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Abstract
Backgrounds 
5% of gastrointestinal (GI) bleeding cannot be accurately detected by bi-directional endoscopy. Wireless capsule endoscopy (CE) was introduced into medical diagnosis since 2000. This study is a multicenter experience of CE to detect the small intestinal diseases in Taiwan. 

Materials and Methods

The retrospective study was completed by questionnaires .176 patients underwent wireless capsule endoscopy in eight medical centers in Taiwan. The indications of CE were obscure GI tract bleeding (n=137, 77.8%), anemia (n=18, 10.2%), abdominal pain (n=18, 10.2 %), inflammatory bowel disease history (n=2, 1.1%), and gastric carcinoid history (n=1, 0.6%). The study by questionnaires analyzed the pathologic findings, total completion rate, complications of CE and outcomes of patients.
Results

The examination completion rate of CE was 66.9% (115/172) and diagnostic yield rate was 90.1% (155/172). Angiodysplasia was the most diagnosed disease (47.7%, 82/172) and followed by small intestinal polyps, tumors or submucosa tumors (36%, 62/172), small intestinal ulcers or erosions (22.1%, 38/172), lymphangiectasia (14.0%, 24/172). 20 patients received surgical treatments (11 with angiodysplasia, 9 with polyps or tumors) and 18 patients received double-balloon enteroscopic examination after CE. Three capsules (1.74%) retained in small and large intestine more than two weeks and removed by surgical treatment. 
Conclusions

This multicenter cases analysis presented similar results as Western’s reports. Wireless capsule endoscopy is a non-invasive, effect and safe examination and can be used as first line tool to diagnose small intestinal diseases. 
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Introduction

It is estimated that 5% of patients with gastrointestinal (GI) bleeding cannot be accurately detected by bidirectional endoscopy (routine upper esophagogastroduodenoscopy and colonoscopy). These obscure GI bleeding (OGIB) are mainly (45 to75%) of small intestinal origin [1–3].

Wireless capsule endoscopy (CE) was introduced in 2000 for the diagnosis of small intestinal lesions [4, 5] and is recognized with good diagnostic rates in small intestinal bleeding, small bowel tumors, and inflammatory bowel disease [6–8]. Compared with small-bowel follow-through, computed tomography, standard angiography; CE has been proved as a more reliable tool for the diagnosis of OGIB [9-11]. A previous report in one medical center in Southern Taiwan concluded that CE has a high yield rate (89%) and increased detective ability (57.2%) for OGIB [12]. So far, there are no multicenter studies on the clinical use of CE in Taiwan. The study collected the experiences of CE in eight medical centers in Northern, Central, and Southern Taiwan and assessed the detection rate, total completion rate, complications of CE and outcomes of the patients in Taiwan.

Materials and Methods

The retrospective study was completed by questionnaires. This questionnaire was proposed in the second meeting of the Taiwan Small Intestinal Study Club (held in April 2007) (Table 1) and was mailed to eight medical centers in Northern, Central, and Southern Taiwan that provided CE. The data were collected from following hospitals: Cathay General hospital , China Medical University Hospital , Kaohsiung Medical University Hospital , Chung Shan Medical University Hospital , Lin Ko Chang-Gung Memorial Hospital , Shin Kong Wu Ho-Su Memorial hospital , Sijhih Cathay General Hospital and Taipei Veteran General Hospital (Table 2).Pregnant women, patients with obvious obstruction of GI tract , implantation of any electromedical device, and patients younger than 10 years old were excluded . Most of the patients enrolled had negative result with bi-directional endoscopic examinations. All patients fasted for more than 10 hours, with or without bowel preparation before examination. Informed consents were obtained prior to CE.
The indications, gastric emptying time, small bowel transit time, small bowel findings, diagnosis, CE retention and surgical or balloon-assistant treatments etc, were recorded in the questionnaires (Table 1). “CE completion” was defined as CE could reach colon and “capsule retention” was defined as the capsule stayed in the GI tract for more than 14 days. All CE were performed using the equipment from the same company (Given M2A; Given Imaging Ltd, Yokneam, Israel). The Given wireless CE apparatus measures 11X26 mm; weights 3.7 gram and it can transmit images at a speed of 2 frames per second. More than 50,000 images are obtained as it passes through the GI tract within an eight- hour of battery potency. After examination, all images were transmitted from the solid recorder to a computer equipped with reading software, and abnormal findings from these images were all recorded by endoscopists. All pathological findings from surgical treatments or double-balloon endoscopic biopsies were also recorded. 
Statistical analysis

Continuous variables, including age, were reported as mean and standard deviation (SD). Chi-square test was used for comparing the CE completion rates between groups with or without bowel preparation and groups with a gastric emptying time of more or less than 60 minutes. A p-value < 0.05 was considered as significant difference.

Results
One hundred and seventy six patients underwent CE from January 2004 to May 2007 were enrolled, (age range: 11 to 92; 92 males). The indications for the CE were: OGIB (n=137, 77.8%), anemia (n=18, 10.2%), abdominal pain (n=18, 10.2 %), inflammatory bowel disease history (n=2, 1.1%), and gastric carcinoid history (n=1, 0.6%) (Figure1). 4 capsules failed to reach small intestine and were excluded from statistics (Figure 2). The total small bowel completion rate was 66.9% (115/172) .The completion rates of CE without and with bowel preparation were 67.3% (74/110) and 66.1% (41/62), respectively (Table 2). There were no obvious differences of completion rates between groups with or without bowel preparation (chi-square test, p > 0.05). Moreover, the group with a gastric emptying time < 60 min had a higher CE completion rate (75.8%) than the group with a gastric emptying time > 60 min (40.9%; chi-square test,  p < 0.05) (Table 3).

CE provided the diagnosis yield rate of 90.1% (155/172) for small intestinal lesions in our study. Angiodysplasia was the most diagnosed disease (47.7%, 82/172) followed by small intestinal polyps, tumors (36%, 62/172), small intestinal ulcers or erosions (22.1%, 38/172), and lymphangiectasia (14.0%, 24/172), etc (Figure 2). 2 patients with negative CE were diagnosed with having proximal colon cancer after adequate bowel preparations and colonoscopic examinations. 20 patients received surgical treatments (11 angiodysplasia and 9 polyps or tumors) after CE. They were diagnosed with lipoma of ileum, jejunal hamartoma, lymphoma of the ileum, jejunal adenocarcinoma (2), and 4 jejunal GI stromal tumors (GIST) (Figure 3). Double-balloon enteroscopies were performed in 18 patients (CGMH: 8; CMUH: 8; CSMUH: 2) after CE. 9 were diagnosed with angiodysplasia and treated with argon plasma coagulation (3), operation (1) and observation (5). 3 submucosa tumors were found and were all transferred for surgery (two had GIST and one lipoma). Other findings of DBE were 3 lymphoid hyperplasia (confirmed by biopsy), 1duodenal healing ulcer, 1 jejunal diverticulum bleeding (transferred to operation), and 1negative finding (Figure 4). Three patients experienced capsule retention in the small and large intestine for more than two weeks (1.74%) and treated with operation. The pathological causes were jejunal adenocarcinoma, lymphoma of terminal ileum, and sigmoid colon stricture. 
Discussion

The multicenter study yielded more than 90% of positive findings using wireless CE, which is compatible with previous reports stating that CE has a higher finding rate than traditional small bowel follow-through examination, push enteroscopy, and computed tomography enteroclysis [9-11]. Currently, wireless CE is widely used as a noninvasive tool to find small bowel pathologies in Taiwan. The predominant reason for CE is OGIB after negative esophagogastroduodenoscopy and low GI studies (including colonoscopy or lower GI barium study).
In our study, two patients with colon cancer (one cecal cancer and one ascending colon cancer) had negative findings in CE. These two patients did not have adequate bowel preparation before colonoscopy due to acute bleeding status. CE was chosen to examine the bleeding source and failed to find the proximal colon cancer. Therefore, adequate bowel preparation to rule out colon lesions before CE is important. 

Eleven patients with a suspicion of angiodysplasia bleeding (11/82) received surgical intervention. Most patients who were suspected of having small intestinal angiodysplasia received supportive treatment without invasive surgical intervention. Double and single balloon enteroscopy were introduced in 2001 and 2008, respectively. Nowadays, they are treated as more aggressive tools to diagnose and treat small bowel diseases [13, 14]. In this study, 18 patients received double balloon enteroscopy after CE and three of whom were treated successfully using coagulation therapy (Figure 4). The role of therapeutic enteroscopy to treat small intestinal pathologies will be more popular in the future.

62 patients were suspected to have small intestinal tumors or polyps. Among them, nine patients received surgical treatment due to jejunal lipoma(1), jejunal hamartoma with bleeding(1), lymphoma of ileum with obstruction and capsule retention(1), jejunal adenocarcinoma (2) and jejunal GIST with bleeding and subacute obstruction(4) (Figure 3). Most patients did not receive surgical intervention and no symptom after CE. 
Three patients presented with capsule retention in the small intestine or sigmoid colon for more than 14 days and received operation. There were no obvious obstructive signs from abdominal X-ray, traditional small bowel and lower GI barium studies before CE in these three patients. Two of them were diagnosed with jejunal adenocarcinoma and lymphoma of the terminal ileum. Another patient was diagnosed with sigmoid colon stricture due to pelvic radiation performed 20 years ago. The retention rate was only 1.74% (3/172). Traditionally, CE is contraindicated in suspected obstructive small bowel disease because of a concern of capsule retention. Several articles assessed the role of intestinal obstruction in CE [15–18] and found that some patients were diagnosed successfully using CE even in the presence of small bowel subacute obstruction secondary to Crohn’s disease, tumors, tuberculosis, or other reasons [19]. According to our study, patients who had no obvious intestinal obstruction on small bowel and lower GI barium studies before CE still had a chance to experience capsule retention. In such situations, CE retention was a guide for surgical intervention to treat intestinal obstruction secondary to tumors or stricture.

115 (66.9%) CE could reach the colon within the 8-hour latency limitation of the battery. The completion rate in the group with colon preparation was nearly the same as that of the group without colon preparation (66.1% versus 67.3%; chi-square test, p > 0.05). A previous study mentioned that bowel preparation before CE examination yielded a higher completion rate compared with absence of bowel preparation [20]. However, our study did not support this conclusion. Selby et al. reported that prokinetic agent could decrease gastric and small intestine transit time and increased the completion rate of CE examination [21, 22]. However, Almeida et al. concluded that metoclopramide did not significantly increase the total completion rate of CE and had no effect on transit times [23]. Our study showed that the completion rate of CE was higher in patients with a gastric emptying time less than 60 min and most of the patients in this study did not receive any prokinetic agent before or during the examinations. A proposal to study the effect of prokinetic agents on gastric emptying time and small bowel transient time should be considered.

This is the first report of multicenter experiences of the clinical use of CE in Taiwan. We organized a small intestinal study club and designed a unique questionnaire to collect these data from different CE observers. The observed reports would be more reliable when using this questionnaire to record the different CE findings.

In conclusion, wireless CE had a high diagnostic yield rate of small intestine (more than 90%) in our study and the result is similar to those from Western countries. Wireless CE is a noninvasive examination and can be accepted as a first-line tool to find pathologies of small intestine.
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Figure Legends
Figure 1

176 patients underwent CE. Obscure GI bleeding is the major etiology for CE and followed by anemia and abdominal pain. CE: capsule endoscopy, OGIB: obscure gastrointestinal bleeding, IBD: inflammatory bowel disease

Figure 2
4 capsules failed to reach small intestine (one retained in esophagus and three retained in stomach). 155 patients were diagnosed with having small intestinal lesions. Angiodysplasia was the most diagnosed disease and followed by small intestinal polyps, tumors. CE: capsule endoscopy
Figure 3
20 patients underwent surgical treatments after capsule endoscopy. There were 4 gastrointestinal stroma tumors and followed with jejunal adenocarcinoma, jejunal hamartoma, ileal lymphoma and lipoma.

Figure 4
18 patients underwent double balloon enteroscopy (DBE) after capsule endoscopy. Angiodysplasia was the major finding and 3 of them were successfully treated by argon plasma coagulation (APC). GIST: gastrointestinal stromal tumor.
Table 1
	Capsule Endoscopy Report

	Hospital: _________________

	Gender: Male ____ Female ____ 

	Age: ______________________
	Body Weight: __________

	Height: ____________________
	Test Date: _____________

	Reason for CE examination: __________________________________________________

	Pre-examination NPO time:      hour

	Pre-examination bowel preparation: Yes       Method                  ; No      

	Gastric Emptying Time:       hour      mins

	Small Bowel Transit Time:      hour      mins

	CE reaches Large Intestine: Yes    No   

	Small intestine Finding:

	(1)            at       hour        mins. (favor proximal, middle or distal intestine)  

	(2)            at       hour        mins. (favor proximal, middle or distal intestine)  

	(3)            at       hour        mins. (favor proximal, middle or distal intestine)  

	(4)            at       hour        mins. (favor proximal, middle or distal intestine)

	CE Diagnosis:                                                              

	CE retention (more than 14 days): Yes    No   

	Retention Site:                             ;            Days

	Surgical Treatment: Yes    No   

	Surgical diagnosis:                        

	Double balloon enteroscopy after CE examination: Y/N

	Double balloon enteroscopy finding:                        


Table2.
	
	number
	CE fail to reach small intestine
	male

	age(mean±SD) range(year)
	bowel preparation
	reach colon

	CGH
	50
	0
	25

	56.24± 13.09
22-85
	0
	32

	CMUH
	36
	0
	20

	60.65± 14.08
19-92
	27
	24

	KMUH
	29
	2
	11

	57.31± 12.36
21-87
	0
	18

	CSMUH
	24
	0
	17

	54.2± 13.6
16-91
	24
	17

	CGMH-LK
	22
	2
	10

	62.59± 14.98
11-87
	0
	15

	SKH
	10
	0
	7

	58.00± 18.80
21-82
	7
	5

	CGH-SJ
	4
	0
	2

	61.00± 13.25
34-74
	4
	3

	VGH-TPE
	1
	0
	1

	17
	0
	1

	Total
	176
	4
	93

	57.82±13.52
11-92
	62     
	115


SD: standard deviation, CE: capsule endoscopy
CGH: Cathay General hospital, CMUH: China Medical University Hospital, 
KMUH: Kaohsiung Medical University Hospital, CSMUH: Chung Shan Medical University Hospital, CGMH-LK: Lin Ko Chang-Gung Memorial Hospital, SKH: Shin Kong Wu Ho-Su Memorial hospital, CGH-SJ: Sijhih Cathay General Hospital, VGH-TPE: Taipei Veteran General Hospital. 
 Table 3. Compare the complete and incomplete rates of CE examination in gastric emptying time less than 60 minutes and gastric emptying time more than 60 minutes groups. 
	
	Complete CE examination number (%)
	Incomplete CE examination number (%)
	Total

	Gastric emptying time≦60 minutes
	97 (75.8)
	31 (24.2)
	128

	Gastric emptying time > 60 minutes
	18 (40.9)
	26 (59.1)
	44

	Total
	115
	57
	172

	p-value
	<0.05
	<0.05
	


CE: capsule endoscopy
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Fig.1. 176 patients underwent CE. Obscure GI bleeding is the major etiology for CE and followed by anemia and abdominal pain. CE: capsule endoscopy, OGIB: obscure gastrointestinal bleeding, IBD: inflammatory bowel disease
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Figure 2
Fig.2. 4 capsules failed to reach small intestine (one retained in esophagus and three retained in stomach). 155 patients were diagnosed with having small intestinal lesions. Angiodysplasia was the most diagnosed disease and followed by small intestinal polyps, tumors. CE: capsule endoscopy
Figure 3

Fig.3. 20 patients underwent surgical treatments after capsule endoscopy. There were 4 gastrointestinal stroma tumors and followed with jejunal adenocarcinoma, jejunal hamartoma, ileal lymphoma and lipoma.
Figure4


Fig.4. 18 patients underwent double balloon enteroscopy (DBE) after capsule endoscopy. Angiodysplasia was the major finding and 3 of them were successfully treated by argon plasma coagulation (APC). GIST: gastrointestinal stromal tumor.
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