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Abstract
Endoluminal vacuum-assisted therapy (EVT) has been introduced recently to treat colorectal anastomotic leaks in clinically stable non-peritonitic patients. Its application has been mainly reserved to low colorectal and colo-anal anastomoses. The main advantage of this new procedure is to ensure continuous drainage of the abscess cavity, to promote and to accelerate the formation of granulation tissue resulting in a reduction of the abscess cavity. The reported results are promising allowing a higher preservation of the anastomosis when compared to conventional treatments that include trans-anastomotic tube placement, percutaneous drainage, endoscopic clipping of the anastomotic defect or stent placement. Nevertheless, despite this procedure is gaining acceptance among the surgical community, indications, inclusion criteria and definitions of success are not yet standardized and extremely heterogeneous, making it difficult to reach definitive conclusions and to ascertain which are the real benefits of this new procedure. Moreover, long-term and functional results are poorly reported. The present review is focused on critically analyzing the theoretical benefits and risks of the procedure, short- and long-term functional results and future direction in the application of EVT.
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Core Tip: Endoluminal vacuum therapy for the treatment of rectal anastomotic leakage, in clinically stable patients, has been reported to be promising, in term of high rate of anastomotic salvage and length of hospital stay. Nevertheless, inclusion criteria, definition of success and complications, are heterogeneous. Moreover, long-term anorectal function is poorly reported. This opinion review aims at clarify, through a critical analysis, all the raised points to stimulate the surgical community to a more standardized approach and algorithm of treatment, and to further study the long-term consequences of this technique.

INTRODUCTION
Anastomotic leak (AL) still represents the most dreaded complication following colorectal resection due to its consequences that could severely affect functional and oncological outcome[1,2]. The gravity of the phenomenon is amplified when rectal cancer only is considered, with reported leakage rate ranging from 3% to 19%[3] and a mortality rate varying from to 1.7% to 16.4%[4]. The choice of the treatment is strictly influenced by the patient general condition and by the dimension of the anastomotic defect[5]. In 2007, the international rectal cancer study group, which includes expert colorectal surgeons and interventional radiologists from several regions in the world, proposed a standardized algorithm for treating ALs. Treatment options varies according to the location of the anastomosis, dimension of the abscess, and patient’s clinical conditions[6]. In patients in whom a diffuse peritonitis has occurred, a laparotomy and takedown of the anastomosis is the suggested surgical treatment. More conservative treatments including the salvage of the anastomosis could be an option in patients who remain clinically stable or in presence of a small defect. Different options have been reported including trans-anastomotic tube drainage, percutaneous drainage of the peri-anastomotic abscess in association with fecal diversion, if not fashioned at primary operation, placement of stent or endoscopic clipping of the defect[4,6]. Nevertheless, in presence of a large defect, even in a clinically stable patient, the healing process is extremely long, resulting in a delay of diverting stoma and devastating future function of the neorectum, in particular when an extra-peritoneal anastomosis is taken into consideration. In the early 2000s, an endoluminal vacuum-assisted therapy (EVT) was introduced to treat presacral anastomotic abscesses in stable, non-peritonitic patients[7]. The principle is based on the application of topic negative pressure in order to drain, to clean, to induce the collapse of the cavity, and to prevent the development of chronic sinus. Several case reports papers, reviews, and meta-analyses[7-20] have been published so far with promising results. Nevertheless, the majority of papers are heterogeneous both in term of success rate definition, salvage and long-term results, paucity of comparative studies and thus definitive conclusions are not warranted at present time. In particular, the majority of the studies were focused on success rate, healing time and stoma closure rates, while only few papers dealt with long-term anastomotic function and complications that play a pivotal role when the issue of the efficacy of a novel treatment is taken into consideration. In this narrative review, we aim to critically appraise the literature with regard to the results of the EVT in term of success rate and complications and to evaluate the long-term functional results of this novel treatment.

EVT DEVICE DESCRIPTION
The endoscopic vacuum device consists of an open-cell polyurethane sponge measuring 7 cm × 3 cm, which can be cut down until minimum size, depending on the size of the cavity. The sponge dressing is placed into the abscess cavity using a specially developed introducer system. The end of the evacuation probe is connected to a vacuum wound drainage system via a variable drain connector (Figure 1).
In the majority of available studies the evacuation probe was connected to a low vacuum suction bottle (Redyrob® Trans Plus bottle with variable vacuum) (Figure 2), creating a constant negative vacuum pressure of 125-150 mmHg[20]. Higher values were reported by Arezzo et al[15] who connected the tube to a vacuum system producing continuum negative pressure up to 700 mmHg when in hospital, and a portable system producing continuum negative pressure up to 200 mmHg when discharged.

INCLUSION CRITERIA
The main indication to the use of EVT was represented by the presence of an extraperitoneal leak confirmed by flexible endoscopy ± computed tomography scan (CT) and on clinical and/or laboratory deterioration and drain secretion. Only patients in stable condition with no sign or only localized peritonitis were included. In the majority of patients, a leak following colorectal resection for cancer was considered. Table 1 reports the inclusion criteria of the available studies. The table shows up the lack of standardization in the inclusion criteria, some including both benign and malignant, some purely malignant or pure benign disease, to the different anastomotic heights, surgical approach, including both PME and TME, or in the different indications to EVT therapy, including Hartmann "stump insufficiency" or rectal perforation, as well as leaks following a proctectomy with a J-pouch ileoanal anastomosis. These data lead us to extreme caution in their interpretation, in the effort to make a critical analysis of the reported results. Moreover, a strong clinical heterogeneity has been reported with respect to initial cavity size ranging from 4.9 cm to 10 cm among the reported series[8-22]. Limitations to inclusion with respect to the initial cavity dimension have been reported only in one study[23].
Recently, it has been reported on the intraoperative use of indocyanine green (ICG) fluorescence from the luminal side via a trans-anal approach which enables to evaluate the whole circumference of anastomosis in the proximal and distal intestines[24]. Results showed that in patients in whom the vessels were not depicted by the ICG, a higher incidence of AL was observed. This finding is of relevance and it will be probably useful in selecting patients who will beneficiate of EVT vs patients in whom a more aggressive operative strategy is recommended. Possible future applications of this technique combined with endoscopy, will be the evaluation in patients with suspected leak, in order to confirm the presence of a leak and to evaluate local perfusion over the entire circumference of anastomosis in real time.

EVT THERAPY RESULTS
EVT has been identified as a successful method in order to treat AL in clinically stable and non-peritonitic patients with reported figures ranging from 60% to 100% and a rate of diverting stoma closure ranging between 31% to 100%, as emerged by recently published systematic reviews on this issue[20,21]. The rate of success was significantly influenced by early therapy start (within 6 wk from onset) with summarized odds ratio of 3.48 as reported by Mahendran et al[18] in their review paper including 266 patients from 16 studies. Nevertheless, data extracted from the same paper underlined that an additional treatment was needed in 12.8% of patients, due to the persistence of the abscess cavity, including fibrin glue application, sutures under general anesthesia, clips placing over the scope or a combination of different techniques. Treatment duration, in current literature, varies between 11 and 244 d. Data are encouraging and promising showing that approximatively 67% of the patients had their anastomosis saved with no need of abdominal surgery[9]. Moreover, in selected cases, the EVT treatment could be performed without the need of a diverting stoma[7]. These percentages favorably compares with results reported by Kühn et al[21] in the largest comparative study recently published including 21 patients treated with EVT vs 41 historical controls treated with conventional management. The authors reported a significant higher preservation of the intestinal continuity in the EVT vs conventional group (86.7% vs 37.5%; P = 0.001) and shorter duration of hospital stay. Similarly, Nagell and Holte[22], who compared 4 patients treated with EVT with 10 historical controls, reported favorable results in healing time and length of stay in the EVT group when compared to conventional treatment. Mees et al[23] also reported a significantly shorter time for closure and reduced length of stay in the EVT group.

DEFINTION OF SUCCESS
Another point of discussion is represented by a lack of a standardization in the definition of success of the EVT treatment. In particular, data from the two large series (CLEAN study and GRECCAR study) including 39 and 47 patients respectively, defined the success rate as the absence of extravasation of contrast during abdominal CT or the presence of an intact anastomosis on endoscopy[17,25]. Other authors identified the cavity size, associated or not with the presence of granulating healthy tissue, to define the success rate, with figures ranging from 0.5 cm to 3 cm with no consensus among authors[7,9,26-28]. Kühn et al[28], in the largest monocentric series recently published, including both AL and rectal stump leak, defined success as granulating closure of the cavity, more than 90% clean and granulating tissue, decreasing wound secretion, reduction of fibrinous tissue, and no interventional or surgical procedure required in the further course.

FACTORS INFLUENCING SUCCESS
Different variables could potentially influence the success rate such as neoadjuvant therapy, presence of diverting stoma during the treatment, and length of follow-up[7-24]. von Bernstorff et al[27] first evaluated the effect of radiotherapy on the healing process following EVT therapy. The aforementioned author, and others later, reported a longer duration of therapy, more endoscopies, more sponge exchanges, and longer time to close the abscess cavity in patients who underwent neo-adjuvant treatment[7,15,27,29]. In contrast, others did not find any correlation of neo-adjuvant treatment on healing time and success rate[26,30]. A definitive answer to this topic has come from a subgroup analysis on the radiotherapy subject including eight studies, extrapolated from a meta-analysis, which reported a negative effect of radiotherapy on healing and success rate with a odds ratio of 0.56[20]. Similarly, Shalaby et al[9] in a cumulative analysis, encompassing more than 300 patients, identified preoperative radiotherapy (P = 0.018), development of complications (P = 0.002), male sex (P = 0.014) and absence of diverting stoma before treatment, as predictive factors for failure. This latter point deserves some consideration since, intuitively, the presence of a stoma plays a main role in the healing process, nevertheless, to the best of our knowledge, there is no paper or meta-analysis specifically addressing its role and future subgroup analyses will be advisable. In particular, to further clarify this issue, a detailed report of the stoma formation differentiating patients receiving a stoma at primary operation or after the leak was diagnosed will be mandatory, which actually is not fully available from the reported studies as recently stressed by Sharp et al[19] in their meta-analysis. Despite stoma reversal was considered by the majority of authors as a marker of success, concern has been expressed by some authors due to the complexity of this variable and to the fact that its closure could be influenced by different factors such as severe co-morbidity, insufficiency of the anal sphincter, chronic pre-sacral sinus, or local recurrence and malignancy[18,20].
Finally, with respect to the duration of follow-up, the latter is of pivotal importance since, as emerged by the multicenter study of Riss et al[30], more than 25% of the patients developed a recurrent abscess after a median follow-up of 17 mo. However, data extrapolated from the three recent meta-analyses published in the international literature, show that some of the included studies do not comprise follow-up data, or reported figures ranging within 1 and 4 mo, while less than 50% of the studies report a follow-up time longer than 12 mo, ranging between 14 and 41[18-20].

COMPLICATIONS
The overall EVT-related complication rate among the published series ranges from to 0% to 34.5%, with a mean of 11.1% (96 per cent confidence interval 6.0 to 16.2) as recently reported by Shalaby et al[9]. However not all the available studies report on this variable. The complication issue has been recently analyzed and discussed in two systematic reviews on EVT for rectal anastomotic leakage, including 295 and 335 patients respectively[20,21]. According to the review of Nagell and Holte[22], the most common complication is represented by pelvic abscess accounting for 11.5% of cases. Shalaby et al[9] reached similar conclusions in another review paper. The majority of abscesses were managed with a conservative treatment or via repeated EVT with success rate of 71%-75%, while in case of failure Hartmann’s or Miles operation were performed (Table 2). From a more accurate analysis it emerged that in 1% of cases, the abscess occurred early and it should be considered as a treatment failures, while in 10% they were recurrent and thus they should be considered as a relapse after a primary healing has occurred[20]. According to these findings, could we still consider them as a complication or it would be more appropriate to classify them as a treatment failure? The same question spontaneously arises for the fistula issue. According to data extracted from studies reporting complications, overall 13 cases of fistulas were reported, of which 7 in a single series (Table 3). The majority of them were managed with Hartmann’s procedure. Of note, the high incidence of fistulas recently reported by Kühn et al[28] in their series including 281 patients. In the aforementioned paper, all the fistulas were recto-vaginal in their nature, occurred in the early phase of EVT treatment, and the majority of the patients had initial surgery involving partial resection of the vagina or the uterus, suggesting that EVT might have either prompted or revealed a vaginal leak. In other series, fistulas were classified as abdominal, colovescical, ileal or ureteric, thus suggesting a progression of the leakage process and thus a failure of the treatment more than a complication[7,11,28].
Other complications of endoscopic vacuum treatment include anastomotic stenosis, with an estimated incidence of 4.4% in the cumulative analysis by Popivanov et al[20]. Widenhagen reported the occurrence of anastomotic stenosis in 33% of patients in a retrospective analysis of 29 cases. Stenoses were managed with bougienage or balloon dilatation[7]. In the series of Mussetto et al[31], including 11 patients, anastomotic stenosis accounted for 16%, while figures ranging from 6% to 11% were reported by others[26,32,33]. Nevertheless, the real incidence of the phenomenon is difficult to establish due to the limited follow-up period in a large percentage of the published studies. Moreover, anastomotic stenosis can also normally occur because of chronic inflammation related to the anastomotic leakage itself not as a direct consequence of EVT treatment, and thus considering purely as an EVT complication is questionable. Under this view, a comparative study with adequate follow-up period with patients who had received conventional treatment should be advisable to reach definitive conclusions.
The occurrence of moderate pain was a common complication in the series by Milito et al[16], accounting for 36% (5/14 patients), while intractable pain leading to a discontinuation of the EVT treatment been reported in two cases only[8,16,25]. The phenomenon is rare, 2%, for moderate pain and 0.4% for severe pain as emerged by data derived from the systematic review of Popivanov et al[20]. Other reported complications were bleeding from the cavity, which generally occurs in the act of changing the sponge. In the majority of cases, an endoscopic management has been successful, with only one case requiring conventional surgery. Migration of the sponge into the abdominal cavity has been also reported with an estimated overall incidence of 1%[20].

CHRONIC SINUS AND ABSCESS RECURRENCE
One of the long-term sequelae of anastomotic failure is the development of chronic sinus. The true incidence is unknown, however, a large multicenter retrospective study on 1063 patients, reporting an incidence of 6.4% of anastomotic leakage after colorectal anastomosis or restorative proctocolectomy, 36% of whom developed a chronic sinus[34]. The occurrence of chronic sinus involves multiple interventions and a high risk of permanent stoma[35]. A proportion of chronic sinuses may heal spontaneously over time, nevertheless when sinus eventually resolves, it is associated with poor functional outcome[36]. The occurrence of chronic sinuses after AL treatment with EVT is poorly studied. Borstlap et al[17] reported a 34% rate after a 6 mo follow-up. Comparing patients who underwent early treatment (before 3 wk) vs late treatment (after 3 wk), they observed a higher rate (47%) in the latter group vs 21% in the former. Accordingly, the diverting ileostomy could be reversed in 60% of the patients in the late group as compared to 73% in the early group[37]. The authors argued that a late starting could lead to excessive fibrosis of the bowel thus hampering fistula closure.
Time for beginning EVT treatment was evaluated as prognostic factors by other authors with conflicting results. Huisman et al[36] reported that 3/20 patients (15%) experienced a chronic sinus, after a median follow-up of 10 mo, and all three received a permanent stoma because of the sinus. They grouped the patients according to start of EVT, before or after 20 d from surgery, but no significant difference between the early and late treatment groups were found.
Another important issue is recurrent leak after the anastomosis is healed. Riss et al[30] studied 20 patients treated by rectal resection for rectal cancer and by successful endoscopic EVT of AL (17 patients) or insufficiency of the rectal stump after Hartmann's procedure (3 patients). The patients received annual routine visits and colonoscopy. Five patients (25%) developed a recurrent pelvic abscess, three of them underwent surgery (Hartmann's procedure) and one to CT guided drainage; the treatment for the last patient was still under discussion at the time of publication. Interestingly, the authors did not identify any demographic, therapeutic, or temporal related significant factors that could predict the occurrence of late leak recurrence. The authors concluded that a surveillance of at least 2 years would be recommended for early identification and treatment of this problem. Actually, treatment of chronic sinus is challenging, since its presence precludes the closure of the ileostomy or dictates other surgical treatments such as Hartmann’s procedure with closure of the ileostomy, and creation of a permanent colostomy, in the majority of the patients[7,28]. Jagielski et al[37] reported a different experience. They treated two patients, with recurrent abscess and anastomotic fistula, once more with EVT. The treatment duration was 15 d with four endosponge changes; they obtained fistula healing without need of major surgery. The authors also underlined that the endoscopic treatment could be interrupted as far as the cavity reached 30 mm with granulation tissue on the wall, without waiting for complete healing; this approach allowed faster endoluminal treatment with no impact on recovery.
In conclusion, despite endoscopic vacuum-assisted treatment allows successful treatment of AL, persistent sinus or recurrent fistula and abscess may occur. A constant follow-up is advisable for early diagnosis and care. Therapy often entails surgical treatment; however, a conservative treatment might also be attempted in selected cases.

FUNCTIONAL RESULTS
After restorative anterior rectal resection, bowel function could be impaired, which adversely affects quality of life. Low anterior resection syndrome (LARS), including incontinence, urgency, diarrhea, frequency and clustering of bowel motions, is being increasingly recognized[38]. The scores are categorized into three groups: 1- no LARS (0-20 points), 2- minor LARS (21-30 points) or 3- major LARS (31-42 points). Although an altered function could be present, in patients with rectal cancer, before any treatment, radiotherapy and surgery represent detrimental factors since they can affect both internal and external anal sphincter function as well as rectal compliance and sensory thresholds[39]. Recently a patient-reported outcome measure on bowel related quality of life showed that 85% of patients had some degree of impairment up to 5 years after surgery. Moreover the degree of quality of life impairment increased as the LARS and Wexner fecal incontinence scores increased, indicating that severity of quality of life impairment reflects severity of bowel dysfunction[40]. Bowel function can improve up to 18 mo after surgery or stoma reversal, however, after that time, further recovery is unlikely. A recent systematic review on 11 studies on rectal cancer patients who underwent low anterior rectal resection and completed a LARS score, with a mean or median follow-up of at least 18 mo, found a prevalence of major LARS of 41%, ranging between 18% to 56%. Radiotherapy and tumor height were the most significant factors for LARS development; AL, diverting ileostomy, and having a stoma for prolonged period, were also associated with increased risk of developing major LARS[41].
Articles on the EVT treatment of rectal AL mainly focus on leak resolution and preservation/restoration of the intestinal continuity. Very few assess long-term functional results, and the majority of them did not employ validated score systems or systematic search of the functional outcomes. Two small series observed "reasonable function", both in 5 patients who underwent stoma closure, after a mean follow-up of 28 and 41 mo respectively[14,42]. However, no score was used to grade bowel function. In another study, of the seven patients who had the ileostomy reversed, none reported incontinence to feces or gas after 11.6 mean follow-up, though it is not described if these symptoms were systematically explored[12].
Intestinal function was evaluated with the LARS questionnaires by few authors. Abdalla et al[24] studied 17 patients (out of 26 who had successful EVT treatment) after 14 mo on average following stoma reversal or AL healing, and reported 47.1% with major LARS.
The more complete assessment of postoperative function and related quality of life was performed by Borstlap et al[17]. The authors evaluated the LARS score, the colorectal functional outcome (COREFO) scale, the short form 36 (SF-36), the gastrointestinal quality of life index (GIQLI) questionnaire and the EQ-5D-5L at fixed time points. Eighty-one per cent of the patients experienced major LARS, 13% minor-LARS and only 6% did not report any functional problem. Analysis of the COREFO showed that function did not improve from 6 mo to 12 mo postoperatively. On the other hand improvement of the EQ-5D-5 L, GIQLI and SF-36 scores was noted during follow-up.
Only one study compared functional outcome in patients with AL treated with EVT with a group of patients without AL, after rectal resection[37]. A worse LARS score was found in the EVT group (37, range 23-42 points) with respect to the control group (30, range 4-41) points (P = 0.009), with 77% of patients reporting major LARS in the EVT group as compared with 48% in the control group. This study supports the impairment of long-term anorectal function caused by anastomotic dehiscence, possibly due to fibrosis and reduced rectal compliance. However, the question whether EVT treatment could improve functional results in patients with AL remain unanswered.

CONCLUSION
Our narrative review shows, with all the limitations related to the nature of the available studies from international literature, that EVT represents, in clinically stable non-peritonitic patients, a valid alternative to conservative approach (diverting stoma, drain) with relatively low percentage of complications, higher rate of stoma closure, and shorter length of hospital stay. Some questions currently remain unanswered, in particular with respect to quality of life and functional results following EVT treatment. Moreover, it seems to us extremely difficult to identify patients who will beneficiate most of these new treatment, due to strong heterogeneous inclusion criteria, different materials and treatment algorithms.
Objectively a randomized trial would be advisable to assess the real efficacy of a new therapy, nevertheless due to ethical considerations and to the “fragile” status of these patients, may prove difficult to perform. A possible alternative could be represented by a well-designed multicenter control study with standardized inclusion criteria, standardized definition of success, and adequate follow-up period and control group. These latter two points, in our opinion, are of pivotal importance in order to give a definitive answer on the diverting stoma closure issue, which identification as a marker of success, due to its complexity, should be re-considered.
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Figure 1 Endo-SPONGE® kit including open-pore sponge drain (a), two silicon overtubes (b), the sponge pusher (c), and the irrigation set (d).
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Figure 2 Redyrob® Trans Plus vacuum bottle: this device is meant to be used connected to the Endo-SPONGE drain.

Table 1 Inclusion criteria among different studies
	Ref.
	# Patients
	Anastomosis location
	Inclusion criteria
	Type of disease (n)
	Neoadjuvant therapy (%)

	Weidenhagen et al[7], 2008
	29
	Lower rectum; Middle rectum
	Local peritonitis  (20); General peritonitis (9)
	Cancer of the rectum (22); Rectosigmoid cancer (3); Benign disease (4)
	9 (40.9)

	von Bernstorff et al[27], 2009
	26
	Lower rectum; Ileorectal
	Local peritonitis
	Cancer of the rectum + rectosigmoid
	14 (54)

	Riss et al[30], 2010
	20
	Lower rectum; Middle rectum
	Not reported
	Cancer of the rectum
	6 (30)

	van Koperen et al[8], 2009
	16
	Lower rectum; Ileo-anal
	Not reported
	Cancer (13); Ulcerative colitis (3)
	9 (56)

	Nerup et al[25], 2013
	13
	Lower rectum
	Local peritonitis
	Cancer
	6 (46.1)

	Mees et al[23], 2008
	5
	Lower rectum
	Local peritonitis Abscess (> 3 cm × 3 cm, or < 10 cm × 10 cm)
	Cancer of the rectum
	No

	Arezzo et al[15], 2015
	14
	Lower rectum
	Local peritonitis
	Cancer of the rectum (7)
Other (1)
	7 (50)

	Strangio et al[11], 2015
	25
	Lower rectum (19); Middle rectum (5); Ileoanal (1)
	Local peritonitis Anastomotic leak less than 270
	Rectal cancer (18); Endometriosis (1); Left sided colon cancer (4); Diverticulitis (1); Ulcerative colitis (1)
	18 (84)

	Mussetto et al[31], 2017
	11
	Lower rectum(8); Middle (3)
	Local peritonitis
	Rectal cancer
	5 (45)

	Keskin et al[13], 2015
	15
	3 (20)
	Local peritonitis
	Rectal cancer (12); Other (3)
	NR

	Milito et al[16], 2017
	14
	Lower rectum
	Local peritonitis
	Cancer of the rectum
	14 (100)

	Srinivasamurthy et al[14], 2013
	8
	Lower rectum; Ileoanal
	Not reported
	Ulcerative colitis (1); Cancer of the rectum (8)
	8 (100)

	Abdalla et al[24], 2020
	47
	Middle (5); Lower (42)
	Local peritonitis + asymptomatic leak
	Cancer of the rectum (44); Other (3)
	27 (57.4)

	Kühn et al[28], 2021
	281
	Lower rectum; Ileoanal; Middle rectum
	Local peritonitis extraperitoneal anastomotic leak; Rectal defect
	Sigmoid or rectal cancer 183 (65); Other malignancies 50 (18); Diverticular disease 17 (6); Inflammatory bowel disease 12 (4); Perforation 8 (3); Benign/malignant diseases 11 (4)
	84 (30)




Table 2 Reported complications and treatment among studies reporting complications
	Ref.
	# Patients
	Overall complications n (%)
	Type of complication
	Treatment
	Ileostomy closure %

	Weidenhagen et al[7], 2008
	29
	10 (34.5)
	10 anastomotic stenosis; 2 fistulas
	Bougienage/balloon dilatation (n = 10); Hartmann procedure for persistent fistula (n = 1)
	88

	von Bernstorff et al[27], 2009
	26
	2 (7.7)
	2 intra-abdominal fistulas
	Hartmann procedures (n = 2)
	NR

	Riss et al[30], 2010
	23
	6 (23)
	1 stenosis; 5 recurrent abscess
	Dilatation for stenosis (n = 1); Hartmann’s procedure (n = 3); CT-guided drainage  (n = 1); No further action (n = 1)
	76.5

	van Koperen et al[8], 2009
	16
	4 (25)
	2 abscesses; 1 bleeding; 1 severe pain; 1 anastomotic stenosis
	Hartmann procedure for recurrent abscess (n = 2); 1 stopped treatment for pain; 1 dilatation for stenosis
	55.6

	Nerup et al[25], 2013
	13
	1 (7.7)
	1 anastomotic stenosis
	Permanent colostomy (n = 1)
	91

	Mees et al[23], 2008
	5
	1 (20)
	1 anastomotic stenosis
	Dilatation (n = 1)
	20

	Arezzo et al[15], 2015
	14
	1 (14)
	1 peritonitis; 2 poor compliance
	Fibrin glue injection
	NR

	Strangio et al[11], 2015
	25
	3 (12)
	2 fistulas (1 ureteric, 1 ileal); 1 recurrent abscess
	Surgery (n = 3)
	84.6

	Mussetto et al[31], 2017
	11
	2 (18)
	2 anastomotic stricture
	1 endoscopic dilatation; 1 stent placement
	91

	Keskin et al[13], 2015
	15
	3 (20)
	2 pelvic sepsis; 1 bleeding
	Treatment discontinued
	71

	Milito et al[16], 2017
	14
	5 (36)
	Moderate pain
	None
	NR

	Srinivasamurthy et al[14], 2013
	8
	1 (12)
	Iatrogenic injury during sponge placement
	End stoma
	64

	Abdalla et al[24], 2020
	47
	4 (8.5)
	1 intractable pelvic pain; 3 anastomotic stenosis
	Treatment discontinued (pain); Endoscopic dilatation
	NR

	Kühn et al[28], 2021
	281
	27 (10)
	10 anastomotic stenosis; 7 rectovaginal fistulas; 4 bleeding
	Endoscopic dilatation (n = 10); Surgery (n = 7); Endoscopic haemostasis (n = 3); Surgery for intractable beelding (n = 1)
	62


NR: Not reported.

Table 3 Assessment of ano-rectal function after treatment of anastomotic leak with endoluminal vacuum-assisted therapy
	Ref.
	# Patients
	# Patients with functional assessment
	Follow-up time
	Instrument to evaluate ano-rectal function
	Results

	Borstlap et al[17], 2018
	30
	15
	6, 9, 12 mo
	LARS score; COREFO
	81% major LARS; 13% minor LARS

	Huisman et al[36], 2019
	20
	13
	2.6 (0.8-3.5) yr
	LARS score
	77% major LARS; 23% minor LARS

	Katz et al[42], 2018
	6
	4
	Not reported
	None
	Reasonable function

	Srinivasamurthy et al[14], 2013
	8
	6
	41 (10-45) mo
	None
	Good or reasonable function

	Abdalla et al[24], 2020
	47
	17
	14.8 ± 8.9 mo
	LARS score
	47.1% major LARS; 52.9% no or minor LARS

	Rottoli et al[12], 2018
	8 (pouch)
	7
	11.6 (6-18) mo
	None
	No feces or gas incontinence; BM: daytime: 5 (3-8); Nighttime: 1.7 (1-4)

	Weréen et al[43], 2020
	14
	6
	5.9 (0.53-13) yr
	LARS score
	67% major LARS


LARS: Low anterior resection syndrome score; COREFO: Colorectal functional outcome; BM: Bowel movements.
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