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Abstract
Background After radical prostatectomy, the optimal length of postoperative catheterization time remains
to be determined. This study investigates the impact of catheter removal time on urinary continence and
overactive bladder symptoms after robot-assisted radical prostatectomy (RARP).

Methods Two hundred and �fty consecutive patients underwent RARP by a single surgeon between
November 2020 and May 2021. Time to catheter removal was categorized into 7, 10, and ≥ 14 days.
Continence was de�ned as no more than 1 pad used or no more than 20 grams of urine leakage per 24
hours. The patients' continence rates and overactive bladder symptom score (OABSS) were assessed at
48 hours, 1 week, 4 weeks, 12 weeks, and 24 weeks after catheter removal.

Results Overall, continence rates were 36% 48 hours after catheter removal, 55.6% 1 week, 74.8% 4 weeks,
98.4% 12 weeks, and 100% 24 weeks after catheter removal. The median time to regain continence was 1
week. After strati�cation according to catheterization time, no signi�cant difference in continence rates
was found between different groups at each time point after catheter removal. Longer catheterization
was not an independent predictor of continence recovery (10 days: OR 0.985, 95% CI 0.689-1.409, p =
0.936; ≥14 days: OR 1.194, 95% CI 0.869-1.642, p = 0.274). The presence of diabetes was associated
with worse continence outcomes (OR 1.535, 95% CI 1.105-2.132, p = 0.011). The mean OABSS of patients
in the continent group were signi�cantly lower than the incontinent group at 48 hours, 1 week, and 4
weeks after catheter removal. No signi�cant difference in OABSS was found between different
catheterization time groups at each time point after catheter removal.

Conclusions Our results demonstrated that different catheterization time (7 days, 10 days, ≥14 days) is
not associated with short-, intermediate-, long-term continence outcomes or overactive bladder
symptoms.

Introduction
For patients with localized prostate cancer, robot-assisted radical prostatectomy (RARP) is a reliable
treatment option. After radical prostatectomy, the catheter was indwelling for 7 to 14 days to ensure the
vesicourethral anastomosis healing, while several studies have reported that removing the catheter within
7 days was also safe and feasible [1]. There are con�icting data as to whether the length of
catheterization time has an impact on urinary continence recovery [2–5]. Prolonged catheterization
increases the risk of urinary tract infection and may cause patient discomfort [6–8], and it has been
reported that prolonged catheterization can adversely affect short- and intermediate-term continence
recovery [2]. However, Patel et al. have reported that early removal of the urinary catheter 3 or 4 days after
surgery was associated with a signi�cant increase in the incidence of acute urinary retention[9].
Therefore, the optimal length of postoperative catheterization remains to be determined.

Post-prostatectomy overactive bladder (OAB) symptoms are common, which may adversely affect
continence recovery [10]. However, whether early removal of the urinary catheter will result in more
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pronounced bladder irritation symptoms due to functional changes of the bladder is still unknown.

The present retrospective study was designed to determine whether different catheterization time has an
impact on continence recovery. Overactive bladder symptom score (OABSS) was assessed to evaluate
the degree of bladder irritation after catheter removal.

Patients And Methods

Patient population
From November 2020 to May 2021, 261 patients with localized prostate cancer underwent RARP by the
same experienced surgeon at the Department of Urology, Peking University First Hospital. The study was
approved by the institutional review board. Patients who met the enrollment criteria were included. The
inclusion criteria were localized prostate cancer (cT1-3, cN0, cM0). Exclusion criteria were as follows:
other type of urinary diversion was performed (N=1); incontinence prior to RARP (N =1); patients who were
lost to follow-up or died within six months after surgery (N = 9). 

Surgical methods
All RARP cases were performed using the transabdominal approach. Total periurethral reconstruction
was routinely performed in all cases to improve early continence. The vesicourethral anastomosis was
performed by using a 3-0 self-locking running suture. For low-risk patients, a neurovascular bundle (NVB)
sparing procedure is performed. Bilateral pelvic lymph node dissection was routinely performed in high-
risk patients. The pelvic drains were removed when the drainage was less than 200 mL during a 24-hour
period. 

Catheter removal time
After surgery, all patients were instructed to undergo proper pelvic �oor rehabilitation. All patients make
an appointment to have their urinary catheter removed before discharge. Catheterization time was based
on the individual patient’s decision. Patients can choose to have their catheters removed at 7, 10 or 14
days after surgery at their own willingness. Cystography was routinely performed to con�rm that there
was no anastomotic leak. If the cystogram shows evidence of extravasation, the catheter is retained for
at least 14 days.  

Follow-up
Self-administered questionnaires were used at different times (48 hours, 1 week, 4 weeks, 12 weeks, and
24 weeks) after catheter removal, including the number of pads used per 24 hours and OABSS. The
patients were also instructed to perform the 24-h pad weight test to accurately record the severity of
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incontinence. Continence was de�ned as no more than 1 pad used or no more than 20 grams of urine
leakage per 24 hours.  

Statistical analysis
All continuous variables are presented as the median and interquartile range (IQR), and the frequencies
and proportions were reported as percentages. The Student's t-test and Mann–Whitney U test were used
to assess quantitative parametric and nonparametric variables, respectively. The chi-square test was
used to assess differences in distributions between categorical parameters. All reported p values were
obtained using the two-sided exact method at the conventional 5% signi�cance level. The patients’
continence rates were assessed at 48 hours, 1 week, 4 weeks, 12 weeks, and 24 weeks after catheter
removal. Kaplan-Meier curves were used to determine the incontinence probability among the patients.
Variables associated with continence recovery were analyzed using the Cox proportional hazards model,
adjusting for age, body mass index (BMI), prostate volume, pre-operative International Prostate Symptom
Score (IPSS), pre-operative OABSS, prostate speci�c antigen (PSA), diabetes mellitus, NVB preservation,
margin status. All analyses were performed using IBM® SPSS® Statistics Version 23.0 (International
Business Machines Corporation, New York, USA).

Results

Clinical and pathological data
A total of 250 patients were enrolled in this study. Clinical information of the patient population is
detailed in Table 1, strati�ed by catheterization time. The median age was 66.0 years (IQR 62.0–70.3)
and the median PSA level was 9.06 ng/ml (IQR 5.70–14.97). Patients with longer catheterization (≥ 14
days) were signi�cantly older. 
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  Table 1
Clinical characteristics

Patients'
characteristics

Overall Data

(n = 250)

Catheterization time (days) p
value

7

(n = 37)

10

(n=50)

≥14

(n=163)

Age, yr 66.0 62.0-
70.3

65(58-68.5) 65.5(62.75-
71)

67(62-71) 0.038*

BMI 24.8 23.0-
26.7

24.2(22.2-
27.6)

25.3(23.4-
26.7)

24.8(23.0-
26.4)

0.877

PSA, ng/ml 9.06 5.70-
14.97

10.77(6.47-
14.69)

8.28(4.10-
12.84)

9.11(5.35-
15.61)

0.752

Pre-operative IPSS 8 3-15 8(2-17) 8(3-12) 8(4-16) 0.632

Pre-operative
OABSS

3 2-5 3(1-5.5) 3(2-4) 3(2-5) 0.368

Prostate volume, ml 35.2 24.5-
50.8

35.0(27.5 –
47.3)

34.5(22.1 –
45.4)

35.2(24.6 –
53.0)

0.356

* With statistical signi�cance

Of all patients enrolled, a total of 58 had bilateral lymph node dissection (23.2%), and 49 had NVB
sparing surgery (19.6%). Postoperative pathology information is detailed in Table 2. Forty-three patients
had positive margins (17.2%). Among all patients who underwent lymph node dissection, lymph node
metastasis was found in 9 cases (3.6%).
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 Table 2
 Patients’ histopathological data

Pathological �ndings Overall Data

(n = 250)

Catheterization time (days) p value

7

(n = 37)

10

(n=50)

≥14

(n=163)

Positive margins, no. (%) 43(17.2) 9(24.3) 8(16.0) 26(16.0) 0.461

Stage, no. (%)        

≤pT2 120(48.0) 19(51.4) 24(48) 77(47.2) 0.970

≥pT3 128(51.2) 18(48.6) 24(48) 86(52.7)  

Unable to stage 2(0.8)   2(4)    

Gleason score, no.(%)        

2-6 14(5.6) 2(5.4) 2(4.0) 10(6.1) 0.320

7 152(60.8) 24(55.7) 30(60.0) 98(60.1)  

8-10 75(30) 11(29.7) 17(34.0) 53(32.5)  

Unclassi�ed 9(3.6)   1(2.0) 2(1.2)  

Continence outcomes
Overall, continence rates were 36% 48 hours after catheter removal, 55.6% 1 week, 74.8% 4 weeks, 98.4%
12 weeks, and 100% 24 weeks after catheter removal (Fig. 1). The median time to regain continence was
1 week. No cases of acute urinary retention occurred. The number of safety pads used per 24 hours and
the 24-h pad weight at different times after catheter removal are detailed in Table 3. After strati�cation
according to catheterization time, no signi�cant difference in continence rates was found between
different groups at each time point after catheter removal (Fig. 2). Continence rates at different times are
detailed in Table 4.

Table 3

 Number of safety pads and 24-h pad weight per day
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Time after catheter removal 24-h pad weight, g/day Number of safety pads, n/day

48 hr 130 15-500 2 1-4

1 wk 50 6.4-250 1 0-3

4 wk 15 2-93 1 0-2

12 wk 3 1-4 0 0-1

24 wk 2 1-4 0 0-1

 

Table 4

Continence rates at different times strati�ed by catheterization time

Time after catheter removal Overall Catheterization time (days) p value

7  10 ≥14

48 hr 36.0% 27.0% 44.0% 35.6% 0.260

1wk 55.6% 51.3% 62.0% 54.6% 0.558

4wk 74.8% 72.9% 82.0% 73.0% 0.423

12wk 98.4% 100.0% 100.0% 97.5% 0.338

24wk 100.0% 100.0% 100.0% 100.0%  

Kaplan-Meier curves were used to demonstrate incontinence probability strati�ed by different
catheterization times (Fig 3a and b). In a univariate COX regression analysis, the presence of diabetes
was associated with worse continence recovery (OR 1.535, 95% CI 1.105-2.132, p = 0.011). (Fig 4). It was
found that longer catheterization was not an independent predictor of continence recovery (10 days: OR
0.985, 95% CI 0.689-1.409, p = 0.936; ≥14 days: OR 1.194, 95% CI 0.869-1.642, p = 0.274). However,
patients' age, BMI, pre-operative prostate volume, pre-operative PSA, pre-operative IPSS, pre-operative
OABSS, NVB preservation, lymph node dissection, and margin status were not associated with continence
recovery. The results are detailed in Table 5.
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 Table 5

 Univariate COX regression, risk factors for continence recovery

 Variable p OR (95% CI)

Age 0.100 0.984(0.965-1.003)

BMI 0.640 0.991(0.954–1.030)

Diabetes 0.011* 1.535(1.105-2.132)

Prostate Volume 0.976 1.000(0.994-1.006)

PSA 0.241 1.000(0.999-1.000)

NVB preservation 0.953 0.991(0.725-1.354)

Lymph node dissection 0.852 0.972(0.724-1.305)

Positive margin 0.942 1.988(0.711-1.372)

Pre-operative IPSS 0.937 1.001(0.984-1.017)

Pre-operative OABSS 0.342 0.975(0.925-1.027)

Catheterization time    

7 days 0.523 Ref

10 days 0.936 0.985(0.689-1.409)

≥14 days 0.274 1.194(0.869-1.642)

* With statistical signi�cance

OAB symptoms and continence recovery
The results showed that the mean OABSS of patients in the continent group were signi�cantly lower than
the incontinent group at 48 hours, 1 week, and 4 weeks after catheter removal (Table 6). No signi�cant
difference in OABSS was found between different catheterization time groups at each time point after
catheter removal. The results are shown in Table 7. 
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Table 6

Mean OABSS at different times after catheter removal according continency

Time after catheter removal OABSS (mean) p value

Continent Incontinent

48hr 6.17 8.05 <0.001*

1wk 6.33 8.09 0.001*

4wk 4.85 7.70 <0.001*

12wk 4.50 9.0 0.125

24wk 4.18    

* With statistical signi�cance

 

Table 7

 Mean OABSS at different times after catheter removal strati�ed by catheterization time

Time after catheter removal Catheterization time (days) p value

7 10 ≥14

48hr 7.77 7.64 7.14 0.935

1wk 8.31 7.45 7.02 0.909

4wk 7.31 6.55 5.68 0.367

12wk 5.62 4.36 4.27 0.441

24wk 4.38 4.09 4.08 0.954

Discussion
The “Trifecta” of radical prostatectomy is cancer control, preservation of erectile function, and urinary
continence [11]. Although there have been technological advances in recent years, incontinence remains a
major complication after radical prostatectomy. The incidence of urinary incontinence ranges from 4 to
31% at 12 months postoperatively, with an average of 16% [12]. Postoperative incontinence affects
patients' quality of life and reduces their postoperative satisfaction [13]. After radical prostatectomy, the
catheter was indwelling for 7 to 14 days to ensure the vesicourethral anastomosis healing. There is no
objective evidence regarding the catheter indwelling time after radical prostatectomy, and in most centers,
catheterization time was based on individual surgeons' decisions as well as individual patients' factors.
The need for more prolonged catheterization is based on the perceived advantage of catheterization in
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preventing urine extravasation, minimizing scar formation, and potentially improving continence.
However, there is currently no evidence to support the use of indwelling catheters for prolonged periods.
There are con�icting data as to whether the length of catheterization time has an impact on urinary
continence recovery. Some studies demonstrated that early catheter removal was associated with a
signi�cantly higher continence rate after radical prostatectomy[4, 14]. Tilki et al. had reported that longer
catheterization was associated with worse short- and intermediate-term continence but had no adverse
impact on long-term continence [2]. However, Matsushima et al. demonstrated that early catheter removal
on postoperative day 2 after laparoscopy radical prostatectomy might increase the risk of incontinence in
a randomized controlled trial of 113 cases [5]. At the same time, early removal of the indwelling catheter
on postoperative day 3 or 4 might increase the risk of urinary retention and extravasation [9, 15]. In cases
of anastomosis leakage, catheter removal may then be deferred to allow further healing of the
anastomosis. Delayed removal of the catheter, on the other hand, has the potential to aggravate urinary
tract infections while increasing patient discomfort [6, 8]. It is also suspected that prolonged
catheterization may lead to mechanical damage and in�ammation of the urethral and bladder mucosa,
which may adversely affect continence outcomes and causing bladder irritation symptoms. Therefore,
the optimal length of postoperative catheterization time remains to be determined.

Robotic surgery has greatly reduced the technical di�culty of radical prostatectomy [16]. With the
advancement of robotic surgery and the use of total anatomical reconstruction, the quality of
vesicourethral anastomosis has gained signi�cant improvement, resulting in better recovery of early
urinary continence [17]. In the era of open surgery, urologists prefer to keep the catheter for a more
prolonged period. With the advancement of robotic technique, earlier removal of the catheter is tried in
order to improve continence recovery and the quality of life.

At the same time, post-prostatectomy OAB symptoms are common. The prevalence of OAB after radical
prostatectomy ranges from 15.2 to 37.8% and may adversely affect continence recovery [10]. Recent
studies have highlighted the role of the urethra-genic mechanism in the genesis of post-prostatectomy
OAB [18]. There is currently no data on how postoperative management may prevent post-prostatectomy
OAB. Whether early removal of the urinary catheter will result in less pronounced OAB symptoms is not
clear.

Our present study was designed to compare the impact of catheter removal on urinary continence
outcomes and OAB symptoms. Favorable continence results were reported for patients undergoing RARP
with overall 3-month and 6-month continence rates of 98.4 and 100%. The results showed that removal
of the catheter at different times had no signi�cant effect on the patients' early continence (48 hours, 1
week), mid-term continence (4 weeks, 12 weeks), and long-term continence (24 weeks). Therefore, early
removal of the catheter can be attempted to reduce complications associated with prolonged
catheterization, provided that there is no urine extravasation.

The question of whether early removal of the catheter exacerbates bladder irritation symptoms in patients
was also explored in this study. We measured OABSS at different times after catheter removal. The
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results showed that the mean OABSS of patients in the continent group was signi�cantly lower than the
incontinent group at 48 hours, 1 week, and 4 weeks after catheter removal, which implies that OAB
symptoms adversely impact continence recovery. This result suggests that, in addition to anatomical
factors, functional changes in the bladder may also be related to the occurrence of postoperative
incontinence and merits further exploration. However, in the present study, the results showed that at each
time point after catheter removal, the OABSS did not differ signi�cantly between each catheterization
group, suggesting that early removal of the catheter does not increase the OAB symptoms of patients. To
the best of our knowledge, our retrospective study is the �rst to identify a relationship between the
catheterization time and OAB symptoms.

In the present study, the presence of diabetes signi�cantly affected continence recovery. Diabetes seems
to be a signi�cant disadvantage in gaining urinary continence compared with nondiabetic patients. Our
results collaborate with those described in the recent literature [19, 20]. Diabetes is a systemic disease
that can have multiple system involvement, and local recovery of nerve and muscle function after radical
prostatectomy may be affected by diabetes. Therefore, diabetic patients should be informed about
possible late recovery of postoperative urinary continence compared with nondiabetic patients after
RARP.

The present study also has certain limitations. First, this study is a retrospective design with some
inherent selection bias. Also, the sample size of this study was relatively small and, the number of cases
between each catheterization group was not well matched. The number of patients who had their
catheters removed ≥14 days was higher than in the 7-day and 10-day groups. In addition, all RARP
procedures were performed by an experienced high-volume surgeon in a single center. Therefore, our
results might not be directly transferable to other centers. However, to the best of our knowledge, our
study is not only one of the limited studies evaluating the impact of catheterization time on continence
outcomes but also one of the few that focused especially on the impact of catheterization on OAB
symptoms.

In conclusion, our study demonstrated that different catheterization time (7 days, 10 days, ≥14 days) is
not associated with short-, intermediate-, long-term continence outcomes or OAB symptoms in a large
Chinese RARP cohort.

Abbreviations
RARP: Robot-assisted radical prostatectomy; IQR: interquartile range; OABSS: overactive bladder
symptom score; NVB: neurovascular bundle; IPSS: International Prostate Symptom Score; OAB:
overactive bladder; PSA: prostate speci�c antigen; BMI: Body Mass Index; DM: Diabetes Mellitus; OR:
odds ratio; CI: con�dence interval.
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Figures

Figure 1

Continence rates at different times after catheter removal.
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Figure 2

Continence rates at different times strati�ed by catheterization time
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Figure 3

a. Kaplan-Meier curves of incontinence probability in all patients. b. Kaplan-Meier curves of incontinence
strati�ed by different catheterization times.

Figure 4

Impact of diabetes on incontinence probability. DM = Diabetes Mellitus
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