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Abstract

Iatrogenic gastric perforation is one of the most serious complications during therapeutic endoscopy, despite significant advances in endoscopic techniques and devices. This case study evaluated the clinical efficacy and safety of the rescue endoscopic band ligation (EBL) technique in iatrogenic gastric wall perforation following the failure of primary endoclip closure. Five patients were enrolled in this study. These patients underwent emergency endoscopy following the onset of acute gastric wall perforation during endoscopic procedures. The outcome measurements were primary technical success and immediate or delayed procedure-related complications. Successful endoscopic closure using band ligation was reported in all patients, with no complication occurring. We conclude that EBL may be a feasible and safe alternate technique for the management of acute gastric perforation, especially in cases where closure is difficult with endoclips.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
The management of gut perforation, including successful primary endoscopic repair, has been increasingly reported in endoscopic trials. Primary endoscopic therapy is now often recommended as an alternative to surgical intervention in select cases[1-3]. However, the commonly used endoclip technique for endoscopic closure has some limitations, depending on the perforation size and anatomic site. Endoscopic clip closure may be difficult for a large perforation, one with a tangential angle, and/or on a necrotic or ulcerated surface. Even when clipping is successful, dehiscence might occur due to strong wall tension. Newly developed devices have been introduced and show promise, but many of these devices are expensive, require additional equipment, and are not readily available in many countries[2,3].

Endoscopic band ligation (EBL) is commonly performed in the management of varix or Dieulafoy’s bleeding[4-6]. EBL is a safe and feasible method that can reduce procedure time and be useful in the primary repair of colonic or duodenal perforations[7-9]. Our group previously reported the use of EBL to successfully close two colonic perforations in which endoclip closure initially failed due to the presence of a large perforation and a severe tangential angle in endoscopic procedures assisted with a transparent cap[9].

In this case study, we evaluated the clinical efficacy and safety of the rescue EBL technique in iatrogenic gastric wall perforations in which primary endoclip closure failed.

CASE REPORT

Patients with acute gastric wall perforations were enrolled in this study between September 2011 and August 2012. Written informed consent was obtained from all patients and the study was approved by the institutional ethics committee.

All patients underwent emergency endoscopy following the onset of acute gastric wall perforation during endoscopic procedures. Primary endoscopic closure using an endoclip (Endoclip HX-600-090L; Olympus Optical Co., Ltd., Tokyo, Japan) was attempted initially, immediately upon recognition of the perforation. Patients in whom primary endoclip closure failed or was technically difficult subsequently underwent rescue EBL to achieve closure. After endoscopic confirmation of the perforation site, the endoscope was withdrawn and reinserted after attachment of a pneumoactive, single-band ligator (MD-48709; Akita Sumitomo Bakelite Co, Ltd, Tokyo, Japan). The hood of the ligation device was then placed over the target lesion site. Following successful ligation of the approximate targeted edge of the perforation, additional bands or clips were used to completely close the site (Figure 1). After endoscopic closure, patients’ recovery was managed with vital sign monitoring, no oral intake, and intravenous fluid therapy with broad-spectrum intravenous antibiotics and acid suppression. Early oral intake was allowed when clinical symptoms such as abdominal pain or fever resolved, appetite and bowel function returned, and laboratory test values were normalized. Surgical intervention was planned if the patient’s clinical condition deteriorated.

The outcome measurements were primary technical success and immediate or delayed procedure-related complications. All endoscopic procedures, including EBL, were performed by experienced faculty endoscopists in tertiary referral centers.

RESULTS

Table 1 presents the clinical characteristics of five patients who underwent rescue closure by EBL. Gut perforation rates following therapeutic endoscopic procedures were ranging from 0.9 to 1.8% in two participated units. Three patients underwent endoscopic mucosal resection with ligation (EMR-L) due to gastric adenoma (n = 2) or neuroendocrine tumor (n = 1); one patient received endoscopic submucosal dissection due to adenocarcinoma; and one patient underwent endoscopic biopsy due to a chronic gastric ulcer. The mean perforation size was 8.6 (range 5–11) mm. The primary causes of endoclip failure were difficulty in approximating the location of adjacent gastric mucosa due to wall tension and a tangential angle. In the case of ulcer base perforation occurred by biopsy (iatrogenic perforation following biopsy; Figure 2), the fibrotic ulcer base made endoscopic clipping difficult.

The rescue EBL technique was performed successfully in all patients (Table 2). The mean procedure time for complete band ligation was 111.8 (range 39–334) s. Two band ligations were performed in the cases of large and ulcer base perforations. Additional endoclips were applied in four cases to achieve complete closure. No procedure-related complication or delayed dehiscence occurred following successful EBL with or without clipping. Patients resumed their normally scheduled diet an average of 4 (range 2–7) d after the procedure, and were discharged an average of 7.4 (range 4–14) d after the procedure.
DISCUSSION

Iatrogenic gut perforations occurring during endoscopic procedures are generally managed surgically. Although surgical operation remains the gold standard treatment for intestinal perforation, the clinician’s familiarity with endoclips and their immediate availability and proper use may replace surgery for a selected group of patients with a high surgical risk. The mainstays of treatment of early perforations without systemic upset are nasogastric suction, antibiotics, bowel rest, and parenteral nutrition. This type of conservative management may be undertaken in patients with asymptomatic perforations or localized peritonitis that is expected to improve clinically without complication[1,10-14]. In presented cases, perforation was recognized immediately during procedure, and treated by endoscopic band and clipping successfully. So that, did not use nasogastic suction. However, in patients whose condition deteriorates despite conservative management or alternative endoscopic management, surgical treatment should be considered immediately.

Recent studies have reported high technical success rates for primary closure of an acute iatrogenic perforation with endoclips, newly developed devices, or a band[1,10-12]. Endoscopic repair using endoclips can be limited in large perforations or in those with tangential angles. A wide perforation is difficult to close because of slippage of the perforation edge from the clip while the clip is maneuvered across the defect to grasp the opposite edge of the perforation. Everted perforation edges also make it impossible to grasp the tissue with endoclips. Newly developed devices have recently been introduced and successfully used to close perforations[15]. These devices include through-the-scope (TTS) clips, such as the QuickClip 2 (Olympus Inc., Center Valley, PA, United States), the Resolution clip (Boston Scientific Inc., Natick, MA, United States), and the Tri-Clip and Instinct clip (Cook Medical, Winston-Salem, NC, United States); the over-the-scope clip (OTSC) system (Ovesco Endoscopy AG, Tubingen, Germany); and endoscopic suturing devices such as T-tags (Ethicon Endo-Surgery, Cincinnati, OH, United States) and the flexible Endo Stitch (Covidien, Mansfield, MA, United States). Closure of luminal perforation > 20 mm in size may be difficult. For larger gastric defects, TTS clips can be placed around the circumference of the perforation and lassoed together with a detachable plastic snare (Endo-loop; Olympus)[16]. Among the newly developed devices, OTSC was approved for the closure of perforation < 20 mm in size, and ex vivo studies shown that colon defects 10 to 30 mm in size can be closed with a single OTSC[2]. However, although some techniques have been developed to correct deficits in clip placement, they are not commonly practiced. Some of these devices may prove suitable for the closure of defects throughout the intestinal tract, but their use is limited by the endoscopist’s experience, device availability, and cost[2]. Currently, no particular technique has demonstrated proven efficacy or greater reliability than other closure modalities.
EBL was first used in 1988 to treat bleeding from esophageal varices[15]. The simplicity of the technique and low complication rates compared with sclerotherapy have contributed to its growing popularity[4]. Technically, EBL is a simple procedure, even if the targeted site must be approached tangentially or is located in the posterior wall of the proximal body. EBL has been widely used in the management of non-variceal hemorrhage from Dieulafoy’s ulcer, gastric angiodysplasia, and polypectomy-induced bleeding[4-6]. In addition, several reports have described the use of EBL in rectal and duodenal perforations during EMR[7-9]. Our group previously reported the use of EBL to successfully close two colonic perforations when endoscopic closure with endoclips initially failed[9]. Primary endoscopic repair can be difficult in some cases because the clips may not hold the tissue of large perforations together successfully, the tissue may slip in perforations with everted edges, or a fibrotic ulcer base may hinder successful manipulation. In contrast, acute perforations with no hardening can be readily closed with suction and band ligation.

Theoretically, EBL can readily approximate both edges of the perforation. Thus, complete suture to the remaining wall by additional bands or endoclips may be simple, even with a large perforation. EBL can also reduce procedure time in comparison with clipping. Immediate closure could prevent the need for surgery or the development of serious peritonitis caused by gastric content leakage. Additionally, in the case of ulcer base perforation, clipping of the fibrotic membrane is difficult due to strong wall tension, which may result in tearing or dehiscence after closure. EBL with suction could reduce such damage throughout the lesion. No dehiscence occurred after EBL in our cases. Finally, the use of additional clips to suture the perforation after EBL might not be necessary. Follow-up endoscopy has detected clip deterioration, with only the band holding the perforated mucosa tightly. Prudent banding may thus be important for successful closure, and one or more band ligations may be sufficient. However, due to the limited number of cases included in our study, we could not confirm that additional clipping is unnecessary, and we generally recommend additional clipping to maintain tight closure of the primary band.

Several factors can be identified as limitations in our study. Our case study was not comparative and included a limited number of patients, preventing us from drawing concrete conclusions. Also, this result cannot be generalized due to an experimental trial. Additionally, we did not evaluate closure dehiscence or ischemic necrosis following band ligation. Although ischemic necrosis induced by band ligation is limited to the mucosa or submucosa, further prospective studies should be conducted to examine whether the perforation risk may be lower with conventional sclerosant injection therapy, heater probe therapy, or electrocoagulation[4,17]. Secondary risks may also develop due to suction of the adjacent mesentery. None of these complications was observed in our study.In summary, EBL can be used as a rescue method to repair full-thickness perforations and may facilitate complete repair by enabling the approximation of the perforation when initial band ligation is not sufficient to achieve complete closure. EBL may be a feasible and safe alternate technique for the management of acute gastric perforation, especially in cases where closure with endoclips is difficult due to tangential angles, severe belching, or narrow space availability. To evaluate the suitability of EBL for wide clinical use, comparative controlled studies should be conducted.
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	No.
	Age (yr)/sex
	Diagnosis
	Cause
	Perforation location
	Size (mm)
	Causes of clip failure

	1
	65/M
	Neuroendocrine tumor
	EMR-L
	Fundus
	9
	Tangential angle and wall tension

	2
	52/M
	Gastric adenoma
	EMR-L
	Angle
	11
	Severe belching

	3
	68/M
	Gastric adenoma
	EMR-L
	Upper body, great curvature
	8
	Tangential angle

	4
	91/F
	Gastric ulcer
	Biopsy
	Angle
	5
	Fibrotic tissue and tension

	5
	73/M
	Adenocarcinoma
	ESD
	Antrum, great curvature
	10
	Friable mucosa


Table 1 Baseline patient characteristics
EMR-L: Endoscopic mucosal resection with ligation; ESD: Endoscopic submucosal dissection; M: Male; F: Female.
Table 2 Procedure outcomes of rescue endoscopic band ligation 

	No.
	Procedure time for endoclips (s)
	Procedure time for EBL (s)
	Number of bands
	Number of clips

before/after EBL
	Success
	Days until diet resumption/ discharge

	1
	198
	66
	1
	3/3
	Yes
	3/7

	2
	102
	42
	2
	2/1
	Yes
	4/5

	3
	138
	78
	1
	0/4
	Yes
	2/4

	4
	894
	334
	2
	6/0
	Yes
	7/14

	5
	353
	39
	1
	1/2
	Yes
	4/7


EBL: Endoscopic band ligation.
Figure 1 Endoscopic band ligation in iatrogenic gastric wall perforation. A: Endoscopic view of endoscopic mucosal resection with ligation (EMR-L) due to gastric adenoma on the greater curvature of the upper gastric body; B: Iatrogenic gastric wall perforation following EMR-L; C: Primary endoscopic band ligation (EBL) was successful following technical difficulty with endoclip closure; D: Additional clips were applied around the band and surrounding mucosa; E: Follow-up endoscopy 1 d later shows band and multiple clips, with no complication; F: Endoscopic view 1 mo after EBL, showing the absence of the band and clips.
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Figure 2 Endoscopic band ligation in iatrogenic ulcer base perforation following endoscopic biopsy. A: Iatrogenic gastric ulcer base perforation following biopsy (arrow); B: The fibrotic ulcer base made endoscopic clipping difficult; C: Successful endoscopic band ligation following technical difficulty with endoclip closure; D: Endoscopic view 2 wk later, showing the healed base of ulcer with remaining bands.
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