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Abstract
AIM: To assess the effectiveness of endoscopic full-thickness resection (EFR) and laparoscopic surgery in the treatment of gastric stromal tumors arising from the muscularis propria.

METHODS: Out of 62 gastric stromal tumors arising from the muscularis propria, each > 1.5 cm in diameter, 32 were removed by EFR, and 30 were removed by laparoscopic surgery. The tumor expression of CD34, CD117, Dog-1, S-100, and SMA was assessed immunohistochemically. The operative time, complete resection rate, length of hospital stay, incidence of complications, and recurrence rate were compared between the two groups. Continuous data were compared using independent samples t-tests, and categorical data were compared using 2 tests.

RESULTS: The 32 gastric stromal tumors treated by EFR and the 30 treated by laparoscopic surgery showed similar operative time [20-155 min (mean, 78.5 ± 30.1 min) vs 50-120 min (mean, 80.9 ± 46.7 min), P > 0.05], complete resection rate (100% vs 93.3%, P > 0.05), and length of hospital stay [4-10 d (mean, 5.9 ± 1.4 d) vs 4-19 d (mean, 8.9 ± 3.2 d), P >0.05]. None of the patients treated by EFR experienced complications, whereas two patients treated by laparoscopy required a conversion to laparotomy, and one patient had postoperative gastroparesis. No recurrences were observed in either group. Immunohistochemical staining showed that of the 62 gastric stromal tumors diagnosed by gastroscopy and endoscopic ultrasound, six were leiomyomas (SMA-positive), one was a schwannoglioma (S-100 positive), and the remaining 55 were stromal tumors.

CONCLUSION: Some gastric stromal tumors arising from the muscularis propria can be completely removed by EFR. EFR could likely replace surgical or laparoscopic procedures for the removal of gastric stromal tumors.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We used endoscopic full-thickness resection (EFR) to remove gastric stromal tumors arising from the muscularis propria. Out of 62 gastric stromal tumors, each > 1.5 cm in diameter, we found that the 32 gastric stromal tumors treated by EFR and the 30 treated by laparoscopic surgery showed similar operative time and complete resection rate. None of the patients treated by EFR experienced complications, whereas two patients treated by laparoscopy required a conversion to laparotomy and one patient had postoperative gastroparesis. No recurrences were observed in either group. EFR could replace certain surgical or laparoscopic procedures for the removal of gastric stromal tumors.

Huang LY, Cui J, Wu CR, Zhang B, Jiang LX, Xian XS, Lin SJ, Xu N, Cao XL, Wang ZH. Endoscopic full-thickness resection and laparoscopic surgery for treatment of gastric stromal tumors. World J Gastroenterol 2014; 20(25): 8253-8259  Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i25/8253.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8253
INTRODUCTION

Gastric stromal tumors typically occur in the fundus, anterior wall of the gastric body, or anterior wall of the gastric antrum. These tumors are the most common type of gastrointestinal tissue-derived mesenchymal tumors. Based on their origin in the stomach wall, gastric stromal tumors can be divided into stromal tumors arising from the muscularis mucosa and those arising from the muscularis propria. Because stromal tumors arising from the muscularis mucosa are located superficially, their endoscopic resection or ligation is not difficult and has therefore been used extensively in clinical practice. However, stromal tumors arising from the muscularis propria are located in deeper layers, especially those that do not grow within cavities. Endoscopic resection may easily lead to perforation, and tumor excision is often incomplete. Hence, stromal tumors arising from the muscularis propria are often considered contraindications to endoscopic resection, and these tumors are usually removed by surgical or laparoscopic procedures[1-5]. In recent years, we have used endoscopic full-thickness resection (EFR) to remove gastric stromal tumors arising from the muscularis propria and have achieved satisfactory results. 

MATERIALS AND METHODS
Patients

A total of 62 patients with gastric stromal tumors arising from the muscularis propria were retrospectively analyzed after their diagnosis based on gastroscopy and endoscopic ultrasound. These patients were treated at the Yantai Yuhuangding Hospital Affiliated to Medical College of Qingdao University, China between January 2010 and October 2013. The 62 patients consisted of 34 males and 28 females, ranging in age between 25 and 69 years, with a mean age of 43.4 years. Overall, 21 tumors were present in the gastric antrum; 27 were in the gastric body; and 14 were in the gastric fundus. Tumor sizes ranged from 1.5 to 5.0 cm. All patients had a single tumor, and metastasis was not found in any patient during computed tomography (CT) examination. Before EFR or laparoscopic surgery, all patients underwent routine blood tests for coagulation enzymes and liver and kidney function, in addition to electrocardiography, abdominal CT scan, and other tests. All patients and their families were informed of the benefits and risks of EFR and laparoscopic surgery, chose their treatment, and provided written informed consent. The EFR group consisted of 32 patients, with tumor sizes 1.5-5.0 cm (mean, 3.7 cm); the laparoscopy group consisted of 30 patients, with tumor sizes 2.8-5.0 cm (mean, 3.9 cm).

Instruments

The instruments used included the following: an Olympus GIF-Q260J gastroscope (Olympus, Japan), a D-201-11304 transparent cap (Olympus, Japan), a KD-620LR hook knife (Olympus, Japan), a KD-1L-1 needle knife (Olympus, Japan), an NM-200L-0525 injection needle (Olympus, Japan), an FD-410LR hot biopsy forceps (Olympus, Japan), a KD-611L IT knife (Olympus, Japan), AS-1-S and ASJ-1-S snares (Cook Company, United States), an HX-610-90 (Olympus, Japan), Boston Resolution hemostat (Boston Company, United States), an HX-600-135 (Olympus, Japan), an ERBE VIO 200S high-frequency electrosurgical unit and ERBE APC2 argon plasma coagulator (Erbe Company, Germany), an SBQ 80 HY linear stapler (Johnson and Johnson, United States), and an Olympus OEV191H laparoscope (Olympus, Japan).

EFR method

A transparent cap was mounted on the end of the gastroscope before EFR. Following intravenous anesthesia with propofol, argon plasma coagulation was used to mark the edge of the stromal tumor. The marked submucosal positions were each injected with 2-3 ml of a solution consisting of 2-3 ml indigo carmine, 1 ml epinephrine, and 100 ml saline. A hook knife was used to precut the surrounding mucosa and submucosa along the marked points and to expose the stromal tumor. A hook knife or IT knife was used to isolate the tumor body along the capsule from the muscularis propria down to the serosal layer. The serosa was cut along the edge of the tumor; in most cases, the serosa adhered tightly to the tumor body, making it impossible to remove the tumor directly with an IT knife. Therefore, a needle knife or hook knife was used to penetrate the serosa, resulting in an “artificial perforation.” The liquid in the gastric cavity was fully absorbed, and an IT or hook knife was used to cut the serosa along the edge of the tumor and to remove the tumor completely. Under endoscopic guidance, the incisions on the gastric body from the two ends to the middle were fully closed with titanium clips, and the gastric wound was sealed. For wounds that were too large to seal directly, negative pressure was applied to suck the omentum into the gastric cavity, and titanium clips were used to seal the wound by clipping the omentum to the gastric mucosa (Figure 1). The same endoscopist performed all EFR procedures.

Method for laparoscopic surgery

Laparoscopic resections of gastric stromal tumors were performed under tracheal intubation and general anesthesia. Patients were placed in the supine position with their legs apart. The umbilicus was punctured, and pneumoperitoneum was established while maintaining the intra-abdominal pressure at 12-15 mmHg. A 30° lens was placed into the incision approximately 10 mm above the umbilicus, and a 12-mm trocar was placed horizontally at the main operating site 2 cm above the umbilicus along the left clavicular midline. Finally, 5-mm trocars were placed at auxiliary operating sites located 2 cm above the umbilicus along the right clavicular midline, below the costal margin along the left clavicular midline, and below the costal margin along the right clavicular midline. Based on the location and growth of the gastric stromal tumors, a wedge resection, transgastric tumor-everting resection, sleeve gastrectomy, or partial gastrectomy was performed for patients undergoing laparoscopic resections (Figure 2). The same surgeon performed all laparoscopic operations.

Sample processing

Resected tumors were fixed with neutral formalin and sent for pathological examination; the samples were immunohistochemically stained for CD34, CD117, Dog-1, S-100, and SMA (smooth muscle antibody)[6-10].

Postoperative treatment

Patients with an artificial perforation and significant pneumoperitoneum underwent a puncture of the right upper quadrant of the abdomen with an abdominal puncture needle to reduce bloating, during or after EFR. After EFR, the patients were placed in a semi-supine position and subjected to fasting and gastrointestinal decompression while being closely monitored to determine whether they experienced any abdominal pain, bloating, or peritoneal irritation. Three days after EFR, oral diatrizoate was administered to determine whether contrast agent extravasation and gastric motility had occurred. In addition, an ultrasound examination was performed to determine whether any effusions were present in the abdominal and pelvic cavities. One month after the EFR or laparoscopic resection, an endoscopic examination was performed to observe wound healing and to determine whether there were residual or recurrent tumors.

Statistical analysis
Data are expressed as mean ± standard deviation (SD). Continuous data were compared using independent samples t-tests, and categorical data, using 2 tests. SPSS for Windows Version 17.0 software was used for all statistical analyses, with the level of significance set at P < 0.05.

RESULTS

Hospital stay

The length of hospital stay in the EFR group ranged from 4 to 10 d, with a mean of 5.9 ± 1.4 d. In comparison, the length of hospital stay in the laparoscopy group ranged from 4 to 19 d, with a mean of 8.9 ± 3.2 d. There was no significant difference between the two groups (P > 0.05).

Complete resection rate and operative time

In the EFR group, all 32 of the stromal tumors arising from the muscularis propria were removed successfully in one operation. The complete resection rate was 100%. All perforation wounds were sealed with titanium clips. Operative times ranged from 20 to 155 min, with a mean of 78.5 ± 30.1 min. In the laparoscopic surgery group, 28 of the 30 stromal tumors arising from the muscularis propria were removed laparoscopically; the operative times ranged from 50 to 120 min, with a mean of 80.9 ± 46.7 min. In two patients, the tumors were located near the cardia in the posterior wall of the gastric fundus; because of operational difficulties, the surgeries were converted to open laparotomy half-way through the operation. The complete resection rate was 93.3%. There were no significant between-group differences in the complete resection rate or operative time (P > 0.05).

Complications

In the EFR group, angiography of the upper gastrointestinal tract using diatrizoate 3 d after the operation showed no leakage of contrast agent in any patient. Postoperative reexamination showed good wound healing. There were no complications, such as bleeding, signs of peritonitis, and/or abdominal abscesses, in any patient. In the laparoscopy group, one patient experienced gastroparesis, which was alleviated after conservative treatment. The complication rate was 3.3%, which was not significantly different from that of the EFR group (P > 0.05).

Recurrence rate

Gastroscopy 1 month after EFR or laparoscopic surgery showed good wound healing in both groups, with no residual or recurrent tumors, for a recurrence rate of 0% in both groups.

Immunohistochemical staining

Of the 62 stromal tumors arising from the muscularis propria, 49 (79.0%) were positive for CD34; 50 (80.6%) for CD117; 51 (82.2%) for Dog-1; 1 (1.6%) for S-100; and 6 (9.7%) for SMA. Thus, of these 62 gastric stromal tumors, 6 were leiomyomas, as shown by SMA-positive expression; one was a schwannoglioma, as shown by S-100 positive expression; and 55 were stromal tumors, as shown by CD34 and/or CD117, Dog-1 positive expression.
DISCUSSION

Gastric stromal tumors are commonly found upon gastroscopic examination. Because of their potential malignant tendencies, the resection of gastric stromal tumors is recommended[11-15]. Because stromal tumors arising from the muscularis mucosa are located superficially, their endoscopic resection or ligation is not difficult; thus, these procedures are extensively used in clinical practice. However, stromal tumors arising from the muscularis propria are located within deeper layers, especially those that do not grow within cavities. In this case, endoscopic resection can easily lead to perforation, and the tumor excisions are often incomplete. Hence, stromal tumors arising from the muscularis propria may be considered a contraindication for endoscopic resection and should therefore be removed surgically or laparoscopically, especially when they are larger than 2 cm in diameter[16-19]. In recent years, based on endoscopic submucosal dissection and endoscopic submucosal excavation and due to improvements in the application of titanium clips under endoscopy, EFR treatment of gastrointestinal tumors arising from the muscularis propria has become possible.

Artificial perforations were necessary in all 32 patients with gastric stromal tumors who were treated by EFR. Titanium clips were used to seal the wounds; abdominal punctures were applied to relieve intra-abdominal pressure; and conservative methods were used during the postoperative care. The key to preventing complications was the proper use of titanium clips to seal the wounds under endoscopy. Based on our experience, wounds from large perforations should be sutured from both ends toward the middle; in some cases, some normal mucosa at the periphery may require suturing to reduce the wound size. Successful treatment using EFR required a successful repair of the perforation, thus allowing us to avoid the need for additional surgical repairs or postoperative peritonitis[20,21]. The most common method for repairing perforations was titanium clip repair[22,23]. For small perforations, one or a few titanium clips were sufficient. For larger perforations, the limited span of titanium clips required that the air in the gastric lumen be sucked out to narrow the perforation as much as possible before multiple titanium clips were placed. If the perforation is too large for the direct application of titanium clips, an omental patch technique should be used[24,25]. By this method, negative pressure is continuously applied to suck air from the gastric lumen until the adipose tissue outside the gastric wall covers the perforation; only then should the titanium clips be applied. In addition, a nylon string-purse suture technique can be used to suture overly large perforations. During EFR, perforations cause pneumoperitoneum, which blocks the operative field in the stomach and makes endoscopic operations more difficult. Thus, during EFR, abdominal palpation should be performed repeatedly. If abdominal pressure increases, timely exhaustion should be pursued. The puncture site should be located in the right lower quadrant of the abdomen, and a 20 mL injection needle may be used as the puncture needle. After the puncture, the abdomen should be manipulated to exhaust the air, and the puncture needle should be positioned at the puncture site until the wound has completely sealed and the pneumoperitoneum is significantly improved. The puncture needle should be pulled out after confirming that no air continues to flow through it. Other key elements for successful EFR treatment include avoiding the entrance of excessive gastric acid into the abdominal cavity to prevent postoperative infection; achieving hemostasis to avoid repeated rinsing during the excision; completely removing the gas and fluid from the gastric lumen prior to incision of the serosa; performing continuous effective gastrointestinal decompression postoperatively; and administering proton pump inhibitors and antibiotics postoperatively to prevent abdominal infection[26-27]. None of the patients in our EFR group experienced peritonitis or intra-abdominal abscess.

The complete resection rate in our EFR group was 100%, with no recurrence. The operative time and length of hospital stay were similar to those in the laparoscopic surgery group. Two patients in the latter group required a conversion to an open laparotomy because their stromal tumors were located near the cardia in the posterior wall of the gastric fundus, making a laparoscopic approach difficult. Unlike EFR, which is not affected by the location of the tumor, laparoscopic surgery is difficult and limited to stromal tumors located in the posterior gastric wall or cardia. Thus, tumor size, location, and relationship with the cardia should be clearly determined prior to laparoscopy to avoid conversion to open laparotomy during surgery, causing greater trauma and prolonging the patient’s hospital stay.

One patient in the laparoscopy group experienced a complication of postoperative gastroparesis, compared with none in the EFR group, further suggesting an advantage of the minimally invasive EFR method. Another advantage of EFR is its accurate localization of the tumor. Without the assistance of the gastroscope, it can be difficult during laparoscopic surgery to determine the extent of the excision; in such cases, excess normal gastric tissue may be removed. In patients with giant stromal tumors protruding into the gastric lumen, it is difficult for the laparoscope to distinguish the tumor from the serosal layer and to pull and remove the tumor body. Therefore, gastroscope-assisted laparoscopic EFR without a gastroscope may be favorable for treating patients with gastric stromal tumors arising from the muscularis propria.

In conclusion, EFR can completely remove some stromal tumors arising from the muscularis propria. This technique can replace some surgical and laparoscopic procedures, and its application should be recommended further.
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Background

Gastric stromal tumors typically occur in the fundus, anterior wall of the gastric body, or the anterior wall of the gastric antrum. Based on their origin in the stomach wall, gastric stromal tumors can be divided into stromal tumors arising from the muscularis mucosa and those arising from the muscularis propria. Because stromal tumors arising from the muscularis mucosa are located superficially, their endoscopic resection or ligation is not difficult; thus, this technique has been used extensively in clinical practice. However, stromal tumors arising from the muscularis propria are located in deeper layers, especially those that do not grow within cavities. Because endoscopic resection can easily lead to perforation, tumor excision is often incomplete. Hence, stromal tumors arising from the muscularis propria are often considered contraindications to endoscopic resection, and these tumors are usually removed by surgical or laparoscopic procedures.

Research frontiers

In recent years, endoscopic full-thickness resection (EFR) has been used to remove gastric stromal tumors arising from the muscularis propria and has achieved satisfactory results, avoiding surgical or laparoscopic operations.

Innovations and breakthroughs

The 32 gastric stromal tumors treated by EFR and the 30 treated by laparoscopic surgery showed similar operative time, complete resection rate and length of hospital stay. None of the patients treated by EFR experienced complications, whereas two patients treated by laparoscopy required a conversion to laparotomy, and one patient had postoperative gastroparesis. Therefore, EFR was found to be safe and effective for the removal of gastric stromal tumors arising from the muscularis propria.

Applications

With the successful use of EFR in the treatment of gastric stromal tumors arising from the muscularis propria, this study may present a future strategy for therapeutic intervention in the treatment of patients with these tumors.

Terminology

EFR can remove gastric stromal tumors arising from the muscularis propria completely. Although artificial perforation often occurs, these cases can be sutured with a titanium clip.

Peer review

Gastric stromal tumors are the most common type of gastrointestinal stromal tumors. Surgical procedures, including laparotomy and laparoscopic resection, are extensively used in clinical practice. EFR, a new technique to remove these tumors, generates minimal injury to the patient. The results suggest that gastric stromal tumors originating from the muscularis propria could be treated successfully by EFR, and thus, this study has clinical value.
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Figure Legends
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Figure 1  endoscopic full-thickness resection treatment of gastric stromal tumors arising from the muscularis propria. A: A protruding submucosal lesion in the gastric body; B: Endoscopic ultrasound showing that the lesion arose from the muscularis propria; C: Submucosal injection of saline containing adrenaline and indigo carmine; D: Application of the IT knife to isolate the stromal tumor along its periphery; E: An “artificial perforation” observed after stromal tumor resection, sealed using titanium clips; F: Sealing of the perforation with multiple titanium clips; G: Resected tumor with the mucosa removed (5 cm in diameter); H: View 72 d after the operation, showing that the perforation healed well, with only ulcer residue remaining.
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Figure 2  Laparoscopic resection of gastric stromal tumors. A: Layout of instruments for laparoscopic surgery; B: Laparoscopic resection of gastric stromal tumor; C: Removed tumor (4 cm in diameter).






�











