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Abstract
Background  Lateral lymph node dissection (LLND) for locally advanced rectal cancer (LARC) is performed widely 
since it reduces local recurrence. However, there are some disadvantages to LLND, including technical difficulties and 
association with postoperative urinary dysfunction. Procedures for LARC have also become more minimally invasive: 
laparoscopic surgery (LS) has become more common, and use of robot-assisted LS (RALS) is increasing. The purpose 
of this study is to assess differences in postoperative urinary dysfunction after LLND for LARC between LS and RALS, 
and to identify risk factors for postoperative urinary dysfunction.

Methods  The subjects were 100 patients with LARC (≥ cT3) with the inferior border of the tumor reaching the 
peritoneal reflection who underwent LS or RALS with LLND between 2009 and 2023 at Juntendo University Hospital. 
After LLND, the urinary catheter was usually removed on or before postoperative day 5. The duration of urinary 
catheterization (DUC) was used to evaluate postoperative urinary dysfunction. The standard (S) and long-term (L) 
groups were defined as cases with urinary catheter removal at ≤ 5 and > 5 days, respectively. DUC was examined for 
LS vs. RALS and clinicopathological factors were identified that adversely affect DUC.

Results  Of the 100 subjects, 72 underwent LS and 28 received RALS. LLND was bilateral in 65 cases and unilateral in 
35 cases. The median DUC was 5 days, with 74 cases in group S and 26 in group L. The most frequent postoperative 
complication (Clavien-Dindo Grade 2 or higher) was urinary dysfunction, followed by ileus and surgical site infection 
(SSI), and none differed by procedure (LS vs. RALS). Univariate analysis showed significant differences in LLND laterality 
(p = 0.02) and SSI (p = 0.04) between groups S and L. In multivariate analysis, bilateral LLND (p < 0.01, HR 7.37) and SSI 
(p = 0.01, HR 15.36) were independent factors that worsened DUC.

Conclusions  There was no difference in urinary dysfunction after LLND between LS and RALS. Bilateral LLND and SSI 
were risk factors for lengthening DUC. Compared to bilateral LLND, unilateral LLND can reduce urinary dysfunction; 
therefore, selective LLND, which is overwhelmingly unilateral LLND, and prevention of perioperative SSI may be 
important for maintenance of urinary function.
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Background
The incidence of lateral lymph node (LLN) metastasis 
in locally advanced rectal cancer (LARC) is 14.5–19.9% 
[1, 2]. The strategy for treatment of LLN metastasis dif-
fers between Western countries and Japan. In the West, 
LLN metastases are considered to be distant metastases 
outside the rectal region, so the treatment strategy for 
LARC is neoadjuvant chemoradiotherapy (NACRT) fol-
lowed by total mesorectal excision (TME). In contrast, 
lateral lymph node dissection (LLND) is often performed 
in Japan because the LLNs are considered to be lymph 
nodes included in the lower rectum [3–5]. Therefore, 
LLND has become common in advanced rectal cancer 
surgery in Japan [6, 7].

The advantages of LLND include reduction of local 
recurrence, by an estimated 5–6% in prophylactic 
LLND for clinical Stage II/III cases [8, 9], and a possible 
improvement in prognosis [10, 11]. However, postopera-
tive complications (POCs) associated with LLND cannot 
be overlooked. In particular, from the viewpoint of qual-
ity of life (QOL), urinary dysfunction after LLND is an 
important POC. Prolonged insertion of a urinary cath-
eter due to urinary dysfunction can decrease QOL, pro-
long the postoperative hospital stay, and cause adverse 
economic effects.

Rectal cancer surgery has become more minimally 
invasive in recent years. Laparoscopic surgery (LS) is 
now performed in many centers, and the number of 
cases treated with robot-assisted laparoscopic surgery 
(RALS) has also increased [12, 13]. With the shift from 
LS to RALS, it is important to ascertain whether urinary 
dysfunction after LLND has increased or decreased. 
Reinsertion of the urinary catheter is a Grade 1 POC in 
the Clavien-Dindo (CD) classification [14], whereas we 
focused on the duration of urinary catheterization (DUC) 
after LLND because the presence of the urinary catheter 
postoperatively is an important factor for QOL. As far as 
we are aware, DUC after LLND has not been previously 
examined.

In this study, a retrospective review of cases of LLND 
for LARC was performed to examine possible differences 
in the surgical results and the rates of POCs, including 
urinary dysfunction, after LLND in LS and RALS. A fur-
ther aim was to identify clinicopathologic factors that 
cause urinary dysfunction after LLND, based on their 
effect on lengthening of DUC.

Methods
Patients
The subjects were 113 patients who underwent primary 
tumor resection and LLND for LARC via minimally inva-
sive surgery (MIS) (LS and RALS) between December 
2009 and December 2023 at Juntendo University Hospi-
tal. Bilateral and unilateral LLND cases were included. 
Cases with duplicate cancers, multiple resections of other 
organs, LLND without resection of the primary lesion, 
and total pelvic exenteration were excluded (Fig.  1). 
Those with a urethral-related urological procedure were 
also excluded because these patients required a urinary 
catheter for a long period of time (n = 2). After LLND, the 
urinary catheter is generally removed on postoperative 
day (POD) 5, and thus, cases (n = 7) in which the catheter 
was removed on POD6 or later for no particular reason 
were also excluded from the study.

The indications for LLND have changed over time. 
Until around 2020, prophylactic bilateral LLND was per-
formed for cases of clinical LARC (≥ cT3) [15], where the 
lower border of the tumor is located distal to the perito-
neal reflection. However, prophylactic LLND was omit-
ted when the risk of developing POCs was judged to be 
high based on age, physical condition, comorbidities, and 
frailty. Since around 2021, selective LLND has been per-
formed for cases with clinically positive LLN metastasis. 
Diagnosis of LN metastasis is based on pelvic computed 
tomography (CT) with 1-mm slices or pelvic magnetic 
resonance imaging (MRI) with 3-mm slices; LNs are 
diagnosed as positive if the short axis diameter is ≥ 7 mm 
[5]. The indications for preoperative treatment (total 
neoadjuvant therapy (TNT)/ NACRT/ neoadjuvant che-
motherapy (NAC)) include advanced rectal cancer (≥ T3) 
[15], where the inferior margin of the tumor reaches the 
peritoneal reflection; LNs in the rectal area clinically sus-
pected to be positive for metastasis; and no contraindica-
tions to preoperative treatment. TNT was introduced in 
our department in 2023.

This retrospective analysis was approved by the Insti-
tutional Review Board of Juntendo University (approval 
number: H19-0214) and was performed in accordance 
with the Declaration of Helsinki. Due to the retrospective 
nature of this study, the requirement for informed con-
sent was waived and an opt-out method was used.

Surgical approach
In our department, laparoscopic TME for rectal can-
cer was started in 1997, and robotic TME in 2015, while 
laparoscopic TME + LLND began in 2009 and robotic 
TME + LLND in 2018. Since 2018, RALS (da Vinci Xi 
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surgical system™, Intuitive Surgical, Inc., Sunnyvale, CA, 
USA) has basically been in use for rectal cancer surgery 
with TME + LLND, but LS is used if RALS is not avail-
able. Since 2018, TME + LLND was performed in 37 
RALS cases (77%) and 11 LS cases (23%).

Surgical procedures
LS and RALS were started with a median approach, 
followed by LN dissection around the inferior mesen-
teric artery (IMA) and ligation and dissection of the 
IMA. TME of the rectum was then performed, and the 
rectum was detached from the pelvis. The autonomic 
nerves (hypogastric nerve and pelvic nerve) were pre-
served without ligation or transection. In cases of low 
anterior resection (LAR) and Hartmann’s procedure, 
the distal part of the rectum was transected intracorpo-
really, followed by LLND. For intersphincteric resection 
(ISR) and abdominoperineal resection (APR), LLND was 
performed following TME, followed by a perineal pro-
cedure. In LLND, we consider the areas of LLND to be 
two main parts (Fig.  1, left side of LLND): medial part 
and lateral part of internal iliac vessels. The ureter is first 
identified and the ureterohypogastric fascia is dissected. 
The ligamentum umbilicale mediale is then identified 
and retracted, and the vesicohypogastric fascia is dis-
sected. These maneuvers result in the dissection of the 
medial part of internal iliac vessels. Next, the dissection 

proceeds to expose the psoas major and obturator inter-
nus muscles, while verifying and preserving the obturator 
nerve. These maneuvers result in the dissection of the lat-
eral part of internal iliac vessels. As a result, 263P (proxi-
mal area comprising internal iliac LNs), 263D (distal 
area comprising internal iliac LNs), and 283 (comprising 
obturator LNs) were resected [3, 16]. As mentioned pre-
viously, the indications for LLND changed around 2021, 
but the extent of lymph node dissection did not change. 
Basically, the obturator nerves were preserved, and the 
obturator vessels were often resected. If enlarged lymph 
nodes were close to nearby vessels, including the inferior 
vesical vessels, they were also resected.

Removal of the urinary catheter after surgery
In our department, the urinary catheter is usually 
removed on POD1 or POD2 if LLND is not performed, 
and typically on POD5 if LLND is performed, either 
bilaterally or unilaterally. The duration of urinary cath-
eterization (DUC) was used as a measure of urinary dys-
function. If the urinary catheter was removed and then 
reinserted after urinary dysfunction occurred, the DUC 
was defined as the total catheterization time. Since cathe-
ters are typically removed on POD5, cases with catheter-
ization for > 5 and ≤ 5 days were defined as the long-term 
(L) and standard (S) urinary catheterization groups, 
respectively.

Fig. 1  Schema of lateral lymph node (left side) is shown. The area to be dissected is recognized as medial and lateral to the internal iliac vessels. In the 
medial part, the ureterohypogastric fascia and the vesicohypogastric fascia are detached. In the lateral part, obturator internus muscle and obturator 
nerve are exposed
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An algorithm for removal of the urinary catheter is 
shown in Fig.  2. In principle, the urinary catheter is 
removed on POD5, and residual urine is measured if 
urinary dysfunction, such as difficulty in urinating, is 
subsequently observed. In this study, urinary dysfunc-
tion was defined as a condition in which the patient has 
the urge to urinate, but has difficulty in urinating, and 
has discomfort, fullness, or pain in the lower abdomen. 
Residual urine volume measurements were performed on 
the ward using Yuririn (UriCare Inc., Kanagawa, Japan), 
which began to be used in 2016. Generally, if the resid-
ual urine is ≥ 100  ml, the urinary catheter is reinserted 
and the patient is examined by a urologist. If necessary, 
a drug is prescribed, and another attempt is made to 
remove the catheter after one week. If there are no prob-
lems after re-removal, the patient is discharged and has 
outpatient follow-up of urinary function with a urolo-
gist. However, if urinary dysfunction occurs again and 
the residual urine is ≥ 100  ml, the urinary catheter is 
reinserted and the patient is referred to a urologist for 
consultation. Even when residual urine is < 100  ml, the 
patient is examined by a urologist and followed up with 
medication if necessary. One week later, a second urinary 
catheter removal is performed. If further urinary dys-
function occurs, clean intermittent self-catheterization 
(CISC) is introduced. The period of time until CICS was 
no longer needed was included in the DUC. Drugs, such 
as distigmine bromide, urapidil, silodosin, and naftopidil 

(cholinesterase inhibitors), tamsulosin hydrochloride (an 
alpha-1 blocker), and bethanechol chloride (a choliner-
gic) are often administered, with selection at the urolo-
gist’s discretion, until symptoms improve.

Statistical analysis
Data were collected for age, sex, body mass index (BMI), 
comorbidities, previous abdominal surgery, American 
Society of Anesthesiologists physical status (ASA), pre-
operative treatment (TNT, NACRT, NAC, none), tumor 
location [3], distance from anal verge (AV) to tumor, 
and pathological stage [15]; for surgical factors including 
approach, procedure, operative time, blood loss, LLND 
laterality (bilateral/unilateral), LLND time, number of 
harvested LNs, inferior vesical artery (IVA) resection, 
creation of diverting stoma (DS), and intraoperative com-
plications (IOCs); and for postoperative factors includ-
ing POCs, DUC, and postoperative length of stay. POCs 
were defined as those of ≥ CD Grade 2 [14]. Benign pros-
tatic hyperplasia (BPH) and prostate-related diseases 
(including BPH and post-prostate cancer treatment 
(brachytherapy and intensity modulated radiation ther-
apy (IMRT)) were each recorded separately. Statistical 
analysis was performed using JMP® v.11 (SAS Institute, 
Cary, NC, USA). Continuous variables were analyzed by 
Wilcoxon and Kruskal-Wallis tests, and categorical vari-
ables by Pearson χ2 test, Fisher exact test, and likelihood 
ratio test. Multivariate analysis was performed using 

Fig. 2  Algorithm for duration of urinary catheterization. A total of 113 cases were collected, but after excluding those with concomitant resection of 
other organs, urethral-related urological procedures, and catheter removal after POD6 for no particular reason (n = 13), 100 cases were included in the 
study. A total of 74 cases (74.0%) were catheter-free within five days, including one that had the catheter reinserted due to urinary dysfunction, but was 
removed immediately (≤ POD5). Of the 26 patients with long-term urinary catheterization, 25 underwent initial reinsertion and 12 underwent a second 
reinsertion, of which 5 patients (5.0%) were switched to clean intermittent self-catheterization (CISC)
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logistic regression analysis. Statistical significance was set 
at p < 0.05.

Results
Patient characteristics
The 100 patients (male: female = 72:28) in the study 
(Table  1) had a median age of 63 years old. Comor-
bidities were present in 54.5% of the cases. These were 
most commonly hypertension and diabetes; however, 9 
patients (14.1%) with prostate-related comorbidities (7 
patients with BPH and 2 patients after prostate cancer 
treatment) were also observed. Five of 7 patients with 
BPH were receiving medication for BPH. Preoperative 
data on urinary function were not collected. No patients 
complained of obvious urinary problems during the pre-
operative medical interview. A history of abdominal sur-
gery was noted in 30.9% of cases. Most cases were ASA 2 
(76.3%) and there were no ASA 3 cases. The most com-
mon preoperative treatment was NAC (45.0%), followed 
by none, NACRT, and TNT. The tumor location was 
more commonly in the lower rectum (Rb) (80%) than the 
upper rectum (Ra) (20%) [3]. The median AV to tumor 
distance was 5 cm. Regarding pathological stage, 3 cases 
were in ypStage 0 (pCR), in which the cancer disappeared 
after preoperative treatment. (y)pStage II was most com-
mon (29.1%), followed by (y)pStage IIIA (23.3%).

Operative results
Operative results are shown in Table  2. LS was per-
formed more often than RALS (63% vs. 37%), and APR, 
LAR and ISR were performed at rates of 50.0%, 43.0% 
and 5.0%, respectively. Bilateral LLND was performed 
more often than unilateral LLND (65% vs. 35%), and 
the median times for these procedures were 161.5 and 
80 min, respectively. Since 2021, when the indication for 
LLND changed, 5 of the 20 patients who received preop-
erative treatment underwent preoperative radiotherapy 
(RT). Four patients underwent unilateral LLND and one 
patient underwent bilateral LLND. In bilateral LLND, the 
median numbers of harvested LLNs and metastatic LLNs 
were 13.5 (1–40) and 0 (0–6), respectively; while in uni-
lateral LLND, these numbers were 7 (2–20) and 0 (0–1), 
respectively. LLN metastasis was found in 5 cases (7.7%) 
in bilateral LLND and in 3 cases (8.6%) in unilateral 
LLND. Both sides of the IVA were preserved in 90 cases, 
unilateral resection was performed in 8 cases, and bilat-
eral resection in 2 cases. When performing TME, there 
was no case of resection of the pelvic nerve plexus. The 
rate of IOCs was 26.0% and bleeding was most frequent. 
POCs (≥ CD grade 2) occurred in 59 cases (59.0%), with 
urinary dysfunction (26%), ileus (12%), and SSI (6.0%) 
being most common. SSI was observed in 6 patients, all 
of whom underwent APR, and all 6 SSIs were perineal 
wound infections. There was one case of conversion 

Table 1  Patient characteristics (n = 100)
Factor Number
Age (years old) 63 (26–83)
Sex (male/female) 72/28
BMI (kg/m2) 22.5 (17.1–33.1)
Comorbidities (yes/no) 48/40
・BPH (yes/no)* 7/57*
・Prostate-related comorbidities (yes/no)** 9/55*
Previous abdominal surgery (yes/no) 25/56
ASA (1/2/3) 23/74/0
Preoperative treatment (TNT/NACRT/NAC/none) 3/18/45/34
Tumor location (Ra/Rb) 20/80
Distance from AV to tumor (cm) 5 (0–11)
(y)pStage (0(pCR)/I/II/IIIA/IIIB/IV) 3/14/25/20/11/13
*Only males

**Prostate-related comorbidities involve BPH and prostate cancer after 
treatment

Abbreviations: BMI: body mass index; BPH: benign prostatic hyperplasia; ASA: 
American Society of Anesthesiologists Physical Status; TNT: total neoadjuvant 
therapy; NACRT: neoadjuvant chemoradiotherapy; NAC: neoadjuvant 
chemotherapy; Ra: upper rectum; Rb: lower rectum; AV: anal verge; (y)pStage: 
(post preoperative therapy) pathological stage; pCR: pathological complete 
response

Table 2  Operative results (n = 100)
Factor Number
Surgical approach (LS/RALS) 63/37
Surgical procedure (APR/LAR/ISR/Hartmann) 50/43/5/2
Operative time (minutes) 554.5 (385–833)
Blood loss (ml) 85 (10-2300)
LLND laterality (bilateral/unilateral) 65/35
・Bilateral LLND time (min) 161.5 (90–256)
・Unilateral LLND time (min) 80 (47–143)
Harvested LN (total) 26 (5–76)
Harvested LN (LLND) 11 (1–40)
IVA resection (none/unilateral/bilateral) 90/8/2
LCA preservation (yes/no) 17/58
DS creation (yes/no) 47/44
IOCs (yes/no) 25/71
Conversion to open surgery 1/99
POCs (≥ CD Grade 2) (yes/no) 59/41
・Urinary dysfunction (yes/no) 26/74
・Ileus (yes/no) 12/88
・SSI (yes/no) 6/94
・Anastomotic leakage (yes/no) 5/95
・High output syndrome (yes/no) 4/96
Duration of urinary catheterization (days) 5 (2-459)
Postoperative length of stay (days) 16 (7–73)
Abbreviations: LS: laparoscopic surgery; RALS: robot-assisted laparoscopic 
surgery; APR: abdominoperineal resection; LAR: low anterior resection; ISR: 
intersphincteric resection; LLND: lateral lymph node dissection; LN: lymph 
node; IVA: inferior vesical artery; LCA: left colic artery; DS: diverting stoma; 
IOCs: intraoperative complications; POCs: postoperative complications; CD: 
Clavien-Dindo classification; SSI: surgical site infection; DUC: duration of urinary 
catheterization
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to open surgery due to ureteral injury. Most SSIs were 
superficial, but pelvic abscess was observed. The median 
time for DUC was 5 days, and the median length of stay 
after surgery was 16 days.

Comparison of LS and RALS
Patient characteristics and operative results in LS and 
RALS are shown in Tables  3 and 4. There were slightly 
higher risk cases in RALS for ASA (p < 0.01) and shorter 
AV distances in LS (p < 0.01). Preoperative treatment 
showed an overall difference (p = 0.045), although no 
difference was found for radiotherapy (p = 0.91). How-
ever, other than these factors, there were no differences 
in patient characteristics. APR was performed more fre-
quently in LS (p < 0.01), but the rate of bilateral LLND 
was higher in RALS (p = 0.03). Operative time was longer 
with RALS (p < 0.01), but blood loss was less with RALS 
(p < 0.01). DUC was one day longer in RALS (p < 0.01), 
but postoperative length of stay did not differ between 
the two groups (p = 0.34). There were no significant dif-
ferences between LS and RALS (p > 0.05) in the total 
number of POCs, or in any of the individual factors (uri-
nary dysfunction, ileus, SSI, anastomotic leakage (AL), 
and high output syndrome).

Table 3  Comparison of patient characteristics between LA and 
RALS
Factor LS

n = 63
RALS
n = 37

p 
value

Age (years old) 63 (43–80) 63 (26–83) 0.86
Sex (male/female) 43/20 29/8 0.28
BMI (kg/m2) 22.5 

(18.1–33.1)
22.5 
(17.1–31.9)

0.87

Comorbidities (yes/no) 29/29 19/11 0.23
・BPH (yes/no)* 5/36* 2/21* 1.00*
・Prostate-related comorbidities 
(yes/no)**

6/35* 3/20* 1.00*

Previous abdominal surgery (yes/no) 20/37 5/19 0.29
ASA (1/2/3) 21/40/0 2/34/0 < 0.01
Preoperative treatment (TNT/
NACRT/NAC/none)

0/13/26/24 3/5/19/10 0.045

・Preoperative RT (yes/no) 13/50 8/29 0.91
Tumor location (Ra/Rb) 11/52 9/28 0.69
Distance from AV to tumor (cm) 4 (0–10) 6.5 (2–11) < 0.01
(y)pStage (0(pCR)/I/II/IIIA/IIIB/IV) 14/46 3/23 0.25
*Only males

**Prostate-related comorbidities involve BPH and prostate cancer after 
treatment

Abbreviations: BMI: body mass index; BPH: benign prostatic hyperplasia; ASA: 
American Society of Anesthesiologists Physical Status; TNT: total neoadjuvant 
therapy; NACRT: neoadjuvant chemoradiotherapy; NAC: neoadjuvant 
chemotherapy; RT: radiotherapy; Ra: upper rectum; Rb: lower rectum; AV: 
anal verge; (y)pStage: (post preoperative therapy) pathological stage; pCR: 
pathological complete response

Table 4  Comparison of operative results between LS and RALS
Factor LS

n = 63
RALS
n = 37

p value

Surgical procedure (APR/LAR, ISR, Hartmann) 38/25 12/25 < 0.01
Operative time (minutes) 527 (385–833) 626 (385–815) < 0.01
Blood loss (ml) 100 (10-2300) 50 (15–560) < 0.01
LLND laterality (bilateral/unilateral) 36/27 29/8 0.03
LLND time (minutes)
・Bilateral 156 (95–256) 170 (90–230) 0.51
・Unilateral 80 (47–120) 94 (72–143) 0.36
Harvested LN (total) 26 (6–59) 26.5 (5–76) 0.66
Harvested LN (LLND) 11 (2–33) 11 (1–40) 0.57
IVA resection (yes/no) 7/56 3/34 0.74
LCA preservation (yes/no) 17/31 0/27 < 0.01
DS creation (yes/no) 23/33 22/11 0.03
IOCs (yes/no) 18/44 7/27 0.37
Conversion to open surgery (yes/no) 1/62 0/37 1.00
POCs (CD ≥ Grade 2) (yes/no) 33/30 26/11 0.08
・Urinary dysfunction (yes/no) 15/48 11/26 0.51
・Ileus (yes/no) 6/57 6/31 0.32
・SSI (yes/no) 6/57 0/37 0.08
・Anastomotic leakage (yes/no) 3/60 2/35 1.00
・High output syndrome (yes/no) 1/62 3/34 0.14
Duration of urinary catheterization (days) 4 (2–55) 5 (2-459) < 0.01
Postoperative length of stay (days) 15 (7–73) 16 (11–42) 0.34
Abbreviations: LS: laparoscopic surgery; RALS: robot-assisted laparoscopic surgery; APR: abdominoperineal resection; LAR: low anterior resection; ISR: intersphincteric 
resection; LLND: lateral lymph node dissection; LN: lymph node; IVA: inferior vesical artery; LCA: left colic artery; DS: diverting stoma; IOCs: intraoperative 
complications; POCs: postoperative complications; CD: Clavien-Dindo classification; SSI: surgical site infection; DUC: duration of urinary catheterization
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Duration of urinary catheterization
The cases were divided into groups S (DUC ≤ POD5, 
n = 74) and L (DUC > POD5, n = 26). There was no sig-
nificant difference in patient characteristics between the 
groups (Table  5) with the exception of preoperative RT, 
which had a significantly higher rate in group S (p = 0.01). 
However, groups S and L did have significant differences 
in LLND laterality (p = 0.02), overall POCs (p < 0.01), 
urinary dysfunction (p < 0.01), SSI (p = 0.04), and DUC 
(p < 0.01) (Table  6). Two patients in group S with uri-
nary dysfunction (CD ≥ Grade 2) had the urinary cath-
eter removed within 5 days. These patients subsequently 
had difficulty in urinating, but were not re-catheterized 
and were given medication, resulting in the CD Grade 2 
classification. On the other hand, two patients in group L 
without urinary dysfunction (CD ≥ Grade 2) had difficulty 
in urinating, and re-catheterization was the only treat-
ment and no medication was given, so these cases were 
classified as CD Grade 1.

Based on this information, a logistic regression multi-
variate analysis was performed to identify independent 
factors associated with lengthening of DUC. Six factors 
were selected for multivariate analysis: age and sex were 
included because they are important biological factors, 
the approach (LS/RALS) differed significantly for DUC 

in univariate analysis (Table  4), APR is reported to be 
more likely to cause urinary dysfunction [17, 18], and 
bilateral LLND and SSI differed significantly in univari-
ate analysis (Table 6). Preoperative RT is generally associ-
ated with urinary dysfunction, but as mentioned above, 
DUC was significantly shorter in cases with preoperative 
RT (Table 6). Since preoperative RT may be more com-
mon in unilateral LLND, a χ2 test was performed for pre-
operative RT and LLND laterality (Table 7). This revealed 

Table 5  Univariate analysis of patient characteristics
Factor Group S

(≤ 5 
days)
n = 74

Group G
(> 5 days)
n = 26

p 
value

Age (years old) 63.5 
(43–83)

59.5 
(26–79)

0.55

Sex (male/female) 57/17 15/11 0.06
BMI (kg/m2) 22.5 

(17.1–
31.9)

22.4 
(18.1–33.1)

0.31

Comorbidities (yes/no) 35/29 13/11 0.97
・BPH (yes/no)* 4/46* 3/11* 0.17*
・Prostate-related comorbidities (yes/
no)**

6/44* 3/11* 0.40*

Previous abdominal surgery (yes/no) 17/44 8/12 0.31
ASA (1/2) 17/54 6/20 0.93
Preoperative treatment (yes/no) 50/24 16/10 0.58
・Preoperative RT (yes/no) 20/54 1/25 0.01
Tumor location (Ra/Rb) 15/59 5/21 1.00
Distance from AV to tumor (cm) 5 (0–11) 4 (0–8) 0.81
(y)pStage (0(pCR), I/II, IIIA, IIIB, IV) 13/50 4/19 1.00
*Only males

**Prostate-related comorbidities involve BPH and prostate cancer after 
treatment

Abbreviations: Group S: standard urinary catheterization group; Group L: 
long-term urinary catheterization group; BMI: body mass index; BPH: benign 
prostatic hyperplasia; ASA: American Society of Anesthesiologists Physical 
Status; RT: radiotherapy; Ra: upper rectum; Rb: lower rectum; AV: anal verge; 
(y)pStage: (post preoperative therapy) pathological stage; pCR: pathological 
complete response

Table 6  Univariate analysis for operative results
Factor Group S

(≤ 5 days)
n = 74

Group G
(> 5 days)
n = 26

p 
value

Surgical approach (LS/RALS) 48/26 15/11 0.51
Surgical procedure (APR/LAR, ISR, 
Hartmann)

35/39 15/11 0.36

Operative time (minutes) 545.5 
(399–833)

602.5 
(385–815)

0.10

Blood loss (ml) 81 (15-1770) 104 
(10-2300)

0.80

LLND laterality (bilateral/unilateral) 43/31 22/4 0.02
LLND time (minutes)
・Bilateral 160 

(94–213)
163 
(90–256)

0.83

・Unilateral 80 (47–143) 97 (69–133) 0.67
Harvested LN (total) 25 (5–63) 27.5 (12–76) 0.24
Harvested LN (LLND) 11 (1–39) 10.5 (2–40) 0.98
IVA resection (yes/no) 7/67 3/23 0.72
LCA preservation (yes/no) 14/43 3/15 0.77
DS creation (yes/no) 37/34 10/10 0.87
IOCs (yes/no) 20/51 5/20 0.60
Conversion to open surgery 1/73 0/26 1.00
POCs (CD ≥ Grade 2) (yes/no) 34/40 25/1 < 0.01
・Urinary dysfunction (yes/no) 2/72 24/2 < 0.01
・Ileus (yes/no) 9/65 3/23 1.00
・SSI (yes/no) 2/72 4/22 0.04
・Anastomotic leakage (yes/no) 3/71 2/24 0.60
・High output syndrome (yes/no) 3/71 1/25 1.00
Duration of urinary catheterization 
(days)

4 (2–5) 14 (7-459) < 0.01

Postoperative length of stay (days) 15 (7–73) 19 (11–52) 0.050
Abbreviations: Group S: standard urinary catheterization group; Group L: long-
term urinary catheterization group; LS: laparoscopic surgery; RALS: robotic-
assisted laparoscopic surgery; APR: abdominoperineal resection; LAR: low 
anterior resection; ISR: intersphincteric resection; LLND: lateral lymph node 
dissection; LN: lymph node; IVA: inferior vesical artery; LCA: left colic artery; 
DS: diverting stoma; IOCs: intraoperative complications; POCs: postoperative 
complications; CD: Clavien-Dindo classification; SSI: surgical site infection; DUC: 
duration of urinary catheterization

Table 7  Correlation between preoperative RT and LLND 
laterality
Factor Bilateral LLND

(n = 65)
Unilateral LLND
(n = 35)

p value

Preoperative RT (+) 6 15 < 0.01
Preoperative RT (−) 59 20
Abbreviations: RT: radiotherapy; LLND: lateral lymph node dissection
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that preoperative RT was significantly more common in 
cases with unilateral LLND, and there was a strong cor-
relation between preoperative RT and LLND laterality 
(p < 0.01). However, since LLND laterality was already 
included in the multivariate analysis, preoperative RT 
was not included in this analysis. Since the analysis was 
conducted to identify factors related to reduced urinary 
function, urinary dysfunction and DUC were excluded 
as confounding factors, despite the significant differ-
ences found in univariate analysis. Overall POCs were 
also excluded because these are related to urinary dys-
function and SSI (Table 6). In multivariate analysis, bilat-
eral LLND (hazard ratio (HR) 7.37, p < 0.01) and SSI (HR 
15.36, p = 0.01) were identified as independent factors for 
lengthening of DUC after LLND (Table 8).

Algorithm for duration of urinary catheterization
The algorithm for DUC used in our department is shown 
in Fig. 1. A total of 74 patients (74.0%) were catheter-free 
within 5 days (group S). In one of these cases, the catheter 
was re-inserted because of urinary dysfunction, but this 
improved quickly and removal occurred within 5 days 
without medication. Of the other 26 patients (group L), 
25 (25.0%) had catheters reinserted, 12 (12.0%) then had 
reinsertion for the second time, and 5 (5.0%) were finally 
switched to CISC. However, 4 of these 5 cases were cath-
eter-free within 2 months, but one patient did not have 
the catheter removed until one year and 3 months after 
surgery. Medication for urinary dysfunction was used in 
26 cases, indicating ≥ CD Grade 2 urinary dysfunction in 
these cases (26.0%).

Discussion
There are multiple definitions of urinary dysfunction. In 
this study, we chose to use DUC and urinary dysfunc-
tion ≥ CD Grade 2. The incidence of urinary dysfunc-
tion after LLND has been reported to range from 10.8 to 
35.2% [11, 19–22], and thus, the rate of 26.0% of patients 
with urinary dysfunction ≥ CD Grade 2 found in the cur-
rent study is consistent with previous findings. Several 

papers have reported that urinary dysfunction occurs 
during LLND for rectal cancer surgery [17–19, 21–23], 
but few have examined DUC after LLND. In cases with 
urinary dysfunction, if the only treatment is reinsertion 
of the urinary catheter, the event is defined as CD Grade 
1, unlike the introduction of drugs. However, because 
urinary catheterization has a significant impact on QOL, 
we focused on DUC as a novel endpoint in this study.

A comparison of LS and RALS was used to assess pos-
sible differences in POCs, including urinary dysfunction, 
after the two procedures. However, the results showed 
no significant differences, suggesting that safety has been 
maintained in the shift from LS to RALS. In recent years, 
there have been several studies of urinary function after 
LLND. Significantly less urinary dysfunction has been 
found after LS compared to open surgery (OS) [24, 25], 
while LS and RALS have been reported to be compara-
ble [26, 27], or urinary function may even be better after 
RALS than after LS [20, 28–30], indicating that MIS con-
tributes to maintenance of urinary function. Multiple 
joint dexterity specific to RALS may contribute to nerve 
preservation in the narrow pelvis [28], and RALS pro-
vides a higher number of harvested LLNs [31].

The significance of performing LLND for LARCs has 
also been widely examined in previous studies. From an 
oncological perspective, prophylactic bilateral LLND 
contributes to reduction of local recurrence [8, 9, 32], 
but does not improve prognosis [33]. In contrast, selec-
tive LLND, in which LLND is performed on the side 
diagnosed as positive for metastasis preoperatively, has 
been suggested to have the potential to improve prog-
nosis [11]. The 2024 Japanese treatment guidelines state 
that if pre- or intraoperative diagnosis is positive for LLN 
metastasis, LLND is strongly recommended [34]. Thus, 
preoperative LLN diagnosis is important for selective 
LLND, and Kawai et al. found that a combination of the 
long axis and short/long ratio measured preoperatively 
on MRI permits diagnosis with a sensitivity of > 90% [35]. 
However, LLND is strongly associated with postoperative 
urinary dysfunction [11, 19, 22, 23]. This may be because 
TME and LLND procedures affect the hypogastric nerve 
and pelvic nerve, which are responsible for urinary func-
tion, and because the pudendal nerve, which passes 
through the Alcock canal, is also responsible for urinary 
function [21, 36].

In multivariate analysis in this study, bilateral LLND 
and SSI were identified as independent factors associated 
with worsening urinary catheter removal. As mentioned 
above, several nerves are related to urinary function [17, 
33]. TME alone can cause urinary dysfunction, but LLND 
is a more likely cause. In addition, because part of the 
blood flow to the bladder is provided by the IVA, dissect-
ing the IVA also damages the nearby autonomic nervous 
system, which is associated with bladder ischemia and 

Table 8  Multivariate analysis for duration of urinary 
catheterization
Factor p value HR 95%CI
Age (years old) 0.61
Sex (male/female) 0.18
Surgical approach (LS/RALS) 0.37
Surgical procedure (APR/LAR, ISR, 
Hartmann)

0.37

LLND laterality (bilateral/unilateral) < 0.01 7.37 1.89–49.27
SSI (yes/no) 0.01 15.36 1.68-210.54
Abbreviations: HR: hazard ratio; CI: confidence interval; LS: laparoscopic surgery; 
RALS: robot-assisted laparoscopic surgery; APR: abdominoperineal resection; 
LAR: low anterior resection; ISR: intersphincteric resection; LLND: lateral lymph 
node dissection; SSI: surgical site infection
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urinary dysfunction [21, 37]. If the IVA is not resected, 
the neurovascular periphery associated with urinary 
function may still be affected by the LLND manipula-
tion. Although our data showed no association of IVA 
resection with DUC, several reports from Japan have 
found that IVA resection causes dysfunction [21, 38]. 
Furthermore, bilateral LLND is reported to cause more 
long-term urinary dysfunction than unilateral LLND. 
These findings indicate that bilateral LLND has a more 
detrimental effect on urinary function than unilateral 
LLND. In selective LLND, unilateral LLND is performed 
in 83.0–86.0% of cases, while bilateral LLND is used 
for only 14.0–17.0% [39–41]. Given that oncologically, 
bilateral prophylactic LLND does not have a significant 
prognostic impact [33], selective unilateral LLND over 
bilateral LLND may contribute to a reduction in urinary 
dysfunction. In this study, of the 5 patients who under-
went preoperative RT after 2021, when the indication 
for LLND changed, 4 underwent unilateral LLND and 
one underwent bilateral LLND, but all 5 of these patients 
were in group S and experienced no urinary dysfunction.

SSI was also found to be a risk factor for DUC. Cyto-
kines elicited by inflammation have the potential to cause 
microcirculatory damage and dysfunction to other organs 
[42]. Spreading of these cytokines to the bladder and sur-
rounding nerves and blood vessels could cause urinary 
dysfunction. During TME, the pelvic autonomic nerves 
are protected from inflammatory factors by the nerve 
plane. Thus, inflammation, including SSI, may damage 
nerves associated with urinary function [43]. In fact, all 
of our SSI cases (n = 6) were APR cases, and all SSIs were 
perineal wound infections, supporting the possibility of 
inflammatory spread to the nerves. the SSIs included 
perineal wound infection and pelvic abscess. These 
events were considered to be related to APR, suggesting 
that urinary dysfunction occurred due to the spread of 
inflammation to nearby nerves and blood vessels. Rachid 
et al. also found a significant relationship between post-
operative SSI and ureteral catheter use (p < 0.01) [44], and 
SSI after lower gastrointestinal surgery significantly pro-
longs the hospital stay [45], indicating that perioperative 
SSI control is critical to QOL.

APR, blood loss, and preoperative treatment have pre-
viously been associated with urinary dysfunction after 
LLND, but were not identified as risk factors in the cur-
rent study. APR is a risk factor for urinary function after 
rectal cancer surgery [17, 18], which is probably due 
to the performance in APR of surgical manipulations 
around the pelvic nerves, which are related to urinary 
function. In this study, APR was not significant in uni-
variate analysis (p = 0.36) and was not identified as a risk 
factor in the multivariate analysis of urinary dysfunction 
(p = 0.37). These results may be due to LLND being more 
important than the procedure (APR) with reference to 

its effects on urinary dysfunction, or because of the rela-
tively small number of cases.

Concerning blood loss, Sadakari et al. found that exces-
sive bleeding (≥ 400  ml) can cause urinary dysfunction, 
and theorized that in cases of LLND, the operation tends 
to be longer than in cases without LLND, potentially 
leading to increased damage to the nervous system and 
bleeding. In this study, bleeding of ≥ 400 ml occurred in 
8 cases (8.0%), but was not significantly associated with 
DUC [21].

The effect on the nerves may be influenced by preoper-
ative treatment, as well as surgical manipulation. Among 
preoperative treatments, NACRT can cause tissue degen-
eration of the nerves around the rectum [46, 47]. How-
ever, as noted above, preoperative RT was significantly 
more common in group S (Table 5, p = 0.01), and preop-
erative RT and LLND laterality were strongly correlated 
(Table  7, p < 0.01). The reason for the shorter DUC in 
cases with preoperative RT may have been that laterality 
(bilateral) had a greater effect on DUC than the effect of 
RT.

Furthermore, of the 35 patients who underwent uni-
lateral LLND, 25 had the catheter removed within 4 days 
after surgery, and none had the catheter reinserted (0%). 
This suggests that unilateral LLND should be considered 
prospectively for an earlier catheter removal date than 
POD5.

There are some limitations in this study. Since the 
robotic system is used by many departments in our hos-
pital, the laparoscopic system was used when the robotic 
system was not available. As a result, there were more LS 
cases in the first half of the study period and more RALS 
in the second half, which may have affected the results 
and should be considered as a limitation. There has also 
been a shift from LS to RALS due to technological devel-
opments in surgical instruments, and this change is also 
a limitation due to the retrospective design of the study. 
The indications for LLND have changed over time, as 
mentioned above, which also may have affected the out-
come, and we plan to accumulate cases and reevaluate 
the results in a study with a unified indication for LLND. 
Also, sexual function, as well as urinary function, should 
be considered after autonomic nerve preservation sur-
gery with LLND for rectal cancer. This was not examined 
in this study, but we plan to evaluate both functions in 
further studies. A further limitation is that the timing of 
removal of the urinary catheter is typically set at POD5, 
but can vary depending on the patient’s condition and 
other reasons. This may be due partly to the fact that the 
clinical path was not operational and there was no com-
pliance with the removal of the urinary catheter at POD5. 
If the catheter was removed before POD5, the urinary 
status after removal was checked and the case was clas-
sified into group S. In fact, none of those removed before 
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POD4 were re-catheterized. However, some patients had 
catheters removed after POD6 for no reason and did not 
subsequently develop urinary dysfunction, and these 
cases were excluded from the study. In addition, there 
were times when the residual urine measuring device was 
not available, which is a further limitation. Also, epidural 
catheter anesthesia has been associated with postopera-
tive urinary dysfunction [48], but epidural catheters have 
rarely been used at our center in recent years. If an epi-
dural catheter was used, it was removed on POD1 or 
POD2, so we did not include this in the study because its 
impact on urinary catheter removal was considered to be 
minimal. Finally, this study is a single-center, retrospec-
tive study with a limited number of cases. In the future, 
we aim to gather a larger number of cases from multiple 
centers and conduct a prospective investigation.

Conclusions
The findings of this study indicate that there is no differ-
ence in POCs, including urinary dysfunction, between 
LS and RALS, indicating the safety of both procedures. 
Bilateral LLND and SSI were independent factors for 
lengthening of DUC after LLND, thus selective LLND 
may result in less urinary dysfunction than prophylactic 
bilateral LLND. Preventing SSI is also likely to reduce 
development of urinary dysfunction.
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