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Abstract
Aim: To estimate theThe rate of ileostomy reversal was estimated  in patients undergoing an elective anterior resection for rectal cancer , and to identify factors associated with reversal were identified.

Method: The records of 4,879 rectal patients who had an ileostomy created during their anterior resection between 2009 and 2012 were identified in the National Bowel Cancer Audit database and linked to administrative records of the Hospital Episode Statistics (HES).  Patients were followed up from surgery.  Multivariable proportional hazards regression was used to estimate impact of patient and cancer characteristics on ileostomy reversal with death as the competing risk.

Results: Within 18 months from anterior resection, 3,536 (72.5%) patients had undergone ileostomy reversal.  The rReversal rate was lower in the following circumstances: older patients (Hazard Ratio (HR) 0.90; 95% CI 0.84 to 0.96, aged 80 vs 70 years),  in male genderen (HR 0.90; 0.84 to 0.97), in those with higher ASA grades (HR 0.64; 0.56 to 0.74, ASA 3+ vs 1), in those with more advanced cancer (HR 0.77; 0.69 to 0.87, T3 vs T1), in those who were more socio-economically deprivationed (HR 0.83; 0.74 to 0.93, most vs least deprived quintile), in those with comorbidity (HR 0.92; 0.84 to 1.00, one vs no comorbidity), and in those who had an open surgical procedure (HR 0.90; 0.84 to 0.97, open vs laparoscopic).

Conclusion: Overall, two thirds of ileostomies were reversed within 18 months. Reversal rates were linked to patient and cancer characteristics (age, sex, fitness, and stage), mode of surgical access, and socio-economic deprivation.  Observed lower reversal rates in patients from poorer backgrounds may indicate inequity in access.



What does this paper add to the literature?
The proportion of patients whose ileostomy is reversed is currently unknown. This study estimates that approximately two thirds are reversed within 18 months of formation.  Age, physical fitness, tumour stage and comorbidity were the strongest determinants of ileostomy reversal. Patients should be informed about their likelihood of non-reversal.


Introduction
Approximately one third of colorectal tumours are located in the rectum.  A dDiverting stoma iss are used in sphincter saving surgery to reduce the consequences  of anastomotic leakage, which occurs in 3% to 26 per cent% of patients following bowel anastomosis and is associated with high mortality and morbidity .[1]. Construction of a s

However, stoma is, however, s are associated with morbidity while present and complications following reversal.[1, 2]  The impact of having a stoma following colorectal cancer surgery has been explored by the NHS England national PROMS survey.  This found that 43% of individuals with rectal cancer still had a stoma at 12-36 months after a diagnosis.  The survey highlighted the effect on life of any type of stoma in colorectal cancer patients at this time point: 20% of all patients with a stoma reported being quite or very embarrassed by it and ; a lower proportion of them reported ‘perfect’ health using EQ-5D (19% of patients still with a stroma, compared with 35% for thoseof patients who had’d had thea stoma reversed and 40% of those who never had a stoma). They also and they reported higher levels of social distress using the Social Distress Inventory (SDI).[3]

Most surgeons  would intendaim to reverse a loop stoma s within two to four months of the initial surgery,[2, 4] but a number of observational studies have shown that the actual time to reversal is often considerably longer, possibly due to post-operative complications, adjuvant chemotherapy or stoma reversal having a lower organisational priority than the initial cancer surgery.[4, 5] 

Previous studies of stoma reversal have typically comprised ofincluded small numbers of patients (<500) from individual hospitals,[2, 5-8] often receiving surgery for a variety of indications.[6-8].  A larger national study of elective anterior resection patients in England observed that approximately one quarter of the 964 included patients who received an ileostomy at the time of their surgery had not had it reversed three years later .[4].  Older patients and those with multiple comorbidities were less likely to undergo stoma reversal.  As the study only used administrative hospital data the authors could only investigate the association with a limited number of factors.

The National Bowel Cancer Audit (NBOCA) is commissioned by the Healthcare Quality Improvement Partnership (HQIP) as part of the National Clinical Audit and Patient Outcomes Programme.  It produces an annual snapshot of the care of newly diagnosed colorectal cancer patients in England and Wales .[9].  In this study, records from the NBOCA database were linked to administrative records from the English Hospital Episode Statistics (HES) to investigate ileostomy reversal in patients with rectal cancer who had undergone an elective anterior resection and to identify factors associated with ileostomy reversal.  The database contains clinical information about the initial diagnosis and treatment of patients with colorectal cancer such as tumour staging, ASA grade and surgical urgency which are not available in HES.
Method

Participants

The NBOCA database contained records of 12,688 patients who had undergone major bowel cancer surgery for rectal cancer between 1 April 2009 and 31 March 2012 in the English National Health Services (NHS) (Figure 1).  11,610 of these patients were recorded as having undergone an elective procedure and the records of 11,137 (96%) could be linked to HES, an administrative database of all admissions to English NHS hospitals.[10]  Anterior resection was defined as an anterior resection recorded in NBOCA or a non-rectal procedure recorded in NBOCA and an anterior resection recorded in HES.  7,388 patients had undergone an anterior resection, with 4,879 (66%) of these receiving an ileostomy. 


Data Itemscollection
Year of surgery, stoma type, sex, age at diagnosis, ASA grade,[11] TNM stage[12] and planned mode of surgical access (open or laparoscopic) were obtained from the NBOCA database.  Eighty percent of records had complete data for gendersex, age at diagnosis, ASA grade, TNM stage and site of tumour (standard audit measure of data completeness [9]).  Information about admission type, ethnicity, socio-economic deprivation, comorbidities and time of stoma reversal was obtained from the linked HES records.

In HES, diagnostic information is coded according to the International Classification of Diseases, Version 10 (ICD10),[13] and procedure information according to the Office of Population Censuses and Surveys classification, 4th revision.[14]  An emergency admission was defined as one where the admission method for the first hospital admission for bowel cancer in the HES record was coded as one of the following: “Emergency: via Accident and Emergency (A&E) services” (21), “Emergency: via general practitioner (GP)” (22), “Emergency: via Bed Bureau, including the Central Bureau” (23), “Emergency: via consultant outpatient clinic” (24) or “Emergency: other means, including patients who arrive via the A&E department of another healthcare provider” (28).[15]

Socio-economic deprivation was measured with the Index of Multiple Deprivation (IMD), which ranks small areas of England (with populations of approximately 1,500 people) according to their level of deprivation measured across seven domains.[16]  These areas were grouped into five categories according to national quintiles of the IMD ranking.  All co-morbidities included in the RCS Charlson Score ,[17] except cancer, were considered to be present if the relevant ICD10 code was documented in the HES record for the first hospital admission for bowel cancer or in HES records of admissions in the preceding year. 

A stoma was considered to be reversed if ana HES records with OPCS codes indicating a reversal of ileostomy (G75.3) or colostomy (H15.4) was identified within 18 months of the initial surgical procedure, regardless of whether or not it matched the stoma type according to NBOCA data.

Statistical analysis
Patients were followed up from the date of surgery.  Four distinct patient groups were identified according to whether they were still alive and whether they still had a stoma.  Multivariable competing-risks proportional hazards regression [18] was used to estimate the impact of patient and cancer characteristics and other clinical factors on the ileostomy reversal rates within 18 months of an anterior resection with death being the competing event.  This method was used to accommodate the fact that if a patient dies it is subsequently impossible for theour event of interest (stoma reversal) to occur (standard survival analysis assumes that a patient is still at risk of the event of interest occurring after a competing event has occurred). 

The following factors available immediately after the anterior resection were included in the competing risk model: age (modelled as a linear plus quadratic), year of procedure, gendersex, TNM stage, ASA grade, co-morbidityties,[19] along with ethnicity, IMD quintile, mode of hospital admission and planned mode of surgical access.
Multiple imputation by chained equations with ten10 imputed datasets, was used to account for missing values .[20].  The imputation used all factors included in the model, an indicator for stoma reversal and 90-day mortality, and a number of additional variables (emergency admission according to NBOCA, number of lymph nodes extracted, number of positive lymph nodes extracted, length of hospital stay and days between diagnosis and surgery).  Rubin’s rules were used to pool the regression coefficients and estimate their standard errors.


Results
Within 18 months of anterior resection, 3,536 (72.5%) of the 4,879 ileostomy patients had undergone stoma reversal (Table 1). The reversal rate was lower in older patients, in those with higher ASA grades, in those with more advanced cancer, in those who were more socio-economically deprived, in those who had comorbidity, and in those who had an open procedure.  The ileostomy reversal rate increased slightly over the three years of the study from 70.3% in those who had their initial surgery between 1 April 2009 and 31 March 2010 to 74.5% in tpatientshose who had their initial surgery between 1 April 2011 and 31 March 2012 (Table 1). 

The multivariable competing-risks proportional hazards regression confirmed these observed associations (Table 2).  In addition, with risk adjustment men were found to be slightly less likely to have their ileostomy reversed than women.
Three months after surgery, only 8.5% of ileostomies had been reversed, increasing to 28% at 6 months and around 60% at 12 months (Figure 2).  Very few ileostomies were reversed after 18 months.  Of the patients whose ileostomy was reversed by 18 months, the median time to reversal was 32 weeks.  Around 75% of patients who had died by 18 months died with an ileostomy present.
Discussion
Just over seventy percent of patients with rectal cancer who had received an ileostomy while undergoing an elective anterior resection had it reversed within 18 months.  For most patients, the time to ileostomy reversal after elective anterior resection was longer than the two to four months commonly counselled to patients.  Age, physical fitness (measured by ASA grade), tumour stage and comorbidity were the strongest determinants of ileostomy reversal.

Comparison with other studies
The presentOur study of over 7,000 patients reports a temporary diverting stoma rate after anterior resection of 66%, which is similar to the 57% reported in the Dutch TME randomised trial follow up study .[21].  The ileostomy rates of 15% and 18% reported by David et al, and Dodgion et al may not be in keeping with current practice.[4, 22] 

The presentOur findings reinforce those reported previously, with older age,[4, 8, 21, 22] presence of comorbidityies,[4] more advanced stage disease,[2, 22, 23] lower socioeconomic status,[22] and open surgery[23] being identified as factors linked to lower stoma reversal rates.  This study is the first to report lower reversal rates in patients with poor physical fitness.  This may be partly explained by the use of the competing risk approach with stoma reversal and death as competing events.  We also found that maIe patients have a slightly lower stoma reversal rate s than females, an area where evidence to date has been conflicting.[21, 24] 

Possible explanations
One reason for a delay in stoma reversal in patients with advanced disease is that they are more likely to receive chemotherapy.[4, 5]  They are also at higher risk of local recurrence, which may further reduce the stoma reversal rate .[21, 23]. 

A potential explanation for the association of socio-economic deprivation with lower stoma reversal rates is residual confounding.  Patients living in more socio-economically deprived areas may be in poorer overall health, for example as a result offrom higher levels of smoking and obesity, neither of which is captured in our risk adjustment model.  Other explanations are that patients from more deprived backgrounds may be less likely to access follow-up services after their initial surgery or that they may be more willing to live with a stoma in order to avoid further surgeryical interventions.	Comment by R John Nicholls: DEAR AUTHOR
I DO NOT UNDERSTAND, POSSIIBLY MY IGNORANCE

Residual confounding is also a possible explanation for our finding that patients who had a planned open anterior resection were less likely to have their ileostomy reversed.  Alternatively, it may be related to the location, nature and extent of the tumour which may have directly influenced both the mode of surgical access at the time of the anterior resection and the possibility of ileostomy reversal during follow-up.  Lastly, it may be linked to the practice style of the surgical units with units that are more inclined to carry out anterior resections laparoscopically being also more inclined to reverse stomas early.

Methodological limitations
Only fourFour per cent of patients included in the NBOCA database could not be linked to HES records. Although these unlinked patients tended to be younger and less deprived, it is unlikely that this had a substantial effect on the our results given the small size of the unlinked group.  Another issue related to the use of HES data to follow patients up is that we couldit was possible only to capture stoma reversals that had taken place in the NHS hospitals and not those carried out in independent sector hospitals, potentially leading to an underestimate of the overall proportion of stoma reversals.  However, thisThis will, however, have had only a very small effect as patients who have their initial surgical procedure in the English NHS are likely to have their follow up care in the same hospital or in another NHS facility.

Conclusion
The presentis study, which is the largest reported  to date, found that two thirds of the ileostomies created during an anterior resection in English patients with rectal cancer in the English NHS were reversed within 18 months.  The potential for significant delay in ileostomy closure rate should be a feature ofincluded in the preoperative patient counselling.  Stomas are less frequently reversed in patients who were older, less physically fit and had more advanced rectal cancer.  The finding that patients from poorer backgrounds were less likely to have a stoma reversal needs further examination to distinguish between the impact of inequity oin access to health care, patient choice or unmeasured clinical factors.
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[bookmark: _Ref420945397]Table 1: Ileostomy reversal rates in rectal cancer patients who had an elective anterior resection between 1 April 2009 and 31 March 2012 in the English National Health Service
	
	Total
	Stoma reversed within 18 months

	
	N
	N
	%

	
	4,879
	3,536
	72.5

	Year of surgery
	2009-2010
	1,315
	924
	70.3

	
	2010-2011
	1,718
	1,237
	72.0

	
	2011-2012
	1,846
	1,375
	74.5

	SexGender
	Female
	1,571
	1,187
	75.6

	
	Male
	3,306
	2,348
	71.0

	
	Missing
	2
	1
	50.0

	Age group
	<= 60 years
	1,348
	1,034
	76.7

	
	61 - 70 years
	1,775
	1,338
	75.4

	
	71 - 80 years
	1,450
	981
	67.7

	
	>= 81 years
	306
	183
	59.8

	ASA grade
	1
	870
	709
	81.5

	
	2
	2,751
	2,039
	74.1

	
	>=3
	808
	483
	59.8

	
	Missing
	450
	305
	67.8

	Tumour stage
	T1
	512
	410
	80.1

	
	T2
	1,308
	991
	75.8

	
	T3
	2,256
	1,575
	69.8

	
	T4
	221
	129
	58.4

	
	Missing
	582
	431
	74.1

	Nodes
	N0
	2,907
	2,212
	76.1

	
	N1
	1,102
	755
	68.5

	
	N2
	501
	305
	60.9

	
	Missing
	369
	264
	71.5

	Metastasis
	M0
	4,276
	3,151
	73.7

	
	M1
	308
	172
	55.8

	
	Missing
	295
	213
	72.2

	IMD* quintile
	Least deprived: 1
	1,142
	849
	74.3

	
	2
	1,123
	828
	73.7

	
	3
	1,011
	734
	72.6

	
	4
	813
	592
	72.8

	
	 Most deprived: 5
	688
	463
	67.3

	
	Missing
	102
	70
	68.6

	Ethnicity
	White
	4,356
	3,141
	72.1

	
	Non-white
	170
	128
	75.3

	
	Missing
	353
	267
	75.6

	Mode of admission (HES)
	Elective
	4,762
	3,461
	72.7

	
	Emergency
	113
	75
	66.4

	
	Missing
	4
	0
	0.0

	Comorbidityies (HES)
	0
	3,465
	2,593
	74.8

	
	1
	1,132
	778
	68.7

	
	2+
	282
	165
	58.5

	Planned mode of surgical access
	Laparoscopic
	2,010
	1,512
	75.2

	
	Open
	2,316
	1,630
	70.4

	
	Missing
	553
	394
	71.3


* Index of Multiple Deprivation
[bookmark: _Ref420945419]
Table 2: Factors associated with ileostomy reversal within 18 months of anterior resection
	 
	 
	Hazard ratio
	95% CI

	Year of surgery
	2009-2010
	1
	 

	
	2010-2011
	0.99
	0.91 to 1.08

	
	2011-2012
	1.06
	0.97 to 1.15

	GenderSex
	Female
	1
	 

	
	Male
	0.90
	0.84 to 0.97

	Age*
	50 years
	1.11
	1.03 to 1.19

	
	60 years
	1.07
	1.03 to 1.12

	
	70 years
	1
	 

	
	80 years
	0.90
	0.84 to 0.96

	
	90 years
	0.77
	0.65 to 0.92

	ASA Grade
	1
	1
	 

	
	2
	0.85
	0.78 to 0.93

	
	3+
	0.64
	0.56 to 0.74

	Tumour stage
	T1
	1
	 

	
	T2
	0.88
	0.78 to 1.00

	
	T3
	0.77
	0.69 to 0.87

	
	T4
	0.62
	0.51 to 0.76

	Nodes
	N1
	1
	 

	
	N2
	0.68
	0.63 to 0.73

	
	N3
	0.61
	0.55 to 0.68

	Metastasis
	M0
	1
	 

	
	M1
	0.73
	0.61 to 0.87

	IMD** quintile
	Least deprived: 1
	1
	 

	
	2
	1.01
	0.92 to 1.12

	
	3
	0.97
	0.87 to 1.07

	
	4
	0.95
	0.86 to 1.06

	
	Most deprived: 5
	0.83
	0.74 to 0.93

	Ethnicity
	White
	1
	 

	
	Non-White
	1.10
	0.92 to 1.31

	Mode of Admission (HES)
	Elective
	1
	 

	
	Emergency
	1.00
	0.80 to 1.26

	Comorbidities (HES)
	0
	1
	 

	
	1
	0.92
	0.84 to 1.00

	
	2+
	0.79
	0.67 to 0.94

	Planned mode of surgical access
	Laparoscopic
	1
	 

	
	Open
	0.90
	0.84 to 0.97


*   Age modelled as a linear and quadratic term
** Index of Multiple Deprivation
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Figure 1: Patient Inclusion Flow Chart
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Figure 2: Time to ileostomy reversal/death for rectal cancer patients who had an anterior resection between 1 April 2009 and 31 March 2012
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