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Abstract
AIM: To report our experience with single-port laparoscopic surgery (SPLS) for sigmoid volvulus (SV).

METHODS: Between October 2009 and April 2013, 10 patients underwent SPLS for SV. SPLS was performed transumbilically or through a predetermined stoma site. Conventional straight and rigid-type laparoscopic instruments were used. After intracorporeal, segmental resection of the affected sigmoid colon, the specimen was extracted through the single-incision site. Patient demographics and perioperative data were analyzed.

RESULTS: SPLS for SV was successful in all 10 patients (4, resection and primary anastomosis; 6, Hartmann's procedure). The median operative time and postoperative hospitalization period were 168 (range, 85–315) min and 6.5 (range, 4–29) d, respectively. No intraoperative complications were noted; there were 2 postoperative complications, including 1 anastomotic leak.

CONCLUSION: SPLS was a safe and feasible therapeutic approach for SV, when performed by a surgeon experienced in conventional laparoscopic surgery. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This paper describes our novel approach to single port laparoscopic surgery (SPLS) in patients with sigmoid volvulus (SV). Ever since minimally invasive surgery was pioneered, few reports have mentioned laparoscopic management of SV, and to our knowledge, reports on the management of SV using SPLS are even less common. Minimally invasive surgery is ideally suited for SV patients who, in developed nations, are typically elderly individuals with significant comorbidities. Despite the study limitations, our results provide support for the use of SPLS in SV patients.
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INTRODUCTION
In developing countries, sigmoid volvulus (SV) is a common cause of colon obstruction[1], but it is relatively rare in North America and Western Europe where it most commonly affects elderly patients[2]. Treatment typically involves appropriate resuscitation and non-operative decompression. In most cases, elective sigmoid resection follows because of the extremely high recurrence rate. The laparoscopic treatment of SV seems to be an attractive option because such minimal access surgery reduces surgical stress in elderly and frail patients. Additionally, the elongated colon and mesentery require little mobilization, allowing easy accomplishment of resection with primary anastomosis (RPA). However, since laparoscopic sigmoidectomy for SV was introduced in 1992, only a few publications have reported the feasibility and efficacy of this laparoscopic treatment for SV[3-8]. Recently, single-port laparoscopic surgery (SPLS) has emerged as a subtype of laparoscopy, maximizing the benefits of laparoscopic surgery. Since its introduction for the treatment of appendicitis and cholecystitis[9,10], SPLShas been widely used in various surgical cases. However, to our knowledge, reports on the management of SV using SPLS are rare. In this report, we have reviewed our experience with SPLS for the treatment of SV patients, and assessed the feasibility and efficacy of this technique.

MATERIALSAND METHODS
Patients
Between August 2009 and August 2013, 11 SV patients underwent surgical treatment at Daejeon St. Mary Hospital, Daejeon, Korea. SPLS was performed by one surgeon in 10 consecutive SV patients; the current study retrospectively analyzed the data collected from these patients. The patients provided written informed consent prior to undergoing SPLS. The study was approved by the Institutional Review Board of Daejeon St. Mary’s Hospital (IRB code: DC14RISI0036). All patients were diagnosed with SV based on their medical history and plain abdominal radiographs, and the diagnoses were confirmed using computed tomography. 
Patients with emergent conditions such as failed colonoscopic decompression or ischemic bowel were included. However, we excluded patients with evidence of bowel perforation or hemodynamic instability. Sigmoidoscopic detorsioning and rectal tube decompression were initially performed for all patients. The patients undergoing SPLS included 4 elective cases and 4 recurrent cases, after colonoscopic decompression, and 2 patients with failed decompression, including 1 with ischemic changes. Patient-controlled analgesia (PCA) was used during the immediate postoperative period. If needed, additional analgesics were also administered intravenously. One patient had a history of abdominal surgery (laparoscopic anterior resection due to sigmoid colon cancer). Patient demographics, perioperative outcomes, and morbidities were evaluated.

Surgical technique
For the elective operations, a 2.5-3.0 cm, vertical incision was made at the umbilicus. When a Hartmann’s procedure was planned, an approximately 3.0 cm, left lower quadrant transverse incision was made at the selected colostomy site to introduce a single port. The abdomen was penetrated under direct vision using the Hansson technique. We used a homemade glove port, comprising an ALEXIS wound retractor and a surgical glove. Next, a commercial single-port (Octo port; Dalim, Seoul, Korea) was utilized. Pneumoperitoneum was established by insufflating the abdominal cavity to a pressure of 12 mmHg. A rigid laparoscope and instruments were used. 
In cases of RPA, a surgical procedure similar to a multi-port laparoscopic sigmoid colectomy was performed. The redundant sigmoid colon, with its long, narrow-based mesentery, was mobilized using a medial approach. The inferior mesenteric vessels were dissected and ligated using a 5-mm Hemolock. The upper rectum was mobilized and transected using a linear stapler. The divided sigmoid loop was delivered using a pull-through pattern via the umbilical incision; the redundant part was resected (Figure 1A). The anvil of a circular stapler was secured to the proximal end of the bowel, the prepared colon was returned to the abdominal cavity, and the peritoneal cavity was re-insufflated. An end-to-end anastomosis was then performed through the anus.
In patients undergoing Hartmann’s procedure, the distended sigmoid colon and long loop were visualized laparoscopically (Figure 2), and the distended bowel was decompressed using a trans-anal rectal tube or anal trocar insertion, or relieved by endo-needle puncture aspiration. After untwisting the rotated sigmoid loop, mobilization and dissection of the sigmoid mesocolon were performed in a manner similar to an RPA. However, unlike RPA, proximal colon resection was performed intracorporeally using another linear stapler, and the resected bowel loop was enveloped in a Lap-bag (Sejong Medical, Paju, Korea) and removed through the incision site (Figure1B). The proximal stump was pulled out laparoscopically via the single-port site and an end-colostomy was established with maturation. Thus, in cases involving Hartmann’s procedure, no incision scar remained besides the colostomy site (Figure 3A).

RESULTS
The patient demographics and operative methods are shown in Table 1. The study included 7 men and 3 women, with a median age of 59.5 (range, 21–86) years and a median body mass index of 23.2 (range, 18.2–26.1) kg/m2. The perioperative data are shown in Table 2; SPLS for SV was successful in all patients. The median operative time and postoperative hospitalization period were 168 (range, 85–315) min and 6.5 (range, 4–29) d, respectively. The median time between surgery and the resumption of oral intake was 2.5 (range, 1–6) d. PCA was administered in all cases, with only 1 patient requiring additional analgesia. None of the patients demonstrated intraoperative complications. There was one postoperative anastomotic leak that was treated using single-port laparoscopic peritoneal lavage and Hartmann's colostomy on postoperative day 3. The patient showed ileus and delayed recovery, but was finally discharged 26 days after the reoperation in good condition.
During the median follow-up period of 17.5 (range, 8–55) mo, there were no recurrences or mortalities. Five of the 7 patients undergoing Hartmann's procedure also underwent reversal of colostomy after a median period of 5 (range, 3–8) mo. We did not perform reversal of colostomy in 2 patients after consultation with their families; 1 patient was bedridden due to a cerebrovascular accident and had a percutaneous endoscopic gastrostomy and tracheostomy tube, and the other required a wheel chair for mobility due to Parkinson disease, and refused a colostomy closure operation. There were no stoma-related complications. Anastomosis site leakage occurred after stoma closure in 1 patient, who was subsequently treated by resection and re-anastomosis without fecal diversion, and discharged 7 d after the reoperation. Additionally, there were 2 wound infections after the stoma closure, but these were conservatively managed. 

DISCUSSION
SV is the wrapping of the sigmoid colon around itself and its mesentery[2].Factors associated with an increased risk include a redundant and mobile sigmoid colon with a narrow base at the mesenteric root, chronic constipation, advanced age, and institutionalized neuropsychiatric patients taking antipsychotic or anti-Parkinson drugs[11,12]. SV management involves endoscopic obstruction relief, rectal tube decompression, and prevention of recurrence through resection of the sigmoid colon[13].Several studies have reported the surgical treatment of SV[13-15], and recently, laparoscopic attempts to minimize the surgical trauma and facilitate patient recovery have been occasionally reported[5,7,16]. Matsuoka et al[17] reported using reduced-port laparoscopic surgery in SV patients, and recommended that such minimal surgery be considered for elderly patients having high preoperative risks. Single-port laparoscopic sigmoid colectomy is not a new technique, with consistent reporting of the technique being used in patients with malignancies or benign conditions, such as rectal prolapse[18]. We have experience conducting single-port laparoscopic sigmoid colectomy for malignancies and using SPLS for dilated bowels caused by small bowel obstructions[19,20].Therefore, we expected that SPLS could be safely and effectively performed in SV patients. In the current study, we evaluated 10 consecutive patients who underwent SPLS for SV and who obtained acceptable results.
As expected, the difficulties encountered during the initial stages of SPLS in the present patients included limited working space and manipulation of the long, dilated sigmoid colon. Intraoperative decompression of the dilated colon and the preparations for mesenteric dissection were elaborate and time-consuming. However, once the colon was decompressed, sigmoid resection was performed relatively easily. As mentioned by Liang et al[5], the medial to lateral approach was efficient for dissecting the sigmoid colon. Additionally, since SV is a benign disease, there was no need to mobilize the colon.
In this study, nonoperative decompression was successful in 8 of the 10 patients. However, 4 of the 8 patients who refused the subsequent surgical procedure, and were discharged, developed recurrent disease; 3 of the 4 patients with recurrence later underwent semi-elective surgery and 1 required emergent surgery after repeated colonoscopic decompressions. We performed Hartmann's procedure in the 3 patients with recurrence who underwent semi-elective surgery and who had viable colons. These 3 patients had ambulatory disorders as well as serious co-morbidities, leading to the decision to perform the 2-stage operation, after discussion with the patients and their families. The patients undergoing Hartmann's procedure actually had a shorter median operative time and shorter hospitalization period than those undergoing RPA (197.5 min vs 142.5 min and 6.5 d vs 6 d, respectively). One of the reasons for selecting Hartmann's procedure in patients with recurrent SV was the large differences in the diameters of proximal and distal ends of the colon; anastomotic safety may decrease in patients with significantly different colon end diameters[15] . Additionally, a sigmoid resection performed through a left lower quadrant single incision at the proposed colostomy site was previously reported as an innovative minimal access technique for treating SV in debilitated patients with fecal incontinence[21].
SPLS was successfully completed in all patients; none required conversion to open laparotomy or switching to a multiport laparoscopic surgery. In two other series of 9 and 14 SV patients who underwent laparoscopic sigmoidectomy, the operative times were 115 (range, 45–145) min and 194.6 ± 32.4 min, respectively[5,7]. Our operative time (median, 168 min; range 85–315 min) was comparable. Our patients also demonstrated good postoperative recovery. With respect to analgesia, lengths of stay, and time to postoperative oral intake, the patients in our series did not demonstrate an improvement compared with patients in studies using conventional laparoscopic SV treatment[5,7,22]. Additionally, we did not experience any intraoperative complications such as bowel injuries or uncontrollable bleeding; only 2 postoperative complications were observed. One patient developed postoperative ileus, which was released after nasogastric tube drainage for 3 d. Anastomotic leakage occurred in one patient. Ironically, this patient was 1 of the 2 who did not have any comorbidities and 1 of 3 with normal mobility. The only suspicious risk factor for anastomotic dehiscence in this patient was the relatively large difference between the diameters and wall thicknesses of the proximal and distal colon ends. The reoperation was performed using SPLS through the present colostomy site, and the patient recovered well. None of the patients developed a wound infection, which is the most common postoperative complication after laparotomy for SV management[22,23]. However, wound infections occurred in 2 of the 5 patients who underwent colostomy closures. We performed the colostomy closures using SPLS, with the colostomy site acting as the single-port site. Thus, although there was a high rate of wound infections after colostomy closure, the wound problems associated with these small stoma site closures were milder and easier to manage than those occurring in the larger wound incisions associated with laparotomies. The vertical incision over the umbilicus or transverse scar after reversal of Hartmann’s procedure also showed excellent cosmetic benefits (Figure3).
We acknowledge several study limitations, including the retrospective nature of the study, limited sample size, and patient selection bias. The patients had low body mass indexes, and only 1 patient had a history of abdominal surgery. However, SV is a rare disease, and we performed SPLS for all our consecutive SV patients. Thus, these data will be useful for experienced surgeons who plan single-port laparoscopic colectomies in various practice settings. 
In conclusion, SPLS for SV management was safe and feasible in terms of minimal surgical complications and rapid recovery. In addition to the cosmetic advantages, the decrease in the incision numbers and lengths showed the technique’s potential for reducing postoperative pain and decreasing the incidence of postoperative wound infections among elderly and chronically ill patients. SPLS appears to be a reasonable option for the treatment of SV when performed by an experienced SPLS surgeon. Thus, more experience and prospective studies are required to confirm the utility of this technique.
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COMMENTS
Background
Minimally invasive surgery seems to be ideally suited for sigmoid volvulus (SV) patients who, in developed nations, are typically elderly individuals with significant comorbidities.

Research frontiers
Since the advent of minimally invasive surgery, there have been few reports of the laparoscopic management of SV, and very few reports have described the management of SV using single-port laparoscopic surgery (SPLS).

Innovations and breakthroughs
This retrospective study assessed the efficacy and safety of SV management using a single port laparoscopic technique. This technique is less invasive than commonly used methods, with comparable safety and efficacy.

Applications
These data will be useful for experienced surgeons who plan single port laparoscopic colectomies in various practice settings. The results of this study could be the basis for prospective comparative studies in the future.

Terminology
SV is the wrapping of the sigmoid colon around itself and its mesentery. SPLS has emerged as a subtype of laparoscopy, maximizing the benefits of laparoscopic surgery. SPLS for SV was performed transumbilically or through a predetermined stoma site.

Peer review
This is a retrospective study of 10 patients who underwent single port laproscopic sigmoid resection. It includes 3 Hartmann's procedures as well.
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Figure 1 Delivery of the resected bowel loop. A: Pull-through pattern via the umbilical incision; B: Enveloped in a Lap-bag and removed through the incision site.
[image: C:\Users\qiyuan\AppData\Roaming\Tencent\Users\409881474\QQ\WinTemp\RichOle\~C7CF2U9_UOCMM~1NL(IXPL.jpg]



Figure 2 Laparoscopic view showingthe distended sigmoid colon. 
[image: C:\Users\qiyuan\AppData\Roaming\Tencent\Users\409881474\QQ\WinTemp\RichOle\Q(MONXDV_%~OHD)5`ASU2XR.jpg]



Figure 3 Post-operative abdominal views. A: Hartmann’s procedure;B: Resection and primary anastomosis; C: Reversal of Hartmann's procedure.
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Table 1 Demographics of patients and operative methods undergoing single-port laparoscopic treatment for sigmoid volvulus
	Patient
	Age
	Sex
	BMI
	Comorbidity
	Mobility status
	Endoscopic decompression
	Operative method

	1
	52
	M
	20.4
	Chronic alcoholic
	-
	Success
	Elective RPA

	2
	59
	M
	24.3
	Visual disability
	Institutionalized
	Success
	Elective RPA

	3
	21
	M
	25.6
	Intellectual disability
	Institutionalized
	Fair
	Hartmann’s procedure

	4
	36
	F
	24.2
	Schizophrenia
	Institutionalized
	Success
	Semi-elective RPA

	5
	70
	F
	22.2
	History of CVA, diabetes mellitus, Hypertension
	Bedbound 
	Recurrence  2
	Hartmann’s procedure

	6
	60
	M
	21.3
	-
	-
	Success
	Elective PRA

	7
	86
	M
	18.2
	-
	-
	Fair
	Hartmann’s procedure

	8
	76
	M
	25.4
	History of CVA, Hypertension
	Wheelchair-bound
	Recurrence  3
	Hartmann’s procedure

	9
	43
	F
	20.3
	Schizophrenia
	Institutionalized
	Recurrence ≥ 4
	Hartmann’s procedure

	10
	72
	M
	26.1
	Parkinson’s disease, asthma
	Wheelchair-bound
	Recurrence ≥ 4
	Hartmann’s procedure


BMI: Body mass index; RPA: Resection and primary anastomosi;CVA: Cerebrovascular accident.









Table 2 Operative and post-operative data of patients undergoing single-port laparoscopic treatment for sigmoid volvulus
	Patient
	Operative method
	Operative time (min)
	Time to oral intake (d)
	Postoperative length of stay (d)
	Postoperative complications

	1
	Elective RPA 
	170
	3
	7
	-

	2
	Elective RPA
	225
	2
	6
	-

	3
	Hartmann’s procedure
	315
	3
	10
	Postoperative ileus

	4
	Semi-elective RPA
	90
	3
	6
	-

	5
	Hartmann’s procedure
	120
	3
	8
	-

	6
	Elective PRA
	250
	6
	29
	Anastomotic leakage, postoperative ileus

	7
	Hartmann’s procedure
	220
	2
	8
	-

	8
	Hartmann’s procedure
	105
	1
	4
	-

	9
	Hartmann’s procedure
	85
	1
	4
	-

	10
	Hartmann’s procedure
	165
	1
	4
	-
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