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Biological mesh used to repair perineal hernias following abdominoperineal resection for anorectal cancer Introduction

Perineal hernia (PerH) is a known and late complication of abdominoperineal excision (APE) of the rectum. Extralevator abdominoperineal excision (ELAPE) has been reported to improve oncological outcomes [START_REF] Corman | Classic articles in colonic and rectal cancer surgery. A method of performing abdominoperineal excision for carcinoma of the rectum and of the terminal portion of the pelvic colon: by W. Ernest Milles, 1869-1947[END_REF][START_REF] West | European Extralevator Abdominoperineal Excision Study Group. Multicentre experience with extralevator abdominoperineal excision for low rectal cancer[END_REF][3] compared with standard APE; however, this technique has been found to create a large defect at the level of the pelvic floor which, in turn, may increase the risk of PerH, with a reported incidence rate of up to 26% [START_REF] Sayers | Perineal hernia formation following extralevator abdominoperineal excision[END_REF].

PerH is defined as a protrusion of intra-abdominal viscera through the pelvic floor into the perineal region (Fig. 1). For asymptomatic patients, treatment is typically conservative.

However, some patients may experience discomfort, pain, urinary dysfunction, skin disorders and, more rarely, bowel obstruction, and surgical repair is challenging. Several criteria may complicate the operation, namely, the extent of adhesiolysis, tissues weakened due to radiotherapy, a large defect, and comorbidities which may affect healing.

There is no consensus concerning the optimal treatment of PerH [START_REF] Narang | Repair of perineal hernia following abdominoperineal excision with biological mesh: a systematic review[END_REF]. Various techniques have been reported using synthetic mesh, biological mesh, and a myocutaneous flap [START_REF] Mjoli | Perineal hernia repair after abdominoperineal resection: a pooled analysis[END_REF][START_REF] Musters | Is there a place for a biological mesh in perineal hernia repair?[END_REF][START_REF] Martijnse | Perineal hernia repair after abdominoperineal rectal excision[END_REF].

Anterolateral thigh, rectus abdominis, gluteal, and gracilis muscle flaps have been reported to be the most widely used, whether alone or in combination with a mesh [START_REF] Balla | Perineal hernia repair after abdominoperineal excision or extralevator abdominoperineal excision: a systematic review of the literature[END_REF].

Biological mesh has been reported as inducing tissue regeneration rather than scars and as suitable for use within a potentially contaminated field [START_REF] Hunter | Biomaterials: so many choices, so little time. What are the differences?[END_REF][START_REF] Fitzgerald | Biologic versus synthetic mesh reinforcement: what are the pros and cons?[END_REF].

Biological mesh has previously been used for primary pelvic floor closure after APE and has been shown to provide additional benefits compared to that of myocutaneous flap reconstruction, such as shorter operating times, low morbidity, absence of donor site morbidity, and reduced length of hospital stay [START_REF] Marshall | Biologic meshes in perineal reconstruction following extra-levator abdominoperineal excision (elAPE)[END_REF]. Moreover, it has been reported to decrease the rate of PerH development [START_REF] Muster | Biological mesh closure of the pelvic floor after extralevator abdominoperineal resection for rectal cancer: a multicenter randomized controlled trial (the BIOPEX-study)[END_REF]. The use of biological mesh has progressed significantly in abdominal wall reconstruction surgery, but recent data have not confirmed the benefits of its use over synthetic mesh, and routine use has not been recommended [START_REF] Köckerling | What is the evidence for the use of biologic or biosynthetic meshes in abdominal wall reconstruction?[END_REF].

We aimed to determine the rate of recurrence of perineal hernias after surgical reparation using biological mesh via a perineal approach.

Methods

All patients with a PerH who had received surgical treatment between January 2015 and April 2018 were identified retrospectively in one specialized cancer surgery center. This study was carried out in accordance with the recommendations of local ethics committee and conducted in accordance with the Helsinki declaration with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Centre Oscar Lambret ethics committee.

We reviewed all included patients' case notes and obtained information concerning patient age, the surgical approach, neoadjuvant radiotherapy, history of smoking, time to repair, and type of reparation. Following surgical repair, recurrence was assessed during oncological follow-up through clinical examination and abdominopelvic computed tomography (CT) scanning. Post-operative complications were also noted. Data were described as medians with interquartile ranges (IQR).

Surgical procedure (Fig. 2) One senior colorectal surgeon had performed the operations on all of the study patients.

The procedure started with a resection of the cutaneous scar and hernia sac. A dissection was conducted to display the coccyx posteriorly, the remnants of the levator muscle laterally, and the posterior wall of the vagina or the prostate gland. A 7 × 10 cm extracellular matrix of the porcine small intestinal submucosa (Surgisis Cook Biodesign®) was sutured to the sacrococcygeal ligament, to the remnants of the levator muscle, and to the posterior wall of the vagina or the prostate gland, with interrupted 2.0 polypropylene sutures. The omentum or the peritoneum of the hernia sac was used to cover the intestinal side of the mesh. A 14-French vacuum drain was placed on the subcutaneous side of the mesh. The skin was closed with no tension.

Results

Between January 2015 and April 2018, six patients underwent surgery for a symptomatic perineal hernia. Perineal reconstruction was performed with the use of a biological mesh via a perineal approach in a supine position for five patients and in a prone position for one patient.

The patient characteristics are shown in Table 1.

The median interval from APE to perineal hernia repair was 31 months (IQR, 13-49). The median follow-up after hernia repair was 11 months (IQR, . Perineal hernia recurrence occurred in 3 patients (50%) after a median interval of 6 months (Fig. 3). The only postoperative complication was urinary retention in one female patient, who recovered after 1 month. No post-operative infections or inflammatory syndromes were reported following the procedures. Patient characteristics at the time of perineal hernia repair are shown in Table 2.

Discussion

We report a limited cohort of patients who underwent a biological mesh reconstruction for PerH following APE or ELAPE. Only patients who had experienced severe symptoms such as pain or discomfort underwent surgical repair. The 50% recurrence rate that we report is high, and comparable to other studies reporting the use of biological mesh [START_REF] Narang | Repair of perineal hernia following abdominoperineal excision with biological mesh: a systematic review[END_REF][START_REF] Musters | Is there a place for a biological mesh in perineal hernia repair?[END_REF]. Therefore, we cannot recommend this technique; however, the low rate of post-operative complications was noteworthy. Some authors have reported using biological mesh in association with a local flap such as the gluteal V-Y flap or the gracilis muscle flap. While reported recurrence rates were low, data were limited [START_REF] Sayers | Perineal hernia formation following extralevator abdominoperineal excision[END_REF][START_REF] Mjoli | Perineal hernia repair after abdominoperineal resection: a pooled analysis[END_REF][START_REF] Musters | Is there a place for a biological mesh in perineal hernia repair?[END_REF][START_REF] Douglas | A novel technique for perineal hernia repair[END_REF].

Non-irradiated tissue could facilitate colonization of the mesh. While application of this technique requires plastic surgical expertise, it may be a viable alternative to reconstruction alone using a mesh [START_REF] Sayers | Perineal hernia formation following extralevator abdominoperineal excision[END_REF][START_REF] Musters | Is there a place for a biological mesh in perineal hernia repair?[END_REF]. Furthermore, the use of a flap enhances the strength of the repair, as the biological mesh is too supple and flexible to replace the pelvic floor alone.

In a systematic review of the literature involving 108 patients who had undergone PerH repair after APE, a recurrence rate of 24% was reported. Non-absorbable mesh, composite mesh, biological mesh, and a flap reconstruction had been used for 38%, 19%, 18%, and 23% of patients, respectively [START_REF] Balla | Perineal hernia repair after abdominoperineal excision or extralevator abdominoperineal excision: a systematic review of the literature[END_REF].

Martijnse et al. reported a 5% recurrence rate with a high-tension repair using a nonabsorbable mesh in 21 patients, with a median follow-up of 24 months [START_REF] Martijnse | Perineal hernia repair after abdominoperineal rectal excision[END_REF].

In 2012, we performed our first PerH repair using a composite permanent synthetic mesh via a perineal approach. After 11 months of follow-up, there was no recurrence. We did not include this case in our study series because the focus in this study concerned biological mesh. Despite this first encouraging result, wound healing was a concern, with subsequent infection of the synthetic mesh placed in the immediate subcutaneous area. Moreover, all our patients had received radiotherapy, which can delay wound healing [START_REF] Tibbs | Wound healing following radiation therapy: a review[END_REF][START_REF] Bullard | Primary perineal wound closure after preoperative radiotherapy and abdominoperineal resection has a high incidence of wound failure[END_REF].

It has been reported that acellular biological tissues can provide a natural microenvironment for host cell migration and may be used as a scaffold for tissue regeneration [START_REF] Hodd | Naturally occurring scaffolds for soft tissue repair and regeneration[END_REF][START_REF] Bellows | Abdominal wall reconstruction using biological tissue grafts: present status and future opportunities[END_REF]. One patient, who had a recurrence, underwent a second operation for PerH repair with a composite permanent mesh via an abdominal approach. We observed neither regenerative tissue nor biological mesh, whereas 2.0 interrupted polypropylene sutures had remained intact in the area of the first repair. This finding reinforced reported concerns that radiation therapy delays the colonization process of the mesh by host tissues [START_REF] Gu | Expression of MMP1 in surgical and radiation-impaired wound healing and its effects on the healing process[END_REF][START_REF] Herskind | The role of cytokines in the development of normal-tissue reactions after radiotherapy[END_REF]. All our patients received radiation therapy, which may explain the high rate of recurrence in our series [START_REF] Haubner | Wound healing after radiation therapy: a review of the literature[END_REF].

The use of biological mesh can also result in post-operative complications. In a Food and Drug Administration database review, 150 major complications were reported concerning reconstructions undertaken using xenograft biological mesh implantations into the abdominal wall from 1997 to 2008. The most frequent complications were identified as acute mechanical failure (42%), mesh disintegration (32%), and poor integration (13%). The use of cross-linked meshes were found to have the most adverse events [START_REF] Harth | Major complications associated with xenograft biologic mesh implantation in abdominal wall reconstruction[END_REF].

In one literature review, complications of acellular dermal matrices in abdominal wall reconstructions were reported to have predominantly involved hernia recurrence, infection, skin necrosis, and seroma [START_REF] Patel | Complications of acellular dermal matrices in abdominal wall reconstruction[END_REF]. In another literature review concerning the use of biological matrices in contaminated fields, one-stage repair of ventral incisional hernias involved infrequent subsequent mesh removal but with a high recurrence rate [START_REF] Kissane | A decade of ventral incisional hernia repairs with biologic acellular dermal matrix: what have we learned?[END_REF].

We opted to use a non-cross-linked mesh. Surgisis (Cook Biodesign®) is a three-dimensional extracellular matrix of the porcine submucosal small intestine. This matrix has been reported to facilitate host cell and blood vessel infiltration [START_REF] Gupta | A ventral herniorrhapy: experience with two different biosynthetic mesh materials; Surgisis and AlloDerm[END_REF]. Our high recurrence rate might be explained due to the use of a non-cross-linked mesh. Degradation of non-cross-linked mesh has been shown to occur faster than cross-linked mesh [START_REF] Deeken | Histologic and biomechanical evaluation of crosslinked and non-crosslinked biologic meshes in a porcine model of ventral incisional hernia repair[END_REF][START_REF] De Castro Bras | Evaluation of crosslinked and non-crosslinked biologic prostheses for abdominal hernia repair[END_REF]. Cross-linked mesh has been reported to induce an inflammatory response, and involve less tissue remodeling [START_REF] Liang | Effects of crosslinking degree of an acellular biological tissue on its tissue regeneration pattern[END_REF].

Encapsulation and fistulae formation post-PerH repair have been reported with the use of cross-linked mesh [START_REF] Musters | Is there a place for a biological mesh in perineal hernia repair?[END_REF][START_REF] Eriksen | Chemotherapy-induced enterocutaneous fistula after perineal hernia repair using a biological mesh: a case report[END_REF].

Different matrices do not have the same efficiency or complication rates. In a recent prospective study involving a database of 229 patients who had undergone abdominal wall reconstruction using 3 acellular dermal matrices, namely, Fortiva, Strattice, and Alloderm, it was reported that there was an increased recurrence rate using Alloderm (22%) compared to Strattice (11.2%) and Fortiva (6.9%); and a seroma rate significantly lower using Fortiva (1.4%) compared to Strattice (13.3%) and Alloderm (11.9%). However, complication rates in relation to delayed healing, skin necrosis, fistula formation, and hematoma formation were not significantly different [START_REF] Maxwell | A comparison of acellular dermal matrices in abdominal wall reconstruction[END_REF].

There is currently no consensus concerning the optimal operative approach in managing perineal hernias. Similar to other reports, we selected the perineal approach due to its simplicity [START_REF] Mjoli | Perineal hernia repair after abdominoperineal resection: a pooled analysis[END_REF]. A prone position offers better exposure, and the visceral mass does not interfere with the operation field [START_REF] Beck | Perineal hernia: the ventral perineal decubitus approach[END_REF]. Using this approach, anterior fixation of the mesh is the most technically demanding aspect. Caution is required to avoid injury to the male urethra or to the vagina. Anterior fixation of the mesh is undertaken on less solid tissues than lateral or posterior mesh fixations. The challenges involved with anterior fixation may explain failures that occur following the use of this approach.

The abdominal technique allows better visualization of the defect and identification of tumor recurrence, while the perineal approach minimizes the potential risks associated with entering the peritoneal cavity. However, the abdominal technique is a more intricately demanding approach that may require extensive enterolysis. A combined approach is also possible. According to several case reports, laparotomy, laparoscopy, or a robotic approach would provide better coverage of this area using a larger mesh [START_REF] Fallis | Biological mesh repair of a strangulated perineal hernia following abdominoperineal resection[END_REF][START_REF] Coyne | Laparoscopic repair of perineal hernia using a doublemesh technique[END_REF][START_REF] Rajabaleyan | Robot-assisted laparoscopic repair of perineal hernia after abdominoperineal resection: a case report and review of the literature[END_REF].

There is currently no consensus as to the optimal operative technique in terms of prevention and management of PerH. Pelvic floor reconstruction using biological mesh or a myocutaneous flap at the time of ELAPE has been reported to improve perineal wound healing and to prevent PerH formation [START_REF] Marshall | Biologic meshes in perineal reconstruction following extra-levator abdominoperineal excision (elAPE)[END_REF][START_REF] Devulapalli | Primary versus flap closure of perineal defects following oncologic resection: a systematic review and meta-analysis[END_REF].

The gluteal flap, and the rectus abdominis and gracilis muscle flaps are most commonly used to repair the pelvic floor after ELAPE to reduce the risk of wound healing complications and PerH formation. However, complications may be associated with donor-site morbidity and flap necrosis. ELAPE also requires the expertise of an attending plastic surgeon [START_REF] Sinna | Management of the perineal wound after abdominoperineal resection[END_REF][START_REF] Muhhal | Reconstruction of perineal defects[END_REF].

Foster et al. [START_REF] Foster | Reconstruction of the perineum following extralevator abdominoperineal excision for carcinoma of the lower rectum: a systematic review[END_REF] demonstrated that primary reconstruction at the time of ELAPE may be preferable in potentially preventing PerH. In that systematic review comparing 225 perineal closures after ELAPE using flaps and 85 closures using biological mesh, no significant difference in the rate of perineal wound complications or PerH formation was found.

However, the rate of PerH formation was low in both procedures: 3.9% after flap reconstruction and 3.5% after biological mesh closure. Myocutaneous or fasciocutaneous gluteal and vertical rectus abdominis muscle flaps were used most frequently.

Lefevre et al. [START_REF] Lefevre | Abdomino-perineal resection for anal cancer: impact of a vertical rectus abdominis myocutaneous flap on survival, recurrence, morbidity, and wound healing[END_REF] showed that patients who had undergone a vertical rectus abdominis myocutaneous flap procedure after APE for anal cancer developed fewer PerHs than did patients who had omentoplasty, with no difference observed in the incidence of abdominal incisional hernia formation.

In a randomized trial, Muster and al. [START_REF] Muster | Biological mesh closure of the pelvic floor after extralevator abdominoperineal resection for rectal cancer: a multicenter randomized controlled trial (the BIOPEX-study)[END_REF] compared primary perineal closure and biological mesh closure after ELAPE. The rate of PerH formation was significantly lower in the biological mesh group, while wound healing times did not differ. These findings showed that synchronous reconstruction using a biological mesh or a flap at the time of ELAPE decreased the rate of PerH formation, which suggests that to prevent PerH formation the use of biological mesh should be more frequently considered.

This study had some limitations, namely, the retrospective design of this study and the small sample size. However, given the limited data available on this topic, we considered it useful to report our patient outcomes and experiences.

Despite the limitations of our study, perineal hernia repair with a non-cross-linked biological mesh via a perineal approach resulted in a high recurrence rate in patients who had undergone radiotherapy and APE for anorectal cancer.

Preventing PerH recurrence should be considered and, in cases of recurrence, the use of biological mesh could be used in conjunction with a flap. Surgery undertaken in collaboration with a plastic surgeon may result in improved outcomes. 
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 2 Patient characteristics at the time of perineal hernia repair and at follow-up

	Number Sex Age	Smoking	Primary	Surgery	Follow-up	Recurrence 1
					tumor		(month)	(month)
	1	F	65	Ex-smoker	Rectum APE	14	No
	2	F	49	No	Rectum ELAPE	35	No
	3	M	67	Ex-smoker	Rectum ELAPE	25	Yes (6)
	4	F	66	No	Anus	ELAPE	27	Yes (8)
	5	F	69	No	Rectum ELAPE	40	No
	6	M	61	No	Anus	ELAPE	14	Yes (6)
	APE, abdominoperineal excision; ELAPE, extralevator abdominoperineal excision

c ) Sagittal section of CT scan at 6 month after surgery. The small intestine is at the level of the pelvic floor.
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