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Introduction:

Sigmoid volvulus is caused by the rotation of the sigmoid loop around its meso axis, which leads to a closed-loop obstruction. It is a severe condition, constituting one of the three leading causes of colonic obstruction (10% of cases) with colonic adenocarcinoma (60%) and diverticulitis (10%) [START_REF] Taourel | Helical CT of large bowel obstruction[END_REF]. Colonic necrosis and peritonitis are the two main risk factors for mortality. In Western Europe and North America, this condition affects mostly elderly and institutionalized individuals. Male patients account for the majority of cases [START_REF] Halabi | Colonic Volvulus in the United States: Trends, Outcomes, and Predictors of Mortality[END_REF][START_REF] Welch | Acute volvulus of the sigmoid colon[END_REF][START_REF] Ballantyne | Volvulus of the colon. Incidence and mortality[END_REF][START_REF] Swenson | Colonic volvulus: presentation and management in metropolitan Minnesota, United States[END_REF]. However, in Africa and India, volvulus represents the leading cause of colonic obstruction (50%), but patients in these areas are usually young and healthy [START_REF] Sule | Adult large bowel obstruction: a review of clinical experience[END_REF]. The diagnosis is based on radiological examinations, either by X-rays or computed tomography (CT) scans. The sensitivity of X-ray findings for the diagnosis of sigmoid volvulus is 50-90%, while CT scans have a sensitivity close to 100% and enable the detection of the mechanism and complications [START_REF] Atamanalp | Treatment of sigmoid volvulus: a single-center experience of 952 patients over 46.5 years[END_REF][START_REF] Levsky | CT findings of sigmoid volvulus[END_REF][START_REF] Burrell | Significant plain film findings in sigmoid volvulus[END_REF]. The first-line emergency treatment relies on the endoscopic management of the volvulus. The endoscopic treatment consists of the detorsion of the loop using a flexible colonoscope, without any colonic preparation, and the temporary placement of a Faucher colorectal tube both to optimize colonic exsufflation and reduce the risk of early recurrence. The clinical success is high, ranging from 75 to 90% [START_REF] Ballantyne | Volvulus of the colon. Incidence and mortality[END_REF][START_REF] Atamanalp | Treatment of sigmoid volvulus: a single-center experience of 952 patients over 46.5 years[END_REF][START_REF] Oren | An algorithm for the management of sigmoid colon volvulus and the safety of primary resection: experience with 827 cases[END_REF][START_REF] Lou | Appropriate treatment of acute sigmoid volvulus in the emergency setting[END_REF]. In cases of complication or failure of the endoscopic treatment, surgery is required, consisting of sigmoid resection with or without primary anastomosis. However, emergency surgery carries a high risk of complications, leading to a mortality rate ranging from 25 to 50% [START_REF] Safioleas | Clinical considerations and therapeutic strategy for sigmoid volvulus in the elderly: a study of 33 cases[END_REF][START_REF] Cirocchi | The sigmoid volvulus: surgical timing and mortality for different clinical types[END_REF][START_REF] Grossmann | Sigmoid volvulus in Department of Veterans Affairs Medical Centers[END_REF]. Another issue is to develop strategies that prevent recurrence after successful endoscopic detorsion. Indeed, the recurrence rate after endoscopic treatment is high, estimated to be 50-90% [START_REF] Safioleas | Clinical considerations and therapeutic strategy for sigmoid volvulus in the elderly: a study of 33 cases[END_REF][START_REF] Yassaie | Management of sigmoid volvulus: is early surgery justifiable?[END_REF][START_REF] Chung | Minimizing recurrence after sigmoid volvulus[END_REF]. The current paradigm in this situation is to perform prophylactic surgery in the absence of contra-indications in selected patients. However, even a scheduled prophylactic surgery (general resection of the sigmoid colon with primary anastomosis) is at risk in these frail patients. Another surgical alternative, surgical sigmoidopexy, was developed but failed at preventing sigmoid volvulus recurrence; thus, it cannot be recommended [START_REF] Oren | An algorithm for the management of sigmoid colon volvulus and the safety of primary resection: experience with 827 cases[END_REF][START_REF] Perrot | Management of the colonic volvulus in 2016[END_REF][START_REF] Lorenzi | Laparoscopic-assisted endoscopic sigmoidopexy: a new surgical option for sigmoid volvulus[END_REF]. Data are scarce regarding the management of sigmoid volvulus and outcomes in old and frail patients. Our aim was to compare outcomes between patients who were not operated on (the 'no surgery' group) and patients who had an elective surgery to prevent recurrence (the 'elective surgery' group) after endoscopic treatment of an episode of sigmoid volvulus, with death rate as our primary endpoint.

Methods

Patients

We screened all patients admitted for sigmoid volvulus at the University Hospital of Nantes (France) from January 2008 to November 2014 who had an emergency endoscopy in the adult digestive unit. There were no exclusion criteria.

Endoscopic procedure

Rectosigmoidoscopy was performed within 12 hours after admission without bowel preparation nor sedation using a standard videocolonoscope. The procedure was as follows:

during careful progression within the colon, the two rotation points were untwisted, allowing the endoscope to reach the upstream part of the colon. Decompression was then performed until clinical improvement was noted by the examination of the patient's abdomen. A lubricated guide wire with a blunt distal end was introduced through the working channel of the colonoscope and placed in the left colon. The endoscope was then removed and a sigmoid Faucher tube was placed, usually in the left colon, after the application of lubricant. The entire procedure was performed without fluoroscopic control. The tube was fixed to the thigh of the patient using adhesive tape to be maintained up to 72 hours. Enemas were performed using the Faucher tube until its removal.

Data collection

Data were retrospectively collected by consulting the medical database of the University Hospital of Nantes (Clinicom software) and through phone calls to patient's relatives, treating physician or institution. Demographic characteristics, medical history, endoscopic and surgical management, and events occurring during the follow-up were collected. The autonomy score AGGIR (Geriatric Autonomie Groups Resources Needs) was calculated for each patient, a score of 1 or 2 defining a severe loss of autonomy [START_REF] Vetel | AGGIR. Practical use. Geriatric Autonomy Group Resources Needs[END_REF].

Endpoints and definitions

Patients who had not been operated on at the end of the follow-up were classified into the 'no surgery' group. Patients who underwent a planned surgery to avoid recurrence were classified into the 'elective surgery' group.

The primary endpoint of the study was the death rate in both groups. The measured outcome was the ratio of deaths to patients who reached more than 3 months of follow-up. The secondary endpoints were initial failure, early recurrence, emergency surgery and late recurrence. The outcome for initial failure was the ratio of patients for whom abdominal decompression was not obtained after the initial endoscopy to all patients undergoing an endoscopic treatment. The outcome for early recurrence was calculated as the ratio of patients with a recurrence of the obstruction caused by sigmoid volvulus requiring endoscopic or surgical management during the 15 days following the initial endoscopic management, to all patients undergoing an endoscopic treatment. The outcome for emergency surgery was calculated as the ratio of patients undergoing surgical rescue either for threatening colonic necrosis, initial endoscopic failure or early recurrence to all patients undergoing an endoscopic treatment. The outcome for late recurrence was calculated as the ratio of patients with a recurrence of obstruction more than 15 days after the initial management, to patients who reached more than 3 months of follow-up.

Statistical analysis

Baseline characteristics were analyzed by calculating the means for continuous variables and frequencies and percentages for categorical variables. Comparisons between groups for baseline characteristics were calculated using Fisher's exact test or Student's t test when appropriate. A Chi-square test was calculated to compare frequencies of outcomes between groups. All statistical analyses were performed using GraphPad Prism software version 5.00 for Windows (GraphPad Software, Inc., La Jolla, Calif.). A p-value less than 0.05 was considered as statistically significant.

3 Results

Patients' characteristics

We screened 83 patients (50 males and 33 females) ranging in age between 15 and 99 years who had been treated for sigmoid volvulus. The flow chart is provided in Figure 1. All patients were admitted on an emergency basis due to abdominal pain and distension. Diagnosis was suggested by abdominal X-rays or a CT scan (Figure 2) and confirmed by endoscopy. Median follow-up was 13 months (1 day-67 months). Nine patients were lost to follow-up after 3 months. Nevertheless, we considered these patients for the analysis of initial failure, early recurrence and emergency surgery.

Among the patients whose data were available after 3 months, 25 (34%) underwent an elective surgery during the follow-up at an average of 9±9 months after the first episode of sigmoid volvulus and 1±2 after the last episode of volvulus. Forty-two patients (57%) had no surgery at the end of follow-up. Seven patients had an emergency surgery. During the same period, only one patient had a first-line surgery for a fecal peritonitis resulting from a perforation of a sigmoid volvulus.

The mean age was 76±12 and 61±23 years in the 'no surgery' and in the 'elective surgery' group, respectively (p=0.006). Patients were mostly men in both groups (67% and 72%; p=0.788). Patients of the 'no surgery' group and the 'elective surgery' group had a history of neurological impairment in 69% and 48% of cases (p=0.121), were institutionalized in 62% and 32% of cases (p=0.024) and had a severe loss of autonomy in 45% and 16% of cases (p=0.018), respectively (Table 1).

Death rate

Thirty-eight patients (51%) died during the follow-up with a median follow-up of 12.5 months (0 days-55 months). In the 'no surgery' group and the 'elective surgery' group, 26 and 8 deaths occurred, respectively (p=0.018); among them, 19 and 6 patients, respectively, died from causes other than volvulus (p=0.117).

Initial failure, early recurrence and emergency surgery

A Faucher tube was placed in the sigmoid colon of 76 patients (92%). No complications of the endoscopic procedure were reported. Sigmoid volvulus detorsion failure occurred in 3 patients.

Among them, the mean age was 86±7 and 2 patients had a history of sigmoid volvulus. Mucosal lesions were described in 12 patients during the rectosigmoidoscopy. Among them, 6 had mild ischemic lesions, such as petechiae and mucosal edema, 1 had ulcerations without necrosis and 5 had necrotic lesions of the sigmoid mucosa. Three of the patients with digestive necrosis had emergency surgery, and two died from complications of necrosis.

The early recurrence of the sigmoid volvulus occurred in 21 patients (25%) with a median duration of 4 days (1-11 days) after the first detorsion.

Seven patients (8%) underwent an emergency surgery. The mean age was 81±9 years. Among them, 3 patients underwent a surgery for digestive necrosis, 1 because of a failure of the initial endoscopic treatment, with no evidence of digestive necrosis, 2 because of early recurrence and one for failure of endoscopic detorsion during the third episode of volvulus. Surgical procedures are described in Table 2. The adverse effects of the emergency surgery were death in 2 patients, evisceration in 1 patient, cardiogenic pulmonary edema in 1 patient and anastomotic stenosis in 1 patient. Ten patients underwent adverse effects in the elective surgery group, among them 2 underwent several complications and 2 died from causes related to volvulus. There was no significant difference in the complication rate between the 2 groups (p=0.21). Surgical complications according to the Clavien-Dindo classification are reported in Table 3 [START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF].

Late recurrence

Forty-seven patients (64%) had at least one recurrence of sigmoid volvulus during the followup, with a median of 1 recurrence per patient [START_REF] Taourel | Helical CT of large bowel obstruction[END_REF][START_REF] Halabi | Colonic Volvulus in the United States: Trends, Outcomes, and Predictors of Mortality[END_REF][START_REF] Welch | Acute volvulus of the sigmoid colon[END_REF][START_REF] Ballantyne | Volvulus of the colon. Incidence and mortality[END_REF][START_REF] Swenson | Colonic volvulus: presentation and management in metropolitan Minnesota, United States[END_REF][START_REF] Sule | Adult large bowel obstruction: a review of clinical experience[END_REF][START_REF] Atamanalp | Treatment of sigmoid volvulus: a single-center experience of 952 patients over 46.5 years[END_REF][START_REF] Levsky | CT findings of sigmoid volvulus[END_REF][START_REF] Burrell | Significant plain film findings in sigmoid volvulus[END_REF][START_REF] Oren | An algorithm for the management of sigmoid colon volvulus and the safety of primary resection: experience with 827 cases[END_REF][START_REF] Lou | Appropriate treatment of acute sigmoid volvulus in the emergency setting[END_REF][START_REF] Safioleas | Clinical considerations and therapeutic strategy for sigmoid volvulus in the elderly: a study of 33 cases[END_REF][START_REF] Cirocchi | The sigmoid volvulus: surgical timing and mortality for different clinical types[END_REF][START_REF] Grossmann | Sigmoid volvulus in Department of Veterans Affairs Medical Centers[END_REF][START_REF] Yassaie | Management of sigmoid volvulus: is early surgery justifiable?[END_REF][START_REF] Chung | Minimizing recurrence after sigmoid volvulus[END_REF][START_REF] Perrot | Management of the colonic volvulus in 2016[END_REF][START_REF] Lorenzi | Laparoscopic-assisted endoscopic sigmoidopexy: a new surgical option for sigmoid volvulus[END_REF][START_REF] Vetel | AGGIR. Practical use. Geriatric Autonomy Group Resources Needs[END_REF]. These recurrences led to rehospitalizations for a median duration of 10 days (1-88 days), resulting in a total of 581 days in all patients. In the 'no surgery' group, 21 patients (50%) had at least one recurrence of sigmoid volvulus during the follow-up, with a median of 2 recurrences per patient [START_REF] Taourel | Helical CT of large bowel obstruction[END_REF][START_REF] Halabi | Colonic Volvulus in the United States: Trends, Outcomes, and Predictors of Mortality[END_REF][START_REF] Welch | Acute volvulus of the sigmoid colon[END_REF][START_REF] Ballantyne | Volvulus of the colon. Incidence and mortality[END_REF][START_REF] Swenson | Colonic volvulus: presentation and management in metropolitan Minnesota, United States[END_REF][START_REF] Sule | Adult large bowel obstruction: a review of clinical experience[END_REF][START_REF] Atamanalp | Treatment of sigmoid volvulus: a single-center experience of 952 patients over 46.5 years[END_REF][START_REF] Levsky | CT findings of sigmoid volvulus[END_REF][START_REF] Burrell | Significant plain film findings in sigmoid volvulus[END_REF][START_REF] Oren | An algorithm for the management of sigmoid colon volvulus and the safety of primary resection: experience with 827 cases[END_REF][START_REF] Lou | Appropriate treatment of acute sigmoid volvulus in the emergency setting[END_REF][START_REF] Safioleas | Clinical considerations and therapeutic strategy for sigmoid volvulus in the elderly: a study of 33 cases[END_REF][START_REF] Cirocchi | The sigmoid volvulus: surgical timing and mortality for different clinical types[END_REF][START_REF] Grossmann | Sigmoid volvulus in Department of Veterans Affairs Medical Centers[END_REF][START_REF] Yassaie | Management of sigmoid volvulus: is early surgery justifiable?[END_REF][START_REF] Chung | Minimizing recurrence after sigmoid volvulus[END_REF][START_REF] Perrot | Management of the colonic volvulus in 2016[END_REF][START_REF] Lorenzi | Laparoscopic-assisted endoscopic sigmoidopexy: a new surgical option for sigmoid volvulus[END_REF][START_REF] Vetel | AGGIR. Practical use. Geriatric Autonomy Group Resources Needs[END_REF]. A history of early recurrence was not a risk factor for recurrence during the follow-up. There was no difference in the demographic characteristics between the patients who had recurrence and the patients who had no recurrence (Table 4). Patients who underwent an elective surgery had a median of 1 episode of sigmoid volvulus (1-5) before surgery. None of the patients had a recurrence after surgery.

Discussion

Our study reports the management and outcomes of acute sigmoid volvulus in clinical practice over a 6-year period in a single institution. In contrast to the Middle East and Africa, where series reach often more than 100 patients [START_REF] Maddah | Management of sigmoid volvulus: options and prognosis[END_REF][START_REF] Mnguni | How far has the pendulum swung in the surgical management of sigmoid volvulus? Experience from the KwaZulu-Natal Teaching Hospitals and review of the literature[END_REF], data are scarce in Europe [START_REF] Ifversen | More patients should undergo surgery after sigmoid volvulus[END_REF][START_REF] Hougaard | Elective surgery after successful endoscopic decompression of sigmoid volvulus may be considered[END_REF][START_REF] Baker | The management of acute sigmoid volvulus in Nottingham[END_REF][START_REF] Bruzzi | Management of acute sigmoid volvulus: short-and long-term results[END_REF][START_REF] Mulas | Management of colonic volvulus. Experience in 75 patients[END_REF], highlighting the comparatively low incidence of the condition. Therefore, this work is important because it shows that this disease affects a population of frail, old and institutionalized patients who are at risk of volvulus recurrence and, generally, are poor candidates for surgery. In addition, our results suggest that endoscopic management is safe, since no complications were noted, but it remains a short-term solution. When elective surgery cannot be performed, recurrences are frequent and warrant a search for alternate solutions.

Patients were older and frailer in the 'no surgery' group, highlighting the reluctance to perform colonic surgery in this population. It is interesting to note that the high mortality in the 'no surgery' group was mainly due to sigmoid volvulus, while the number of non-volvulus-related deaths was not significantly different in both groups.

Initial endoscopic treatment was effective in 94% of patients and safe, since no endoscopic complications occurred in this cohort. This emphasizes the efficacy of emergency sigmoidoscopy as a first-line treatment, provided that the patient is afebrile, hemodynamically stable and that imaging does not show any sign of complications. In contrast, immediate surgery was associated with a 29% post-operative mortality rate in our study and should be considered only in cases of complication. Nevertheless, 25% of our patients experienced an early recurrence of the sigmoid volvulus, i.e., occurring less than 15 days after the initial rectosigmoidoscopy, and 64% showed a recurrence during the follow-up. This high rate of recurrences was expected, as it is consistent with the European literature [START_REF] Ifversen | More patients should undergo surgery after sigmoid volvulus[END_REF][START_REF] Hougaard | Elective surgery after successful endoscopic decompression of sigmoid volvulus may be considered[END_REF], and this study highlights the need for prophylactic treatment. The young and less frail patients underwent an elective surgery during the follow-up, mostly sigmoid resection with primary colo-colic anastomosis. No difference in the complication rate was noted between patients who underwent an emergency surgery and patients who underwent an elective surgery, however, the small number of patients may have induced a loss of statistical power.

The main limit of our study stands in its retrospective design, which prevented the analysis of several parameters, such as the time from diagnosis or hospital admission to first-line endoscopic therapy or the impact of prophylactic measures after the first episode on the risk of recurrence. However, the median follow-up of our patients was 13 months, which enabled us to analyze their outcomes, especially mortality and recurrence. Only 9 patients (11%) were lost to follow-up. It is also a relatively small sample size with a heterogeneous population. The number of patients included in 6 years is consistent with the low incidence of sigmoid volvulus in Western countries. However, our data are of interest since there are few recent data in Western countries to describe the phenotypic, social and demographic features of this disease.

Additionally, few data are available about adverse effects and mortality rate of endoscopy and surgery in 'real-life' conditions. Endoscopic sigmoidopexy might be a promising option for preventing recurrence in fragile patients. Indeed, our study shows that the mean number of recurrences among patients too old or too frail to undergo surgery and among patients who refused surgery was important (3±4 recurrences per patient). As Western populations are growing older, there is a need for a treatment for these patients. Indeed, recurrences in geriatric patients lead to rehospitalizations with decompensation of geriatric frailties (confusion, undernutrition) or to emergency surgery, which has high mortality and morbidity. An initial geriatric assessment would be relevant in patients with a first episode of sigmoid volvulus to select those who could benefit from a planned surgery, with a specialized geriatric follow-up. Percutaneous endoscopic colostomy performed in the sigmoid colon for the treatment of sigmoid volvulus seems promising for frail patients for which surgery seems unreasonable, especially if the colostomy could be used to exsufflate the colon at home. However, too few data are available to assess its safety and accuracy [START_REF] Tin | Percutaneous endoscopic sigmoidopexy using T-fasteners for management of sigmoid volvulus[END_REF][START_REF] López-Serrano | Endoscopic treatment of recurrent sigmoid volvulus with colopexy assisted by T-fasteners and colostomy[END_REF][START_REF] Pinedo | Percutaneous endoscopic sigmoidopexy in sigmoid volvulus with Tfasteners: report of two cases[END_REF][START_REF] Frank | Use of percutaneous endoscopic colostomy (PEC) to treat sigmoid volvulus: a systematic review[END_REF][START_REF] Baraza | Prospective analysis of percutaneous endoscopic colostomy at a tertiary referral centre[END_REF].

In conclusion, our data support the early management of sigmoid volvulus by endoscopy, which is successful in the vast majority of cases. However, due to early recurrence in approximately one-fourth of patients, elective surgery must be planned as soon as possible after the first episode of sigmoid volvulus. In frail patients, the development of other options, such as endoscopic sigmoidopexy, should be evaluated. Patients in the first-line surgery group had no endoscopy during management. Lost to follow-up was defined as a failure to achieve 3 months of follow-up. Patients in the emergency surgery group underwent surgical rescue for digestive necrosis or failure of initial endoscopic management. Patients in the 'elective surgery' group underwent planned surgery to prevent recurrences.

Figure 2: CT scan images of sigmoid volvulus

A) An abdominal CT scan scout image displaying the sigmoid loop, typically termed the 'coffee bean sign'. B) Sagittal cross-section displaying the 'whirl sign' figuring the torsion of the colon and its vessels. Sigmoid resection plus primary colo-colic anastomosis 5
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Table 1 : Patients' characteristics.

 1 

	Total	No surgery	Elective
	(n=83)	group	surgery
		(n=42)	group
			(n=25)

Table 2 : Surgical procedures Surgical procedure Number of patients

 2 

	Emergency surgery

Table 3 : Surgical complications using the standardized reporting system of Clavien- Dindo Post-operative complications Emergency surgery (n=7) Elective surgery (n=25)

 3 

	Grade I		• Nosocomial pneumonia
	Any deviation the normal postoperative course without the need for		(n=1) • Postoperative ileus
	pharmacological treatment or surgical, endoscopic, and radiological interventions		(n=1) • Wound dehiscence
			(n=1)
	Grade II		• Hemorrhage (n=2)
	Requiring pharmacological treatment		
	with drugs other than such allowed for		
	grade I complications		
	Grade III Requiring surgical, endoscopic or radiological intervention	• Evisceration (n=1) • Anastomotic stenosis (n=1)	• Eviscerations (n=2) • Acute peritonitis (n=1) • Abdominal wall
			hematoma (n=1) • Adhesive intestinal
			obstruction (n=1)
	Grade IV	• Cardiogenic pulmonary	
	Life-threatening complication requiring	edema (n=1)	
	IC/ICU management		
	Grade V	• Death (n=2)	• Death (n=2)

Table 4 : Characteristics in recurrence and non-recurrence groups among non- operated patients

 4 

		Recurrence (n=21)	Non-recurrence	p
			(n=19)	
	Mean age ±SD (years)	78±13	74±12	ns
	Male	14 (67%)	13 (68%)	ns
	Institutionalized	14 (67%)	11 (58%)	ns
	Severe loss of autonomy	10 (48%)	9 (47%)	ns
	Neurological impairment 14 (67%)	13 (68%)	ns
	History of abdominal	5 (24%)	2 (11%)	ns
	surgery			
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