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Abstract

AIM
To assessed the feasibility and safety of a novel enteroscopic technique, negative-pressure suction endoscope, for examining the small intestine in a porcine model. 
METHODS
In vitro experiments in small intestinal loops from 20 pigs, and in vivo experiments in 20 living pigs, were conducted. 
RESULTS
In in vitro experiments, a negative pressure of > 0.06 MPa was necessary for optimal visualization of the intestine, and this pressure did not cause gross or histological damage to the mucosa. For satisfactory examination of the small intestine in vivo, higher negative pressure (> 1.00 MPa) was required. Despite this higher pressure, the small intestine did not show any grossly visible or microscopic damage in the areas. The average time of examination in the living animals was 60 ± 7.67 min. The animals did not experience any apparent ill effects from the procedure. 
CONCLUSION
Thus, small intestine endoscope was safely performed within a reasonable time period and enabled complete visualization of the intestine in most cases. 
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INTRODUCTION
Endoscopic examination of the small intestine remains a challenge. Endoscopes currently used in the diagnosis and treatment of gastrointestinal diseases include capsule gastroscopes[1] duodenoscopes, double-balloon endoscope, single-balloon enteroscopes, and colonoscopes. The detection range of these instruments is from the mouth to the duodenum and from the anus, retrogradely, to the cecum[2-5]. Negative-pressure suction small intestine endoscope has been proposed as a solution to this problem. Its working principle is similar to the functions of suction cups of parasites, and its operating principles are similar to those of double-balloon and single-balloon endoscope.The main components of negative-pressure endoscopes are an ultrafine tubular endoscope, with an added external propeller, to assist in the migration of the scope through the intestine. The scope is intended to enable the collection of intestinal fluids and tissue samples as well as to aid in the diagnosis and treatment of small intestinal diseases. 

Small intestine endoscope have been developed independently in China, with regard to the intellectual property rights. Three patent licenses from the Chinese State Intellectual Property Office, as well as 2 patent licenses from the Japanese State Intellectual Property Office, have been granted for these scopes[2-6].
In the present study, we aimed to assess the feasibility and safety of negative-pressure suction endoscope in the small intestine of pigs.

MATERIALS AND METHODS

Materials
The materials used included freshly excised small intestines, with the complete mesentery, from 20 live pigs (150 kg; 2 years of age); a negative-pressure suction small intestine endoscope (Figure 1); 4 electric suction units (Yuyue, 7A-23D; Nanjing, China), with pressures ranging from 0.06 to 1.00 Mpa; the cardinal machine; heatless light source; monitor (Jiangsu matt phillips photoelectric technology Co., LTD); computer; fixative solution; refrigerator; tissue sectioning instrument; and microscope.
METHODS
In vitro experiments
The cardinal machine, heatless light source, monitor, and negative-pressure suction device were switched on. Under the control of an operator, the working component of the endoscope was inserted into the prepared pig small intestine, the suction tubes on the slider were pulled, and the suction cup-like inlets on the front at the sides of the endoscope were examined to determine whether they properly sucked the small intestine. The areas surrounding the inlets were smeared with methylene blue, the suction force was increased, and the suction tubes on the sliders were pulled, thus causing the small intestine to pile up behind the working component of the endoscope. After the operation, the suctioned areas, which were stained with methylene blue, were biopsied for microscopic examination.
In vivo experiments

All animal experiments were conducted according to the institutional guidelines for the care and use of animals. The animal protocol was designed to minimize pain or discomfort to the animals.The ethical standards of experiments were in accordance with the guidelines provided by the CPCSEA. Animals were fasted for 2 d prior to being anesthetized with ketamine hydrochloride injection (5 mg/kg). The negative-pressure suction device, the cardinal machine, heatless light source, and monitor were switched on. The endoscope was inserted into the mouth of the pigs, and if necessary, a small amount of air was introduced before the examination of the digestive tract. During the examination, the suction tubes on the slider were pulled, which gradually caused the intestine to pile up like sleeves around the main lens. The intestinal surface was examined as the suction tubes were being pulled. An attempt was made to reach the ileocecal junction in each animal. The diet, activity, and defecation of the pigs were monitored for 2 weeks after the operation.
Statistical analysis

The data were computed by timer. Data were analyzed using SPSS version 12.0 for windows (SPSS Inc., Tokyo). All data are expressed as mean ± SD. Continuous data were compared using t tests (n = 20), and A P < 0.05 was considered statistically significant. 

RESULTS
In vitro experiments

The operator used the propelling arm of the endoscope to grasp the small intestine by applying negative-pressure suction from the electric suction unit. When the suction force was not sufficiently strong, the endoscope could not grasp the small intestine firmly; the initial pressure required for the endoscope to properly function was greater than 0.06 MPa. During the operation, the small intestine appeared to pile up in a sleeve-like manner around the main lens. Through the image acquisition window at the front of the main lens, the backward movement of the small intestine could be followed and the inner intestinal walls could be examined. In total, only 80% of the ileocecal junction was observed in 4 pigs, whereas a 4-m length of the small intestine was visualized in all 20 pigs. The examination required an average of 40 ± 5.47 min, 95% confidence interval: (38.8, 41.1) min. No histological damage to the small intestine was evident in the areas where negative-pressure suction had been applied. 

In vivo experiments
On the basis of the results from the in vitro experiments, the initial pressure for the in vivo examinations was set at > 0.06 MPa. When the pressure was greater than 1.00 MPa, no slippage was seen. Small intestine endoscope was successful in all the 20 pigs, and the procedure required an average of 60 ± 7.67 min, 95%CI: 56.41-63.59 min. The average depth of insertion was 2.0 m. After the examination, all pigs were able to eat; 18 were able to defecate by the second day, and 2 by the third day. During the 2-week observation period after the endoscopy, no pigs showed signs of abdominal distension, bloody stool, constipation, or other complications, and their food intake, activity levels, sleep patterns, defecation patterns, and urination were normal.
Examinations of histological sections from areas of the small intestine that were sucked by negative pressure did not show any breakage, shedding of large areas of the intestinal villi, tissue displacement, deformation, or damage to the glandular structures in the submucosal layer. The normal orderly arrangement of smooth muscle layers was maintained, and the muscle cells were clearly outlined (Figure 2).

The results of this study provide evidence to support the manufacture of small intestine endoscope. It will contribute to small intestine endoscope industrialization.

DISCUSSION
Endoscopic examination of the small intestine has always presented a tough challenge. Small intestine endoscope has been proposed as a technique that might help overcome this challenge. Therefore, in the present study, we evaluated the feasibility and safety of this approach through in vitro and in vivo experiments in a porcine model. 
In the in vitro experiments, we established that the pig small intestine was tolerant to negative pressures that were acceptable for endoscopic examination of the intestinal wall, and indeed tolerant to even much higher pressures. At a pressure of > 0.06 MPa, the endoscope functioned smoothly, and 4-m segments of the small intestine were successfully examined in the intestines from all 20 animals studied. No visual damage was noted in the areas of the small intestine that were repeatedly sucked. Moreover, tissue biopsy specimens from those areas showed no signs of submucosal damage or breakage in the muscle layers. Therefore, we concluded that the negative pressure exerted by the suction endoscope was within the tolerance level of the small intestine. Indeed, we found that the intestine had an extremely high level of tolerance to negative pressure; even when 6 MPa of negative-pressure was exerted, no apparent damage to the sucked areas was noted. The positive results of these in vitro experiments encouraged us to proceed with in vivo experiments. 

 In live pigs, we found that somewhat higher negative pressure was needed, as compared to the in vitro condition, in order to prevent slippage of the bowel. Thus, we used a pressure of > 1.00 MPa, which permitted successful examination of the intestines of all 20 animals. The average time of completing the in vivo examinations was 60 ± 7.67 min.

The time for this procedure was considerably shorter than that reported for double-balloon endoscope performed in Fuji, Japan, which took an average of 3–4 h per examination. The Japanese researchers also found that slippage of the intestine occurred when the 2 balloons were alternated, whereas, we found no slippage when the working pressure level was set as > 1.00 MPa. 

We believe it is encouraging that the negative-pressure suction endoscope did not histologically damage the small intestine, and that the animals had no evident adverse effects related the procedure; indeed, they resumed normal defecation within 2–3 d after the operation and had no signs of discomfort during the 2 postoperative weeks. This study in pigs indicates that small intestine endoscope is feasible and can be performed safely in a reasonable length of time. The entire small intestine was visualized in a high percentage of animals, and neither gross nor microscopic damage to the intestine was noted. We are hopeful that this promising technique for examination of the small intestine will soon be evaluated in human subjects. In addition, we are planning an experiment on human subjects, which will enable the commercial application of this type of endoscope in the small intestine.

The small intestine endoscope had 4 power modes, and the examination speed was greater than that with the double-balloon and single-balloon endoscope. The curve formed by the endoscope is not associated with any serious effects, and can avoid pain.

This endoscope is designed based on the ultrafine endoscope, and has four power modes. It is inserted into the cavity through the mouth while the patient is under general anesthesia, thus enabling the small intestine to pile up at the proximal end along the primary eyepiece, while the detector at the distal end can perform detection or treatment. Experimental results on animals confirmed that endoscopy using our newly designed endoscope has the following advantages compared to the Japanese double-balloon endoscope: (1) quicker examination; (2) high operability and ease of mastery; (3) low cost; and (4) short slippage distance[7-15]. Moreover, endoscopy using our newly designed endoscope is more advantageous than capsule endoscopy in terms of (1) clearer images; (2) uninterrupted examination; (3) ability to collect pathological samples or conduct endoscopic treatment; (4) short examination duration; and (5) does not cause ileus[16-30]. The most important feature of small intestine endoscope is its rapid examination speed; it only takes an average of 60 ± 7.67 min to complete the examination of a 4-m-long small intestine with complete mesentery, which is 2 h less than the average examination time required for Japanese Fujinon double-balloon endoscope, as reported in the literature. In the present study, we provided evidence (Figure 3) to support the manufacture of this endoscope, which will be beneficial for patients and alleviate pain, and will also help ensure that no blind spots are present during examination and treatment with the small intestine endoscope.
COMMENTS

Background
At present, China has no domestic small intestine endoscope. Domestic small intestine endoscope is important means to solve small intestine disease diagnosis and treatment, reduce medical costs, reduce personal medical expenses,It is an important device. In 2003，Japan doctor Yamamoto H and Fuji Corporation developed  double-balloon endoscope，caused a sensation, making this field open in the world. At present, China has introduced 6 double-balloon endoscope, with we use it, the authors can find shortcomings. The study the small intestine endoscope began in 2001, the early design and production of the software creep testing equipment, application and complete the Heilongjiang provincial innovation projects (Project Name: the Mini Robot in intestine injury; project number: NO.YJSCX2005-122HLJ), with further experiments found that a sudden power outage peristalsis in the small intestine inside card software cannot well then we removed from changing structure design to domestic endoscope direction (in sudden power outage intestine endoscope can easily removed), four years after 2007 we received mall intestine endoscope 5 patents, including two Japan endoscope patents,summarizes the mall intestine endoscope experimental research data for many years, has published two articles in the series of articles, the third-prize Dalian scientific and technological progress in the same year, the related research results are included in the Dalian Information Institute.
Research frontiers
The authors just want efforts small intestine endoscope as soon as possible into clinical application solution small intestine disease these years, reduce the side injury and complications caused by open surgery, reduce the medical cost, the benefit of the people, so the development of small intestine endoscope success is our goal. The authors design and manufacture small intestine endoscope the dynamic system of four-wheel drive, with its unique design and mode of operation to avoid the joint slip phenomenon of intestinal accumulation, save a lot of time of the examination. The important part of the future is to optimize the endoscope power system, its precision and performance significantly improved to meet the clinical application needs.
Innovations and breakthroughs
The design thought of small intestine endoscope and Japanese double-ballon endoscope is different, the power matching detection system based on endoscope and extends the endoscope function, so that it can better adapt to different clinical situations.

Applications
At present we have reached the stage of trial production of small intestine endoscope, we are making efforts to improve domestic endoscope is reliable, durable and other characteristics, so that it is really beneficial to clinical patients. Because of the protection of intellectual property rights is constantly updated, the future of domestic small intestine endoscope have good market prospects, especially the driving power system makes the endoscope  detection time is greatly shortened, to replace the Japanese double balloon endoscope increased possibilities.
Terminology
Small intestine endoscope is a medical device for the diagnosis and treatment of small intestine diseases.
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This is an interesting study about the small intestine enteroscopy. In this study, Liu et al assessed the feasibility and safety of a novel enteroscopic technique, negative-pressure suction enteroscopy, for examining the small intestine in a porcine model. Experiments in small intestinal loops from 20 pigs, and in vivo experiments in 20 living pigs, were conducted. The authors found that the enteroscopy was safely performed within a reasonable time period and enabled complete visualization of the intestine in most cases.
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Figure 1 Schematic diagram of negative-pressure suction small intestine endoscope. 1: Observation eyehole; 2: Windows for outgoing light; 3: Clamp tube; 4: Nozzle; 5: Rotating section; 6: Suction tube retainers; 7: Suction hole; 8: Slider retainer; 9: Slider; 10: Button for water and air inlet; 11: Button for water and air suction inlets; 12: Biopsy sample inlet; 13: Button for rotation of external propeller; 14: Air inlet; 15: Water inlet; 16: Air and water suction inlet; 17: Ground wire inlet; 18: Input terminal of heatless light source; 19: Image output terminal; 20: Main engine; 21: Monitor; 22: Air compressor. The length of the negative-pressure suction small intestine endoscope was 2.5 m. The main endoscope diameter was 12 mm. The imaging system used was Medical CMOS. The power system involved negative-pressure suction, and the light used was cold light.
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Figure 2 Light microscopic image of a tissue section from an area of the small intestine to which endoscopic negative-pressure suction had been applied in vivo. A: No damage to smooth muscle is evident; B: No histologic damage is evident; C: No submucosal or glandular damage is present; D: No submucosal damage is present. Hematoxylin–eosin staining, 40 × 10 magnification.
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Figure 3 Animal experiment using small intestine endoscope. A: Animals were fasted for 2 d prior to being anesthetized with ketamine hydrochloride injection (5 mg/kg); B: The endoscope was inserted into the mouth of the pig; C: An attempt was made to reach the ileocecal junction; D: A picture obtained by using the small intestine endoscope.
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