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ABSTRACT
Background and Purpose: It is clear that some patients with prostate cancer require a total or partial neurovascular bundle (NVB) resection for oncologic safety to be guaranteed. Nerve grafting is an alternative for
these patients to maintain erectile function; however, we report on a feasible option where the NVB is released, and both terminal nerve fibers are approximated; this is the “nerve advancement technique (NAT).”
Patients and Methods: Since 2005, a total of 215 men aged 48 to 70 years (mean 59 years) with a Sexual
Health Inventory for Men (SHIM) score of 22 have undergone robotic radical prostatectomy for cancer. We
selected prospectively seven men to have NAT performed because of clinical high-risk criteria (serum prostate
specific antigen [PSA] concentration 20 mg/dL, Gleason score  8, and stage cT2c or higher), intraoperative criteria (difficulty separating the tissues around the prostate), and evidence of extracapsular extension
(ECE) on magnetic resonance imaging. We performed unilateral partial resection, nerve advancement, and,
finally, end-to-end anastomosis in six patients, whereas in one patient, we did a bilateral partial excision. We
analyzed the results in terms of oncologic safety (positive surgical margins and PSA) and SHIM score after
18 months of follow-up.
Results: Pathologic examination revealed stage T3 disease in six patients; one had a positive surgical margin. Two patients are receiving salvage radiotherapy for PSA relapse, and five continue to have undetectable
PSA concentrations after a median follow-up of 20 months. Five of the seven men recovered erectile potency
with or without a phosphodiesterase inhibitor, and their median SHIM score is 18.
Conclusions: We are encouraged by the initial results of NAT. The procedure may be an alternative for
men who require extensive NVB dissection. However, further experience, longer follow-up, and independent
trials are necessary.
INTRODUCTION

O

NE OF THE MOST IMPORTANT and still unresolved
questions in the management of clinically localized
prostate cancer is the optimal handling of the neurovascular
bundles (NVBs) in the face of suspected invasion by the tumor.
Whereas most surgeons argue that wide excision of the bundles
is a prudent approach in these cases, there is no consensus about
the ideal method for reconstruction of NVB tissue. There are
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several options already published: nerve grafting (sural or genitofemoral),1 entubulization model of cavernosal nerve reconstruction,2 and use of embryonic neural stem cells3 or growth
factors to enhanced neural regeneration.4
Radical prostatectomy (RP) is considered the standard treatment for localized prostate cancer. Since the introduction of the
nerve-sparing technique by Walsh and Donker,5 several series
have been published in which patients recovered their erectile
function.6 Worse results have been reported in series in which
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FIG. 1.

Release of NVBs and NAT.

FIG. 2

End-to-end anastomosis.
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PATIENTS AND METHODS
Study design and patient eligibility
In 2005, a total of 215 consecutive patients underwent robotic radical prostatectomy (RRP) by a single surgeon (AT) in
a single institution (WMC). The eligibility criteria were:
1. Preoperative (objective parameters)
• High-risk clinical signs (PSA 20 ng/mL, Gleason score
8, stage cT2c or higher)
• Endorectal MRI suggests ECE
• Palpable unilateral or bilateral at digital rectal examination
under anesthesia
• Patients previously potent (SHIM 18)
FIG. 3.

Intraoperative picture, final aspect.

non-nerve-sparing techniques were used.7 Therefore, it is clear
that some patients require total or partial, bilateral or unilateral,
NVB resection for oncologic safety to be guaranteed. To do an
adequate NVB excision is a challenge for surgeons using robots in the absence of any tactile feedback.
Erectile dysfunction remains a common problem after RP
when one or both NVBs are resected.7,8 In a recent review of
11 series, the results of nerve grafting were modest in terms of
sexual function recovery, and another incision was required,
which caused some morbidity.9
Conceptually and on the basis of our cadaver studies,10–12
we think that the NVB (composed of cavernous nerves and
nerves fibers) is a spray-like rather than a stick-like structure.
It seems likely that the bundle itself can be used to reconnect
the two ends instead of using an autologous graft. We propose
a novel approach for patients who are potent and have a preoperative and intraoperative high risk of extracapsular extension (ECE) (serum prostate specific antigen [PSA] concentration 20 mg/dL, Gleason score 8, stage cT2c or higher cancer,
evidence of ECE on MRI, and difficulty separating the tissue
around the prostate). It is feasible to do a primary anastomosis
(coaptation) of both ends of the NVB with previous mobilization using the “nerve advancement technique” (NAT). The feasibility of end-to-end and end-to-side anastomosis of the nerves
and subsequent nerve regeneration has already been demonstrated in other anatomic sites.13

2. Intraoperative findings (surgeon’s assessment/subjective parameters)
• Difficult mechanical separation of the tissue around
prostate
• Adhesions in the extracapsular area
• Excessive bleeding during dissection in the region of the NVB
On the basis of these criteria, we selected seven potent men
on whom to perform this technique (six unilaterally and one bilaterally). All were strongly motivated to maintain sexual function. The mean age was 59 years (range 48–70 years), and the
median follow-up was 21 months (range 17–22 months).

Surgical technique
Step 1: Robotic radical prostatectomy: Port placement and
all the steps of RRP were performed as described previously.
The procedure includes bilateral pelvic lymph-node dissection.14
Step 2: Partial NVB resection (unilateral or bilateral):
The nerve-sparing approach to the side with suspicion of ECE
was extrafascial, trying to minimize NVB resection. We do this
in order to excise the entire tumor but attempt to keep as much
of the bundle as possible (partial resection). This was feasible
in our current series because the majority of the patients with
disease classified as pT3 had only focal ECE (5–10 mm).
The prostate is retracted on one side, and the lateral pelvic
fascia is exposed. The layers of the periprostatic fascia fuse with
the anterior layer of Denonvilliers’ fascia lateral to the prostate
to form a potential triangular space containing the NVBs. The
inner layer of the periprostatic fascia forms the medial vertical

TABLE 1. PATIENT PROFILES
Preop.
Pt.
no.
1
2
3
4
5
6
7

Age
(years)

Follow-up
(mos.)

PSA
(ng/dL)

55
51
48
70
62
58
70

19
21
18
21
22
22
21

7.4
10.5
4.2
4.8
2.7
5.3
4.3

Final pathology

Gleason
score
7
7
7
6
6
8
7

(4
(3
(3
(3
(3
(4
(3









3)
4)
4)
3)
3)
4)
4)

cT stage
3
3
3
1c
1c
2b
1c

Gleason
score
7
7
7
6
6
8
7

(3
(4
(4
(3
(3
(4
(3









4)
3)
3)
3)
3)
4)
4)

pT stage
3a
3b
3a
3a
2c
3a
3b

Most recent PSA ng/dL
(mos)
0.06
0.02
0.01
0.04
0.01
0.1
0.1

(19)
(21)
(17)
(20)
(20)
(22)
(21)
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TABLE 2. SEXUAL FUNCTION OUTCOMES
Time postop. (mos)

Baseline
(15th)

1 (15th)

3 (15th)

6 (15th)

12 (15th)

18 (15th)

1

23 (4)

3 (1)

15 (3)

ND

9 (2)

10 (3)

2

25 (5)

24 (5)

25 (5)

25 (5)

25 (5)

25 (5)

3

25 (5)

20 (4)

25 (5)

25 (5)

25 (5)

25 (5)

4

21 (3)

1 (1)

4 (1)

5 (1)

6 (1)

12 (3)

5

20 (4)

1 (1)

21 (4)

24 (2)

25 (5)

25 (5)

6

19 (5)

6 (3)

15 (4)

24 (5)

25 (5)

25 (5)

7

12 (2)

4 (3)

1 (1)

3 (3)

4 (4)

8 (4)

Pt. no.

Clinical
status
Intercourse
(PDE5I)
Unassisted
intercourse
Unassisted
intercourse
Partial
erection
(PDE5I)
Intercourse
(PDE5I)
Intercourse
(PDE5I)
Partial
erection
(PDE5I)

ND  no data; PDE5I  phosphodiesterase 5 inhibitor.

wall of this triangle; the outer layer or the lateral pelvic fascia
forms the lateral wall, and the anterior layer of Denonvilliers’
fascia forms the posterior wall. Entering the triangular space
between Denonvilliers’ fascia posteriorly, lateral pelvic fascia
laterally, and the prostate medially best preserves the nerves.
The surgeon has to reflect the lateral pelvic fascia off the
prostate. It is incised in a plane superficial to the prostatic fascia from the apex to the prostate–vesical junction, always staying parallel to the NVBs and then taken off the prostate using
gentle sweeping movements. This maneuver releases the NVBs
and provides landmarks for later antegrade dissection. In the
areas where the surgeon observes fibrotic tissue and the bundle dissection cannot be done easily, we resected a piece of the
NVB outside the lateral pelvic fascia (extrafascial approach).
Dissection is completely non-thermal, with clips preferred for
any vascular control.
Step 3: Release of NVBs and neurovascular bundle advancement (Fig. 1): After partial excision of the bundle, it is
possible to see both ends. With blunt dissection (robotic Maryland bipolar forceps), it is possible to detach the posterior and
lateral aspect of the bundles from the laterorectal area. With
this maneuver, we can obtain more relaxation of this tissue in
order to decrease the distance before the anastomosis. In all
cases, this distance was less than 2 to 3 cm (Fig. 1).
Step 4: End-to-end anastomosis: Using two robotic needle
drivers and a 6–0 polypropylene suture, we performed two or
three interrupted sutures between the stumps without tension
(Figs. 2 and 3).

Data collection
All patients signed an Institutional Review Board-approved
informed consent document in which all the details of the procedure were clarified.
All the clinical and pathologic data were obtained from the
charts. All the intraoperative data related to the procedure were

recorded: side of end-to-end anastomosis, estimated blood loss,
and complications.
The specimen analysis was performed under a standard
pathology protocol. All the specimens were reviewed by a single pathologist (JT). The presence of cancer cells at the inked
margins constituted a positive surgical margin (PSM). Frozen
sections were taken from suspect areas of the specimen and
from the corresponding area in the patient, as well as from the
two ends of the NVB before anastomosis. When the frozen-section report suggested involvement of the NVB with cancer, we
excised it widely to ensure adequate surgical margins.
The erectile function assessment was performed with a series of self-administered Sexual Health Inventory for Men
(SHIM) questionnaires15 and patient interviews preoperatively
and 1, 3, 6, 12, and 18 months postoperatively. The main goals
during the follow-up period were monitoring PSA and erectile
function. The median PSA follow-up was 20 months.

RESULTS
Preoperative data and specimen pathology information are
presented in Table 1. The mean blood loss was 214 mL, and
no patient required transfusion. There were no intraoperative or
postoperative complications. All patients were discharged from
the hospital within 24 hours.
On the side of NAT, the approaches to the bundles were extrafascial (outside the lateral pelvic fascia) in all cases. Most of
our patients (85%) had stage pT3 disease (four pT3a and two
pT3b), and a PSM was found in one patient. Only one patient
had positive intraoperative frozen biopsy. In this case, we excised more of the bundle in order to achieve negative biopsies
of the ends and sides.
At last follow-up, five patients have undetectable serum PSA
concentrations, and two patients (the second and third in the series) are receiving salvage radiotherapy for PSA relapse.
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The mean preoperative SHIM score was 22, and the mean
postoperative score was 18. Five patients (71.4%) were able to
achieve intercourse with or without a phosphodiesterase-5 inhibitor. Two achieved only partial erections that are inadequate
for intercourse (Table 2).

DISCUSSION
Preservation of sexual function after surgical treatment of
prostate cancer without compromising oncologic results remains an important goal. Reported potency results after RRP
differ widely, from 20% to 97% at 12 months.16 Extracapsular
extension of cancer is found in about 40% of RP specimens,17
and a PSM is disturbingly common, being identified in 2% to
59% of RRP specimens.16
It still is difficult to determine which patients will have ECE
in the NVB area. Several strategies have been implemented to
predict whether a tumor is organ confined or extracapsular on
the basis of digital rectal examination, the Gleason score in the
preoperative biopsy, MRI, and ultrasonography or intraoperative findings such as open palpation results or endoscopic landmarks. Although useful, none of them has proved to be 100%
reliable or accurate.8,18
In advanced cancers, unilateral or bilateral NVB excision
should be considered when a substantial risk of ECE exists in
the area of NVB. However, total resection of both or even one
NVB results in patients losing spontaneous erection adequate
for intercourse.6,17 In this respect, Kim and associates1 suggested in 1999 that sural nerve grafting could replace the resected cavernous nerves. After 1 and 2 years of follow-up, overall erectile activity returned in 9 of 12 patients (75%) and then
in 16 of 23 patients (69%).19 This technique was first replicated
in laparoscopic surgery by Turk and colleagues20 and then robotically by Kaouk et al,21 both with preliminary results.
Recently, Takenaka and coworkers10–12 described the cavernous nerves as running in spray-like fashion from the pelvic
splanchinc nerves to the prostate. Accordingly, interposition
nerve grafts can cover only a part on the circumferential distribution of the nerves around the prostate. Thus, the long-term
results of sural nerve graft replacement of cavernous nerves
await validation.
The magnified optics (10-fold) and three-dimensional view
that RRP provides (combined with intraoperative surgical landmark identification) might enable a less aggressive NVB resection, thus diminishing the end-to-end gap. Frozen biopsies
might be used as an additional helpful tool to confirm the absence of a PSM before anastomosis.22 The three-dimensional
magnification and robotic tools enhance dexterity and eliminate
tremors and thus enable precise suturing and approximation of
the NVB stumps (perineural sheaths are inside) in microsurgical coaptation.
The basic neuroscientific concept underlying the idea of repairing a peripheral nerve has been known for some time. According to Geuna and colleagues13 and Terzis and associates,23
if continuity is reestablished between the proximal and distal
nerves stumps by end-to-end suture, the axons arising from the
rich terminal sprouting immediately upstream of the point of
transection will grow rapidly along the glial columns in the dis-

tal nerve stumps (bands of Büngner) and eventually reinnervate
the denervated territories.
In our initial series, PSMs were found in only one specimen,
which is impressive considering that 85% of the patients had
disease classified as pT3. In terms of sexual function, five of
the seven previously potent men recovered erections after surgery with a median follow-up of 18 months.
We acknowledge several limitations in the current study: the
small number of patients, the absence of control group (partial
resection only), and lack of a priori computations to estimate
power and significant differences. Also, so far, we cannot demonstrate regeneration between the two ends of the nerves. Now,
we are working in a rat cavernous nerve model to test our hypothesis (nerve damage alone v autologous graft v NAT).

CONCLUSIONS
The NAT procedure is technically feasible and seems oncologically safe. The results with sexual function are promising.
However, further experience and longer follow-up are necessary to validate the results of this pilot study.

REFERENCES
1. Kim ED, Scardino PT, Kadmon D, Slawin K, Nath RK. Interposition of sural nerve restores function of cavernous nerves resected
during radical prostatectomy. J Urol 1999;161:188–192.
2. Ball RA, Lipton SA, Dreyer EB, Richie JP, Vickers MA. Entubulization repair of severed cavernous nerves in the rat resulting in
return of erectile function. J Urol 1992;148:211–215.
3. Bochinski D, Lin GT, Nunes L, Carrion R, Rahman N, Lin CS,
Lue TF. The effect of neural embryonic stem cell therapy in a rat
model of cavernosal nerve injury. BJU Int 2004;94:904–909.
4. Hsieh PS, Bochinski DJ, Lin GT, Nunes L, Lin CS, Lue TF. The
effect of vascular endothelial growth factor and brain-derived neurotrophic factor on cavernosal nerve regeneration in a nerve-crush
rat model. BJU Int 2003;92:470–475.
5. Walsh PC, Donker PJ. Impotence following radical prostatectomy:
Insight into etiology and prevention. J Urol 1982;128:492–497.
6. Rabbani F, Stapleton AM, Kattan MW, Wheeler TM, Scardino PT.
Factors predicting recovery of erections after radical prostatectomy.
J Urol 2000;164:1929–1934.
7. Quinlan DM, Epstein JI, Carter BS, Walsh PC. Sexual function following radical prostatectomy: Influence of preservation of neurovascular bundles. J Urol 1991;145:998–1002.
8. Geary ES, Dendinger TE, Freiha FS, Stamey TA. Nerve sparing
radical prostatectomy: A different view. J Urol 1995;154:145–149.
9. Turkof E, Wulkersdorfer B, Bukaty A. Reconstruction of cavernous
nerves by nerve grafts to restore potency: Contemporary review of
technical principles and basic anatomy. Curr Opin Urol
2006;16:401–406.
10. Takenaka A, Leung RA, Fujisawa M, Tewari AK. Anatomy of autonomic nerve component in the male pelvis: The new concept
from a perspective for robotic nerve sparing radical prostatectomy.
World J Urol 2006;24:136–143.
11. Takenaka A, Murakami G, Matsubara A, Han SH, Fujisawa M.
Variation in course of cavernous nerve with special reference to
details of topographic relationships near prostatic apex: Histologic
study using male cadavers. Urology 2005;65:136–142.
12. Takenaka A, Murakami G, Soga H, Han SH, Arai Y, Fujisawa M.

835

NERVE ADVANCEMENT IN PROSTATECTOMY

13.

14.

15.

16.

17.
18.

19.

20.

21.

Anatomical analysis of the neurovascular bundle supplying penile
cavernous tissue to ensure a reliable nerve graft after radical prostatectomy. J Urol 2004;172:1032–1035.
Geuna S, Papalia I, Tos P. End-to-side (terminolateral) nerve regeneration: A challenge for neuroscientists coming from an intriguing nerve repair concept. Brain Res Rev 2006;52:381–388.
Tewari A, El-Hakim A, Hominger W, Peschel R, Coll D, Bartsch
G. Nerve-sparing during robotic radical prostatectomy: Use of computer modeling and anatomic data to establish critical steps and
maneuvers. Curr Urol Rep 2005;6:126–128.
Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Pena BM. Development and evaluation of an abridged, 5–item version of the International Index of Erectile Function (IIEF-5) as a diagnostic tool
for erectile dysfunction. Int J Impot Res 1999;11:319–326.
Ficarra V, Cavelleri S, Novara G, Aragona M, Artibani W. Evidence from robot-assisted laparoscopic radical prostatectomy: A
systematic review. Eur Urol 2007;51:45–55; discussion 56.
Scardino PT, Kim ED. Rationale for and results of nerve grafting
during radical prostatectomy. Urology 2001;57:1016–1019.
Graefen M, Haese A, Pichlmeier U, et al. A validated strategy for
side specific prediction of organ confined prostate cancer: A tool
to select for nerve sparing radical prostatectomy. J Urol
2001;165:857–863.
Kim ED, Nath R, Slawin KM, Kadmon D, Miles BJ, Scardino PT.
Bilateral nerve grafting during radical retropubic prostatectomy:
Extended follow-up. Urology 2001;58:983–987.
Turk IA, Deger S, Morgan WR, Davis JW, Schellhammer PF,
Loening SA. Sural nerve graft during laparoscopic radical prostatectomy: Initial experience. Urol Oncol 2002;7:191–194.
Kaouk JH, Desai MM, Abreu SC, Papay F, Gill IS. Robotic assisted laparoscopic sural nerve grafting during radical prostatectomy: Initial experience. J Urol 2003;170:909–912.

22. Goharderakhshan RZ, Sudilovsky D, Carroll LA, Grossfeld GD,
Marn R, Carroll PR. Utility of intraoperative frozen section analysis of surgical margins in region of neurovascular bundles at radical prostatectomy. Urology 2002;59:709–714.
23. Terzis JK, Sun DD, Thanos RK. Historical and basic science review: past, present, and future of nerve repair. J Reconstr Microsurg 1997;13:215–225.

Address reprint requests to:
Ashutosh Tewari, M.D.
New York-Presbyterian Hospital
Brady Urologic Health Center
525 East 68th St.
Starr 900
New York, NY 10021
E-mail: akt2002@med.cornell.edu

ABBREVIATIONS USED
ECE  extracapsular extension; MRI  magnetic resonance
imaging; PSA  prostate specific antigen; PSM  positive surgical margins; NAT  nerve advancement technique; NVB 
neurovascular bundle; PSA  prostate specific antigen; PSM 
positive surgical margin; RP  radical prostatectomy; RRP 
robotic radical prostatectomy; SHIM  Sexual Health Inventory for Men.
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