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Abstract
AIM
To identifying factors differentiating pathologic adult intussusception (AI) from benign causes and the need for an operative intervention. Current evidence available from the literature is discussed.

METHODS
This is a case series of eleven patients over the age of 18 and a surgical consultation for “Intussusception” at a single veteran’s hospital over a five year period (2011-2016). AI was diagnosed on CT scan and or flexible endoscopy (colonoscopy). Surgical referrals were from the emergency room, endoscopy suites and the radiologists. 

RESULTS
A total of 11 cases, 9 males and 2 females were diagnosed with AI. Median age was 58 years. Abdominal pain and change in bowel habits were most common symptoms. CT scan and or colonoscopy diagnosed AI, in ten/eleven (90%) patients. There were 6 small bowel-small bowel, 4 ileocecal, and 1 sigmoid-rectal AI.  8 patients (72%) needed an operation. Bowel resection was required and definitive pathology was diagnosed in 7 patients (63%). 5 patients had malignant and 2 patients had benign etiology.  Small bowel enteroscopy excluded pathology in 4 cases (37%) with AI.  Younger patients tend to have a benign diagnosis.

CONCLUSION
Majority of AI have malignant etiology however idiopathic intussusception is being seen more frequently. Operative intervention remains the mainstay however, certain small bowel intussusception especially in younger patients may be a benign, physiological, transient phenomenon and laparoscopy with reduction or watchful waiting may be an acceptable strategy. These patients should undergo endoscopic or capsule endoscopy to exclude intrinsic luminal lesions. 
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Core tip: In the current era with advances in diagnostic imaging techniques and overutilization of computed tomography, idiopathic or asymptomatic intussusception is being seen more commonly. The majority of adult intussusceptions however, have pathologic etiology. Patients with palpable mass, obstruction, gastrointestinal bleeding, or a lead point on computed tomography should undergo operative exploration. Certain small bowel intussusception may have a benign, physiological cause and laparoscopy with reduction may be an acceptable strategy. However these patients should undergo small bowel enteroscopy or capsule endoscopy if not obstructed to exclude luminal lesions. All colonic intussusceptions should be resected en- bloc without reduction, whereas a more selective approach may be applied for entero-enteric intussusceptions.
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INTRODUCTION
Intussusception is an infrequent cause of bowel obstruction in adults compared to pediatric age group[1]. Any focus of an intraluminal irritant such as inflamed mucosa or a mass lesion may act as a lead point and the resulting hyperperistaltic activity causes a segment of bowel (intussusceptum) possibly along with its mesentery to telescope into the adjacent distal bowel lumen (intussuscipiens). Adult intussusception is classified according the location of the lead point as entero-enteric, ileocolic, ileocecal, and colo-colic.  
Ninety percent of AI patients harbor a pathological process. In contrast majority of pediatric patients have a benign or physiologic diagnosis[2]. In the pediatric population non-surgical therapies such as pneumatic or hydrostatic reductions is sufficient to treat this condition in 80% of patients. Surgical management remains the mainstay treatment modality for a majority of patients with AI. 
The frequent use of abdominal CT scans for abdominal imaging has led to increased detection of small bowel intussusception which may be a benign, physiological, transient phenomenon with no apparent underlying disease[3]. With the advances made in three dimensional CT scans, flexible endoscopy, enteroscopy and capsule endoscopy, surgical exploration and bowel resection may not be necessary in all AI and surgical treatment should be tailored to individual patients. The present study reviews our experience of this clinical entity.

MATERIALS AND METHODS
This is a case series of eleven patients over the age of 18 with a surgical consultation for “Intussusception” at a single veteran’s hospital over a five year period (2011-2016). These patients were diagnosed with AI on various modes of investigation such as CT scan and or flexible endoscopy (colonoscopy). These surgical referrals were from the emergency room, endoscopy suites and the radiologists. There were no exclusion criteria. We specifically aimed to identify factors which will differentiate pathological from benign causes, such as age, sex, prior operations, and malignancy. The clinical features, diagnostic studies, surgical findings, surgical techniques, final pathology and surgical follow up were reviewed from the medical charts and are discussed. An electronic search of PubMed, Medline was performed; the search terms used were intussusception, adults, bowel obstruction. The references from the retrieved literature were further searched for relevant studies.

RESULTS
Age, gender and clinical presentation
A total of 11 patients with a diagnosis of AI were identified from surgical consultation database with a diagnosis of intussusception (Table 1, Figures 1-5). There were 9 males and 2 females. The median age at diagnosis was 58 years. with a range of 26-74 years. Coincidently none of these 11 patients had prior abdominal operations. A single patient had a prior history of malignancy (lung). Abdominal pain was the most common presenting symptom (80%). Changes in the bowel pattern (constipation /diarrhea) were other symptoms (50%). Three patients (27%) presented with acute small bowel obstruction.  Acute gastrointestinal tract bleeding was present in two patients (18%) and one patient (9%) was asymptomatic with jejunal intussusception as an incidental finding diagnosed on the CT scan.  None of the patients had anemia, or familial syndromes such as FAP, JPS, Peutz-Jeghers syndrome, or Lynch syndrome to suggest increased risk for small and large bowel malignancy. 

Diagnostic studies
CT scan was the most frequently used diagnostic imaging test and identified AI in nine/eleven (81%) patients. It confirmed a mass lesion in seven/eleven (63%) patients, and diagnosed obstruction in three/eleven (27%) patients. Colonoscopy was performed on five/eleven patients and diagnosed AI in one patient. It however confirmed a mass in all five patients and permitted a biopsy which assisted with a definitive operative planning. The diagnosis of AI was made preoperatively in ten/eleven (90%) patients with the above modalities. 
 Small bowel enteroscopy (SBE) was performed on four/eleven patients.  It was primarily chosen in three patients for patients who had a non-operative conservative care with resolution of symptoms and one patient after diagnostic laparoscopy. These patients were in a younger age group and had a low index of suspicion for a pathological diagnosis. SBE was performed to exclude any intraluminal small bowel pathology and to confirm the transient, physiological cause for AI in these patients. All four patients had a normal SBE exam and therefore these patients were diagnosed as idiopathic AI.

Treatment, pathology and follow up
Six (54%) patients had a lead point of the intussusception (one in the small bowel, four at the ileocecal region, and one sigmoid-rectal). Total of eight patients (72%) needed an operation. Three of the operated eight patients presented with acute intestinal obstruction and underwent emergency operation (37.5%). The rest five patients were operated on an elective basis.
    Laparotomy in seven/eight (87.5%) and a diagnostic laparoscopy in one/eight (12.5%) were performed. Multiple jejunal-jejunal AI was observed in this last patient (case 8; Table 1) and laparoscopic reduction was performed without bowel resection. A subsequent small bowel enteroscopy ruled out an intrinsic lesion. In the laparotomy group four/eight patients had a right hemicolectomy due to ileocecal mass, two patients had small bowel resection and one had a low anterior resection for a malignant mass. 
 In three/eleven patients with subacute presentation, pathologic AI and intraluminal pathology was excluded with a small bowel enteroscopy thus avoiding an operation. There were six entero-enteric, four ileocecal, and one sigmoid-rectal AI. Ileocecal and colo-colic AI had a definitive pathology, while most jejuno-jejunal AI was transient and physiologic. The location, pathology, extent of surgery and follow up are presented in Table 1.
 A definitive pathologic diagnosis was seen in seven/eleven (64%) patients. Of these cases five (46%) had malignant etiology and two (18%) had benign etiology. Four patients had no abnormality and were idiopathic (36%). Two of these four patients tested positive for h-pylori duodenitis on small bowel enteroscopy. This was probably an incidental finding. There were no significant post-operative morbidities or thirty day mortality.
The mean follow up was 15 mo, range 2-65 mo. Ninety percent of the patients were alive and only one patient with poorly differentiated adenocarcinoma of ileum succumbed to his disease.

DISCUSSION
AI is a rare finding and an unusual cause of bowel obstruction. They are an infrequent cause in adult patients although common in pediatric population. It represents 1% of all bowel obstructions in adults and 5% of all intussusceptions[1]. 
  Although pathologic in most instances, 20% of patients have no apparent etiology and are labelled as primary or idiopathic. Idiopathic AI is more likely to occur in the small intestine[1-2,4]. The majority of secondary AI have a lead point (Table 2). Most lead points in the small intestines are of benign etiology and comprises of inflammatory polyps, lipomas, leiomyoma, Meckel’s diverticulum and post-operative adhesions[5-7]. Patient with Crohn’s disease and celiac disease are known to present with transient AI of small bowel and generally manifest as a non-lead point intussusception[3,8]. Malignant lesions include primary tumors such as carcinoids, adenocarcinoma, malignant polyps, gist’s, leiomyosarcomas, lymphoma and metastatic tumors, most commonly melanoma[2,9-11]. Majority of AI involving the ileocecal region and large bowel have a malignant etiology[1,12-13]. In a large multicenter study of forty four patients with AI, 37% with small bowel and 58% with colonic AI were malignant[14]. Abdominal pain is the most common symptom of AI, followed by change in bowel habits, nausea and vomiting, gastrointestinal bleeding. The majority of adult patients have chronic abdominal symptoms consistent with chronic partial small bowel obstruction.

Diagnostic tests
A contrasted CT scan of the abdomen and pelvis is the most sensitive imaging modality to detect intussusception. Characteristic features include a soft tissue mass, target or sausage shaped, enveloped with an eccentrically located area of low density.  Findings of a bowel within bowel configuration with or without mesenteric fat and mesenteric vessels are pathognomonic for intussusception[3]. CT scans also provides other critical information such as length and diameter of the intussusception, three dimensional views of the bowel and surrounding viscera, possible lead point, type of and location of intussusception, the mesenteric vasculature, possibility of strangulation, and the likelihood of partial or complete bowel obstruction[15,16]. In general AI without a lead point is transient and may resolve spontaneously. Further if there is no associated bowel obstruction, these patients may not require an operation[3]. Our series had four patients with a CT diagnosis of intussusception without a lead point and a subsequent negative small bowel enteroscopy examination.
In a retrospective analysis of a large number of patients (170/380999, 0.04%) diagnosed with AI on the CT scan, demonstrated differences in length, diameter, lead point and bowel obstruction amongst the three categories of patients: (1) observed without operation; (2) without intussusception on exploration; and (3) with confirmed intussusception. In these study patients with CT scan findings of intussusception length less than 4 cm were more likely to respond to conservative management and have transient AI compared to patients with intussusception length of 9.6 cm. Similarly patients with an intussusception diameter of less than 3.2 cm were more likely to have transient AI compared to a diameter of greater than 4.8 cm in pathological AI. Finally patients with presence of a lead point AI and bowel obstruction had a fifty percent likelihood of pathologic AI.
The authors concluded that AI discovered by CT scanning does not always mandate exploration. Most cases can be treated expectantly despite the presence of gastrointestinal symptoms. Close follow up was recommended with imaging and endoscopic surveillance[17].
Another retrospective study of CT scan in diagnosing pathologic intussusception suggested length of intussusception shorter than 3.5 cm as likely to be transient, self-limiting. However there was a lack of pathological correlation in this study[18].
Abdominal ultrasonography has been a useful technique in the diagnosis of AI[19].  The features described include a target and doughnut signs on the transverse view and a pseudo kidney sign on a longitudinal view[20,21]. Ultrasonography carries no radiation risks and is readily available; however in our opinion the test is operator dependent and requires an experienced examiner. Further limitations include obesity and bowel gas which may obscure the typical findings and information on mesenteric vasculature, location and surrounding viscera is not clearly defined.  It may however play a role in self-limiting, transient AI as seen in celiac disease and Crohn’s disease to monitor resolution of intussusception and thus avoiding repeated CT scans and exposure to radiation[19]. 
Flexible endoscopy including colonoscopy and small bowel enteroscopy may be a useful diagnostic tool in patients with subacute or chronic intermittent bowel obstruction[22,23]. It permits the confirmation of the intussusception, location and biopsy to aid with the diagnosis and plan surgery[24]. Colonoscopy is most useful for AI involving the colon and the terminal ileum and cecum[25]. Small lesions can be snared endoscopically if the surrounding bowel appears normal without signs of inflammation or ischemia, however lesions larger than 2 cm with a wide base should not excised due to increased risk of perforation of the bowel[6]. In our series colonoscopy was performed in five patients and confirmed a mass in all five cases. Small bowel enteroscopy was used in four patients and was able to rule out an intrinsic lesion, thus preventing an operation in three patients and bowel resection in the third. Flexible endoscopy should be avoided in patients with acute obstruction as it may increase the risk for perforation[26]. 

Management
Ninety percent of AI patients harbor a pathological process[1,14].  Surgical management remains the mainstay treatment modality for a majority of patients with AI. Surgical decision making and the extent of resection depends upon factors such as presence of acute bowel obstruction with jeopardized mesentery, the probability of a malignant etiology, the location of the intussusception[27]. Before the advent of diagnostic modalities, immediate laparotomy and bowel resection without reduction was the standard of care and advocated by most surgeons[1,12,28]. The current controversy remains on the extent of surgical resection versus reduction of the intussusception. The initial favor to resect en-bloc the intussuscepted segment of bowel was based on the theoretical risks of venous embolization of the tumor cells on bowel manipulation and also the risks of perforating the ischemic, friable, edematous bowel which may lead to seeding of tumor cells and microorganisms into the peritoneal cavity[1,29]. However it lacks supportive evidence as most of the literature is based on case reports, series and anecdotal evidence. Certain authors have questioned these hypothesis and selective criteria for reduction and resection have been proposed[27,30]. 
Our experience suggests a more conservative approach to AI. Only three patients in our series presented with acute bowel obstruction, confirmed on the CT scan and required an immediate operation. Two of these patients required small bowel resection and one patient had intussusception reduced. This last patient subsequently had a small bowel enteroscopy followed by a capsule endoscopy and no intraluminal lesion was discovered labelling it as idiopathic.  Five patients with intermittent chronic partial small bowel obstruction and GI tract bleeding had further diagnostic tests such as colonoscopy, small bowel enteroscopy and a CT scan. This provided us with an opportunity to complete workup, stage the patients and administer bowel preparation for a planned definitive surgical resection.  Small bowel enteroscopy in three patients with jejunal-jejunal intussusception excluded intraluminal lesions and no operation was performed in these patients. The AI resolved in the subsequent scans in these three patients and they remain symptom free. 
Small bowel intussusception may be reduced intraoperatively only in patients in whom a benign diagnosis or medically treatable diseases such as inflammatory bowel disease is strongly suggested preoperatively,  and  in patients in whom resection may result in short gut syndrome[4,13,31-33]. In addition we recommend a follow up small bowel enteroscopy and or a capsule endoscopy in these idiopathic, non-obstructed patients to exclude any intrinsic luminal lesions which may lead to recurrent intussusception.
We agree with other authors that colonic lesions should be resected without reduction as most of these could harbor a pathologic etiology and may not respond to conservative management[14,25,34,35].  
Any AI with signs of mesenteric vasculature compromise, strangulation, severe bowel edema, complete bowel obstruction and elevated WBC counts should undergo segmental resection as the risks for perforation with contamination of the peritoneal cavity remains high[36,37]. 
    Diagnostic laparoscopy and resection has been used successfully in selected patients with AI. In patients with chronic and subacute presentation with partial small bowel obstruction, laparoscopy offers the benefit of a conservative approach with possible reduction of the bowel and provides clues to the etiology[38].  In a series of 12 patients with AI, laparoscopic diagnosis and resection was accomplished safely without significant morbidity or mortality[39]. Another series reported eight patients with AI where laparoscopy with reduction and resection was performed without any complications or conversions. The laparoscopic approach thus offers both a diagnostic, and a therapeutic option for intussusception in adults[40]. However we urge caution in using laparoscopy in acutely obstructed patients with bowel distension where visualization may be poor, and bowel manipulation may further risk perforation and increase the morbidity of an operation.
In general, preoperative probability of harboring a malignancy is higher in patients older than sixty years, previous history of malignancy such as melanoma, lung cancers, and patients with genetic risks for small bowel malignancy such as FAP, Lynch syndrome, chronic long standing history of Crohn’s disease and celiac disease [41]. Reduction should not be attempted in these patients as malignancy may be difficult to confirm or exclude intraoperatively. Bowel resection is recommended for this subset of patients. Patients with Peutz-Jeghers syndrome are predisposed to multiple small bowel polyps which may frequently cause intussusception. A combined surgical and endoscopic approach can assess the extent of the polyposis, and small polyps can be removed by snare polypectomy. This may prevent multiple laparotomies and resections reducing the risk of short bowel syndrome[42].
In the current era with advances in diagnostic imaging techniques and overutilization of computed tomography, idiopathic or asymptomatic intussusception is being seen more commonly. The majority of adult intussusceptions however, have pathologic etiology. Patients with palpable mass, obstruction, gastrointestinal bleeding, or a lead point on computed tomography should undergo operative exploration. Certain small bowel intussusception especially in younger patients may have a benign, physiological cause and laparoscopy with reduction may be an acceptable strategy. However these patients should undergo small bowel enteroscopy or capsule endoscopy if not obstructed to exclude intraluminal lesions. All colonic intussusceptions should be resected en- bloc without reduction, whereas a more selective approach may be applied for entero-enteric intussusceptions.
Our series has limitations for being a retrospective study and with small volume. There is a potential for selection and referral bias. Because of rarity of the outcome, the study may be underpowered. However as mentioned AI is a rare finding and clinical presentation and acuity should determine the operative decision making versus conservative care with a close follow up. 

[bookmark: OLE_LINK595][bookmark: OLE_LINK596]COMMENTS
Background 
In the current era with advances in diagnostic imaging techniques and overutilization of computed tomography, idiopathic or asymptomatic intussusception is being seen more commonly. The majority of adult intussusceptions however, have pathologic etiology. Certain small bowel intussusception especially in younger patients may have a benign, physiological cause and laparoscopy with reduction may be an acceptable strategy.

Research frontiers  
Small bowel enteroscopy or capsule endoscopy are important diagnostic tools in evaluating patients with small bowel intussusceptions which in many younger patients may be a physiologic, normal peristalsis. This is especially useful if patients do not present with obstruction, to exclude intraluminal lesions. Further research is needed to elucidate the role of these diagnostic modalities.

Innovations and breakthroughs   
Small bowel AI discovered by CT scanning does not always mandate exploration. Most cases can be treated expectantly despite the presence of gastrointestinal symptoms. Close follow is recommended with imaging and endoscopic surveillance. However patients with palpable mass, obstruction, gastrointestinal bleeding, or a lead point on computed tomography should undergo operative exploration.

Applications 
Flexible endoscopy including colonoscopy and small bowel enteroscopy may be a useful diagnostic tool in patients with subacute or chronic intermittent bowel obstruction. It permits the confirmation of the intussusception, location and biopsy to aid with the diagnosis and plan surgery. Colonoscopy is most useful for AI involving the colon and the terminal ileum and cecum. Small lesions can be snared endoscopically if the surrounding bowel appears normal without signs of inflammation or ischemia, however lesions larger than 2 cm with a wide base should not excised due to increased risk of perforation of the bowel.
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Table 1 Case series adult intussusception 
	Case sex/age (yr)
	Presentation
	Classification
	Diagnostic modality
	Operation
	Pathology
	Follow up  months
	Lead point.

	Case 1 F/65
	Chronic abdominal pain.
	Ileocecal
	colonoscopy
	Right Hemicolectomy
	Lipoma
	65
	Ileocecal valve (Figure 1)

	Case 2 M/54
	Chronic abdominal pain
	Ileocecal
	Colonoscopy
	Right Hemicolectomy
	Terminal ileal carcinoid 
	25
	Terminal ileum (Figure 2)

	Case 3 M/65
	Acute small bowel obstruction
	Jejunal-Jejunal 
	CT scan
	Small bowel resection
	Metastatic lung cancer
	27
	Jejunal

	Case 4 M/50  
	Incidental finding
	Jejunal- Jejunal
	CT scan, Small bowel enteroscopy
	None
	Idiopathic
	14
	None

	Case 5 M/58  
	GI Bleeding
	Ileocecal
	Colonoscopy
	Right Hemicolectomy
	Tubulo-villous adenoma
	16
	Ileocecal valve (Figure 3)

	Case 6 M/74
	Partial small bowel obstruction
	Ileocecal
	CT scan and Colonoscopy
	Right Hemicolectomy
	GIST
	6
	Terminal ileum (Figure 4)

	Case 7 M/63
	Acute small bowel obstruction
	Ileal-ileal
	Laparotomy
	Small bowel resection
	Poorly differentiated adenocarcinoma
	6
	Mid Ileum

	Case 8 M/26
	Acute small bowel obstruction
	Jejunal-jejunal
	CT scan and laparoscopy
	Laparoscopy and reduction
	Idiopathic/ H pylori Duodenitis
	5
	None(Figure 5)

	Case 9 F/38
	Chronic abdominal pain
	Jejuno-jenunal
	CT scan, Small bowel enteroscopy
	None
	Idiopathic/ H Pylori Duodenitis
	4
	None

	Case 10 M/66
	GI Bleeding
	Sigmoid-rectal
	Colonoscopy
	Low anterior resection
	Adenocarcinoma
	3
	Sigmoid

	Case 11 M/58              
	Abdominal pain
	jejunal-jejunal
	CT scan, Small bowel enteroscopy
	None
	Idiopathic
	2
	None





Table 2 Lesions associated with intussusception
	Benign   
	Malignant

	
	Primary 
	Metastatic

	Crohns disease      
	Adenocarcinoma
	Melanoma

	Celiac disease 
	GIST 
	Lung 

	Lipoma   
	Carcinoids
	Renal cell cancer

	Leiomyoma    
	Leiomyosarcomas
	Breast

	Neurofibromatosis 
	Lymphoma
	

	Fibro-epithelial polyps 
	

	Henoch-Schonlein purpura
	

	HIV
	
	

	Post-operative adhesions
	

	Endometriosis
	
	

	Meckel’s diverticulum
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Figure 1 Cecal mass (black arrow, lead point) pulling the terminal ileum (blue arrow) causing intermittent intussusception, appendix is depicted by yellow arrow.
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[bookmark: _GoBack]Figure 2 Terminal ileal mass intussusception into the cecum. CT scan shows the mass, colonoscopy view confirms the CT finding. Both depicted with a blue arrow.
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Figure 3 Ileocecal Intussusception. CT scans (axial, sagittal, coronal) shows the terminal ileum intussusception in the cecum. Colonoscopy confirms the mass protruding into the cecum.





[image: ]
Figure 4 Ileocecal intussusception. CT scans (axial, sagittal, coronal) shows the mass intussusception in the cecum. Colonoscopy confirms the mass protruding through the ileocecal valve.






[image: ]
Figure 5 Laparoscopic view of jejunal-jejunal intussusception which was reduced. Physiologic peristalsis, idiopathic finding.
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