?
Intraabdominal adhesions are an inevitable consequence of any abdominal surgery. Most patients who undergo subsequent abdominal surgery will present adhesions from previous operations and require adhesiolysis [18, 19] in most cases. The reported incidence of intraperitoneal adhesions after general abdominal operations ranges from 67%–93% [20, 21]. Generally, laparoscopic operations carried the lowest risk for forming adhesions [22]. To prevent adhesions careful tissue dissection and minimal trauma during surgery seems of utmost importance to reduce the risk of adhesions, which includes limiting tissue damage and the amount of foreign material, such as sutures, drains and meshes [23].
For most patients, adhesions are of no adverse consequence, but to some they are troublesome. Approximately one-third of the patients undergoing intraabdominal surgery are later readmitted to the hospital for problems possibly related to these adhesions with rates of adhesion-related re-operations in up to 5% [24, 25]. Especially major abdominal operations carry a high risk for adhesion-related complications after the surgery. For example, the 5-year hospitalization risks for bowel obstruction due to adhesion-related complications are reported to range between 11% and 25% [22]. Band adhesions are the most common cause of intestinal obstruction, with as many as 20% of patients readmitted with symptoms suggestive of obstruction at some point following major abdominal surgery [26, 27]. When operating on this patient group, adhesions will likely cause lengthy, time-consuming, and potentially dangerous tissue and bowel dissection, in which inadvertent enterotomy occurs in at least 5% [27]. Therefore, post-surgical peritoneal adhesions are a major health burden for patients and healthcare providers, accounting for over 300,000 additional abdominal operations per year in the United States of America with annual costs of several billion dollars [28].
When it comes to hernia surgery, especially IPOM meshes are under suspicion of causing extensive adhesions, which has led to a downward trend in the use of laparoscopic IPOM in the last decade [3]. It must be stated that adhesions form in the majority of laparoscopic IPOM meshes despite their anti-adhesive barrier [29, 30]. In one register study it was demonstrated that patients having undergone laparoscopic IPOM have an increased risk of bowel obstruction compared with patients who have a similar surgical history but no laparoscopic IPOM repair [31]. In a series of re-do laparoscopies following laparoscopic IPOM 42% of patients had omental and 11% had serosal bowel adhesions to the mesh [32]. The degree and extend of adhesions after laparoscopic IPOM show an association of the unique properties of the mesh and the anti-adhesive barrier [33]. For example, when polypropylene mesh with omental interposition was used, 35% of patients showed detectable adhesions during ultrasound examinations [34]. In contrast, mild and moderate adhesions where seen in 83% of cases during re-operations in patients who underwent laparoscopic IPOM with anti-adhesive barriers [35]. There are also studies comparing different IPOM meshes and their potential difference in adhesion-related complications such as postoperative ileus [11–13]. There have been differences reported, but the main limitation of some studies is their retrospective character, with low generalizability for clinical practice [12, 13]. One prospective comparative study could not demonstrate significant differences between the compared meshes [11].
Recurrence and potential reoperation are inevitable consequences after ventral hernia repair showing only minor differences between open, laparoscopic and robotic-assisted techniques [36, 37]. Also, adhesions related complications seem to appear in all kinds of mesh position (retromuscular, preperitoneal and intraperitoneal) in ventral hernia repair. For example, the 5-year hospitalization risks for bowel obstruction thought to be adhesion-related are reported to be up to 14% after abdominal wall hernia surgery [22, 38]. There is also data suggesting advantages of laparoscopic IPOM compared to open retromuscular repair. A long-term prospective register study of the Danish Hernia database, which included 3,242 elective incisional hernia operations from 2007 to 2010 with a median follow-up period of 60 months and 100% follow-up rate, reported mesh-related complication rates of 5.6% after open mesh and 3.7% after laparoscopic mesh repair [39], questioning the fear of higher adhesions in IPOM meshes. It could be shown that mesh-related surgical complication after the index hernia repair appear significantly earlier in the open mesh group compared to the laparoscopic IPOM group (11 vs. 24 months). On the other hand, life-threatening complications occurred in 0.9% of patients with open mesh repair and 1.8% of patients with laparoscopic mesh repair, without reaching a level of statistical significance. Open mesh repair was shown to be a risk factor per se for long-term complications in a propensity-adjusted analysis (HR 2.36, p > 0.01), showing more patients requiring re-operations due to mesh-complications in the open repair group compared to the laparoscopic IPOM group. Re-do operation as such and not particularly IPOM meshes seem to be the major reason for higher rates for intraoperative, postoperative and general complications in recurrent incisional hernia repair [37, 40, 41]. A study evaluating American healthcare data from Medicare including 85′663 patients with a 5-year follow-up showed that initial major abdominal operations (25% vs. 8%, p < 0.001) and incisional hernia repairs (12% vs. 1%, p < 0.001) carried the highest risk for adhesion-related complications compared to their control groups [22]. This data questions the role of the mesh and its position as a risk factor for developing adhesions too.
WHAT ARE THE REASONS FOR DEVELOPING ADHESIONS
The development of intraperitoneal adhesion has not yet been fully understood but is associated with patient-related, mesh-related, procedure-related and molecular-level factors [42]. The critical period when most adhesions form is the first week after implantation of the mesh [43]. It cases of laparoscopic IPOM it has been shown that larger meshes and higher Charlson morbidity index of the patients are independent predictors for developing adhesions [44]. Also, it could be shown in animal studies that higher CO2 insufflation pressure in laparoscopic surgery and peritoneal desiccation seem to promote more adhesions [45]. On the cellular and molecular level the process of developing adhesions contains a complex cascade of inflammatory processes suppressing fibrinolytic activity [46]. For example, intraoperative contamination of gut microbes increases the risk of post-surgical adhesion formation. This transformation is driven by epidermal growth factor receptor (EGFR) signaling [47]. The post-surgical adhesions form when two mesothelial surfaces are attached to each other by connective tissue by a fibrotic reaction. This process can be initiated by coagulation, aggregation of macrophages, and intercellular adhesions between mesothelial cells [48–50].
DIAGNOSTIC IMAGING AND PATTERNS OF ADHESIONS
Besides detailed medial history taking and profound abdominal examination there are several potential imaging-based diagnostic tools including ultrasound and magnetic resonance imaging (MRI) [44, 51–53]. MRI can detect adhesions between bowel and abdominal wall in a reliable way, showing that adhesions are formed both after open and laparoscopic hernia mesh repair [44]. MRI evaluations revealed a certain pattern on how adhesions form in the abdominal cavity. Adhesion formation between bowel and abdominal wall after ventral hernia repair with mesh seem to form more often in der periumbilical area and the lower mid abdomen in the suprapubic region [44]. Especially small bowel seems to be at risk for forming adhesions, while colon almost never seems to form adhesions to the mesh or the abdominal wall [44].
INTRAPERITONEAL ADHESIONS AND CHRONIC ABDOMINAL PAIN
Besides intestinal obstruction due to band adhesions which require treatment including adhesiolysis [26, 27] one of the assumed problems of intraabdominal adhesion is chronic abdominal pain, which has been reported with a prevalence of up to 40% after general abdominal operations [54]. In older pathology studies is was revealed that adhesions contain nerve fibers and may itself cause pain [48, 55, 56], and adhesions can stimulate stretch receptors in the smooth muscle of the abdominal wall and the bowel [23]. However, this hypothesis has never been proven in more recent studies. In addition, adhesions cause intraabdominal fibrotic scarring, resulting in restricted organ movement, and potential bowel obstruction and infertility, creating a significant economic burden [25, 57]. Awake laparoscopy revealed that filmy adhesions between a movable structure, such as an ovary and the peritoneum had the highest pain scores. Fixed or dense adhesions, no matter where they were located, had the lowest pain scores [58]. However, although there are several known risk factors for chronic postoperative abdominal pain such as patient characteristics, psychological factors, procedure-related factors and pre- and acute postoperative pain [54], there is no strong evidence that intraabdominal adhesions cause pain. This could be demonstrated by a large review of 196 papers [27], showing no clear evidence that chronic abdominal pain and intraabdominal adhesions are linked to each other. This is supported by MRI studies suggesting that adhesions form both after open and laparoscopic hernia mesh repair and are not associated with chronic pain [44]. Therefore, it remains a matter of debate if laparoscopic adhesiolysis is a sufficient treatment option in patients with chronic abdominal pain. In a double blinded randomized controlled trial comparing laparoscopy alone vs laparoscopic adhesiolysis in patients with chronic abdominal pain both treatment groups showed substantial pain relief and better QoL after the intervention [59]. A 12 years follow up revealed that laparoscopic adhesiolysis was less beneficial than laparoscopy alone in the long term. This emphasizes, that there appears to be a powerful, long-lasting placebo effect of laparoscopy alone, which may be explained by the fast that additional adhesiolysis is associated with an increased risk of intraoperative complications. In summary, avoiding adhesiolysis in diagnostic laparoscopy may result in less morbidity and healthcare costs with better results on the long run [60].
RISK OF INADVERTENT ENTEROTOMY IN REOPERATIONS
Inadvertent enterotomies as one of the most serious intraoperative complication occur in up to 2% of patients undergoing primary laparoscopic or robotic ventral hernia repair [61, 62]. Patients suffering from inadvertent enterotomy will be faced with a longer length of stay, higher healthcare cost, more infections, readmissions, re-operations and higher mortality rates [63].
In the last decade laparoscopic IPOM is subject of a clear decline [3]. This trend may be explained by the fact that surgeons fear intraabdominal adhesions after laparoscopic IPOM and complications which may be associated with an intraabdominal foreign material, especially during subsequent abdominal operations [63]. This apprehension is driven by the fact, that adhesiolysis during abdominal surgery can cause iatrogenic organ injury (inadvertent enterotomy), increased operative time and a prolonged recovery period, showing significantly lower pre- and postoperative functional status measured by SF-36 and DASI Score (p < 0.01) [64]. In an analysis of the Swedish National Patient Register between 2010 and 2019 including 29,360 umbilical and 6,514 epigastric hernia repairs, the risk of re-operation after umbilical hernia repair was significantly lower in open interstitial and open sublay repair compared to suture repair. In contrast, laparoscopic and open IPOM repairs had the same risk for re-operation compared to suture repair [37], showing a disadvantage of laparoscopic IPOM compared to interstitial and retromuscular mesh repairs. This trend however could not be demonstrated for epigastric hernia repair. Here, all repair techniques showed no difference regarding the risk of re-operation [37].
Considering the fact that all ventral hernia repairs can cause adhesions and lead to potential bowel obstruction after surgery [65], it is not surprising that reviewing the available data regarding potential risk of inadvertent enterotomy during re-do surgery after laparoscopic IPOM reveals contradictory study results. In one study it could be demonstrated that the rates of inadvertent enterotomies and unplanned bowel resection increases significantly in cases of recurrent hernia repair with previous mesh [66]. Another study revealed that bowel obstruction happens more often after laparoscopic IPOM compared to extraperitoneal mesh position, but this difference was found not to be statistically significant [65]. In contrast, the risk for developing adhesions especially after laparoscopic IPOM has been reported to be lower after laparoscopic compared to open hernia surgery [46].
DISCUSSION
Despite being the gold standard in ventral hernia repair laparoscopic IPOM technique is on a decline compared to open sublay repairs and new minimally invasive extraperitoneal techniques. One of the reasons may be the critical view of many surgeons on the intraperitoneal mesh position and the assumed risk of higher mesh-related complications. Although IPOM meshes are featured with anti-adhesive barriers, most of them will develop adhesions. Numerous animal studies have revealed differences of adhesion formations between different IPOM meshes. However, these results have never been followed-up in studies evaluating human patients. While adhesions do not seem to be linked to chronic abdominal pain after surgery, they carry the risk for bowel obstruction and inadvertent enterotomy during subsequent surgery. However, available data are contradictory if intraperitoneal mesh position is a risk factor for adhesions. It can be stated that all mesh positions can cause adhesions. In summary, the available data cannot support nor refute the concerns of higher rates of adhesions and adhesion-related complications after ventral hernia surgery with intraperitoneal meshes (IPOM).
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
FUNDING
The author(s) declare that no financial support was received for the research and/or publication of this article.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 1. Köckerling, F, Simon, T, Adolf, D, Köckerling, D, Mayer, F, Reinpold, W, et al. Laparoscopic IPOM Versus Open Sublay Technique for Elective Incisional Hernia Repair: A Registry-Based, Propensity Score-Matched Comparison of 9907 Patients. Surg Endosc (2019) 0:3361–9. doi:10.1007/s00464-018-06629-2
 2. Bittner, R, Bingener-Casey, J, Dietz, UA, Fabian, M, Ferzli, GS, Fortelny, RH, et al. Update of Guidelines for Laparoscopic Treatment of Ventral and Incisional Abdominal Wall Hernias (International Endohernia Society (IEHS)) — Part A. Surg Endosc (2019) 33:3069–139. doi:10.1007/s00464-019-06907-7
 3. Köckerling, F, Hoffmann, H, Zarras, K, Mayer, F, Fortelny, R, Reinpold, W, et al. What Are the Trends in Incisional Hernia Repair ? Real - World Data Over 10 Years From the Herniamed Registry. Hernia (2021) 25:255–65. doi:10.1007/s10029-020-02319-y
 4. Reinpold, W, Berger, C, Adolf, D, and Köckerling, F. Mini- or Less-Open Sublay (E/MILOS) Operation vs Open Sublay and Laparoscopic IPOM Repair for the Treatment of Incisional Hernias: A Registry-Based Propensity Score Matched Analysis of the 5-Year Results. Hernia (2023) 28:179–90. doi:10.1007/s10029-023-02847-3
 5. Korneffel, K, Nuzzo, W, Belden, CM, McPhail, L, and O’Connor, S. Learning Curves of Robotic Extended Totally Extraperitoneal (eTEP) Hernia Repair Among Two Surgeons at a High-Volume Community Hospital: A Cumulative Sum Analysis. Surg Endosc (2023) 37:9351–7. doi:10.1007/s00464-023-10349-7
 6. Christophersen, C, Fonnes, S, Baker, JJ, Andresen, K, and Rosenberg, J. Surgeon Volume and Risk of Reoperation After Laparoscopic Primary Ventral Hernia Repair: A Nationwide Register-Based Study. J Am Coll Surg (2021) 233:346–56.e4. doi:10.1016/j.jamcollsurg.2021.05.023
 7. Hauters, P, Desmet, J, Gherardi, D, Dewaele, S, Poilvache, H, and Malvaux, P. Assessment of Predictive Factors for Recurrence in Laparoscopic Ventral Hernia Repair Using a Bridging Technique. Surg Endosc (2017) 31:3656–63. doi:10.1007/s00464-016-5401-0
 8. Slater, NJ, Montgomery, A, Berrevoet, F, Carbonell, AM, Chang, A, Franklin, M, et al. Criteria for Definition of a Complex Abdominal Wall Hernia. Hernia (2014) 18:7–17. doi:10.1007/s10029-013-1168-6
 9. Ortega-Deballon, P, Renard, Y, de Launay, J, Lafon, T, Roset, Q, and Passot, G. Incidence, Risk Factors, and Burden of Incisional Hernia Repair After Abdominal Surgery in France: A Nationwide Study. Hernia (2023) 27:861–71. doi:10.1007/s10029-023-02825-9
 10. Köckerling, F, Simon, T, Hukauf, M, Hellinger, A, Fortelny, R, Reinpold, W, et al. The Importance of Registries in the Postmarketing Surveillance of Surgical Meshes. Ann Surg (2018) 268:1097–104. doi:10.1097/SLA.0000000000002326
 11. Verbo, A, Pafundi, P, Manno, A, Baccaro, R, Veneziani, A, Colli, R, et al. Polyvinylidene Fluoride Mesh (PVDF, DynaMesh®-IPOM) in the Laparoscopic Treatment of Incisional Hernia: A Prospective Comparative Trial Versus Gore® ePTFE DUALMESH® Plus. Surg Technol Int (2016) 28:147–51.
 12. Tandon, A, Shahzad, K, Pathak, S, Oommen, CM, Nunes, QM, and Smart, N. ParietexTM Composite Mesh Versus DynaMesh(®)-IPOM for Laparoscopic Incisional and Ventral Hernia Repair: A Retrospective Cohort Study. Ann R Coll Surg Engl (2016) 98:568–73. doi:10.1308/rcsann.2016.0292
 13. Domen, A, Stabel, C, Jawad, R, Duchateau, N, Fransen, E, Vanclooster, P, et al. Postoperative Ileus After Laparoscopic Primary and Incisional Abdominal Hernia Repair With Intraperitoneal Mesh (DynaMesh®-IPOM versus ParietexTM Composite): A Single Institution Experience. Langenbeck’s Arch Surg (2021) 406:209–18. doi:10.1007/s00423-020-01898-9
 14. Hu, W, Zhang, Z, Zhu, L, Wen, Y, Zhang, T, Ren, P, et al. Combination of Polypropylene Mesh and In Situ Injectable Mussel-Inspired Hydrogel in Laparoscopic Hernia Repair for Preventing Post-Surgical Adhesions in the Piglet Model. ACS (2020) 6:1735–43. doi:10.1021/acsbiomaterials.9b01333
 15. Ten Broek, RPG, Stommel, MWJ, Strik, C, van Laarhoven, CJHM, Keus, F, and van Goor, H. Benefits and Harms of Adhesion Barriers for Abdominal Surgery: A Systematic Review and Meta-Analysis. Lancet (2014) 383:48–59. doi:10.1016/S0140-6736(13)61687-6
 16. Baker, JJ, Oberg, S, and Rosenberg, J. Reoperation for Recurrence Is Affected by Type of Mesh in Laparoscopic Ventral Hernia Repair: A Nationwide Cohort Study. Ann Surg (2023) 277:335–42. doi:10.1097/SLA.0000000000005206
 17. Nikam, SP, Hsu, Y-H, Marks, JR, Mateas, C, Brigham, NC, McDonald, SM, et al. Anti-adhesive Bioresorbable Elastomer-Coated Composite Hernia Mesh that Reduce Intraperitoneal Adhesions. Biomaterials (2023) 292:121940. doi:10.1016/j.biomaterials.2022.121940
 18. Strik, C, Stommel, MWJ, Ten Broek, RPG, and Van Goor, H. Adhesiolysis in Patients Undergoing a Repeat Median Laparotomy. Dis Colon Rectum (2015) 58:792–8. doi:10.1097/DCR.0000000000000405
 19. Hellebrekers, BWJ, and Kooistra, T. Pathogenesis of Postoperative Adhesion Formation. Br J Surg (2011) 98:1503–16. doi:10.1002/bjs.7657
 20. Liakakos, T, Thomakos, N, Fine, PM, Dervenis, C, and Young, RL. Peritoneal Adhesions: Etiology, Pathophysiology, and Clinical Significance. Recent Advances in Prevention and Management. Dig Surg (2001) 18:260–73. doi:10.1159/000050149
 21. Adye, B, and Luna, G. Incidence of Abdominal Wall Hernia in Aortic Surgery. Am J Surg (1998) 175:400–2.
 22. Bensely, BB, Schermerhorn, ML, Hurks, R, Sachs, T, Boyd, CA, O’Malley, AJ, et al. Risk of Late-Onset Adhesions and Incisional Hernia Repairs after Surgery Rodney. J Am Coll Surg (2013) 216(Risk):1159–67.e12. doi:10.1016/j.jamcollsurg.2013.01.060
 23. MacFie, J. Do Intra-abdominal Adhesions Cause Pain?Br J Surg (2018) 105:9–10. doi:10.1002/bjs.10731
 24. Lower, AM, Hawthorn, RJ, Ellis, H, O’Brien, F, Buchan, S, and Crowe, AM. The Impact of Adhesions on Hospital Readmissions Over Ten Years after 8849 Open Gynaecological Operations: An Assessment From the Surgical and Clinical Adhesions Research Study. BJOG (2000) 107:855–62. doi:10.1111/j.1471-0528.2000.tb11083.x
 25. Ellis, H, Moran, BJ, Thompson, JN, Parker, MC, Wilson, MS, Menzies, D, et al. Adhesion-related Hospital Readmissions After Abdominal and Pelvic Surgery: A Retrospective Cohort Study. Lancet (1999) 353:1476–80. doi:10.1016/S0140-6736(98)09337-4
 26. Parker, MC, Wilson, MS, Menzies, D, Sunderland, G, Clark, DN, Knight, AD, et al. The SCAR-3 Study: 5-Year Adhesion-Related Readmission Risk Following Lower Abdominal Surgical Procedures. Color Dis (2005) 7:551–8. doi:10.1111/j.1463-1318.2005.00857.x
 27. ten Broek, RPG, Issa, Y, van Santbrink, EJP, Bouvy, ND, Kruitwagen, RFPM, Jeekel, J, et al. Burden of Adhesions in Abdominal and Pelvic Surgery: Systematic Review and Met-Analysis. BMJ (2013) 347:f5588. doi:10.1136/bmj.f5588
 28. Sikirica, V, Bapat, B, Candrilli, SD, Davis, KL, Wilson, M, and Johns, A. The Inpatient Burden of Abdominal and Gynecological Adhesiolysis in the US. BMC Surg (2011) 11:13. doi:10.1186/1471-2482-11-13
 29. Jamry, A, Jałyński, M, Łukasz, P, and Brocki, M. Assessment of Adhesion Formation After Laparoscopic Intraperitoneal Implantation of Dynamesh IPOM Mesh. Arch Med Sci (2013) 9:487–92. doi:10.5114/aoms.2013.35345
 30. Turcu, F, Arnautu, O, and Copaescu, C. Adhesiolysis-Related Challenges for Laparoscopic Procedures after Ventral Hernia Repair with Intraperitoneal Mesh. Chirurgia (Bucur) (2019) 114:39–47. doi:10.21614/chirurgia.114.1.39
 31. Delorme, T, Cottenet, J, Abo-Alhassan, F, Bernard, A, Ortega-Deballon, P, and Quantin, C. Does Intraperitoneal Mesh Increase the Risk of Bowel Obstruction? A Nationwide French Analysis. Hernia (2024) 28:419–26. doi:10.1007/s10029-023-02885-x
 32. Chelala, E, Debardemaeker, Y, Elias, B, Charara, F, Dessily, M, and Allé, JL. Eighty-Five Redo Surgeries After 733 Laparoscopic Treatments for Ventral and Incisional Hernia: Adhesion and Recurrence Analysis. Hernia (2010) 14:123–9. doi:10.1007/s10029-010-0637-4
 33. Jenkins, ED, Yom, V, Melman, L, Brunt, LM, Eagon, JC, Frisella, MM, et al. Prospective Evaluation of Adhesion Characteristics to Intraperitoneal Mesh and Adhesiolysis-Related Complications during Laparoscopic Re-exploration After Prior Ventral Hernia Repair. Surg Endosc (2010) 24:3002–7. doi:10.1007/s00464-010-1076-0
 34. Bingener, J, Kazantsev, GB, Chopra, S, and Schwesinger, WH. Adhesion Formation After Laparoscopic Ventral Incisional Hernia Repair with Polypropylene Mesh: A Study Using Abdominal Ultrasound. JSLS (2004) 8:127–31.
 35. Wassenaar, EB, Schoenmaeckers, EJP, Raymakers, JTFJ, and Rakic, S. Subsequent Abdominal Surgery After Laparoscopic Ventral and Incisional Hernia Repair With an Expanded Polytetrafluoroethylene Mesh: A Single Institution Experience With 72 Reoperations. Hernia (2010) 14:137–42. doi:10.1007/s10029-009-0568-0
 36. Fry, BT, Howard, RA, Thumma, JR, Norton, EC, Dimick, JB, and Sheetz, KH. Surgical Approach and Long-Term Recurrence After Ventral Hernia Repair. JAMA Surg (2024) 48109:1019–28. doi:10.1001/jamasurg.2024.1696
 37. Katawazai, A, Wallin, G, and Sandblom, G. Long-term Reoperation Rate Following Primary Ventral Hernia Repair: A Register-Based Study. Hernia (2022) 26:1551–9. doi:10.1007/s10029-022-02645-3
 38. Farmer, L, Ayoub, M, Warejcka, D, Southerland, S, Freeman, A, and Solis, M. Adhesion Formation after Intraperitoneal and Extraperitoneal Implantation of Polypropylene Mesh. Am Surg (1998) 64:144–6.
 39. Kokotovic, D, Bisgaard, T, and Helgstrand, F. Long-Term Recurrence and Complications Associated With Elective Incisional Hernia Repair. JAMA (2016) 316:1575–82. doi:10.1001/jama.2016.15217
 40. Hoffmann, H, Köckerling, F, Adolf, D, Mayer, F, Weyhe, D, Reinpold, W, et al. Analysis of 4,015 Recurrent Incisional Hernia Repairs From the Herniamed Registry: Risk Factors and Outcomes. Hernia (2020) 25:61–75. doi:10.1007/s10029-020-02263-x
 41. Subramanian, A, Clapp, ML, Hicks, SC, Awad, SS, and Liang, MK. Laparoscopic Ventral Hernia Repair: Primary Versus Secondary Hernias. J Surg Res (2013) 181:e1–e5. doi:10.1016/j.jss.2012.06.028
 42. Morales-Conde, S, Martín-Cartes, J, and Socas, M. Effect of Different Mesh Materials on Adhesion Formation BT - Hernia Repair Sequelae. In: V Schumpelick, and RJ Fitzgibbons, editors. Hernia Repair Sequelae . Berlin, Heidelberg: Springer Berlin Heidelberg (2010). p. 353–64. 
 43. Bellón, JM, Rodríguez, M, García-Honduvilla, N, Gómez-Gil, V, Pascual, G, and Buján, J. Real-time Monitoring of the Peritoneal Behavior of Composite Prostheses by Sequential Laparoscopy: Applicability in Ventral Hernia Repair. Cir Esp (2007) 82:290–6. doi:10.1016/s0009-739x(07)71727-x
 44. Langbach, O, Holmedal, SH, Grandal, OJ, and Røkke, O. Adhesions to Mesh after Ventral Hernia Mesh Repair Are Detected by MRI but Are Not a Cause of Long Term Chronic Abdominal Pain. Gastroenterol Res Pr (2016) 2016:2631598. doi:10.1155/2016/2631598
 45. Yesildaglar, N, and Koninckx, PR. Adhesion Formation in Intubated Rabbits Increases with High Insufflation Pressure during Endoscopic Surgery. Hum Reprod (2000) 15:687–91. doi:10.1093/humrep/15.3.687
 46. Brüggmann, D, Tchartchian, G, Wallwiener, M, Münstedt, K, Tinneberg, H-R, and Hackethal, A. Intra-abdominal Adhesions: Definition, Origin, Significance in Surgical Practice, and Treatment Options. Dtsch Arztebl Int (2010) 107:769–75. doi:10.3238/arztebl.2010.0769
 47. Zindel, J, Mittner, J, Bayer, J, April-Monn, SL, Kohler, A, Nusse, Y, et al. Intraperitoneal Microbial Contamination Drives Post-surgical Peritoneal Adhesions by Mesothelial EGFR-Signaling. Nat Commun (2021) 12:7316–7. doi:10.1038/s41467-021-27612-x
 48. Sulaiman, H, Gabella, G, Davis, C, Mutsaers, SE, Boulos, P, Laurent, GJ, et al. Growth of Nerve Fibres into Murine Peritoneal Adhesions. J Pathol (2000) 192:396–403. doi:10.1002/1096-9896(2000)9999:9999<::AID-PATH710>3.0.CO;2-4
 49. Zindel, J, Peiseler, M, Hossain, M, Deppermann, C, Lee, WY, Haenni, B, et al. Primordial GATA6 Macrophages Function as Extravascular Platelets in Sterile Injury. Science (2021) 371(80-):eabe0595–371. doi:10.1126/science.abe0595
 50. Fischer, A, Koopmans, T, Ramesh, P, Christ, S, Strunz, M, Wannemacher, J, et al. Post-Surgical Adhesions Are Triggered by Calcium-dependent Membrane Bridges between Mesothelial Surfaces. Nat Commun (2020) 11:3068. doi:10.1038/s41467-020-16893-3
 51. Aubé, C, Pessaux, P, Tuech, JJ, du Plessis, R, Becker, P, Caron, C, et al. Detection of Peritoneal Adhesions Using Ultrasound Examination for the Evaluation of an Innovative Intraperitoneal Mesh. Surg Endosc (2004) 18:131–5. doi:10.1007/s00464-003-9056-2
 52. Fischer, T, Ladurner, R, Gangkofer, A, Mussack, T, Reiser, M, and Lienemann, A. Functional Cine MRI of the Abdomen for the Assessment of Implanted Synthetic Mesh in Patients after Incisional Hernia Repair: Initial Results. Eur Radiol (2007) 17:3123–9. doi:10.1007/s00330-007-0678-y
 53. Lang, RA, Buhmann, S, Hopman, A, Steitz, H-O, Lienemann, A, Reiser, MF, et al. Cine-MRI Detection of Intraabdominal Adhesions: Correlation with Intraoperative Findings in 89 Consecutive Cases. Surg Endosc (2008) 22:2455–61. doi:10.1007/s00464-008-9763-9
 54. van Rijckevorsel, DCM, de Vries, M, Schreuder, LTW, Wilder-Smith, OHG, and van Goor, H. Risk Factors for Chronic Postsurgical Abdominal and Pelvic Pain. Pain Manag (2015) 5:107–16. doi:10.2217/pmt.14.47
 55. Sulaiman, H, Gabella, G, Davis Msc, C, Mutsaers, SE, Boulos, P, Laurent, GJ, et al. Presence and Distribution of Sensory Nerve Fibers in Human Peritoneal Adhesions. Ann Surg (2001) 234:256–61. doi:10.1097/00000658-200108000-00016
 56. Kligman, I, Drachenberg, C, Papadimitriou, J, and Katz, E. Immunohistochemical Demonstration of Nerve Fibers in Pelvic Adhesions. Obs Gynecol (1993) 82:566–8. doi:10.1097/00006250-199310000-00018
 57. Polymeneas, G, Theodosopoulos, T, Stamatiadis, A, and Kourias, E. A Comparative Study of Postoperative Adhesion Formation after Laparoscopic vs Open Cholecystectomy. Surg Endosc (2001) 15:41–3. doi:10.1007/s004640000269
 58. Demco, L. Pain Mapping of Adhesions. J Am Assoc Gynecol Laparosc (2004) 11:181–3. doi:10.1016/s1074-3804(05)60195-8
 59. Swank, DJ, Swank-Bordewijk, SCG, Hop, WCJ, van Erp, WFM, Janssen, IMC, Bonjer, HJ, et al. Laparoscopic Adhesiolysis in Patients with Chronic Abdominal Pain: A Blinded Randomised Controlled Multi-Centre Trial. Lancet (2003) 361:1247–51. doi:10.1016/s0140-6736(03)12979-0
 60. Molegraaf, MJ, Torensma, B, Lange, CP, Lange, JF, Jeekel, J, and Swank, DJ. Twelve-year Outcomes of Laparoscopic Adhesiolysis in Patients with Chronic Abdominal Pain: A Randomized Clinical Trial. Surg (United States) (2017) 161:415–21. doi:10.1016/j.surg.2016.08.014
 61. LeBlanc, KA, Elieson, MJ, and Corder, JM. Enterotomy and Mortality Rates of Laparoscopic Incisional and Ventral Hernia Repair: A Review of the Literature. JSLS (2007) 11:408–14.
 62. Krpata, DM, Prabhu, AS, Tastaldi, L, Huang, L-C, Rosen, MJ, and Poulose, BK. Impact of Inadvertent Enterotomy on Short-Term Outcomes after Ventral Hernia Repair: An AHSQC Analysis. Surgery (2018) 164:327–32. doi:10.1016/j.surg.2018.04.003
 63. Katzen, M, Sacco, J, Ku, D, Scarola, GT, Colavita, PD, Heniford, BT, et al. The Incidence and Impact of Enterotomy during Laparoscopic and Robotic Ventral Hernia Repair: A Nationwide Readmissions Analysis. Surg Endosc (2023) 37:6385–94. doi:10.1007/s00464-023-09867-1
 64. Strik, C, Stommel, MWJ, Hol, JC, van Goor, H, and ten Broek, RPG. Quality of Life, Functional Status and Adhesiolysis during Elective Abdominal Surgery. Am J Surg (2017) 215:104–12. doi:10.1016/j.amjsurg.2017.08.001
 65. Goullieux, M, Abo-Alhassan, F, Vieira-Da-Silva, R, Lauranne, P, Guiraud, A, and Ortega-Deballon, P. Primary Ventral Hernia Repair and the Risk of Postoperative Small Bowel Obstruction: Intra versus Extraperitoneal Mesh. J Clin Med (2023) 12:5341. doi:10.3390/jcm12165341
 66. Gray, SH, Vick, CC, Graham, LA, Finan, KR, Neumayer, LA, and Hawn, MT. Risk of Complications from Enterotomy or Unplanned Bowel Resection during Elective Hernia Repair. Arch Surg (2008) 143:582–6. doi:10.1001/archsurg.143.6.582
Conflict of Interest: 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 © 2025 Hoffmann and Kirchhoff. 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) and the copyright owner(s) 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.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Adhesions After Laparoscopic IPOM—How Serious Is the Problem?		Introduction

		How Often Will Adhesions Develop After Abdominal Surgery and Ventral Hernia Repair?

		What Are the Reasons for Developing Adhesions

		Diagnostic Imaging and Patterns of Adhesions

		Intraperitoneal Adhesions and Chronic Abdominal Pain

		Risk of Inadvertent Enterotomy in Reoperations

		Discussion

		Author Contributions

		Funding

		Generative AI Statement

		Publisher’s Note

		References









OPS/images/cover.jpg
Adhesions After Laparoscopic
IPOM—How Serious Is the
Problem?





OPS/images/logo.jpg
EUROPEAN
HERNIA
SOCIETY

@ JAWS [, ™ EHS





