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Abstract
[bookmark: OLE_LINK580][bookmark: OLE_LINK581]Perforation is an important procedural complication of endoscopic submucosal dissection (ESD) for early gastric cancer. Although the incidence of delayed perforation after ESD is low, extreme caution is necessary because many cases require surgical intervention. Among 1984 lesions of early gastric cancer treated in our hospital by ESD in 1588 patients from September 2002 through March 2015, delayed perforation developed in 4 patients (4 lesions, 0.25%). A diagnosis of delayed perforation requires prompt action, including surgical intervention when required. 
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Core tip: Delayed perforation is a serious complication of endoscopic submucosal dissection for early gastric cancer. A diagnosis of delayed perforation requires prompt action, including surgical intervention when required. 

Yano T, Tanabe S, Ishido K, Azuma M, Wada T, Suzuki M, Kawanishi N, Yamane S, Sasaki T, Katada C, Mikami T, Katada N, Koizumi W. Delayed perforation after endoscopic submucosal dissection for early gastric cancer: Clinical features and treatment. World J Gastrointest Endosc 2016; In press


INTRODUCTION
 The development of endoscopic submucosal dissection (ESD) has facilitated the en bloc endoscopic resection of larger lesions, as well as lesions with an ulcer scar. Such lesions are now included in the expanded indications for ESD[1]. 
Perforation is an important procedural complication of ESD, reported to occur at an incidence of 3.6% to 8.7%. Most cases of intraoperative perforation can be closed by clipping[2-4]. In contrast to intraoperative perforation diagnosed during endoscopic treatment, delayed perforation detected after ESD is often associated with peritonitis at time of diagnosis and frequently requires emergency treatment, including surgical intervention[5]. Few studies have reported on delayed perforation, and its management remains controversial. We describe our experience with 4 patients (4 lesions) who underwent emergency surgery for delayed perforation that developed after ESD in our hospital. 

CASE REPORT 
Patients and methods
A total of 1984 consecutive lesions of early gastric cancer treated by endoscopic resection between September 2002 and March 2015 were studied. Informed consent was obtained from all patients in accordance with our institutional protocol. 
We defined delayed perforation as the abrupt onset of abdominal pain and signs and symptoms of peritoneal irritation accompanied by the presence of free air on chest and abdominal radiography or abdominal computed tomography (CT) in a patient who showed no evidence of perforation during ESD or free air immediately after ESD, as proposed by Hanaoka et al[5]. 

ESD procedures 
The circumference of the lesion was marked with a needle knife. After injecting glycerol solution into the submucosa, an initial cut was made with a needle knife outside the marking. An IT Knife (Olympus Medical Systems, Tokyo, Japan) was inserted into this cut and operated to cut around the lesion[6]. The marked lesion was separated from the surrounding normal mucosa. Then, the submucosal layer was dissected using the IT Knife, and the lesion was finally removed. An IT Knife was used to perform ESD until the end of March 2007, and an IT Knife2 (Olympus Medical Systems) was used from April 2007 onward[7]. 

Results 
We have described our experience with 4 patients (0.25%) who underwent surgery for delayed perforation that developed after ESD. The clinicopathological features and clinical outcomes of the patients with delayed perforation are summarized in cases 1 to 4 of Table 1. Among the 4 patients, 1 lesion was resected in 3 patients, and 2 lesions were resected in the other patient. The lesions were located the lower third of the stomach in 3 patients and the upper third of the remnant stomach in 1 patient. The diameters of resected specimens were large, exceeding 50 mm in 3 of the 4 patients; the longest diameter was 102 mm. In 1 of these patients, the ulcer floor had fused together after two adjacent lesions had been resected, and the resected specimen was 80 mm in diameter. The procedure time was longer than 90 minutes in all 4 patients, and the longest time was 240 min. 
All cases of delayed perforation occurring in our hospital developed within 24 h in all except 1 patient. Because all patients had peritonitis at the time of detection of delayed perforation, emergency surgery was required. However, none of the 4 patients died of delayed perforation. 

Case 1
The patient was an 89-year-old man with a superficial and depressed type (0-IIc) differentiated adenocarcinoma, 84 mm × 50 mm, arising in the posterior wall of the lesser curvature at the gastric angle. The tumor invaded the first layer of the submucosa (SM1). ESD was performed using an IT Knife, and the procedure time was 4.0 h. The resected specimen measured 102 mm × 73 mm (Table 1).
In the early morning 2 d after ESD, the patient had dyspnea and abdominal distension. Abdominal CT showed the presence of free air, and emergency surgery was performed on the same day. A perforation was found at the site resected by ESD. Omental implantation was performed at the site. Delayed perforation was apparently caused by the transfer of heat generated by extensive resection and prolonged local dissection to the muscular layer. 

Case 2
The patient was a 74-year-old man with 2 adjacent 0-IIc lesions (20 mm × 17 mm and 17 mm × 10 mm) arising in the anterior and posterior walls of the greater curvature at the gastric angle (Table 1 case No. 2). ESD was performed with the use of an IT Knife2 (Figure 1A). The time required for ESD was 2.4 h. The ulcers had fused together to form a single ulcer on the resected surface. The resected specimen measured 80 mm × 45 mm (Figure 1B) (Table 1). 
The patient had fever and abdominal pain at night on the day of ESD. Chest radiography and abdominal CT on the day after ESD showed the presence of free air, and emergency surgery was performed on the same day (Figure 2). Although there was no distinct evidence of perforation, the muscular layer had become thin. The site was therefore partially resected. Pathological examination showed no distinct signs of perforation. However, the muscular layer had become necrotic (Figure 3). Delayed perforation was most likely ascribed to the transmission of heat resulting from the extensive hemostatic procedure to the muscular layer.

Case 3
The patient was a 63-year-old man who had previously undergone distal gastrectomy with Billroth I reconstruction for gastric cancer. A superficial and elevated type (0-IIa) lesion, measuring 15 × 12 mm, had arisen in the posterior wall of the greater curvature in the remnant stomach. ESD was performed using an IT Knife2. The time required for ESD was 1.5 h. The resected specimen measured 30 mm × 24 mm (Table 1).
The patient vomited during the night of the day of ESD. In the early morning of the next day, fever and abdominal pain developed. Abdominal CT showed free air, and emergency surgery was performed on the same day. A perforation was noted at the treatment site. Omental implantation and antecolic Roux-en-Y reconstruction were performed. Delayed perforation was apparently caused by direct exposure of the muscular layer of the remnant stomach to acid and bile after surgery. 

Case 4
The patient was an 83-year-old woman with a tumor, 37 × 15 mm, in the lesser curvature of the antrum. ESD was performed with an IT Knife2 for local recurrent lesions with an ulcer scar that had developed after ESD. The ESD procedure time was 2.5 hours, and the resected specimen measured 53 × 30 mm. 
Abdominal pain developed during the night of the day of ESD. On the following day, abdominal CT revealed the presence of free air, and emergency surgery was performed on the same day. A perforation was found at the site of treatment. Because the resected lesions were strongly suspected to invade the submucosa, distal gastrectomy with Billroth I reconstruction was performed. Delayed perforation was apparently attributed to the transmission of heat generated by the prolonged local dissection procedure, necessitated by the presence of an ulcer scar, to the muscular layer of the stomach (Table 1).

DISCUSSION
Perforation can be classified into 2 types according to the time of onset: intraoperative perforation, which occurs during ESD, and delayed perforation, which is detected after treatment with no evidence of free air during ESD or on abdominal radiographs obtained immediately after surgery.   
	There are several possible causes of the delayed perforation that occurred in our hospital: (1) the transmission of heat generated by the prolonged local dissection procedure to the muscular layer of the stomach; (2) direct exposure of the muscular layer to acid and bile in the postoperative remnant stomach; and (3) ischemic changes of the mucosa caused by excessive hemostatic procedures. Patient 1 and Patient 2 were treated when we had relatively little experience, shortly after the introduction of ESD. Delayed perforation in these patients was suggested to have been caused by the transmission of excessive heat caused by prolonged dissection to the muscular layer. 
It is difficult to predict the risk of delayed perforation occurring after ESD because the incidence is low and unknown risk factors are most likely involved. Hanaoka et al[5] proposed that delayed perforation is most likely to occur at sites of lesions involving the lesser curvature of the stomach, which is anatomically susceptible to decreased blood flow. Two of the 4 patients in our study had lesions located in the lesser curvature of the stomach. 
As for the treatment of perforations, most intraoperative perforations can be closed by clipping the perforation site and then be followed up conservatively[3]. In contrast, delayed perforations are already associated with peritonitis at the time of detection, and surgical intervention is generally required. 
Table 1 summarizes the clinical and histopathological characteristics and the clinical courses of 16 patients (8 men and 8 women) with delayed perforation, including the 4 patients in the present study as well as those reported previously. The median age was 64 years (range, 50 - 89). Lesions were located in the upper third of the stomach in 6 patients, the middle third in 2 patients, the lower third in 6 patients, and the remnant stomach in 2 patients. Lesions were located along the lesser curvature in 4 patients. The median specimen diameter was 45 mm (range, 18 - 102). The depth of invasion was intramucosal in 11 patients and submucosal in 5. The median ESD procedure time was 2.0 h (range, 0.4 - 9.0). Delayed perforation most frequently occurred in patients with a long resected specimen diameter, a deep depth of invasion, and a prolonged ESD procedure time. 
Delayed perforation was treated by surgery in 11 patients and conservative therapy including closure with an endoclip and follow-up in 5. The median hospital stay was 16 d (range, 10 - 33) in the patients who underwent surgery and 21 d (range, 15 - 33) in the patients who were followed up. The hospital stay thus tended to be longer in the conservatively treated patients. In previous studies, some patients with delayed perforation had minimal abdominal symptoms at the time of diagnosis. In other patients, a small perforation several millimeters in diameter was detected by chance on follow-up endoscopy performed the day after ESD. The perforation was closed by clipping. Patients with localized peritonitis who responded to conservative therapy have also been reported[4]. However, an intraperitoneal abscess developed in some patients who were followed up conservatively, and drainage was required. Long-term hospitalization was also necessary in some patients[8].  
Increased intragastric pressure has been reported to reduce mucosal blood flow and cause ischemic changes[9,10]. Therefore, one of the solutions to prevent delayed perforation would be insertion of a nasogastric tube to achieve decompression of the gastric lumen. 
Similar to our patients, delayed perforation may extensively involve the ulcer floor, and the muscular layer may already be necrotic. Closure of a perforation by endoscopic clipping may therefore be challenging. Moreover, insufflation at the time of endoscope insertion can increase the size of the perforation and thus have a negative effect. Even if the perforation site can be successfully closed by endoscopic clipping, re-perforation accompanied by the intraperitoneal leakage of gastric juice or bile has been reported in postoperative patients with a remnant stomach not surrounded by the greater omentum[3]. Therefore, if delayed perforation is diagnosed on the basis of postoperative abdominal findings and the presence of free air on plain radiographs, surgeons should immediately be consulted about the need for surgical intervention. Performing surgery before the exacerbation of peritonitis will also most likely contribute to a better postoperative course. 
Delayed perforation is a serious complication of ESD for early gastric cancer. A diagnosis of delayed perforation requires prompt action, including surgical intervention when required. 

COMMENTS		
Case characteristics
Among 1984 lesions of early gastric cancer treated in our hospital by endoscopic submucosal dissection (ESD) in 1588 patients from September 2002 through March 2015, delayed perforation developed in 4 patients.

Differential diagnosis
Gastrointestinal perforation.

Imaging diagnosis
Chest radiography and abdominal CT on the day after ESD showed the presence of free air. We diagnosis delayed perforation.

Pathological diagnosis
At the ulcer floor, the muscular layer was exposed, and all layers had become necrosis.

Treatment
Chest radiography and abdominal CT on the day after ESD showed the presence of free air, and emergency surgery was performed on the same day.

Related reports
Few studies have reported on delayed perforation, and its management remains controversial.

Experiences and lessons
Delayed perforation is a serious complication of ESD for early gastric cancer. A diagnosis of delayed perforation requires prompt action, including surgical intervention when required. 

Peer-review
Although the incidence of delayed perforation after ESD is low, extreme caution is necessary because many cases require surgical intervention. Among 1984 lesions of early gastric cancer treated in our hospital by ESD in 1588 patients from September 2002 through March 2015, delayed perforation developed in 4 patients (4 lesions, 0.25%). A diagnosis of delayed perforation requires prompt action, including surgical intervention when required. 
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Figure 1 Endoscopic submucosal dissection. A: Findings on upper gastrointestinal endoscopy (conventional examination). Patient 2 had delayed perforation after undergoing endoscopic submucosal dissection (ESD) for early gastric cancer (EGC). 0-IIc lesions were found in the anterior and posterior walls of the greater curvature at the gastric angle (circles). B: Findings after ESD. Patient 2 had delayed perforation after ESD for early gastric cancer (EGC). The 2 lesions were adjacent. The ulcer floor had fused together. 
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Figure 2 Radiography and abdominal CT. A: A chest radiograph, showing free air below the right diaphragm (arrow). B: An abdominal CT scan, showing free air (arrow). 
[image: G:\論文\Figure3（a）.jpg]
[image: G:\論文\Figure3（b）.jpg]
Figure 3 Muscular layer had become necrotic. A: The surgically resected specimen. Although no distinct site of perforation was found in the surgically resected specimen, the ulcer floor had become thin after ESD (circled). B: The histopathological specimen stained with hematoxylin and eosin. At the ulcer floor, the muscular layer was exposed, and all layers had become necrotic. 

Table 1 Clinicopathological features and clinical outcomes in 16 patients with delayed perforation after endoscopic submucosal dissection
	Case No.
	Age
	Sex
	Location
	Tumor size (mm)
	Resected specimen size(mm)
	Depth of tumor
	Scar in tumor
	Histological type
	Time required for ESD (h)
	Device
	Time until peritonitis(h)
	Size of perforation (mm)
	Treatment of perforation
	Hospital stay (days)

	1
	89
	M
	L,Lc
	84×50
	102 × 73
	SM1
	Absent
	Diff.
	4
	IT
	> 24
	3
	Surgery
	23

	2
	74
	M
	L,Gc
	17×10,
20×17
	80 × 45 (2 lesions)
	M
	Absent
	Diff.
	2.4
	IT2
	10
	  －
	Surgery
	15

	3
	63
	M
	R, P
	15×12
	28×28
	M
	Absent 
	Diff.
	1.5
	IT2
	15
	－                  
	Surgery
	30

	4
	83
	F
	L, Lc
	37×15
	53×30
	SM2
	Present
	Diff.
	2.5
	IT2
	11
	2
	Surgery
	23

	5 [4]  
	50
	F
	U, Lc
	20
	50
	M
	Present
	Diff.
	3.5
	IT2
	24
	20
	Surgery
	16

	6[4]
	60
	M
	M, A
	18
	32
	SM
	Absent
	Diff.
	2
	IT
	19
	－
	Surgery
	14

	7[4]
	70
	M
	U, A
	15
	45
	M
	Absent
	Diff.
	3
	IT
	21
	－
	Conservative
	15

	8[4]
	61
	M
	U, P
	50
	85
	SM
	Absent
	Diff.
	9
	IT
	15
	－
	Surgery
	33

	9[4]
	64
	F
	U, Lc
	12
	50
	M
	Absent
	Diff.
	2.2
	IT
	23
	－
	Surgery
	20

	10[4]
	64
	M
	U, P
	15
	45
	M
	Present
	Diff.
	1.5
	IT2
	10
	－
	Surgery
	12

	11[13]
	70
	F
	R, Lc
	5
	30
	M
	Absent
	Diff.
	2
	TT
	> 24
	－
	Conservative
	21

	12[14]
	60
	F
	U, P
	4
	19
	M
	Absent
	Signet
	1.1
	IT2
	> 24
	2
	Endo clips
	12

	13[8]
	70
	F
	L,Gc
	26
	38
	M
	Absent
	Diff.
	0.5
	IT
	  －
	3
	Endo clips
	13

	14[15]
	60
	M
	M,Gc
	6×4
	18×17
	M
	Absent
	Diff.
	0.4
	－
	10
	1
	Surgery
	10

	15[16]
	64
	M
	L,A
	18×15
	40×38
	SM2
	Present
	Diff.
	－
	－
	 > 24 (49 d)
	8
	Surgery
	　－

	16[9]
	59
	F
	L,A
	10
	－
	M
	Present
	Diff.
	0.4
	－
	> 24
	20
	Conservative
	33


U: Upper body; M: Middle body; L: Lower body; R: Remnant stomach; Lc: Lesser curvature; P: Posterior; A: Anterior; Gc: Greater curvature; Diff: Differentiated adenocarcinoma; Signet: Signet ring cell carcinoma; TT: Triangle-tip knife; ESD: Endoscopic submucosal dissection.
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Figurel(b): Findings after ESD.
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Figure 2a. A chest radiograph, showing free air below the right diaphragm (arrow).
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Figure 2b. An abdominal CT scan, showing free air (arrow).
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Figure 3a. The surgically resected specimen.
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Figure 3b. The histopathological specimen stained with hematoxylin and eosin.
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Figurel(a) :Findings on upper gastrointestinal endoscopy (conventional examination).




