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Abstract

:

Background: Reconstruction techniques after subtotal colectomy (STC) and end ileostomy for ulcerative colitis (UC), include ileal pouch-anal anastomosis (IPAA), ileorectal anastomosis (IRA) and continent ileostomy. Aim: To assess surgical strategies and outcomes after subtotal colectomy for UC by calculating the proportions of patients who had further surgery 10 years post-STC and those who did not undergo surgery but who were under surveillance, and histological analysis of pathology specimens from STC and proctectomy. Methods: Patients who had STC for UC from 2002 to 2018 were identified. Variables of interest were extracted from electronic records. Survival analysis on reconstruction surgery was performed using Kaplan–Meier curves. Curves were censored for loss from follow-up and death. Subtotal colectomy and proctectomy specimens were assessed by a pathologist for acute inflammation at the distal resection margin and within the resected bowel, and for dysplasia or cancer. Results: One hundred and ninety-two patients were included. Eighty-nine (46.3%) underwent proctectomy: eight had panproctocolectomy; thirty had completion proctectomy and the remaining fifty-one of the eighty-nine patients (27%) had IPAA. One patient who did not undergo a proctectomy had an ileorectal anastomosis. Sixty-one (69%) proctectomy specimens had active inflammation, with 29 (48%) including the resection margins. Of the 103 patients who did not have completion surgery, 72 (69%) were under surveillance as of August 2021. No patients in this non-operative group had developed cancer of the residual rectum at follow up. Conclusions: At 10 years after STC for UC, eighty-nine (46.4%) patients had proctectomy, of which fifty-two had IPAA (27%). However, no inflammation was found in the proctectomy specimen in one third of these patients. Therefore, it is possible that IRA may still have a role in the occasional patient with UC.
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1. Introduction


Ulcerative colitis (UC) is defined as ‘chronic inflammatory disease characterised by mucosal inflammation starting distally in the rectum, with continuous extension proximally for a variable distance’ [1]. It is the most common inflammatory bowel disease (IBD) in the United Kingdom, with 12,369 new cases (out of 22,560 new cases of IBD) recorded from 2000 to 2018 [2,3]. Acute severe cases of UC requiring inpatient admission are defined by the modified Truelove and Witts criteria as severe diarrhoea (at least six episodes a day) with macroscopic blood in the stool, fever (temperature > 37.5 degrees), tachycardia (HR > 90), anaemia (Hb < 75) and ESR > 30 [4], although CRP is now used in current practice as it is not elevated in the elderly and is thus easier to define reducing CRP as disease remission [5]. The first-line management for patients having severe UC as per the modified Truelove and Witts criteria would be IV hydrocortisone 100 mg QDS or IV methylprednisolone 60 mg OD [4]. If disease remission is not achieved with IV steroids, then patients would next receive ciclosporin as ‘rescue therapy’ [4,6,7]. Infliximab is also an effective second-line treatment if remission is not achieved with IV steroids and has been shown to significantly reduce the need for colectomy but requires thorough screening of the past medical history as contraindications include active sepsis, congestive heart failure, latent tuberculosis and any demyelinating disease, such as multiple sclerosis [4,6,7]. When patients are still having more than eight bowel movements a day or three to eight bowel movements with CRP > 45 after three days of medical treatment, then they require a surgical review to determine whether they should be considered for emergency colectomy or for continuation of medical treatment [4]. The most common initial surgery for UC is currently subtotal colectomy (STC), which can either be performed in an elective or emergency setting [6,8]. Current indications for emergency STC for patients with UC include any clinical deterioration in patients’ symptoms and observations (e.g., stool frequency, body temperature); abdominal examination findings (e.g., perforation); blood results showing an increase in inflammatory markers (e.g., CRP); or any signs of toxicity that appear during intravenous immunosuppressive therapy, particularly Cushingoid features associated with therapy with excessive IV steroids [7]. The main indication for STC is the patient still having symptoms despite medical treatment or wishing to avoid long-term endoscopic surveillance to establish remission. However, other factors, such as whether the patient is on immunosuppressants, would also determine their fitness for surgery as excessive immunotherapy can prolong their post-op recovery and increase their risk of post-op complications [5]. To ensure maximal optimisation before and recovery post-surgery and therefore the improvement of long-term outcomes from colectomy, colorectal surgeons and gastroenterologists should work together to stabilise the patient and optimise their treatment [7].



Once a patient has undergone STC, the decision of whether or not to preserve the rectum depends on a variety of factors, including the degree of inflammation of the rectal stump (which correlates to patient’s future QoL), the presence of dysplasia or cancer, the degree of anal continence as well as the patient’s fitness for surgery and concerns about potentially reduced fertility [9]. Surgical treatment options currently include either a proctectomy with or without ileal pouch–anal anastomosis (IPAA), or the preservation of the rectum and creation of an ileorectal anastomosis (IRA). A proctectomy is only very rarely undertaken in an emergency setting due to the high risk of complications in an acutely unwell patient, and the timing of the proctectomy should be a joint decision between the patient and colorectal surgeon with MDT input [4]. Proctectomy with IPAA is currently preferred over IRA in the United Kingdom and is perceived as the gold-standard treatment for those wishing to have restoration of intestinal continuity since most patients requiring surgery have active inflammation in the rectal stump [10,11]. For instance, one study reported that 71 of 108 (65.7%) patients who had undergone a STC underwent proctectomy and IPAA due to the presence of active inflammation in the rectum [10]. It is popular as it means that patients do not require a permanent stoma, thus improving their quality of life [10]. However, IPAA is associated with a number of complications, such as the risk of pouchitis (50% in 10 years), small bowel obstruction (30% incidence in 10 years) and altered sexual function [10,11].



An alternative option in patients not willing to have a definitive stoma includes IRA. Data suggest that IRA can be suitable in selected groups of patients where the rectum has no active inflammation or dysplasia, and overall reduces post-operative morbidity [12,13]. IRA could also be a treatment option for women of reproductive age as it is less likely to cause sexual dysfunction or reduced fertility as it does not involve pelvic dissection [10]. However, IRA has not gained worldwide acceptance [11,14]. This is because many patients who would require IRA would often have residual inflammation of the rectal stump, which could threaten the anastomosis [14]. This means that patients who have had IRA would have to take continuous long-term topical 5-ASA, which would generally not be the case for patients with IPAA [14]. Ileorectal anastomosis is also not a definitive treatment option as it can lead to long-term complications, such as anastomotic stricture, poor function, altered QoL and neoplasia [9,11]. Patients therefore have to be followed-up over a longer period of time following IRA compared to IPAA [11]. It is therefore important to consider all the benefits and risks for both surgical options when deciding whether a patient is for surgery and which surgical strategy would be optimal in their case.



Our study had two main objectives:




	
To assess the long-term surgical outcomes of patients who had undergone a STC as treatment for UC through survival analysis from a tertiary centre;



	
Pathological analysis of the proctectomy specimens of patients who had proctectomy by means of analysing the degree of inflammation of the rectal stump, whether there was any inflammation present at the distal margins, and whether the specimens had any dysplasia to determine if IRA would have potentially constituted a suitable alternative surgical treatment strategy.









2. Methods


We performed a retrospective cohort study on patients of all ages who had undergone a TC at Addenbrooke’s Hospital, Cambridge University Hospitals NHS Foundation Trust, United Kingdom, from 31 December 2002 to 20 December 2018. Clinical evaluation study approval was provided by the Trust. Patients were identified based on a database of pathology specimens.



Inclusion and exclusion criteria were as follows:




	-

	
Inclusion: patients undergoing a STC for UC;




	-

	
Exclusion: patients who did not have an STC or patients who had a STC for a clinical indication other than UC.









Variables related to patient demographics (i.e., age, sex, BMI, weight and ASA classification), surgical indication, surgical procedure, and subsequent surgical history (metachronous proctectomy with or without IPAA or IRA) and oncological outcomes were extracted from electronic records. Survival analysis reporting on completion proctectomy and IPAA was performed using Kaplan–Meier curves. Curves were censored for loss from follow-up and death.



Continuous variables included patients’ age, weight and BMI, and the mean age is therefore presented as mean ± standard deviation. Categorical variables included patients’ sex, ASA classification, and indications for subtotal colectomy and proctectomy. Discrete data included the presence of inflammation in the subtotal colectomy specimens, proctectomy specimens, and whether any inflammation was present at the distal margin of the specimen. Data were extracted from a spreadsheet on Microsoft Excel 2010 listing all the pathological specimens and their analyses as well as from their electronic health records. Data were analysed on Microsoft Excel 2010, and STATA version 17 [12] was used to generate the Kaplan–Meier curves for survival analysis. We performed statistical analysis using Kaplan–Meier curves, and the remaining statistical measures are all descriptive.



Pathological analysis of the operative specimens as documented on the aforementioned database of pathological specimens was carried out by multiple pathologists investigating the presence of active inflammation of the specimen, of dysplasia/cancer, and of any active inflammation at the distal resection margin for in both the STC and proctectomy specimens.




3. Results


Our database originally identified seven hundred and four eligible patients for our study. After four hundred and ninety-seven patients were excluded as they did not meet our inclusion criteria of ‘patients who underwent STC for UC’, two-hundred and seven patients were identified. Fifteen further patients were then excluded due to missing data, leaving one hundred and ninety-two patients for inclusion.



3.1. Demographics


One hundred and twenty one (58.5%) patients were male. The mean age at time of STC was 41.52 ± 17.60 years. The American Society of Anaesthesiologists (ASA) score [15] was II for ninety patients (46.9%), III for seventy-four patients (38.5%) and IV for twenty-eight patients (14.6%). No statistical significance was noted between these groups.




3.2. Long-Term Surgical Outcomes


Eighty-nine of the one hundred and ninety-two (46.3%) patients underwent proctectomy over the follow-up period: eight patients (4.2%) underwent panproctocolectomy, and eighty-one (42.1%) underwent proctectomy at a later date. The proportion of patients who had a proctectomy was 25.1% (95% CI 19.9–32.3%) at 1 year, 33.1% (95% CI 27.7–41.3%) at 2 years, 37.6% (95% CI 31.8–46.0%) at 3 years, 45.1% (95% CI 38.7–53.8%) at 4 years, 49.6% (95% CI 42.7–58.4%) at 5 years, and 51.8% (95% CI 44.7–60.8%) at 10 years after subtotal colectomy (Figure 1A). Reasons for proctectomy included persistence of symptoms after subtotal colectomy or wishing to avoid the need for long-term endoscopic surveillance in 70 patients (79%), acute exacerbation of ulcerative colitis in 16 patients (18%) and dysplasia in 3 patients (3%).



Fifty-two patients (60.5%) also had an IPAA over the follow-up period. The proportion of patients who had an IPAA was 20.4% (95% CI 15.3–27.0%) at 1 year, 25.2% (95% CI 19.5–32.1%) at 2 years, 26.5% (95% CI 20.7–33.6%) at 3 years, 28.9% (95% CI 22.7–36.3%) at 4 years, 29.9% (95% CI 23.5–37.5%) at 5 years, and 29.9% (95% CI 23.5–37.5%) at 10 years for patients with follow-up data available (Figure 1B).



One patient (0.52%) did not undergo proctectomy and instead had IRA.



Of the 103 patients (50.2%) who did not undergo any completion surgery and/or anastomosis, seventy-two (69% of them) were under surveillance at the end of follow-up period. None of the patients in this non-operative group had developed cancer of the residual rectum at follow up.




3.3. Evaluation of the Inflammation of the Residual Rectum


Eighty-nine patients underwent proctectomy over the follow-up period. The proportions of the proctectomy specimens showing degrees of active inflammation are shown in Figure 2. Forty-seven proctectomy specimens had chronic diversion colitis, two had dysplasia, and twenty-nine had active inflammation at the distal end of the resection margin. Overall, 52 of the 89 patients underwent IPAA, and 13 (25%) of these patients developed at least one recorded episode of pouchitis between 1 January 2006 and 30 March 2020.





4. Discussion


Ileorectal anastomosis is becoming an increasingly used restorative surgical treatment after STC for UC due to restoring continuity, reduced post-operative leakage, reduced post-operative morbidity and therefore a higher quality of life when compared to IPAA [13,14,16]. Of note, IRA has also been shown to have a reduced risk of sexual dysfunction and infertility as it does not involve pelvic dissection, therefore making it the more desirable option for women of reproductive age [11,13,14]. However, inflammation of the rectal stump would contraindicate IRA due to the increased risk of colorectal cancer [14], decreased quality of life in terms of ongoing symptoms of proctitis [6,17] and also increased risk of anastomotic leak [11]. Patients having IRA have also been shown to require a greater follow-up period post-operatively due to the increased failure rate and risk of complications as mentioned above [11,16].



In order to determine the proportion of patients who required completion proctectomy due to symptomatic residual disease in the rectal stump after STC, we analysed the surgical outcomes in a cohort of patients who had undergone STC at a tertiary centre over a period of 16 years. Similar studies have been carried out in Vermont, USA, and Amsterdam [18,19]. Moreover, in order to determine if IRA could have potentially constituted a viable alternative to IPAA, we analysed the post-operative histology specimens from these patients to assess the degree of inflammation in the rectal stump, including the presence of any active and/or chronic inflammation at the resection margins.



Our study demonstrated that eighty nine out of the one hundred and ninety two patients (46.3%) underwent a completion proctectomy, with 25.1% (95% CI 19.9–32.3%) at 1 year, 33.1% (95% CI 27.7–41.3%) at 2 years, 37.6% (95% CI 31.8–46.0%) at 3 years, 45.1% (95% CI 38.7–53.8%) at 4 years, 49.6% (95% CI 42.7–58.4%) at 5 years, and 51.8% (95% CI 44.7–60.8%) at 10 years after STC. A similar study from USA showed that 83 of 108 (76.9%) patients underwent a completion proctectomy within 18 months after their STC [18]. Seventy one (65.7%) of these patients underwent IPAA, whilst in our study, fifty two patients (60.5%) had IPAA over the follow-up period [18].



Our study also showed that sixty of the eighty-nine proctectomy specimens (67.4%) showed active inflammation in the residual rectum, of which three were mild, eleven were mild to moderate, seven were moderate, thirty-seven were moderate to severe, and two were severe. In total, 29 (32.6%) had active inflammation at the distal end of the resection margin. A similar study demonstrated that 167 (82%) patients had inflammation at the distal margin of the rectum [19]. However, in this study, nine patients (4.4%) had no active inflammation or diversion proctitis in the rectal stump, whilst our study showed that twenty-eight (33%) proctectomy specimens did not have any inflammation [19]. It is interesting to consider whether patients may therefore have been suitable for IRA in retrospect. Another study has also demonstrated how the rectal stump can be managed in patients with a preserved rectal stump after STC [20].



Ileorectal anastomosis has been demonstrated to be a safe and effective surgical treatment for patients with UC as long as they do not have any active inflammation in the rectum and are willing to take topical 5-ASA treatment long term [9,11,21]. However, IRA presents with complications, such as anastomotic leak, bowel obstruction and anastomotic strictures [14]. It also presents with high failure rates, with one study from a tertiary centre in Sweden reporting a failure rate of 34% mainly due to persisting proctitis, poor functioning of the anastomosis, or suspected or confirmed high-grade dysplasia or malignancy [22]. Another study reported that IRA has a higher failure rate than IPAA due to the increased likelihood of proctitis following IRA [11]. The studies cited in a recent systematic review exploring the use of IRA as a possible surgical treatment option for UC also gave the range of the failure rate between 18 and 27% [16]. This is reflected by more patients having to take anti-diarrhoeal medication following IRA compared to following IPAA [11]. However, patients having IRA were reported to have a better quality of life so perhaps IRA may continue to be a surgical treatment option for UC in the future [11].



We also identified 15 patients aged under 18 who had had a subtotal colectomy for UC between the 2014 and 2018, of which only 3 had a proctectomy. Data were only available for paediatric cases from 2014 to 2018, whilst the full dataset ranged from 2002to 2018. There is little research discussing surgical outcomes for UC in children, but the likely reasons include reduced morbidity and preserving fertility, as discussed above. One study explores ileoanal anastomosis as a possible treatment option for children who require the surgical management of UC as it was shown to have reduced post-operative morbidity and mortality and improved quality of life associated with a reduced likelihood of requiring a stoma [23].



There is very little research exploring the conversion of IRA to IPAA due to IRA failure, but one study investigating eight patients has shown that the main indications for conversion to IPAA are the same as the reasons why IRA fail, including intractable proctitis (five patients), colorectal cancer (two patients) and rectal dysplasia (one patient) [19]. This highlights the need for careful patient selection and shared decision making when considering restorative surgery using IRA or IPAA [6,24].



Of the 103 patients who did not undergo completion surgery, 72 (69.2%) were under surveillance as of August 2021. The age range of the patients who were under surveillance was 10–83 years old, and the age range of the patients who were not under surveillance was 18–76 years old; there was no statistical significance between the two age ranges. However, all fifteen of the paediatric cases were in a surveillance programme. Many patients were lost to follow-up and reasons include relocating to different parts of the country/world and patients not attending their follow-up appointments.



Reassuringly, none of the patients in this non-operative group had developed cancer of the residual rectum at follow up.



There have been various studies exploring the efficacy of an endoscopic surveillance programme post-STC in reducing the risk of rectal cancer, with one cohort study from Ontario, Canada, demonstrating that endoscopic surveillance post-STC reduces the risk of developing rectal cancer, with a hazard ratio of 0.3–0.4 for patients with regular endoscopic surveillance [3]. However, another study highlights the risks of using endoscopic surveillance as a method of reducing cancer risk, stating that regular endoscopic surveillance adds a huge cost to health services, not to mention over diagnosing cases of colorectal cancer and putting patients through unnecessary treatment [25,26]. A risk-benefit approach would have to be undertaken to determine the efficacy of endoscopic surveillance, and the frequency of endoscopic surveillance would play a role in this.



With different UC patients having different risk profiles for colorectal cancer, the frequency of surveillance would have to vary depending on the risk profile. A systematic review exploring endoscopic surveillance highlighted that all patients should be under surveillance with endoscopy and biopsy, but the different studies in the review reported different intervals of follow up: two studies (20%) recommended an interval of 6 months to a year, five recommended yearly surveillance (50%), one (10%) recommended surveillance every 2 years, and the remaining three (30%) recommended that the frequency of surveillance should be based on patient risk stratification [27,28]. Another study highlighted that the high-risk patients with a family history of malignancy had yearly endoscopic surveillance, whilst medium-risk patients had endoscopic surveillance every 2–3 years, and low-risk patients had endoscopic surveillance every 5 years [25].



Ironically, adherence to the surveillance programme was lower in the high-risk patients and higher in the lower-risk patients [29,30]. This may have been due to the frequency and costs associated with travelling for appointments as well as the discomfort associated with bowel preparation for endoscopic surveillance [29,30].



The main strength of this study is the long-term follow-up of patients after STC and review of the degree of inflammation in the proctectomy specimen. Having a long-term follow-up period allowed us to determine the proportion of patients who underwent further operation by means of proctectomy, IPAA or IRA, and the proportion of patients who did not undergo any further operation but who were under surveillance.



Post-operative analysis of the proctectomy specimens also enabled us to determine any indication for further surgery and whether the patients may have been suitable for IRA in retrospect.



However, our study did pose the following limitations:




	(1)

	
A modest sample size caused by the monocentric design of the study and the low incidence of UC requiring STC. With the hospital’s electronic record only developing in 2014, it also made it difficult to obtain data before this period. The pathology data was also on a different system to the main hospital record, which limited the data that we could obtain from the database of histopathology specimens. This also made it difficult to interpret whether patients before 2014 had adhered to follow-up with endoscopic surveillance.




	(2)

	
A follow-up period limited to a maximum of 16 years. Perhaps if we had included earlier, we could have used a longer follow-up period. However, the incidence of metachronous surgery after STC plateaued quite early in our study, and thus, extending the follow-up period may not have necessarily added further useful data.




	(3)

	
Our study was designed as a retrospective cohort study, resulting in a possible increased loss to follow-up if patients sought treatment in another centre. A prospective cohort study may have enabled us to keep track of patient adherence to follow-up.




	(4)

	
Limited access to data made it very difficult to perform a full analysis on the risk factors for proctectomy. This was particularly the case with any data before the installation of the current electronic health record in 2014.









Suggestions for future studies could include a multicentre study to determine whether this shows similar findings, continuing to follow-up these patients prospectively, and repeating the study in the future to determine whether there is a change in the proportions of patients that opt for completion surgery vs. endoscopic surveillance and lifelong medical treatment whilst technology, such as robotic surgery, is developing in the setting of pelvic surgery and IBD [31].




5. Conclusions


Our study highlights that IRA could possibly constitute a safe alternative to proctectomy and IPAA in selected patients willing to have restorative surgery after STC for UC, given that one third of the patients in our study did not have inflammation in the rectum as per the pathological specimens. However, IRA can present with novel complications that IPAA may not present, both immediately and in the long term, including a higher risk of ongoing proctitis and subsequent malignancy. Being under surveillance and attending follow-up can reduce the risk of these complications arising.







Author Contributions


Conceptualization, B.S.; Methodology, K.P.B., B.S., J.D. and J.W.; Formal analysis, K.P.B.; Writing—original draft, K.P.B.; Writing—review & editing, J.M., B.S., J.D. and J.W.; Supervision, J.M., J.D. and J.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Ethical review and approval were waived for this study given its retrospective nature, but Clinical Evaluation Study approval was provided by Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK in 2022.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data were obtained from the patient medical records at Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, P.J.; Limdi, J.K.; Hayee, B.; Lomer, M.C.E.; Parkes, G.C.; Selinger, C.; et al. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults. Gut 2019, 68 (Suppl. S3), s1–s106. [Google Scholar] [CrossRef] [PubMed]

	



Pasvol, T.J.; Horsfall, L.; Bloom, S.; Segal, A.W.; Sabin, C.; Field, N.; Rait, G. Incidence and prevalence of inflammatory bowel disease in UK primary care: A population-based cohort study. BMJ Open 2020, 10, e036584. [Google Scholar] [CrossRef] [PubMed]

	



Alatab, S.; Sepanlou, S.G.; Ikuta, K.; Vahedi, H.; Bisignano, C.; Safiri, S.; Sadeghi, A.; Nixon, M.R.; Abdoli, A.; Abolhassani, H.; et al. The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020, 5, 17–30. [Google Scholar] [CrossRef] [PubMed]

	



Truelove, S.C.; Witts, L.J. Cortisone in Ulcerative Colitis. Br. Med. J. 1955, 2, 1041–1048. [Google Scholar] [CrossRef]

	



Osei-Bimpong, A.; Meek, J.H.; Lewis, S.M. ESR or CRP? A comparison of their clinical utility. Hematology 2007, 12, 353–357. [Google Scholar] [CrossRef]

	



Bewtra, M.; Newcomb, C.W.; Wu, Q.; Chen, L.; Xie, F.; Roy, J.A.; Aarons, C.B.; Osterman, M.T.; Forde, K.A.; Curtis, J.R.; et al. Mortality Associated With Medical Therapy Versus Elective Colectomy in Ulcerative Colitis. Ann. Intern. Med. 2015, 163, 262–270. [Google Scholar] [CrossRef]

	



Øresland, T.; Bemelman, W.A.; Sampietro, G.M.; Spinelli, A.; Windsor, A.; Ferrante, M.; Marteau, P.; Zmora, O.; Kotze, P.G.; Espin-Basany, E.; et al. European evidence based consensus on surgery for ulcerative colitis. J. Crohn’s Colitis 2015, 9, 4–25. [Google Scholar] [CrossRef]

	



Kotze, P.G.; Heuthorst, L.; Lightner, A.L.; Damião, A.O.M.C.; Bemelman, W.A. New insights on the surgical management of ulcerative colitis in the 21st century. Lancet Gastroenterol. Hepatol. 2022, 7, 679–688. [Google Scholar] [CrossRef]

	



Böhm, G.; O’dwyer, S.T. The fate of the rectal stump after subtotal colectomy for ulcerative colitis. Int. J. Color. Dis. 2006, 22, 277–282. [Google Scholar] [CrossRef]

	



Bellolio, R.F.; Zúñiga, A.J.M.; Wagner, H.P.; Pinedo, M.G.; Duarte, G.I.; Zúñiga, D.A. Ileorectal anastomosis in the surgical treatment of ulcerative colitis: Long-term results. Rev. Médica Chile 2008, 136, 1121–1126. [Google Scholar]

	



Scoglio, D.; Ali, U.A.; Fichera, A. Surgical treatment of ulcerative colitis: Ileorectal vs ileal pouch-anal anastomosis. World J. Gastroenterol. 2014, 20, 13211–13218. [Google Scholar] [CrossRef] [PubMed]

	



Statistical Software for Data Science|Stata [Internet]. Available online: https://www.stata.com/ (accessed on 14 August 2023).

	



Tonelli, F.; Di Martino, C.; Giudici, F. Could Total Colectomy with Ileorectal Anastomosis Be an Alternative to Total Proctocolectomy with Ileal Pouch-Anal Anastomosis in Selected Ulcerative Colitis Patients? Gastroenterol. Res. Pract. 2016, 2016, e5832743. [Google Scholar] [CrossRef] [PubMed]

	



Buchs, N.C.; Bloemendaal, A.L.A.; Wood, C.P.J.; Travis, S.; Mortensen, N.J.; Guy, R.J.; George, B.D. Subtotal colectomy for ulcerative colitis: Lessons learned from a tertiary centre. Color. Dis. 2017, 19, O153–O161. [Google Scholar] [CrossRef]

	



Hocevar, L.A.; Fitzgerald, B.M. American Society of Anesthesiologists Staging. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2023. Available online: http://www.ncbi.nlm.nih.gov/books/NBK549785/ (accessed on 3 June 2023).

	



Al-Rashedy, M.; Mukherjee, T.; Askari, A.; Gurjar, S. A systematic review of outcomes and quality of life after ileorectal anastomosis for ulcerative colitis. Arab. J. Gastroenterol. 2023, 24, 79–84. Available online: https://www.sciencedirect.com/science/article/pii/S1687197923000084 (accessed on 3 June 2023). [CrossRef] [PubMed]

	



Elton, C.; Makin, G.; Hitos, K.; Cohen, C.R.G. Mortality, morbidity and functional outcome after ileorectal anastomosis. Br. J. Surg. 2002, 90, 59–65. [Google Scholar] [CrossRef]

	



Munie, S.; Hyman, N.; Osler, T. Fate of the Rectal Stump After Subtotal Colectomy for Ulcerative Colitis in the Era of Ileal Pouch–Anal Anastomosis. JAMA Surg. 2013, 148, 408–411. [Google Scholar] [CrossRef]

	



Wasmann, K.A.; van der Does de Willebois, E.M.; Koens, L.; Duijvestein, M.; Bemelman, W.A.; Buskens, C.J. The Impact of Rectal Stump Inflammation After Subtotal Colectomy on Pouch Outcomes in Ulcerative Colitis Patients. J. Crohn’s Colitis 2020, 15, 299–306. [Google Scholar] [CrossRef]

	



Landerholm, K.; Wood, C.; Bloemendaal, A.; Buchs, N.; George, B.; Guy, R. The rectal remnant after total colectomy for colitis –intra-operative, post-operative and longer-term considerations. Scand. J. Gastroenterol. 2018, 53, 1443–1452. [Google Scholar] [CrossRef]

	



Parks, A.G.; Nicholls, R.J. Proctocolectomy without ileostomy for ulcerative colitis. Br. Med. J. 1978, 2, 85–88. [Google Scholar] [CrossRef]

	



Berghog, J.; Hermanson, M.; de la Croix, H.; Bengtson, J.; Block, M. Ileo-rectal anastomosis in ulcerative colitis—Long-term outcome, failure and risk of cancer at a tertiary centre. Color. Dis. 2022, 24, 1535–1542. Available online: https://onlinelibrary.wiley.com/doi/abs/10.1111/codi.16237 (accessed on 24 September 2022). [CrossRef]

	



Orkin, B.A.; Telander, R.L.; Wolff, B.G.; Perrault, J.; Ilstrup, D.M. The surgical management of children with ulcerative colitis. The old vs. the new. Dis. Colon Rectum 1990, 33, 947–955. [Google Scholar] [CrossRef]

	



Soravia, C.; O’Connor, B.I.; Berk, T.; McLeod, R.S.; Cohen, Z. Functional outcome of conversion of ileorectal anastomosis to ileal pouch-anal anastomosis in patients with familial adenomatous polyposis and ulcerative colitis. Dis. Colon Rectum 1999, 42, 903–908. [Google Scholar] [CrossRef] [PubMed]

	



Brar, M.S.; de Buck van Overstraeten, A.; Baxter, N.N. Rectal Cancer Incidence is Low Following Rectal Diversion or Subtotal Colectomy for IBD: Results of a Population-based Study. J. Crohn’s Colitis 2021, 15, 1787–1798. [Google Scholar] [CrossRef]

	



Chambers, W.M.; Warren, B.F.; Jewell, D.P.; Mortensen, N.J.M. Cancer surveillance in ulcerative colitis. Br. J. Surg. 2005, 92, 928–936. [Google Scholar] [CrossRef] [PubMed]

	



Peyrin-Biroulet, L.; Germain, A.; Patel, A.S.; Lindsay, J.O. Systematic review: Outcomes and post-operative complications following colectomy for ulcerative colitis. Aliment. Pharmacol. Ther. 2016, 44, 807–816. [Google Scholar] [CrossRef] [PubMed]

	



Hennessy, O.; Egan, L.; Joyce, M. Subtotal colectomy in ulcerative colitis—Long term considerations for the rectal stump. World J. Gastrointest. Surg. 2021, 13, 198–209. [Google Scholar] [CrossRef] [PubMed]

	



Li, W.; Zhao, T.; Wu, D.; Li, J.; Wang, M.; Sun, Y.; Hou, S. Colorectal Cancer in Ulcerative Colitis: Mechanisms, Surveillance and Chemoprevention. Curr. Oncol. 2022, 29, 6091–6114. [Google Scholar] [CrossRef]

	



Ballester, M.P.; Mesonero, F.; Flórez-Diez, P.; Gómez, C.; Fuentes-Valenzuela, E.; Martín, N.; Senosiain, C.; Vela, M.; Fernández-Clotet, A.; Pérez, P.; et al. Adherence to endoscopic surveillance for advanced lesions and colorectal cancer in inflammatory bowel disease: An AEG and GETECCU collaborative cohort study. Aliment. Pharmacol. Ther. 2022, 55, 1402–1413. [Google Scholar] [CrossRef]

	



Anderson, M.; Grucela, A. Robotic Surgery for Ulcerative Colitis. Clin. Colon Rectal Surg. 2021, 34, 292–296. [Google Scholar] [CrossRef]








[image: Jcm 12 05729 g001a][image: Jcm 12 05729 g001b] 





Figure 1. (A) The Kaplan–Meier curve for the 89 (46.3%) of patients who had a completion proctectomy following subtotal colectomy. (B) The Kaplan–Meier curve for the 52 (27.1%) of patients who benefitted from an ileoanal pouch following completion proctectomy. 
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Figure 2. A bar graph demonstrating the proportions of proctectomy specimens with varying degrees of acute inflammation. Sixty of the eighty-nine proctectomy specimens (67.4%) showed active inflammation in the residual rectum, of which three were mild, eleven were mild to moderate, seven were moderate, thirty-seven were moderate to severe, and two were severe. 
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