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Abstract
BACKGROUND
Intussusception can be managed by pneumatic reduction, ultrasound-guided hydrostatic reduction, open or laparoscopic surgery, but laparoscopy in such cases remains controversial. 

AIM
To explore the clinical characteristics, effectiveness, and complications of surgical reduction for intussusception using laparoscopy in children. 

METHODS
This study was a retrospective case series of pediatric patients with intussusception who underwent surgical reduction by laparoscopy from May 2011 to April 2016 at Taizhou Hospital of Zhejiang Province. Clinical characteristics (operation time, intraoperative blood loss, conversion rate of laparotomy, reasons for conversion, postoperative hospital stay, and adverse events) were described.

RESULTS
The 65 patients included 45 boys and 20 girls. The average age was 2.3 years (27.5 ± 24.5 mo). Of the 65 patients, 61 underwent surgical reduction by laparoscopy after a failed enema reduction of intussusception, and four underwent the procedure directly. All patients were treated successfully and 57 (87.7%) patients underwent successful laparoscopic surgery, two of which had a spontaneous reduction. Among the remaining cases, one was converted to open surgery via right upper quadrant incision, and seven required enlarged umbilical incisions. Intestinal resection was performed in 5 patients because of abnormal bowel lesions. There were no complications (intestinal perforations, wound infections, or intestinal adhesions) during the follow-up of 3 years to 8 years. Two patients experienced a recurrence of intussusception; one was resolved with pneumatic reduction, and the other underwent a second laparoscopic surgery. 

CONCLUSION
Laparoscopic approach for pediatric intussusception is feasible and safe. Bowel resection if required can be performed by extending umbilical incision without the conventional laparotomy.
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Core Tip: This study aimed to explore the clinical characteristics, effectiveness, and complications of surgical reduction for intussusception using laparoscopy in children. Laparoscopic intussusception reduction can be beneficial and without significant complications if well indicated, and if an extension of the umbilical incision is used if needed. Laparoscopic assistance can also yield good treatment outcomes in some complicated cases requiring intestinal resection.

INTRODUCTION
For intussusception, the laparoscopic approach is a feasible alternative when pneumatic reduction or ultrasound-guided hydrostatic reduction failure. Laparoscopic intussusception reduction can be beneficial and without significant complications if well indicated, and an extension of the umbilical incision is used if needed. Laparoscopic assistance can also yield good treatment outcomes in some complicated cases requiring intestinal resection. Next, we can take the results of this study as a starting point for further prospective multicenter cohort studies.

MATERIALS AND METHODS
Intussusception can be managed by laparoscopic surgery, but it remains controversial. The results of this study strongly suggest that intussusception reduction using the laparoscopic approach is effective and without complications in patients with complex conditions or those requiring bowel resection. 
Laparoscopy has been reported to be effective and without major complications for the management of intussusception[1,2], supporting the present study. In the present study, the success rate of laparoscopy was 88%, which is within the 79%-90% range reported by many case series[1-3]. Nevertheless, the use of laparoscopy remains controversial because laparoscopic intussusception reduction has a high rate of conversion to laparotomy, as high as 70% in some reports[4]. Nevertheless, with the improvement of laparoscopic techniques in recent years, the conversion rate of laparoscopic intussusception reduction to laparotomy has decreased from 14.3% to 5.4%[5,6]. In this study, the overall conversion rate to open laparotomy was 12%, including seven patients with extension of the umbilical incision. Considering that the small transverse umbilical incision is concealed, it is more aesthetically appealing than traditional open surgery. Besides, laparoscopically-assisted surgery can be considered a form of minimally invasive surgery with laparoscopic assistance; thus, there was only one case of true conversion to open surgery, resulting in a rate of conversion to open surgery of only 1.5%.
It has been reported that patients over 3 years of age have a higher probability of intestinal resection[7,8]; for these patients, laparoscopic intussusception reduction surgery is not recommended[9]. In this study, two patients were > 3 years of age, in whom intussusception was diagnosed using preoperative B-mode ultrasound. Considering the patients’ age, there was a possibility of intestinal lesions, and laparoscopic surgery was performed directly. After reduction was completed, erosion was found in the terminal ileum in one patient, and the tissue was frozen and rapidly sent for pathological examination, revealing lymphoma. The umbilical incision was extended to remove the diseased tissue and the ileocecal segment. The patient recovered after chemotherapy, and the incision site maintained a good aesthetic appearance. It was also reported that laparoscopic reduction is not recommended for patients aged < 3 mo[7,8]. In this study, one 1-month-old patient underwent difficult laparoscopic reduction, and the umbilical incision had to be extended. It was found that the terminal ileum had duplication malformations that were managed with intestinal resection and anastomosis. With the improvement of laparoscopic techniques and instrumentation, we believe that laparoscopic surgery will not be contraindicated by age or intestinal resection because minimally invasive surgery through a small umbilical incision can be achieved even for intestinal resection[1-3].
Another major controversy involves the fact that laparoscopic intussusception reduction is associated with a higher recurrence rate than is conventional open surgery. Nevertheless, it was recently reported that the recurrence rate after laparoscopic intussusception was 3.4%[6]. In this study, there were two recurrences (3.1%), nearly the same as traditional open surgery[10]. The ileum's seromuscular layers and the ascending colon were repaired with two sutures, and the terminal ileum and the ascending colon were juxtaposed. If the ileocecal segment was relatively isolated, it was fixed to the lower right abdominal wall with two sutures to prevent relapse. The recurrence rate in our cohort of only 3.1% suggests good effectiveness. One patient experienced recurrence and required re-operation. The original fixation suture was found to be loose and was re-fixed, without subsequent recurrence. In our opinion, intestine fixation to the abdominal wall may be an effective method for intussusception. Although this method of intestine fixation to the abdominal wall has not occurred intestinal torsion in this stuty, but we do not know whether it is a risk factor for intestinal torsion. Therefore, we need longer follow-up time and more cases.
It has been reported that the appendix is also a site susceptible to intussusception[4]. The appendix is prone to becoming a lead point for intussusception because of viral or bacterial infection or abnormal anatomical position. Therefore, when intussusception is found in the appendix during operation, the appendix exhibiting congestion and swelling is resected. There were no recurrences after appendicular resection in this study. Besides, there were no complications in our cohort, such as intestinal adhesions, wound infections, and intestinal perforations, as supported by the low rates of complications observed in previous studies[2,4]. 
The short operative time and hospital stay reflect the advantages of laparoscopic techniques[5,6]. Besides, laparoscopic techniques have obvious advantages for intussusception reduction. First, owing to muscle relaxation after anesthesia, some of the intussuscepted intestines might resolve spontaneously. Second, laparoscopic surgery can more intuitively locate organic lesions such as lymphomas of the terminal ileum and intestinal polyps. With open surgery, only the intussusception at the diverticulum's distal end might have been discovered, and the intussusception of the diverticulum itself might have been missed. Nevertheless, laparoscopy might also have some disadvantages, mainly related to the small abdominal cavity in children and the significant amount of edema in intussusception. First, if the intra-abdominal pressure is too high, the cardiopulmonary function of the patient will be affected. If it is too low, the operating field will be too small. Second, given the abdominal cavity's limited space, a gastric tube could be placed before surgery. Third, intussusception masses are often found in the upper right abdomen because the appendix is sometimes involved. Therefore, searching along the terminal ileum and the appendix is more difficult. Fourth, during reduction, the right-hand grasping forceps pulls the neck of the intussuscepted ileum along the fan-shaped curvature of the mesentery, while the left-hand grasping forceps pulls the neck of the intussuscepted sheath to the opposite direction; in this way, the two forces are maintained in the fan-shaped curvature of the mesentery. If the directions of the two forces are along a straight line, the traction on the mesentery tends to be insufficient. In addition, in the reduced intestine, it is important to change the two forceps' positions at an appropriate time to maintain some tension between the two forces. Finally, if it is found that the intussusception is challenging to reduce by laparoscopy, the umbilical incision should be extended, and the reduction should be performed through the umbilical incision. If necessary, bowel resection should be performed. Although laparoscopic intussusception reduction has many advantages, there are specific contraindications. First, laparoscopic surgery should not be performed in cases with longer times of onset (especially > 48 h), instability of the respiratory or circulatory systems, intestinal perforation, peritonitis, severe abdominal distension, or other manifestations. Second, the intussusceptum ideally should not extend past the middle segment of the transverse colon. Those advantages and disadvantages have been highlighted in previous studies[2,4-6], but this study innovates by indicating that the umbilical excision can be enlarged when laparoscopy is difficult, without the need to convert the surgery to a true open surgery.
This study has limitations. The sample size was relatively small and from a single center. A treatment bias might be observed due to local practices. The retrospective nature of the study prevented the observation of some variables. Prospective multicenter cohort studies should be performed in the future.

RESULTS
Characteristics of the patients
During the study period, laparoscopic intussusception reduction was performed in 65 patients (Table 1). There were 45 (69.2%) boys and 20 (30.8%) girls, of whom the youngest was 1 mo old, and the oldest was 13 years old, and the average age was 2.3 years (27.5 ± 24.5 mo). The clinical presentations included paroxysmal crying or abdominal pain in 60 cases. There was an abdominal mass in 45 patients, and jam-colored bowel movements in 48 patients. The time of onset was 26.3 ± 7.8 h and was within 48 h in 64 cases and up to 52 h in one patient. Sixty (92.3%) had primary intussusception. Among all patients, three (4.6%), 40 (61.5%), and 22 (33.9) had ileum, ascending colon, and transverse colon involvement, respectively. Nine (13.8%) patients had acute gastroenteritis, seven (10.8%) had respiratory infection, and one (1.5%) had urinary tract infection. Six (9.2%) were taking probiotics, eight (12.3%) proton pump inhibitors, 13 (20.0%) antibiotics, and four (6.2%) gastrointestinal motility drugs.

Surgical outcomes
Of the 65 patients, laparoscopic reduction surgery was completed in 57 (87.7%) (Table 2). For two (3.1%) patients, laparoscopy revealed that the intussusception had spontaneously resolved. Among the other 8 patients, one patient's intussusceptum was found to have extended past the middle segment of the transverse colon. The mass was large and challenging to reduce under laparoscopy, and the procedure was directly converted to a transverse incision in the right upper abdomen to complete the operation; the operation of the other seven patients was completed with an extension of the umbilical incision. Among them, five (7.7%) patients had abnormal bowel lesions, one (1.5%) had intestinal necrosis, and one (1.5%) had severe bowel nesting. Postoperative pathological findings indicated two patients with lymphoma of the terminal ileum, one patient with Meckel’s diverticulum, one patient with small intestinal duplication, and one patient with small intestine polyps. There were 15 with appendicular intussusception among all patients, in which the appendixes exhibited congestion and swelling and were resected. The average operative time was 42.2 ± 12.2 min. All patients were discharged uneventfully, and the hospital stays were 3-12 d, with an average of 4.5 d (4.5 ± 1.3). The intraoperative blood loss was 2.2 ± 1.6 mL. 

Complications
The follow-up period ranged from 3 years to 8 years. There were no complications, such as intestinal adhesions, wound infections, or intestinal perforations. There were two cases of recurrent intussusception, one of which was resolved with pneumatic reduction, and one underwent a second laparoscopic surgery.

DISCUSSION
Study design and patients
This study was a retrospective case series of pediatric patients with intussusception who underwent surgical reduction by laparoscopy from May 2011 to April 2016 at the Department of Pediatric Surgery of Taizhou Hospital of Zhejiang Province. The cases in this study were consecutive cases and were operated by the same surgical team. The study was approved by the ethics committee of Taizhou Hospital. The committee waived the requirement for informed consent because of the study's retrospective nature. The indications for laparoscopic surgery: (1) Diagnosed with intussusception by B-mode ultrasound[11]; (2) Unsuccessful gaseous enema reduction; (3) Organic lesions are highly suspected; and (4) Repeated intussusception times were more than three times within 1 wk. 
The contra-indications for laparoscopic surgery: (1) Children with high abdominal distension and pneumoperitoneum could not be established; (2) Patients with abnormal cardiopulmonary functions and unable to tolerate pneumoperitoneum; or (3) The intussusception was large, and its head exceeded the middle section of the transverse colon. The cases in this study were consecutive cases and were operated by the same surgical team.

Surgical method
Routine blood tests, electrolyte tests, and blood gas analyses were performed before surgery. Before the operation, a gastric tube and an indwelling catheter were placed when ity was considered necessary. General anesthesia by tracheal intubation was used in all cases. The patient was positioned with the head downward and tilted to the left to expose the ileocecal segment of the intestine fully. The operator was positioned on the left side of the patient. An incision of 0.5-1.0-cm in length was made at the lower margin of the umbilicus. A trocar was placed under direct vision. CO2 was slowly injected, and the pressure was maintained at 8-12 mmHg. A 0° laparoscope was placed, 5-mm trocars were inserted in the lower right abdomen and the lower left abdomen under laparoscopic monitoring, and minimally invasive grasping forceps were placed. First, we find the hepatic segment of the transverse colon below the liver, and then find the intussusception along its proximal direction. With the right hand, the ileum's neck was grasped with the grasping forceps and pulled outward, paying attention to pull along the fan-shaped curvature of the mesentery. With the left hand, the intussuscepted sheath's neck was pulled in the opposite direction (Figure 1). Based on the length of the reduced intestine, the positions of the two grasping forceps were changed appropriately so that the two forces maintained some tension and were in the mesentery's curvature. The neck of the intussuscepted mass was frequently tight, and the left-hand forceps were used to open the neck of the outer sheath, while the right-hand forceps were used to pull the neck of the intussuscepted ileum so that some of the fluid in the neck could be drained. Simultaneously, part of the mesenteric tissue was pulled outward so that the neck was relatively loose and easy to reduce. After reduction, the intestines were examined for necrosis and other organic lesions. If none were found, the ileum's seromuscular layer and the ascending colon were repaired with two sutures. If the ileocecal segment was relatively isolated, it was fixed to the lower right abdominal wall with two sutures. Appendectomy was performed depending on the condition of the appendicular blood supply and swelling. When there was a reduction with a single laparoscope were found to be complicated or organic lesions were present, the neck of the intussusception mass or the intestine with organic lesions was fixed with grasping forceps under laparoscopic monitoring, and then the umbilical incision was extended transversely. The intussusception mass was then pulled out of the umbilical incision for manual reduction or intestinal resection (Figure 2). After anesthesia and return to consciousness, the patients were transferred to the general pediatric surgical ward. They received conventional second-generation cephalosporin antibiotics (50-100 mg/kg/d), omeprazole injection (0.7 mg/kg/d), and intravenous fluids for 3-7 d. The patients began to eat and gradually returned to normal diet 1-5 d after the operation according to their condition.

Data collection and follow-up
The data of all patients were collected from the paper medical records of the Department of Pediatric Surgery of Taizhou Hospital of Zhejiang Province, including basic characteristics (age, sex, time of onset, type of intussusception, level of intussusceptum, comorbidities, and medication) and clinical characteristics (operation time, intraoperative blood loss, conversion rate of laparotomy, reasons for conversion, postoperative hospital stay, and adverse events). 
The family members of all patients were followed until June 2019 by outpatient reexamination, telephone or Wechat contact at 1 wk，1 mo, half a year and 1 year, respectively, to collect data including wound healing, diet, bowel movements, abdominal pain and vomiting, sleep, growth and development, etc. Follow-up was conducted by 3 practicing physicians with more than 5 years of clinical experience in pediatric surgery.

Statistics
All data were analyzed using SPSS 19.0 for Windows (IBM, Armonk, NY, United States). The continuous data were tested for normal distribution using the Kolmogorov-Smirnov test; those meeting the normal distribution are presented as means ± SD; otherwise, they are presented as medians (ranges). The categorical data are presented as n (%). Descriptive statistics were used.

CONCLUSION
Intussusception is an invagination of a proximal segment of the intestine into a distal part of the intestine that may result in bowel obstruction, venous congestion, and bowel wall edema[12-15]. It is a common cause of acute abdominal emergency in infants and children. It is most common in infants and children aged 3 mo to 3 years, with a peak incidence between 5 and 9 mo of age[12,13,16]. The vast majority of cases are ileocolic, but small bowel to small bowel and colocolonic intussusceptions may also occur[12,13]. The incidence is 3-40 cases per 10000 live births in the United States of America, Europe, and Australia[7,14,17,18]. Typical clinical presentation of intussusception includes paroxysmal crying, vomiting, an abdominal sausage-like mass, and jam-like, bloody stool[8,12,13]. It is primarily diagnosed through medical history taking, physical examination, ultrasound, and computed tomography[8,12,13]. Pneumatic reduction and ultrasound-guided hydrostatic reduction are the most widely used methods for treating intussusception in children[12,13,16,19-21]. They have a success rate as high as 95%, but pneumatic reduction and ultrasound-guided hydrostatic reduction still fails in some intussusception cases[7,8], and such children will require surgical treatment.
In the past, conventional open surgery was the mainstream surgical treatment for intussusception[12,13,20,21]. However, conventional surgery is associated with significant trauma in children[12,13]. With the development of laparoscopic techniques, there have been increasingly more reports of successful laparoscopic treatment of intussusception, limiting the surgical trauma and allowing faster recovery[1,21]. Nevertheless, laparoscopic treatment for intussusception remains controversial because the port setting is challenging because of the small working space in infants and small children and because the affected segment may vary among children. Besides, the reported series are small.
Therefore, this retrospective study aimed to explore the clinical characteristics, effectiveness, and complications of surgical reduction for intussusception using laparoscopy in children. The results could provide additional data for the management of this condition.

ARTICLE HIGHLIGHTS
Research background
This study provides useful data for the management of infants with intussusception.

Research motivation
Laparoscopic approach for pediatric intussusception is feasible and safe. Bowel resection if required can be performed by extending umbilical incision without the conventional laparotomy.

Research objectives
The study could include 65 patients (45 boys and 20 girls). They were 2.3 years (27.5 ± 24.5 mo). Of the 65 patients, 61 underwent surgical reduction by laparoscopy after a failed enema reduction of intussusception, and four underwent the procedure directly. All patients were treated successfully. Fifty-seven (87.7%) patients underwent successful laparoscopic surgery, two of which had a spontaneous reduction. Among the remaining cases, one was converted to open surgery via right upper quadrant incision, and seven required enlarged umbilical incisions. Intestinal resection was performed in five patients because of abnormal bowel lesions. There were no complications (intestinal perforations, wound infections, or intestinal adhesions) during the follow-up of 3 years to 8 years. Two patients experienced a recurrence of intussusception; one was resolved with pneumatic reduction, and the other underwent a second laparoscopic surgery. 

Research methods
This retrospective case series included pediatric patients with intussusception who underwent surgical reduction by laparoscopy from May 2011 to April 2016 at Taizhou Hospital of Zhejiang Province. The clinical characteristics (operation time, intraoperative blood loss, conversion rate of laparotomy, reasons for conversion, postoperative hospital stay, and adverse events) of the patients were described.

Research results
To explore the clinical characteristics, effectiveness, and complications of surgical reduction for intussusception using laparoscopy in children.

Research conclusions
The use of laparoscopy in infants with intussusception could be less morbid for the patients.

Research perspectives
Intussusception can be managed by pneumatic reduction, ultrasound-guided hydrostatic reduction, open or laparoscopic surgery. On the other hand, the use of laparoscopy in such cases remains controversial. 
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Figure Legends
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Figure 1 Laparoscopic approach for managing intussusception. The neck of the ileum was grasped with grasping forceps and pulled outward. Other grasping forceps were used to pull the neck of the intussusceptum sheath to the opposite direction.
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Figure 2 Conversion because of complicated or organic lesions. The umbilical incision was extended, and grasping forceps were used to grasp the intussusception mass out of the incision for manual reduction.

Table 1 Characteristics of the patients
	Characteristic
	Total (n = 65)

	Age, means ± SD (range)
	27.5 ± 24.5 mo (1 mo-13 yr)

	Sex, n (%)
	

	Male
	45 (69.2)

	Female
	20 (30.8)

	Time of onset, h, means ± SD 
	26.3 ± 7.8

	Clinical presentations, n (%)
	

	Paroxysmal crying or abdominal pain
	60 (92.3)

	Abdominal mass 
	45 (69.2)

	Jam-colored bowel movements
	48 (73.8)

	Type of intussusception, n (%)
	

	Primary
	60 (92.3)

	Secondary
	5 (7.7)

	Level of intussusceptum, n (%)
	

	Ileum 
	 3 (4.6)

	Ascending colon
	40 (61.5)

	Transverse colon
	22 (33.9)

	Descending colon 
	0

	Comorbidities, n (%)
	

	Acute gastroenteritis
	9 (13.8)

	Respiratory infection
	7 (10.8)

	Urinary tract infection
	1 (1.5)

	Medication, n (%)
	

	Probiotics
	6 (9.2)

	Proton pump inhibitor
	8 (12.3)

	Antibiotics
	13 (20.0)

	Gastrointestinal motility
	4 (6.2)


SD: Standard deviation.

Table 2 Clinical characteristics and prognosis related to surgery
	Characteristic
	Total (n = 65)

	Operation time, min, means ± SD 
	42.2 ± 12.2

	Intraoperative blood loss, mL, means ± SD 
	2.2 ± 1.6

	Conversion rate of laparotomy, n (%)
	8 (12.3)

	With a transverse incision in the right upper abdomen
	1 (1.5)

	With an extension of the umbilical incision
	7 (10.8)

	Reasons for conversion, n (%)
	

	Abnormal bowel lesions
	5 (7.7)

	Intestinal necrosis
	1 (1.5)

	Severe bowel nesting
	1 (1.5)

	Postoperative pathology, n (%)
	

	Lymphoma of the terminal ileum
	2 (3.0)

	Meckel’s diverticulum
	1 (1.5)

	Small intestinal duplication
	1 (1.5)

	Small intestine polyps
	1 (1.5)

	Intraoperative appendectomy 
	15 (23.1)

	Postoperative hospital stay, d, means ± SD 
	4.5 ± 1.3

	Postoperative complications, n (%)
	

	Intestinal adhesion, intestinal obstruction
	0

	Infection of incision
	0

	Intussusception recurred
	2 (3.0)


SD: Standard deviation.
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