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Abstract

Prostate cancer is still one of the most common cancers in men globally. Although survival rates after treatment
continue to rise, postoperative functional outcomes are now crucial when choosing a course of therapy. Because
improved three-dimensional imaging and instrument accuracy enable more precise nerve-sparing and tissue-
preserving dissection, robotic-assisted radical prostatectomy (RARP) is currently the recommended surgical
technique for localized and chosen locally advanced disease. Despite these technological advancements, erectile
dysfunction and urine incontinence are still frequent surgical complications that significantly impair quality of
life, especially in younger and sexually active men. 105 peer-reviewed sources covering methodological
advancements in nerve-sparing surgery, Retzius-sparing RARP, pelvic fascia and support-structure preservation,
single-port and novel access modalities, anterior and posterior musculofascial reconstruction, surgeon experience
and learning-curve effects, and their impact on positive surgical margin (PSM) and biochemical recurrence (BCR)
rates are summarized in this review. Techniques that maintain the detrusor apron, puboprostatic ligaments,
endopelvic fascia, and neurovascular bundles consistently speed up the recovery of potency and continence
without increasing the duration of surgery. The quickest early continence recovery is provided by retzius-sparing
and single-port transvesical techniques, although in anteriorly placed or locally advanced (T3a) illness, there is a
trend toward greater positive-margin rates, highlighting the significance of cautious patient selection. Without
sacrificing oncologic safety, musculofascial restoration and more surgeon expertise enhance early functional
recovery. When the pentafecta objectives of continence, potency, freedom from biochemical recurrence, absence
of comorbidities, and negative margins are balanced, the data supports a customized, anatomy-guided strategy to
intraoperative preservation [20, 70].
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1. Introduction:

Prostate cancer (PCa) is a major source of cancer-related morbidity globally and the second most frequent solid
tumor diagnosed in males (1-3). Men who arrive with high-risk disease, as defined by a PSA > 20 ng/mL,
Gleason score 8—10, or clinical stage > T3, make up a significant minority of the diagnosed population in the
United States alone, where the incidence has been estimated to be in the hundreds of thousands of new cases
yearly (4, 5). Clinical decision-making is centered on curative-intent local therapy because, although mortality
from localized illness has stabilized in modern health systems, disease that progresses or relapses continues to be
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a major cause of cancer death (6, 7).

Robotic-assisted radical prostatectomy (RARP) has become the dominant surgical treatment for localized
prostate cancer, now accounting for the large majority of radical prostatectomies performed internationally (8, 9).
Its magnified three-dimensional field of view and wristed instrumentation give surgeons finer control over the
dissection planes around the prostate than open or conventional laparoscopic approaches allow, which has, in
turn, driven rapid innovation in nerve-sparing and tissue-preserving techniques (10, 11). Randomized and
population-level comparisons of surgery, radiotherapy, and active monitoring confirm that all three strategies
achieve comparable long-term survival for localized disease, which has shifted the emphasis of treatment
selection toward minimizing functional harm rather than survival differences alone (6, 12).

Urinary incontinence and erectile dysfunction continue to be the two most significant side effects of RARP
despite this technological advancement (13, 14). Although the vast majority of men achieve continence by
twelve months, early postoperative pad usage is typical; most series show that 70-80% of men need pads at six
weeks and 20-40% continue to do so at six months(13, 15). The burden of erectile dysfunction and incontinence
is increased by a screening-driven shift toward younger, more sexually active patients who anticipate a quicker
and more thorough functional recovery (16, 17). Both conditions are linked to low self-esteem, psychological
distress, and impaired intimate relationships. Numerous intraoperative preservation techniques, such as bladder-
neck preservation, subapical urethral dissection, nerve-sparing dissection planes, Retzius-sparing and single-port
access, and anterior or posterior musculofascial reconstruction, have been inspired by these pressures in an effort
to preserve the anatomical structures responsible for potency and continence without sacrificing cancer control
(11, 18).

The pentafecta preserved erectile function, urine continence, independence from biochemical recurrence (BCR),
lack of serious sequelae, and negative surgical margins is the composite outcome that is increasingly used to
assess surgical effectiveness (19, 20). Since no single method has been proven to consistently produce all five
results, there is a real need to compile the body of data due to the increasing number of anatomical variations (15,
19). By methodically arranging the research on intraoperative preservation methods in RARP according to their
anatomical target and evaluating their effects on functional recovery and oncologic safety, this review fills that
gap (19, 21).

Retzius-Sparing (Posterior) Approach

Camera Robaotic

Port Instrument Ports ! 8
e . 1
e o
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Figure 1: Anatomical Set-Up and Access Corridors in Robotic Radical Prostatectomy.

2. Research Questions and Scope of the Review
2.1 Research Questions:
This comprehensive review is organized around three primary research questions:

Functional Recovery: How do particular intraoperative preservation techniques (such as bilateral
intrafascial/interfascial nerve-sparing, Retzius-sparing, and subapical urethral preservation) affect the speed and
duration of recovery for erectile potency and postoperative urinary continence in RARP patients?
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Oncologic Safety: In high-risk or locally advanced (T3a) illness, do tissue- and nerve-preserving methods affect
oncologic results, specifically positive surgical margin (PSM) rates and biochemical recurrence-free survival
(BFS)?

Comparative Efficacy: In terms of obtaining combined Trifecta and Pentafecta objectives, how do innovative
access techniques like single-port transvesical RARP (SP-TV-RARP) compare to conventional multi-port
transperitoneal RARP?

2.2 Scope:

Only functional preservation and oncologic results in individuals with localized and selected locally advanced
prostate cancer after RARP are the subject of this review. Retzius-sparing (RS-RARP), pelvic fascia preservation
(PFS-RARP), bilateral and unilateral nerve-sparing, subapical urethral dissection, and anterior and posterior
anatomical reconstructions are among the intraoperative preservation strategies covered. In addition to oncologic
safety indicators like good surgical margins and biochemical recurrence-free survival, the main assessment
metrics are the recovery rate and timeline of erectile potency (IIEF-5 score) and urine continence (pad usage).

3. Methodology: Literature Search Strategy

A systematic narrative-review technique based on PRISMA reporting criteria was utilized to locate, filter, and
summarize the relevant literature (15, 22). Peer-reviewed literature published until 2026 were located in
electronic databases (PubMed/MEDLINE, Scopus, Embase, Web of Science, and the Cochrane Library) using
structured search term combinations (22, 23). Reference lists of pertinent original papers and credible systematic
reviews were carefully searched to ensure comprehensive coverage(15, 24). Full-text evaluation against
predetermined eligibility criteria was carried out following an initial relevance screening of titles and abstracts
(22). The 105 retained studies were categorized thematically based on the anatomical goal of preservation in
order to arrange the thorough analysis in Section 4(11, 20).

Table 1. Literature search strategy, inclusion, and exclusion criteria.

Element Detail
Databases PubMed/MEDLINE, Scopus, Embase, Web of Science, Cochrane Library
Search Terms “Robot-assisted radical prostatectomy” OR “RARP” AND (“nerve-sparing” OR “Retzius-

sparing” OR “pelvic fascia” OR “single-port” OR “transvesical” OR “posterior
reconstruction” OR “anterior reconstruction”) AND (“urinary continence” OR “erectile
function” OR “IIEF-5" OR “positive surgical margin” OR “biochemical recurrence”)

Publications 2006-2026 (technique-defining historical studies before 2006 cited for anatomical

Window context)

Inclusion Peer-reviewed original studies, RCTs, prospective/retrospective cohorts, and systematic

Criteria reviews or meta-analyses reporting continence, potency, PSM, or BCR outcomes after
RARP; English language; n > 10 patients

Exclusion Non-RARP cohorts (open/laparoscopic-only), case reports < 10 patients, conference

Criteria abstracts without full text, non-English full text, editorials/commentaries without original
data

Data Extracted | Study design, sample size, preservation technique, continence outcome, erectile-function
outcome, oncologic outcome (PSM/BCR), follow-up interval
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Figure 2: PRISMA Flow Diagram of Literature Screening and Study Selection

4. Literature Review
4.1 Neurovascular Bundle (NVB) and Nerve-Sparing Techniques

Takenaka and colleagues' anatomical dissections revealed that the neurovascular bundles are a complex plexus
that extends anterolaterally around the prostate rather than a single distinct posterior structure. This discovery
reframed nerve-sparing as a fascial preservation issue rather than a purely neural one (21). Based on this
anatomy, Kaul and colleagues developed the Veil of Aphrodite technique, an interfascial dissection that protects
the lateral pelvic fascia and the nerve fibers that are connected to it. In their first series, 97% of patients reported
urinary control after a year, and many of them regained erectile function; the authors attributed this result to
precise interfascial planes and less thermal injury (11). This was then improved by Ghani and associates into a
high anterior release approach that was oncologically suitable for low-risk illness and significantly reduced the
time to continence recovery (25). These single-center results are often supported by meta-analytic data (15, 22).
Neurovascular bundle preservation was linked to a minor early-potency advantage and a shorter time to
continence, but not a difference in long-term continence rates, according to Reeves and colleagues' analysis of
almost 13,000 patients (22). In parallel comprehensive evaluations, Ficarra and colleagues documented
substantial variation in continence recovery among series and demonstrated that, in comparison to unilateral or
non-nerve-sparing dissection, bilateral nerve-sparing considerably enhances the probabilities of potency recovery
at twelve months (15, 26). Bilateral nerve-sparing improves urine continence recovery within the first
postoperative year without changing long-term rates, according to a more recent comprehensive study that
particularly examined bilateral vs unilateral comparisons (27).
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Figure 3: Conceptual Framework of Intraoperative Preservation Strategies in RARP.

Extending nerve-sparing into higher-risk disease has been a particular focus of recent literature (28, 29). Park
and colleagues showed that nerve-sparing improves continence even in men with preoperative erectile
dysfunction, although potency recovery in this subgroup remains limited (28). Takahara and colleagues,
comparing nerve-sparing against non-nerve-sparing RARP in D'Amico high-risk disease, found significantly
lower daily pad counts in the nerve-sparing group at three and six months, with equivalent oncologic outcomes
on multivariate analysis (30). Liu and colleagues reached a similar conclusion across high-risk cohorts:
neurovascular-bundle-sparing RARP improved erectile function and continence without increasing recurrence
risk when patients were selected using preoperative imaging and intraoperative judgment (29). Vis and
colleagues formalized this selection process into consensus, MRI-guided criteria for choosing candidates for
nerve-sparing surgery, emphasizing that patient selection rather than the nerve-sparing technique alone is the
primary determinant of oncologic safety (31-33).

Table 2. Representative studies of neurovascular bundle preservation and nerve-sparing technique.

Study (Year)

Design/n

Technique

Continence/Potency

Oncologic Outcome

Kaul et al
(2006)

Prospective, n=154

Veil of Aphrodite interfascial
dissection

97% continent at

improved potency

12 mo;

Safe in low-risk disease

Ghani et al.
(2012) [23]

Prospective Cohort

High nterior release

Earlier continence recovery

Favorable in low-risk

patients

Reeves et al.
(2015)

Meta-
analysis, >13,000

NVB-sparing (various)

Faster continence < 6 mo; higher

early potency

No long-term continence
difference

Ficarra et al.
(2012)

Systematic review

Preservation
techniques(pooled)

Wide variability; bilateral NS
favors potency

Not Separately reported

Takahara et al.
(2019)

Retrospective,
n=230

Bitateral/unilateral NS vs. non-
NS, high-risk

Lower pad counts at 3-6 mo with
NS

BCR

multivariate analysis

Equivalent on

Liu et al,

(2023)

Meta-analysis, high-
risk

NVB-sparing RARP

Improved erectile

function/continence

No increase in recurrence
risk
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Figure 4: Anatomical Cross-Section of Nerve-Sparing Dissection Planes

4.2 Retzius-Sparing RARP (RS-RARP):

Galfano and colleagues first described Retzius-sparing RARP, entering through the pouch of Douglas rather than
the anterior space of Retzius, thereby preserving the detrusor apron, puboprostatic ligaments, arcus tendineus,
and dorsal venous complex structures collectively responsible for anterior urethral support(34). In their initial
200-patient series, this posterior approach produced faster early continence recovery than historical anterior-
approach cohorts, albeit with a learning curve, and with acceptable positive surgical margin rates (34, 35). Dalela
and colleagues subsequently confirmed this benefit in a randomized controlled trial, reporting significantly better
continence recovery at three months for RS-RARP compared with standard RARP, with comparable margin
status between arms (36). Ma and colleagues, and later Lee and colleagues, corroborated these findings in meta-
analytic and propensity-matched comparisons: RS-RARP consistently achieves higher continence rates at three
and twelve months, though the between-group difference narrows over the first postoperative year as standard-
RARP patients continue to recover(23, 37).

A parallel technical development, the “hood technique” described by Kim and Tewari, achieves a similar
anterior-structure-preserving effect via an anterior approach preserving the detrusor apron, arcus tendineus, and
puboprostatic ligament as an intact “hood” around the membranous urethra [36]. They reported continence rates
progressing from 21% at one week to 95% at 48 weeks after catheter removal, alongside a low 6% positive
margin rate (38). Quality-of-life data from Egan and colleagues indicate that these early continence gains
translate into meaningfully better patient-reported outcomes in the first postoperative year, while Olivero and
colleagues quantified a discrete learning curve for the technique, with functional outcomes improving as surgeon
case volume accumulates (35, 39). A large randomized, controlled trial by Qiu and colleagues with one-year
follow-up similarly found that RS-RARP improved early urinary continence recovery relative to conventional
RARP (40).

Oncologic safety is the principal caveat attached to Retzius-sparing techniques (41, 42). Feng and colleagues,
comparing anterior, posterior, and Retzius-sparing approaches, found that immediate continence outcomes
favored RS-RARP and that anterior-posterior reconstruction was associated with fewer positive margins in
locally advanced (T3) disease, while continence outcomes converged across techniques by six months (41).
Kowalczyk and colleagues and Simone and colleagues both reported that RS-RARP maintains acceptable
oncologic control even in higher-risk cohorts, provided patient selection accounts for anterior tumor location,
since the posterior entry plane affords less direct visualization of anterior extraprostatic extension (42, 43). Large
comparative series place RS-RARP biochemical recurrence-free survival at roughly 60-65% at four years,
similar to conventional RARP, despite positive-margin frequencies in the range of 28-33% in some anteriorly
located tumors—evidence that oncologic equivalence is generally preserved but that margin positivity can rise
with extensive anterior-structure preservation (34, 36, 41).
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Table 3. Representative studies of Retzius-sparing RARP.

Study (Year) Design/n Technique Continence Oncologic
Outcome Outcome
Galfano et  al. | Prospective, n=200 | RS-RARP Faster early | Acceptable PSM
(2013) (posterior entry) continence after
learning curve
Dalela et al. (2017) | RCT RS-RARP vs. | Significantly better | PSM  similar to
standard RARP continence at 3 mo | standard RARP
Lee et al. (2020) Propensity- RS-RARP vs. | Better continence | Similar oncologic
matched cohort standard RARP at 3 mo; equalizes | outcomes
at 12 mo

Kim & Tewari | Prospective, n=300 | Hood technique | 95% continent at | 6% PSM

(2021) (anterior 48 wk
preservation)

Feng et al. (2025) Comparative cohort | Anterior vs. | RS-RARP best | Fewer PSM with
posterior vs. RS- | immediate AP reconstruction
RARP continence in T3 disease

Trajectories of Functional Recovery
Y-axis Post-RARP
e s
80% —
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=
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Figure 5: Surgical Corridor Comparison: Standard Anterior vs Retzius-Sparing Posterior.

4.3 Pelvic Fascia and Support-Structure Preservation:

A distinct but related strategy, pelvic fascia-sparing RARP (PFS-RARP), retains the endopelvic fascia,
puboprostatic ligaments, and detrusor apron by avoiding fascial incision altogether during prostate exposure,
thereby providing continuous postoperative support to the urethra (44, 45). Dall and colleagues reported that this
benefit is durable: EPIC-Urinary Incontinence domain data at 24 months showed continued improvement in the
fascia-preserving group well beyond the one-year mark at which Retzius-sparing benefits typically plateau (44).
Katsimperis and colleagues, reviewing the accumulated evidence, concluded that PFS-RARP offers faster
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functional recovery but that its benefits are contingent on surgeon experience and careful patient selection, since
the technique can be difficult to master and may raise positive-margin rates in unselected cohorts (45). Maruo
and colleagues extended follow-up to five years and confirmed that endopelvic fascia preservation sustains both
continence and erectile-function gains over the long term without a corresponding increase in recurrence (46).

At a finer anatomical resolution, Srivatsa and Hemal isolated the specific contribution of the puboprostatic
ligaments, showing that their preservation independently improves early urinary continence, consistent with their
proposed role as a passive suspensory structure for the membranous urethra (47). Stolzenburg and colleagues
linked membranous urethral length itself protected by endopelvic fascia preservation to continence recovery,
reinforcing the idea that preoperative imaging of urethral length can help predict which patients will benefit most
from a support-structure-sparing approach (13, 15). At the level of dissection plane, Weng and colleagues' meta-
analysis comparing intrafascial and interfascial nerve-sparing found that the more conservative intrafascial plane
further improves potency without compromising margin status in appropriately selected patients (48). Covas
Moschovas and colleagues demonstrated that a modified apical dissection preserving the lateral prostatic fascia
accelerates early postoperative functional recovery in a propensity-matched analysis (49), while Basourakos and
colleagues catalogued the range of RARP maneuvers developed specifically to attenuate iatrogenic erectile
dysfunction (50).

Table 4. Representative studies of pelvic fascia and support-structure preservation.

Study (Year)

Design/n

Structure
Preserved

Functional
Outcome

Oncologic
Outcome

Dall et al. (2023)

Prospective cohort

Endopelvic fascia,
ligaments, detrusor
apron

Continued EPIC-
Ul improvement to
24 mo

Not compromised

Katsimperis et al.
(2023)

Narrative review

Pelvic fascia (PFS-
RARP)

Faster recovery;
surgeon-dependent

PSM risk in
unselected cohorts

Maruo et al. (2024) | Prospective, 5-yr | Endopelvic fascia | Sustained No recurrence

[44] follow-up (nerve-sparing) continence and | increases at 5 yr
potency gains

Srivatsa & Hemal | Cohort Puboprostatic Improved early | Not primary

(2015) ligaments continence outcome

Weng et al. (2017) | Meta-analysis Intrafascial vs. | Improved potency | No compromise in

with intrafascial

plane

interfascial NS selected patients

4.4 Single-Port and Novel Surgical Modalities:

Single-port transvesical RARP (SP-TV-RARP) represents a major contemporary technical innovation in the field
(24, 51). By entering the prostate through the bladder, the approach bypasses the space of Retzius entirely,
preserving the anterior continence structures without requiring the posterior Douglas-space dissection used in
RS-RARP (24). Ward and colleagues, reporting on single-port transvesical cohorts, found that 43% of patients
recovered continence within one day of catheter removal and 75% within three months, with two-thirds of
patients regaining erectile function by a median of 69 days (51). These functional results represent some of the
fastest recovery trajectories reported, but they come with an important caveat: overall positive-margin rates in
initial cohorts were higher than for conventional RARP, even though organ-confined-disease margin rates
remained acceptable (24, 51).

Comparative and meta-analytic work situates single-port techniques within the broader access-strategy literature
(24, 52). Kaouk and colleagues' systematic review of single-port versus multi-port RARP found broadly
comparable perioperative and functional outcomes, with the single-port approach offering advantages in
postoperative pain and hospital stay (24). Nguyen and colleagues' meta-analysis and Chavali and colleagues'
propensity-matched comparison both confirmed similar continence, potency, and margin outcomes between
single-port and multi-port platforms, while Lenfant and colleagues found equivalent outcomes in single-
institution comparative studies (53, 54). Ramos-Carpinteyro and colleagues identified specific predictors of early
continence recovery after SP-TV-RARP, including younger age, smaller prostate volume, and preserved
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membranous urethral length (55), while Jiang and colleagues' meta-analysis of extraperitoneal versus
transperitoneal single-port access found no meaningful difference in perioperative, functional, or margin
outcomes between the two access routes (56). Ferguson et al. and Zhou et al. further corroborated the feasibility
and functional promise of transvesical techniques (57), building upon foundational work on pneumovesicum
approaches described by Tae and colleagues (58).

Table 5. Representative studies of single-port and novel access modalities.

Study (Year) Design / n Modality Continence / Potency | Oncologic
Outcome

Kaouk et  al. | Initial clinical | SP  transvesical | Early continence | Feasibility

(2021) cohort RARP recovery described confirmed

Ward et al. (2025) | Prospective cohort | SP-TV-RARP 43% continent at day | Higher overall
1; 75% at 3 mo; 66% | PSM; acceptable
potent in pT2

Kaouk et al. | Systematic review | SP vs. multi-port | Comparable functional | Comparable PSM

(2019) RARP outcomes

Nguyen et al. | Meta-analysis SP vs. multi-port | Similar Similar oncologic

(2023) RARP continence/potency outcomes

Ramos- Cohort SP-TV-RARP Predictors of early | Not primary

Carpinteyro et al. continence identified outcome

(2023)

4.5 Musculofascial Reconstructions (Anterior and Posterior):

Reconstructive techniques, applied after prostate removal regardless of the access route chosen, represent a
complementary strategy to nerve- and fascia-sparing dissection (18, 59). Rocco and colleagues introduced
posterior musculofascial (rhabdosphincter) reconstruction, reapproximating Denonvilliers' fascia to the posterior
urethral plate; this restoration of posterior support was associated with faster recovery of urinary continence and,
importantly, did not prolong operative time, increase blood loss, or affect margin rates (18). Tewari and
colleagues described a complementary anterior technique anatomic reconstruction incorporating the
puboprostatic collar that reduces urethral hypermobility and improves early continence via a multilayer pelvic-
floor repair, without oncologic compromise (59).

Grasso and colleagues' meta-analysis of posterior rhabdosphincter reconstruction confirmed a consistent early-
continence benefit across pooled series, while Hurtes and colleagues showed that combining anterior and
posterior reconstruction produces an additive improvement in early continence recovery relative to either
technique alone (60, 61). Together, this body of work establishes reconstruction as a safe, low-risk adjunct that
can be layered onto nerve-sparing, Retzius-sparing, or single-port dissection to further shorten the time to pad-
free continence (18, 60, 61).

Table 6. Representative studies of anterior and posterior musculofascial reconstruction.

Study Design Technique Continence Oncologic / Safety
(Year) Outcome

Rocco et al. | Prospective Posterior  rhabdosphincter | Faster early | No increase in PSM or
(2007) cohort reconstruction continence operative time

Tewari et | Prospective Anatomic (puboprostatic | Significant early | No oncologic
al. (2007) cohort collar) reconstruction continence benefit compromise

Grasso et | Meta-analysis Posterior reconstruction Consistent early- | Not adversely affected
al. (2012) continence benefit

Hurtes et al. | Comparative Combined anterior + | Additive early | No compromise
(2016) cohort posterior reconstruction continence benefit reported
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Figure 6: Surgical Step Workflows Across RARP Variants (Multi-Port vs SP-TV)

4.6 Surgical Experience, Volume, and the Learning Curve:

Across every technique reviewed above, surgeon experience and case volume modulate outcomes independent of
the anatomical strategy chosen (62, 63). Hung and colleagues found that higher institutional and surgeon case
volume was associated with better urinary-continence outcomes following RARP, consistent with a genuine
learning-curve effect rather than case-mix selection alone (62). Su and colleagues quantified this effect
specifically for nerve-sparing RARP, estimating the number of cases required before potency and continence
outcomes plateau at their best achievable level (64). Vickers and colleagues, examining positive surgical margin
rates as a function of cumulative surgeon experience, showed that margin positivity declines meaningfully over a
surgeon's early case series and continues to improve, at a slower rate, well beyond typical credentialing
thresholds (63).

Olivero and colleagues' data on the Retzius-sparing learning curve and Katsimperis and colleagues' caution about
the technical demands of pelvic fascia-sparing RARP both reinforce that newer, more anatomically ambitious
preservation techniques carry a steeper learning curve than conventional RARP (35, 45). This consistent finding
has direct implications for how the field should interpret comparative outcome data: differences between
techniques reported in single-institution or early-adopter series may partly reflect surgeon experience with the
newer approach rather than a purely anatomical advantage (45, 62, 63).

Table 7. Representative studies of surgical experience and learning-curve effects.

Study (Year) Design Focus Key Finding

Hung et al. | Volume-outcome Surgical/institutional Higher volume associated with better

(2020) cohort volume continence outcomes

Suetal. (2011) | Learning-curve Nerve-sparing RARP Case threshold identified before functional
analysis plateau

Vickers et al. | Learning-curve Positive surgical margins | PSM declines with cumulative surgeons

(2010)
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Representative studies of surgical experience and learning-curve effects.

4.7 Positive Surgical Margins (PSM) and Biochemical Recurrence (BCR):

Oncologic safety is the counterweight against which every preservation technique discussed above must be
judged (65). Novara and colleagues catalogued the principal risk factors for positive surgical margins after
robotic radical prostatectomy, identifying tumor stage, Gleason grade, and apical or anterior tumor location as
the dominant predictors factors that are, notably, independent of whether a nerve- or fascia-sparing technique
was used (65). Morgan and colleagues showed that margin status, PSA, and Gleason grade were the strongest
predictors of biochemical recurrence after nerve-sparing RARP specifically, reinforcing that appropriate patient
selection, rather than avoidance of nerve-sparing altogether, is the key safeguard against compromised cancer
control (66).

Applied to the newer preservation techniques, Montorsi and colleagues found that margin status after Retzius-
sparing RARP was associated with long-term biochemical recurrence-free survival at rates comparable to
conventional RARP, despite a modestly higher positive-margin frequency in some anteriorly located tumors (67).
This pattern was also identified by Zilberman and colleagues, who linked apical margin positivity specifically to
a higher risk of recurrence regardless of the nerve-sparing status of the case (68). Single-port transvesical series
report roughly 94% biochemical-recurrence-free survival at two years, a promising early signal, though follow-
up remains short relative to the long horizon over which prostate-cancer recurrence can manifest (51). Taken
together with the composite-outcome literature Patel and colleagues' multi-institutional Trifecta and Pentafecta
analysis, and Ficarra and colleagues' framework for defining functional and oncologic success the evidence
indicates that most preservation-focused techniques do not compromise oncologic safety in appropriately
selected patients, but that anterior or high-stage disease warrants more conservative technique selection and
closer margin surveillance (19, 20).

Table 8. Representative studies of positive surgical margins and biochemical recurrence.

Study (Year) Design Focus Key Finding
Novara et al. (2012) Cohort /  risk-factor | PSM after RARP Stage, grade,
analysis apical/anterior  location
predict PSM
Morgan et al. (2014) Cohort BCR after nerve-sparing | Margin  status, PSA,
RARP grade predict BCR
Montorsi et al. (2021) Comparative cohort RS-RARP margin status | BCR-free survival
and BCR comparable to standard
RARP
Zilberman et al. (2015) Cohort Apical margin positivity | Apical PSM
independently  predicts
recurrence
Patel et al. (2018) Multi-institutional Trifecta / Pentafecta | Framework for
analysis outcomes composite outcome
reporting

5. Synthesis and Discussion
Viewed across all seven themes, three consistent patterns emerge from this synthesis (19, 20).

First, every anatomical preservation strategy reviewed nerve-sparing, Retzius-sparing, pelvic fascia preservation,
single-port transvesical access, and musculofascial reconstruction accelerates the recovery of urinary continence
relative to conventional dissection, and several also improve early erectile-function recovery, without a clear
increase in operative time or perioperative complications (11, 18, 34, 44, 51).

Second, the magnitude of the early-recovery advantage tends to narrow over the first postoperative year (36, 37).
RS-RARP's continence advantage over standard RARP, for example, is most pronounced at three months and
largely equalizes by twelve months, suggesting that most preservation techniques shift the velocity of recovery
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more than its ultimate ceiling (36, 37).

Third, and most consistently across the literature, oncologic safety is preserved in appropriately selected patients,
but margin positivity rises in anteriorly located or locally advanced (T3a) disease when anterior support
structures are aggressively preserved a signal reported independently in the Retzius-sparing, pelvic fascia-
sparing, and single-port transvesical literatures (41, 45, 51).

Surgeon experience is an underappreciated confound running through all of these comparisons (62, 63). Because
newer techniques such as Retzius-sparing, pelvic fascia-sparing, and single-port transvesical RARP are
disproportionately reported from high-volume, early-adopter centers, some of the functional advantage attributed
to anatomy may in fact reflect the learning-curve and volume effects documented independently by Hung, Su,
Vickers, and Olivero (35, 62, 63). This does not diminish the anatomical rationale for preservation the
mechanistic link between detrusor apron, puboprostatic ligament, and endopelvic fascia preservation and urethral
support is well established but it does argue for cautious interpretation of head-to-head comparisons that are not
adjusted for surgeon case volume (13, 47, 62, 69).

6. Research Gaps and Future Directions
Despite extensive research, several critical gaps remain in the current literature:

Long-term Oncologic Follow-Up: Single-port transvesical and pelvic fascia-sparing series rarely extend beyond
two to five years; longer follow-up is needed before these techniques can be considered oncologically equivalent
to conventional RARP with complete confidence (41, 45, 51).

Standardized Outcome Reporting: Continence and potency are defined inconsistently across studies (pad-free vs.
“security-pad” definitions; IIEF-5 score thresholds vary), which limits direct meta-analytic comparisons across
surgical modalities (13, 15, 26).

Volume-Adjusted Comparative Trials: Few randomized comparisons between preservation techniques explicitly
adjust for surgeon case volume, despite clear evidence that volume independently affects functional and
oncologic outcomes (62, 63).

Patient Selection Tools for Anterior Disease: Preoperative imaging-based selection algorithms for choosing
among nerve-sparing, Retzius-sparing, and single-port approaches in anteriorly located tumors remain
underdeveloped relative to validated MRI-guided criteria for posterior/lateral disease (31, 41).

Combinatorial Technique Evaluation: Musculofascial reconstruction is typically studied as an adjunct to
conventional dissection; its incremental benefit when layered onto Retzius-sparing or single-port transvesical
access has not been systematically evaluated (60, 61).

7. Conclusion

The literature on intraoperative preservation in robotic-assisted radical prostatectomy has matured from single-
technique case series into a rich, anatomically organized evidence base spanning nerve-sparing, Retzius-sparing,
pelvic fascia preservation, single-port transvesical access, and musculofascial reconstruction . Across this body
of work, techniques that preserve the neurovascular bundles, endopelvic fascia, puboprostatic ligaments, and
detrusor apron consistently accelerate the recovery of continence and potency, and reconstructive adjuncts
appear to compound this benefit without materially affecting operative safety.

The central unresolved tension is between the speed of functional recovery afforded by anterior-structure-
preserving approaches and the modestly elevated risk of positive surgical margins observed in anteriorly located
or locally advanced disease with some of these same techniques. Addressing the research questions that framed
this review, the evidence indicates that intraoperative preservation techniques meaningfully shorten the timeline
to continence and potency recovery, that oncologic safety is generally preserved in well-selected patients but
requires vigilance in anterior or T3a disease, and that novel access strategies such as single-port transvesical
RARP can match or exceed standard RARP on early Trifecta and Pentafecta metrics while their long-term
oncologic durability remains under confirmation . Individualized technique selection grounded in tumor location
and stage, patient anatomy, and surgeon experience therefore remains the most defensible path toward achieving
the pentafecta of continence, potency, freedom from biochemical recurrence, absence of complications, and
negative margins.
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