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Abstract
AIM: to investigate the cooperative laparoscopic and endoscopic techniques used for the resection of upper gastrointestinal tumors.
METHODS: A systematic research of the literature was performed in PubMed for English and French language articles about laparoscopic and endoscopic cooperative, combined, hybrid and rendezvous techniques. Only original studies using these techniques for the re​section of early gastric cancer, benign tumors and gastrointestinal stromal tumors of the stomach and the duodenum were included. By excluding case series of less than 10 patients, 25 studies were identified. The study design, number of cases, tumor pathology size and location, the operative technique name, the endoscopy team and surgical team role, operative time, type of closure of visceral wall defect, blood loss, complications and length of hospital stay of these studies were evaluated. Additionally all cooperative techniques found were classified and are presented in a systematic approach.
RESULTS: The studies identified were case series and retrospective cohort studies. A total of 706 patients were operated on with a cooperative technique. The tumors resected were only gastrointestinal stromal tumors (GIST) in 4 studies, GIST and various benign submucosal tumors in 22 studies, early gastric cancer (pT1a and pT1b) in 6 studies and early duodenal cancer in 1 study. There was important heterogeneity between the studies. The operative techniques identified were: laparoscopic assisted endoscopic resection, endoscopic assisted wedge resection, endoscopic assisted trans​gastric and intragastric surgery, laparoscopic endo​scopic cooperative surgery (LECS), laparoscopic assisted endoscopic full thickness resection (LAEFR), clean non exposure technique and non-exposed endoscopic wall-inversion surgery (NEWS). Each technique is illustrated with the roles of the endoscopic and laparoscopic teams; the indications, characteristics and short term results are described.
CONCLUSION: Along with the traditional cooperative techniques, new procedures like LECS, LAEFR and NEWS hold great promise for the future of minimally invasive oncologic procedures.
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Core tip: Cooperative laparoscopic and endoscopic surgery for the resection of upper gastrointestinal tumors combines the advantages of intraluminal and extraluminal approach: precise lesion localization, safe excision and reconstruction. It has been used for the resection of benign submucosal tumors and Gastrointestinal stromal tumors. Novel techniques like inverted laparoscopic endoscopic cooperative surgery, laparoscopic assisted endoscopic full thickness resection, clean non exposure technique and non-exposed endoscopic wall-inversion surgery have emerged for the minimally invasive treatment of early gastric cancer. Their oncologic principles are sound and the first results encouraging. Soon, the close collaboration of laparoscopic and endoscopic teams will be “conditio sine qua non” for the institutions that seek excellence in the treatment of upper gastrointestinal neoplasias.
INTRODUCTION
In the last decade there has been an important development in the minimally invasive treatment of benign and borderline benign tumors of the upper gastrointestinal tract. The creation of new operative tools and the invention of new operative techniques offer more options for the resection of these tumors than ever before.

For the interventional endoscopist, the possibilities for local excision with techniques such as endoscopic submucosal dissection (ESD) and endoscopic full thickness resection (EFTR) are approaching those that only a surgical approach could offer in the past[1,2]. In a parallel course, thanks to the evolution of laparoscopic surgery, the gastrointestinal surgeons can now offer precise minimally invasive segmental resections that favor a more functional outcome and a faster patient recovery in comparison with more aggressive resections[3].

In this competitive race each of these two appro​aches have their strong points and weaknesses. Nevertheless we are noticing the emergence of a third approach: the cooperative laparoscopic and endoscopic approach, also called hybrid laparoscopic approach. This group of techniques aims to accumulate the strong points of intraluminal and intraperitoneal procedures, and at the same time, negate their limitations.
This is not a novel concept since many laparoscopic and endoscopic cooperative techniques have been described with different names: combined laparoscopic and endoscopic, hybrid laparoscopic, cooperative laparoscopic-endoscopic, laparoscopic-endoscopic rendezvous. In spite of the nomenclature used, the idea remains the same: a simultaneous endoluminal and intraperitoneal approach for the localization of the lesion, its precise resection respecting oncologic principles and the closure of the defect.

Interestingly in the last decade, our better know​ledge on the biological behavior of gastrointestinal stromal tumors (GIST) and early gastric cancer, as well as the more frequent detection of these two pathologies has increased the interest in precise, segmental and mini invasive resection techniques based on sound oncologic principles[4,5]. Teams from Asiatic countries and pioneers like Hiki lead the effort of discovering new cooperative laparoscopic and endoscopic techniques.

The aim of this article is to review the data on cooperative laparoscopic and endoscopic techniques, identify and classify the different techniques described, define their indications and elaborate their charac​teristics.

MATERIALS AND METHODS
A systematic review of the literature from the data​bases of PubMed and MEDLINE from January 1960 to March 2015 was performed. The search algorithm used the following strategy:

(“tumour”[All Fields] OR “tumor”[All Fields] OR “submucosal tumor”[All Fields] OR “early gastric cancer”[All Fields] OR “GIST”[All Fields] OR “gastrointestinal stromal tumor”[All Fields] OR “neoplasms”[MeSH Terms] OR “neoplasms”[All Fields]).

And [(“laparoscopic”[All Fields] or “laparoscopy”[All Fields] OR “laparoscopy”[MeSH Terms]) and (“endoscopic”[All Fields] or “endoscopy”[All Fields] or “endoscopy”[MeSH Terms]) and (“intragastric”[All Fields] or “transgastric”[All Fields] or “cooperative”[All Fields] or “combined”[All Fields] or “rendezvous”[All Fields] or “hybrid”[All Fields])].

And (“stomach”[MeSH Terms] or “stomach”[All Fields] or “gastric”[All Fields] or “upper gastro​intestinal”[All Fields] or “Upper Gastrointestinal Tract”[MeSH Terms]).

Inclusion criteria

The search results were screened by the two reviewers (DN, GM) for relevant publications. All original articles describing the combined techniques of laparoscopy and endoscopy for the treatment of tumors of the upper gastrointestinal tract were included. The list of references of each eligible article was manually evaluated for any relevance to the specific topic. Only the articles that were published in English and French were included.

Exclusion criteria

Animal studies and experimental studies were excluded. Duplicate publications, review articles without any original data and studies that did not clearly state in their methods that a combined endo​scopic and laparoscopic approach was used were also excluded. When there was an overlap in the data between the two studies, only the most recent study was considered. Technical articles not reporting patient results were also excluded.

Data extraction and analysis

The included studies were assessed; and the relevant data that was extracted by the reviewers was filled onto a spreadsheet data extraction form. The extracted data for each study focused on: first author’s name, year of publication, country involved, study design, number of cases, lesion pathology, its’ size and location, operative technique name, endoscopy team and surgical team role, operative time, type of closure of visceral wall defect, any blood loss or complications and length of hospital stay. If a technique has a commonly used acronym this is given in a parenthesis after its name. The investigated outcomes for each technique were: type of technique used, number of cases, lesion size, tumor location, tumor pathology, role of endoscopic and of laparoscopic team, technique of visceral wall closure, operative time duration, adverse events and complications. Only descriptive statistics were used. Weighted averages were calcu​lated based only on the number of patients of each study. Results are given as means ± SD.

RESULTS
The search returned 414 abstracts published from June 1971 to March 2015; 339 of these were excluded on the basis of their title or the abstract contents. From the remaining 75 abstracts, 50 were case reports or studies with less than 10 patients. The remaining 25 articles included 8 prospective case series, 4 retrospective cohort studies, and 13 retrospective series (table 1). The total number of patients operated by a cooperative laparoscopic endoscopic technique in these studies was 706.

Concerning the resected lesion pathology, 4 studies included only GIST, while 22 studies involved a variety of benign submucosal tumors (SMT) and GIST, 6 studies early gastric cancer (pT1a and pT1b) and only 1 study had to do with early duodenal cancer. The mean tumor size varied from 5 to 55 mm. Almost all tumors were located in the stomach, with only one study dealing with duodenal tumors. Heterogeneity existed concerning the name of the procedures, the patients’ characteristics and the reported outcomes (table 2). For consistency reasons, throughout this paper the term Cooperative Laparoscopic Endoscopic Techniques is used to include all the techniques described.

Eleven operative techniques using a cooperative laparoscopic and endoscopic approach were identified from the literature. In all publications the procedure was undertaken in the operating theater under general anesthesia. The operative techniques were classified into three categories according to the roles of the endoscopic and laparoscopic teams: the laparoscopy-assisted endoscopic resection (LAER) group where the resection was performed primarily by the endoscopic team under laparoscopic control; the endoscope-assisted laparoscopic resection (EALR) group where the laparoscopic team performed the resection under endoscopic monitoring; the combined laparoscopic endoscopic resection (CLER) group where the resection was performed jointly by the laparoscopic and the endoscopic team. The characteristics of these techniques, their indications and their reported outcomes are reported herein (table 3).

Weighted averages based on patient number were calculated: for the tumor size they were 3.1 mm for the LAER, 33.3 mm for the EARL and 28.5 mm for the CLER group; for the operative time they were 88.4 min for the CLER, 72.1 min for the LAER and 103.1 min for the EALR group; for the estimated blood loss were 3.5 ml, 29.8 ml and 50.6 ml for the CLER, LAER and EARL groups respectively; and for the hospital stay time were 9.9 d for the CLER group, 2 d for the LAER group and 8.5 d for the EARL group.

Group 1: LAER

In this category, endoscopic mucosal resections (EMR) and ESD are undertaken under laparoscopic control (Figure 1).

The endoscopic team performs an EMR or ESD while the laparoscopic team has a backup role; it monitors the endoscopic resection and provides an extraluminal treatment of any adverse effect like accidental perforation or difficulty in controlling blood loss[6]. It may also provide assistance by presenting the tumor to the endoscopic team with manipulations on the serosal side of the gastric wall[7]. Laparoscopy has been used for verification of the tumor location and orientation and for intraoperative ultrasound[8].

Benign SMT and GIST in the stomach and the duodenum have been resected with these methods[6-9]. Concerning the complications, Qiu et al[6] reported in a series of five patients, one late perforation and one episode of hemorrhage were both treated conser​vatively.

Group 2: EALR

In this group, the tumor is resected by laparoscopy while endoscopy plays an important role in locating the tumor, assisting with exposure and monitoring the laparoscopic procedure. Minimally invasive robot-assisted resections have also been combined with intraluminal endoscopy[10-12].
Endoscope-assisted wedge resection: The patient is placed in the operating theater in the standard position for laparoscopic upper gastrointestinal surgery. A 10-12 mm port for the optic is placed in the supraumbilical midline or, according to some teams, at about one third of the distance between the umbilicus and the xiphoid[13]. Two to three 5-mm ports and a 12 mm port for the endoscopic stapler are added according to the surgical team habitude. A laparoscopic bowel clamp can be placed in the small bowel just distally to the angle of Treitz to avoid small bowel insufflation that hinders the laparoscopic exposure. Using the endoscopic vision and laparoscopic vision and palpation, the location of the SMT is confirmed and marked. Blood vessels in the excision area around the tumor are dissected and controlled in order to avoid hemorrhage. The gastric wall, including the SMT, is lifted by the laparoscopic team with seromuscular sutures placed or by traction from laparoscopic grasping forceps. The tumor, as well as a cuff of normal gastric tissue around it, is removed with a linear endoscopic gastrointestinal stapler in a wedge resection. The staple line can be reinforced with a running suture. Usually two to three stapler cartridges are used for the resection. The tumor is retrieved through an enlarged port hole, protected inside a specimen bag. At the end of the procedure, endoscopy confirms the complete resection and the absence of bleeding or leak (Figure 2).

For lesions located at the posterior gastric wall, the gastrocolic omentum is dissected and the greater curvature of the stomach mobilized laparoscopically. The greater curvature is retracted cephalad, exposing the posterior gastric wall via the lesser sac. Then the same technique is applied[14]. If the tumor is located near the esophagogastric junction or pyloric ring, the endoscope is placed distally into the stomach or duodenum to protect the normal gastric wall from stenosis or damage. In these cases and in the case of large tumors it is proposed to resect the tumor by using laparoscopic ultrasound shears or a vascular sealing system as the application of a stapler may result in deformation of the stomach and stenosis[15]. The gastric wall defect may be closed by laparoscopic sutures or a laparoscopic stapler[16].

This is by far the most common combined technique with more than 500 cases published. It has been used for the resection of gastric SMT and GIST[6,13-26]. A few teams have described the resection of early gastric cancer of stages pT1aNx[27,28] as well as the resection of duodenal SMT and duodenal submucosal cancer[29]. The mean operative time is 44.3-180 min, the mean estimated blood loss is 3-196 ml and the mean hospitalization time is 3.4-15.1 d. The reported complications include: hemorrhage, hypoperistalsis, bowel injury, staple or suture line insufficiency and incomplete resection[14,15,19,20,22,24,27,29,30]; in large series, the complication rate is 0%-3%[6,14,16,19].

Endoscope-assisted laparoscopic transluminal (transgastric) surgery: The same principles for the patient and the surgical team installation as the previous technique are applied. Once the lesion is located, the laparoscopic team makes a laparoscopic incision (gastrotomy) in the anterior abdominal wall overlying the lesion. The exact position of the gastro​tomy is defined by palpation and transillumination by the gastroscope (figure 3). By applying traction on the adjacent normal mucosa, the lesion is delivered through the gastrotomy into the peritoneal cavity and is resected with an inverted wedge excision with a laparoscopic stapler[20]. Alternatively, the laparoscopic team can perform a submucosal or full thickness excision of the lesion[25]. The gastric wall opening is closed with an endoscopic stapler or with sutures[18].

This technique is used predominantly to resect lesions of the posterior gastric wall[16,18,22,25,30,31] and posterior lesions of the duodenum[10]. The reported mean operative time is 114-145 min, the mean blood loss 3-8 ml, and the mean hospital stay 3-8 d[16,22,25]. There are rare incidents of hemorrhage, leak and surgical wound infection[22,25].

Endoscope-assisted laparoscopic intraluminal (intragastric) surgery: In this approach, first des​cribed by Ohashi in 1995, the laparoscopic ports are passed through the abdominal wall and then through the gastric wall, inside the gastric cavity[32]. The procedure starts with a laparoscopic exploration of the peritoneal cavity and, if needed, mobilization of the gastric ligaments. Once the tumor location is pinpointed by endoscopy, the laparoscopic team punctures the gastric wall and inserts an optical port and two working ports inside the stomach (Figure 3). The ports rest in their place by means of an inflatable balloon at their tip; some authors prefer using stan​dard laparoscopic ports and keep them in place by suspending the stomach at the anterior abdominal wall with sutures[33]. The lesion can be removed by laparoscopic mucosal resection, full thickness resection or laparoscopic stapling. The endoscopist can facilitate the procedure by applying traction with a snare and in the end retrieve the resected lesion through the mouth. Large lesions can be retrieved by the surgical team through an enlarged gastrotomy. In the end, the gastric wall perforations are sutured and the stomach is inflated to verify the closure.

A modified laparoscopic intraluminal (intragastric) surgery (LIGS) procedure has been described by Dong et al[33]. The stomach is suspended from the anterior abdominal wall and under the combined laparoscopic and endoscopic control, two 5 mm laparoscopic ports are inserted into the gastric cavity. Inside the stomach the surgeon performs a partial thickness resection of the tumor down to the muscular layer under vision from the gastroscope. The specimen is retrieved through the mouth by the endoscopist. The gastric wall defect and the gastric port holes are closed with endoscopic titanium clips.

LIGS has been used in more than 100 cases for the removal of benign SMT and GIST[13,15,20,25,27,28,30,32,34-38], as well as early gastric cancer[28,32]. The mean operative time is 74.6-236 min, the mean blood loss is 10-100 ml and the mean hospital stay is 3.3-10.2 d; reported complications include hemorrhage, posterior wall perforation and leak[13,15,20,25,27,28,30,32,35-38].

Endoscope-assisted laparoscopic intragastric stapling: Only one 12 mm laparoscopic port is inserted into the stomach. The endoscopist visualizes and exposes the tumor. A laparoscopic stapler is used to resect the lesion with an inverted wedge resection (Figure 3). The gastric port hole is stapled shut. This procedure is used mainly for endophytic benign lesions and has an operative time ranging 85-105 min[39-41].
Single Port LIGS: A 3 cm umbilical mini laparotomy is made, and through it the stomach is grasped and a 2 cm gastrotomy is performed. It is possible to make the mini laparotomy higher and to the left of the midline in order to get a better access to the stomach. A single port laparoscopic device is inserted through the abdominal wall into the stomach; the device’s shape maintains the gastric wall in contact with the abdominal wall. The single port allows the introduction of a laparoscope, laparoscopic instruments, and stapler (Figure 3). In the end of the procedure, the gastrotomy can be closed through the mini laparotomy by open suturing or by stapling[25,42,43].
This technique is used for posterior gastric wall benign lesions. It has a mean operative time of 74.6-145 min, a mean blood loss of 10 ml and a mean hospitalization of 5-8 d. Leak from the gastric wall closure has been reported in a single case[25,42,43].

Group 3: combined laparoscopic-endoscopic resection

This group is comprised of operative techniques where the endoscopic and the laparoscopic team are cooperating for the joint dissection of the tumor.

Laparoscopic endoscopic cooperative surgery: In this procedure, described by Hiki et al[44] in 2008, the lesion is located and partially dissected by ESD. The resection is completed by laparoscopy.
The laparoscopic team is installed and the operative ports are placed in the standard position for upper gastrointestinal procedures. Then the endoscopic team marks by coagulation the periphery of the tumor keeping a safety margin. After submucosal injection, three-fourths of the marked area around the tumor are cut down to the submucosal layer using an insulated tip electrosurgical knife (IT Knife, Olympus, Japan). The presence of an insulated ceramic ball at the tip of this needle-knife is believed to reduce the chance of accidental muscle layer dissection. Following that, the endoscopist makes a perforation of the gastric wall at the dissection line, with the tip of a standard needle knife. Next, the surgical team intervenes laparoscopically. The tip of an ultrasonic shears device or alternatively of a vessel sealing system is inserted into the perforation and three-fourths of the circumference around the tumor are dissected following the endoscopic dissection path. Subsequently, the tumor is turned over, towards the peritoneal cavity. The serosa of the non-resected part of the tumor is grasped and retracted, exposing the extremity of the incision. Finally, the incision line is closed using a laparoscopic stapler (Figure 4). The specimen is retrieved and protected in a plastic bag, through a laparoscopic port hole. For the tumors located near the esogastric junction or pyloric ring, the gastric wall defect is closed with laparoscopic sutures, since any application of a stapling device in these areas may cause deformity of the stomach or stenosis.

Laparoscopic endoscopic cooperative surgery (LECS) has been used in 70 patients for the resection of benign SMT of the stomach and the duodenum[44-50] and in one case for the resection of an early duodenal cancer[51]. The mean operative time of this procedure is 120-182 min, the mean blood loss 7.4-11.6 ml and the patient is hospitalized for a mean 5-11.6 d. Interestingly, there are no complications reported from the highly specialized team performing this procedure[44-51].
Inverted LECS: In order to prevent spillage of gastric content and consequently reduce the risk of tumor cell dissemination in the peritoneal cavity, a variation of the classic LECS procedure was described by Nunobe et al[52] in 2012 in a single case of early gastric cancer resection. The Inverted LECS procedure makes use of suspension sutures passed through the abdominal wall to lift the gastric wall around the tumor like a crown; this step reduces the risk of gastric content spillage. In addition, to prevent contact between the tumor and the peritoneal cavity, the tumor is inverted to face the intragastric cavity. The resection is terminated by application of a laparoscopic stapler that resects the tumor and closes the gastric wall defect and the specimen is removed trans-orally. Thus, the tumor is always kept inside the stomach and is never in direct contact with the perigastric viscera.
Laparoscopy-assisted endoscopic full-thickness resection: Laparoscopy-assisted endoscopic full-thickness resection (LAEFR) was described by Abe et al[53]. It is based on the same principles of LECS but instead of a submucosal dissection, the endoscopic team performs a full thickness resection around the tumor. The laparoscopic team facilitates the exposure by traction from the serosal side of the gastric wall. After the 2/3 of the resection is completed, the exposure for the endoscopic team is hindered by the loss of CO2 towards the peritoneal cavity. Then the laparoscopic team completes the full thickness resection with ultrasonic scissors or a vessel sealing device. The specimen is retrieved either per-orally or protected in a plastic bag through a port site and the gastric wall defect is hand-sewn by the laparoscopic team.
This technique has been used in 20 patients with GIST[53,54] and other benign SMT and in 24 patients with early gastric cancer; in the case of early gastric cancer a sentinel node selective lymph node dissection was performed by laparoscopy[55-57]. This difficult procedure has a mean operative time of 181-389 min, minimal blood loss and a mean hospitalization of 5.9-12.3 d. The expert teams performing LAEFR report no complications in their series[54-57].

Clean non exposure technique: Clean non exposure technique (Clean-NET) is a combined laparoscopic and endoscopic “non exposure” full-thickness gastric wall resection described by Inoue et al[58] in 2012. First the boundary of the lesion is marked by coagulation endoscopically with a 10 mm safety circumferential margin. The surgical team places 4 full thickness stay sutures around the lesion in order to fix the mucosa to the other layers. The endoscopic team injects the submucosal layer with a solution in a circle outside of the stay sutures. Then, the surgical team dissects the seromuscular layer around the tumor and outside of the stay sutures, down to the submucosal layer, using a laparoscopic electrocautery knife. Once the dissection is finished, traction is applied to the stay sutures and the specimen with the surrounding mucosa is pulled out of the stomach, sealed inside a protective mucosal “net”. A laparoscopic linear stapler is used to close the wall defect and resect the mucosal “net” containing the specimen. In the end, the specimen is put into a laparoscopic bag and is withdrawn from a port hole[58].
Non-exposed endoscopic wall-inversion surgery: Non-exposed endoscopic wall-inversion surgery (NEWS) was developed as a new full-thickness resection tech​nique without intentional perforation mainly aimed at being a minimally-invasive procedure for early gastric cancer.

The NEWS procedure starts by placing marks with the coagulation around the tumor; on the mucosal surface by the endoscopic team and on the serosal surface by the laparoscopic team. A submucosal in​jection of sodium hyaluronate with an Indigo Carmine dye solution is performed by the endoscopist; this helps dissect the submucosal plane around the tumor. In the case of early gastric cancer, Indocyanine Green is used in order to stain the regional sentinel lymph nodes. The whole lymph node group containing the sentinel node is dissected and sent for frozen section; the procedure continues once the lymph nodes are confirmed free of cancer. Then the laparoscopic team proceeds with a circumferential seromuscular dissection down to the colored submucosal layer, around the tumor. Once the dissection is terminated, the tumor is inverted and the seromuscular layer is closed with a laparoscopic running suture; a surgical spacer (Securea®; Hogy Medical Co., Ltd., Tokyo, Japan), cut to fit the resection site, can be placed between the tumor and the suture line to facilitate the procedure. Finally the resection is completed by a circumferential muco-submucosal incision under endoscopy and the spacer is dug out. The resected specimen is retrieved through the mouth, and the mucosal defect at the resection site is closed with endoscopic clips (Figure 5).

The technique was initially described in a porcine model by Goto et al[59] in 2011 and was applied to 6 patients with gastric GIST[60]. It has been used in combination with a selective lymph node dissection to resect an early gastric cancer[61]. The mean operative time is reported at 270 min and the mean blood loss is 10-113 ml. In two patients, the mucosal barrier was unintentionally breached during the dissection but no other adverse events have been reported[60,61].

DISCUSSION
A large armamentarium of cooperative laparoscopic and endoscopic procedures are available for the multidisciplinary teams that wish to make use of them. What are, then, the indications for these cooperative procedures? The three largest published series totaling 256 patients involved primarily the resection of GISTs (82%) and secondly the resection of various benign SMT[6,14,16]. According to the 2010 National Comprehensive Cancer Network (NCCN) GIST and the 2015 NCCN sarcoma guidelines, GISTs smaller than 5 cm may be treated by a laparoscopic resection by surgeons who have the appropriate experience; provided that a margin free resection is done, the GIST capsule is preserved and tumor spillage is avoided. It is recommended that the specimens should be removed from the abdomen in a plastic bag[62]. Consequently, patients with gastric GISTs smaller than 5 cm irrespectively of their localization are good candidates for these cooperative techniques. The LECS procedure is on the national insurance list in Japan for benign SMT and small GIST since February 2014; it is currently widely being carried out and its’ use is rapidly increasing in Japanese Institutions[63].

In our data there were also reports and small case-series of cooperative resections for early gastric cancer for a total of 46 patients[27,28,32,52,55-57,61]. Early gastric cancers (T1a) are amenable to endoscopic resection if they are well-differentiated, ≤ 2 cm, confined to the mucosa and not ulcerated; the associated lymph node metastatic risk is virtually zero for this group[64]. The Japanese National Cancer Centre has expanded the inclusion criteria for ESD to tumors with intestinal-type histology, no evidence of lymphovascular involvement and to intramucosal cancers without ulceration regardless of tumour size; intra-mucosal cancers < 3 cm with ulceration or cancers with early invasion into the submucosa (sm1) measuring < 3 cm[65]. A large retrospective study of 1485 patients comparing patients who had received a curative resection by means of ESD following the expanded criteria to those following the classic inclusion criteria did not find any difference in long term survival and outcomes[66]. Even though the ESD achieves excellent en bloc resection rates in early gastric cancer it also presents a high possibility of bleeding, perforation, and long procedure times[67]. Various “non exposure” combined laparoscopic and endoscopic techniques have been developed for the treatment of early gastric cancer with the purpose of diminishing the risk of tumor cell seeding in the peritoneal cavity: inverted LECS, LAEFR, Clean-NET and NEWS. They may be considered for early gastric cancer lesions difficult to treat with ESD, including large intramucosal lesions located at the greater curvature of the gastric body and fornix, or for lesions with a strong ulcer scar[52]. Clinical experience remains limited to case reports and case series from expert Asiatic centers, nevertheless, preliminary results are promising.

Cooperative laparoscopic endoscopic techniques present many theoretical advantages. Is there any clinical benefit to be gained by their application? In the series of endoscopy assisted laparoscopic resections from Wilhelm et al[16], tumor identification and locali​zation solely by visual exploration and palpation of the abdominal cavity during initial laparoscopy was successful in 21 out of 93 patients (22.6%). In addition, the tumor localization was exact enough to permit a secure resection in only three patients. This was due to the inability to define whether a lesion was located in the anterior or posterior gastric wall. With the endoscopic endoluminal view, 92 tumors (98.9%) were exactly located[16]. This fivefold increase in the tumor detection is clinically and statistically significant (p < 0.001, 2 = 93.8) and achieves a detection rate similar to that of open surgery. Laparoscopic SMT wedge resection is comparable to the open surgical resection in respect to the duration of surgery and the complication rate, but has a significantly less intraoperative blood loss, faster first flatus passage and earlier resumption of oral intake[24] as well as an earlier mobilization[26] and a shorter hospital stay[30].

A small case-control study by Dong et al[68] com​pared eight patients operated with a modified laparo​scopic intragastric surgery (MLIGS) technique for GISTs to ten patients operated with an endoscopic full-thickness resection (EFR). The MLIGS technique was found to have a significantly shorter operative time (mean time, 85 vs 120 min, t = 2.371, p < 0.05) and blood loss (mean blood loss, 20 mL vs 48 mL, t = 2.372, P < 0.05). Also the patients operated by MLIGS had a tendency for bigger tumor size, shorter hospital stay and shorter abdominal pain duration in comparison to those treated by EFR[68]. Therefore there is some evidence that a laparoscopic endoscopic cooperative approach has certain benefits over open surgery and other endoscopic techniques as well.

Some studies have tried to propose recom​mendations for the choice of the ideal cooperative technique according to the tumor characteristics. Tagaya et al[69] suggest that the endoscopy-assisted laparoscopic wedge resection (EAWR) is better suited for tumors located on the anterior wall and for exophytic tumors, while the Endoscopy-assisted laparoscopic transgastric resection (EATR) should be used for tumors < 4 cm located on the posterior wall. EAWR can resect easily lesions of the gastric fundus and of the greater curvature, while LIGS is more adapted for tumors of the lesser curvature and the gatroesophageal junction[15]. A ROC curve analysis and multivariate logistic regression of 57 patients with SMT treated by EAWR and EATR, proposed a decision making algorithm based on the tumor size, location and growth pattern. An EATR seems to be the ideal choice for endophytic SMT ≤ 2 cm, situated high or low on the posterior gastric wall or lesser curvature, whereas an EAWR can be proposed for all other cases[70]. The size of the SMT plays an important role in the choice of operative technique. For a wedge resection with a linear stapler, theoretically the radius of the resected gastric wall must be more than 2 π × the radius of the tumor. This translates to a gastric wall defect of more than three times the size of the tumor and for large tumors this may be the cause for deformation of the stomach and stenosis. Tsujimoto et al[49] showed that a LECS requires resection of gastric wall less than 1.5 times the tumor size, reducing this risk. In addition, the endoscopic incision that traces the margin of resection for LECS is believed to provide a more accurate incision line in comparison to the extraluminal approaches[63].

The choice of which cooperative technique to use extensively depends on the team’s expertise (Table 4). For example Endoscope assisted laparoscopic resections do not require endoscopic dissection skills since the role of the endoscopist is to locate, inspect and guide the laparoscopic resection; these procedures can be reproduced by any team with expertise in laparoscopic surgery. This approach is attractive for starting endoscopic/laparoscopic teams and could be the first step towards more advanced combined procedures. Interestingly the combined procedures like LECS offer a significant advantage: the technical difficulty is weighed-down and shared between the endoscopic and the laparoscopic team. Additionally, any adverse events encountered by the endoscopic team may be easily controlled by the laparoscopic team and vice versa. The future may prove that the cooperative techniques will be used by all endoscopic and laparoscopic teams aiming for excellence.

COMMENTS
Background
Benign upper gastrointestinal tumors can be treated with local excision. Small gastrointestinal stromal tumors (GIST) can also be treated likewise as long as the resection margins are free in the pathological examination; no extensive surgical resection or lymph node dissection is required. These lesions are excellent candidates for mini-invasive procedures, either surgical or endoscopic. Each technique has its advantages and shortcomings and several groups have combined the two approaches into what is called cooperative laparoscopic endoscopic surgery, or hybrid laparoscopic surgery. The primary aim of this systematic review is to present in a comprehensive way the different combined laparoscopic and endoscopic techniques that have been described. In addition, the authors aim to delineate the indications for each technique with a special interest in describing its advantages and disadvantages.

Research frontiers

Endoscopy was found to be an invaluable tool for the localization of small gastric or duodenal lesions that were hard to identify during laparoscopic resection. With the evolution of interventional endoscopy, the role of the endoscopist during these cooperative procedures became progressively more active.

Innovations and breakthroughs

Hiki et al described first in 2008 an innovative procedure called laparoscopic endoscopic cooperative surgery (LECS) that combined the strongest points of interventional endoscopy and laparoscopic surgery for the removal of gastric wall lesions. Following that, a series of other innovative techniques such as inverted LECS, laparoscopic endoscopic full thickness resection, clean non exposure technique and non-exposed wall-inversion surgery have emerged. When performed by expert teams they show a lot of promise and achieve solid oncologic results.

Applications

The combined laparoscopic endoscopic techniques are mainly used to resect benign gastric wall lesions that are not resectable by endoscopic submucosal dissection. They have been extensively used for the resection of small GIST. Interestingly, highly expert teams from Asiatic countries are reporting good results in the application of these techniques for the treatment of early gastric cancer.

Terminology

The numerous procedures that have been described can be classified into three groups. The endoscopic assisted laparoscopic resection group is making use of endoscopic guidance while the laparoscopic team performs a wedge resection. In the laparoscopic assisted endoscopic resection group, the laparoscopic team has a backup role while the endoscopic team performs the resection. Finally the combined laparoscopic endoscopic group assembles the procedures that make use of the operative skills of both teams in order to achieve an optimal result.

Peer-review

This review investigated the cooperative laparoscopic and endoscopic techniques used for the resection of upper gastrointestinal tumors. This review was clearly written, and was reported all techniques used for this type of tumour.
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Figure 1  Laparoscopy-assisted endoscopic resection. The endoscopist is performing an endoscopic submucosal dissection while the laparoscopic team facilitates the exposure by external manipulations.
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Figure 2  Endoscope-assisted laparoscopic wedge resection. A: The tumor is located by endoscopy and laparoscopy; two laparoscopic stay sutures are placed; B: Traction by the stay sutures creates tenting of the gastric wall; C: An endoscopic stapler is applied at the normal gastric wall distally to the tumor under endoscopic control; D: Full thickness resection with everted stapling of the gastric wall.
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Figure 3  Endoscope-assisted laparoscopic intragastric and transgastric resection technique. A: Localization of the tumor at the posterior gastric wall by endoscopy and the position of the anterior gastric wall overlying the tumor is shown to the laparoscopic team by transillumination; B: Transgastric resection: the anterior gastric wall is sectioned (gastrotomy) to give laparoscopic access to the gastric lumen and the tumor; C: Intragastric resection: the laparoscopic ports are inserted through the abdominal wall and through the gastric wall inside the gastric lumen; the gastric wall is held in contact with the abdominal wall by means of the balloon tipped laparoscopic ports.
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Figure 4  Laparoscopic endoscopic combined surgery. A: Submucosal injection and section of the mucosa around the tumor by the endoscopic team; B: After perforation of the gastric wall by the endoscopic team, the laparoscopic team makes a full thickness incision following the path of the endoscopic resection; C: Eversion of the tumor towards the peritoneal cavity and laparoscopic resection around the 2/3 of the gastric wall around it; D: Resection of the tumor and closure of the gastric wall by application of a laparoscopic stapler.
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Figure 5  Non-exposed endoscopic wall-inversion surgery. A: Endoscopic submucosal injection around the tumor; B: Laparoscopic seromuscular dissection around the tumor down to the stained submucosal plane; C: Retraction of the tumor with its overlying normal gastric wall towards the gastric lumen, and closure of the gastric wall by laparoscopic seromuscular extramucosal suturing; D: The gastric wall opening is completely closed and the tumor is invaginated inside the gastric lumen; endoscopic mucosal resection around the tumor with a needle knife. E: Endoscopic extraction of the tumor, and the gastric mucosa is approximated with clips.
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Table 1  Publications of cooperative laparoscopic endoscopic techniques with > 10 patients


Authors


�
Country


�
Year


�
Study type


�
No. Cases


�
�
Choi et al[20]


�
Korea


�
2000


�
Retrospective series


�
32


�
�
Shimizu et al[26]


�
Japan


�
2002


�
Retrospective cohort


�
11


�
�
Matthews et al[30]


�
United States


�
2002


�
Retrospective cohort


�
33


�
�
Ludwig et al[27]


�
Germany


�
2002


�
Prospective case series


�
18


�
�
Bouillot et al[19]


�
France


�
2003


�
Multicenter retrospective case series


�
                 561


�
�
Walsh et al[36]


�
United States


�
2003


�
Retrospective series


�
13


�
�
Hindmarsh et al[21]


�
United Kingdom


�
2005


�
Retrospective series


�
30


�
�
Schubert et al[28]


�
Germany


�
2005


�
Retrospective series


�
26


�
�
Mochizuki et al[24]


�
Japan


�
2006


�
Retrospective series


�
12


�
�
Novitsky et al[13]


�
United States


�
2006


�
Prospective case series


�
50


�
�
Huguet et al[22]


�
United States


�
2008


�
Retrospective series


�
33


�
�
Privette et al[15]


�
United States


�
2008


�
Retrospective series


�
12


�
�
Wilhelm et al[16]


�
Germany


�
2008


�
Prospective case series


�
93


�
�
Sasaki et al[25]


�
Japan


�
2010


�
Prospective case series


�
45


�
�
Kang et al[14]


�
China


�
2013


�
Retrospective series


�
               101


�
�
Ohata et al[29]


�
China


�
2014


�
Retrospective series


�
22


�
�
Qiu et al[6]


�
China


�
2013


�
Retrospective series


�
69


�
�
Dong et al[68]


�
China


�
2014


�
Retrospective cohort


�
18


�
�
Tsujimoto et al[49]


�
Japan


�
2012


�
Retrospective series


�
20


�
�
Kawahira et al[46]


�
Japan


�
2012


�
Retrospective cohort


�
16


�
�
Hoteya et al[45]


�
Japan


�
2014


�
Retrospective series


�
25


�
�
Cho et al[56]


�
Korea


�
2011


�
Prospective case series


�
14


�
�
Hur et al[57]


�
Korea


�
2014


�
Prospective case series


�
13


�
�
Mori et al[54]


�
Japan


�
2015


�
Prospective case series


�
16


�
�
Shiwaku et al[71]


�
Japan


�
2010


�
Prospective case series


�
16


�
�
1Only 20 patients had a cooperative laparoscopic endoscopic procedure.





Table 2  Reported outcome for cooperative laparoscopic endoscopic techniques with > 10 patients


Authors


�
Year


�
Technique


�
Cases


�
Lesion


�
Location


�
Lesion size (mm)


�
Operative time (min)


�
Blood loss (mL)


�
LOS (d)


�
�
Choi et al[20]


�
2000


�
EAWR


�
21


�
SMT, leiomyo-sarcoma


�
Stomach


�
          (20-60)


�
          (80-180)


�
NR


�
      (6-7)


�
�
�
�
LIGS


�
10


�
�
�
�
�
�
�
�
�
�
Proximal gastrectomy


�
  1


�
�
�
�
�
�
�
�
Shimizu et al[26]


�
2002


�
EAWR


�
11


�
SMT


�
Stomach


�
NR


�
145 ± 43


�
  98 ± 107


�
13.2 ± 3.7


�
�
Matthews et al[30]


�
2002


�
EAWR


�
15


�
GIST


�
Stomach


�
     45 (17-82)


�
   169 (65-300)


�
   106 (20-200)


�
3.8 (2.7)


�
�
�
�
EATR


�
  3


�
�
�
�
�
�
�
�
�
�
Needlescopic LIGS (enucleations)


�
  3


�
�
�
�
�
�
�
�
Ludwig et al[27]


�
2002


�
EAWR


�
18


�
SMT, EGC


�
Stomach


�
NR


�
44.3 (31-67)


�
NR


�
  7.5 (3-11)


�
�
�
�
LIGS


�
  8


�
�
�
�
  67.1 (49-102)


�
�
10.2 (6-16)


�
�
Bouillot et al[19]


�
2003


�
EAWR


�
20


�
SMT


�
Stomach


�
       38 (15-100)


�
   104 (40-120)


�
NR


�
     6 (2-12)


�
�
Walsh et al[36]


�
2003


�
LIGS


�
13


�
SMT


�
Stomach


�
     38 (15-70)


�
186


�
NR


�
3.8 (3-8)


�
�
Hindmarsh et al[21]


�
2005


�
EAWR


�
30


�
SMT


�
Stomach


�
  46.6 (12-90)


�
  73.8 (26-160)


�
   196 (0-1000)


�
     5 (1-11)


�
�
Schubert et al[28]


�
2005


�
EAWR


�
16


�
SMT, EGC


�
Stomach


�
     36 (16-47)


�
     53 (35-115)


�
NR


�
NR


�
�
�
�
LIGS


�
  7


�
SMT, EGC


�
Stomach


�
     36 (16-47)


�
     83 (56-130)


�
�
�
�
Mochizuki et al[24]


�
2006


�
EAWR


�
12


�
SMT


�
Stomach


�
      27 (15-48)1


�
    100 (65-180)1


�
      0 (0-100)1


�
      7 (5-12)1


�
�
Novitsky et al[13]


�
2006


�
EAWR


�
30


�
SMT


�
Stomach


�
     44 (10-85)


�
   135 (49-295)


�
NR


�
NR


�
�
�
�
LIGS


�
17


�
�
�
�
�
�
�
�
�
�
other


�
  3


�
�
�
�
�
�
�
�
Huguet et al[22]


�
2008


�
EAWR


�
11


�
SMT


�
Stomach


�
       39 (5-10.5)1


�
NR


�
NR


�
        3 (1-40)1


�
�
�
�
EATR


�
�
�
�
�
�
�
�
�
Privette et al[15]


�
2008


�
EAWR


�
  5


�
SMT


�
Stomach


�
     52 (25-60)


�
     180 (122-262)


�
     80 (50-100)


�
3.4 (2-5)


�
�
�
�
Distal gastrectomy


�
  3


�
�
�
     55 (35-70)


�
     322 (256-340)


�
    167 (100-200)


�
8.3 (8-9)


�
�
�
�
LIGS


�
  4


�
�
�
     46 (25-75)


�
     236 (202-265)


�
   100 (50-200)


�
3.3 (3-4)


�
�
Wilhelm et al[16]


�
2008


�
LAER


�
  1


�
SMT


�
Stomach


�
5


�
25


�
NR


�
2 (2)


�
�
�
�
EAWR


�
55


�
�
�
   25 (3-65)


�
  81.2 (35-202)


�
�
7.68 (4-19)


�
�
�
�
EATR


�
34


�
�
�
   26 (5-55)


�
   114 (40-275)


�
�
7.48 (2-14)


�
�
Sasaki et al[25]


�
2010


�
EAWR


�
35


�
SMT


�
Stomach


�
     32 (16-74)


�
     73 (30-150)


�
   3 (1-80)


�
     7 (5-14)


�
�
�
�
LIGS


�
  3


�
�
�
�
     145 (100-240)


�
 10 (3-65)


�
   8 (5-9)


�
�
�
�
Single port LIGS


�
  3


�
�
�
�
�
�
�
�
�
�
EATR


�
  4


�
�
�
�
�
�
�
�
Kang et al[14]


�
2013


�
EAWR


�
97


�
SMT


�
Stomach


�
          (10-82)


�
113 ± 36


�
36 ± 18


�
  4.5 ± 2.1


�
�
Ohata et al[29]


�
2014


�
EAWR


�
22


�
SMT, EDC


�
Duodenum


�
  13.3 ± 11.6


�
133 ± 45


�
   16 ± 21.1


�
15.1 ± 7.7


�
�
Qiu et al[6]


�
2013


�
LAER


�
  5


�
GIST


�
Stomach


�
  28 ± 16


�
  81.6 ± 31.8


�
29.8 ± 15.4


�
4.6


�
�
�
�
EAWR


�
64


�
GIST


�
Stomach


�
�
  86.3 ± 28.5


�
31.4 ± 11.6


�
�
�
Dong et al[68]


�
2014


�
MLIGS


�
  8


�
SMT


�
Stomach


�
  27.5 ± 10.7


�
       85 ± 25.77


�
   20 ± 10.4


�
  7.5 ± 1.1


�
�
�
�
EFR


�
10


�
�
�
16.5 ± 5.9


�
     120 ± 34.72


�
   48 ± 31.9


�
10.2 ± 9.1


�
�
Tsujimoto et al[49]


�
2012


�
LECS


�
20


�
SMT


�
Stomach


�
  37.9 (18-66)


�
157.5 (89-316)


�
3.5 (0-20)


�
11.6 (6-13)


�
�
Kawahira et al[46]


�
2012


�
LECS


�
16


�
SMT


�
Stomach


�
NR


�
172


�
NR


�
10


�
�
Hoteya et al[45]


�
2014


�
LECS


�
25


�
SMT


�
Stomach


�
NR


�
156


�
NR


�
10.5


�
�
Cho et al[56]


�
2011


�
LAEFR + Lymphadenectomy


�
14


�
EGC


�
Stomach


�
      26 (12-90)1


�
143 (110-253)1


�
  16 (5-30)1


�
       6 (4-10)1


�
�
Hur et al[57]


�
2014


�
LAEFR + Lymphadenectomy


�
  9


�
EGC


�
Stomach


�
   12 (4-32)


�
181 (125-240)


�
NR


�
5.9 ± 1.3 (4-8)


�
�
�
�
LADG


�
  4


�
�
�
�
�
�
�
�
Mori et al[54]


�
2015


�
LAEFR


�
16


�
GIST


�
Stomach


�
28.3 (8-54)


�
271 (100-480)


�
NR


�
   12.3 (10-15)


�
�
Shiwaku et al[71]


�
2010


�
Clean-NET


�
16


�
EGC


�
Stomach


�
NR


�
182.1


�
19.4


�
NR


�
�
Numbers are given as means ± sd, or means (range). 1median (range). EAWR: Endoscope-assisted laparoscopic wedge resection; LIGS: Laparoscopic intragastric surgery; ELIS: Endoscope-assisted laparoscopic intragastric stapling; EATR: Endoscope-assisted laparoscopic transgastric surgery; LAER: Laparoscopy-assisted endoscopic resection; EFR: Endoscopic full thickness resection; LECS: Laparoscopic endoscopic cooperative surgery; LAEFR: Laparoscopy-assisted endoscopic full thickness resection; NEWS: Non-exposed endoscopic wall-inversion surgery; Clean-NET: clean non exposure technique; SMT: Submucosal tumors; EGC: Early gastric cancer (T1a, T1b); EDC: Early duodenal cancer; LOS: Length of hospital stay in days; NR: not reported.





Table 3  Cooperative laparoscopic endoscopic techniques data comparison


Technique name


�
Lesion


�
Location


�
Endoscopy team role


�
Surgical team role


�
Closure type


�
Specimen retrieval


�
No. papers2


�
No. cases2


�
�
LAER[6,8,9,16]


�
SMT


�
Stomach, Duodenum


�
Endoscopic resection


�
Monitoring


�
No closure


�
Endoscopic


�
  4


�
  10


�
�
EAWR[6,13-29]


�
SMT, EGC


�
Stomach, Duodenum


�
Tumor localization, exposure


�
Full thickness resection


�
Stapler/sutures


�
Surgical


�
17


�
523


�
�
EATR[16,18,22,25,30,31]


�
SMT


�
Stomach


�
Tumor localization


�
Mucosal resection, full thickness resection


�
Stapler/sutures


�
Surgical


�
  6


�
  70


�
�
LIGS[13,15,20,25,27, 28,30,32,34-38]


�
SMT, EGC


�
Stomach


�
Tumor localization, exposure


�
Mucosal resection, full thickness resection


�
Stapler/sutures/endo clips


�
Endoscopic, surgical


�
13


�
101


�
�
ELIS[39-41]


�
SMT


�
Stomach


�
Tumor localization, exposure, endoscopic guidance


�
Stapling


�
Stapler/sutures


�
Endoscopic, surgical


�
  3


�
  13


�
�
single port LIGS[25,42,43]


�
SMT


�
Stomach


�
Tumor localization


�
Mucosal resection, full thickness resection


�
Open sutures


�
Surgical


�
  3


�
  13


�
�
LECS[44-51]


�
SMT, EDC


�
Stomach, Duodenum


�
Submucosal dissection


�
Seromuscular disection


�
Stapler


�
Surgical


�
  8


�
  72


�
�
Inverted LECS[52]


�
EGC


�
Stomach


�
Submucosal dissection


�
Seromuscular disection


�
Stapler


�
Endoscopic


�
  1


�
    1


�
�
LAEFR[53,55-57]


�
SMT, EGC1


�
Stomach


�
Full thickness resection


�
Full thickness resection


�
Sutures


�
Surgical, endoscopic


�
  5


�
  48


�
�
Clean-NET[58,71]


�
SMT, EGC


�
Stomach


�
Tumor localization, submucosal injection


�
Seromuscular disection


�
Stapler


�
Surgical


�
  1


�
  16


�
�
NEWS[60,61]


�
GIST, EGC1


�
Stomach


�
Submucosal dissection


�
Seromuscular disection


�
Sutures


�
Endoscopic


�
  2


�
    7


�
�
1Associated with sentinel lymph node dissection; 2Including publications with < 10 patients and case reports. LAER: Laparoscopy assisted endoscopic resection; LECS: Laparoscopic endoscopic cooperative surgery; LAEFR: Laparoscopy-assisted endoscopic full thickness resection; NEWS: Non-exposed endoscopic wall-inversion surgery; EAWR: Endoscope-assisted laparoscopic wedge resection; EATR: Endoscope-assisted laparoscopic transgastric surgery; LIGS: Laparoscopic intragastric surgery, ELIS: Endoscope-assisted laparoscopic intragastric stapling; SMT: Submucosal tumors; EGC: Early gastric cancer (T1a, T1b); EDC: Early duodenal cancer; Clean-NET: clean non exposure technique.





Table 4  Advantages and disadvantages of the various cooperative laparoscopic endoscopic techniques


Technique name


�
Pros


�
Cons


�
�
LAER


�
Minimally invasive approach


�
Suitable for small lesions with intraluminal expansion


�
�
�
Monitoring and backup from the laparoscopic team in case of accidental perforation


�
Requires advanced endoscopy skills


�
�
EAWR


�
No requirement of advanced laparoscopic or endoscopic skills


�
Leaves larger wall defects compared to other methods


�
�
�
Good entry level for teams starting cooperative techniques


�
Risk of gastric deformation or stenosis from stapling


�
�
EATR


�
Favorable access to lesions ≤ 2 cm, situated high on the posterior wall or lesser curvature without mobilizing the stomach


�
Requires gastrotomy closure


�
�
�
�
May lead to spillage with peritoneal contamination and dissemination


�
�
LIGS


�
Similar to EATR


�
Risk of gastric deformation or stenosis from stapling


�
�
ELIS


�
Same as EATR


�
Same as LIGS


�
�
�
�
Difficulty in orienting the stapler under endoscopic view


�
�
Single port LIGS


�
Less invasive than the classic LIGS


�
Requires previous experience in single port laparoscopy


�
�
�
The gastrotomy can be closed through the single port incision


�
More difficult than EATR and LIGS


�
�
LECS


�
Combines the advantages of both endoscopy and laparoscopy. 


No restriction in the size or location of the tumor�
Requires advanced endoscopy and laparoscopy skills. More adapted in high volume centers


�
�
�
�
Risk of spillage and contamination


�
�
�
�
Not adapted for early gastric cancer


�
�
Inverted LECS


�
Diminishes the risk of peritoneal cancer dissemination


�
Not adapted for early gastric cancer


�
�
LAEFR


�
Minimal invasive endoscopic resection


�
Requires advanced endoscopy skills in dissection techniques and closure of wide wall defects with macro-clips or suturing devices


�
�
�
The procedure is facilitated by the laparoscopic view and exposure


�
�
�
Clean-NET


�
Diminishes the risk of peritoneal dissemination of gastric cancer


�
Limited literature


�
�
�
�
Requires special training


�
�
�
�
Risk of mucosal tear with cancer cell dissemination


�
�
NEWS


�
Diminishes the risk of peritoneal dissemination of early gastric cancer


�
Limited literature. Requires special training


�
�
LAER: Laparoscopy assisted endoscopic resection; LECS: Laparoscopic endoscopic cooperative surgery; LAEFR: Laparoscopy-assisted endoscopic full thickness resection; NEWS: Non-exposed endoscopic wall-inversion surgery; EAWR: Endoscope-assisted laparoscopic wedge resection; EATR: Endoscope-assisted laparoscopic transgastric surgery; LIGS: Laparoscopic intragastric surgery; ELIS: Endoscope-assisted laparoscopic intragastric stapling; Clean-NET: clean non exposure technique.
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