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Abstract
Purpose Anastomotic leakage after anterior resection for rectal cancer induces bowel dysfunction, but the influence on 
urinary and sexual function is largely unknown. This cross-sectional cohort study evaluated long-term effect of anastomotic 
leakage on urinary and sexual function in male patients.
Methods Patients operated with anterior resection for rectal cancer in 15 Swedish hospitals 2007–2013 were identified. 
Anastomotic leakage and other clinical variables were retrieved from the Swedish Colorectal Cancer Registry and medical 
records. Urinary and sexual dysfunction were evaluated at 4 to 11 years after surgery using the International Prostate Symp-
tom Score, International Index of Erectile Function, and European Organization for the Research and Treatment of Cancer 
Quality of Life Questionnaire CR29. The effect of anastomotic leakage on average scores of urinary and sexual dysfunction 
was evaluated as a primary outcome, and the single items permanent urinary catheter and sexual inactivity as secondary 
outcomes. The association of anastomotic leakage and functional outcomes was analyzed using regression models with 
adjustment for confounders.
Results After a median follow-up of 84 months (interquartile range: 67–110), 379 out of 864 eligible men were included. 
Fifty-nine (16%) patients had anastomotic leakage. Urinary incontinence was more common in the leakage group, with an 
adjusted mean score difference measured by EORTC QLQ ColoRectal–29 of 8.69 (95% confidence interval: 0.72–16.67). 
The higher risks of urinary frequency, permanent urinary catheter, and sexual inactivity did not reach significance.
Conclusion Anastomotic leakage after anterior resection had a minor negative impact on urinary and sexual function in men.
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Introduction

For mid and high rectal cancers, a sphincter-saving anterior 
resection is often feasible, aimed at preserving bowel con-
tinuity [1]. A colorectal anastomosis has a 4–16% risk of 
anastomotic leakage (AL), with a subsequent high risk of 
failure to maintain bowel continuity [2]. Additionally, AL 
may have a negative impact on oncological outcomes, with 
an increased risk of locoregional recurrence [3–5]. The func-
tional outcome after anterior resection (AR) can be poor with 
persistent urinary, sexual, and bowel dysfunction, along with 
a corresponding impact on quality of life [6–10]. A negative 
effect of AL on bowel function has been reported [11–15] 
but few studies have focused on long-term urinary and sex-
ual function after AL, with conflicting results [13, 15–17]. 
Hypothetically, AL might cause neural and/or organ damage 
leading to dysfunction, either through chronic inflammation 
or treatment-related injury incurred by drains or reoperations.
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The primary aim of this study was to evaluate the long-term 
effect on urinary function of AL after AR for rectal cancer. A 
secondary aim was to explore the effect of AL on the risk of 
urinary catheter permanence and sexual function, including 
sexual inactivity. Our hypothesis was that AL results in urinary 
and sexual dysfunction in the long-term perspective.

Materials and methods

Study population

Male patients operated with AR for rectal cancer at 15 hos-
pitals in the Northern, Western, and Southern healthcare 
regions of Sweden between 2007 and 2013 were included 
in this retrospective cross-sectional multicenter cohort 
study. The original patient cohort, comprising both men and 
women, has previously been used to study the influence of 
non-steroidal anti-inflammatory drug intake on AL [18], as 
well as the impact of AL on low anterior resection syndrome 
(LARS) [14]. Clinical variables including the exposure of 
AL were collected from the Swedish Colorectal Cancer Reg-
istry (SCRCR) and medical records as previously reported 
[18]. Medical records were reviewed to validate AL and to 
identify unregistered ones.

All patients from the original cohort registered as alive in 
the Swedish population registry were invited to participate 
by posted letter. Patients with a recorded local recurrence in 
the SCRCR were excluded. The original intent was to study 
both men and women. However, the female sample size was 
smaller (N = 280) with a lower AL rate (8.9%). This in con-
junction with generally lower response rates to the instru-
ments regarding urinary and sexual function among women 
resulted in inadequate data for a reliable analysis and thus 
only men were studied.

Ethical approval

The regional ethics review board at Umeå University 
approved the study (Dnr 2017–486-32 M).

Study exposure: anastomotic leakage

AL was defined as leakage from any staple or suture line 
or pelvic abscess (with or without radiologically verified 
leakage) detected within 3–90 days after index surgery in 
accordance with the definition provided by the International 
Study Group of Rectal Cancer (ISREC) [19]. The diagnosis 
was made using radiology (computerized tomography, rectal 
contrast study, or magnetic resonance imaging), endoscopy, 
or clinical findings (digital examination, drain contents, or 
operative findings).

Study outcome: urinary and sexual dysfunction

Urinary and sexual dysfunction were evaluated by responses 
to a postal questionnaire sent to patients between May and 
August 2018. The questionnaire included the instruments 
International Prostate Symptom Score (IPSS), International 
Index of Erectile Function (IIEF), and European Organiza-
tion for Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QLQ) ColoRectal cancer module 29 
(QLQ–CR29), as well as questions regarding current stoma 
status and a written consent form. The patients received a 
postal reminder once within 6 weeks of first dispatch.

The IPSS contains seven questions and patients with-
out symptoms score 0 while maximum score is 35. The 
IIEF includes 15 questions on 5 different domains (erec-
tile function, intercourse satisfaction, orgasmic function, 
sexual desire, and overall satisfaction), giving a score from 
5 to 25 where a higher score indicates better function. For 
sexually inactive patients, this summary score was treated 
as missing. The EORTC QLQ-CR-29 measures functions 
relevant to patients treated for colorectal cancer and is used 
as a complement to the general questionnaire EORTC QLQ-
C30. The 29 questions in QLQ-CR-29 are used to generate 
4 scales, and 19 single items evaluate individual functions 
or symptoms. Among these, the scale for urinary frequency 
and the single items urinary incontinence and dysuria were 
used. The questionnaires are linearly transformed to provide 
a score from 0 to 100 where a high score corresponds to a 
high level of symptoms. Scoring and handling of missing 
data for EORTC QLQ-CR29 were performed according to 
established guidelines [20, 21].

Statistical analysis

Baseline characteristics among responders were presented 
in relation to the exposure anastomotic leakage as frequen-
cies and percentages for categorical variables and in means 
or medians and standard deviations (SDs) and interquartile 
ranges (IQRs) for continuous variables. The responders were 
also compared to the group of eligible non-responders.

The main aim was to assess the effect of AL on IPSS 
score and individual urinary items in QLQ-CR29. As sec-
ondary outcomes, the risk of urinary catheter permanence 
as well as sexual dysfunction, including sexual inactivity, 
assessed by IIEF was analyzed. Linear and logistic regres-
sion models were used to estimate the total effect of leak-
age, adjusting for age (continuous), American Society of 
Anesthesiologists’ (ASA) fitness grade (I, II, or III), diabetes 
(yes, or no), cardiovascular disease (yes, or no), body mass 
index (BMI; continuous), preoperative radiotherapy (yes, 
or no), blood loss (continuous), type of mesorectal exci-
sion (total, or partial), diverting stoma (yes, or no), hospital 
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volume (continuous), and year of surgery (continuous). 
These covariates were chosen with the help of a directed 
acyclic graph, where our assumptions about causes and 
effects involved in the development of urinary and sexual 
dysfunction are shown (Fig. 1). The amount of missing data 
for covariates, ranging from 1 to 10%, is presented in Sup-
plementary Table 1. Estimates were presented using coef-
ficients and odds ratios (ORs), as well as 95% confidence 
intervals (CIs). All analyses used a complete cases approach 
with the statistical software STATA version 16.1 (StataCorp, 
TX, USA).

Results

From 864 male rectal cancer patients operated with AR 
2007–2013 in the original cohort, 598 patients were alive 
at the time of questionnaire dispatch. Of these, 379 (63.4%) 
patients responded with a median follow-up of 84 months 
(IQR 67–110) (Fig. 2). Clinical characteristics in responders 
stratified by AL are presented in Table 1. In total, 59 (15.6%) 
had AL. Of these leaks, one was grade A, 42 were grade 
B, and 16 were grade C. In the whole cohort, 318 (83.9%) 
patients reported bowel continuity compared to 29 (49.1%) 
in the AL group.

Functional and quality of life outcomes measured by 
IPSS score, IPSS quality of life, IIEF score, and EORTC 

QLQ-CR29 urinary symptoms (frequency, incontinence, 
and dysuria) are shown in Table  2. Unadjusted mean 
scores for urinary incontinence measured by CR29 were 
higher in the AL group: 18.7 compared to 13.2 in those 
without AL. Permanent urinary catheter prevalence (6.8 vs 
3.1%) and sexual inactivity (59.3% vs 48.1%) was higher 
in the AL group compared to the group without AL.

The adjusted analyses are demonstrated in Table 3. A 
statistically significantly increased urinary incontinence 
was detected in patients with AL, with a mean score dif-
ference of 8.69 (95% CI 0.72–16.67). An increased urinary 
frequency and a higher rate of permanent urinary catheter 
in AL patients almost reached statistical significance. The 
IPSS and IIEF scores were not affected, and no discernible 
effect of AL on sexual inactivity could be demonstrated in 
the adjusted analyses.

Sexual activity in relation to median age, AL, and 
stoma status is shown in Supplementary Table 2. In the 
whole group, 44.3% were sexually active. AL was numeri-
cally more common in the sexually inactive group (18.5 
vs 13.7%), and a residual stoma was also more prevalent 
(19.9 vs 9.0%).

Non‑responders and excluded patients

Clinical characteristics in responders compared to non-
responders/patients declining participation are outlined in 

Fig. 1  Directed acyclic graph 
picturing the assumed relation-
ship between different variables 
potentially involved in the 
development of male urogeni-
tal dysfunction. Anastomotic 
leakage indicates exposure and 
urogenital function is outcome. 
A minimal adjustment set to 
derive a total effect on the out-
come from exposure consisted 
of variables such as age, body 
mass index (BMI), comorbidity, 
American Society of Anesthe-
siologists’ (ASA) fitness grade, 
preoperative radiotherapy, total/
partial mesorectal excision 
(TME/PME), blood loss, divert-
ing stoma, hospital volume, and 
year of surgery
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Supplementary Table 3. Non-responders/patients declining 
participation had higher age at index surgery, more advanced 
comorbidity, more advanced tumors, and received more neo-
adjuvant therapy. Of note, the AL rate was similar among 
non-responders (15.6%).

Discussion

In this study, a significantly higher risk of urinary incon-
tinence after a median follow-up of 7 years was observed 
in the leakage group, while IPSS and IIEF scores were not 
affected. This finding adds further functional morbidity to 
patients already suffering from other consequences of the 
leakage. The clinical relevance of urinary incontinence is 
highlighted in recent publications suggesting an association 
between urinary incontinence and poor quality of life, espe-
cially in men [22] and also an increased risk of death with 
worsening degrees of incontinence [23, 24].

The relationship of AL after AR and various aspects of 
functional results have previously been explored with dif-
ferent outcomes, with sparse reporting regarding urogenital 
dysfunction. The finding of no substantial detrimental effect 
of AL on long-term urinary function measured by EORTC 
QLQ-CR29 and IPSS is in line with others. The mean score 
differences in urinary function between groups, though 
statistically significant, could be considered only small in 
nature, as they ranged between 6 and 9 [25]. Mongin et al. 
reported no difference concerning urinary frequency, incon-
tinence, or dysuria in 21 patients suffering AL compared to 
a group without AL using CR-29 scores [17]. Similarly, Riss 
et al. reported no difference in urinary function measured 
with IPSS in 16 patients with and without AL, while using 
the International Consultation on Incontinence Question-
naire–Urinary Incontinence Short Form (ICIQ-SF), patients 
with AL scored significantly higher than the control group 
[16]. This discrepancy could be explained by the IPSS being 
a more composite questionnaire on overall urinary function, 
while ICIQ-SF includes specific questions regarding urinary 
incontinence. Hain et al. reported urogenital outcome among 
23 patients with AL and found significantly increased risk 
of frequent urination as measured by EORTC-CR29 [13]. 
These studies corroborate the results in the present study to 

Table 1  Baseline characteristics of 379 questionnaire-responding patients 
operated with anterior resection for rectal cancer, by occurrence of anas-
tomotic leakage

Data are presented as median (IQR) for continuous measures, and n (%) 
for categorical measures. ASA American Society of Anesthesiologists
* Chemoradiotherapy includes long-course 25–28 × 1.8–2 Gy with capecit-
abine and short-course 5 × 5 Gy followed by systemic chemotherapy

Baseline characteristics No leakage Leakage

N = 320 N = 59
Age (years) 66.5 (60.2–71.4) 65.1 (58.4–69.2)
Body mass index (kg/m2) 26.0 (23.8–28.1) 25.3 (23.7–28.7)
ASA fitness grade
     I 83 (26.7%) 23 (40.4%)
     II 193 (62.1%) 28 (49.1%)
     III 35 (11.3%) 6 (10.5%)

Diabetes
     No 296 (92.5%) 56 (94.9%)
     Yes 24 (7.5%) 3 (5.1%)

Cardiovascular disease
     No 275 (85.9%) 49 (83.1%)
     Yes 45 (14.1%) 10 (16.9%)

Tumor height (cm) 10.0 (8.0–12.0) 10.0 (8.0–11.0)
Preoperative radiotherapy
     None 118 (36.9%) 18 (30.5%)
     Short-course 5 × 5 Gy 152 (47.5%) 29 (49.2%)
     Chemoradiotherapy* 48 (15%) 12 (20.3%)

Annual hospital volume 19.2 (15.9–36.9) 17.4 (12.9–36.9)
Year of surgery 2011 (2009–2012) 2010 (2008–2012)
Pathological tumor stage
     I 82 (26.6%) 17 (29.3%)
     II 103 (33.4%) 23 (39.7%)
     III 114 (37.0%) 16 (27.6%)
     IV 9 (2.9%) 2 (3.4%)

Laparoscopic surgery
     No 294 (93.0%) 47 (81.0%)
     Yes 22 (7.0%) 11 (19.0%)

Type of mesorectal excision
     Partial 90 (28.7%) 8 (13.8%)
     Total 224 (71.3%) 50 (86.2%)

Diverting stoma
     No 47 (14.7%) 6 (10.2%)
     Yes 273 (85.3%) 53 (89.8%)

Blood loss (ml) 450 (250–750) 400 (200–700)

•
•

•
•

Fig. 2  Study flowchart
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some degree. In contradiction to our findings, Torrijo et al. 
[22], with shorter follow-up time than ours (12 months), 
reported AL as a risk factor for urinary dysfunction meas-
ured by IPSS [26]. Our results are also in contrast with 
Kverneng et al. reporting that AL was associated with a 
decreased risk for urinary incontinence [15]. However, in 
that study, urinary function in the AL group at baseline was 
superior to the group without AL and a non-validated ques-
tionnaire was employed. Patients with AL tended to be less 
sexually active, although not to a statistically significant 

degree; this is in line with previous findings including no 
influence on sexual function characterized by IIEF [15, 16].

In this study, 51% of patients experiencing AL still had 
a stoma, while the corresponding number for patients with-
out AL was 7%. The effect of a permanent stoma on sexual 
function is difficult to distinguish from the effect of AL. In 
two recent meta-analyses on quality of life after rectal cancer 
surgery, worse sexual function was associated with abdomi-
noperineal resection compared to sphincter-saving surgery 
in men [27, 28]. In abdominoperineal excision of the rec-
tum, more neural damage might occur; thus, the stoma per 
se might not be the ultimate reason for sexual dysfunction.

The negative impact of AL on urinary and sexual function 
is minor compared to the substantial impact on bowel func-
tion previously reported for this cohort [14]. It is possible 
that inflammation and fibrosis in the rectal wall influence 
bowel function more directly compared to a more indirect 
effect via neural damage on urinary and sexual function. The 
fact that bowel function was evaluated in patients with bowel 
continuity, while urinary and sexual function was analyzed 
in the entire AL group, could also have had an impact on 
this discrepancy. This study has a long follow-up and sev-
eral aspects of quality of life have been reported to improve 
with extended follow-up [29]. This might be explained by 
symptoms improving but also with a change of expectations, 
sometimes referred to as response shift [30].

This is one of few studies, with a relatively large AL 
group, investigating AL effect on male urogenital dysfunc-
tion with long-term follow-up. Nevertheless, the still low 
AL number prohibited subgroup analyses of different leak 
severity; more importantly, such considerations made it dif-
ficult to evaluate female patients as well, as the sample size 
turned out to be too small for meaningful analysis, despite 
our initial aim of including both sexes. Moreover, this is 
a multicenter study, and decreasing selection bias and the 
use of validated questionnaires make the results comparable 

Table 2  Outcomes for 379 
men operated with anterior 
resection for rectal cancer and 
responding to questionnaires on 
urogenital function, stratified 
by postoperative anastomotic 
leakage within 90 days of 
surgery

Percentages may not add up due to missing. IPSS International Prostate Symptom Score, IIEF International 
Index of Erectile Function, CR29 colorectal cancer module 29, IQR interquartile range

Outcomes No leakage (N = 320) Leakage (N = 59)

Continuous Missing (%) Median (IQR) Median (IQR)
IPSS score 20 (5.3) 6 (2–11) 7 (2–10)
IPSS quality of life 15 (4.0) 1 (0–2) 1 (1–2)
IIEF score 214 (56.5) 13.5 (7–20) 12 (5–18)

Missing (%) Mean (SD) Mean (SD)
CR29 urinary frequency 16 (4.2) 43.9 (23.1) 47.4 (22.3)
CR29 urinary incontinence 19 (5.0) 13.2 (25.3) 18.7 (33.9)
CR29 dysuria 22 (5.8) 7.1 (21.8) 8.9 (26.6)
Binary Missing (%) N (%) N (%)
Permanent urinary catheter 21 (6.6) 10 (3.1) 4 (6.8)
Sexually inactive 22 (5.8) 154 (48.1) 35 (59.3)

Table 3  Estimation of urinary and sexual function by anastomotic 
leakage in 379 questionnaire responders, using univariable and mul-
tivariable linear and logistic regression. Results are presented with 
mean score differences and odds ratios (ORs), along with 95% confi-
dence intervals (CIs)

IPSS International Prostate Symptom Score, IIEF International Index 
of Erectile Function, CR29 colorectal cancer module 29
* Adjustment for age, American Society of Anesthesiologists’ fitness 
grade, diabetes, cardiovascular disease, body mass index, preopera-
tive radiotherapy, blood loss, type of mesorectal excision, diverting 
stoma, hospital volume, year of surgery

Outcome Unadjusted Adjusted*

Continuous Coefficient (95% 
CI)

Coefficient (95% 
CI)

IPSS score 0.97 (− 1.38–3.32) 1.68 (− 0.83–4.19)
IPSS quality of life  − 0.15 (− 0.52–0.21) 0.00 (− 0.40–0.40)
IIEF score  − 0.91 (− 4.04–2.23) -0.89 (− 4.33–2.55)
CR29 urinary 

frequency
3.48 (− 2.98–9.94) 6.12 (− 0.70–12.95)

CR29 urinary 
incontinence

5.51 (− 2.12–13.14) 8.69 (0.72–16.67)

CR29 dysuria 1.84 (− 4.63–8.31) 2.88 (− 4.05–9.82)
Binary OR (95% CI) OR (95% CI)
Permanent urinary 

catheter
2.22 (0.67–7.36) 4.52 (0.94–21.72)

Sexually inactive 1.43 (0.81–2.54) 1.40 (0.73–2.72)
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to previous research. Furthermore, the medical records of 
all patients have been reviewed to identify all cases of AL, 
according to the protocol definition.

A limitation is the response rate of 63.4%, making sam-
pling bias a concern, and there were some differences in the 
responding compared to the non-responding group, mostly 
suggesting that the non-responders were frailer with more 
advanced tumors; this could introduce loss of external valid-
ity. The retrospective nature of the study is also a limita-
tion, perhaps contributing to the low response rate. The low 
number of patients excluded due to cancer recurrence could 
be explained by misclassifications in SCRCR, though the 
variables in this registry are reported to be accurate on aver-
age in 90% [31]. However, the at most 10% missing data in 
covariates were regarded as acceptable. Heterogeneity in fol-
low-up time is also a limitation less problematic, as the mini-
mum follow-up time (4 years) probably is beyond the time 
when further improvement could be expected. A more sub-
stantial concern is the lack of knowledge as to what extent 
urinary and sexual dysfunction were treated. At the time of 
the study, no structural follow-up programs were in place 
in Sweden. Treatment of urinary dysfunction was probably 
limited, while treatment of sexual dysfunction among men 
after rectal cancer surgery has been more common. There 
is also a risk of type II error using a relatively small sam-
ple of 59 AL patients, limiting the possibility of detecting 
anything but a large difference in functional outcome. This 
limitation is further accentuated by the high prevalence of 
sexual dysfunction also in the non-leakage group. A larger 
study size might have detected more impact on urinary and 
sexual dysfunction. In addition, no analysis of the influ-
ence of operative treatment of the AL, i.e., further pelvic 
surgery, has been possible. Speculatively, such procedures 
could have a further detrimental influence on urinary and 
sexual function. Future research in this area should be with 
a prospective design with adequate sample size, a uniform 
short- and long-term follow-up both using clinical data and 
patient-reported outcomes.

Conclusion

This study suggests that AL after AR leads to an increased 
incidence of urinary incontinence and possibly an increased 
urinary frequency and permanent catheter use among men 
4–11 years after surgery, while no major effect on overall 
urinary and sexual function was found. This is important 
information when counselling rectal cancer survivors, ena-
bling awareness of long-term function, especially as urinary 
incontinence in particular might constitute a major prob-
lem for men, as even mortality increases with the degree of 
incontinence [23, 24].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00384- 024- 04626-7.
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