Daily urine loss immediately after urethral catheter removal may be an effective predictor of long-term urinary incontinence following robot-assisted laparoscopic radical prostatectomy


ABSTRACT
Purpose: Some patients who undergo robot-assisted laparoscopic radical prostatectomy (RARP) continue to experience long-term urinary incontinence (UI). This study aimed to evaluate easily obtainable factors that can predict long-term UI following RARP.
Materials and Methods: A total of 315 patients who underwent RARP for localized prostatic cancer were analyzed. We separated the patients into two groups, namely, the Continence group and the Incontinence group, according to the presence or absence of UI at 12 months after surgery, and we compared the patients’ characteristics and operative data to identify clinical signs associated with long-term UI. Additionally, correlations between these factors and postoperative urethral function were evaluated. Urinary continence was defined as both the use of 0 pads/per day and <2 g of urine lost using the 24-h pad weight test.
Results: Of 315 patients, 250 (79.4%) achieved urinary continence and 65 (20.6%) had UI. Age, storage-related lower urinary tract symptoms before surgery, nerve-sparing surgery, and the 24-h urine loss immediately after urethral catheter removal significantly affected long-term UI after RARP. Multivariate logistic regression analyses revealed that the 24-h urine loss after catheter removal was a significant predictor of long-term UI. Receiver operating characteristic curve analysis identified a urine loss of 330 g/day as the optimal cutoff value, which yielded 92% sensitivity and 84% specificity, and it showed significant correlations with postoperative urethral function and the time to recover urinary continence.
Conclusion: The 24-h urine loss immediately after urethral catheter removal may be the most reliable and useful predictor of long-term UI following RARP. 
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What’s already known about this topic?
As for long-term urinary incontinence after prostatectomy, younger age, nerve-sparing surgery, and membranous urethral length by MRI have reported to be related to an early recovery of urinary continence after prostatectomy. However, little has been reported on easily obtainable factors to predict long-term urinary incontinence after prostatectomy.

What does this article add?
[bookmark: _GoBack]In this study, the amount of urine loss on the first day after urethral catheter removal following prostatectomy was identified as the most powerful and useful predictor of long-term urinary continence recovery after prostatectomy. In addition, we clarified the association between urethral function and the amount of urine loss after catheter removal.
INTRODUCTION
Robot-assisted laparoscopic radical prostatectomy (RARP) is becoming a standard treatment for localized prostate cancer, and it is performed worldwide1-3. Stress urinary incontinence (SUI), which is one of the most important complications after prostatectomy, negatively affects patients’ quality of life (QOL)4-6. Compared with open radical prostatectomy (RP), RARP is less invasive and its outcomes are more favorable regarding postoperative urinary continence7, 8. Additionally, de novo SUI after RARP improves within 1 year after surgery in most patients; however, some patients who undergo RARP continue to experience long-term SUI, that is, > 1 year. Declines in parameters used to measure urethral function after RARP, including the maximum urethral closing pressure (MUCP) and functional profile length (FPL), may be associated with postoperative SUI9, 10. Postoperative urinary incontinence (UI) may be prolonged and tends to be incurable in patients with greater decline in urethral function. Hence, evaluating urethral function is useful for predicting the time to recover from UI; however, this is an invasive evaluation that requires catheterization to measure the urethral pressure. 
Although younger age and nerve-sparing surgery may be related to an early recovery of urinary continence after RARP11-13, few studies have focused on factors that can predict long-term recovery from UI after RARP. Recently, some studies’ findings have shown that the preoperative or postoperative membranous urethral length (MUL), which is determined using magnetic resonance imaging (MRI), correlated significantly with the recovery of urinary continence after RARP14-16. However, the range of MUL is limited, and it is thought to be difficult to predict urinary continence recovery by only the value of MUL. Additionally, MRI is time-consuming and costly, and not all patients can undergo MRI. Therefore, clarifying the ability of easily obtainable factors to predict long-term UI after RARP will improve decision-making about the appropriate courses of treatment for patients who undergo RARP. Thus, the present study aimed to identify easily obtainable factors that can predict long-term UI after RARP and to evaluate correlations between these clinical parameters and urethral function. 

MATERIALS AND METHODS
This single-center, retrospective study was conducted in accordance with the ethical principles of the Declaration of Helsinki. The study’s protocol was approved by Nagoya University’s Graduate School of Medicine’s ethics committee (Institutional Review Board Approval number: 19434). Patients who underwent RARP at our hospital between April 2012 and December 2015 for localized prostate cancer at clinical stages that ranged from T1c to T3a and was N0 and M0, and who were followed up regarding their continence status for > 3 years and who underwent evaluations of urethral function before and 3 months after surgery, were analyzed. Patients were excluded if they had received oral treatment or undergone surgery for lower urinary tract symptoms (LUTS), preoperative UI, received androgen deprivation therapy preoperatively and/or postoperatively, neurogenic bladder dysfunction, severe diabetes mellitus, or renal dysfunction. In addition, patients were excluded from this analysis if their urethral catheters were in place for >6 days after the operation as a consequence of the insufficiency of the urethrovesical anastomosis. 
Five surgeons (YM, YY, MK, NS, and MG) carried out RARP via the transperitoneal approach using the da Vinci S system (Intuitive Surgical, Inc., Sunnyvale, CA, USA). After bunching the dorsal vein complex, the prostate was dissected via an antegrade approach from the bladder neck. Nerve-sparing procedures were performed on some patients, depending on the status of the cancer. After resecting the prostate, a double-layered posterior reconstruction was performed, and the urethrovesical anastomosis was created by running a single suture, which comprised a double-armed 3-0 Monocryl suture, using Clayman’s method17. The urethral catheter was removed from all patients on postoperative day (POD) 5 following cystographic evaluations.
We separated the patients into the Continence group or the Incontinence group according to the presence or absence of SUI at 12 months after surgery, which was evaluated by the using a 24-h pad weight test. To identify clinical signs associated with long-term SUI, the groups were compared regarding their preoperative characteristics, namely, age and the body mass index, initial serum prostate-specific antigen level, total International Prostate Symptom Score (IPSS), IPSS-voiding subscore, IPSS-storage subscore, and the total overactive bladder symptom score (OABSS), and their operative factors, namely, blood loss, the operative time, the resected prostate volume, nerve-sparing surgery, the pathological stage of the tumor, and the daily urine loss immediately after the removal of the urethral catheter on POD 5, which was determined using the 24-h pad weight test. The patients had completed questionnaires, including the IPSS and OABSS, which evaluated LUTS, 1–2 days before surgery. Urinary continence was defined as both the use of 0 pads/day and < 2 g of urine lost based on the 24-h pad weight test.
To evaluate urethral function, urethral pressure profile (UPP) measurements were conducted according to the International Continence Society’s standard methods18, 19. The UPP measurements were performed at a perfusion rate of 2 mL/min using a 6-Fr transurethral catheter with a side hole that was removed at 60 mm/min using an electronic puller, and the MUCP and FPL were evaluated. Correlations between changes in these parameters and the patients’ clinical signs were evaluated to predict long-term UI after RARP.
All statistical data are presented as mean and standard deviation (SD). Mann-Whitney U tests and chi-squared tests were performed, as appropriate, to compare the groups regarding the preoperative and operative parameters. We used receiver operating characteristic (ROC) curves and multivariate logistic regression, and calculated Spearman’s correlation coefficients to determine which parameters predicted long-term UI after RARP. All the tests were two-sided, and a value of p < 0.05 was considered statistically significant. All the statistical analyses were performed using IBM®SPSS® software, version 26 (IBM Corporation, Armonk, NY, USA).

RESULTS
A total of 315 Japanese patients, with a mean age of 66.7 years, were included in this analysis. The mean (SD) time to recover urinary continence after RARP was 3.7 (2.6) months. The complete urinary continence rates at 3, 12, 24, and 36 months after RARP were 51.1%, 79.4%, 92.1%, and 95.6%, respectively. At 12 months after RARP, 250 patients had achieved urinary continence and comprised the Continence group, and 65 patients had UI and comprised the Incontinence group. Table 1 compares the Continence group and the Incontinence group regarding the patients’ preoperative characteristics. Men with long-term UI were significantly older and had higher total IPSS and IPSS-storage sub-score. Regarding the operative parameters, there were no significant differences between the groups in relation to blood loss, operative time, resected prostate volume, or pathological stage of the tumor. The mean 24-h urine loss immediately after urethral catheter removal on POD 5 differed significantly between the Continence group (166 g/day) and in the Incontinence group (706 g/day) (p < 0.001). The nerve-sparing surgery rate was significantly higher in the Continence group (58%) than in the Incontinence group (26.2%).
Regarding urethral function, the MUCP and FPL declined significantly in both groups after RARP. At 3 months after RARP, the MUCP and FPL were significantly lower in the Incontinence group than in the Continence group, and the MUCP and FPL reduction rates were significantly greater in the Incontinence group (48.7% and 54.3%, respectively) than in the Continence group (28.9% and 45.4%, respectively) (Table 2). 
Multivariate logistic regression analyses of the parameters that showed significant differences in the univariate analyses revealed that the 24-h urine loss immediately after catheter removal and the postoperative MUCP were significant predictors of long-term SUI after RARP (Table 3). Regarding predictors of long-term UI, ROC curve analyses (Fig. 1) determined that 330 g/day was the optimal cutoff value for the 24-h urine loss after catheter removal on POD 5, which had a sensitivity of 92% and a specificity of 84%, and that 48 cmH2O was the optimal cutoff value for the postoperative MUCP, which had a sensitivity of 78% and a specificity of 80%. The areas under the ROC curves for the 24-h urine loss after catheter removal and postoperative MUCP were 0.940 and 0.841, respectively. 
The 24-h urine loss immediately after urethral catheter removal correlated positively with the time to recover urinary continence (r = 0.88; p < 0.001) and it correlated negatively with the postoperative MUCP (r = -0.61; p < 0.001) and FPL (r = -0.45; p < 0.001) (Figure 2), although there was no significant correlation between the 24-h urine loss after catheter removal and preoperative MUCP (r = -0.11; p = 0.06) and FPL (r = 0.06; p = 0.32). 

DISCUSSION
The amount of urine loss, or incontinence, on the first day after urethral catheter removal following RARP was identified as the most powerful and useful predictor of long-term urinary continence recovery after RARP. Most of the patients who underwent RARP achieved urinary continence within 1 year postoperatively; however, some patients experienced prolonged UI for > 1 year postoperatively. The availability of easily obtainable factors that can predict long-term UI after RARP and can be used immediately after surgery will enable clinicians to provide patients with appropriate courses of treatment that include specific rehabilitation programs and early adjuvant medical therapy that may, subsequently, improve patients’ UI and QOL20, 21. Thus, this study’s findings were considered clinically relevant with respect to informing strategies that improve UI after surgical treatment for prostate cancer, because 24-h urine losses immediately after urethral catheter removal are easy to measure.
Some studies have focused on correlations between postoperative UI and urine losses after catheter removal following prostatectomy. Ates et al. described a linear correlation between the time to continence and the urine loss ratio on the first day after catheter removal, and they showed that a urine loss ratio that exceeded 15% indicated a high risk of incontinence22. Kampen et al. reported that the amounts of urine lost on the first day after catheter removal could be separated into five categories, namely, 2–50 g, 51–100 g, 101–200 g, 201–500 g, and > 500 g, and that the median UI durations were 8 days, 16 days, 29 days, 29 days, and 70 days, respectively23. These investigators concluded that the amount of urine lost on the first day after catheter removal was the most important predictor of urinary continence recovery after RP22, 23. However, to the best of our knowledge, no studies have identified an association between urethral function and the amount of urine lost on the first day after catheter removal from patients who underwent RP.
In this study, the 24-h urine loss immediately after urethral catheter removal correlated significantly with the UI duration and with the postoperative measurements of urethral function, including the MUCP and FPL. However, the 24-h urine loss immediately after urethral catheter removal did not correlate with the preoperative measurements of urethral function. Although urethral function improves gradually after surgery24, patients with larger declines in urethral function after prostatectomy may be considered to experience long-term UI. Our study’s findings showed that the groups differed significantly regarding the achievement of postoperative MUCP > 48 cmH2O, which was the MUCP cutoff value associated with the recovery of urinary continence after RARP. Indeed, > 80% of the patients in the Continence group and only 20% of the patients in the Incontinence group achieved postoperative MUCP > 48 cmH2O. Although a detailed explanation of exactly how the 24-h urine loss after catheter removal can accurately predict UI after RARP remains elusive, the finding that the amount of urine lost during the 24-h after catheter removal correlated significantly with postoperative measurements of urethral function indicates that this should be included in this explanation.
The factors that contribute to UI after RP can be categorized crudely as patients’ characteristics and operative factors. Some studies’ findings have shown that older age, preoperative storage symptoms and dysfunction, and a shorter MUL, which was determined using MRI before surgery, are significant risk factors associated with UI after RP11-16; these factors can be categorized as patients’ characteristics, and they indicate declines in urethral and bladder function before surgery. In contrast, nerve-sparing surgery, blood loss, and the postoperative MUL can predict early urinary continence after RP, and these factors are considered to signify postoperative urethral function. In our study, age, the IPSS-storage subs-core, and nerve-sparing surgery were significantly associated with long-term UI after RARP in the univariate analysis, but their significance did not persist in the multivariate analysis. A comparison of the groups regarding urethral function showed that while the preoperative MUCP and FPL were not associated with long-term recovery from UI, they had significant effects on the short-term recovery from UI at 3 months after RARP. Kadono et al. also reported that preoperative factors, including the MUCP, FPL, and MUL, which were evaluated using MRI, could not predict continence at 1 year after RARP13. Based on these findings, preoperative parameters may influence the short-term recovery from UI after RP, and operative factors, rather than the patients’ characteristics, may strongly influence the long-term recovery from UI after RP. 
In this study, the complete urinary continence rate at 12 months after RARP was 79.4%; this rate is considered low given that many other publications indicate complete urinary continence rates of around 90% at 12 months after RARP11. The narrow definition of continence used in our study, that is, < 2 g of urine lost using the 24-h pad weight test, in addition to the use of 0 pads/per day, and the low percentage of patients who underwent nerve-sparing surgery may explain the low rate of recovery from UI. At the same time, however, the fact that surprisingly many patients have UI even the long-term (12 months) after RP should be kept in mind. Thus, the finding that the 24-h urine loss at the time of catheter removal after RARP can reliably predict long-term recovery from UI may be useful when assessing the adoption of pelvic floor muscle training programs during the early postoperative period by patients who have undergone RP, and it may contribute to the early recovery of patients from UI after surgery20, 21.
The present study has several limitations. First, this was a retrospective study. Second, while urodynamic studies were performed before and at 3 months after surgery on all patients, they were not performed at 12 months after surgery. Third, some parameters were not evaluated using MRI, including the MUL, which is a robust predictor of recovery from UI after RP. Further studies are needed to more accurately assess the long-term recovery of patients from UI after RARP.

CONCLUSIONS
The 24-h urine loss immediately after urethral catheter removal correlated strongly with the postoperative urethral function, and it may be the most reliable and useful predictor of the time required to recover urinary continence as well as a predictor of long-term UI at 12 months after RARP.
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Figure Captions 
Fig. 1 
Title: Predictors of long-term urinary incontinence following robot-assisted laparoscopic radical prostatectomy. Receiver operating characteristic (ROC) curve of the (a) 24-h urine loss after urethral catheter removal and (b) postoperative maximum urethral closing pressure (MUCP) 
Legends: ROC curve analyses determined that 330 g/day was the optimal cutoff value for the 24-h urine loss after catheter removal, which had a sensitivity of 92% and a specificity of 84%, and that 48 cmH2O was the optimal cutoff value for the postoperative MUCP, which had a sensitivity of 78% and a specificity of 80%.

Fig. 2 
Title: Correlation between the 24-h urine loss after urethral catheter removal and the (a) length of time to recover complete urinary continence and (b) postoperative maximum urethral closing pressure 
Legends: The 24-h urine loss immediately after urethral catheter removal correlated positively with the time to recover urinary continence (r = 0.88; p < 0.001) and negatively with the postoperative MUCP (r = -0.61; p < 0.001).
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