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ABSTRACT

Purpose: We report results in a series of 3,477 consecutive patients treated with anatomical
nerve sparing radical retropubic prostatectomy (RRP) in terms of recovery of erectile function,
urinary continence and postoperative complications.

Materials and Methods: From May 1983 through February 2003, 1 surgeon (WJC) performed
anatomical RRP using a unilateral or bilateral nerve sparing modification when possible. Uri-
nary continence and recovery of erections were evaluated in men with a minimum followup of 18
months. Excluded from potency analysis were men who were not reliably potent before surgery,
those who did not undergo a nerve sparing procedure and those who received postoperative
adjuvant radiotherapy or hormonal therapy within 18 months of surgery. Other postoperative complica-
tions in this patient population were also evaluated.

Results: Erections sufficient for intercourse occurred in 76% of preoperatively potent men
treated with bilateral (1,770) and 53% of men treated with unilateral or partial nerve sparing (64)
surgery. Adequate erectile function was more common following bilateral than unilateral nerve
sparing surgery in men younger than 70 years old (78% versus 53%, p= 0.001) compared with
those 70 years old or older (52% versus 56%, p = 0.6). Recovery of urinary continence occurred
in 93% of all men and was associated with younger age (p = 0.001) but not nerve sparing surgery,
tumor stage, prostate specific antigen (PSA), Gleason grade or number of prior prostatectomies
performed by the surgeon. Postoperative complications occurred in 320 (9%) of patients and were
associated with older age (p <0.0001), nonnerve sparing surgery (p = 0.001), PSA era (p <0.0001)
and surgeon experience. Complications were not significantly correlated with clinical stage,
pathological stage, preoperative PSA or Gleason grade. There was no perioperative mortality.

Conclusions: Nerve sparing RRP can be performed with favorable potency and urinary conti-
nence. Better results are achieved in younger men. Other complications are reduced with
increasing surgeon experience.
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Prostate cancer is the most commonly diagnosed noncuta-
neous malignancy in men older than 60 years.! Radical pros-
tatectomy offers the best long-term cancer control for clini-
cally localized disease. However, the possible risk of
postoperative complications has deterred some men from
choosing this treatment.2 In 1982 Walsh and Donker intro-
duced the anatomical or nerve sparing radical retropubic
prostatectomy (RRP).3 This operation requires that the pros-
tate be removed with controlled hemostasis, allowing visual-
ization of the urethral sphincter and neurovascular bundles
of the corpora cavernosa. Erections and urinary continence
can be preserved in the majority of patients and the operative
mortality rate is less than 0.5%.2:4-7

Nerve sparing RRP has been performed for 2 decades, yet
limited long-term potency and continence data are available
in large, prospectively followed patient populations. While
Walsh et al reported postoperative potency rates of 86% and
continence rates of 93%, results from community series,
mixed academic and community series and retrospective pa-
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tient survey groups have reported a wide range of less favor-
able outcomes.5-11 We previously reported our early results of
urinary continence and erectile function!? and now update
them along with other postoperative complications in 3,477
consecutive RRPs.

MATERIALS AND METHODS

Patients. One surgeon (WJC) performed anatomical radical
retropubic prostatectomy in 3,477 consecutive men between
May 1983 and February 2003 with a previously reported
technique.13 Mean patient age at surgery was 61 * 7.4 years
(range 36 to 80) and 94% (3,268) of the patients were white.
Most of the patients (2,875 or 84%) were potent to varying
degrees and sought nerve sparing surgery. In these men
attempts were made to preserve all or part of 1 or both
neurovascular bundles unless there was intraoperative evi-
dence of extracapsular extension of cancer beyond the pros-
tate. Overall 95% (3,303) of the patients underwent at least a
partial nerve sparing procedure to the extent that both neu-
rovascular bundles were not widely resected. Clinical char-
acteristics of these men are shown in table 1.

Tumor stage and grade. Clinical staging consisted of digi-
tal rectal examination, determination of serum acid phospha-
tase and/or prostate specific antigen (PSA), and radioisotope
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bone scanning with confirmatory imaging studies or bone
biopsies when necessary. Many men also underwent abdom-
inal and pelvic computerized tomography. Clinical and
pathological staging was performed as previously de-
scribed.1* We classified patients as having either clinically
localized disease (stage c¢T1 or ¢T2) or clinically advanced
disease (stage ¢T3 or greater). Men whose cancer was con-
fined to the prostate with clear surgical margins were cate-
gorized as having pathologically organ confined cancer (stage
pT2 RO). Those with histologically documented extra pros-
tatic tumor extension, cancerous surgical margins, seminal
vesicle invasion or lymph node metastases were classified as
having pathologically advanced disease (stage pT2 R1, pT3a/
b/c, or N1 or greater). Before 1992 the Gleason grading sys-
tem was not routinely used at our institution. After 1992
Gleason grades were routinely assigned as previously de-
scribed.1?

Radiation or hormonal therapy. Overall 213 patients (6%)
elected to undergo adjuvant radiotherapy because of extra-
capsular tumor extension or positive surgical margins. These
patients were excluded from the potency analysis. Following
disease recurrence (PSA greater than 0.2 ng/ml) 306 patients
(9%) received radiation therapy to the pelvis, including 125
(8.5%) who subsequently also received hormonal therapy.
Additionally 121 patients (3%) received hormonal therapy for
tumor progression. Men were excluded from the potency
analysis if radiation or hormonal therapy was given within
18 months of surgery. Inclusion and exclusion criteria in the
potency analysis are shown in the figure.

Followup database. Our followup schedule included PSA
measurements at 6-month intervals and a yearly digital rec-
tal examination. Outcomes regarding urinary and sexual
function were evaluated with an annual questionnaire on
current urinary and sexual function that was completed by
patients during a followup visit or at their home, and was
assessed by a research assistant. A research assistant con-
tacted patients who did not comply with this schedule. To
estimate potency rates we evaluated erectile function with or
without the use of phosphodiesterase type 5 inhibitors in
patients with at least 18 months of followup for whom erec-
tions were sufficient for penetration preoperatively, who un-
derwent nerve sparing surgery and did not receive radiation
or hormonal therapy within 18 months of surgery (1,834). We
evaluated the return of urinary continence in patients who
were followed for a minimum of 18 months (2,737). We con-
sidered men continent if they did not require pads or other
protection to keep outer garments dry. Mean followup from
surgery was 65.0 = 50.1 months. Ten-year followup was
available for 586 (17%) patients and 53 (2%) were lost to
followup.

Statistical analysis. The chi-square test was used to com-
pare the erectile status of men by nerve sparing procedure,
clinical stage and pathological stage. We used the chi-square
test for trend to compare return of erections by age, preop-
erative PSA, Gleason grade, surgeon experience based on
number of prior RRPs performed and PSA era (pre-PSA
screening era [1983 to 1991] versus PSA screening era [1992
to 2003]). We used Student’s t test to compare differences in
age by era. A multivariate logistic model was used to analyze
return of erections and continence based on significant pa-
rameters from the univariate analysis (p <0.05). Patients
with postoperative complications were analyzed with the chi-
square test.

RESULTS

Patient characteristics. Men in the PSA era were younger
(mean age 61 versus 65 years, p <0.0001), more likely to have
a PSA less than 10 ng/ml (84% versus 65%, p <0.0001)
and more frequently clinical stage T1C (62% versus 6%,
p <0.0001, table 2).

Return of erections after radical retropubic prostatectomy.
Return of erections was more likely in men who had bilateral
versus unilateral nerve sparing surgery (76% versus 53%,
p <0.0001, table 3). Younger age was significantly associated
with return of erections overall (92% of men age 40 to 49, 85%
of men 50 to 59, 70% of men 60 to 69 and 51% of men 70 or
older, p <0.0001). Return of potency comparing unilateral
and bilateral nerve sparing is shown in table 3. Combining
patients who had unilateral or bilateral nerve sparing sur-
gery, return of erections was associated with PSA era (63% in
pre-PSA era versus 78% in PSA era, p = 0.001) but not
associated with clinical stage (66% of men with stage cT1a/b,
78% with stage cT1lc and 73% with stage ¢T2/3, p = 0.3) or
pathological stage (76% of men with stage pT2 RO, 73% with
stage pT2 R1 or pT3a/b and 73% with stage pT3c or N1
tumors, p = 0.3). A trend between return of erections and
preoperative PSA was not evident (76% for men with PSA
less than 2.6 ng/ml, 80% with PSA 2.6 to 4.0, 77% with
PSA 4.1 to 9.9 and 72% with PSA 10.0 or more ng/ml,
p = 0.2). The proportion of men with return of erections also
increased with the number of prior prostatectomies per-
formed by the surgeon (68% for the first 1,000 and 78% for
RRPs 1,001 to 3,000, p <0.0001).

The type of nerve sparing surgery, age, number of prior
prostatectomies performed by the surgeon, and era were
all associated with return of erections (p <0.05) (in the
univariate analysis) and, therefore, were included in the
multivariate logistic analysis. Age at surgery by decade of
life (odds ratio 1.1, CI 1.0-1.1), bilateral nerve sparing
surgery compared to unilateral sparing surgery (OR 2.1,
CI 1.2-3.6), and PSA era (OR 1.5, CI 1.1-2.0) were all
significant predictors of postoperative potency in the mul-
tivariate analysis.

Return of urinary continence. We evaluated return of con-
tinence in 2,737 men followed for more than 18 months after
radical prostatectomy. Overall 93% of men (2,543 of 2,737)
recovered urinary continence. Seven patients (0.3%) under-
went placement of an artificial urinary sphincter because of
severe stress incontinence. The proportion of those who re-
covered continence was generally higher in younger than in
older men (95% for men age 40 to 49, 96% for men 50 to 59,
93% for men 60 to 69 and 86% of men 70 or older, p = 0.001,
table 4). Recovery of continence was not significantly associ-
ated with the performance of nerve sparing surgery (p = 0.3),
Gleason grade (p = 0.05), surgeon experience (p = 0.1), era
(p = 0.05), PSA (p = 0.1) and postoperative radiotherapy
(p = 0.2). The rates for return of continence stratified by age are
shown in table 4 for all patients. In the multivariate analysis

TABLE 1. Characteristics of 3,477 patients undergoing RRP
61 = 7.4 (36-80)

Mean age = SD (range)
No. race (%):

White 3,268 (94)
Black 102 (3)
Other 107 (3)
No. preop PSA (%):
Less than 2.6 222 (7)
2.6-4.0 393 (12)
4.1-9.9 2,054 (62)
10.0 or Greater 633 (19)
No. clinical stage (%):
cT1la/b 112 (3)
cTle 1,774 (51)
cT2 1,550 (45)
cT3 35 (1)
No. pathological stage (%):
T2 RO 2,365 (68)
pT2 R1, pT3a/b 888 (26)
pT38c/N1 202 (6)
No. preop potent (%) 2,875 (84)
No. type surgical procedure (%):
Bilat nerve sparing 3,146 (91)
Unilat nerve sparing 157 (4)
Nonnerve sparing 165 (5)
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younger age (each 10-year interval) was the only variable that
predicted for return of continence (OR 1.1, CI 1.0-1.1).

Other postoperative complications. Excluding impotence
and urinary incontinence, postoperative complications oc-
curred in 9% of patients (320 of 3,477). The occurrence of
any complication was associated with type of surgery (9%
for nerve sparing versus 17% for nonnerve sparing, p =
0.001), age at surgery (4% for men age 40 to 49, 7% for men
50 to 59, 9% for men 60 to 69 and 14% for men 70 or older,
p <0.0001) and PSA era (17% for pre-PSA era versus 7%
for PSA era, p <0.0001). Complication rate was not signif-
icantly correlated with clinical stage (20% for cT1la/b, 7%
for cT'1lc, 10% for cT2 and 14% for ¢T3 or greater, p = 0.3),

preoperative PSA (8% for PSA less than 10.0 ng/ml versus
11% for PSA 10.0 ng/ml or greater, p = 0.06), pathological
stage (9% for pT2 RO versus 9% for pT2 R1/pT3/N1, p =
0.7) and Gleason grade (p = 0.2).

The specific complications are shown in table 5. Anastomotic
stricture was the most common (2.7%), followed in frequency by
inguinal hernia (2.5%) and thromboembolism (1.3%). All other
complications occurred in fewer than 1% of patients. There was
no perioperative mortality. Overall the complication rate de-
creased significantly by era (16.9% vs 7.4%). Most notably, the
anastomotic stricture rate decreased from 8% to 1.5% and
thromboembolic complications decreased from 3% to 1%. The
rates of other complications were comparable between eras.

Radical Retropubic
Prostatectomy Patients
(N=3,477)

At least 18 months of
follow-up (n=2,759)

Preoperatively Potent
(n=2,303)

Nerve-sparing Surgery
(n=2,235)

No Radiation therapy

or Hormonal therapy

or PSA Progression.
(n=1,834)

(Final Analysis Group)

< 18 months of follow-
up (n=718)

Preoperatively Impotent
(n=452)

Non-Nerve-sparing
Surgery (n=64)

Radiation therapy or
Hormonal therapy or
PSA Progression
(n=401)

Inclusion and exclusion criteria in potency analysis
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TABLE 2. Characteristics of 3,477 patients undergoing RPP by era

1983-1991 1992-2003 p Value
Mean age (£SD) 65 (7.0) 61 (7.2) <0.0001
No. nonwhite race (%) 19 3) 191 (1) <0.0001
No. preop PSA less than 319 (65) 2,350 (84) <0.0001
10.0 ng/ml (%)
No. clinical stage T1c (%) 42 (6) 1,732 (62) <0.0001
No. pathological stage pT2 417 (64) 1,948 (70) 0.003
RO (%)
No. surgical Gleason grade 172 (27) 1,082 (39) <0.0001

7 or greater (%)

TABLE 3. Potency data of 1,834 men after RRP
No. Pts/All Pts (%)

Age Unilat or Partial

All Pts Bilat Nerve Sparing Nerve Sparing

Younger than 50 119/129 (92) 116/125 (93) 3/4 (75)
50-59 583/688 (85) 574/675 (85) 9/13 (69)
60-69 582/832 (70) 565/794 (71) 17/38 (45)
70 or Older 96/185 (51) 91/176 (52) 5/9 (56)

Totals 1,380/1,834 (75) 1,346/1,770 (76) 34/64 (53)
p Value <0.001 <0.001 0.2

DISCUSSION

This study represents a followup to our continuing study?2
evaluating a large cohort of patients undergoing anatomical
RRP during the last 2 decades with an emphasis on potency,
continence and postoperative complications. Our results con-
firm the favorable earlier results in this series.

Preserving potency after RRP is a primary concern of most
men undergoing this operation. Bilateral nerve sparing RRP
results in a higher potency rate (76%) than unilateral or
partial bilateral nerve sparing surgery (53%). Multivariate
analysis demonstrated that a man who underwent bilateral
nerve sparing was 2.1 times more likely to regain potency
than a man in whom only 1 nerve was preserved. Walsh et al
reported an overall potency rate of 86% at 18 months follow-
ing surgery.® However, the median age of their patients (57
years old) was younger than ours.8 Stanford et al reported on
a multicenter study of a large community based cohort of
patients and found 44%, 41% and 35% of men regained po-
tency after bilateral, unilateral and nonnerve sparing tech-
niques, respectively.16

Age also had an important role in regaining potency since
there was a significant decrease in regaining potency with
increasing age. For example a man in his 40s who underwent
a bilateral nerve sparing procedure was almost twice as
likely to maintain potency than a man in his 70s in the
univariate analysis. This trend was also observed in patients
who underwent the unilateral nerve sparing procedure. Mul-
tivariate analysis also demonstrated a significant increase in
potency rates relating to younger age at surgery. This asso-
ciation has been noted by others,? 17 confirming that age at

TABLE 4. Percentage of patients with return of continence after
radical prostatectomy

Age No. Postop Continence/Total No. (%)
Younger than 50 142/150 (95)
50-59 843/882 (96)
60-69 1,187/1,272 (93)
70 or Older 371/433 (86)
Totals 2,543/2,737 (93)

Armitage chi-square test p <0.0001.

surgery is clearly a major (and perhaps the most important)
factor in regaining potency.

Potency results improved with surgeon experience in our
series. Overall recovery of potency occurred in 68% of the first
1,000 prostatectomies and increased to 78% of the most re-
cent 2,000 RRPs (p <0.001). This latter number may increase
with time since erectile function after RRP does improve in
some men beyond 18 months. Improvement of potency in the
recent era may be a function of modifications in surgical
techniques, surgeon experience, more favorable patient se-
lection by earlier diagnosis through PSA screening and the
availability of phosphodiesterase type 5 inhibitors to improve
erections.

Preoperative clinical staging did not show a clear associa-
tion with regaining potency, which is consistent with other
published data.® In addition, preoperative PSA was not sig-
nificantly associated with return of erections, suggesting that
neither factor is an accurate measure of predicting return of
potency.

Urinary continence is another major concern after RRP.
While definitions of continence have varied, we defined it as
not needing protection to keep outer garments dry. Overall
93% of men followed for more than 18 months recovered
urinary continence. As in our previous reports younger age
was significantly associated with return of continence since
95% of men in their 40s recovered continence compared to
85% of men in their 70s. Stanford et al reported that 32% of
men at 24 months had total urinary control and 40% had
occasional leakage.'® However, 58% of men in their study
used no pads and only 8% of men described incontinence as a
big problem.1® Maffezzini et al reported that 89% of their
patients were continent with a median followup of 29 months
using a bladder neck sparing technique.’® Walsh et al re-
ported that 93% of patients were dry at 12 and 18 months
after surgery using a definition similar to that of the current
study.®

Recovery of continence was not associated with perfor-
mance of nerve sparing surgery, Gleason grade, surgeon ex-
perience, PSA era, preoperative PSA or postoperative radia-
tion therapy. Most men (95%) in this series underwent at
least partial nerve sparing prostatectomy. It is possible that
there were not enough patients in the nonnerve sparing
group to detect a statistically significant difference between
those whose nerves were salvaged and those whose nerves

TABLE 5. Percentage of 3,477 patients with postoperative complications by era

1983-1991 (656 pts) 1992-2003 (2,821 pts)

No. Pts % (95% CD No. (%) [95% CI] No. (%) [95% CI]

Anastomotic stricture 95 2.7 (2.2-3.3) 54 (8.2) [6.2-10.6] 41 (1.5) [1.0-2.0]
Hernia (inguinal, incisional) 88 2.5 (2.0-3.1) 17 (2.6) [1.5-4.1] 71 (2.5) [2.0-3.2]
Thromboembolic 45 1.3 (0.9-1.7) 20 (3.0) [1.9-4.7] 25 (0.9) [0.6-1.3]
Miscellaneous* 44 1.3 (0.9-1.7) 9(1.4) [0.6-2.6] 35(1.2) [0.9-1.7]
Infectious 26 0.7 (0.5-1.1) 4(0.6) [0.2-1.6] 22 (0.8) [0.5-1.2]
Wound 7 0.2 (0.1-0.4) 1(0.2) [0.0-0.8] 6 (0.2) [0.1-0.5]
Lymphatic 7 0.2 (0.1-0.4) 5(0.8) [0.2-1.8] 2(0.1) [0.0-0.3]
Neurological 5 0.1 (0.0-0.3) 0(0) 5(0.2) [0.1-0.4]
Myocardial infarction 3 0.1 (0.0-0.3) 1(0.2) [0.0-0.8] 2(0.1) [0.0-0.3]
Totals 320 9.1(8.3-10.2) 111 (17.0) [14.1-20.0] 209 (7.5) [6.5-8.4]

* Includes Peyronie’s disease, cholecystitis, catheter complications, hematoma, hemorrhage, hematuria, ulcer, gout and unrelated complications.
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were sacrificed. However, we believe the most important
surgical factor in maintaining the urinary continence mech-
anism is a meticulous dissection at the prostatic apex in an
operative field with good hemostasis and avoidance of injury
to the external urinary sphincter.

Other complications occurred in 9% of men. Overall com-
plications decreased with surgeon experience. Specific
complications categorized by era are listed in table 5. Men
who underwent nonnerve sparing surgery were twice as
likely to suffer a complication as those whose cavernosal
nerves were preserved (16% vs 7%). Increasing age and pre-
PSA era were also associated with increased complication
rates. Anastomotic stricture was the most commonly noted
complication occurring in 2.7% of patients overall. While the
incidence of most complications has remained low and fairly
constant by era, rates of anastomotic strictures and throm-
boembolism have decreased considerably. In the previous era
anastomotic stricture rates as high as 8% were noted when
the bladder neck was closed tightly around an 18Fr catheter.
By closing the bladder neck to 22 to 24Fr we decreased the
incidence of bladder neck contractures in the more recent
era. Incisional and inguinal hernias occurred in 2% of pa-
tients. Other complications such as infections and clinically
significant lymphoceles were rare. Our results are similar to
data published in other large series!®:20 indicating that RRP
can be performed by experienced surgeons with minimal
morbidity.

Several limitations of our study deserve mention. We did
not use validated instruments to assess potency and conti-
nence outcomes after surgery and, in many cases, the sur-
geon was the primary data gatherer. However, Walsh et al
reported that the patient interview could yield results simi-
lar to those of a validated questionnaire regarding sexual
function after radical prostatectomy.8 We recognize this is no
longer considered the optimal method for evaluating surgical
outcomes and all data are now gathered by a research assis-
tant.

CONCLUSIONS

The objective of RRP is to achieve high cancer cure rates
while minimizing surgical morbidity. This study represents
the largest contemporary series of men undergoing RRP to
our knowledge, and shows that RRP can be safely performed
with low perioperative morbidity. Potency and continence
can be maintained in most patients with careful intraopera-
tive attention to anatomical detail.
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