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Abstract
Purpose Developments in surgical techniques and neoadju-
vant treatment have enabled an increasing proportion of pa-
tients with rectal cancer to undergo sphincter-sparing resec-
tions. The avoidance of a permanent stoma can come at the
cost of poor bowel function which can significantly impact
patients’ quality of life. The objective of this study was to
identify the incidence and risk factors for the development
of bowel dysfunction following rectal cancer surgery.
Methods Patients undergoing anterior resection for rectal can-
cer between January 2009 and January 2015 were identified
from a rectal cancer database at a single centre. All patients
who had bowel continuity restored and underwent curative
resection were sent a validated low anterior resection syndrome
(LARS) questionnaire. Pre-, inter- and postoperative factors
were compared between patients with major LARS and those
with minor or no LARS using conditional logistic regression.

Results There was an 80% response rate (n = 68).
Thirty-eight patients (56%) had major LARS symptoms.
Neoadjuvant radiotherapy, predominantly long-course
chemoradiotherapy (LCCRT), was an independent risk
factor for development of major LARS symptoms, while
restoration of bowel continuity within 6 months was
protective.
Conclusions The use of neoadjuvant radiotherapy
(LCCRT) and timing of stoma reversal are risk factors
for the development of severe bowel dysfunction. The
potential for long-term poor functional results after
LCCRT should be discussed with patients and form a
part of the decision-making in individual treatment
plans. The timing of the ileostomy closure, where safe
and feasible, should be performed within 6 months to
improve outcome.

Keywords Functional outcomes . Low anterior resection
syndrome

Introduction

Over the last decade, the surgical approach to rectal
cancer has significantly changed, with greater emphasis
on sphincter preservation and a reduction in the rate of
abdominoperineal resections [1]. A sphincter-sparing an-
terior resection is the gold standard for mid to low
rectal cancers, with low anastomoses often defunctioned
with a loop ileostomy [2]. The National Bowel Cancer
Audit’s (NBOCA) formal report in 2015 highlighted that
77% of all patients undergoing an anterior resection had
a stoma formed. At 18 months postoperatively, 27% of
patients remained with a stoma [3]. As 5-year survival
rates have improved for rectal cancer, there is an
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increasing emphasis on the issues faced by patients fol-
lowing their cancer treatment. A recent report from the
Department of Health with the UK National Bowel
Cancer Survivorship initiative suggested that almost
one in five patients has significant bowel dysfunction
following surgery [4].

Anterior resection syndrome was defined in 2012 as
Bdisordered bowel function after rectal resection, leading
to a detriment in quality of life^ [5]. Symptoms range
from bowel fragmentation and emptying difficulties to
faecal urgency and incontinence [6, 7]. The term low
anterior resection syndrome (LARS) is becoming more
commonly used as there is an association with low
anastomoses [8]. LARS is reported to be present in as
many as 75% of patients following surgery, with 25%
having ongoing symptoms for more than 12 months.
The incidence of LARS post rectal surgery varies in
the literature between 60 to 90%. Several studies have
reported that LARS has a significant impact on patients’
quality of life. The aetiology of LARS is thought to be
multifactorial, with the potential of sphincter injury dur-
ing the construction of the anastomosis, alterations in
anorectal physiology and the development of a pudendal
neuropathy [6]. Further work on functional bowel out-
comes after anterior resection has demonstrated that
worse outcome is associated with low tumours (i.e.
low anterior resections), pelvic sepsis following anasto-
motic leak and those patients undergoing neoadjuvant
and adjuvant radiotherapy [9].

This study aims to identify the incidence and severity of
LARS within a tertiary centre’s rectal cancer population, as well
as identifying specific risk factors for the development of LARS.

Methods

Local research approval was obtained for this study.
Patients were identified from a prospectively maintained
departmental database (from 2009 to 2014). The inclu-
sion criteria for this study were patients who (i) had
undergone anterior resection for rectal neoplasia, (ii)
had restored bowel continuity for at least 12 weeks
and (iii) had more than 18 years of age. Exclusion
criteria included (i) patients who are unable to give
informed consent and (ii) patients with stoma.

The LARS score is a simple five-question tool that
was first created in 2012 in Denmark and has been
validated for the English translation in 2014 [10]. The
internationally validated score attempts to allow a

uniform assessment of function in patients undergoing
low anterior resection. See Appendix.

The LARS questionnaire was posted to each patient
and a follow-up telephone was made if they failed to
respond. Clinical information regarding TNM staging,
surgical intervention and neoadjuvant therapies was ob-
tained from patients’ case notes and clinic letters.
Clinical data from the questionnaires were collated and
inserted into a LARS database. Patients were grouped
into two separate cohorts—those with major LARS
scores and those with mild/no LARS symptoms.
Categorical outcomes were compared for the major
LARS and minor LARS groups using conditional logis-
tic regression. Non-parametric continuous data were
compared using the Mann-Whitney test. The LARS da-
tabase was prospectively updated. Statistical analysis
was completed with SPSS (IBM version 20).

Results

Eighty-five patients were identified for this study. Of
the 85 questionnaires that were sent out, 80%
(n = 68) were completed and returned. The gender split
within the cohort was 49 males:19 females. The median
age at surgery was 67 years (range 30–88). A LARS

Table 1 A comparison of patient demographics between the cohort
with major LARS and no LARS

Patient demographics Major LARS
(n = 38)

No LARS
(n = 18)

p value

Gender (male) 28 11 0.339

Median age (years) 63 69 0.057

Disease TNM staging

T3 disease 16 9 0.579

T2 Disease 12 6 0.896

T1 disease 8 3 0.700

No residual disease 2 0.322

Tumour height

<8 cm 18 4 0.072

>8 cm 20 14

Surgical intervention

Anterior resection 16 7 0.819

Anterior resection and
defunctioning stoma

22 11

Average LARS score (range) 36 (30–42) 10 (0–20) 0.000
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score was calculated for each individual. Thirty-eight
patients (56%) had major LARS symptoms, 18% had
minor symptoms and 26% had no LARS symptoms
(Table 1). The time interval between surgery and date
of first completion of the LARS questionnaire was cal-
culated; median time was 248 days (range 17–
1664 days). Completed questionnaires were subdivided
into the following definitive time periods following sur-
gery: <1 year and >4 years. The median LARS score
was 35.5 and 27.9, respectively. However, this was not
statistically significant (p = 0.19).

Thirty-eight patients (58%) received no chemoradio-
therapy. Nineteen patients (29%) underwent neoadjuvant
chemoradiotherapy. Eleven patients received adjuvant
chemoradiotherapy. Tumour height was determined from
preoperative MRI scans. Thirty-one patients had a tu-
mour at 10–15 cm, 32 patients had a tumour at 6–
9.9 cm and 5 cases had a tumour at less than 6 cm.

Just over hal f of the pat ients (54%) had a
defunctioning loop ileostomy created at the time of sur-
gery. Complications were recorded and classified ac-
cording to Clavien-Dindo criteria; complications of
grade 3 or 4 severity required surgical intervention.
Twenty-six patients (38%) developed a postoperative
complication, of which eight were grade 3 and one
was grade 4. Five patients (7%) developed an anasto-
motic leak within the postoperative period; each patient
required surgical intervention (sepsis control and anasto-
mosis takedown with subsequent reversal). Of the five
anastomotic leaks, four patients reported major LARS
symptoms. Despite a higher incidence of anastomotic
leak within the major LARS cohort, this was not

statistically significant in the logistic analysis. The time
to loop reversal was also recorded. The median time for
reversal was 214 days. This ranged from 50 to
1194 days. There was a significant time difference in
the number of days until reversal between the major
LARS and mild/no LARS cohort (288 days vs 167 days,
respectively).

Univariate analysis was performed on individual pa-
tient factors to determine if there were any predisposing
factors for LARS (Table 2). Of the patient factors, three
were deemed to be statistically significant; neoadjuvant
radiotherapy, whether an ileostomy was formed after
initial procedure and time to ileostomy reversal (within
6 months). Further statistical analysis through a
multivariant analysis highlighted that neoadjuvant treat-
ment (radiotherapy) was associated with a nearly 20-
fold increased risk of LARS (p < 0.01) and presence
of an ileostomy for more than 6 months was associated
with a 3.7-fold increased risk of LARS (p = 0.03). For
those individuals who were defunctioned, the multivari-
ate analysis suggested that stoma reversal within
6 months was protective against LARS (OR 0.2;
p < 0.01).

Discussion

This study highlighted the significant range of function-
al outcomes following rectal surgery. More than half of
the patients (56%) were identified as having major
LARS symptoms. Our study highlighted that individuals

Table 2 Statistical analysis of patient variables in order to identify risk factors for the development of LARS

Variable Major LARS (%) Minor/no LARS (%) Univariate analysis Multivariate analysis

Significance (Chi2) Odds ratio (95% CI)

Male gender 57.1 42.9 0.73 1.2 (0.4–3.5)

Age > 70 26.3 40.0 0.14 0.5 (0.2–1.3)

Neoadjuvant radiotherapy 52.6 13.3 <0.01 7.2 (2.1–24.7) 19.9 (3.5–113.1)

Tumour ≤ 8 cm 47.3 36.6 0.37 1.6 (0.6–4.1)

Defunctioned at surgery 57.9 50.0 0.52 1.4 (0.5–3.6)

Adjuvant chemotherapy 13.1 16.7 0.69 0.8 (0.2–2.9)

Major complication 13.2 6.7 0.38 2.1 (0.4–11.8)

Anastomotic leak 10.5 3.3 0.26 3.4 (0.4–32.2)

No ileostomy at 6 months post surgery 23.7 63.3 <0.01 0.2 (0.1–0.5) 0.1 (0.1–0.3)

Ileostomy closed after 1 year 36.8 13.3 0.03 3.7 (1.1–13.1) 2.8 (0.7–10.5)
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who undergo chemoradiotherapy were nearly 20 times
more likely to develop major LARS symptoms and that
delayed closure of ileostomy was associated with 3.7-
fold increase risk of major LARS symptoms. It may be
suggested that those patients who experience a delay in
ileostomy closure of more than 6 months are doing so
because of complications and/or adjuvant therapy, all of
which have previously been shown to be associated
with poor function. We were able to capture high-
quality data for a 5-year period and did not demonstrate
a significant association for our study, although this
may be due to the relatively small number of patients
within the cohort. Larger studies are required to further
assess the relationship between LARS and anastomotic
leaks.

Nine percent (n = 5) of patients had an anastomotic leak, of
which four patients had major LARS symptoms. Patients with
a collection and associated low-level pelvic sepsis, not defined
as a leak, would also contribute to the time delay of stoma
reversal. Those patients with pelvic sepsis were considered to
have an anastomotic leak, so these patients were captured but
did not change the significance. Surgeons would opt for a
deferred stoma reversal, in order to ensure that localized sepsis
has fully resolved. Rahbari et al. (2010) highlighted that the
definition of an anastomotic leak varies significantly within
the literature [11].

The timing of the questionnaire completion from sur-
gery did have a wide distribution (median 214 days;
range 50 to 1194). It is known that the frequency of
bowel dysfunction does improve over time, and ideally,
we would have given the questionnaire at the same time
points. The study does demonstrate that many patients
experience distressing symptoms several years from the
original surgery.

Although some of these patients are describing poor
function less than 1 year after surgery, the frequency of
this is also important to highlight. It has previously
been shown that up to 75% of patients can experience
significant bowel dysfunction for up to 12 months fol-
lowing surgery. If there is a way of reducing the inci-
dence of bowel dysfunction by improving the time of
reversal of ileostomy, then this warrants further investi-
gation as this can be a socially crippling problem for
not only the patient but also their family [5].

It is essential that patients are made aware and consented for
the risk of developing prolonged bowel dysfunction preopera-
tively, particularly those undergoing neoadjuvant treatment, to
allow them to discuss the options of permanent stoma versus a
low anastomosis. Bowel dysfunction following rectal surgery
significantly impacts the patient’s social functioning and quality
of life [11].

The use of a temporary ileostomy to cover a pelvic
anastomosis following low anterior resection is now

considered standard practice for most colorectal sur-
geons in the UK (ACPGBI guidelines) and USA
(SAGES guidance) [12, 13]. The use of a temporary
ileostomy reduces the mortality associated with an anas-
tomotic leak [14]. Standard timing for reversal is con-
sidered to be 3 months; however, there is limited evi-
dence for optimal timings. A French randomized con-
trolled trial looked at the complications associated with
closure of ileostomy in selected patients at 7 days ver-
sus ‘late’ closure at 2 months, which demonstrated that
early closure is feasible [15]. A protocol for an RCT
(early closure of temporary ileostomy (EASY) trial) of
early (<14 days) reversal of ileostomy was published;
however, no records of recruitment or results are cur-
rently available [16].

The reality from the NBOCA data is that one in four pa-
tients in the UK will remain with a stoma 18 months postop-
eratively [3]. More precise information is needed on the rea-
sons for this as pelvic sepsis/leak and adjuvant therapy are
unlikely to account for all of these patients. In the UK, reversal
of ileostomy is a benign procedure without a cancer-driven
target and as such may be delayed due to a variety of factors
including service demand pressures as well as patient recovery
post surgical complications and chemoradiotherapy [17].
There is also the potential for performing the reversal earlier,
despite adjuvant therapy. It has been reported that patients can
have their stoma successfully reversed while undergoing che-
motherapy and some centres elect to reverse the stoma be-
tween the second and third chemotherapy cycle [18]. Further
research is being conducted to assess the optimal time interval
between restoration of gastrointestinal tract continuity and
commencing adjuvant chemotherapy. The CoCStom trial
aims to compare early reversal (8–10 days post resection)
against late reversal (following completion of adjuvant thera-
py at 26 weeks) [19]. Reported outcomes from the recent
EASY (early vs late stoma closure following rectal surgery)
trial advocates that early stoma closure (<13 days) is both safe
and feasible. The study noted a significant reduction in the
mean number of complications during the first year postoper-
atively in the cohort that underwent early stoma closure
(p < 0.0001) [20].

There are limitations within this current study. Despite
identifying 85 patients who met the study inclusion criteria,
only 80% (n = 68) of the questionnaires were completed and
returned. This may have been a consequence of the retrospec-
tive data collection that was undertaken. It is acknowledged
that one of the main limitations of survey- or questionnaire-
based research is ensuring a high response rate [21]. This
aspect is difficult to control [21]. An 80% questionnaire return
rate is comparable to other studies sending out postal ques-
tionnaires to a cohort. The missing 20% could result in over-
estimation of the frequency of LARS within the cohort.
Another limitation of the study is the wide range observed
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between surgery and questionnaire completion. One of the
principal aims of this study was to identify risk factors for
the development of LARS. Thus, achieving the largest cohort
of patients was most desirable. For this reason, a retrospective
analysis of the departmental database enabled identification of
all suitable patients between 2009 and 2014. Subsequently,
patients who underwent early surgery (2009) would have con-
tributed to the large time range between surgery and question-
naire completion observed. Caution is needed when
interpreting the data regarding stoma reversal. Delays in stoma
reversal may have been a direct consequence of postoperative
morbidities such as an anastomotic leak. However, delays
could also represent service and organizational failings within
the hospital. Further research is needed to identify the specific
reasons for delays in the restoration of gastrointestinal tract
continuity.

Pelvic radiotherapy is associated with chronic gastrointes-
tinal symptoms [22]. The symptoms range on a spectrum of
severity and can significantly impact on the patients’ quality
of life. Evidence has emerged from the current literature that
these patients may benefit from input from a gastroenterolo-
gist [22]. Andreyev et al. (2013) published an algorithm-based
care pathway for pelvic radiotherapy-induced chronic gastro-
intestinal symptoms [22]. The management of these patients
should be multidisciplinary with surgical, gastroenterology,
specialist nurse and dietician input.

The presence of a temporary ileostomy is an associated risk
factor for bowel dysfunction following anterior resection [6,
23]. This is likely due to a number of factors including potential
of sphincter injury during the construction of the anastomosis,
alterations in anorectal physiology and the development of a
pudendal neuropathy [8, 9]. It may also be postulated that the
inactivity of the pelvic floor and sphincter complex for a
prolonged period with an ileostomy could contribute to this.

Patients, in particular those undergoing neoadjuvant treat-
ment, should be informed of the risk of postoperative bowel
dysfunction and given appropriate strategies for coping with
symptoms. Those patients having long-term symptoms should
be referred to specialist services for consideration of addition-
al treatments [24]. Patients with treated rectal cancer may have
significant morbidity with LARS. Multispecialist input is nec-
essary to ensure that patients who have curative treatment for
their rectal cancer have optimal bowel function and quality of
life.

Conclusion

This study concludes that risk factors for major LARS
symptoms include neoadjuvant chemoradiotherapy and
delayed closure of ileostomy. The reasons for delay in
closure of ileostomy are multifactorial and may be part-
ly be a proxy for complications. An anastomotic leak

was more frequent in the major LARS group, but this
did not reach statistical significance.

The data suggests that the timing of reversal of ileostomy
should be monitored and, where safe and feasible, prioritized
by surgeons and management. Further evidence is needed on
the causes of delayed stoma closure.
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