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Abstract

Background: Robotic-assisted laparoscopic radical prostatectomy (RALP) has been

rapidly adopted despite a daunting learning curve with bladder neck dissection as a

challenging step for newcomers.

Objective: To describe an anatomic, reproducible technique of bladder neck pre-

servation (BNP) and associated perioperative and long-term outcomes.

Design, settings, and participants: From September 2005 to May 2009, data from

619 consecutive RALP were prospectively collected and compared on the basis of

bladder neck dissection technique with 348 BNP and 271 standard technique (ST).

Surgical procedure: RALP with BNP.

Measurements: Tumor characteristics, perioperative complications, and post-

operative urinary control were evaluated at 4, 12 and 24 months using (1) the

Expanded Prostate Cancer Index (EPIC) urinary function scale scored from 0–100;

and (2) continence defined as zero pads per day.

Results and limitations: Mean age for BNP versus ST was 57.1 � 6.6 yr versus

58.9 � 6.7 yr ( p = 0.033), while complication rates did not vary significantly by

technique. Estimated blood loss was 183.7 � 95.8 ml versus 224.6 � 108 ml

( p = 0.938) in men who underwent BNP versus ST. The overall positive margin rate

was 12.8%, which did not differ at the prostate base for BNP versus ST (1.4% vs. 2.2%,

p = 0.547). Mean urinary function scores for BNP versus ST at 4, 12, and 24 mo were

64.6 versus 57.2 ( p = 0.037), 80.6 versus 79.0 ( p = 0.495), and 94.1 versus 86.8

( p < 0.001). Similarly, BNP versus ST continence rates at 4, 12, and 24 mo were

65.6% versus 26.5% ( p < 0.001), 86.4% versus 81.4% ( p = 0.303), and 100% versus 96.1%

( p = 0.308).
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1. Introduction

Robotic-assisted laparoscopic radical prostatectomy (RALP)

has been rapidly adopted in recent years [1], and challen-

ging learning curves have been described [2]. Although

robotic-assistance provides advantages such as greater

dexterity of instrumentation and magnified three-dimen-

sional vision, it does not provide a novice with instant

laparoscopic capabilities and proficiency in terms of tissue

plane recognition [3].

Advocates of open radical prostatectomy cite the ability

to feel the prostate and urethral catheter balloon during

bladder neck dissection as an important advantage.

Conversely, the widely noted absence of palpation during

RALP may contribute to this being one of the most

challenging steps for those early in their learning curve

[4,5]. Suboptimal bladder neck dissection yields either

residual prostate tissue when dissection is performed too

distally into prostate versus a gaping bladder neck that may

imperil the ureters and require reconstruction when

dissection is too proximal.
Fig. 1 – (a) Anterior aspect of the vesicoprostatic junction with application of a
vesicoprostatic junction; (c) three-dimensional view of the vesicoprostatic junct
and incision is made to begin bladder neck preservation technique anteriorly.
P = prostate; B = bladder; S = seminal vesicle; F = fat pad of Whitmore.
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The purpose of our study and accompanying video is to

describe technique and anatomic landmarks for consistent

bladder neck preservation (BNP) during RALP with limited

use of monopolar energy, and to evaluate outcomes

compared to a standard technique (ST) without bladder

neck sparing.

2. Methods and patients

2.1. Enrollment

From September 2005 to May 2009, 619 patients with clinically localized

prostate cancer underwent RALP, with 271 men undergoing ST bladder

neck dissection and 348 undergoing BNP. The surgeon (JCH) logged 76

open radical prostatectomies during residency training and 397

transperitoneal RALP during fellowship training prior to enrollment of

men to this consecutive, single-surgeon series.

2.2. Surgical technique

After entering the retropubic space of Retzius through either a

transperitoneal or extraperitoneal approach, we performed the bladder
nterocephalad fourth arm Prograsp tension; (b) diagram of the
ion. Red arrow represents the point at which the tented bladder fold ends
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Fig. 2 – Anterior 2708 circumferential dissection of funneled bladder neck.

Fig. 3 – Demonstration of the assistant grip on the laparoscopic grasper
while intracorporeally holding the catheter tip to attain through and
through catheter control and elevation of the prostate to create tension
for the posterior bladder neck dissection.
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neck dissection as the first step of a completely antegrade RALP. A

Prograsp grasper, Maryland bipolar dissector, and curved monopolar

scissors were inserted into the fourth arm (on the patient’s left), the left,

and right robotic arms, respectively. Energy settings were 25 W for both

monopolar and bipolar currents.

Our initial ST bladder neck dissection was similar to that described by

Menon et al [6], with greater emphasis on cold scissor dissection and

selective use of bipolar energy. After completion of the anastomosis [7],

an anterior tennis racket repair was performed to taper the larger

bladder neck. The impetus toward BNP was to avoid a large bladder neck

that was more susceptible to urine leak and prolonged catheterization.

As BNP was performed with greater consistency, we did not exclude men

with median lobe hypertrophy or those with high-risk features or high-

volume disease from this bladder neck dissection technique.

First, mid prostatic and anterior vesical hemostatic sutures are

placed (Fig. 1) with a 2-0 vicryl on a CT-1 needle (Ethicon/Johnson &

Johnson, Somerville, New Jersey, USA). Next, anterocephalad tension on

the bladder is created by using the fourth arm Prograsp to retract the

anterior dome of the bladder (Fig. 1). This motion yields numerous

advantages to the subsequent dissection: (1) tenting the anterior bladder

to form a ridge that ends distally at the detrusor apron [8], serving as a

landmark for the incision point of the bladder neck dissection; (2)

constant tension throughout the bladder neck dissection; and (3)

visualization of the contour of the urethral catheter balloon as the empty

bladder caves in to form a concave contour bilaterally. The spherical

contour of the Foley catheter balloon may be more difficult to appreciate

in men with a greater amount of perivesical adipose tissue; however, we

do not use the position of the balloon as a reference point to perform the

bladder neck dissection.

Second, at the distal termination of the elevated bladder ridge, the

bipolar current is used to control bleeding as sharp dissection is

performed with the cold scissors. Avoiding the use of monopolar cautery

lessens the amount of tissue charring, thus preserving visualization of

the native anatomy that allows for identification of bladder muscle

fibers, critical for defining the natural tissue plane of the vesicoprostatic

junction. Once the linear fibers of the bladder neck transitioning to

prostatic urethra are identified in the midline, we find the cleavage plane

using a combination of sharp and blunt dissection to tease bladder

muscle fibers away from the prostate, anatomically preserving a

funneled bladder neck (Fig. 2).

After dissecting 2708 anteriorly and circumferentially, the urethral

catheter balloon is deflated and the linear anterior fibers of the bladder

neck are incised as distally as possible. The assistant then withdraws the

tip of the catheter from the interior bladder into view at the opened

bladder neck. The assistant controls the catheter proximally and distally

by holding the laparoscopic grasper with the thumb, index, and/or third

finger to grasp the catheter tip while simultaneously holding the
Please cite this article in press as: Freire MP, et al., Anatomic Blad
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opposite end of the catheter, the catheter outlet, and balloon port,

between the fourth and fifth fingers of the same hand extracorporeally

(Fig. 3). This one-handed, intra and extracorporeal, assistant-surgeon

manipulation of the deflated Foley catheter elevates the prostate to

create tension that facilitates the posterior bladder neck dissection. This

differs from the one-way traction obtained by placing a hemostat on

the catheter at the meatus, which accordions the penis when the tip of

the urethral catheter is elevated in the surgical field and reduces the

potential elevation of the prostate and subsequent tension needed for

dissection.

With traction and countertraction provided by the above-described

manipulation of the Foley catheter and anterocephalad tension applied

from the robotic fourth arm, the posterior bladder neck is divided

starting in the midline until the posterior longitudinal fascia of the

detrusor muscle [9] is encountered (Figs. 4 and 5). Dissecting laterally

before identifying this landmark may result in inadvertent cystotomy or

ureteral injury. Furthermore, there may be a tendency initially to dissect

in a directly lateral rather than a posterolateral plane, which may lead to

bleeding due to inadvertent dissection into the prostate or lateral pedicle

vessels.

The dissection of bladder neck muscles inserting into the prostate

base continues until adipose tissue is encountered situated at the

cephalad extent of the endopelvic fascia, lateral to the bladder neck. This

anatomic landmark, known as the fat pad of Whitmore (J. Montie, oral

communication) was originally described during nerve-sparing radical

cystectomy as the point to reach during antegrade bladder pedicle
der Neck Preservation During Robotic-Assisted Laparoscopic
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Fig. 4 – Isolation of the posterior lip of the bladder neck while Foley
catheter tension is applied by the assistant to elevate the prostate.

Fig. 5 – (a) The fourth arm provides upward tension on the prostate base
while the assistant grasps the posterior lip of the bladder neck to provide
countertension; (b) sagittal diagram.
P = prostate; B = bladder; S = seminal vesicle.

Fig. 6 – Posterolateral bladder neck dissection continues until adipose
tissue (fat pad of Whitmore) is encountered.
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dissection before transitioning to retrograde prostate dissection. More-

over, this defines the posterolateral bladder neck dissection boundary as

the neurovascular bundle is located in close proximity to the lateral

pedicle of the prostate [10] (Fig. 6).

We considered BNP to be successful when the diameter of the

bladder neck was approximate to the diameter of the urethral stump,

thereby not requiring reconstructive tapering prior to the vesicourethral

anastomosis (Fig. 7).

Instances requiring reconstructive tapering were classified as ST.

Moreover, our urethrovesical anastomotic technique [7] remained

constant throughout the study period. Finally, cystography was not

routinely performed postoperatively, except in men with difficult

anastomosis, increased and prolonged drain output, or urinary retention

at catheter removal.

2.3. Outcomes

Urinary function was prospectively assessed using the Expanded

Prostate Cancer Index (EPIC) short form [11] in 447 men (224 with

BNP vs 223 with ST) during postoperative visits at 4, 12, and 24 mo. The

EPIC urinary function scale is scored continuously from 0 to 100, with

higher scores representing better outcomes. However, continence is

commonly assessed in the urologic literature by pad use, and we also

compared the EPIC item querying pad use by dichotomizing at no pads

versus one pad or more per day. We defined urine leak as (1) high drain

output with creatinine greater than serum levels or (2) anastomotic

contrast extravasation on cystography.

2.4. Statistical analysis

All clinical data were collected and entered prospectively in an Access

database (Microsoft, Redmond, WA, USA). SPSS (SPSS Inc., Chicago, IL,

USA) and SAS v.9.1.2 (SAS, Cary, NC, USA) were used for the statistical

analysis. The Wilcoxon rank-sum test (for non-normal variables),

student t test (for approximately normal variables), x2 (for categorical

variables), and Fisher exact tests (for categorical variables with a small

number of events) were used to compare demographic characteristics,

pathological results, and preoperative mean urinary function score

across groups. An exact trend test was used to compare Gleason grade in

both groups. Due to significant overlap of technique that attenuated

toward predominantly BNP in later cases, we adjusted for time (learning

curve) using a stratified Wilcoxon test for outcomes that may be

influenced by increasing surgeon experience, as temporal learning curve
Please cite this article in press as: Freire MP, et al., Anatomic Bla
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effects may account for some of the observed differences in length of

stay, length of catheterization, estimated blood loss, operative time, and

urinary function. Similarly, differences in continence (pad use) by

bladder neck dissection technique were adjusted for potential learning

curve effects using a Cochran-Mantel-Haenszel test. For more compli-

cated models in which we adjusted for learning curve effects and other
dder Neck Preservation During Robotic-Assisted Laparoscopic
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Fig. 7 – Coaptation of preserved bladder neck (left) and compression of bladder demonstrates expulsion of urine stored during robotic-assisted
laparoscopic radical prostatectomy by preserved bladder neck.
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potential confounders, linear regression (approximately normal out-

comes), logistic regression (binary outcomes), and robust linear

regression (non-normal outcomes) were used to compare outcomes

for BNP versus ST.

3. Results

3.1. Patient characteristics

Age differed by technique with means of 57.1 � 6.6 yr and

58.9 � 6.7 yr ( p = 0.033) for BNP and ST, respectively. The

majority of the cohort was white (95%), and race did not differ

by bladder neck dissection technique (Table 1). An extra-

peritoneal approach was performed in 50 men with previous

abdominal surgery, without significant variation by bladder

neck dissection technique. Furthermore, baseline urinary

function, prostate-specific antigen, biopsy Gleason grade,

nerve-sparing technique, prostate size, and pathologic stage

grade were similar by bladder neck dissection technique. In

addition, more men with clinical T1c disease underwent BNP

versus ST (93.1% vs 86.0%, p = 0.002) (Table 1). Successful BNP
Table 1 – Patient demographics and tumor characteristics

Bladder neck preservat

Mean follow-up (d), mean � SD (range) 387.2 � 297. 2 (71–

Age (yr), mean � SD 57.1 � 6.6

Race, no. (%)

White 336 (96.6)

Black 9 (2.6)

Other 3 (0.9)

Preoperative urinary function, mean � SD 96.0 � 11.4

PSA, mean � SD 5.4 � 2.8

Clinical stage, no. (%)

T1c 322 (93.3)

T2 26 (6.7)

Gleason grade (biopsy), no. (%)

3 + 2 4 (1.1)

3 + 3 214 (61.4)

3 + 4 90 (25.8)

4 + 3 28 (8)

4 + 4 7 (2.0)

3 + 5 3 (0.8)

4 + 5 2 (0.6%)

5 + 4 0

SD = standard deviation; PSA = prostate-specific antigen.

Please cite this article in press as: Freire MP, et al., Anatomic Blad
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accounted for 4% in the first 100 men and steadily increased to

99.1% in the last 119 men in the series (Fig. 8). As BNP

technique evolved from ST, mean follow-up was shorter for

BNP versus ST (387.2 vs 812.5 d; p < 0.001).

3.2. Postoperative outcomes

Perioperative complications and outcomes did not differ by

bladder neck dissection technique; urine leaks, urinary

retention, and bladder neck contractures were uncommon

events (Table 2). One man undergoing BNP incurred a left

ureteral injury due to an unrecognized complete duplica-

tion and required ureteral reimplantation. The overall

positive margin rate (Table 3) was 12.8%, occurring at

10.5% in men with pT2 disease, 23.1% in pT3a, and 40.9% in

pT3b disease ( p = 0.520). Moreover, prostatic base positive-

margin status was similar for men undergoing BNP versus

ST (1.4% vs 2.2%; p = 0.547).

At 4 mo postoperatively, mean urinary function scores

were higher for BNP versus ST (Table 4) at 64.6 versus 57.2

( p = 0.037). Similarly, 4-mo continence rates (zero pads per
ion n = 348 Standard technique n = 271 p value

1368) 812.5 � 246.2 (102–1432) <0.001

58.9 � 6.7 0.033

252 (93.3) 0.083

11 (4.1) –

8 (3) –

95.2 � 11.8 0.303

5.8 � 3.6 0.295

233 (86.0) 0.002

38 (14.0) –

0 0.805

175 (64.6) –

54 (20) –

27 (10) –

14 (5.2) –

0 –

0 –

1 (0.4) –
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Fig. 8 – Progression of successful bladder neck preservation through the
surgical series ( p < 0.001).

Table 2 – Perioperative outcomes

Bladder neck preservat

Estimated blood loss (ml), mean � SD 183.7 � 95.8

Operative time (min), mean � SD 152.8 � 41.7

Length of stay (d), mean � SD 1.2 � 0.76

Length of catheterization (d), mean � SD 7.7 � 2.44

Urinary retention*, no. (%) 14 (4)

Bladder neck contracture, no. (%) 4 (1.1)

Urine leak, no. (%) 10 (2.8)

Ureteral injury, no. (%) 1** (0.3)

SD = standard deviation.

* Urinary retention defined as failure of voiding trial necessitating reinsertion of

** Presence of duplicated system on side of injury.

Table 3 – Nerve-sparing and pathologic features by bladder neck disse

Bladder neck preservation n =

Bilateral NS* 254 (80.2)

Unilateral NS* 52 (15.6)

None, no. (%) 28 (8.4)

Gland size (pathology), mean � SD 54.4 � 20.2

Pathologic Gleason grade, no. (%)**

3 + 2 0

3 + 3 144 (41.3)

3 + 4 138 (39.6)

3 + 5 2 (0.6)

4 + 3 47 (13.5)

4 + 4 10 (2.9)

4 + 5 5 (1.4)

5 + 3 0

Pathologic stage**

pT2 296 (85.1)

pT3a 38 (10.9)

pT3b 12 (3.4)

Positive margins, no. (%)

pT2 27 (9.2)

pT3a 9 (23.7)

pT3b 6 (50)

Positive margin at prostate base, no. (%) 5 (1.4)

Positive margins (overall), no. (%) 42 (12.1)

NS = nerve sparing; SD = standard deviation.

*17 men with missing NS information; **6 men were staged as pT0.
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day) were significantly higher for BNP versus ST (65.6% vs.

26.5%, p < 0.001). While urinary function and continence

rates were similar at 12 mo, mean urinary function scores at

24 mo were significantly higher for BNP versus ST (94.1 vs.

86.8, p < 0.001). However, 24-mo continence rates were

similar (>96%; p = 0.308) for both techniques.

4. Discussion

Bladder neck dissection is one of the most difficult steps for

those transitioning from open to minimally-invasive

approaches to radical prostatectomy [12]. While other steps

of RALP diminished in complexity over the first 50 cases, the

requisite time for bladder neck dissection increased [13]. The

absence of tactile sensation and unfamiliar laparoscopic

anatomy may prove challenging for those inexperienced

with minimally-invasive approaches to radical prostatec-

tomy as evidenced by the wide variation in techniques to
ion n = 348 Standard technique n = 271 p value

224.6 � 108.0 0.938

189.0 � 42.1 0.460

1.3 � 1.03 0.792

8.0 � 3.97 0.996

6 (2.2) 0.256

2 (0.7) 0.701

4 (1.5) 0.288

0 0.436

urethral catheter.

ction technique

348 Standard technique n = 271 p value Overall

215 (76) 0.400

37 (13.8)

16 (6)

56.3 � 21.9 0.503 –

2 (0.7) 0.708 2 (0.3)

122 (45.0) – 266 (42.9)

90 (33.3) – 228 (36.8)

1 (0.4) – 3 (0.5)

32 (11.8) – 79 (12.7)

11 (4.1) – 21 (3.4)

9 (3.3) – 14 (2.7)

1 (0.4) – 1 (0.16)

232 (85.6) 0.161 528 (85.2)

26 (9.6) – 64 (10.3)

10 (3.8) – 22 (3.5)

28 (12.1) 0.520 55 (10.5)

6 (22.2) – 15 (23.1)

3 (30) – 9 (40.9)

6 (2.2) 0.547 11 (1.8)

37 (13.7) 0.567 79 (12.8)

dder Neck Preservation During Robotic-Assisted Laparoscopic
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Table 4 – Comparison of patient self-reported postoperative recovery of urinary function and continence (zero pads per day)

Postoperative
time (mo)

Sample size Urinary function
Mean � SD

Continence* rate (%)
Mean � SD

Bladder neck
preservation

Standard
technique

Bladder neck
preservation

Standard
technique

p value Bladder
neck preservation

Standard
technique

p value

4 224 223 64.6 � 25.9 57.2 � 24.1 0.037 65.6 26.5 <0.001

12 125 247 80.6 � 18.7 79.0 � 19.4 0.495 86.4 81.4 0.303

24 42 128 94.1 � 10.6 86.8 � 12.6 <0.001 100 96.1 0.308

SD = standard deviation.

*Continence defined as zero pads per day or pad free.
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facilitate this step [4,14]. For instance, Garrett et al use a

Lowsley retractor to elevate the bladder neck to define the

prostate-vesical junction [15], while others recommended

intraoperative ultrasonography [16] or simultaneous use of

cystoscopy to help identifying the bladder neck [5]. Once the

plane of incision has been identified, exposure may prove

difficult. Others employ an additional suprapubic puncture

site to snare the catheter tip with a suture that places tension

on the catheter, thereby improving exposure and allowing

the surgeon and assistant to keep their instruments free to

work at the point of bladder neck dissection [17].

BNP is one variation of the bladder neck dissection that

has been associated with several advantages over the ST,

including a lower risk of bladder neck contracture [18] and

lower rates of ureteral injury [14]. In addition, a large

bladder neck requires time-consuming, reconstructive

tapering and may be more susceptible to anastomotic leak

due to the longer suture line.

Our paper has several notable findings. First, we present

anatomic landmarks and technical modifications that lead

to consistent bladder neck sparing with minimization of

monopolar cautery. BNP was performed with more con-

sistency over time and plateaued after approximately 300

cases. The premise of our technique is sharp cold-scissor

dissection of natural tissue planes rather than use of

monopolar energy or ultrasonic shears to create surgical

planes. With monopolar electrosurgery, the patient is a part

of the electrical circuit, and the path of the current may not

correlate with anatomic distances [19]. Conversely, bipolar

electrosurgery eliminates the patient from the circuit. The

use of thermal energy during bladder neck transection is

common, and the cautery tip may come within millimeters

of the prostatic vascular pedicle [20]. While the prostate

vascular pedicles may serve as a heat sink for energy

sources [20], a study of the use of energy in proximity to the

periprostatic neurovascular bundle in canines demon-

strated diminished erectile function [19]. Furthermore,

we use the fat pad of Whitmore as the posterolateral limit of

the bladder neck dissection, as it is located in close

proximity to the prostatic vascular pedicle and neurovas-

cular bundle components. Finally, while our one-handed

assistant technique of creating Foley catheter tension to

elevate the prostate may not be superior to other described

techniques, it is efficient and does not employ additional

surgical steps or instrumentation.

Second, our technique of BNP versus nonpreservation is

associated with improved early and late urinary function
Please cite this article in press as: Freire MP, et al., Anatomic Blad
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and better early continence. The discordance between 24-

mo urinary function scores parallels the finding of Krupski

et al that dichotomizing by pad use may not accurately

portray continence, and continuous urinary function scores

more accurately reflect health-related quality of life [21].

However, postoperative continence is frequently reported

with such definitions as ‘‘socially dry’’ and ‘‘security liner’’

composed of one pad or more, which makes comparison

between series more difficult [17,21]. Using a continence

definition of no pad use, BNP versus ST was associated with

better continence rates at 4 mo, while late continence was

similar. Moreover, we identified improved early and late (4

and 24 mo) urinary function scores in men following RALP

with BNP using a self-reported, validated quality-of-life

instrument. Our results are consistent with the findings of

others reporting better early continence with BNP during

open radical prostatectomy BNP [22–25]. Additionally,

earlier recovery of urinary function enhances quality of

life [24].

It has been suggested that preservation of the bladder

neck has no effect on continence but may instead

compromise cancer control by increasing the likelihood

of positive margins at the prostate base [26–28], adversely

affecting cancer control [29]. However, we did not observe

an increased risk of positive margins at the prostate base

with BNP. Similar equivalent findings regarding cancer

control have been reported for open radical prostatectomy

BNP [18,22,23,30].

Our findings should be interpreted in the context of the

study design. First, progression through the learning curve

affects outcomes such as operative time and blood loss.

While absence of bladder neck reconstruction decreases

operative time, we concede that variation in bladder neck

dissection technique is not solely responsible for shorter

operative times and lower blood loss, and therefore we

adjusted for temporal trends and potential learning curve

effects that may influence these outcomes. However, the

complication and positive margin rates were similar by

bladder neck dissection surgical technique. Moreover, the

study was performed over a relatively short period of time

(3.5 yr) by the same surgeon. Second, we had loss to follow-

up, which is inevitable with patient travel to a tertiary

referral center. Finally, this was not a randomized study,

which is difficult to conduct with single-surgeon series and

technique modifications, as a surgeon may develop bias and

habits in surgical technique that preclude reversion to a

past technique, namely, ST of bladder neck dissection.
der Neck Preservation During Robotic-Assisted Laparoscopic
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5. Conclusions

Our technique of anatomic BNP is consistently reproducible

and improves urinary function and continence without

compromising cancer control.
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