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Purpose: This study aimed to examine the prevalence of surgery for postprostatectomy incontinence (PI) following minimally 
invasive surgery compared to conventional open surgery for prostate cancer.
Methods: This retrospective cohort study used the Florida State Ambulatory Surgery and State Inpatient Databases, 2008 to 
2010, radical prostatectomy (RP) patients were identified using International Classification of Diseases (ICD)-9/10 procedure 
codes and among this cohort, PI was identified also using ICD-9/10 codes. Surgical approaches included minimally invasive 
(robotic or laparoscopic) versus open (retropubic or perineal) RP. The primary outcome was the overall prevalence of surgery 
for PI. The secondary outcome was the association of PI requiring anti-incontinence surgery with the surgical approach for 
RP.
Results: Among the 13,535 patients initially included in the study (mean age, 63.3 years), 6,932 (51.2%) underwent open RP 
and 6,603 (49.8%) underwent minimally invasive RP. The overall prevalence of surgical procedures for PI during the observa-
tion period among the all patients who had received RP was 3.3%. The rate of PI surgery for patients receiving minimally in-
vasive surgery was higher than that for patients receiving open surgery (4.8% vs. 3.0%; risk difference, 1.8%; 95% confidence 
interval, 0.3%–3.4%). The adjusted prevalence of PI surgery for patients who had undergone laparoscopic RP was higher than 
that for those with retropubic RP (8.6% vs. 3.7%).
Conclusions: Among patients undergoing RP for prostate cancer, the prevalence of PI surgery is not negligible. Patients un-
dergoing minimally invasive RP had higher adjusted rates for PI surgery compared to open approaches, which was attributed 
to high rate of PI surgery following laparoscopic approach and low rate of PI surgery following perineal approach. More stud-
ies are needed to establish strategies to reduce the rate of PI surgery after RP.
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INTRODUCTION

Radical prostatectomy (RP) has been a standard treatment for 
localized prostate cancer (PCa) [1]. Although the oncological 
benefit of RP has been demonstrated in prospective random-
ized trials, particularly for men with intermediate and high-risk 
disease, patient quality of life (QoL) can be affected by postop-
erative complications that may include erectile dysfunction 
(ED) and postprostatectomy incontinence (PI) [2].

PI has been demonstrated to significantly reduce patient QoL 
[3], far outranking ED with respect to patient dissatisfaction 
following RP [4]. Although PI is of concern to surgeons and 
patients alike, investigations have reported varied prevalence of 
PI following RP. This is likely attributable to the accepted belief 
that PI will recover over time. Indeed, previous investigations 
have reported that 68% of patients regain complete continence 
by 2 months postoperation, with this number increasing to 
~90% at 12- and 18-month postoperation [5,6]. However, sev-
eral studies have indicated various rates of persistent PI ranging 
from 4%–30%, according to the definition of PI used [7]. Some 
studies have shown the prevalence of PI and their predictors by 
surgical modality, yet most of these studies were limited by 
small sample sizes, exclusion of young populations, lack of a 
detailed surgical approach, and short follow-up duration [5-7].
In view of the long-life expectancy associated with surgically 
treated PCa, maximizing patient QoL should be considered to 
be concurrent with PCa-specific survival [6,8]. Therefore, the 
true prevalence of long-standing, severely bothersome PI must 
be understood into order to select optimal treatment strategies 
for PCa.

The objective of this study is to examine the prevalence of PI 
requiring anti-incontinence surgery in patients receiving mini-
mally invasive surgery and to compare this prevalence with 
conventional open surgery for PCa using large cohort data 
from the Healthcare Cost and Utilization Project National In-
patient Sample database.

MATERIALS AND METHODS

Data Source
A retrospective cohort study was performed using discharge 
data from Florida State Ambulatory Surgery and Services Data-
bases and State Inpatient Databases, Healthcare Cost and Utili-
zation Project, Agency for Healthcare Research and Quality 
(www.hcup-us.ahrq.gov/databases.jsp) to examine the preva-

lence of PI in patients receiving RP. These are all-capture state 
databases that contain patient characteristics, primary and sec-
ondary diagnoses, and procedures, and these databases afford 
the ability to link patients over time.

Patients
Patients receiving RP between January 2008 and December 
2010 were identified using the International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9 CM) 
procedural code. Patients with metastatic PCa were excluded 
from the study (ICD-9 CM codes 196, 197, 198, and 199). Due 
to missing variable information, a further 1,426 patients were 
excluded. All patients were followed up for at least 2 years after 
RP in order to track the prevalence of PI.

Main Exposures
Patients receiving open (60.5: retropubic or 60.62: perineal) or 
minimally invasive RP were identified using the ICD-9 proce-
dural code. Using the ICD-9 procedural code or Current Pro-
cedural Terminology (CPT) code, minimally invasive surgeries 
were further differentiated to laparoscopic (ICD-9 CM: 54.21 
or CPT: 55866) or robotic-assisted surgery (ICD-9 CM: 17.4x). 
The presence of PI was defined as the rate of PI surgery in this 
study and was identified by using affiliated ICD-9 CM proce-
dure codes/CPT codes ensuring the anti-incontinence surger-
ies. Anti-incontinence therapies included 3 procedures: (1) 
sling operation; (2) artificial urinary sphincter (AUS) or inflat-
able device, and (3) bulking agent injection. Sling operation was 
identified using ICD-9 CM procedure codes (59.3, 59.4, 59.5, 59.6, 
and 59.7) and CPT codes (53440, 53443, 51840, and 51841). AUS 
or inflatable device was referenced using ICD-9 CM procedure 
codes (58.93) and CPT codes (53444, 53445, and 53449). Injec-
tion of the bulking agent was referenced using ICD-9 CM pro-
cedure codes of 59.72 and CPT code (51715).

Demographic and Clinical Characteristics
Hospital level data collected included location (urban or rural) 
and teaching status (teaching or nonteaching). Patient-related 
data included age, race (white, black, Hispanic, or other), house-
hold income (poorest, poor, wealth, wealthiest), and insurance 
status (private, Medicare, Medicaid, or other). The comorbidity 
condition of each patient was described using the Charlson Co-
morbidity Index. Household income was defined by medical 
household income by quantile distribution using zip codes. The 
annual hospital volume was estimated according to the number 
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of procedures at a given patient’s hospital, and was defined as 
more than the 75% percentile (highest quartile).

Outcomes
The primary outcome was the overall prevalence of PI surgery. 
The presence of PI was defined as the rate of PI surgery in this 
study and was identified by using affiliated ICD-9 CM proce-
dure codes/CPT codes ensuring the anti-incontinence surger-
ies. The secondary outcome was the association between preva-
lence of PI surgery with the surgical approach for RP (open vs. 
minimally invasive or retropubic vs. perineal vs. laparoscopic vs 
robot-assisted RP). The prevalence of PI surgery was defined as 
having either ICD-9 CM procedure code or CPT code along 
with or without any relevant ICD-9 CM diagnostic codes.

Statistical Analysis
Categorical variables were presented as numbers and percent-
ages and were compared using chi-square tests. A weighted lo-
gistic regression model with inverse probability of treatment 
weighting (IPTW) was developed in order to adjust for poten-
tial confounders described in Table 1 at the baseline patient 
characteristics level. The weights used for patients undergoing 
open RP (retropubic or perineal) were the inverse of ‘1–pro-
pensity score’, and weights used for patients receiving minimally 
invasive RP (laparoscopic RP or robotic-assisted RP) were the 
inverse of just the propensity score, which were estimated by 
multiple logistic regression analysis without considering the 
outcomes. Log-binomial regression models were utilized in or-
der to estimate risk ratios (RRs) for each procedure on PI. All 
models were adjusted for the clustering of patients within hos-
pitals in order to adjust for interhospital variability. A sensitivity 
analysis was also conducted to determine whether the rate of PI 
surgery related to each surgical approach (open and minimally 
invasive) was influenced by the detailed surgical modality with-
in each surgical approach (retropubic, perineal, laparoscopic, 
and robotic-assisted RP). During sensitivity analysis, a new 
IPTW was conducted in order to analyze the RR for each pro-
cedure, after adjustment for confounders. These analyses were 
not prespecified but rather conducted post hoc and should thus 
be interpreted as exploratory. Statistical analysis was performed 
using 2-sided tests with a significance level of <0.05 and Stata 
14 (StataCorp LLC, College Station, TX, USA).

RESULTS

A cohort of 13,535 patients undergoing elective minimally in-
vasive (robotic-assisted RP: n=6,100 and laparoscopic RP: n= 
503) or open RP (retropubic: n=5,173 and perineal: n=1,759) 
has been included for final analysis. The demographic charac-
teristics of this cohort are summarized in Table 1. Before the 
propensity weighting process, the open and minimally invasive 
RP cohorts differed in several variables, particularly age, insur-
ance status, and annual hospital volume. Following propensity 
score weighting, similar covariate distributions were achieved 
between open and minimally invasive RP in the weighted pop-
ulations (the standardized difference score was <0.2).

The overall prevalence of PI surgery during the observation 
period among those patients who had received RP between 
2008 and 2010 was 3.3%. The crude rate of detailed anti-incon-
tinence procedure was described in Table 2. The most common 
procedure for first treatment of PI was the sling procedure 
(1.8%), followed by injection of a bulking agent (0.8%), and 
AUS in 0.6% of cases.

The unadjusted prevalence of PI surgery was similar between 
the open and minimally invasive groups (Table 3). However, 
the IPTW-adjusted prevalence of PI surgery for patients receiv-
ing minimally invasive surgery was higher than for those who 
received open surgery (4.8% vs. 3.0%; RR, 1.60; 95% confidence 
interval [CI], 1.16–2.20).

For each of the 4 surgical modalities, the unadjusted preva-
lence of PI surgery is presented in Table 4. The IPTW-adjusted 
prevalence of PI surgery for patients receiving perineal RP was 
lower than that for those with retropubic RP (0.6% vs. 4.3%; 
RR, 0.13; 95% CI, 0.07–0.23). However, the IPTW-adjusted 
prevalence of PI surgery for patients receiving laparoscopic RP 
was higher than for those with retropubic RP (8.6% vs. 3.7%; 
RR, 2.36; 95% CI, 1.20–4.64). The unadjusted and IPTW-ad-
justed prevalence of PI surgery was similar between retropubic 
and robotic-assisted RP.

DISCUSSION

To the best of our knowledge, this study is the first to define the 
prevalence of PI surgery following RP in a large cohort analysis, 
while simultaneously investigating for differences in the preva-
lence of PI surgery according to the initial surgical modality 
employed, including retropubic, perineal, laparoscopic, and ro-
botic-assisted RP. The main outcome of our study was to pres-
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ent the overall prevalence of PI surgery in this large cohort 
sample and to compare the difference of risk of PI surgery ac-
cording to the type of surgical modality used. The prevalence of 
PI surgery reported in this study (3.3%) was lower than those 
that have been previously reported in the literature (4%–6%), 
which might have resulted from the differences in the defini-

tion of PI used, the follow-up period, and the inclusion of study 
population [7,9-11]. Moreover, this study revealed that the rate 
of PI surgery for patients undergoing the minimally invasive 
RP was higher than patients receiving open surgery in the ad-
justed analysis, which was mainly due to the high PI prevalence 
of laparoscopic RP.

Table 1. Baseline characteristics of patients receiving open and minimally invasive radical prostatectomy

Characteristic

Before propensity weighting After propensity weighting

Open 
(n=6,932)

Minimally 
invasive 

(n=6,603)

Standardized 
difference P-value Open 

(n=6,932)

Minimally 
invasive 

(n=6,603)

Standardized 
difference P-value

Age (yr) <0.001 0.816

<55 922 (13.3) 1,210 (18.3) 0.138 1,062 (15.3) 1,023 (15.5) 0.005

55-64 2,473 (35.7) 2,834 (42.9) 0.149 2,708 (39.1) 2,558 (38.7) -0.007

65-74 2,776 (40.1) 2,427 (36.8) -0.068 2,692 (38.8) 2,540 (38.5) -0.008

>74 761 (10.9) 132 (2.0) -0.371 470 (6.8) 482 (7.3) 0.020

Race <0.001 0.926

White 4,625 (66.7) 4,577 (69.3) 0.056 4,669 (67.3) 4,477 (67.8) 0.010

Black 1,087 (15.7) 787 (11.9) -0.109 1,002 (14.5) 928 (14.1) -0.012

Hispanic 900 (13.0) 819 (12.4) -0.017 908 (13.1) 854 (12.9) -0.005

Others 320 (4.6) 420 (6.4) 0.077 353 (5.1) 344 (5.2) 0.005

CCI score 0.187 0.872

0 3,358 (48.4) 3,266 (49.5) 0.020 3,377 (48.7) 3,183 (48.2) -0.010

1 2,191 (31.6) 1,991 (30.1) -0.031 2,153 (31.1) 2,059 (31.2) 0.003

≥2 1,383 (20.0) 1,346 (20.4) 0.011 1,402 (20.2) 1,361 (20.6) 0.009

Insurance status <0.001 0.900

Medicare 3,282 (47.4) 2,336 (35.4) -0.245 2,905 (41.9) 2,775 (42.0) 0.002

Medicaid 149 (2.1) 87 (1.3) -0.064 136 (1.9) 116 (1.8) -0.015

Private 3,163 (45.6) 3,880 (58.8) 0.265 3,552 (51.3) 3,379 (51.2) -0.001

Others 338 (4.9) 300 (4.5) -0.016 339 (4.9) 333 (5.0) 0.007

Household income <0.001 0.994

Poorest 1,737 (25.1) 1,296 (19.6) -0.131 1,560 (22.5) 1,490 (22.6) 0.001

Poor 2,189 (31.6) 1,992 (30.2) -0.031 2,125 (30.7) 2,038 (30.9) 0.005

Wealth 1,957 (28.2) 2,053 (31.1) 0.063 2,065 (29.8) 1,961 (29.7) -0.002

Wealthiest 1,049 (15.1) 1,262 (19.1) 0.106 1,182 (17.0) 1,114 (16.8) -0.005

Hospital location 0.212 0.935

Urban 6,467 (93.3) 6,124 (92.7) -0.021 6,479 (93.5) 6,169 (93.4) -0.002

Rural 465 (6.7) 479 (7.3) 453 (6.5) 434 (6.6)

Annual hospital volume <0.001 0.002

<75% 5,593 (80.7) 3,542 (53.6) -0.601 4,946 (71.4) 4,510 (68.3) -0.067

≥75% 1,339 (19.3) 3,061 (46.4) 1,986 (28.6) 2,093 (31.7)

Values are presented as number (%).
CCI, Charlson Comorbidity Index.
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Out study has several strengths, including the utilization of a 
population-based dataset and comparison of RP surgical ap-

proach. Considering the time-dependent clinical manifestation 
of PI after RP, it is reasonable to use the objective definition of 

Table 3. Unadjusted and adjusted absolute risk differences and risk ratios for postprostatectomy incontinence in patients undergoing 
minimally invasive and open radical prostatectomy, 2008–2010

Radical prostatectomy
Absolute risk difference 

(%) (95% CI) 
Risk ratio 
(95% CI)Open 

(n=6,932)
Minimally invasive 

(n=6,603)

Unadjusted 211 (3.0) 235 (3.6) 0.5 (-0.8 to 1.8) 1.17 (0.81–1.69)

Adjusted by inverse probability
of treatment weighting

210 (3.0) 319 (4.8) 1.8 (0.3–3.4)* 1.60 (1.16–2.20)*

Values are presented as number of events (%) unless otherwise indicated.
CI, confidence interval.
Unadjusted absolute risk difference and risk ratio were analyzed using standard logistic regression model; adjusted absolute risk difference and risk 
ration were analyzed using inverse probability of treatment weighting weighted gamma distribution model.
*P<0.05, statistically significant differences and open procedure was referenced.

Table 2. Crude frequency rate of anti-incontinence procedure by age group

Age group (yr) No procedure Any procedure Sling Bulking agent AUS

Overall (n=13,535) 13,089 (96.7) 446 (3.3) 247 (1.8) 115 (0.8) 84 (0.6)

<55 (n=2,132) 2,082 (97.7) 50 (2.3) 34 (1.6) 9 (0.4) 7 (0.3)

55–64 (n=5,307) 5,165 (97.3) 142 (2.7) 84 (1.6) 35 (0.7) 23 (0.4)

65–74 (n=5,203) 4,984 (95.8) 219 (4.2) 113 (2.2) 59 (1.1) 47 (0.9)

>74 (n=893) 858 (96.1) 35 (3.9) 16 (1.8) 12 (1.3) 7 (0.8)

Values are presented as number (%).
AUS, artificial urinary sphincter .

Table 4. Unadjusted and adjusted absolute risk differences and risk ratios for postprostatectomy incontinence in patients undergoing 
robot-assisted, laparoscopic, perineal, and retropubic radical prostatectomy, 2008–2010

Radical prostatectomy Absolute risk 
difference 

(%) (95% CI) 

Risk ratio 
(95% CI)Retropubic 

(n=5,173)
Perineal 

(n=1,759)
Laparoscopic 

(n=503)
Robot-assisted 

(n=6,100)

Unadjusted

Perineal vs. retropubic 189 (3.7) 22 (1.3) -2.4 (-3.4 to -1.4) 0.34 (0.21–0.56)*

Laparoscopic vs. retropubic 189 (3.7) 31 (6.2) 2.5 (-0.9 to 5.9) 1.69 (0.97–2.95)

Robot-assisted vs. retropubic 189 (3.7) 204 (3.3) -0.3 (-1.6 to 0.9) 0.92 (0.63–1.33)

Adjusted by inverse probability of treatment weighting

Perineal vs. retropubic 222 (4.3) 10 (0.6) -3.8 (-4.9 to -2.6) 0.13 (0.07–0.23)*

Laparoscopic vs. retropubic 189 (3.7) 43 (8.6) 4.9 (-0.8 to 10.7) 2.36 (1.20–4.64)*

Robot-assisted vs. retropubic 195 (3.8) 239 (3.9) 0.1 (-1.1 to 1.4) 1.04 (0.76–1.42)

Values are presented as number of events (%) unless otherwise indicated.
CI, confidence interval.
Unadjusted absolute risk difference and risk ratio were analyzed using standard logistic regression model; adjusted absolute risk difference and risk 
ration were analyzed using inverse probability of treatment weighting weighted gamma distribution model.
*P<0.05, statistically significant differences and open procedure was referenced.
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the need for an anti-incontinence procedure as a representation 
of the most bothersome or severe urinary incontinence. Two 
previous large observational studies have shown similar preva-
lence rates of PI necessitating intervention using the similar 
definition as that used by our study. Kim et al. [12] reported 
that the prevalence of PI was 6%, according to Surveillance, Ep-
idemiology, and End Results (SEER) cancer registry data linked 
with Medicare claims from 2000 to 2007. Similarly, Lowrance et 
al. [13] reported the prevalence of PI to be 5.45% using SEER 
cancer registry data linked with Medicare claims from 2003 to 
2005.

Older age is strongly associated with the prevalence of PI, 
and previous large studies using Medicare data have been limit-
ed to patients 65 years older, whereas our study is more inclu-
sive of younger ages [12,13]. Further, these studies of older pa-
tients have demonstrated slightly increasing PI rates with pro-
longed follow-up, which is likely attributable to other factors 
that influence incontinence (overactive bladder, sarcopenia) as 
men get older [11,14]. Therefore, our study provides critical in-
formation for patients under 65 years of age requiring RP sur-
gery since it includes a substantially longer follow-up period 
than previous studies. Only 2 studies have shown a follow-up 
duration similar to our study, with a median of 20 months and 
a minimal duration of 24 months [12,15].

To date, there has been controversy over whether minimally 
invasive procedures including robotic-assisted or laparoscopic 
RP are equivalent in terms of risk of PI compared to open RP. 
Due to the lack of randomized, controlled investigations com-
paring RP surgical procedures, it is difficult to conclude which 
surgical type (s) is superior. Several studies confirm that open 
RP and robotic-assisted RP have equivalent outcomes oncologi-
cal outcomes [16]. Recently, Sujenthiran et al. [15], using a large 
administrative database, reported that robotic-assisted RP 
showed significantly better functional outcomes postoperative-
ly, including nonspecific urinary and stricture-related compli-
cations, compared to open and laparoscopic RP. However, the 
definition of urinary complications used in this study included 
intervention codes that were not specific to PI, but included all 
types of urologic procedures of the urethra, prostate, and blad-
der. Other studies have shown that robotic-assisted RP shows 
lower rates of perioperative complications (blood transfusions, 
shorter time of catheter use postoperatively, shorter length of 
hospital stay), postoperative complications (PI and ED), and 
positive surgical margin rates compared to open approaches 
[17,18]. O’Neil et al. [19] reported that, relative to open RP, pa-

tients undergoing robotic-assisted RP had higher rates of early 
recovery of sexual function and continence. However, Barry et 
al. [17] reported that robotic-assisted RP was not associated 
with better outcomes compared to PI in their retrospective co-
hort analyses. Moreover, Hu et al. [20] reported that the use of 
minimally invasive procedures including either robotic-assisted 
or laparoscopic RP increased 5-fold from 9.2% at 2003 to 43.2% 
at 2006–2007, with patients receiving minimally invasive pro-
cedures reporting increased genitourinary complications (4.7% 
vs. 2.1%) and a greater likelihood of a PI diagnosis (15.9 vs. 12.2 
per 100 person-years, P=0.02).

When comparing the prevalence of PI procedures between 
laparoscopic and open RP, our data also support previous re-
ports suggesting that laparoscopic RP yields the highest preva-
lence of necessitating PI procedures. Huang et al. [21] reported 
lower rates of PI and ED for robotic-assisted RP compared with 
laparoscopic RP in a recent meta-analysis. Lowrance et al. [13] 
reported that PI necessitating anti-incontinence intervention in 
5.0% of open RP cases and 6.2% of laparoscopic RPs, respec-
tively.

One unique feature of our study population is that it includes 
a substantial number of men who underwent perineal RP. Peri-
neal RP yielded the lowest prevalence of PI surgery significantly 
lower relative to the other 3 RP modalities. Our results support 
the studies by Bishoff et al. [22] and Harris [23] which both re-
ported that perineal RP is associated with the lowest rates of PI 
and was more cost-effective compared with retropubic RP. The 
lower rates of PI surgery we observed in perineal RP might ex-
plain the recent finding that use of a posterior approach is asso-
ciated with better continence and potency rates compared to 
conventional anterior approaches [24].

Our study does have several limitations. First, as this data 
originates from one geographical area (Florida), the results 
might be influenced by local practice patterns that limit gener-
alization to other populations. Second, limited information ex-
ists regarding clinically-relevant variables including disease 
characteristics, surgeon volume, and factors influencing patient 
choice of therapy, surgical approach, and surgeon that could in-
fluence their outcomes with regard to PI, as well as their later 
choice to have a procedure for PI. Third, although we demon-
strated risk difference and RR, additional analyses investigating 
the possible causative factors of PI requiring surgery were not 
possible. Possible reasons for higher rates of PI surgery in the 
minimally invasive RP group include a greater expectation re-
garding clinical outcomes for robotic-assisted RP relative to 
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open RP, a steeper learning curve for robotic-assisted RP, and 
the emergence of new robotic-assisted RP surgical techniques 
[25]. Fourth, conversion rates from minimally invasive to open 
RP were not captured, although previously reported rates are 
low [26]. Fifth, the actual prevalence rate of severe and bother-
some PI is under captured through procedural codes because 
of coding errors and since some men might not elect for sur-
gery despite having severe symptoms. Sixth, this study could 
not consider surgical factors including postoperative membra-
nous urethral length. Recently, Cho et al. [27] highlighted the 
importance of saving the membranous urethral length as long 
as possible in terms of continence recovery. Finally, long-term 
data are necessary in order to compare longer functional out-
comes, especially those related to QoL, between open and min-
imally invasive procedures

In conclusion, among patients undergoing RP for PCa, the 
prevalence of PI surgery is not negligible. Patients undergoing 
minimally invasive RP had higher adjusted rates for PI surgery 
compared to open approaches, which was attributed to high 
rate of PI surgery following laparoscopic approach and low rate 
of PI surgery following perineal approach. More studies are 
needed to establish strategies to reduce the rate of PI surgery af-
ter RP.
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