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Abstract
Aim: After low anterior resection, the bowel can be anastomosed in different ways. It is 
not clear which configuration is optimal from a functional and complication point of view. 
The primary aim was to investigate the impact of the anastomotic configuration on bowel 
function evaluated by the low anterior resection syndrome (LARS) score. Secondarily, the 
impact on postoperative complications was evaluated.
Method: All patients who had undergone low anterior resection from 2015 to 2017 were 
identified in the Swedish Colorectal Cancer Registry. Three years after surgery, patients 
were sent an extensive questionnaire and were analysed based on anastomotic configu-
ration (‘J-pouch/side-to-end anastomosis’ or ‘straight anastomosis’). Inverse probability 
weighting by propensity score was used to adjust for confounding factors.
Results: Among 892 patients, 574 (64%) responded, of whom 494 patients were ana-
lysed. After weighting, the anastomotic configuration had no significant impact on the 
LARS score (J-pouch/side-to-end OR 1.05, 95% confidence interval [CI] 0.82–1.34). The 
J-pouch/side-to-end anastomosis was significantly associated with overall postoperative
complications (OR 1.43, 95% CI 1.06–1.95). No significant difference was seen regarding
surgical complications (OR 1.14, 95% CI 0.78–1.66).
Conclusion: This is the first study investigating the impact of the anastomotic configura-
tion on long-term bowel function, evaluated by the LARS score, in an unselected national
cohort. Our results suggested no benefit for J-pouch/side-to-end anastomosis on long-
term bowel function and postoperative complication rates. The anastomotic strategy
may be based upon the anatomical conditions of the patient and surgical preference.
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INTRODUC TION

The surgical treatment of rectal cancer includes rectal resection 
with either preserved intestinal continuity through an anastomo-
sis or the formation of a permanent colostomy. The refinement 
of surgical techniques and improved oncological treatment have 
led to an increased frequency of low anastomoses [1]. A low colo-
rectal anastomosis is often associated with an impaired bowel 
function with symptoms such as faecal incontinence, urgency, 
clustering/incomplete defaecation and evacuation problems—an 
array of symptoms described as low anterior resection syndrome 
(LARS) [2].

To overcome the adverse functional outcomes, different in-
testinal reconstruction techniques besides the straight colorectal 
anastomosis have been developed. The most commonly used con-
figurations are colonic J-pouch or the side-to-end anastomosis. 
Consensus regarding the reconstruction method of choice in rela-
tion to functional outcome and complications is lacking.

Randomized controlled trials have demonstrated that the J-pouch 
and the side-to-end anastomosis have comparable functional out-
comes in terms of frequency, urgency, incontinence and incomplete 
defaecation at long-term (>18 months) follow-up [3–6]. Compared to 
the straight anastomosis, a superiority of the J-pouch and the side-
to-end anastomosis have been shown up to 12–18 months post-
operatively [4, 5, 7]. The hitherto best designed and powered trial 
has compared J-pouch, side-to-end and straight anastomosis with 
a follow-up of 24 months [8]. The clinical outcome, as evaluated by 
a composite evacuation score and a composite incontinence score, 
did not show statistically significant differences between the three 
groups at any time point.

Studies on which anastomotic configuration is preferable re-
garding complications, especially anastomotic leakage, have shown 
inconsistent results. A Cochrane review and one meta-analysis of 
randomized trials have not shown significant differences in postop-
erative complications between any of the anastomotic strategies, 
and a recent large randomized controlled trial has not shown any 
reduction in anastomotic leakage after reconstruction with the J-
pouch compared to straight anastomosis [4, 5, 9]. However, an 
up-to-date meta-analysis, including other type of studies than ran-
domized trials, indicated a higher rate of anastomotic leakage in the 
straight group compared to the J-pouch group [7].

Although the literature is growing on the different anastomotic 
techniques, persisting limitations consist of modest data sam-
ples, lack of long-term follow-up and the heterogeneous outcome 
reporting.

The LARS score was developed in 2012 and is now an interna-
tionally validated tool for measuring bowel dysfunction after low 
anterior resection, taking into account the impact of bowel dysfunc-
tion on quality of life [10]. To our knowledge, there is no large clinical 
study comparing the different anastomotic configurations using the 
LARS score. The present study aimed to investigate the impact of 
anastomotic configuration on long-term bowel function, assessed 
by the LARS score, 3 years after low anterior resection in a large 

unselected national cohort. We also wanted to explore the effect of 
the anastomotic configuration on postoperative complications.

METHODS

Study population

Patients with colorectal cancer in Sweden are prospectively regis-
tered in the Swedish Colorectal Cancer Registry, a registry with high 
completeness and accuracy [11]. All patients who had undergone 
surgery with anterior resection for rectal cancer from 2015 to 2017 
were identified in the registry. Each individual was identified by their 
personal identity number and their postal address using the Swedish 
population register.

Three years after surgery (±6 weeks) the patients were sent a 
questionnaire by a research nurse. A reminding questionnaire was 
sent 4–6 weeks later if no response had been recorded. The ques-
tionnaires included questions and details on existing or previous 
stoma, questions on postoperative bowel function including the 
LARS score as well as other questions on symptoms, quality of life 
and functional aspects [10, 12, 13]. Clinical data were retrieved from 
the Swedish Colorectal Cancer Registry. Information from included 
questionnaires that was relevant for this study was analysed. Quality 
of life in this cohort will be reported in a separate paper.

The LARS score consists of five questions: ‘incontinence for fla-
tus’, ‘incontinence for liquid stool’, ‘frequency of bowel movements’, 
‘clustering of stools’ and ‘urgency’. The range of the score is 0–42, 
weighted in relation to the impact on quality of life, and classified 
as ‘no LARS’ (0–20 points), ‘minor LARS’ (21–29 points) and ‘major 
LARS’ (30–42 points).

A tumour height below or equal to 10 cm from the anal verge 
was used as a proxy for a total mesorectal excision. This cut-
off level has previously been used in analyses of the Swedish 
Colorectal Cancer Registry to discriminate between total me-
sorectal excision and partial mesorectal excision [14]. In order 
to emulate the hitherto best designed and powered randomized 
clinical trial, but with a longer follow-up, we used the same cri-
teria for inclusion/exclusion as far as possible [8]. All patients 
over 18 years of age, with or without neoadjuvant treatment, and 
with any pre-treatment staging were included. All patients had a 

What does this paper add to the literature?

This study investigated the impact of the anastomotic con-
figuration on long-term bowel function after low anterior 
resection. We found no functional benefit for J-pouch/
side-to-end anastomosis compared to straight anastomosis 
and no significant differences in terms of surgical compli-
cation rates. Type of anastomosis may be based on techni-
cal feasibility and preference by the surgeon.
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biopsy-confirmed adenocarcinoma as rectal adenomas are not in-
cluded in the Swedish Colorectal Cancer Registry. Patients with a 
non-radical intent (as stated in the registry), rectal cancer surgery 
other than local excision in the previous 2 months, or with a body 
mass index (BMI) exceeding 35 kg/m2 were excluded. Resectable 
synchronous metastases did not lead to exclusion. Adjuvant ra-
diotherapy is rarely used in Sweden and this was not an exclusion 
criterion. Since the following variables were not available in the 
registry, no exclusions were made regarding impaired function of 
the sphincter or history of incontinence, contraindication for any 
of the anastomotic configurations or chronic inflammatory bowel 
disease.

The registry variable on anastomotic configuration is reported 
differently in different regions in Sweden. In some regions there 
are two alternatives (‘reservoir with either J-pouch or side-to-end 
anastomosis’ or ‘straight anastomosis’) and in others there are three 
alternatives, one for each technique (‘J-pouch’, ‘side-to-end anasto-
mosis’ or ‘straight anastomosis’). The patients in the present study 
were therefore categorized into two groups, reconstructed with ei-
ther a J-pouch/side-to-end anastomosis or a straight anastomosis.

Patients with missing data for the inclusion/exclusion criteria 
were excluded. Informed consent was obtained from all patients. 
The study was registered at clini​caltr​ials.gov (NCT01477229) and 
approved by the regional ethical review board in Lund, Sweden 
(2016/992, 2017/946).

Statistical analysis

Prior to data collection, a statistical analysis plan was finalized. As the 
LARS score has not previously been used to estimate the effect of the 
anastomotic configuration on bowel dysfunction after low anterior 
resection, a power calculation was based on previous meta-analyses 
showing short-term advantages with J-pouch/side-to-end anastomo-
sis, such as significantly lower frequency of bowel movements and 
incomplete defaecation [4, 5]. Major LARS was expected in 35% in the 
J-pouch/side-to-end group compared to 50% of patients with straight 
anastomosis and we anticipated approximately two-thirds of all anas-
tomoses to be performed with a J-pouch/side-to-end technique. This 
would require 378 patients to answer the study question with 80% 
power using a two-sided test at the 5% significance level.

Directed acyclic graphs were used to identify potential con-
founders [15]. The following variables were identified: age, BMI, 
laparoscopy, sex and tumour height. Inverse probability of treat-
ment weighting using the propensity score was used to establish the 
treatment weighting of individuals in order to create two synthetic 
groups with greater balance regarding the confounders to make the 
groups comparable. The propensity score was estimated using gen-
eralized boosted regression with minimal average standardized ef-
fect size as optimality criteria [16, 17]. The average treatment effect 
to quantify treatment effects was used.

The weighting was used in a proportional odds model measuring 
the odds of a patient with a J-pouch/side-to-end anastomosis having 

a higher LARS score or a higher category of the separate LARS score 
questions than a patient with straight anastomosis. The concordance 
index (C-index) was calculated, describing the probability that a ran-
domly chosen patient receiving a J-pouch/side-to-end anastomosis 
would have a value of LARS or a category of the separate LARS score 
questions exceeding that of a randomly chosen patient receiving a 
straight anastomosis [18].

The impact of the anastomotic configuration on postoperative 
complications was assessed by a weighted logistic regression using 
the propensity score from the primary analysis as weights. Sub-
analyses of the different categories of complications were not possi-
ble due to the small number of events.

Patients' characteristics were described using median and inter-
quartile range for quantitative data and frequencies and percent-
ages for categorical data. Owing to the exploratory nature of the 
analysis, no correction for multiplicity was made. The rate of missing 
values was minimal (<0.5%), and no imputations were made.

R software (R Foundation for Statistical Computing, Vienna, 
Austria) was used for analysis; estimation of propensity score and 
weighting was performed using the twang package [19].

RESULTS

Patients

From the Swedish Colorectal Cancer Registry, 1845 patients were 
identified to have undergone anterior resection between 2015 and 
2017 and were sent questionnaires 3 years after surgery. Using tu-
mour height as a proxy for total mesorectal excision and applying 
the inclusion criteria described in the Methods section, 63 and 890 
patients respectively were not considered eligible for this study.

Out of the 892 patients considered eligible, 318 did not com-
plete or respond to the questionnaire (64% response rate). Eighty 
patients reported the presence of an existing stoma at follow-up. 
Accordingly, 494 patients could be included in the final analyses. The 
flowchart is shown in Figure 1.

Baseline patient characteristics and surgical variables as well as data 
on non-responders are shown in Table 1. Among the non-responders, 
data on anastomotic configuration were missing in 20 cases.

Overall, 59% of the included patients were men, median age was 
66 years and median BMI was 26 kg/m2. Median tumour height was 
9 cm from the anal verge. A majority of patients were operated with 
a J-pouch/side-to-end anastomosis, n = 403 (82%). Fewer patients 
with a J-pouch/side-to-end anastomosis were operated with a mini-
mally invasive technique (43% vs. 64%) and neoadjuvant chemother-
apy was more common (24% vs. 10%) in this group.

Comparing responders and non-responders, the groups were 
comparable with the exception that non-responders had somewhat 
higher American Society of Anesthesiologists (ASA) physical status 
classification (ASA III 21% vs. 14%).

At the 3-year follow-up, 80 (14%) of the responding patients 
operated with a low anterior resection reported an existing stoma. 

http://clinicaltrials.gov
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Data on the anastomosis were available in 77 patients with a stoma, 
of whom 67 patients had been operated with a J-pouch/side-to-end 
anastomosis and 10 patients with a straight anastomosis. According 
to data from the national quality registry and the questionnaires, 
the reasons for an existing stoma 3 years after the primary surgery 
were that the stoma had not been reversed (44 patients [55%]) and 
conversion from a temporary defunctioning stoma to a permanent 
colostomy (35 patients [44%]). One patient (1%) who primarily had 
been operated with an anastomosis without a stoma had been re-
operated with the formation of a permanent colostomy during the 
follow-up period.

Twenty-six patients (34%, 95% confidence interval [CI] 24–46) 
of the 77 patients with a stoma at the 3-year follow-up and data 
on anastomotic type had been diagnosed with an anastomotic leak-
age during the postoperative period, with no significant difference 
in leakage between J-pouch/side-to-end anastomosis, 22 patients 
(33%, 95% CI 22–46), and straight anastomosis, four patients (40%, 
95% CI 14–73), p = 0.7.

Low anterior resection syndrome

As illustrated in Figure  2, there was only a minimal difference 
between the observed population and the population created by 
inverse probability weighting. The two synthetic groups created 
by inverse probability weighting were slightly more balanced. The 

overall average absolute standardized effect size was reduced 
from 0.15 to 0.04, meaning an average imbalance between the 
groups after weighting of 0.04 standard deviations. The variables 
BMI and age had the largest relative influence (46% and 31% re-
spectively) for estimating the probability of treatment assignment, 
that is, J-pouch/side-to-end anastomosis or straight anastomosis. 
The overall LARS score could not be calculated for 10 patients 
as they had not completed the questionnaire, and these patients 
were therefore only included in the analyses of the separate items 
of the LARS score.

As shown in Figure 3, the prevalence of major LARS in the ob-
served population was 62% (95% CI 57%–66%) in the J-pouch/
side-to-end group and 59% in the straight group (95% CI 49%–69%). 
There were no significant differences between the groups (OR 1.01, 
95% CI 0.76–1.35; C-index 0.5, 95% CI 0.45–0.55). A confirmatory 
test on two independent proportions showed no significant differ-
ence in the prevalence of major LARS between the groups (95% CI 
−0.10 to 0.14).

Analysis of LARS as a numerical score showed no significant dif-
ference between the two groups (OR 1.05, 95% CI 0.82–1.34) and
no increased probability that a randomly chosen patient receiving a
J-pouch/side-to-end anastomosis would have a higher value of LARS
than a randomly chosen patient receiving a straight anastomosis, C-
index 0.51 (95% CI 0.47–0.55).

In analyses of the separate LARS score items there were no sig-
nificant differences between the groups. Overall, incontinence for 
liquid stools was the most frequent symptom, affecting 78% (95% CI 
73%–82%) in the J-pouch/side-to-end group and 73% (95% CI 63%–
82%) in the straight group. Also clustering was reported by a major-
ity of patients: 67% (95% CI 62%–71%) of patients with a J-pouch/
side-to-end anastomosis and 62% (95% CI 52%–72%) of patients 
with a straight anastomosis reported clustering at a frequency of 
more than once per week.

Postoperative complications

The rate of postoperative complications requiring treatment is listed 
in Table 2.

Overall, 177 patients (36%, 95% CI 32%–40%) had at least one 
complication, 152 patients (38%, 95% CI 33%–43%) in the J-pouch/
side-to-end group and 25 patients (27%, 95% CI 19%–38%) in the 
straight anastomosis group.

Statistical analysis with weighted logistic regression showed a 
significant association between J-pouch/side-to-end anastomosis 
and overall postoperative complications (OR 1.43, 95% CI 1.06–
1.95). There was no significant difference regarding surgical com-
plications (OR 1.14, 95% CI 0.78–1.66). Twenty-six patients (5.3%, 
95% CI 3.5%–7.7%) had a registered anastomotic leakage, of whom 
25 patients were in the J-pouch/side-to-end group. As the abso-
lute numbers of patients with reported specific complications were 
small, no further statistical analyses for comparison were made.

F I G U R E  1  Study flowchart. In order to emulate the hitherto 
best designed and powered randomized clinical trial [8], we used 
the same criteria for inclusion/exclusion as far as possible. Registry 
data on tumour distance from the anal verge were used as a proxy 
to classify the extent of mesorectal excision. Any patient with a 
registered tumour at ≤10 cm was considered to have undergone 
total mesorectal excision.

Patients undergone anterior
resection Q1 2015- Q4 2017

identified in the Swedish Colorectal
Cancer Registry, n = 1845

n = 892

Patients included in the analyses,
n = 494

Stoma at 3-year follow-up, n = 80

Non-reponders to questionnaire, n = 318

Exclusion criteria:
BMI > 35, not radical intent, n = 63

Not considered total mesorectal excision:
tumour height> 10 cm, n = 890
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DISCUSSION AND CONCLUSIONS

To our knowledge, this is the first study investigating the impact of 
the anastomotic configuration on bowel function after low ante-
rior resection with a long-term follow-up using the validated LARS 
score. Our main findings suggested no long-term benefit for the J-
pouch/side-to-end technique in terms of bowel function or postop-
erative complications. These results are in agreement with recent 

randomized clinical trials on the topic and the use of the LARS score 
in our study strengthens that the anastomotic strategy may be 
based upon surgical preference as well as technical or anatomical 
limitations [8, 9, 20].

The overall long-term prevalence of major LARS in both groups 
was remarkably high. Possible contributing factors to this might be 
the high percentage of patients who received neoadjuvant radio-
therapy as well as a high percentage of patients with a defunctioning 

F I G U R E  2  Comparison between the 
observed population and the population 
created by inverse probability weighting. 
As illustrated, there was only a minimal 
difference between the observed 
population and the synthetic group.
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stoma, both being known risk factors for impaired bowel function 
[21, 22].

The findings of persisting major LARS over time is in concor-
dance with the few larger existing studies on LARS with a long-
term follow-up and highlights the importance of both prevention 
and treatment of LARS [23, 24]. The interpretation must also take 
into consideration that a numerically high value of the LARS score 
does not necessarily mean a clinically relevant impact on the pa-
tient's experience of impaired bowel function. Although the ques-
tionnaire has been developed to take quality of life into account, 
recent studies have suggested that the LARS score overestimates 
the impact on quality of life and that not all patients are bothered 
by the impaired bowel function. It has been suggested that addi-
tional questionnaires and clinical evaluation might be needed [25, 
26].

In analyses of postoperative complications, weighted analyses 
showed a slight disadvantage of the J-pouch/side-to-end anastomo-
sis in terms of overall postoperative complications but no difference 
between groups regarding surgical complications. Further analyses 
on specific complications, such as anastomotic leakage, could not be 
carried out due to small numbers of events. It has previously been 
concluded that the rate of anastomotic leakage is underreported in 
the Swedish Colorectal Cancer Registry [27]. It can be assumed that 
this also applies to the reporting of other complications [28]. Given 
this, the real rate of complications in this study might be higher than 
reported, but there is no reason that this underreporting would not 
apply equally to both the J-pouch/side-to-end group and the group 
with a straight anastomosis. However, such random misclassification 
might lead to an attenuation of effects, thus potentially leading to 
falsely negative results.

The patients with an existing stoma at 3 years’ follow-up have 
not been further analysed but 14% of the patients reported a 
stoma at follow-up, slightly less than the previous reported prev-
alence of long-term permanent stoma after anterior resection of 
approximately 20%–25% [29–31]. More than half of the patients 

still had their defunctioning stoma, which was planned to be tem-
porary. The reasons for this were not possible to analyse within 
the scope of this study but it is well known that a defunctioning 
stoma, in this case almost exclusively a loop ileostomy, is not an 
optimal stoma [32].

The study has some limitations. The external validity was fairly 
good, as shown by comparisons between responders and non-
responders, but the response rate was suboptimal, most probably 
because the patients were contacted a long time postoperatively 
and only by mail. Another limitation was that, due to regional dif-
ferences in the registry, we were not able to discriminate between 
‘J-pouch’ and ‘side-to-end’ anastomosis. By tradition, the most com-
monly used technique in Sweden is a side-to-end reconstruction 
rather than the formation of a proper colonic J-pouch and as these 
two techniques have been found to have comparable outcome we 
consider this a minor limitation.

The major strengths of the study were that the investigated co-
hort was large and unselected, as all patients with colorectal cancer 
in Sweden are prospectively registered in the Swedish Colorectal 
Cancer Registry, and the use of the LARS score as outcome, which 
has not been used in previous studies investigating the impact of 
anastomotic configuration on bowel function.

To optimize the study design we used the same inclusion criteria 
as the hitherto best designed and powered trial and balanced the 
groups by inverse probability of treatment weighting using the pro-
pensity score [8]. Most previous studies have been underpowered 
and used various, sometimes non-validated, questionnaires. The 
most recent largest randomized controlled trials on function and 
complications have not shown a superiority of the J-pouch/side-to-
end technique [8, 9, 20]. Our results are consistent with these results 
as evaluated with the LARS score.

To conclude, our results suggested no superiority for either 
anastomotic configuration. The anastomotic technique could be 
based upon the anatomical conditions of the patient and surgical 
preference.

TA B L E  2  Postoperative complications

Variable
Overall, 
n = 494

J-pouch/side-to-end, 
n = 403 (82)

Straight anastomosis, 
n = 91 (18) OR 95% CI

Overall postoperative complications 177 (36) 152 (38) 25 (27) 1.43 1.06–1.95

Surgical 88 (18) 75 (19) 13 (14) 1.14 0.78–1.66

Anastomotic leakage 26 (5.3) 25 (6.2) 1 (1.1)

Infectious 39 (7.9) 36 (8.9) 3 (3.3)

Cardiovascular 4 (0.8) 4 (1.0) 0 (0)

Neurological 1 (0.2) 1 (0.2) 0 (0)

Non-specifieda 82 (17) 71 (18) 11 (12)

Note: Prevalence of patients with postoperative complications. Note that more than one complication can be reported per patient. Percentages are 
given in parentheses.
Abbreviation: CI, confidence interval.
aRegistered as free text in the registry, for example paralytic ileus, malnutrition, high ileostomy output and dehydration.



|  1151SANDBERG et al.

ACKNO​WLE​DG E​MENTS
The authors gratefully acknowledge the work and valuable sup-
port by Ingrid Palmquist at the Institution of Clinical Sciences Lund 
University and Carolina Ehrencrona at the Scandinavian Surgical 
Outcomes Research Group (SSORG), Institute of Clinical Sciences, 
Sahlgrenska Academy, University of Gothenburg.

FUNDING INFORMATION
The study received funding from the ALF grant ‘Agreement con-
cerning research and education of doctors’ ALFGBG-493341, 
ALFGBG-716581, ALFGBG-965084 and ALFGBG-426501, Anna-Lisa 
and Bror Björnssons Foundation, the Assar Gabrielsson Foundation, 
the Gothenburg Medical Society, the Swedish Cancer Society CAN 
2016/509 and 19 0333 Pj and the Swedish Research Council 2017-
01103. The funding sources had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the manuscript.

CONFLIC T OF INTERE S T S TATEMENT
The authors have no competing interests to declare that are relevant 
to the content of this article.

DATA AVAIL ABILIT Y S TATEMENT
The authors confirm that they had complete access to the study data 
that support the publication. The data are not publicly available due 
to privacy or ethical restrictions.

E THIC AL APPROVAL
Informed consent was obtained from all patients. The study was reg-
istered at clini​caltr​ials.gov (NCT04591821) and approved by the re-
gional ethical review board in Lund, Sweden (2016/992, 2017/946). 
The authors confirm that they had complete access to the study data 
that support the publication.

ORCID
Sofia Sandberg   https://orcid.org/0000-0001-5900-4717 
Jennifer Park   https://orcid.org/0000-0001-9602-475X 

R E FE R E N C E S
1. Shahjehan F, Kasi PM, Habermann E, Day CN, Colibaseanu DT, 

Mathis KL, et al. Trends and outcomes of sphincter-preserving 
surgery for rectal cancer: a national cancer database study. Int J 
Colorectal Dis. 2019;34(2):239–45.

2. Bryant CLC, Lunniss PJ, Knowles CH, Thaha MA, Chan CLH. 
Anterior resection syndrome. Lancet Oncol. 2012;13(9):e403–8.

3. Wang Z. Colonic J-pouch versus side-to-end anastomosis for rectal 
cancer: a systematic review and meta-analysis of randomized con-
trolled trials. BMC Surg. 2021;21(1):331.

4. Hüttner FJ, Tenckhoff S, Jensen K, Uhlmann L, Kulu Y, Büchler MW, 
et al. Meta-analysis of reconstruction techniques after low anterior 
resection for rectal cancer. Br J Surg. 2015;102(7):735–45.

5. Brown CJ, Fenech DS, McLeod RS. Reconstructive techniques after 
rectal resection for rectal cancer. Cochrane Database Syst Rev.
2008;2008(2):CD006040.

6. Hou S, Wang Q, Zhao S, Liu F, Guo P, Ye Y. Safety and efficacy 
of side-to-end anastomosis versus colonic J-pouch anastomosis in

sphincter-preserving resections: an updated meta-analysis of ran-
domized controlled trials. World J Surg Oncol. 2021;19(1):130.

7. Zaman S, Mohamedahmed AYY, Ayeni AA, Peterknecht E, Mawji 
S, Albendary M, et al. Comparison of the colonic J-pouch versus 
straight (end-to-end) anastomosis following low anterior resec-
tion: a systematic review and meta-analysis. Int J Colorectal Dis. 
2022;37(4):919–38.

8. Marti WR, Curti G, Wehrli H, Grieder F, Graf M, Gloor B, et al. 
Clinical outcome after rectal replacement with side-to-end, colon-
J-pouch, or straight colorectal anastomosis following Total
Mesorectal excision: a swiss prospective, randomized, multicenter 
trial (SAKK 40/04). Ann Surg. 2019;269(5):827–35.

9. Pucciarelli S, Del Bianco P, Pace U, Bianco F, Restivo A, Maretto 
I, et al. Multicentre randomized clinical trial of colonic J pouch or 
straight stapled colorectal reconstruction after low anterior resec-
tion for rectal cancer. Br J Surg. 2019;106(9):1147–55.

	10. Emmertsen KJ, Laurberg S. Low anterior resection syndrome score: 
development and validation of a symptom-based scoring system
for bowel dysfunction after low anterior resection for rectal cancer. 
Ann Surg. 2012;255(5):922–8.

	11. Moberger P, Skoldberg F, Birgisson H. Evaluation of the
Swedish colorectal cancer registry: an overview of com-
pleteness, timeliness, comparability and validity. Acta Oncol.
2018;57(12):1611–21.

	12. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A,
Duez NJ, et al. The European Organization for Research and
Treatment of cancer QLQ-C30: a quality-of-life instrument for
use in international clinical trials in oncology. J Natl Cancer Inst.
1993;85(5):365–76.

	13. Whistance RN, Conroy T, Chie W, Costantini A, Sezer O, Koller
M, et al. Clinical and psychometric validation of the EORTC
QLQ-CR29 questionnaire module to assess health-related
quality of life in patients with colorectal cancer. Eur J Cancer.
2009;45(17):3017–26.

	14. Holmgren K, Häggström J, Haapamäki MM, Matthiessen P, 
Rutegård J, Rutegård M. Defunctioning stomas may reduce chances 
of a stoma-free outcome after anterior resection for rectal cancer.
Colorectal Dis. 2021;23(11):2859–69.

	15. Textor J, Hardt J, Knüppel S. DAGitty: a graphical tool for analyzing 
causal diagrams. Epidemiology. 2011;22(5):745.

	16. Rosenbaum PR, Rubin DB. The central role of the propensity 
score in observational studies for causal effects. Biometrika. 
1983;70(1):41–55.

	17. Austin PC, Stuart EA. Moving towards best practice when using 
inverse probability of treatment weighting (IPTW) using the pro-
pensity score to estimate causal treatment effects in observational 
studies. Stat Med. 2015;34(28):3661–79.

	18. Harrell FE Jr, Califf RM, Pryor DB, Lee KL, Rosati RA. Evaluating the 
yield of medical tests. JAMA. 1982;247(18):2543–6.

	19. R Core Team. R: a language and environment for statistical comput-
ing [Internet]. Vienna, Austria; 2021 [cited 2022 Jun 20]. Available 
from: https://www.R-proje​ct.org/

	20. Gavaruzzi T, Pace U, Giandomenico F, Pucciarelli S, Bianco F, 
Selvaggi F, et al. Colonic J-pouch or straight colorectal reconstruc-
tion after low anterior resection for rectal cancer: impact on quality 
of life and bowel function: a multicenter prospective randomized 
study. Dis Colon Rectum. 2020;63(11):1511–23.

	21. Croese AD, Lonie JM, Trollope AF, Vangaveti VN, Ho YH. A meta-
analysis of the prevalence of low anterior resection syndrome and 
systematic review of risk factors. Int J Surg. 2018;56:234–41.

	22. Vogel I, Reeves N, Tanis PJ, Bemelman WA, Torkington J, Hompes 
R, et al. Impact of a defunctioning ileostomy and time to stoma 
closure on bowel function after low anterior resection for rectal 
cancer: a systematic review and meta-analysis. Tech Coloproctol. 
2021;25(7):751–60.

http://clinicaltrials.gov
https://orcid.org/0000-0001-5900-4717
https://orcid.org/0000-0001-5900-4717
https://orcid.org/0000-0001-9602-475X
https://orcid.org/0000-0001-9602-475X
https://www.r-project.org/


1152  | SANDBERG et al.

	23. Pieniowski EHA, Palmer GJ, Juul T, Lagergren P, Johar A, Emmertsen 
KJ, et al. Low anterior resection syndrome and quality of life after 
sphincter-sparing rectal cancer surgery: a long-term longitudinal
follow-up. Dis Colon Rectum. 2019;62(1):14–20.

	24. Chen TY, Wiltink LM, Nout RA, Meershoek-Klein Kranenbarg E, 
Laurberg S, Marijnen CA, et al. Bowel function 14 years after pre-
operative short-course radiotherapy and total mesorectal excision
for rectal cancer: report of a multicenter randomized trial. Clin 
Colorectal Cancer. 2015;14(2):106–14.

	25. Ribas Y, Aguilar F, Jovell-Fernandez E, Cayetano L, Navarro-Luna 
A, Munoz-Duyos A. Clinical application of the LARS score: results 
from a pilot study. Int J Colorectal Dis. 2017;32(3):409–18.

	26. Sandberg S, Asplund D, Bisgaard T, Bock D, González E, Karlsson 
L, et al. Low anterior resection syndrome in a Scandinavian popula-
tion of patients with rectal cancer: a longitudinal follow-up within 
the QoLiRECT study. Colorectal Dis. 2020;22:1367–78.

	27. Rutegard M, Kverneng Hultberg D, Angenete E, Lydrup ML. 
Substantial underreporting of anastomotic leakage after anterior
resection for rectal cancer in the Swedish colorectal cancer regis-
try. Acta Oncol. 2017;56(12):1741–5.

	28.	 Gunnarsson U, Seligsohn E, Jestin P, Påhlman L. Registration and 
validity of surgical complications in colorectal cancer surgery. Br J 
Surg. 2003;90(4):454–9.

	29. Holmgren K, Kverneng Hultberg D, Haapamaki MM, Matthiessen 
P, Rutegard J, Rutegard M. High stoma prevalence and stoma re-
versal complications following anterior resection for rectal cancer:

a population-based multicentre study. Colorectal Dis. 2017;19(12):​
1067–75.

	30. Holmgren K, Haapamäki MM, Matthiessen P, Rutegård J, Rutegård
M. Anterior resection for rectal cancer in Sweden: validation of a 
registry-based method to determine long-term stoma outcome.
Acta Oncol. 2018;57(12):1631–8.

	31. Gadan S, Floodeen H, Lindgren R, Rutegård M, Matthiessen P. What 
is the risk of permanent stoma beyond 5 years after low anterior re-
section for rectal cancer? A 15-year follow-up of a randomized trial. 
Colorectal Dis. 2020;22(12):2098–104.

	32. Gessler B, Haglind E, Angenete E. Loop ileostomies in colorectal 
cancer patients--morbidity and risk factors for nonreversal. J Surg 
Res. 2012;178(2):708–14.

How to cite this article: Sandberg S, Bock D, Lydrup M-L, 
Park J, Rutegård M, Angenete E. The impact of the 
anastomotic configuration on low anterior resection 
syndrome 3 years after total mesorectal excision for rectal 
cancer: a national cohort study. Colorectal Dis. 
2023;25:1144–1152. https://doi.org/10.1111/codi.16523

https://doi.org/10.1111/codi.16523

	The impact of the anastomotic configuration on low anterior resection syndrome 3 years after total mesorectal excision for rectal cancer: a national cohort study
	Abstract
	INTRODUCTION
	METHODS
	Study population
	Statistical analysis

	RESULTS
	Patients
	Low anterior resection syndrome
	Postoperative complications

	DISCUSSION AND CONCLUSIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	REFERENCES


