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Abstract
BACKGROUND
Mesh plug (MP) erosion into the intra-abdominal organs is a rare but serious long-term complication after inguinal hernia repair (IHR), and may lead to aggravation of symptoms if not treated promptly. It is difficult to diagnose MP erosion as there are no obvious specific clinical manifestations, and surgery is often needed for confirmation. In recent years, with the increased understanding of postoperative complications, MP eroding into the intra-abdominal organs has been a cause for concern among surgeons.

CASE SUMMARY
A 50-year-old man was referred to the Department of General Surgery with the complaint of abdominal pain in the right lower quadrant for 2 d. He had a surgical history of right open IHR and partial thyroidectomy performed 20 years and 15 years ago, respectively. Computed tomography revealed a circinate high-density image with short segmental thickening of the ileum stuck to the abdominal wall, and no evidence of recurrent inguinal hernia. Laparoscopic abdominal exploration confirmed adhesion of the middle segmental portion of the ileal loop to the right inguinal abdominal wall; the rest of the small intestine was normal. Further exploration revealed migration of the polypropylene MP into the intraperitoneal cavity and formation of granulation tissue around the plug, which eroded the ileum. Partial resection of the ileum, including the MP and end-to-side anastomosis with an anastomat, was performed.

CONCLUSION
Surgeons should aim to improve their ability to predict patients at high risk for MP erosion after IHR. 
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Core Tip: Mesh plug (MP) erosion into the intra-abdominal organs is a rare but serious long-term complication after inguinal hernia repair. We report a rare case of MP erosion into the small intestine to improve surgeons’ knowledge regarding this complication. MP erosion should be included in the differential diagnosis of patients with a history of inguinal hernia repair who present with abdominal pain and the need for longer follow-up to detect MP erosion. When MP erosion is diagnosed, the most effective treatment is removal of the mesh and resection or repair of the involved organs.

INTRODUCTION
In 1974, Lichtenstein reported using a piece of mesh rolled into a cylindrical shape to form a plug for the repair of femoral and recurrent inguinal hernias[1]. Gilbert changed the shape of the mesh plug (MP) into an umbrella or a cone to keep the MP fixed to the anterior abdominal wall to prevent slippage. In 1989, Rutkow repaired a Gilbert type III hernia on the basis of Gilbert’s approach by discontinuous suture of the MP fixed to the edge of a dilated internal ring. Inguinal hernia repair (IHR) using an MP reduced the recurrence rate to 0.1% and became one of the most widely used approaches for IHR[2]. However, as the implanted MP is a foreign body, it is prone to infection, degeneration, shrinkage, migration, and erosion[3-5]. 
Mesh erosion is a term frequently used in the literature to describe any invasion of an organ by an entire or partial piece of mesh[3]. The sigmoid colon, urinary bladder and small bowel are the three most common sites of erosion. Rectal bleeding, colocutaneous fistula and sigmoiditis are the most frequent clinical indicators of digestive tract involvement; recurrent urinary tract infection and hematuria represent the most common symptoms of mesh-related bladder complications[5]. In recent years, with the increased understanding of postoperative complications, MP erosion into the intra-abdominal organs has been a cause for concern among surgeons. Herein, we report a rare case of MP erosion into the small intestine to improve the knowledge of surgeons regarding this complication.

CASE PRESENTATION
Chief complaints
A 50-year-old man (BMI of 24.3 kg/m2) was referred to the Department of General Surgery in January 2021 with the complaint of abdominal pain in the right lower quadrant. 

History of present illness
The patient’s symptoms started 2 d previously with abdominal pain in the right lower quadrant, which had worsened in the last 2 h. 

History of past illness
He had a surgical history of right open IHR and partial thyroidectomy performed 20 years and 15 years ago, respectively. 

Personal and family history
He performed light work and did not smoke.

Physical examination
Physical examination showed only tenderness in the right lower abdomen near the groin. There were no signs of peritonitis or reports of vomiting and fever.

Laboratory examinations
The laboratory examinations included assessment of tumor markers (alpha fetoprotein, carcinoembryonic antigen, carbohydrate antigen [CA] 125, CA15-3, CA19-9, and CA72-4); routine tests for blood and urine biochemistry; and stool tests. All test results were normal. 

Imaging examinations
Ultrasonography identified a locally discontinuous band of strong echo in the abdominal wall of the right inguinal area. An inhomogeneous echo mass (dimensions: 3.9 cm × 1.5 cm) was detected on its deep surface (Figure 1). A weak blood flow signal was detected within the mass via color Doppler flow imaging. Computed tomography revealed a circinate high-density image with a short segmental thickening of the ileum stuck to the abdominal wall, and no evidence of recurrent inguinal hernia (Figure 2).

FINAL DIAGNOSIS
MP erosion into the small intestine was diagnosed based on the reported clinical symptoms, laparoscopic abdominal exploration and postoperative pathology.

TREATMENT
Laparoscopic abdominal exploration confirmed adhesion of the middle segmental portion of the ileal loop to the right inguinal abdominal wall (Figure 3A); the rest of the small intestine was normal. Further exploration revealed migration of the polypropylene MP into the intraperitoneal cavity and formation of granulation tissue around the plug, which eroded the ileum (Figure 3B). The internal ring was 1.0 cm in diameter, but no hernia sac was found (Figure 3C). There was no leakage of intestinal fluid at the site of erosion, thus we did not consider that there was a perforation of the intestine. Based on the findings of the preoperative ultrasound, we considered the MP method used previously to be responsible for the patient’s current complaints and complications. The flat mesh was in the correct position and did not need to be removed. Partial resection of the ileum, including the MP and end-to-side anastomosis with an anastomat, was performed. The dilated internal ring was repaired by a direct continuous suture of the surrounding peritoneum. Specimen examination revealed erosion of the iliac wall from the MP (Figure 3D). Postoperative pathology showed chronic inflammatory changes in the mucosa of the small intestine, with focal granulomatous tissue formation and focal abscess in the serosa (Figure 4). 

OUTCOME AND FOLLOW-UP
The postoperative course of the patient was uneventful, and he was well at the 6-mo follow-up. There was no evidence of relapse of postoperative hernia.

DISCUSSION
MP erosion into the intra-abdominal organs is a rare but serious long-term complication after IHR that can lead to aggravation of symptoms if not treated promptly. In a review of the literature from 2000 to 2021, 19 cases of complications related to MP erosion into the intestines were reported (Supplementary Table 1). In this case, MP erosion could have led to small bowel perforation without immediate intervention and was life-threatening.
The timescale from previous IHR to the appearance of clinical symptoms (time to event) was from 10 days to 26 years, with a median of 6.3 years[5]. Given the long time since the previous surgery, patients typically tend to go to a different hospital than the one where they first underwent IHR. This could explain why the follow-up data in previous studies only considered factors such as hernia recurrence, chronic pain, and foreign body sensation and not long-term complications. The clinical presentation is not a characteristic of MP erosion, which makes it difficult to relate to the previous IHR, and the follow-up evaluation may neglect these details and consider it another new disease. MP erosion may be found more frequently in some large centers than reported in the literature, but because of medical-legal issues and authors' indifference or lack of awareness, the true rate could be underestimated. 
MP erosion is often accompanied by MP migration. As described by Agrawal et al[6], mesh migration after IHR may be classified primarily as mechanical or secondarily due to the erosion of surrounding tissue. Primary mechanical migration mainly refers to the displacement of the MP along the original anatomical space that offers the least resistance and is likely caused by inadequate fixation or external displacing forces. Secondary migration refers to the adjacent or distant migration of tissue structure across anatomical levels owing to the erosion and destruction of tissue structure caused by foreign body reaction between the MP and tissue.
It is still unclear whether a relationship exists between MP migration and the method used to fix the mesh. However, many studies have shown that there is no difference in hernia recurrence between fixed and unfixed mesh in either open or endoscopic surgery[7]. Unfortunately, most of the literature on MP migration did not describe the fixation method during anterior IHR. Therefore, we could not infer its effect on MP migration. Perhaps, future reports focusing on this aspect will help to understand this phenomenon.
In terms of the time to event, the complication in this case occurred 20 years after IHR, which shows that MP erosion is a long-term and chronic process. Based on anatomical considerations, a left-sided MP is more likely to involve the sigmoid colon, while a right-sided MP more frequently involves the small intestine or cecum. The three most vulnerable organs are the sigmoid colon, small intestine, and bladder. The clinical manifestations of an eroded sigmoid colon are hematochezia, colocutaneous fistula, and abdominal pain; of an eroded small intestine is intestinal obstruction[8]; and of an eroded bladder is hematuria[5]. 
We believe that the possible causes of our patient’s complication are as follows: (1) The peritoneum was damaged during the intraoperative separation of the preperitoneal space or the hernia sac, without defects of the peritoneum being detected, and the MP adhered to the internal organs through the peritoneum; (2) Even if the peritoneum was intact, the conical design of the MP and long-term direct contact with the peritoneum could have easily caused peritoneal erosion; and (3) Polypropylene developed significantly more adhesions[9], and erosion was related to the production process of the MP and the static pressure between the MP and tissue[10].
To avoid MP erosion, attention should be given to the following aspects: (1) The integrity of the peritoneum should be maintained when separating the hernia sac and preperitoneal space, if a peritoneal defect is found, the defect should be repaired immediately; and (2) The MP should fit the hernia ring. If it is too small, the effectiveness of the IHR is not guaranteed. In contrast, if the MP is too large and the hernia sac is relatively small, this can lead to excessive tension between the MP and surrounding tissue, in which case MP erosion into the peritoneum may be exacerbated. To prevent this, the MP should be properly trimmed to ensure that it has a certain degree of mobility. 
Removal of the mesh and resection or repair of the involved organs were required in 96% of cases of MP erosion[5]. Is there a recurrence of IHR after MP removal? A previous study showed that there were more fibroblasts and scar tissue in the area around the mesh due to inflammatory intervention and fibroblast immersion[11]. If there is sufficient fibrous scar tissue, the hernia is unlikely to recur.

CONCLUSION
MP erosion is a rare and long-term complication of IHR that can cause severe problems. It is difficult to diagnose MP erosion because there are no obvious specific clinical manifestations, and surgery is often needed for confirmation. MP erosion should also be included in the differential diagnosis of patients with a history of inguinal hernia repair who present with abdominal pain and the need for longer follow-up to detect MP erosion. Surgeons should aim to reduce the risk of such complications and improve their awareness of and ability to predict patients at high risk for MP erosion after IHR. The selection of appropriate repair materials, standardized surgical procedures, and maintenance of peritoneal integrity are important ways to prevent MP erosion. When MP erosion into the small intestine and intra-abdominal organs is diagnosed, the most effective treatment is removal of the mesh and resection or repair of the involved organs.
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Figure Legends
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Figure 1 Ultrasonography identified a locally discontinuous band of strong echo in the abdominal wall of the right inguinal area. An inhomogeneous echo mass (dimensions: 3.9 cm ×1.5 cm) was detected on its deep surface. 


[image: ]
Figure 2 Computed tomography revealed a circinate high-density image with short segmental thickening of the ileum stuck to the abdominal wall (orange arrow) with no evidence of recurrent inguinal hernia.
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Figure 3 During surgery. A: Adhesion of the ileum loop to the right inguinal abdominal wall; B: Migration of the polypropylene mesh plug (MP) into the intra-peritoneal cavity; C: The internal ring was 1.0 cm in diameter, but no hernia sac was found; D: Specimen examination revealed erosion of the iliac wall due to the MP.
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Figure 4 Postoperative pathology showed chronic inflammatory changes in the small intestine mucosa, with focal granulomatous tissue formation, and focal abscess in the serosa.
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