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Abstract: The frequency of long-term urination dysfunction after surgery for rectal cancer remains
unclear, yet it is essential to establish this to improve treatment strategies. Randomized controlled
trials (RCTs), non-RCTs, and cohort studies were included with patients having undergone sphincter-
preserving total (TME) or partial mesorectal excision (PME) for the treatment of primary rectal cancer
in this review. The outcome was urination dysfunction reported at least three months postoperatively,
both overall urination dysfunction and subdivided into specific symptoms. The online databases
PubMed, Embase, and Cochrane CENTRAL were searched, bias was assessed using the Newcastle—
Ottawa scale, and results were synthesized using one-group frequency meta-analyses. A total of
55 studies with 15,072 adults were included. The median follow-up was 29 months (range 3-180). The
pooled overall urination dysfunction was 21% (95% confidence interval (CI) 12%-30%) 3-11 months
postoperatively and 25% (95% CI 19%-32%) >12 months postoperatively. Retention and incontinence
were common 3-11 months postoperatively, with pooled frequencies of 11% and 14%, respectively.
Increased urinary frequency, retention, and incontinence seemed even more common >12 months
postoperatively, with pooled frequencies of 37%, 20%, and 23%, respectively. In conclusion, one
in five patients experienced urination dysfunction more than a year following an operation for
rectal cancer.

Keywords: rectal cancer; late complications; total mesorectal excision; urination disorders; urinary

incontinence; urinary retention

1. Introduction

The long-term survival rate of patients with rectal cancer has nearly doubled in the
last few decades [1]. Today, colorectal cancer is the third most common cancer in men
and the second most common in women worldwide [2,3]. Consequently, the number of
long-term survivors is increasing, many of whom are at risk of developing sequelae [4]. The
most common long-term sequelae following rectum cancer surgery include disturbances
in the physiological functions of the inferior hypogastric plexus. These include bowel
symptoms [4] such as lower anterior resection syndrome as well as erectile and sexual
dysfunction [4,5]. Additionally, urination dysfunction such as retention, incontinence,
and increased urinary frequency is estimated to affect up to 70% of patients, but there
is a lack of consensus [6-10], and no comprehensive systematic review has been pub-
lished. These sequelae may have negative effects on the quality of life several years after
sphincter-preserving rectal surgery [9,11]. Identifying patients with long-term sequelae and
improving preoperative information and treatment options is therefore crucial. However,
to develop effective treatments for late complications such as urination dysfunction, the
extent of the problem must first be thoroughly understood.

Therefore, this systematic review aimed to determine the frequency of urination
dysfunction in patients having undergone sphincter-preserving total (TME) or partial
mesorectal excision (PME) for rectal cancer.
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2. Materials and Methods

This systematic review is reported according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines [12]. Before data extraction, the
study protocol was registered at PROSPERO (registration number: CRD42024547327) [13].

This study assessed long-term urination dysfunction in adult patients with primary
rectal cancer receiving TME or PME. Studies with men and women > 18 years old with
primary rectal cancer were included. The patients must have undergone sphincter-saving
TME or PME, performed via open, robot-assisted, transanal (TaTME), or laparoscopic
approaches. Patients undergoing neoadjuvant or adjuvant chemoradiation were also
included, as well as patients receiving a stoma, colonic J-pouch, or lateral pelvic lymph
node dissection. Studies were excluded if reporting on concomitant resections of organs
other than the rectum. Studies including a subset of eligible patients and interventions were
included if the relevant data could be extracted. Only randomized controlled trials (RCTs),
non-RCTs, and cohort studies with a minimum of ten eligible patients were included.
Conference abstracts were excluded. All languages were considered for inclusion.

The outcome of this study is to provide an overview of the long-term frequency of
urination dysfunction. Included studies had to mention urination dysfunction in the form
of urinary frequency, retention, incontinence, neurogenic overactive or underactive bladder,
problems with voiding, or other lower urinary tract symptoms. Transient lower urinary tract
symptoms were not considered, such as infections, lithiasis, and fistulas to the bladder. Studies
had to report urination dysfunction a minimum of three months after sphincter-preserving
TME or PME. Therefore, studies were excluded when the postoperative follow-up time for
urination dysfunction was not mentioned, unclear, or less than three months. The outcome of
interest was the number of patients experiencing urination dysfunction. Study authors were
emailed to obtain further information when studies only reported mean/median scores based
on patient-reported outcome measures (PROMs), and studies were excluded if the number of
patients experiencing urination dysfunction could not be provided.

The search strategy was developed by the authors and an information specialist. Three
databases were searched on 27 February 2024: PubMed, Embase Ovid, and Cochrane
CENTRAL. The full query is accessible at PROSPERO [13] and includes the following
four terms: rectal AND cancer AND TME/PME AND urination dysfunction. The search
was limited to publications from 1986 and onward since TME became the gold standard
technique for rectal cancer following Mr. Heald’s and colleagues’ report in 1986 [14]. The
study showed impressive 5-year survival rates, despite being a more tissue-preserving
operation than the standard at the time [14].

Records were imported into Covidence [15] and duplicates were removed. Non-
English studies were translated using Chat-Generative Pre-trained Transformer (Chat-
GPT) [16] or Google Lens [17]. Each record in the title and abstract screenings, and later the
full-text screenings, was assessed independently by two authors. Conflicts were resolved
in the author group. After the full-text screenings, the first author performed a backward
citation search by screening the reference lists of the included studies. The author team
developed a pilot data extraction sheet, tested it on five studies, and agreed on a final
strategy after a group discussion. When relevant data were unclearly described or missing,
study authors were emailed twice.

The randomization in the RCTs was irrelevant for this systematic review since we only
had one intervention and no comparison group. Therefore, the Newcastle-Ottawa scale [18]
was used to assess bias independently by two authors, and disagreements were resolved
within the author group. Studies could maximally receive six stars. We categorized scores
0-2 as a high risk of bias and those >2 as a moderate-to-low risk. A detailed description of
the criteria for bias assessment can be accessed at Zenodo [19].

Urination dysfunction was handled as a categorical outcome, presented as numbers
and percentages. Data on urination dysfunction were presented for three categories:
urination dysfunction assessed 3-11 months after surgery, >12 months postoperatively,
and >3 months postoperatively, without further specification. Studies could contribute
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with data both before and after 12 months. For studies with several assessments in each
time category, the follow-up visit closest to the median follow-up time in this review
was selected.

One-group meta-analyses were performed if there were a minimum of two sufficiently
clinically and methodologically homogenous studies [20] using the Der Simonian Laird
random effects model in Open-Meta[analyst] [21]. For subgroup analyses, we explored
factors potentially affecting overall urination dysfunction. These factors were only assessed
at the study level due to lacking data at the patient level. Subgroup analyses were conducted
for studies with or without radiotherapy, studies using different types of assessment tools,
and all reported severities versus only moderate-to-severe symptoms. Planned subgroup
analyses that could not be conducted were comparing studies with or without lateral pelvic
lymph node dissection and comparing different surgical approaches (only the result for
laparoscopic repair is presented). Sensitivity analyses were conducted on overall urination
dysfunction to evaluate the robustness of the results by excluding studies with a high
risk of bias [22]. Without performing a formal statistical test, we considered there to be a
difference between pooled frequencies when the 95% confidence intervals did not overlap.

3. Results

Figure 1 shows a PRISMA flow diagram outlining the study selection process. In total,
55 studies with unique participants were included [8,23-77]. Two studies included the
same participants [35,57], and the study with the most patients was therefore included [57].

The study, patient, intervention, and outcome characteristics of each included study
are described in the supplementary material found on Zenodo [19], and a summary is
provided in Table 1. The 55 studies included 15,072 patients. The study size ranged from
20-3867 patients, with a median of 66 patients per study. Most studies were cohort studies,
and the majority came from Europe and Asia. The studies were almost exclusively reported
in English except for one in Italian [28]. Of the 51 studies that reported sex and the 45 studies
reporting age, there were slightly more men and patients were most commonly in their
sixties (Table 1). Nearly all the 46 studies that reported the degree of mesorectal excision
conducted a TME instead of a PME, most commonly by a laparoscopic approach, and
10 studies used lateral pelvic lymph node dissection (Table 1). In the 40 studies reporting
on irradiation, 4691 patients received preoperative radiotherapy and 548 postoperative.
The median follow-up period for the included studies was 29 months, ranging from 3 to
180 months.

Table 1. Summary of study characteristics.

Study Characteristics n %
Studies 55 100
Study type
Cohort 50 91
RCT 5 9
Non-English language 1 2
Continent
Europe 30 55
Asia 22 40
North America 3 5
Patient characteristics
Patients 15,072 100
Age, median ? (range) 63 44-75
Male; Female P 10,015; 6580 60; 40

Intervention characteristics

Surgical technique €
TME 9564 63
PME 136 1
TME or PME 5372 36
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Table 1. Cont.

Study Characteristics n %
Surgical approach P
Open 1882 12
Laparoscopic 3379 22
Robot-assisted laparoscopic 765 5
Trans-anal 73 0.5
Conversions 56 0.4
Surgical approach not disclosed 9434 61
LLDN performed in study 375 2
RT of any form performed in study 5410 36

RCT: randomized controlled trial; TME: total mesorectal excision; PME: partial mesorectal excision; RT: radiotherapy;
LLND: lateral lymph node dissection; n: number; 2: median of the studies’ mean or median age. P: number and
percentage of sex and surgical approach reported by the included studies. The number is higher than the total
number of eligible patients (15,072) since some studies did not disclose the sex or surgical approach ratios explicitly
for the patients fulfilling the eligibility criteria for this systematic review. Only eligible patients were included in the
meta-analyses. ¢: studies reported that patients received either TME or PME without disclosing the exact numbers.

Identification of studies via databases and registers

—
Records removed before
§ Identified records: n = 10,511 scre:emng:u licate records
= - PubMed: n = 2493 p . )
3 o removed by Covidence:
= - Embase: n=7407 ——» n = 2058
t - Cochrane CENTRAL: n )
o =611 - Duplicates removed
3 - manually: n = 10
—_
— l
Records screened: n = 8443 | Records excluded: n=7125
Records sought for retrieval: n = o X
1318 »| Unable to retrieve: n = 130
I;{fggns assessed for eligibility = > Reports excluded: n = 1132
- Combined surgeries: n = 358
2 - Incorrect outcomes: n = 226
c - Conference abstract: n = 222
§ - Combined colon and rectum
& cancer: n = 95
- Follow-up too short: n = 74
- Surgical data missing: n = 39
- Frequency data missing: n =
31
- Incorrect population: n = 26
- Follow-up unstated: n = 24
- Incorrect surgery: n = 14
- Incorrect study-design: n =
10
- Lessthan ten patients: n =9
- Concurrent surgery: n =4
< Backward citation search: n =0
v
—
o Studies included in review: n =
3 55
© Reports of included reviews: n =
c
= 56
)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) 2020 flow
diagram of the study selection process. n: number.
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The risk of bias for each study is presented in Supplementary Information 1 [19]. Eight
studies had a high risk of bias [39,40,58,61,68,69,75,76]. With a maximum score of 6, the
median score was 4, ranging from 2-5.

3.1. Urination Dysfunction
3.1.1. Time Points and Assessment Methods

Twenty-two studies (40%) reported urination dysfunction occurring between 3 and
11 months and their results can be seen in Figure 2a. Eighteen studies (33%) reported
dysfunction occurring 12 months and thereafter, and the corresponding forest plot of their
results can be seen in Figure 2b. Of these, three studies reported several follow-ups for
both time categories [29,36,38]. Eighteen studies (33%) assessed urination dysfunction a
minimum of three months postoperatively, without specifying if urination dysfunction
occurred before or after 12 months [37,61-77]. The results from these studies can be seen in
the forest plot in Figure 2c.

Studies Estimate (95% CI) Events/Total
Altomare 2017 0.286 (0.092, 0.479) 6/21 e —
Azimov 2023 0.005 (0.000, 0.018) 0/103 =
Bonnel 2002 0.262 (0.129, 0.395) 11742 _——
Cho 2015 0.025 (0.012, 0.038) 14/556 =
Fei 2022 0.032 (0.007, 0.057) 6/187 -
Flati 2006 0.061 (0.000, 0.142) 2733 ——
Fukudome 2021 0.021 (0.000, 0.063) 1/47 -
Gardner 2021 0.045 (0.000, 0.107) 2/44 —.
Ghareeb 2021 0.017 (0.000, 0.049) 1/60 -
Junginger 2003 0.116 (0.057, 0.175) 13/112 ——
Kauff 2016 0.033 (0.000, 0.098) 1/30 ——
Li 2021 0.008 (0.000, 0.032) o/ss W
Mari 2016 0.922 (0.848, 0.995) 47/51 —
Pocard 2002 0.300 (0.099, 0.501) 6/20
Saito 1999 0.401 (0.329, 0.473) 71/177 —
Sokolov 2021 0.236 (0.178, 0.293) 49/208 —
Sterk 2005 0.135 (0.042, 0.227) 7/52 —
Tekkis 2009 0.613 (0.549, 0.677) 136/222 —
Tuech 2015 0.009 (0.000, 0.033) 0/56 | o
Wei 2021 0.046 (0.017, 0.075) 9/197 —
Yu 2023 0.895 (0.855, 0.936) 197/220 —a—
Overall (1*2=99.27 % , p< 0.001) 0.210 (0.124, 0.295) 579/2496 <>'
r I‘ T T 1
0 02 04 06 08
Frequency
(a)
Studies Estimate (95% CI) Events/Total
Blasko 2023 0.327 (0.286, 0.369) 160/489 ——
Downing 2018 0.255 (0.238, 0.271) 682/2676 —-—
Flati 2006 0.061 (0.000, 0.142) 2/33 ———
Karlsson 2020 0.243 (0.206, 0.281) 122/502 —
KvernengHultberg 2020 0.000 (0.000, 0.002) 0/1180 .
Kwaan 2017 0.105 (0.095, 0.115) 406/3867 -
Lange 2008 0.398 (0.357, 0.440) 212/532 ——
Maeda 2003 0.163 (0.060, 0.267) 8/49 —_—
Matsuoka 2005 0.298 (0.179, 0.417) 17/57 —_—
Rauch 2004 0.076 (0.012, 0.140) 5/66 i
Sartori 2011 0.242 (0.096, 0.389) 8/33
Shen 2023 0.438 (0.316, 0.559) 28/64
Sun 2023 0.359 (0.272, 0.446) 42/117
Tekkis 2009 0.495 (0.430, 0.561) 110/222
Teste 2021 0.007 (0.000, 0.026) 0/71 -—
Trenti 2018 0.395 (0.317, 0.472) 60/152
Vironen 2006 0.009 (0.000, 0.034) 0/54 -—
Yu 2023 0.714 (0.654, 0.773) 157/220
Overall (12=99.45 % , p< 0.001) 0.251 (0.186, 0.317) 2019/10,384 <>
T T T : T T T T 1
4 01 02 03 04 05 06 07
Frequency

(b)

Figure 2. Cont.
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Studies Estimate (95% CI) Events/Total
Badic 2018 0.111 (0.039, 0.184) 8/72 —_—
Bjoern 2018 0.877 (0.792, 0.962) 50/57 —_—
Brachet 2022 0.727 (0.596, 0.859) 32/44
Chatwin 2002 0.070 (0.000, 0.146) 3/43 2 —=——
Contin 2013 0.753 (0.701, 0.805) 198/263 — -
Gash 2015 0.008 (0.000, 0.030) 0/61 W :
Kim 2024 0.995 (0.983, 1.000) 110/110 =
Kyo 2006 0.043 (0.000, 0.127) 1/23 —e— !
Lei 2021 0.021 (0.009, 0.033) 11/534 W
Liang 2007 0.092 (0.035, 0.149) 9/98 —
Matsuoka 2001 0.333 (0.132, 0.535) 7/21
Park 2015 0.014 (0.000, 0.029) 3/217 &
Park 2016 0.007 (0.001, 0.014) s/6s¢ M
Pollack 2006 0.460 (0.337, 0.583) 29/63
Szynglarewicz 2012 0.154 (0.056, 0.252) 8/52
VeltcampHelbach 2018 0.593 (0.462, 0.724) 32/54
Zhang 2020 0.026 (0.001, 0.051) 4/154 -—m
Overall (1*2=99.93 % , p< 0.001) 0.310 (0.110, 0.509) 510/2552 Q
r T - T T T 1
0 02 04 06 08 1
Frequency
(0)

Figure 2. (a) Forest plot depicting one-group meta-analysis of overall urination dysfunction 3-11 months
after surgery [23-34,36,39—46]. CI: confidence interval. (b) Forest plot depicting one-group meta-
analysis of overall urination dysfunction >12 months after surgery [8,28,29,35,36,47,48,50-56,58-61]. CI:
confidence interval. (c) Forest plot depicting one-group meta-analysis of overall urination dysfunction
>3 months after surgery but not further specified [61-77]. CI: confidence interval.

The assessment methods of urination dysfunction varied: 34 studies used PROMs [8,
24,25,28-30,32-34,36-38,42,43,47,48,50-57,59,60,62,64,67,71-74,77], 14 used clinical exami-
nation [23,26,31,39-41,46,49,61,65,66,68-70,75], 3 used urodynamic evaluations [27,44,45],
and 4 did not disclose the methods [31,58,63,76] (some studies used several methods).
The most popular PROMs were the International Prostate Symptom Score (IPSS) [36,37],
used in 15 studies (27%) [24,25,30,32,36-38,42,43,47,52,60,72-74]; the European Organiza-
tion for Research and Treatment of Cancer (EORTC) modules 38 and 29 [78-80], used in
5 studies (9%) [28,48,55,56,59]; and the International Consultation on Incontinence Ques-
tionnaire (ICIQ) scale [81], used in 3 studies (5%) [34,67,71]. IPSS grades the dysfunction
as mild (0-7), moderate (8-9), and severe (20-35) [82,83], whereas answers to the ques-
tions in the EORTC questionnaire are defined as mild dysfunction when answering “a
little” or “very much” and moderate-to-severe dysfunction when answering “quite a bit”
to “very much” [78-80]. The ICIQ follows the International Continence Society’s defi-
nition of incontinence, with binary answer possibilities [81,84]. Examples of thresholds
in studies not using PROMs were a 100 mL residual urine volume in urodynamic eval-
uations [45-47] and grading of mild and moderate-to-severe symptoms guided by the
Clavien-Dindo classification [85,86]. In total, 31 (56%) studies did not define what they
considered to be a urination dysfunction [8,23,24,26,28-31,34,38-41,47-50,53,55,58,59,61—
66,68,75-77]. Among the included studies, 14 (25%) reported moderate-to-severe dysfunc-
tion [33,36-38,52,54,56,57,59,60,65,72-74].

3.1.2. Frequency from 3 to 11 Months

The results of the meta-analyses are presented in Table 2. When pooling all urina-
tion symptoms, the overall urination dysfunction was 21% (95% CI 12-30%) in the first
3-11 months after surgery, assessed by 22 studies including 2496 patients [23-34,36,39-46].
When removing studies with a high risk of bias in the sensitivity analysis, the pooled
frequency of overall urination dysfunction increased from 21% to 30% (95% CI 14-33%),
but with overlapping 95% Cls. When removing studies performing lateral lymph node
dissection in the sensitivity analysis, the pooled frequency remained similar to the over-
all frequency.

When subdividing the pooled frequency into specific symptoms, frequent urination
was present in 4% of patients (two studies, 98 patients [24,31]), the pooled frequency of
urinary incontinence was 14% (seven studies, 749 patients [23,24,29,31,34,40,45]), and the
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pooled frequency of urinary retention was 11% (nine studies, 866 patients [23,24,29,31,
34,39-41,44]). Descriptions of other urinary symptoms, such as voiding dysfunction and
urinary dysfunction, were extracted from four studies including 507 patients, with a pooled
frequency of 27% [23,27,29,31].

Table 2. Pooled frequencies of urination dysfunction from one-group meta-analyses.

Pooled Frequency % (95% CI), I2 3-11 Months >12 Months >3 Months 2

Overall 21 (12-30), 99% 25 (19-32), 99% 31 (11-51), 100%
Sensitivity analysis, bias 30 (14-32), 99% 36 (25-48), 99% 39 (—1-79), 100%
Sensitivity analysis, LLND 20 (11-29), 99% 40 (27-54) 99% 33 (13-53), 100%

Specific symptoms
Urinary frequency 4 (—4-12), 71% 37 (13-61), 97% n/a
Urinary incontinence 14 (4-23), 98% 23 (12-35), 99% 35 (8-63), 98%
Urinary retention 11 (2-20), 97% 20 (12-28), 99% 3 (0-5), 72%
Other P 27 (—=3-57),99% 33 (—23-88), 99% 2 (0-3), 0%

CL: confidence interval; I2: statistical heterogeneity; n/a: not applicable since meta-analysis could not be performed;
LLND: lateral lymph node dissection; ?: over 3 months but exact point of measurement was not specified; °: other
urination dysfunction are those reported but not fitting into our classification, including urinary dysfunction,
urinary deterioration, voiding difficulty, voiding dysfunction, bladder voiding disturbances, urinary bladder
disturbances, bladder dysfunction, vesicourethral dysfunction, alterations in urinary function, urgency, micturition
problems, and bladder failure.

3.1.3. Frequency from 12 Months and Onward

The overall urination dysfunction >12 months was assessed by 18 studies including
10,384 patients and showed a pooled frequency of 25% (95% CI 19-32%) [8,28,29,36,47-60].
Sensitivity analyses when removing studies with a high risk of bias showed an increased
pooled frequency of 36% (95% CI 25-48%) and an increased frequency of 40% (95% CI
27-54) when studies performing lateral lymph node dissection were removed. However,
the 95% ClIs from the overall analysis overlapped with the sensitivity analyses.

When subdividing pooled frequencies into specific symptoms, frequent urination
was present in 36% of patients (4 studies, 728 patients [50,52,55,59]), incontinence in
23% (10 studies, 9308 patients [8,29,48-51,53-55,57]), retention in 20% (9 studies, 6166 pa-
tients [29,48-51,53,56-58]), and other symptoms in 26% (2 studies, 288 patients [29,48]).
Compared with the time period of 3-11 months, a slight increase was observed in the
pooled frequency of incontinence and retention, although the confidence intervals over-
lapped. With increased urinary frequency, on the other hand, the pooled frequency was
increased from 4% (95% CI —4-12%) to 37% (95% CI 13-61%).

3.1.4. Frequency beyond Three Months but Not Further Specified

A total of 17 studies with 2552 patients assessed urination dysfunction a minimum of three
months postoperatively but without specifying the follow-up time further (Table 2) [61-77].
The pooled overall frequency of urination dysfunction was 31%. Sensitivity analyses when
studies with a high risk of bias were removed showed a pooled overall frequency of 39% but
with a wide confidence interval. When studies performing lateral lymph node dissection
were removed, the pooled frequency was 33%, with overlapping Cls.

Only one study reported increased urinary frequency in this time category, making
meta-analysis impossible [70]. The pooled frequency of incontinence was 35% (six studies,
151 patients [61,64,66,67,71,77]), retention was 35% (three studies, 693 patients [65,68,76]),
and other urinary symptoms was 17% (two studies, 371 patients [69,75]).

3.1.5. Subgroup Analyses on Overall Urination Dysfunction
Subgroup analyses are presented in Table 3.
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Table 3. Subgroup analyses presenting pooled frequencies of urination dysfunction from one-group

meta-analyses.

Pooled Frequency % (95% CI),
12

3-11 Months

>12 Months

>3 Months 2

Overall dysfunction

21 (12-30), 99%

25 (19-32), 99%

31 (11-51), 100%

Radiation
Yes
No
Surgical approaches
Laparoscopic
Other P
Assessment methods
PROMs
IPSS
EORTC
ICIQ
Others €
Urodynamic evaluation
Clinical examination
Moderate-to-severe dysfunction

22 (9-35), 100%
20 (8-33), 98%

31 (6-56), 100%
n/a

36 (9-64), 100%
34 (10-57), 100%
n/a
61 (—1-123),97%
n/a
5 (2-8), 55%
10 (3-17), 97%
36 (8-64), 99%

34 (20-47), 100%
18 (7-29), 82%

n/a
n/a

39 (25-52), 100%
44 (2-86), 99%
29 (15-43), 95%
n/a
41 (23-60), 100%
n/a
n/a
23 (12-34), 99%

38 (6-70), 100%
4 (1-8), 76%

36 (—34-107), 99%
n/a

52 (20-84), 99%
83 (64-103), 95%
n/a
43 (—20-106), 99%
42 (2-82), 98%
n/a
7 (—1-16), 88%
22 (6-38), 97%

CI: confidence interval; I2: statistical heterogeneity; ?: over 3 months but the exact point of measurement was
not specified; PROM: patient-reported outcome measure; IPSS: International Prostate Symptom Score; EORTC:
European Organization for Research and Therapy of Cancer; b, subgroup analyses were not possible for robot-
assisted surgery, transanal total mesorectal excision, conversions, and unknown surgical approaches; ©: other
less-used PROMs, including urinary symptom profile scores [87], quality of life surveys, Functional Assessment of
Cancer Therapy-Colorectal (FACT-C) [88], National Cancer Institute Common Terminology Criteria for Adverse
Events [89], Short Form-36 Health Survey 36 (SF-36) [90], and study-specific questionnaires.

Effects of radiotherapy. The 95% Cls were overlapping, but studies including radio-
therapy tended to have a higher pooled overall urination dysfunction compared with
no radiotherapy in the follow-up periods >12 months, with 34% (14 studies, 6378 pa-
tients [8,29,36,48,50-52,54-60]) versus 18% (4 studies, 4049 patients [38,47,49,53]), and
>3 months not further specified, with 38% (10 studies, 1686 patients [62,64,66,67,69,70,73-75,77])
versus 4% (5 studies, 737 patients [61,63,65,68,76]). In contrast, they seemed comparable
for 3-11 months (22% versus 20%).

Different surgical approaches. The only approach that was received by all patients in a
study was laparoscopic surgery, used in nine studies with 1550 patients [31-33,36,42—44,70,77]
(presented in Table 3).

Assessment tools. The pooled frequency of urination dysfunction varied with assess-
ment methods. In the period 3-11 months, the pooled overall frequency of urination
dysfunction was higher when assessed with a PROM (36%, 95% CI 9-64%) compared with
urodynamic evaluation (5%, 95% CI 2-8%), and the frequency also seemed higher than
for clinical examination but with overlapping confidence intervals (10%, 95% CI 3-17%).
Pooled frequencies could not be compared for >12 months, but for the period >3 months not
further specified, the pooled overall urination dysfunction was higher when assessed with a
PROM (52%, 95% CI 20-84%) compared with clinical examination (7%, 95% CI —1-16%). When
comparing results from the top three used PROMs, the 95% Cls were wide and overlapping.

Moderate to severe. A total of 15 studies including 6069 patients reported moderate-to-
severe symptoms. The pooled moderate-to-severe frequencies of urination dysfunction com-
pared with the level of overall dysfunction showed conflicting results in the three follow-up
periods, being higher for moderate-to-severe symptoms 3-11 months postoperatively, with
36% versus 21% (five studies, 435 patients [32,33,36,38,42]), similar for >12 months post-
operatively, with 23% versus 25% (eight studies, 4855 patients [36,38,52,54,56,57,59,60]),
and lower for >3 months postoperatively not further specified, with 22% versus 31%
(five studies, 1005 patients [65,70,72-74]). However, the 95% Cls were overlapping.
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4. Discussion

In this systematic review, assessing the frequency of long-term urination dysfunction
after sphincter-saving rectal cancer surgery, we found that one in five patients experienced
urination dysfunction more than 12 months following TME or PME. Urinary retention and
incontinence were almost twice as prevalent when measured a minimum of 12 months after
surgery compared with 3 to 11 months postoperatively, and increased urinary frequency
was markedly more common after 12 months. Seemingly more patients experienced
urination dysfunction if they received pre- or postoperative radiotherapy than if not, with
a tendency of a higher frequency in the >12-month group than in the 3-11-month group.
Urination dysfunction in patients seemed higher when measured by PROMs as opposed to
the other assessment methods.

There are limitations with the evidence included in this systematic review that could
have affected the results. Even though statistical heterogeneity is expected in one group
meta-analysis, since frequencies from one intervention are compared instead of effect
measures from the comparison of two interventions [91], clinical and methodological
heterogeneity remains an issue [22]. One limitation can be attributed to the different as-
sessment methods or PROM thresholds, contributing to uncertainty in whether the same
symptoms and severity of urination dysfunctions were compared in the meta-analyses. We
must consider the risk of underreporting important data in the included studies, such as
urodynamic assessment, which was only used in 5% of the studies, and also particularly
note that only 36% of the patients in this systematic review underwent radiation therapy. In
this study, information on stress-related variables was not considered, but they are impor-
tant and authors of future studies are encouraged to consider these in their study designs.
The variations in study design, sample size, and outcome parameters raise questions about
the suitability of pooling data from such heterogeneous sources. This clinical heterogene-
ity limits the generalizability of our findings. The included studies were from different
countries, and, unfortunately, the author team did not have access to a native speaker
or professional translator during the study process to translate the one article reported
in Italian [28]. This challenge was overcome by translating with both Chat-GPT [16] and
Google Lens [17], which showed similar translations. Including studies from a wide range
of countries may introduce a risk of bias, as cultural context and personal inclinations
are known to influence the perception, expression, and communication of positive and
negative findings, which may lead to variability between cultures in reporting symptoms
to their care providers [92,93]. This may impact the accuracy and comparability of PROM
scores and assessments from clinical examinations, and this highlights the importance of
cautiously interpreting PROM-based data and selecting a validated questionnaire. The
included studies frequently reported urination dysfunction as a secondary finding, forcing
us to extract data at the study level rather than the patient level, possibly reducing the
reliability of the results. Most studies also failed to report urinary dysfunctions specifically
for men and women, which hindered subgroup meta-analyses of sex differences. In the
general population, men have a higher prevalence of urinary retention [94] and women are
more prone to incontinence [95]. Moreover, stress incontinence is predominantly observed
in women, particularly younger women. [96]. Due to this sex difference, it is important for
future research to subdivide urination dysfunction in men and women.

As the quality of systematic reviews is influenced by the limitations and strengths
of the individual studies included, we addressed this by rigorous bias assessment of
the included studies. We ensured the comparability of data by performing subgroup
analyses when possible. Grouping studies according to the assessment tool used was a
strategy to increase comparability, and, additionally, differences in threshold levels were
considered since lower thresholds can lead to an increase in reported frequencies. When
studies with a high risk of bias were removed in the sensitivity analyses, the frequencies
seemed to increase (although with overlapping Cls), indicating that studies of lower quality
underreported the frequency of urination dysfunction. Other notable strengths of this
systematic review are that it was registered at PROSPERO, which increases transparency
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and minimizes reporting bias; the eligibility criteria were detailed; and the search strategy
was developed in cooperation with an information specialist. Two people individually
performed all aspects of the screening process and bias assessment, and the risk of bias was
considered in sensitivity analyses. Additionally, the inclusion of studies in all languages
reduced the risk of language bias [97,98]. Even so, our results are most applicable to
patients aged 50-65 years in Western countries and East Asia, as most of our included
studies were from those regions. We included RCTs but performed single-group meta-
analyses, so randomization was not relevant as no comparison was made. RCTs offer high
internal validity, but the external validity may be limited due to participant selection [99].
To overcome this, we included both RCTs and cohort studies to assess urinary dysfunction
in the general population undergoing sphincter-sparing TME/PME for rectal cancer, giving
a higher external validity to this study [100]. There were also limitations in the review
process. Only one author extracted the data, but uncertainties were discussed within the
author group. The results could have been influenced by publication bias since studies have
found that negative or inconclusive results are less likely to be published [101], meaning
that the real frequencies could be even higher.

In conclusion, the frequency of urination dysfunction following sphincter-saving
TME or PME for rectal cancer was high, with one in five patients experiencing long-term
urination dysfunction. When subdividing into specific urinary symptoms, the frequencies
varied over time, with the highest frequencies reported for urinary incontinence and
increased urinary frequency. It is crucial to improve the quality of life for the many
patients who receive an operation for rectal cancer. To do that, future research is needed to
determine if the incidence of urination dysfunction can be minimized after TME and PME,
and clinicians should educate themselves on the management techniques that exist to help
patients who develop urination dysfunction.
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