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Abstract
Incarceration of an endoscope in an inguinal hernia may occur during the course of routine colonoscopy. The incarceration may occur on insertion or withdrawal and frequently the hernia is not suspected prior to the colonoscopy. Most commonly, a left sided inguinal hernia is involved, however right inguinal hernias may be implicated in subjects with altered anatomy post abdominal surgery. Incarceration of an endoscope in an inguinal hernia has been seldom reported in the literature which is likely to be related to under reporting. A range of techniques have been suggested by various authors over the last four decades to manage this unusual complication of colonoscopy. These techniques include utilizing fluoroscopy, manual external pressure and/or the fitting of a cap onto the tip of the colonoscope to facilitate colonoscopic navigation. The authors present a case report of incarceration of the colonoscope on withdrawal in an unsuspected left inguinal hernia with a review of the literature on the management of this colonoscopic complication. A management strategy is suggested. 
© 2013 Baishideng. All rights reserved.
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INTRODUCTION
A 76-year-old man presented for colonoscopy for follow up of previously diagnosed colonic polyps. A colonoscopy had been performed one month prior where a significant 1.2 cm sessile polyp was found in the mid transverse colon, however at that juncture given the patient’s co morbid conditions and the lack of recent clotting profile and platelet count, the decision was made to repeat the colonoscopy with polypectomy after relevant blood work was performed. During the original colonoscopy no complications were encountered and the patient did not require much sedation (midazolam 4 mg and pethidine 37.5 mg). 

CASE REPORT
The colonoscope was inserted without difficulty or significant abdominal discomfort to the terminal ileum at 100 cm. The procedure was performed under conscious sedation and the patient had received 2 mg of midazolam and 25 mg of pethidine at this juncture. Multiple polyps in the caecum, hepatic flexure and transverse colon had been noted on insertion and were removed on with snare polypectomy on withdrawal. In the mid transverse colon at 60cm the colonoscope could not longer be withdrawn and appeared to be “frozen” in position, although the patient did not experience significant discomfort.  Despite clockwise and counter clockwise rotation with gentle traction as well as positioning the patient into the supine position the colonoscope was unable to be withdrawn. During these manoeuvres the lumen of the transverse colon could be clearly seen.  An examination of the patient’s left inguinal hernia orifice revealed a bulge in the left scrotum consistent with incarceration of the colonoscope in the inguinal hernia sac (Figure 1). 

The patient was given further midazolam and pethidine to a total of 5 mg and 62.5 mg, respectively, to ensure adequate analgesia and the incarcerated colonoscope was attempted to be reduced manually through external manual pressure and clockwise and counter clockwise torque with gentle traction. This was unsuccessful and the patient was immediately wheeled into the fluoroscopy suite and under direct radiographic guidance, the loop in the hernial sac was minimized and the colonoscope withdrawn by gentle traction without complication (Figure 2). The patient remained well thoughout the reduction of the incarcerated colonoscope. On further withdrawal of the endoscope, a large 1-1.5 cm flat polyp was seen in the mid transverse colon which had been seen at the original endoscopy. A saline lift was attempted but the lesion did not lift the polyp which suggested sub-mucosal infiltration. Biopsies were taken, the lesion tattooed and the colonoscope withdrawn without complication. The histopathology of the lesion returned adenocarcinoma of the transverse colon. The patient was subsequently referred to the surgeons for a right hemi-colectomy and left inguinal hernia repair. An examination of the patient post colonoscopy indicated that the patient had a large sliding indirect inguinal hernia. We now present a review of the literature regarding the complication of incarceration of the colonoscope within an inguinal hernia. 
DISCUSSION

Due to under reporting, the occurrence of colonoscope incarceration in an abdominal hernia is probably underestimated as evidenced by the scant number of case reports published in the English language. A total of 12 case reports involving 15 cases have been identified by the authors published to date (see Table 1). The incarceration occurs both on insertion and withdrawal, usually when the endoscope is 60-80 cm from the anal verge and involves left inguinal hernias exclusively. One exception was a case published by Koltun et al[1], where the incarceration occurred in the right inguinal hernia however the patient had slightly altered abdominal anatomy due to a prior right hemi-colectomy. In only four of the cases were the presence of an inguinal hernia known prior to colonoscopy. 
The neck of an indirect inguinal hernia is usually the site of obstruction when loops of bowel become incarcerated.  In cases where the colonoscope becomes unable to progress on insertion, this is likely to occur due to three scenarios, firstly, a loop of bowel has become incarcerated in an inguinal hernial sac which has a small neck, the aperture of which is insufficient to permit the entry of the colonoscope[2]. In this specific scenario the hernia may only be suspected on imaging, in this case, a barium enema revealed a constriction at the level of the sigmoid colon. The second scenario occurs in patients with moderate sized inguinal hernias sufficient to permit the entry of the colonoscope into the hernial sac but not simultaneous entry and exit of the colonoscope side by side[3]. In this scenario, the tip of the colonoscope enters the hernial sac very easily but when the colonoscope forms a loop and attempts to exit the hernial sac it becomes obstructed with bulging and pain in the lower abdomen/scrotum. In the third scenario, the hernial sac is sufficiently wide enough to accommodate both the entry and exit of the two segments of colonoscope, however further insertion creates a large loop in the scrotum resulting in pain, ‘freezing’ of the scope and inability to progress the examination[4]. For the first two scenarios, should it be necessary to proceed with the colonoscopy, use of a cap attached to the tip of the colonoscope may facilitate passage of colonoscope through the loop of bowel which has prolapsed into the hernia (unpublished data). In the third scenario, manual pressure externally may enable the colonoscopy to be completed. 
         However, in half of the published case studies, incarceration of the colonoscope occurs during withdrawal. Here, during the advancement phase of the colonoscope a loop forms bulging into the hernial sac. The hernial orifice is sufficiently wide to comfortably permit the entry and exit of the two segments of colonoscope, with prolapse of the colonoscope and colon into the scrotum. It is only on withdrawal of the colonoscope that a tight loop, usually a gamma loop, is formed which becomes incarcerated if the maximum diameter of the loop exceeds that of the hernial orifice, which occurred in our case.
A variety of methods have been published to reduce the incarcerated colonoscope which included manual reduction after deepened sedation, a “pulley” method of manual reduction, reduction under direct fluoroscopic guidance, surgical reduction or some combination of the aforementioned methods[1,3,4]. The authors suggest that in the event of an incarcerated colonoscope in an inguinal hernia, clinicians should proceed directly to fluoroscopic guidance if available. The benefits of fluoroscopic guidance includes the ability to minimize the colonoscope loop in the scrotal sac and an estimation of the hernial orifice to determine if removal of an incarcerate colonscope with a loop insitu is feasible. After the retraction of the loop from the scrotal sac, fluoroscopy can enable the straightening of the colonoscope before the procedure is completed[3]. Simultaneous gentle manual pressure to encourage the loop through the hernial orifice is recommended. Failing this, the authors suggest trying the ‘pulley’ method if the hernial orifice is so small it will not permit the exit of the smallest loop feasible with the colonoscope[1]. Should this fail surgery is most likely indicated. 
Some clinicians have suggested the presence of a large inguinal hernia is a relative contra-indication to colonoscopy[1]. We suggest that in the event a colonoscopy is clinically necessary prior to repair of moderate to large inguinal hernia, the option of computerized tomography colonoscopy be explored. Should a colonoscopy still be necessary, the authors suggest that the risk of incarceration may be reduced by reducing the hernia prior to colonoscopy and maintaining reduction manually whilst the scope is advanced. The use of cap assisted colonoscopy may also aid the negotiation of the endoscope through the herniated bowel loop (unpublished data). However as most of these case studies demonstrate, most cases of incarcerated colonoscopes are the first presentation of the patient with an inguinal hernia.
In summary, incarcerated colonoscopes in an inguinal hernia are, thankfully, a rare event. In patients with known inguinal hernias, consideration must be given to CT colonoscopy and in the event the colonoscopy must proceed, strategies employed to reduce the risk of complication. However as our literature review has demonstrated the incarcerated scope is usually the first sign of an inguinal hernia in a patient and in this situation should be reduced under direct fluoroscopic guidance with gentle manual pressure and adequate sedation, followed by an attempt at the ‘pulley’ system and finally, surgery, if all else fails. 
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Figure 1 Incarcerated colonoscope bulging into the left inguinal hernia during colonoscopy
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Figure 2 Colonoscopic loop in the process reduction under fluoroscopic guidance and fluoroscopic image of complete reduction of colonoscopic loop respectively. A: Fluoroscopic image of incarcerated colonoscope in left inguinal hernia; B: Fluoroscopic image of incarcerated colonoscope post reduction.

Table 1 Published case reports of incarcerated colonoscopes in inguinal hernia and strategy utilized to remove the scope
	Author 
	No. of cases
	Inguinal hernia (side)
	Method of Scope Removal
	Distance from Anus at Obstruction
	Obstruction on insertion vs withdrawal

	Waye et al[5] 
	1
	Unknown
	NA
	NA
	NA

	Leichtmann et al[6] 
	3
	×2 Unknown

×1 Known
	×2 Manual reduction

×1 Hernial reduction before and maintenance during procedure
	NA
	NA

	Fulp et al[7]
	1
	Known,

Left
	Withdrawl of endoscope
	Sigmoid colon
	Insertion

	Leisser et al[8] 
	1
	Unknown, Left
	Manual reduction
	60cm
	Insertion

	Koltun et al[1] 
	2
	Known, 

Right
	Failed fluoroscopic reduction

Manual reduction utilizing “Pulley” technique
	NA
	Withdrawal

	Yamamoto  et al[4] 
	1
	Unknown,

Left
	Failed manual reduction, Reduction under fluoroscopic guidance
	70cm
	Insertion

	Saunder et al[9] 
	1
	Unknown
	NA
	NA
	NA

	Punnam et al[10] 
	1
	Known

Left
	Failed manual reduction

Surgical Dissection of Hernial Sac
	NA
	Withdrawal

	Lee et al[2]
	1
	Unknown, Left
	Manual reduction
	NA
	Insertion

	Iser et al[11] 
	1
	Unknown,

Left
	Manual reduction under deep sedation
	NA
	NA

	Fan et al[3]
	1
	Unknown,

Left
	Reduction under fluoroscopy and external manual pressure
	60 cm
	Withdrawal

	Kume et al[12] 
	1
	Unknown,

Left
	Reduction under fluoroscopy
	60cm
	Withdrawal


NA: Not available.
