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Abstract
[bookmark: OLE_LINK279][bookmark: OLE_LINK280][bookmark: OLE_LINK289][bookmark: OLE_LINK33][bookmark: OLE_LINK57][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK277][bookmark: OLE_LINK278]AIM
[bookmark: OLE_LINK29][bookmark: OLE_LINK285][bookmark: OLE_LINK286]To retrospectively evaluate the safety and feasibility of a new modified laparoscopic Sugarbaker repair in patients with parastomal hernias.

METHODS
[bookmark: OLE_LINK78][bookmark: OLE_LINK65][bookmark: OLE_LINK66]A retrospective study was performed to analyze eight patients who underwent parastomal hernia repair between June 2016 and January 2018. All of these patients received modified laparoscopic Sugarbaker hernia repair treatment. This modified technique included an innovative three-point anchoring and complete suturing technique to fix the mesh. All procedures were performed by a skilled hernia surgeon. Demographic data and perioperative outcomes were collected to evaluate the safety and efficacy of this modified technique.

RESULTS
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: _Hlk520497140][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: _Hlk520497498][bookmark: OLE_LINK273][bookmark: _Hlk520497519]Of these eight patients, two had concomitant incisional hernias. All the hernias were repaired by the modified laparoscopic Sugarbaker technique with no conversion to laparotomy. Three patients had in-situ reconstruction of intestinal stoma. The median mesh size was 300 cm2, and the mean operative time was 205.6 min. The mean postoperative hospitalization time was 10.4 d, with a median pain score of 1 (visual analog scale method) at postoperative day 1. Two patients developed postoperative complications. One patient had a pocket of effusion surrounding the biologic mesh, and one patient experienced an infection around the reconstructed stoma. Both patients recovered after conservative management. There was no recurrence during the follow-up period (6–22 mo, average 13 mo).

CONCLUSION
[bookmark: OLE_LINK287][bookmark: OLE_LINK288][bookmark: OLE_LINK281][bookmark: OLE_LINK282]The modified laparoscopic Sugarbaker repair could fix the mesh reliably with mild postoperative pain and a low recurrence rate. The technique is safe and feasible for parastomal hernias.

[bookmark: OLE_LINK290][bookmark: OLE_LINK291][bookmark: OLE_LINK34]Key words: Parastomal hernia; Sugarbaker repair; Mesh; Enterostomy; Three-point anchoring and suturing
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[bookmark: OLE_LINK256][bookmark: OLE_LINK257][bookmark: OLE_LINK292][bookmark: OLE_LINK35][bookmark: OLE_LINK254][bookmark: OLE_LINK255][bookmark: OLE_LINK271][bookmark: OLE_LINK272][bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: _Hlk520497070][bookmark: OLE_LINK268]Core tip: Parastomal hernia is a common complication after enterostomy. We introduce a new modified laparoscopic Sugarbaker repair technique with three-point anchoring to repair the parastomal hernia. The findings confirm the safety and feasibility of the modified method and support the application of this technique to parastomal hernias.
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INTRODUCTION
[bookmark: OLE_LINK262][bookmark: OLE_LINK263][bookmark: _GoBack][bookmark: _Hlk520495877][bookmark: OLE_LINK261]Parastomal hernia (PSH) is an incisional hernia at the site of the surgical wound. It is a common complication following enterostomy with an incidence rate as high as 48%[1]. Surgery is the only treatment to repair PSH. Similar to the repair of an abdominal wall hernia, the recurrence rate of postoperative PSH has decreased significantly with the development of mesh technology[2]. However, given the existence of intestinal stoma PSH, repair is always a challenge for the surgeons.
[bookmark: _Hlk520496003][bookmark: OLE_LINK264][bookmark: _Hlk520496096][bookmark: OLE_LINK265][bookmark: _Hlk520496178][bookmark: OLE_LINK266]  Similar to other incisional hernias, PSH could be safely and effectively repaired by the laparoscopic approach. The laparoscopic Sugarbaker technique is the most effective method to reduce the recurrence rate[3] and is recommended by the International Endohernia Society[4]. However, consensus does not exist regarding the mesh selection procedure, the method of mesh fixation, and other operative technical details for this technique. These issues require further investigation.
[bookmark: OLE_LINK58][bookmark: OLE_LINK63][bookmark: _Hlk520496715][bookmark: OLE_LINK267]  One of the technical details most difficult to determine during the laparoscopic Sugarbaker technique is a strategy for reliably fixing the mesh to construct a funnel that can hold the ostomic intestine inside not only to avoid injury and compression to the intestine but also to reduce the hernia recurrence rate. We focused on this aspect to improve the technical details of the laparoscopic Sugarbaker technique[5-7]. In our hospital, we applied an innovative three-point anchoring and suturing technique to fix the mesh during the laparoscopic Sugarbaker technique. We retrospectively review our techniques and the outcomes of our patients.

MATERIALS AND METHODS
Our research was a single-center retrospective study performed between June 2016 and January 2018. Eight patients with the diagnosis of primary PSH who underwent a modified laparoscopic Sugarbaker technique were included. Inclusion criteria were clinical symptoms consistent with PSH with no acute bowel obstruction or strangulation. All the operations were performed by the same surgeon. The study protocol was approved by the hospital ethics committee.

Surgical technique
All patients underwent preoperative abdominal computed tomography (CT) imaging to evaluate the size of the PSH defect, the contents of the hernia, and the length of the ostomic intestine. Routine bowel preparation was performed before the operation. After successful general anesthesia, patients were placed in the supine position. Gauze and polyurethane film dressing tape were used to cover the intestinal stoma after routine disinfection. Based on the location of the stoma, the first incision was made on the opposite side of the abdomen as far as possible away from the stoma and the previous incision site. For example, in patients with stoma on the left lower quadrant of the abdomen, the first incision was made to the right upper quadrant of the abdomen. The puncture incision was performed using the Verssel technique to establish and maintain a 15-mmHg carbon dioxide pneumoperitoneum. The abdominal cavity was explored after the placement of the laparoscopic lens. Under direct visualization, two or three incisions were made on both sides of the first incision followed by the placement of 5-mm or 12-mm Trocars. Adhesiolysis was performed to separate the intestine and omentum from the abdominal wall by cold and sharp instruments, such as scissors. An ultrasound knife and coagulation were only used for hemostasis. Adhesiolysis was performed in the hernia sac to reduce the hernia contents as much as possible. After adhesiolysis, the size of the defect was assessed to confirm whether the defect could be closed under laparoscopy (a defect larger than 5 cm was typically difficult to close using the laparoscopic approach) (Figure 1A). Then, the dressing covering the stoma was removed, and the area around the stoma was disinfected again. The defect was closed by interrupted suturing with PDSTM (Ethicon®) with assistance from a suture grasping device (Figure 1B). Under the following conditions, we performed the reconstruction of stoma using the Lap-Re-Do technique, which was previously published in detail by Yang et al[8]: the hernia contents could not be reduced completely laparoscopically, there was a large defect that was unlikely to be closed laparoscopically, and there was a long and twisted stoma in the hernia sac. The loop of ostomic intestine was also evaluated to ensure that the Sugarbaker technique could be applied. If the loop was not long enough for the Sugarbaker technique, the keyhole technique was used.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]  Then, the first anchoring point for the mesh was determined under laparoscopic visualization. A 5-cm-long suture thread was placed into the abdominal cavity. One end of the suture thread was placed at the innermost point of the stoma, and the thread was straightened to be perpendicular to the midline of the abdomen. The abdominal wall, which was reached by the other end of the suture thread, was marked. Based on the actual operating conditions, we selected one of two types of mesh. If the operative field might be contaminated, a biologic mesh (BiodesignTM, Surgsis®) was selected. Otherwise, a synthetic mesh (SeprameshTM, Bard®) was used if no signs of contamination were present. The mesh was trimmed to the appropriate size to cover the defect by at least 5 cm in all directions. One stitch with PDS thread was placed and tied at the middle point of the long edge on the inner side of the mesh. Pneumoperitoneum was re-established. The mesh was rolled up, placed inside the abdominal cavity, and then expanded. A small incision was made at the site on the abdominal wall marked previously. The PDS thread tied to the mesh was pulled out with a suture-grasping device and knotted. Two pairs of clamps were used to adjust the mesh to attach to the peritoneal wall to place the stoma in the middle position on the outside surface of the mesh (Figure 1C). Stitches with a 2-0 ProleneTM (Ethicon®) thread were placed in the upper and lower part of the mesh to anchor the mesh to the peritoneal wall at the site close to the stoma. The mesh was folded to form a funnel to accommodate the ostomic intestine passing inside. Positioning of the mesh was completed after the abovementioned three-point anchoring and suturing (Figure 1D). Then, four edges of the mesh were fixed to the peritoneal wall with continuous suturing using 2-0 StratifixTM (Ethicon®) thread (Figure 1E). Care was taken not to injure the underlying peritoneal vessels during the suturing. The same stitches were placed in the upper and lower edges of the ostomic intestine to suture the mesh to the peritoneal wall. Stitches were placed from the lateral side of the mesh to the inside of the stoma to construct a funnel to allow the passage of the ostomic intestine (Figure 1F). Finally, we performed the transfascial suture with a purse-string needle (ST-70, ProleneTM, Ethicon®) to puncture the abdominal wall corresponding to the four corners of the mesh (Figure 1G). Two tips of the purse-string needle entered the skin at the same site and passed through the mesh at two different points 1 cm apart. The thread was cut and knotted inside the abdominal cavity. The mesh was then fixed to the peritoneal fascia (Figure 1H). We did not use any tack or glue to fix the mesh. Before the end of the operation, the stoma was examined manually to ensure there was no stenosis.
[bookmark: OLE_LINK283][bookmark: OLE_LINK284]  Postoperative pain intensity was assessed by a visual analog scale. Intravenous analgesic medication was administered for pain relief up to the postoperative day 3. Patients who did not undergo the Lap-Re-Do procedure were given a semi-liquid diet from postoperative day 1. They did not receive any intravenous antibiotics or total parenteral nutrition, and they were discharged when stool passed normally from the stoma. For patients undergoing the Lap-Re-Do procedure, intravenous antibiotics were administered for 3 d postoperatively to prevent any infection near the incisional site. The patients fasted, and total parenteral nutrition was given until postoperative day 5. A liquid diet was started on day 5 and changed to a semi-liquid diet on day 7. Patients were discharged when no infection was observed, and the stool passed through the stoma.

RESULTS
Patients' preoperative conditions are listed in Table 1. None of the patients received emergent surgery. Two patients had diabetes, and preoperative blood glucose levels were well controlled. One patient had a long smoking history and quit smoking 3 years ago. All the ileostomies were located in the right lower quadrant of the abdomen. All the colostomies were located in the left lower quadrant of the abdomen. Two patients had a concomitant incisional hernia, which was located in the midline of the lower abdominal wall.
  Patients' intraoperative conditions and postoperative follow-up outcomes are presented in Table 2. All laparoscopic procedures were successful, and none of the patients required laparotomy. Three patients received the Lap-Re-Do procedure to remove the extra ostomic intestinal segment and the hernia sac to facilitate the reconstruction of the stoma in situ. Two patients with concomitant incisional hernias received simultaneous incisional hernia repairs with the same mesh to cover the incision and parastomal defects. In these procedures, no additional mesh was used, and no additional incisions were made. Two patients had potential postoperative contaminations around the surgical field. One patient underwent the Lap-Re-Do procedure. Another patient had an ileal PSH after the radical cystectomy for bladder cancer. The ostomic intestine was injured when separating the adhesion between the bowels. This injury was immediately repaired under the laparoscope. We used a biologic mesh in these two patients. The remaining six patients received a synthetic mesh.
  On the first postoperative day, the pain score was 1–2 points with a mean of 1.4 ± 0.5. No patient reported a pain score greater than 3 points or required additional analgesic treatments. All patients were able to ambulate on postoperative day 1. Two patients developed complications during the postoperative hospital stay. One patient with ileal PSH had an intraoperative ileal injury that was repaired by the biologic mesh. He suffered from a cloudy fluid leakage from the left side of the Trocar incision site on postoperative day 7. Ultrasound examination revealed a pocket of fluid around the mesh. CT-guided puncture and aspiration were performed, and a drainage catheter was placed. The aspirated fluid was turbid effusion with no intestinal fluid. The patient had no fever, abdominal pain or distension and could eat and defecate normally. Fluid drainage gradually decreased and finally disappeared. The catheter was removed, and the patient was discharged. Another patient undergoing the Lap-Re-Do procedure developed a postoperative parastomal abscess, which was superficial with no connection to the peritoneal cavity after opening the incision. The abscess gradually resolved after dressing changes and intravenous antibiotic treatments. The incision healed with no requirement for a secondary repair.
  The mean follow-up time was 13 mo, ranging from 6 to 22 mo. No evidence for hernia recurrence was found during the clinic visits. Only one patient underwent repeated CT scans, which confirmed that there was no recurrence of the hernia.

DISCUSSION
PSH is a common complication after surgeries for colon or small intestine stoma reconstruction. Some patients with no clinical symptoms can be treated conservatively[9]. However, between 30%–70% patients eventually require surgical treatment for various reasons. Similar to a ventral hernia, PSH can be repaired by simple suturing, which is an easy operation. However, simple suturing commonly results in a high recurrence rate and is not appropriate for most patients[10]. Mesh repair is the most effective surgical method in this situation. Peritoneal mesh placement through the laparoscopic approach has many advantages for abdominal wall hernia repair. It can shorten the operation time and has a low recurrence rate[3]. The laparoscopic approach has become one of the most commonly used methods to repair PSH. Based on the position of the mesh and its distance to the ostomic intestine, laparoscopic PSH repair employs three main surgical techniques: the keyhole, Sugarbaker, and sandwich methods. According to previous publications, the Sugarbaker method has a lower recurrence rate compared with the keyhole method and is significantly less expensive compared with the sandwich method[3,11,12].
  The Sugarbaker method was first proposed in 1980. The Sugarbaker method was performed during the laparotomy, and a nonslit prosthesis was placed to the lateral side of the bowel. The prosthesis was fixed to the peritoneal fascia by suturing at 1-cm intervals. Advantages of this method are that the stoma is not affected and the intestinal function recovers quickly after the operation. In addition, the colon passes through the funnel formed by the prosthesis, and recurrent herniation around the stoma is prevented[13]. In 2000, Voitk performed the Sugarbaker technique through the laparoscopic approach for the first time[14]. He used the tack to anchor the mesh without transfascial suturing. Since then, many researchers have made various improvements in the placements and fixations of the mesh[5-7,15].
  The main technical difficulty during the Sugarbaker procedure involves how to fix the mesh to the abdominal wall to establish an appropriate funnel to allow the passage of ostomic intestine and its content without causing any stenosis or obstruction. The mesh should also prevent other intestines from entering the funnel, which could lead to incarceration and hernia recurrence. At the same time, the mesh should be fully flattened along the peritoneal wall. In the cases reported previously, the mesh was fixed to the peritoneal wall via transfascial suturing, a tack, or a combination of the two, which is similar to the method used during ventral hernia repair. We believe that transfascial suturing is necessary for the Sugarbaker technique given that transfascial suturing is critical to prevent hernia recurrence. However, unlike the ventral hernia, the final shape of the mesh around the PSH is not flat but rather a complex curved surface. From the outside of the peritoneal cavity, it is difficult to predict the final position for the mesh inside the peritoneal cavity for transfascial suturing. Mesh fixation via the simple technique similar to ventral hernia repair often causes the mesh to be distorted and not flattenable[5]. In addition, inappropriately positioned and tensional transfascial sutures could cause significant postoperative pain[16,17]. Therefore, we believe that the placement of the mesh during the Sugarbaker technique should be improved. Ideally, the mesh should be placed in the peritoneal cavity at the most appropriate location with initial anchoring, and then the final fixation is performed by transfascial suturing.
  Currently, there is no uniform standard for meshes used in the Sugarbaker procedure. Meshes reported in the literature include polypropylene, expanded polytetrafluoroethylene (ePTFE), polyvinylidene fluoride (PVDF), polyester and biological meshes[18]. SeprameshTM and BiodesignTM were used in our study. SeprameshTM, a synthetic mesh with coating, is safe and effective in parastomal hernia repair[19]. The advantage of biological meshes is that they can be used safely in herniorrhaphy with minimal risk of contamination; however, the recurrence rate is high[20,21]. Therefore, we only apply this mesh to cases where the surgical area is suspected to be contaminated. In our study, no mesh-related complications were found.
  Our procedure to shape and fix the mesh inside the peritoneal cavity includes four steps. The first step is to determine the initial three anchoring points. One is the midpoint of the inside surface of the mesh, which is anchored through the transfascial suturing. The other two anchoring points, which are located on the outside surface of the mesh, are used to form the funnel and are sutured to the peritoneal wall with Prolene thread. After this first step, the position of the mesh and the shape of the funnel are determined in the peritoneal cavity. The second step is to flatten the mesh and place continuous stitches at the edges of the mesh to suture it to the peritoneal wall. The third step is to construct the funnel by continuous stitches through suturing from the outer edges of the mesh until the site of the stoma is reached. Given that this step is performed without tension and along the natural course of the intestine, it avoids bowel twisting and obstruction after the Sugarbaker procedure as reported by some authors[22,23]. After these three steps, the mesh is completely flattened and fixed on the peritoneal wall without distortion. The final step to fix the mesh in our procedure is transfascial suturing. Our method is different from the traditional method. A double-ended needle is inserted through the skin and passed into the peritoneal cavity to reach the mesh at two different locations 1 cm apart. Then, the needle is removed, and a loose knot is placed. Given that the mesh is already fixed inside the peritoneal cavity, this step is easy and does not cause any tension. Therefore, our procedure is tension free. Our patients suffered minimal postoperative pain, even with activity.
  Although a tack is the most common choice by other physicians, we do not use a tack to fix mesh. A tack is easy to use but can cause some potential risks, including acute and chronic postoperative pain[24,25], volvulus, and bowel injury[26,27]. The length of the commonly used metal tack is 4 mm. When considering the thickness of the mesh, the actual depth of the tack nailed into the tissue is less than 3 mm, potentially cause its unreliability to fix the mesh to the peritoneal wall. In addition, the tack is placed close to the PSH, which could cause tension to both sides of the funnel formed by the mesh. When intestinal peristalsis or passage of the intestinal contents occurs, mesh failure and hernia recurrence could result[28]. Thus, the effect of fixation of the mesh to the peritoneal wall through the tack remains unclear. In addition, the tack device is relatively expensive. It was reported that continuous suturing to fix the mesh to the peritoneal wall during ventral hernia repair could avoid complications from the tack placement[29]. Our fixation technique is reliable, and the procedure is inexpensive. Patients also had minimal pain postoperatively. Our patients had minimal pain postoperatively, and none of them suffered hernia recurrence. One of the reasons for this finding might be attributed to the use of continuous suturing instead of a tack. Although continuous suturing requires higher technical skills and longer operation times than tack placement, it should be acceptable when considering its better outcomes.
  In patients with long and twisted ostomic intestine in the hernia sac, we followed the Lap-Re-Do procedure reported by Yang et al[8], which involves the resection of the original stoma, opening of the fascia, and reconstruction of the stoma in situ. We believe that this procedure could improve stoma function and restore the normal contour of the abdominal wall. Three of our patients underwent the Lap-Re-Do procedure. One of them had a postoperative infection around the stoma, which did not spread to the deep tissues and the mesh. The infection was resolved after drainage and intravenous antibiotic administration.
  In summary, our modified laparoscopic Sugarbaker technique could repair the PSH. In addition to being tension free, it is easy to operate inside the peritoneal cavity. It also has the advantages of fewer postoperative complications and minimal postoperative pain. We did not observe any hernia recurrence during the follow-up period; however, long-term studies should be conducted to confirm our results.

ARTICLE HIGHLIGHTS  
Research background
Parastomal hernia (PSH) is a common complication following enterostomy. The laparoscopic Sugarbaker technique has been shown to be the most effective method and is recommended by the International Endohernia Society. However, no consensus exists regarding the mesh selection procedure, the method of mesh fixation, and other operative technical details for this technique.

Research motivation
One of the technical details most difficult to determine during the laparoscopic Sugarbaker technique is a strategy for reliably fixing the mesh to construct a safe funnel. We applied a modified Sugarbaker technique to PSH in our center to try to reduce the technical difficulty.

Research objectives
To assess the safety and feasibility of the modified laparoscopic Sugarbaker repair in patients with PSH.

Research methods
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]A total of 8 patients received modified laparoscopic Sugarbaker hernia repair treatment. This modified technique included an innovative three-point anchoring and complete suturing technique to fix the mesh. Perioperative outcomes, including operative and postoperative complications, were collected to retrospectively evaluate the safety and efficacy of this modified technique.

Research results
All the hernias were repaired using the modified laparoscopic Sugarbaker technique with no conversion to laparotomy. The mean operative time was 205.6 min, and the mean postoperative hospitalization time was 10.4 d, with a median pain score of 1 (visual analog scale method) at postoperative day 1. Two patients experienced mild postoperative complications and recovered after conservative management. No recurrence occurred during the follow-up period.

Research conclusions
[bookmark: OLE_LINK294][bookmark: OLE_LINK295][bookmark: OLE_LINK296]The modified laparoscopic Sugarbaker repair with three-point anchoring technique could fix the mesh reliably with mild postoperative pain and a low recurrence rate. The technique is safe and feasible for PSH.

Research perspectives
Our study demonstrates that the modified laparoscopic Sugarbaker repair is safe and efficient via three-point anchoring for PSH. Surgeons can use our method to repair PSH.
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Figure 1 Keynotes for the surgical technique. A: The parastomal defect is exposed after adhesiolysis; B: The defect was closed by interrupted stitches under laparoscopy; C: The mesh was fixed at the first point, which also covers the ostomic intestine; D: Completion of three-point anchoring; E: The mesh was fixed by continuous suturing; F: The funnel was constructed by continuous suturing; G: The transfascial suture with a purse-string needle; H: The mesh was finally fixed to the peritoneal wall.


[bookmark: OLE_LINK62][bookmark: OLE_LINK64]Table 1 Demographic data
	Number of patients
	8

	Age (yr)
	65.3 ± 7.4

	Gender (male/female)
	5/3

	[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]BMI (kg/m2)
	24.5 ± 3.8

	ASA
	

	I
	0

	II
	7

	III
	1

	Comorbidity
	two cases of diabetes

	Smoker (yes/no)
	1/7

	Type of stoma
	

	Colostomy
	4

	Ileostomy
	4

	Size of defect (cm2)
	17.9 ± 10.3

	[bookmark: OLE_LINK67][bookmark: OLE_LINK68]EHS classification of PSHs
	

	EHS 1
	3

	EHS 2
	1

	EHS 3
	3

	EHS 4
	1


BMI: Body Mass Index; EHS: European Hernia Society; PSH: Parastomal hernia.


Table 2 Outcomes
	Outcomes
	Results

	[bookmark: OLE_LINK61]Time spent for operation (min), mean ± standard deviation
	[bookmark: OLE_LINK72][bookmark: OLE_LINK73]205.6 ± 66.7

	Number of patients undergoing Lap-Re-Do (yes/no)
	3/5

	Concomitant incisional hernia (yes/no)
	2/6

	Types of mesh (biologic/Sepramesh)
	2/6

	Intraoperative complication (yes/no)
	1/7

	[bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK69]Size of mesh (cm2), median (range)
	300 (221.3-300)

	Pain score on postoperative day 1 (VAS)
	

	median (range)
	1 (1-2)

	VAS = 1
	6 patients

	VAS = 2
	2 patients

	Number of days of postoperative stay, mean ± standard deviation
	10.4 ± 6.3

	Follow-up period (mo), mean (min, max)
	12.9 (6, 22)

	Number of hernia recurrences
	0

	Postoperative complication (yes/no)
	2/6


VAS: Visual analog scale.
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