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Abstract
BACKGROUND
Indwelling colon is characterized by an excluded segment of the colon after surgical diversion of the fecal stream with colostomy so that contents are unable to pass through this part of the colon. We report a rare case of purulent colonic necrosis that occurred 7 years after surgical colonic exclusion.

CASE SUMMARY
A 73-year-old male had undergone extended radical resection for rectosigmoid cancer. The invaded ileocecal area and sigmoid colon were removed during the procedure, and the ileum was anastomosed side-to-side with the rectum. The excluded ascending, transverse, and descending colon were sealed at both ends and left in the abdomen. After 7 years, the patient developed persistent abdominal pain and distension. Work-up indicated intestinal obstruction. The patient underwent ultrasound-guided catheter drainage of the descending colon and a large amount of viscous liquid was drained, but the symptoms persisted; therefore, surgery was planned. Intraoperatively, extensive adhesions were found in the abdominal cavity, and the small intestine and the indwelling colon were widely dilated. The dilated colon was 56 cm long, 5 cm wide (diameter), and contained about 1500 mL of viscous liquid. The indwelling colon was surgically removed and its histopathological examination revealed colonic congestion and necrosis with hyperplasia of granulation tissue. The bacterial culture of the secretions was negative. The patient recovered after the operation.

CONCLUSION
Although colonic exclusion is routinely performed, this report aimed to increase awareness regarding the possible long-term complications of indwelling colon.
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Core Tip: We present a case of purulent colonic necrosis in an indwelling colon that occurred 7 years after colonic exclusion. Although colonic exclusion is routinely performed for a variety of colonic diseases, indwelling colon can present with long-term complications after several years. The mechanism due to which such complications develop remains unclear, but both disuse atrophy and diversion colitis seem to play a role in their pathology. Surgeons should avoid sealing both ends of the excluded colon. We recommend continuous surveillance for an earlier detection and treatment of such complications.


INTRODUCTION
Indwelling colon is characterized by an excluded segment of the colon after surgical diversion of the fecal stream with colostomy or ileostomy[1]. Evidence suggests that once there are no contents in the colon, prolonged colonic mucosal starvation may lead to functional and structural changes such as mucosal atrophy or mucosal inflammation, and these changes often aggravate with the passage of time[2]. So far, very few studies have investigated the long-term changes in the indwelling colon. Herein, we report a rare case of colonic purulent necrosis with poor prognosis, wherein the necrosis occurred 7 years after surgical colonic exclusion.

CASE PRESENTATION
Chief complaints
A 73-year-old man was admitted to West China Hospital of Sichuan University due to persistent abdominal pain and bloating for half a month.

History of present illness
The patient presented with persistent abdominal pain and distension approximately half a month before admission. Work-up indicated an intestinal obstruction. The patient underwent ultrasound-guided catheter drainage of a large amount of viscous liquid from the descending colon. The symptoms persisted and he was admitted to our hospital for surgery.

History of past illness
The patient was diagnosed with sigmoid colon neoplasms in June 2013. Emergency surgery was received by the patient. The invaded ileocecal area and sigmoid colon were removed during the procedure, and the ileum was anastomosed side-to-side with the rectum, achieving an R0 resection. The excluded ascending, transverse, and descending colon segments were sealed at both ends and left in the abdomen. Unfortunately, the patient was diagnosed with lung cancer 4 years later and underwent right lung cancer resection without neoadjuvant chemoradiotherapy in 2017.

Personal and family history
The patient experienced no chronic or intermittent abdominal pain or other related symptoms during the follow-up period. He had no previous heart-related medical history, and no other significant medical or family history.

Physical examination
Physical examination revealed a bulging abdomen, tenderness near the original surgical incision, no obvious rebound pain and muscle tension.

Laboratory examinations
The results of laboratory examinations are shown in Table 1.

Imaging examinations
Abdominal computed tomography (CT) scan revealed severe intestinal distension with local short liquid gas level, multiple gas accumulation in the abdominal cavity and pelvis, part of the gastrointestinal wall swelling, signs of peritonitis, and incomplete intestinal obstruction (Figure 1). No clear signs of tumor metastasis and recurrence.

FINAL DIAGNOSIS
The indwelling colon histopathological examination revealed colonic congestion and necrosis with hyperplasia of granulation tissue.

TREATMENT
After failure of conservative treatment, the patient underwent exploratory laparotomy. Intraoperatively, extensive adhesions were found in the abdominal cavity, and the small intestine and the indwelling colon were widely dilated (Figure 2). The dilated colon was 56 cm long, 5 cm wide (diameter), and contained about 1500 mL of viscous liquid (Figure 3). The indwelling colon was surgically removed.

OUTCOME AND FOLLOW-UP
A postoperative CT examination showed symptom relief. The indwelling colon histopathological examination revealed colonic congestion and necrosis with hyperplasia of granulation tissue. The bacterial culture of the secretions was negative (Figure 4). The patient recovered well after the operation.

DISCUSSION
Indwelling colon is characterized by an excluded segment of the colon after colostomy or ileostomy[1]. The intestinal contents are sufficiently diverted such that feces cannot reenter the distal colon temporarily, thereby minimizing the chances of infection. This is often employed as a surgical solution for a variety of colonic diseases[2]. 
The overall function of the colon is motility, secretion, nutrient absorption, and waste removal, and it handles approximately 9 L of fluid per day[3]. After diversion of the colonic contents, the intestine cannot secrete hormones and enzymes normally, and thus, proper intestinal function cannot be maintained[4,5]. Thus far studies have pointed out that the mechanism potentially responsible for causing change in the nonfunctional segment of the colon is "disuse" since disuse atrophy occurs when limbs and organs remain nonfunctional for a long period[6]. However, different degrees of disuse atrophy of the colon have been observed clinically, which are accompanied by colitis and other symptoms[7,8]. This condition, called diversion colitis, was first described by Glotzer et al[9] in 1981. Diversion colitis is characterized by nonspecific mucosal inflammation. Its main clinical manifestations include intestinal bleeding, tenesmus, mucous discharge, and abdominal pain. The pathogenesis of this condition is unclear. A majority of the researchers think it is related to the nutritional deficiency of certain factors occurring in the colon, especially that of the short-chain fatty acids[10,11].
Available evidence suggests that this atypical symptom condition usually occurs in the early stage of the colonic exclusion, because after restoring the intestinal continuity, this colitis was noted to have resolved[2,12]. However, in some cases, inflammatory lesions persist or even develop further as a continuation of the morphological and molecular changes in the colonic mucosa. The inflammation continues to worsen as the diversion is maintained for a longer duration. Repeated cycles of tissue damage and regeneration occur, leading to intestinal bleeding, necrosis, and granulation tissue proliferation[13]. 
Several factors that affect colonic metabolism and microflora, including defects in the intestinal barrier function, alterations in butyrate oxidation, or increased production of free oxygen radicals, seem to contribute to the inflammatory process[14]. However, there is a lack of knowledge regarding the exact mechanisms underlying the complex pathology of intestinal tract inflammation. Therefore, in our patient, the most likely explanation for this condition is that the inflammatory exudate and mucus in the colon were probably not absorbed and discharged in time after the colon was closed, and eventually they accumulated to form a large amount of pus.
Our case highlights the following: (1) We should be more cautious with the surveillance of the patients with indwelling intestines, and ensure long-term follow-up, regular review of colonoscopy, and timely symptomatic treatment; (2) The surgical approach of sealing both ends of the colon for long-term exclusion is uncommon in clinical practice. This should only be done in case of emergency surgery or in exceptional cases. When both ends of the colon are sealed, regular surveillance with colonoscopy is not possible, and oral drugs and enema/suppositories cannot be used. Therefore, caution should be exercised when selecting this surgical approach; and (3) Indwelling intestines will continue to cause problems for the patients and the surgeons. Colostomy is maintained in many patients for a long period, and in some patients, the reconstruction of intestinal continuity might not be possible[15]. Limited by a paucity of studies investigating the patients with long-term indwelling intestines, we cannot arrive at a reliable conclusion, but it is likely that a solution may soon emerge from current clinical observations and further research.

CONCLUSION
Even though, colonic exclusion is routinely performed, this report aimed to increase awareness regarding the long-term complications of indwelling colon after digestive tract reconstruction.
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Figure Legends
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Figure 1 Abdominal computed tomography revealed sever intestinal distension of the indwelling colon. 
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Figure 2 Congested and swollen colon were found during the operation.
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Figure 3 Large amounts of viscous liquid drained from the indwelling colon.
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Figure 4 Pathological images of the distension colon. Colonic wall congestion and necrosis with hyperplasia of granulation tissue. A: Hematoxylin and eosin (HE) staining, × 200; B: HE staining, × 400; C: HE staining, × 400; D: HE staining, × 400.

Table 1 Laboratory examinations
	
	Result
	Reference range

	WBC (× 109 L)
	14.58
	3.5-9.5 

	Hb (g/dL)
	13.5
	13.0-17.5 

	Plt (× 1000/UL)
	155
	100-300 

	PCT (ng/mL)
	1.39
	

	CRP (mg/L)
	80.70
	

	ALB (g/L)
	16.0
	

	Na (mmol/L)
	132.3
	

	K (mmol/L)
	3.94
	

	GOT (IU/L)
	25
	

	GPT (IU/L)
	27
	

	INR
	1.33
	

	[bookmark: OLE_LINK11]PTT (s)
	39.0
	

	CEA (ng/mL)
	2.19
	

	CA199 (U/mL)
	1.91
	


ALB: Albumin; CA199: Carbohydrate antigen199; CEA: Carcinoma embryonic antigen; CRP: C reactive protein; GOT: Glutamic oxalacetic transaminase; GPT: Glutamic pyruvic transaminase; Hb: Hemoglobin; INR: International normalized ratio; PCT: Procalcitonin; Plt: Platelets; PT: Prothrombin time; WBC: White blood cells.
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