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Abstract
Objectives: Despite the high incidence of urinary dysfunction (UD) after rectal surgery, it remains ques-

tionable whether UD causes future chronic kidney disease (CKD). This study aimed to clarify the long-term

trends in renal function and risk factors for future CKD after rectal resection.

Methods: For comparison, patients who underwent rectal resection (n = 129) and colectomy (n = 127) be-

tween 2006 and 2017 were identified. The estimated glomerular filtration rate (eGFR) ratio was calculated

as the ratio to the baseline. “eGFR ratio < 0.75 at 3-year” was adopted as a surrogate indicator of future

CKD.

Results: eGFR ratio significantly decreased in the rectal cohort compared with the colon cohort at 1.5

years (0.9 vs. 0.95, p = 0.008) and at 3 years (0.85 vs. 0.94, p < 0.001). Although the preoperative preva-

lence of CKD was lower in the rectal than the colon cohort (13.9% vs. 23.6%, p = 0.055), it was similar at

3 years (29.5% vs. 30.7%). In multivariate analysis, females, and cT4 were independent risk factors for fu-

ture CKD, but UD itself was not.

Conclusions: Postoperative eGFR significantly decreased after rectal cancer surgery compared to colec-

tomy. The prevalence of CKD more than doubled at 3 years after rectal resection. The female sex and cT4

tumor, instead of the UD, were independent risk factors for future CKD.
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Introduction

Introducing the total mesorectal excision (TME) dramati-

cally improved survival and local control in rectal cancer

treatment[1]; additionally, autonomic nerve preservation suc-

ceeded in decreasing the risk of urinary dysfunction (UD).

Recently, it has been expected that magnified visualization

in minimally invasive surgery would achieve precise surgery,

potentially leading to the preservation of urinary func-

tion[2,3]. However, the incidence of UD after rectal surgery

is still high, reportedly 36%-59%[4,5], and remains a major

problem. Although the combined resection of the autonomic

nervous system for some locally advanced rectal cancers

could be a possible reason, another major problem is a

surgeon-related factor (i.e., unintentional nerve injury due to

technical difficulty, carelessness, or limited skill). Many

studies have discussed this issue from technical and ana-

tomical points of view[6,7]. In the era of improving on-
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cologic outcomes after curative rectal resection, avoidance of

unintentional UD remains a major surgical challenge.

Chronic kidney disease (CKD) is a global public health

problem with a high economic burden on health systems.

Additionally, it is a well-known independent risk factor for

increased mortality and cerebro-cardiovascular disease devel-

opment. Although CKD is mainly caused by lifestyle dis-

eases, such as diabetes mellitus, and hypertension, surgeons

should recognize that surgical stress and various postopera-

tive complications can lead to CKD[8,9]. Cerebrospinal dis-

ease or spinal cord injury reduces bladder capacity. It causes

repeated urinary tract infection (UTI), resulting in the triple

onset of future CKD and over five times greater incidence

of subsequent end-stage renal disease in the general popula-

tion[10,11].

Similarly, whether UD after rectal surgery can increase

the risk of developing future CKD remains a major clinical

question. Another simple doubt surrounds the effect of anal

preservation on future CKD because UD rarely develops af-

ter sphincter-preserving surgery (SPS) than non-SPS[12,13].

However, understanding the influence of postoperative UD

and UTI on long-term renal function or the development of

future CKD remains a challenge.

This study aimed to clarify the long-term transitions of

renal function and the prevalence of CKD after rectal resec-

tion and to compare them with those after colectomy. Addi-

tionally, risk factors for future CKD after rectal surgery

were analyzed, and the impact of postoperative UD on

translation into future CKD was explored.

Methods

Patient selection

A retrospective analysis was performed based on informa-

tion prospectively collected from the Nagoya University

Hospital colorectal cancer anonymized database. Figure 1

shows the study flow diagram. As a rectal cohort, 235 stage

I-III patients with a rectal adenocarcinoma located within 5

cm from the anal verge who underwent elective surgery with

curative intent between April 2006 and April 2017 were se-

lected. Of them, patients who died from any cause, devel-

oped recurrence, or were lost to follow-up within the years

after surgery were excluded from observing changes in renal

function for at least three years. Additionally, patients who

previously, or simultaneously underwent urinary diversion or

nephrectomy within three years of surgery were excluded.

Furthermore, one patient who developed ureteral stenosis

due to a common iliac aneurysm and two patients who un-

derwent simultaneous gastrectomy were also excluded.

Therefore, the remaining 129 patients were included in the

rectal cohort.

In the present study, long-term postoperative renal dys-

function due to the surgery itself is to be evaluated; thus,

patients after right-sided colectomy, without involving pelvic

manipulation, and is rare to have postoperative dysuria due

to the surgery itself, were selected as the comparison group.

Two hundred and fifty-seven patients with stage I-III right-

sided colonic adenocarcinoma who underwent elective right

colectomy with curative intent between January and April

during the same period were identified (colon cohort). Pa-

tients who died from any cause, developed recurrence, or

were lost to follow-up within three years of surgery were

excluded. Additionally, patients who had a history of pelvic

surgeries (n = 18), underwent simultaneous multivisceral re-

section (n = 16), and had a history of surgeries or medica-

tion for urological disease (n = 11) were also excluded. As a

result, the remaining 127 patients were included in the colon

cohort.

This study was approved by the Nagoya University Hos-

pital Institutional Review Board (#2020-0103). Written con-

sent has been obtained from all patients.

Treatment

In the rectal cohort, all patients underwent TME, or more

extended surgery using an open or minimally invasive ap-

proach. Unilateral or partial combined resection of the auto-

nomic nervous system and/or adjacent organs was performed

if necessary for R0 resection. According to the Japanese

guidelines, lateral lymph node dissection was selectively in-

dicated for stage II/III low rectal cancer[14]. The operative

procedure was divided into two groups according to sphinc-

ter preservation. The SPS group included patients with ante-

rior resection with the double stapling technique and inter-

sphincteric resection with transanal hand-sewn anastomosis,

whereas those with abdominoperineal resection and Hart-

mann’s procedure with a permanent colostomy, causing pos-

terior tilting of the urinary bladder into the deep pelvis,

were classified in the non-SPS group. In the SPS group, di-

verting ileostomy was performed as appropriate, which was

reversed 3-4 months after surgery or after administration of

adjuvant chemotherapy. Neoadjuvant chemotherapy was

given for some stage II/III patients as a part of our clinical

trial or daily practice[15,16], whereas preoperative chemora-

diotherapy (CRT) was indicated for limited patients when

the radial margin was involved after neoadjuvant chemother-

apy[17].

In the colon cohort, open, or laparoscopic right colectomy

with lymphadenectomy was performed. In both cohorts, ad-

juvant chemotherapy was recommended for stage III or

high-risk stage II patients. The decision regarding the treat-

ment strategy was made in the multidisciplinary conference

for the most part.

The patients were followed-up with routine blood tests,

including serum creatinine every 3-6 months and computed

tomography every 6-12 months up to 5 years.
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Figure　1.　
Flow diagram. *Patients who underwent colectomy between January and April. SPS; 
sphincter-preserving surgery

Management and definition of postoperative urinary tract
complications

Intra- and postoperative analgesics were intravenously ad-

ministered, and no patient underwent epidural anesthesia.

The urinary catheter was removed on postoperative Days 1-

3. For patients with difficulty emptying their bladder, the

urinary catheter was reinserted and removed a few days later

for re-evaluation. For patients whose residual urine volume

exceeded 50 ml, clean intermittent self-catheterization (CIC)

was introduced several times daily. CIC was continued until

the residual urine volume was reduced to 50 ml or less. Si-

multaneously, medications, such as alpha-1 blockers, and

cholinergic drugs, were given to patients with difficulty

emptying their bladder.

In the present study, UD was defined as the reinsertion of
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a urinary catheter and/or introduction of CIC postoperatively

and was further divided into two types according to onset

time: early UD during hospitalization and prolonged UD af-

ter discharge. UTI was clinically diagnosed based on symp-

toms and/or urine sediment or culture and was treated with

antibiotics. UTI during the initial hospitalization was defined

as an early UTI, whereas that requiring unexpected readmis-

sion was regarded as a late UTI.

Evaluation of renal function

As an index of renal function, the estimated glomerular

filtration rate (eGFR) was adopted, which was calculated ac-

cording to the Japanese Society of Nephrology and Pharma-

cotherapy using the following formula[18]:

eGFR (mL/min/1.73 m2) = 194 × age−0.287 × serum cre-

atinine (mg/dL)−1.094 (× 0.739, in females)

The eGFR was obtained at the following points: preopera-

tively as a baseline and every six months after surgery. The

eGFR ratio was calculated as the ratio to the baseline at

each point. CKD was defined as an eGFR of less than 60

mL/min/1.73 m2 according to the Kidney Disease: Improv-

ing Global Outcomes (KDIGO) clinical practice guide-

lines[19].

CKD is the final stage of progressive renal dysfunction,

and long-term follow-up is often indispensable for the diag-

nosis; therefore, it is essential to predict high risk in patients

and prevent them from reaching CKD. Meanwhile, an eGFR

reduction of 25% or more within three years was generally

accepted as a predictive factor for end-stage CKD or cardio-

vascular death[20-22]. In this study, an eGFR ratio < 0.75 at

three years was adopted as a surrogate indicator of future

CKD after surgery, and risk factors for this surrogate point

were analyzed.

Postoperative acute kidney injury (AKI) is a common

complication after major abdominal surgery and reportedly

increases the risk of future CKD[23,24]. AKI was defined as

follows: serum creatinine level increased by �0.3 mg/dL or

> 50% or more within 48 h after surgery[25].

Statistical analysis

Where appropriate, comparisons were made using Fisher’s

exact test or the Mann-Whitney U test. First, a mixed-effects

model for repeated measures estimated the mean of the

eGFR or eGFR ratio at each point. Then, changes in the lin-

ear trend of the eGFR ratio over time (i.e., whether it was

significantly different from 0) were examined using a linear

growth model that allowed the intercept and slope of the

eGFR ratio change over time to vary by subject and in-

cluded age as a continuous variable. Differences in the

slopes of the eGFR ratio change over time according to the

cohort were examined by the statistical significance (p <

0.05) of the product term of the grouping variable with the

month as a continuous variable in the growth model. To se-

lect potential risk factors for future CKD, multivariate logis-

tic regression analyses analyzed the variables with a p-value

of 0.05 or less in the univariate analyses. A p-value < 0.05

was considered statistically significant. Statistical analysis

was performed using SPSS software version 26.0 (IBM Ja-

pan Ltd., Tokyo, Japan) and the SAS software program ver-

sion 9.4 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

The baseline characteristics and perioperative results were

quite different between the rectal and colon cohorts (Table

1). Briefly, patients in the former cohort had a younger age,

more frequent neoadjuvant chemotherapy, longer operative

time, more intraoperative blood loss, and a longer postopera-

tive hospital stay than those in the latter cohort. Addition-

ally, postoperative UTI, early, and prolonged UD, ileus, and

unexpected readmission were seen more frequently in the

rectal cohort than in the colon cohort. Among the 129 pa-

tients in the rectal cohort, 94 (72.9%) underwent SPS,

whereas non-SPS was performed in the remaining 35

(27.1%). Patients in the non-SPS group had hypertension

more frequently, more blood loss, and a longer postoperative

hospital stay than those in the SPS group. In the SPS group,

58 patients (61.7%) underwent diverting ileostomy.

Regarding postoperative complications, early UD more

frequently developed in the non-SPS group than in the SPS

group (31.4% vs. 10.6%, p = 0.007). In the rectal cohort, 12

patients underwent unilateral (n = 10) or partial (n = 2)

combined resection of the pelvic plexus. The eGFR declined

more than 25% within three years after surgery was found

in half of the patients with unilateral complete resection but

was not seen in two patients with unilateral partial resection.

Change in eGFR and prevalence of CKD

Table 2 summarizes the eGFR value and ratio and preva-

lence of CKD at baseline, 1.5 years, and 3 years after sur-

gery. The baseline eGFR value was significantly higher in

the rectal cohort than in the colon cohort (82.7 vs. 73.5 mL/

min/1.73 m2, p < 0.001); however, the eGFR ratio was sig-

nificantly lower in the rectal cohort than in the colon cohort

at 1.5 years (0.9 vs. 0.95, p = 0.008) and at 3 years (0.85

vs. 0.94, p < 0.001). Moreover, although the initial preva-

lence of CKD was lower in the rectal cohort than in the co-

lon cohort (13.9% vs. 23.6%, p = 0.055), it was similar at 3

years after surgery (29.5% vs. 30.7%, p = 0.892).

In the rectal cohort, the prevalence of CKD was similar

before surgery between patients who underwent SPS and

non-SPS; however, it increased at 3 years in the non-SPS

group compared with the SPS group (42.9% vs. 24.5%, p =

0.052).
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Table　1.　Patient’s Background and Treatment Outcomes According to Surgical Procedures.

Rectal resection Right colectomy

Total SPS non-SPS

Variables N = 129 N= 94 N = 35 p value* N = 127 p-value**

Backgrounds

Age, years, median (range) 63 (29–89) 63 (33–89) 69 (29–88) 0.067 68 (34–92) 0.001

Gender 0.321 0.08

Male 75 (58.1) 52 (55.3) 23 (65.7) 59 (46.5) 

Female 54 (41.9) 42 (44.7) 12 (34.3) 68 (53.5) 

Hypertension 43 (33.3) 26 (27.7) 17 (48.6) 0.035 42 (33.1) 1

Diabetes mellitus 15 (11.6) 9 (9.6) 6 (17.1) 0.233 21 (16.5) 0.285

Preoperative CKD 18 (14) 13 (13.8) 5 (14.3) 1 30 (23.6) 0.055

Clinical staging

cT4 22 (17.1) 16 (17) 6 (17.1) 1 14 (11) 0.208

cN+ 52 (40.3) 35 (37.2) 17 (48.6) 0.313 43 (33.9) 0.303

Preoperative treatment

Neoadjuvant chemotherapy 49 (38) 35 (37.2) 14 (40) 0.839 0 <0.001

Preoperative irradiation 1 (0.8) 0 1 (2.9) 0.271 0 1

Surgical results

Operative approaches 0.379 0.344

Open 36 (27.9) 24 (25.5) 12 (34.3) 43 (33.9) 

Minimally invasive approach 93 (72.1) 70 (74.5) 23 (65.7) 84 (66.1) 

Operative time, min, median 

(range) 

380 (143–966) 362 (143–966) 404 (189–890) 0.421 199 (100–379) <0.001

Blood loss, ml, median (range) 86 (0–4396) 44 (0–1370) 149 (5–4396) 0.001 36 (0–904) <0.001

Lateral lymph node dissection 53 (41.1) 35 (37.2) 18 (51.4) 0.163 — —

Combined resection of adjacent 

organs and/or pelvic plexus

12 (9.3) 7 (7.4) 5 (14.3) 0.305 4 (3.1) 0.068

Curability 1.000 0.498

R0 127 (98.4) 92 (97.9) 35 (100) 127 (100) 

R1 2 (1.6) 2 (2.1) 0 0

Postoperative hospital stay, days, 

median (range) 

17 (10–72) 16 (10–67) 22 (12–72) <0.001 10 (6–57) <0.001

Complications

During hospitalization

Major complications 14 (10.9) 12 (12.8) 2 (5.7) 0.349 6 (4.7) 0.101

Early urinary tract infection 10 (7.8) 7 (7.4) 3 (8.6) 1 1 (0.8) 0.01

Early urinary dysfunction 21 (16.3) 10 (10.6) 11 (31.4) 0.007 0 <0.001

Postoperative AKI 21 (16.3) 14 (14.9) 7 (20) 0.592 13 (10.2) 0.197

Ileus 26 (20.2) 19 (20.2) 7 (20) 1 5 (3.9) <0.001

Prolonged urinary dysfunction 10 (7.8) 5 (5.3) 5 (14.3) 0.133 0 0.002

Unexpected readmission 25 (19.4) 17 (18.1) 8 (22.9) 0.618 7 (5.5) 0.001

Late urinary tract infection 3 (2.3) 3 (3.2) 0 0.562 1 (0.8) 0.622

Small bowel obstruction 15 (11.6) 9 (9.6) 6 (17.1) 0.233 5 (3.9) 0.034

Postoperative treatment

Adjuvant chemotherapy 48 (37.2) 39 (41.5) 9 (25.7) 0.107 34 (26.8) 0.082

eGFR -25% at 3 years 23 (17.8) 17 (18.1) 6 (17.1) 1 7 (5.5) 0.003

Values in parentheses are percentages unless indicated otherwise. * SPS vs. non-SPS, ** rectal resection vs. right colectomy.

SPS, sphincter-preserving surgery; CKD, chronic kidney disease; AKI, acute kidney injury

Semiannual serial changes in the modified eGFR ratio

were evaluated using the random growth model method for

three years after surgery. The eGFR ratios significantly de-

creased after rectal resection compared with colectomy (p <

0.001) (Figure 2A), whereas they were parallel in the non-

SPS and SPS groups (p = 0.683) (Figure 2B).

Risk factor analysis for future renal dysfunction

In univariate analyses, female sex, cT4 tumor, neoadju-

vant chemotherapy, combined resection of the pelvic plexus
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Figure　2.　
Semiannual serial changes in the modified eGFR ratio using the random growth model method over three years af-

ter surgery. A: Comparison of changes in the eGFR ratio between rectal resection and right colectomy; B: Com-

parison of changes in the eGFR ratio between the non-SPS and SPS groups. SPS; sphincter-preserving surgery

Table　2.　Change in Renal Function According to Surgical Procedures.

Rectal resection Right colectomy

Total SPS non-SPS

n = 129 n = 94 n = 35 p-value* n = 127 p value**

Preoperative (baseline) 

eGFR, mL/min/1.73 m2 82.7 (31.6–139.3) 83.5 (41.7–137.7) 78.7 (31.6–139.3) 0.438 73.5 (31.3–355.6) <0.001

CKD (<60) 18 (13.9) 13 (13.8) 5 (14.3) 1 30 (23.6) 0.055

At 1.5 years

eGFR, mL/min/1.73 m2 74.4 (31.3–117.4) 75 (38.4–117.4) 65.5 (31.3–112.8) 0.282 69.4 (30.2–287.3) 0.004

eGFR ratio 0.9 (0.62–1.23) 0.91 (0.63–1.23) 0.89 (0.62–1.17) 0.412 0.95 (0.68–1.26) 0.008

CKD (<60) 29 (22.5) 18 (19.1) 11 (31.4) 0.158 37 (29.1) 0.254

At 3 years

eGFR, mL/min/1.73 m2 70.7 (34–116.7) 71.4 (34–110.5) 67.3 (35.4–116.7) 0.591 67.3 (22.8–260.1) 0.034

eGFR ratio 0.85 (0.58–1.29) 0.85 (0.64–1.24) 0.87 (0.58–1.29) 0.607 0.94 (0.55–1.34) <0.001

CKD (<60) 38 (29.5) 23 (24.5) 15 (42.9) 0.052 39 (30.7) 0.892

Values in parentheses are percentages unless indicated otherwise. * SPS vs. non-SPS, ** rectal resection vs. right colectomy.

eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease

and/or adjacent organs, and early UD were identified as po-

tential risk factors for an eGFR ratio < 0.75 at three years

after rectal surgery (Table 3). In the multivariate analysis,

including potential variables with a p-value of 0.05 or less

in univariate analyses, female sex (odds ratio: 4.2, p =

0.013) and cT4 tumor (odds ratio: 5.88, p = 0.038) were in-

dependent risk factors for future CKD, whereas early UD

was not (Table 3).

Discussion

Despite the high incidence of UD after rectal cancer sur-

gery, there is a limited investigation about the long-term

trend in renal function and the relationship between postop-

erative UD and the subsequent incidence of future CKD.

This study demonstrated three key findings: first, postopera-

tive renal function significantly worsened after rectal resec-

tion compared to colectomy, despite heterogeneous back-

grounds, including age, and initial eGFR; second, renal

function after rectal surgery gradually deteriorated with a re-

duction in the eGFR value by 15% and with a doubled

prevalence of CKD at three years; third, female sex and cT4

stage were independent risk factors for an eGFR ratio <

0.75 at three years in rectal surgery, suggesting a potential

risk for future end-stage CKD; however, the occurrence of

UD or UTI was not risk factors.

Similar to previous reports[12,13], this study showed that

early UD developed more frequently after non-SPS than

SPS. Additionally, CKD remarkably occurred three years af-

ter non-SPS. This finding could be attributed to the postop-
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Table　3.　Univariate and Multivariate Analyses of Risk Factors for “eGFR Ratio <0.75 at Three Years” after Rectal Resection (n= 129).

Univariate Multivariate

Variables n  (%) OR 95% CI p value OR 95 % CI p value

Age

<70 years 86 66.7 1

≥70 years 43 33.3 1.08 0.42–2.79 0.871

Gender

Male 75 58.1 1 1

Female 54 41.9 3.22 1.25–8.28 0.015 4.18 1.34–12.99 0.014

Hypertension

No 86 66.7 1

Yes 43 33.3 0.85 0.32–2.26 0.745

Preoperative CKD (eGFR <60) 

No 111 86 1

Yes 18 14 0.54 0.11–2.51 0.428

cT4

No 107 82.9 1 1

Yes 22 17.1 7.92 2.83–22.16 <0.001 5.93 1.1–31.83 0.038

cN+

No 77 59.7 1 1

Yes 52 40.3 2.23 0.9–5.57 0.085 0.94 0.27–3.28 0.921

Neoadjuvant chemotherapy

No 80 62 1 1

Yes 49 38 5.06 1.9–13.46 0.001 3.17 0.84–11.91 0.088

Sphincter preserving surgery

No 35 27.1 1

Yes 94 72.9 1.07 0.38–2.97 0.901

Operative approach

Open 36 27.9 1

Minimally invasive approach 93 72.1 1.49 0.51–4.36 0.469

Lateral lymph node dissection

No 76 58.9 1

Yes 53 41.1 1.73 0.7–4.28 0.236

Combined resection of adjacent organs and/or 

pelvic plexus

No 117 90.7 1 1

Yes 12 9.3 8.84 2.5–31.25 0.001 0.57 0.07–4.92 0.61

Major complications

No 115 89.1 1

Yes 14 10.9 0.33 0.04–2.62 0.291

Early urinary dysfunction

No 108 83.7 1 1

Yes 21 16.3 3.82 1.35–10.75 0.011 1.89 0.28–12.77 0.513

Early urinary tract infection

No 119 92.2 1

Yes 10 7.8 2.12 0.51–8.91 0.304

Postoperative AKI

No 108 83.7 1

Yes 21 16.3 2.14 0.73–6.3 0.167

Prolonged urinary dysfunction

No 119 92.2 1 1

Yes 10 7.8 3.51 0.9–13.63 0.07 1.91 0.22–16.32 0.555

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury
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erative backbend of the urinary bladder without supporting

tissue around the urethra. Moreover, several pudendal nerve

branches are frequently injured or removed in non-

SPS[26-28]. Interestingly, the eGFR reduction rate was com-

parable between the groups. A simple cause was that the

baseline eGFR value was lower in the non-SPS group due to

the higher median age than the SPS group, resulting in

greater development of CKD after non-SPS. Another possi-

ble reason was appropriate medical interventions, such as in-

troducing CIC, and/or oral medication, which could control

UD during discharge in more than half of the patients who

developed early UD. Postoperative UD is not always linked

to future renal dysfunction. We should recognize that persis-

tent residual urine could cause repeated UTIs and lead to fu-

ture CKD[29]. Another interesting hypothesis is that the

presence of incontinence could reduce the residual urine af-

ter non-SPS, leading to a reduction in future CKD. Regard-

ing UD at one year after non-SPS, it was reported that in-

continence became predominant over difficulty emptying the

bladder[12].

Although healthy middle- and old-aged men have signifi-

cantly worse renal function than women[30], it is unclear

why the female sex has a higher risk factor for future CKD

than the male counterpart. Deepak et al. reported that some

male patients had a fair amount of residual urine after la-

paroscopic TME, despite having no subjective symptoms (i.

e., subclinical UD)[31]. Such a phenomenon should fre-

quently occurs in females[12,32]. The urethral structure var-

ies greatly, depending on sex. Female patients might par-

tially resolve the difficulty emptying the bladder by urinary

straining[32,33]; however, as a harmful result, subclinical re-

sidual urine, and associated repeated UTI might cause a

long-term persistent decline in renal function. Additionally,

CIC’s technical and anatomical difficulties in females might

cause insufficient or abandoned CIC[12]. The relationship

between female subclinical UD and changes in renal func-

tion over time is an important subject for further study.

Another risk factor is the cT4 tumor instead of the UD. In

this study, cT4 tumors were strongly associated with com-

bined resection of the pelvic plexus and/or adjacent organs.

It is well-known that the extent of autonomic nerve preser-

vation is associated with the risk of developing urinary dys-

function. However, even partial resection of the pelvic

plexus has been reported to reduce bladder contractility and

compliance, increasing clinical and subclinical UD[32]. In-

deed, the incidence of patients with more than 50 ml resid-

ual urine reached up to nearly 50% one month after rectal

resection combined with partial autonomic nerves[33]. This

might be why T4 remains a risk factor for future end-stage

CKD. Clarification of the relationship between the extent of

autonomic nerve preservation and future renal function

needs further study.

Several steps can be taken to prevent future CKD after

rectal cancer surgery. First, residual urine volume should be

measured over the long term. It has been reported that the

residual urine volume gradually increases or remains high,

even after several years after rectal surgery[4,12,31,34,35].

Evaluation of residual urine only during hospitalization

might be insufficient; therefore, establishing a simple, and

noninvasive measuring method that can be performed at

home is eagerly awaited. Second, education should be pro-

vided on sufficient and sustainable CIC for high-risk pa-

tients[36]. In our cohort, three patients required CIC for

more than one year; however, certain CICs 4-5 times a day

can avoid the subsequent decrease in eGFR. This might be

why early or prolonged UD was not a risk factor for future

CKD in the multivariate analysis.

The single-center design, small sample size, and retro-

spective nature are limitations in the present study. More-

over, the lack of data and definition regarding the subclinical

UD and UTI should be considered a limitation. Detecting

and managing them are pressing problems for preventing fu-

ture CKD. Adding a urinalysis to the routine blood tests at

the regular follow-up may help detect subclinical UTI. Al-

though the serum creatine-based eGFR value could be easily

measured, it might not have reflected genuine renal function.

When severe loss of muscular volume developed after sur-

gery, the eGFR value could have been overestimated, result-

ing in an underestimation of renal dysfunction[37].

Moreover, although preoperative CRT is a robust risk fac-

tor for postoperative UD[38], our cohort included only one

CRT patient. The impact of CRT was not evaluated in this

study. That is rather favorable for confirming the impact of

rectal resection itself; meanwhile, the effect of preoperative

CRT on future renal function remains unclear, and further

investigation in a multicenter study with many cases is

needed.

In conclusion, postoperative eGFR significantly decreased

after rectal cancer surgery compared to colectomy. The

prevalence of CKD more than doubled at 3 years after rectal

resection. Female sex and cT4 tumor were independent risk

factors for future renal dysfunction, but postoperative UD

was not. However, UD might not be accurately evaluated,

and further development of residual urine measurement is

needed.
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