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Background: To decrease morbidity caused by anastomotic leakages after a low anterior resection (LAR)
with primary anastomosis, a diverting ostomy is often created. Reversal of a diverting ostomy is asso-
ciated with morbidity, which may result in non-reversal, particularly in the elderly. This study aimed to
describe the diverting ostomy-related outcomes in elderly patients with more advanced rectal cancer
after LAR.
Materials and methods: All rectosigmoid and rectal cancer patients �70 years who underwent LAR with
primary anastomosis between 2006 and 2019 in the Catharina Hospital (Eindhoven, The Netherlands)
were included for analyses. Reversal rates, ostomy-related complications, morbidity and mortality after
ostomy reversal, and definitive ostomy rates were evaluated.
Results: In total 164 patients were included, of which 150 (91.5%) underwent primary or secondary
ostomy creation. Ostomy-related complications were reported in 34.7% (95%-CI 27.1e42.9%). In total,
72.5% (95%-CI 64.2e79.7%) reversed their diverting ostomy. Non-reversal was mostly due to relapsing
disease (52.6%). Median time to ostomy reversal was 3.2 months (IQR 2.3e5.0). No or minor complica-
tions after ostomy reversal were observed in 84.0% (95%-CI 75.3e90.6%). Over time, ostomy recreation
was performed in 15.0% (95%-CI 8.6e23.5%), and ultimately 65.8% (95%-CI 57.8e73.2%) were ostomy-free
after the median follow-up of 3.8 years.
Conclusion: Although most elderly successfully reversed their diverting ostomy after LAR with limited
morbidity, attention should be paid for the risk of non-reversal and ostomy recreation over time. Pre-
operative patient counselling is important in every individual to be able to decide if LAR with primary
anastomosis or a permanent end colostomy is preferred.
© 2021 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
1. Introduction

In rectal cancer surgery, either a low anterior resection (LAR) or
an abdominoperineal resection (APR) is performed. In patients with
proximal or mid rectal cancer a low anterior resection (LAR) with or
without restoration of bowel continuity is preferred. In those with
very distal rectal cancer or sphincter involvement, an abdomi-
noperineal resection (APR) is necessary, leading to a permanent
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end colostomy. In case a LAR is technically possible, patient char-
acteristics such as age, physical condition, neoadjuvant treatment,
sphincter function, comorbidities and perioperative findings in-
fluence the decision to create a primary anastomosis or a perma-
nent end colostomy. A LAR with primary anastomosis is less often
performed in elderly than in younger patients, probably due to
concerns for both functional outcomes and the risk for anastomotic
leakage [1,2].

Anastomotic leakage occurs in 11e15% of rectal cancer patients
with a primary anastomosis and may have devastating conse-
quences, especially in the elderly population [3e6]. In order to
minimize the morbidity associated with an anastomotic leakage, a
temporary diverting ostomy is often created [7e9]. A diverting
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ostomy is, however, associated with a risk for ostomy-related
complications, which may negatively affect quality of life
[8,10,11]. A diverting loop colostomy (DLC) is associated with os-
tomy prolapse and parastomal hernia, while a diverting loop
ileostomy (DLI) is in particularly associated with the risk for high-
output ostomy [12,13]. Besides, in approximately 20% of patients
the diverting ostomy will not be reversed and becomes permanent
[14e16]. Although studies on this topic in elderly are scarce,
population-based data from the Netherlands Cancer Registry re-
ports non-reversal rates up to 40% in elderly rectal cancer patients
[11].

In order to optimize the decision-making process in elderly
patients with more advanced rectal cancer that undergo rectal
resection with or without restoration of bowel continuity and a
protecting diverting ostomy, it is beneficial for both clinicians and
patients to gain knowledge on ostomy-related outcomes.

The aim of this study was to evaluate ostomy-related outcomes
in elderly patients with more advanced rectal cancer after a LAR
with primary anastomosis.

2. Materials and methods

This study was conducted at the Catharina Hospital (Eindhoven,
the Netherlands), a high-volume centre for the treatment of colo-
rectal cancer (CRC) and a tertiary referral centre for advanced rectal
cancer. This study was approved by the local medical ethics board
(Medical Research Ethics Committees United e Nieuwegein,
registration number W20.322). Patients �70 years treated with
curative intent for rectal or rectosigmoid cancer (stage I-IV) be-
tween 2006 and 2019 were selected. The cut-off age was based on
other studies describing ostomy-related outcomes in elderly pa-
tients [11]. Patients who underwent emergency resection, had
locally recurrent rectal cancer or underwent previous rectal or
rectosigmoid resection because of benign causes were excluded.

2.1. Treatment and definitions

Most patients in our centre had locally advanced rectal cancer
and underwent neoadjuvant chemoradiotherapy (or short-course
radiotherapy), according to the Dutch National Guidelines for
colorectal cancer [17]. The majority of patients received a primary
diverting loop colostomy (DLC), a diverting loop ileostomy (DLI)
was only performed when a colostomy was technically difficult or
not feasible. A primary ostomy was defined as an ostomy present
before or created during LAR, and a secondary ostomy was defined
as an ostomy created in an additional procedure following LAR (e.g.
due to anastomotic leakage in a patient without a primary diverting
ostomy). Ostomy recreationwas defined as recreation of an ostomy
after reversal. Preoperatively, all patients were consulted by a
specialized ostomy nurse to determine the ideal location of the
ostomy and to receive information about ostomy care. Before os-
tomy reversal was performed, the anastomotic integrity was
confirmed by additional diagnostic modalities such as contrast
enema or endoscopy. In line with other studies, a permanent
diverting ostomy due to non-reversal was defined as a persistent
diverting ostomy at 18 months after creation [18,19]. Delayed
reversal was defined as reversal after more than 6 months after
creation [20].

2.2. Clinical data and follow-up

Patient characteristics, data on treatment and additional clinical
and demographic data were retrospectively extracted frommedical
records. Complications occurring in the first 30 postoperative days
or before hospital discharge were scored using the Clavien-Dindo
2

classification [21]. Follow-up data were extracted from medical
records or by contacting the referring hospital or the patient's
general practitioner. Follow-up was calculated as the interval be-
tween the date of surgery and last contact or death. Minimal
follow-up was 12 months (if alive). Patients with a persistent
diverting ostomy after 12 months were minimally followed-up
until 18 months or the date of ostomy reversal (if earlier than 18
months). During follow-up, ostomy reversal, ostomy-related com-
plications, ostomy recreation and the development of local recur-
rence and distant metastases were recorded. The Municipal
Administrative Databases were consulted to obtain information on
survival data.

2.3. Statistical analyses

Statistical analyses were performed using SPSS Statistics 25.0
software (IBM, Endicott, NY, USA). The primary endpoint was the
proportion of patients that underwent ostomy reversal within 18
months since creation. Secondary endpoints were ostomy-related
complications, morbidity and mortality after ostomy reversal, os-
tomy recreation rates and definitive ostomy rates. Proportions were
calculated for the whole population and 95% Confidence Intervals
(95%-CI) were calculated using Clopper-Pearson interval for the
primary and secondary endpoints. To determine differences be-
tween patients 70e74 and �75 years, comparisons between pro-
portions were also stratified for age. Intergroup comparisons were
analyzed using chi-squared test or Fisher's exact test, when
appropriate, for non-continuous data. Independent t-tests or one-
way ANOVA were used for normally distributed continuous data,
and Mann-Whitney U tests or Kruskal-Wallis test were used for
non-normally distributed continuous data, when appropriate. A p-
value of <0.05 was considered statistically significant. All tests were
two-sided. Ostomy reversal and definitive ostomy rates were
calculated using the Kaplan-Meier method. Ostomy reversal rates
were stratified by age group and compared using the log-rank test.
Definitive ostomy rates were calculated since the date of ostomy
creation. The specific causes for non- or delayed reversal and os-
tomy recreation were analyzed.

3. Results

In total 363 patients�70 years underwent curative rectal cancer
surgery with LAR or APR between 2006 and 2019 (43 LAR without
primary anastomosis, 156 APR and 164 LAR with primary anasto-
mosis). Patients that underwent LAR without the formation of a
primary anastomosis were significantly older than patients that
underwent APR or LAR with primary anastomosis (79.4 vs. 76.2 vs.
75.0 years, p < 0.001). No significant differences were observed in
comorbidities and ASA classification between these treatment
groups. Of the 43 patients that underwent LAR without a primary
anastomosis, in 23 patients the decision was made preoperatively
based on preexistent incontinence, patient preferences or patient
and treatment characteristics (e.g. age or neoadjuvant treatment).
In the other 20 patients the decision was made during surgery
based on low tumour height, pelvic fibrosis or the suspicion of
insufficient blood supply to the anastomosis. As no primary anas-
tomosis was performed, these patients were excluded from any
further analyses on diverting ostomy-related outcomes.

This resulted in 164 patients that underwent LAR with primary
anastomosis that were included for analysis, of which 94 (57.3%)
patients were 70e74 years and 70 (42.7%) patients were �75 years
old. Median follow-upwas 3.8 years. Comorbidities were present in
79.9% of patients and were comparable between both age groups
(p ¼ 0.29). Clinical and demographic characteristics are presented
in Table 1.



Table 1
Demographic, clinical and tumour characteristics of rectal cancer patients (n ¼ 164), stratified by age (70e74 and � 75 years).

70e74 years �75 years p-value

n ¼ 94 n ¼ 70

n (%) n (%)

Mean age in years at time of surgery (±SD) 72.2 (1.4) 78.7 (3.0) <0.001
Median follow-up in years (IQR) 4.4 (2.5e6.6) 3.3 (1.8e4.9) 0.03
Male 53 (56.4) 46 (65.7) 0.23
Comorbidity 0.29
None 23 (24.5) 10 (14.3)
1 comorbidity 24 (25.5) 21 (30.0)
2 comorbidities 21 (22.3) 13 (18.6)
�3 comorbidities 26 (27.7) 26 (37.1)

ASA classification 0.053
I-II 80 (85.1) 51 (72.9)
III 14 (14.9) 19 (27.1)

Tumour stage (clinical) 0.06
IeII 30 (31.9) 35 (50.0)
IIIeIV 61 (64.9) 34 (48.6)
Missing 3 (3.2) 1 (1.4)

Neo-adjuvant treatment 0.15
None 11 (11.7) 13 (18.6)
Short course radiotherapy (5 � 5 Gy) 27 (28.7) 28 (40.0)
Chemoradiation 51 (54.3) 27 (38.6)
Other 5 (5.3) 2 (2.9)

Type of LAR 0.12
Open surgery 80 (85.1) 54 (77.1)
Transanal TME 4 (4.3) 1 (1.4)
Laparoscopic surgery 10 (10.6) 15 (21.4)
Conversion to open surgery 1 (1.1) 6 (8.6) 0.04

Extended (multivisceral) resection 38 (40.4) 23 (32.9) 0.32
Intraoperative treatment
Hyperthermic intraoperative peritoneal chemotherapy 2 (2.1) e 0.51
Intraoperative radiotherapy 39 (41.5) 17 (24.3) 0.02

Radical resection (R0) 91 (96.8) 65 (92.9) 0.29
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In 145 of 164 (88.4%) patients a diverting ostomy was con-
structed during primary surgery, 127 (87.6%) of these were DLC and
18 (12.4%) were DLI. Of the 19 patients without a primary diverting
ostomy, a secondary ostomywas created in 5 patients, of which in 4
a DLC and in 1 a permanent end colostomy was created. Anasto-
motic leakage was the cause for secondary ostomy creation in all of
these patients. In 2 of the 145 patients with a primary diverting
ostomy, a permanent end colostomy was created secondarily in the
postoperative period, either due to bowel perforation and anasto-
motic leakage. In Fig. 1 a flowchart on patient selection and ostomy
creation is presented.
Fig. 1. Patient disposition flowchart of all elderly (�70 years) rectal cancer patients t

3

After the postoperative period, 147 patients had a primary or
secondary diverting ostomy and 3 had a permanent end colostomy.
Ostomy-related complications were observed in 34.7% (95%-CI
27.1e42.9%). In Table 2 ostomy-related complications are described
in more detail.

Postoperative anastomotic leakage or presacral abscess was
observed in 16.5% of patients. Supplementary Table 1 presents the
treatment of patients with anastomotic leakage or presacral ab-
scess. In total, 8 (4.9%) patients died due to postoperative compli-
cations, of which 7 had a diverting ostomy and 1 an end colostomy.
These patients were excluded from further analyses, along with 2
hat underwent surgery with curative intent between 2006 and 2019 (n ¼ 363).



Table 2
Details on ostomy-related complications reported by patients with an ostomy, either
primary or secondary, after low anterior resection with primary anastomosis.

n ¼ 150 95%-CI

n (%)

None 98 (65.3) 57.1e72.9
Peristomal skin problems 25 (16.7) 11.1e23.6
Stomal obstruction 5 (3.3) 1.1e7.6
Ostomy prolapse 8 (5.3) 2.3e10.2
High-output ostomy 10 (6.7) 3.2e11.9
Parastomal hernia 7 (4.7) 1.9e9.4

Table 3
Details on postoperative outcomes of all rectal cancer patients (n ¼ 164) after low
anterior resection with primary anastomosis.

n ¼ 164

n (%)

Median admission time in days (IQR) 8.5 (6.0e15.0)
Median admission on ICU in days (IQR) 1.0 (0.0e2.0)
Complication Grade according to Clavien-Dindo
None 50 (30.5)
Grade I-II 76 (46.3)
Grade IIIaþIIIb 20 (12.2)
Grade IV 10 (6.1)
Grade V 8 (4.9)

Surgical complications
Anastomotic leakage/presacral abscess 27 (16.5)
Clavien-Dindo �III 13 (7.9)

Intra-abdominal abcess 6 (3.7)
Clavien-Dindo �III 4 (2.4)

Ileus 27 (16.5)
Clavien-Dindo �III 3 (1.8)

Fascial Dehiscence 7 (4.3)
Wound infection 17 (10.4)
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patients that were lost to follow-up. In Table 3 details on post-
operative outcomes after low anterior resection with primary
anastomosis are presented.

3.1. Diverting ostomy reversal

Of the remaining 138 patients with a diverting ostomy, 72.5%
(95%-CI 64.2e79.7%) reversed their ostomy successfully, with no
significant differences between patients 70e74 and � 75 years
(74.1% vs. 70.2%, p ¼ 0.61). Median time until reversal was 3.2
months (IQR 2.3e5.0). Fig. 2 presents a Kaplan-Meier curve on
diverting ostomy reversal rates, stratified by age groups. Non-
reversal of the ostomy occurred in 38 patients, mostly due to re-
lapsing disease. Details on the reasons for non-reversal are pre-
sented in Table 4.

After ostomy reversal, median time of hospital admission was
3.0 days (IQR 3.0e4.0). The majority of patients had no or minor
(Grade 0-II) complications (84.0% [95%-CI 75.3e90.6%]). Severe
complications (Grade �IIIB) occurred in 8.0% (95%-CI 3.5e15.2%).
Postoperative complications did not significantly differ between
age groups. Table 5 presents further data on ostomy reversal and
hospital admission.

3.2. Ostomy recreation and ostomy-free survival

During follow-up, 15 of 100 (15.0% [95%-CI 8.6e23.5%]) patients
that reversed their diverting ostomy underwent ostomy recreation.
Median time from reversal to recreation was 16.3 months (IQR
1.4e34.1). The reasons for ostomy recreationwere severe functional
bowel complaints (n ¼ 5), chronic anastomotic problems (n ¼ 4),
4

local tumour recurrence (n ¼ 2), surgical complications (n ¼ 3) and
enterocutaneous fistula (n ¼ 1).

Of all patients that underwent LAR with primary anastomosis,
69.5% (95%-CI 61.6e76.6%) were ostomy-free at one year after pri-
mary surgery, and 65.8% (95%-CI 57.8e73.2%) after follow-up
(median 3.8 years). No significant differences in definitive ostomy
rates between age groups were observed. Supplementary Fig. 1
presents a Kaplan-Meier curve on definitive ostomy rates.

4. Discussion

In this study, investigating ostomy-related outcomes in more
advanced elderly rectal cancer patients that underwent curative
LAR with primary anastomosis, 72.5% of patients had their ostomy
reversed successfully, with limited morbidity in the majority of
patients. Over time, 15% of patients underwent ostomy recreation
and after the median follow-up of 3.8 years, 65.8% of patients that
underwent LAR with primary anastomosis were ostomy-free.

Previous studies described diverting ostomy reversal rates of
72.5e83% after LAR in patients of all ages [16,18,20,22e24]. How-
ever, data from the Netherlands Cancer Registry suggested that 68%
of patients 71e80 years and 59.8% of patients �81 years reversed
their diverting ostomy successfully, which is slightly lower
compared to the reversal rates in this study [11]. The inferior
reversal rates in elderlywhen comparedwith younger patientsmay
be explained by the fear for a secondary procedure for ostomy
reversal, along with earlier acceptance of a permanent diverting
ostomy [16]. In this study, the main reason for non-reversal was
relapsing disease (local or systemic), which is not age-dependent,
and non-reversal was less often due to the patient's physical ca-
pacity, preferences or chronic anastomotic problems [25,26]. Pre-
vious studies showed that relapsing disease and older age were
both associated with non-reversal of a diverting ostomy [10,16].
Besides, ostomy reversal was less often performed in patients with
ASA classification�2, advanced rectal cancer, certain comorbidities
(e.g. anemia, renal dysfunction), secondary ostomy creation and
peri- and postoperative complications [10,16,23]. These factors
should be incorporated during decision-making to determine
whether a diverting ostomy is a feasible option for the individual
patient.

Ostomy reversal is accompanied with morbidity and mortality,
which may be feared by the older patient and the surgeon. Com-
plications after ostomy reversal are described in 20e40% of pa-
tients, with severe (Grade �IIIb) complications occurring in 7e9%
and a reported mortality rate of 0.4e3% [11,27e29]. The morbidity
described in earlier studies on patients of all ages was comparable
to our results. Moreover, a recent study confirmed that older age is
not associated with an increased risk for morbidity after ostomy
reversal [30]. However, patients should be informed about the need
for a secondary procedure for ostomy reversal and the associated
risk for complications before deciding to undergo a LAR with a
primary anastomosis and the formation of a diverting ostomy.

In 88.4% of our patients a primary diverting ostomy was present
after surgery, which is higher than the wide range of primary
diversion after LAR of 15e74% reported in other studies [8,16,22,31].
As the present study was conducted in a referral centre for
advanced rectal cancer cases, many included patients underwent
neoadjuvant treatment followed by extensive surgery, probably
contributing to the increased rates of primary diversion. The value
of primary diversion in decreasing the absolute risk of anastomotic
leakage is unclear, therefore the routine use of a diverting ostomy
after bowel restoration is still a matter of debate. Nonetheless, the
clinical outcomes of an anastomotic leakage are found to be better
in patients with a primary diverting ostomy, with increased success
rates of conservative treatment and less multiple organ failure



Fig. 2. Kaplan-Meier curve on diverting ostomy reversal of rectal cancer patients undergoing a low anterior resection with primary anastomosis with either a primary or secondary
diverting ostomy (n ¼ 138), stratified by age groups.

Table 4
Reasons for non-reversal at 18 months of a diverting ostomy after low anterior
resection with primary anastomosis.

n ¼ 38

n (%)

Relapsing disease (local/systemic) 20 (52.6)
Persistent anastomotic problems 5 (13.2)
Patient's preference 4 (10.5)
Death 1 (2.6)
Other, such as patient being unfit for surgery 5 (13.2)
Unknown 3 (7.9)

Table 5
Details on the outcomes of ostomy reversal in patients with a primary or se
primary anastomosis.

Median time until ostomy reversal in months (IQR)
Ostomy reversal <6 months
Ostomy reversal �6 months, reasons for delayed reversal
Persistent anastomotic problems
Adjuvant chemotherapy or treatment of metastatic disease
Prolonged physical recovery
Patient's preference
Unknown

Median hospital admission in days (IQR)
Complication grade according to Clavien-Dindo
No complications
Grade I-II
Grade IIIA þ IIIB
Grade IV
Missing

Complications
Surgical site infection
Anastomotic leakage
Ileus/Gastroparesis
Missing
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[7e9]. However, as anastomotic leakage only occurs in the minority
of patients, some patients will not experience the clinical benefits,
but only the potential risks related to a diverting ostomy [4e6].
Careful selecting those patients benefiting most from a diverting
ostomy is essential and many studies have been performed to
identify predictive factors associated with anastomotic leakage,
such as age, comorbidities or neoadjuvant treatment [4,32]. In the
majority of hospitals in the Netherlands, primary diversion is
therefore considered standard of care after neoadjuvant treatment.
Besides, elderly are more at risk for the devastating consequences
condary diverting ostomy (n ¼ 100), after low anterior resection with

n ¼ 100 95%-CI

n (%)

3.2 (2.3e5.0)
82 (82.0) 73.1e89.0
18 (18.0) 11.0e26.9
8 (8.0)
4 (4.0)
2 (2.0)
1 (1.0)
3 (3.0)

3.0 (3.0e4.0)

62 (62.0) 51.7e71.5
22 (22.0) 14.3e31.4
8 (8.0) 3.5e15.2
1 (1.0) 0.0e5.4
7 (7.0)

8 (8.0) 3.5e15.2
3 (3.0) 0.6e8.5
16 (16.0) 9.4e24.7
7 (7.0)
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of an anastomotic leakage [3,32]. Therefore, especially in the elderly
with more advanced rectal cancer who require neoadjuvant treat-
ment followed by extensive surgery, primary diversion seems
beneficial. Yet, identifying the patients benefitting most from a
diverting ostomy still seems important.

Intestinal diversion may be performed by a DLC or DLI and the
decision often depends on the surgeon's preferences. In our hos-
pital a DLC is standard of care, and a DLI was only performed when
a colostomy was technically not feasible or when already present
preoperatively. Most studies evaluating the outcomes after DLC and
DLI did not show clear significant overall benefits of one over the
other [12,13]. Although a DLC is associated with more ostomy
prolapses, parastomal hernias and surgical wound infections, a DLI
increases the risk for peristomal dermatitis and high-output os-
tomy [12,33]. Moreover, the readmission rate after a DLI is up to
17%, mostly due to dehydration [34,35]. Especially the elderly may
be more prone for the consequences of a high-output ostomy. In
fact, a recent study showed that a DLI may result in long-term renal
dysfunction in elderly patients, which even persisted after ostomy
reversal [36]. Therefore, it could be argued that particularly in the
elderly a DLC is preferred. Especially when considering the risk of a
diverting ostomy becoming permanent [16].

Functional outcomes should also be discussed during shared
decision making when a LAR with primary anastomosis is consid-
ered. The low anterior resection syndrome (LARS), a cluster of
symptoms including fecal incontinence and urgency after
sphincter-preserving surgery, can severely impact quality of life
[37,38]. Although it could be speculated that older patients have
increased risks to develop LARS, most studies found no association
of age [39]. In this study, 5 patients underwent ostomy recreation
due to severe LARS complaints, however it may be expected that
invalidating symptoms may have been present in more patients.
Unfortunately, this study does not have more detailed data on
functional bowel complaints.

To avoid the risk of anastomotic leakage, the need to undergo a
secondary procedure for ostomy reversal, and functional bowel
complaints, the avoidance of a primary anastomosis and the for-
mation of a permanent end colostomy may be preferred in the
elderly. Moreover, one third of patients eventually ends up with an
ostomy after LAR with primary anastomosis, either due to a per-
manent diverting ostomy or ostomy recreation. Especially the latter
group may be prone for a prolonged period of impaired quality of
life due to severe LARS complaints or persistent anastomotic
problems before ultimately deciding to undergo ostomy recreation.
Furthermore, health-related quality of life seems comparable be-
tween patients with a permanent end colostomy and patients
without or the general population, showing that most elderly are
well able to cope with a permanent ostomy [40,41].

This study highlights that a diverting ostomy after LAR with
primary anastomosis can be performed relatively safely in most
older patients with almost three quarters of the patients reversing
their ostomy with limited additional morbidity. However, a per-
manent end colostomy should be considered in every older patient
with more advanced rectal cancer, since 27.5% of patients will not
reverse their diverting ostomy. Besides, a further 15% undergoes
ostomy recreation over time, which may even underestimate the
total population of patients having severe complaints after ostomy
reversal. Hence, it is essential that for every individual patient the
risk of anastomotic leakage, functional bowel complaints, a sec-
ondary procedure, the potential burden of non-reversal and the risk
for ostomy recreation should be weighed against the consequences
of a permanent end colostomy. Counselling patients, setting the
right expectations and composing a tailor-made treatment plan is
therefore essential.

The strength of this study lies in the availability of many
6

clinically relevant variables with barely missing values of a unique
population in a tertiary referral centre for advanced rectal cancer. A
major limitation of this study is the retrospective character of this
study, which could have led to an underestimation of ostomy-
related complications or ostomy recreation during follow-up. By
thoroughly studying the medical records, contacting the referral
hospitals and general practitioners, this was kept to a minimum.
Furthermore, this study was conducted in a tertiary referral centre
for advanced rectal cancer. Although we aimed to describe the
elderly with more advanced rectal cancer, this could have resulted
in selection bias. Future studies on functional bowel complaints and
the quality of life of patients with or without a diverting or per-
manent ostomy are warranted to further improve patient
counselling.

5. Conclusions

Almost three out of four elderly patients were able to reverse
their diverting ostomy with limited additional morbidity after LAR
with primary anastomosis for rectal cancer. However, a permanent
end colostomy should be discussed in every older patient as
approximately one third of the elderly ends up with an ostomy due
to either non-reversal or ostomy recreation. Adequately counselling
patients about the potential risks for anastomotic leakage, non-
reversal, ostomy recreation and functional outcomes is essential
to be able to conscientiously decide if LAR with primary anasto-
mosis or a permanent end colostomy is preferred.

Funding

None.

CRediT authorship contribution statement

S.H.J. Ketelaers: Conceptualization, Data curation, Formal
analysis, Writing e review & editing. R.G. Orsini: Conceptualiza-
tion, Writing e review & editing. G.A.P. Nieuwenhuijzen:
Conceptualization, Writing e review & editing. H.J.T. Rutten:
Conceptualization, Data curation, Formal analysis, Writing e re-
view& editing. J.W.A. Burger: Conceptualization, Writing e review
& editing. J.G. Bloemen: Conceptualization, Formal analysis,
Writing e review & editing.

Declaration of competing interest

All authors declare there is no conflict of interest.

Acknowledgements

None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ejso.2021.12.020.

References

[1] Jung B, Påhlman L, Johansson R, Nilsson E. Rectal cancer treatment and
outcome in the elderly: an audit based on the Swedish rectal cancer registry
1995-2004. BMC Cancer 2009. https://doi.org/10.1186/1471-2407-9-68.

[2] Sverrisson I, Nikberg M, Chabok A, Smedh K. Hartmann's procedure in rectal
cancer: a population-based study of postoperative complications. Int J Colo-
rectal Dis 2015. https://doi.org/10.1007/s00384-014-2069-6.

[3] Bostr€om P, Haapam€aki MM, Rutegård J, Matthiessen P, Rutegård M. Popula-
tion-based cohort study of the impact on postoperative mortality of anasto-
motic leakage after anterior resection for rectal cancer. BJS Open 2018;3:

https://doi.org/10.1016/j.ejso.2021.12.020
https://doi.org/10.1186/1471-2407-9-68
https://doi.org/10.1007/s00384-014-2069-6


S.H.J. Ketelaers, R.G. Orsini, G.A.P. Nieuwenhuijzen et al. European Journal of Surgical Oncology xxx (xxxx) xxx
106e11. https://doi.org/10.1002/bjs5.50106.
[4] Borstlap WAA, Westerduin E, Aukema TS, Bemelman WA, Tanis PJ. Anasto-

motic leakage and chronic presacral sinus formation after low anterior
resection: results from a large cross-sectional study. Ann Surg 2017;266:
870e7. https://doi.org/10.1097/SLA.0000000000002429.

[5] Asteria CR, Gagliardi G, Pucciarelli S, Romano G, Infantino A, La Torre F, et al.
Anastomotic leaks after anterior resection for mid and low rectal cancer:
survey of the Italian Society of Colorectal Surgery. Tech Coloproctol 2008;12:
103e10. https://doi.org/10.1007/s10151-008-0407-9.

[6] Bertelsen CA, Andreasen AH, Jørgensen T, Harling H. Anastomotic leakage
after anterior resection for rectal cancer: risk factors. Color Dis Off J Assoc
Coloproctol Gt Britain Irel 2010;12:37e43. https://doi.org/10.1111/j.1463-
1318.2008.01711.x.

[7] Schlesinger NH, Smith H. The effect of a diverting stoma on morbidity and risk
of permanent stoma following anastomotic leakage after low anterior resec-
tion for rectal cancer: a nationwide cohort study. Int J Colorectal Dis 2020;35:
1903e10. https://doi.org/10.1007/s00384-020-03625-8.

[8] Snijders HS, van den Broek CBM, Wouters MWJM, Meershoek-Klein
Kranenbarg E, Wiggers T, Rutten H, et al. An increasing use of defunctioning
stomas after low anterior resection for rectal cancer. Is this the way to go? Eur
J Surg Oncol J Eur Soc Surg Oncol Br Assoc Surg Oncol 2013;39:715e20.
https://doi.org/10.1016/j.ejso.2013.03.025.

[9] Matthiessen P, Hallb€o€ok O, Rutegård J, Simert G, Sj€odahl R. Defunctioning
stoma reduces symptomatic anastomotic leakage after low anterior resection
of the rectum for cancer: a randomized multicenter trial. Ann Surg 2007;246:
207e14. https://doi.org/10.1097/SLA.0b013e3180603024.

[10] van OmmereneOlijve SJ, Burbach JPM, Furn�ee EJB, Algera H, Algie GD,
Andeweg CS, et al. Risk factors for non-closure of an intended temporary
defunctioning stoma after emergency resection of left-sided obstructive colon
cancer. Int J Colorectal Dis 2020;35:1087e93. https://doi.org/10.1007/s00384-
020-03559-1.

[11] Montroni I, Ugolini G, Saur NM, Spinelli A, Rostoft S, Millan M, et al. Person-
alized management of elderly patients with rectal cancer: expert recom-
mendations of the European Society of surgical Oncology, European Society of
Coloproctology, International Society of Geriatric Oncology, and American
College of surgeons Commissi. Eur J Surg Oncol 2018;44:1685e702.

[12] Chudner A, Gachabayov M, Dyatlov A, Lee H, Essani R, Bergamaschi R. The
influence of diverting loop ileostomy vs. colostomy on postoperative
morbidity in restorative anterior resection for rectal cancer: a systematic re-
view and meta-analysis. Langenbeck's Arch Surg 2019;404:129e39. https://
doi.org/10.1007/s00423-019-01758-1.

[13] Rondelli F, Reboldi P, Rulli A, Barberini F, Guerrisi A, Izzo L, et al. Loop ileos-
tomy versus loop colostomy for fecal diversion after colorectal or coloanal
anastomosis: a meta-analysis. Int J Colorectal Dis 2009;24:479e88. https://
doi.org/10.1007/s00384-009-0662-x.

[14] Zhou X, Wang B, Li F, Wang J, Fu W. Risk factors associated with nonclosure of
defunctioning stomas after sphincter-preserving low anterior resection of
rectal cancer: a meta-analysis. Dis Colon Rectum 2017;60:544e54. https://
doi.org/10.1097/DCR.0000000000000819.

[15] Wang S, Liu J, Wang S, Zhao H, Ge S, Wang W. Adverse effects of anastomotic
leakage on local recurrence and survival after curative anterior resection for
rectal cancer: a systematic review and meta-analysis. World J Surg 2017;41:
277e84. https://doi.org/10.1007/s00268-016-3761-1.

[16] den Dulk M, Smit M, Peeters KCMJ, Kranenbarg EM-K, Rutten HJT, Wiggers T,
et al. A multivariate analysis of limiting factors for stoma reversal in patients
with rectal cancer entered into the total mesorectal excision (TME) trial: a
retrospective study. Lancet Oncol 2007;8:297e303. https://doi.org/10.1016/
S1470-2045(07)70047-5.

[17] Federation of Medical Specialists. Dutch national Guidelines colorectal cancer.
2014.

[18] Kuryba AJ, Scott NA, Hill J, van der Meulen JH, Walker K. Determinants of
stoma reversal in rectal cancer patients who had an anterior resection be-
tween 2009 and 2012 in the English National Health Service. Colorectal Dis
2016;18:O199e205. https://doi.org/10.1111/codi.13339.

[19] Zeman M, Czarnecki M, Chmielarz A, Idasiak A, Grajek M, Czarniecka A.
Assessment of the risk of permanent stoma after low anterior resection in
rectal cancer patients. World J Surg Oncol 2020;18:207. https://doi.org/
10.1186/s12957-020-01979-5.

[20] N€averlo S, Strigård K, Gunnarsson U. Long distance to hospital is not a risk
factor for non-reversal of a defunctioning stoma. Int J Colorectal Dis 2019;34:
993e1000. https://doi.org/10.1007/s00384-019-03258-6.

[21] Dindo D, Demartines N, Clavien PA. Classifications of surgical classifications.
Ann Surg 2004;240:205e13.
7

[22] David GG, Slavin JP, Willmott S, Corless DJ, Khan AU, Selvasekar CR. Loop
ileostomy following anterior resection: is it really temporary? Color Dis Off J
Assoc Coloproctol Gt Britain Irel 2010;12:428e32. https://doi.org/10.1111/
j.1463-1318.2009.01815.x.

[23] Gustafsson CP, Gunnarsson U, Dahlstrand U, Lindforss U. Loop-ileostomy
reversaldpatient-related characteristics influencing time to closure. Int J
Colorectal Dis 2018;33:593e600. https://doi.org/10.1007/s00384-018-2994-
x.

[24] Jørgensen JB, Erichsen R, Pedersen BG, Laurberg S, Iversen LH. Stoma reversal
after intended restorative rectal cancer resection in Denmark: nationwide
population-based study. BJS Open 2020. https://doi.org/10.1002/bjs5.50340.

[25] Jiang DM, Raissouni S, Mercer J, Kumar A, Goodwin R, Heng DY, et al. Clinical
outcomes of elderly patients receiving neoadjuvant chemoradiation for locally
advanced rectal cancer. Ann Oncol 2015;26:2102e6. https://doi.org/10.1093/
annonc/mdv331.

[26] Xu W, He Y, Wang Y, Li X, Young J, Ioannidis JPA, et al. Risk factors and risk
prediction models for colorectal cancer metastasis and recurrence: an um-
brella review of systematic reviews and meta-analyses of observational
studies. BMC Med 2020;18:172. https://doi.org/10.1186/s12916-020-01618-
6.

[27] Holmgren K, Kverneng Hultberg D, Haapam€aki MM, Matthiessen P,
Rutegård J, Rutegård M. High stoma prevalence and stoma reversal compli-
cations following anterior resection for rectal cancer: a population-based
multicentre study. Colorectal Dis 2017;19:1067e75. https://doi.org/10.1111/
codi.13771.

[28] Pokorny H, Herkner H, Jakesz R, Herbst F. Mortality and complications after
stoma closure. Arch Surg 2005;140:956e60. https://doi.org/10.1001/
archsurg.140.10.956.

[29] Krebs B, Ivanecz A, Potrc S, Horvat M. Factors affecting the morbidity and
mortality of diverting stoma closure: retrospective cohort analysis of twelve-
year period. Radiol Oncol 2019;53:331e6. https://doi.org/10.2478/raon-2019-
0037.

[30] Segev L, Assaf D, Elbaz N, Schtrechman G, Westrich G, Adileh M, et al. Out-
comes of diverting loop ileostomy reversal in the elderly: a caseecontrol
study. ANZ J Surg 2021. https://doi.org/10.1111/ans.16871.

[31] Junginger T, Gonner U, Trinh TT, Lollert A, Oberholzer K, Berres M. Permanent
stoma after low anterior resection for rectal cancer. Dis Colon Rectum n.d.;53:
1632e1639.

[32] Bakker IS, Grossmann I, Henneman D, Havenga K, Wiggers T. Risk factors for
anastomotic leakage and leak-related mortality after colonic cancer surgery in
a nationwide audit. Br J Surg 2014;101:424e32.

[33] Wu X, Lin G, Qiu H, Xiao Y, Wu B, Zhong M. Loop ostomy following laparo-
scopic low anterior resection for rectal cancer after neoadjuvant chemo-
radiotherapy. Eur J Med Res 2018;23:24. https://doi.org/10.1186/s40001-018-
0325-x.

[34] Paquette IM, Solan P, Rafferty JF, Ferguson MA, Davis BR. Readmission for
dehydration or renal failure after ileostomy creation. Dis Colon Rectum 2013.
https://doi.org/10.1097/DCR.0b013e31828d02ba.

[35] Messaris E, Sehgal R, Deiling S, Koltun WA, Stewart D, Mckenna K, et al.
Dehydration is the most common indication for readmission after diverting
ileostomy creation. Dis Colon Rectum 2012. https://doi.org/10.1097/
DCR.0b013e31823d0ec5.

[36] Rhemouga A, Buettner S, Bechstein WO, Woeste G, Schreckenbach T. The
association of age with decline in renal function after low anterior resection
and loop ileostomy for rectal cancer: a retrospective cohort prognostic factor
study. BMC Geriatr 2021. https://doi.org/10.1186/s12877-020-02001-z.

[37] Sandberg S, Asplund D, Bisgaard T, Bock D, Gonz�alez E, Karlsson L, et al. Low
anterior resection syndrome in a Scandinavian population of patients with
rectal cancer: a longitudinal follow-up within the QoLiRECT study. Colorectal
Dis 2020. https://doi.org/10.1111/codi.15095. n/a.

[38] Bryant CLC, Lunniss PJ, Knowles CH, Thaha MA, Chan CLH. Anterior resection
syndrome. Lancet Oncol 2012;13:e403e8. https://doi.org/10.1016/S1470-
2045(12)70236-X.

[39] Croese AD, Lonie JM, Trollope AF, Vangaveti VN, Ho Y-H. A meta-analysis of
the prevalence of Low Anterior Resection Syndrome and systematic review of
risk factors. Int J Surg 2018;56:234e41. https://doi.org/10.1016/
j.ijsu.2018.06.031.

[40] Orsini RG, Thong MS, Lv van de P-F, Slooter GD, Nieuwenhuijzen GA, Rutten
HJ, et al. Quality of life of older rectal cancer patients is not impaired by a
permanent stoma. Eur J Surg Oncol n.d.;39:164e170.

[41] Bloemen JG, Visschers RG, Truin W, Beets GL, Konsten JL. Long-term quality of
life in patients with rectal cancer: association with severe postoperative
complications and presence of a stoma. Dis Colon Rectum 2009;52:1251e8.

https://doi.org/10.1002/bjs5.50106
https://doi.org/10.1097/SLA.0000000000002429
https://doi.org/10.1007/s10151-008-0407-9
https://doi.org/10.1111/j.1463-1318.2008.01711.x
https://doi.org/10.1111/j.1463-1318.2008.01711.x
https://doi.org/10.1007/s00384-020-03625-8
https://doi.org/10.1016/j.ejso.2013.03.025
https://doi.org/10.1097/SLA.0b013e3180603024
https://doi.org/10.1007/s00384-020-03559-1
https://doi.org/10.1007/s00384-020-03559-1
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref11
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref11
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref11
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref11
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref11
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref11
https://doi.org/10.1007/s00423-019-01758-1
https://doi.org/10.1007/s00423-019-01758-1
https://doi.org/10.1007/s00384-009-0662-x
https://doi.org/10.1007/s00384-009-0662-x
https://doi.org/10.1097/DCR.0000000000000819
https://doi.org/10.1097/DCR.0000000000000819
https://doi.org/10.1007/s00268-016-3761-1
https://doi.org/10.1016/S1470-2045(07)70047-5
https://doi.org/10.1016/S1470-2045(07)70047-5
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref17
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref17
https://doi.org/10.1111/codi.13339
https://doi.org/10.1186/s12957-020-01979-5
https://doi.org/10.1186/s12957-020-01979-5
https://doi.org/10.1007/s00384-019-03258-6
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref21
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref21
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref21
https://doi.org/10.1111/j.1463-1318.2009.01815.x
https://doi.org/10.1111/j.1463-1318.2009.01815.x
https://doi.org/10.1007/s00384-018-2994-x
https://doi.org/10.1007/s00384-018-2994-x
https://doi.org/10.1002/bjs5.50340
https://doi.org/10.1093/annonc/mdv331
https://doi.org/10.1093/annonc/mdv331
https://doi.org/10.1186/s12916-020-01618-6
https://doi.org/10.1186/s12916-020-01618-6
https://doi.org/10.1111/codi.13771
https://doi.org/10.1111/codi.13771
https://doi.org/10.1001/archsurg.140.10.956
https://doi.org/10.1001/archsurg.140.10.956
https://doi.org/10.2478/raon-2019-0037
https://doi.org/10.2478/raon-2019-0037
https://doi.org/10.1111/ans.16871
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref32
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref32
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref32
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref32
https://doi.org/10.1186/s40001-018-0325-x
https://doi.org/10.1186/s40001-018-0325-x
https://doi.org/10.1097/DCR.0b013e31828d02ba
https://doi.org/10.1097/DCR.0b013e31823d0ec5
https://doi.org/10.1097/DCR.0b013e31823d0ec5
https://doi.org/10.1186/s12877-020-02001-z
https://doi.org/10.1111/codi.15095
https://doi.org/10.1016/S1470-2045(12)70236-X
https://doi.org/10.1016/S1470-2045(12)70236-X
https://doi.org/10.1016/j.ijsu.2018.06.031
https://doi.org/10.1016/j.ijsu.2018.06.031
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref41
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref41
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref41
http://refhub.elsevier.com/S0748-7983(21)00990-2/sref41

	Outcomes on diverting ostomy formation and reversal after low anterior resection in the older more advanced rectal cancer p ...
	1. Introduction
	2. Materials and methods
	2.1. Treatment and definitions
	2.2. Clinical data and follow-up
	2.3. Statistical analyses

	3. Results
	3.1. Diverting ostomy reversal
	3.2. Ostomy recreation and ostomy-free survival

	4. Discussion
	5. Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


