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Optimizing functional outcomes after radical prostatectomy remains a relevant problem, particularly in patients
with increased oncological risk and technically challenging surgical conditions. Although numerous techniques for
neurovascular tissue release and dissection have been described, consensus on the optimal approach is absent.

Aim - to describe and evaluate the safety and feasibility of a combined neurovascular tissue preservation approach
(CA-NVT) in extraperitoneoscopic radical prostatectomy (ERP).

Materials and methods. This prospective study included 30 patients with non-metastatic prostate cancer who
underwent ERP. In all cases, a combined approach to neurovascular tissue release and dissection was applied. Func-
tional outcomes and biochemical recurrence were evaluated during a 12-month follow-up period.

Results. Postoperative complications were limited to Clavien-Dindo grade I-II and occurred in 17% of patients.
No vesicourethral anastomotic strictures were observed during the follow-up period. At 12 months postoperatively,
urinary continence and erectile function were preserved in 97% and 60% of patients, respectively. Positive surgical
margins were present in 27% of cases, and biochemical recurrence occurred in 13% of patients within 12 months.

Conclusions. The combined neurovascular tissue preservation approach in ERP is a safe and feasible technique,
yielding encouraging functional outcomes while maintaining an oncologically tailored surgical dissection.

The study was performed in accordance with the principles of the Declaration of Helsinki. Written informed
consent was obtained from all patients.

The authors declare no conflict of interest.
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Komb6iHoBaHMi niaxia A0 36epekeHHA HeMPOBACKYNAPHOI TKAHMHU NPU KCTPaNepUTOHEOCKONIYHIN
paAuKanbHil npocTaTekTomil

U.A. HakoHeyHuli
JHT «/lbsiscoKuli HauioHanbHUl meduyHull yHisepcumem imeHi JaHuna fanuybkozo», YkpaiHa

OnTuMmi3aLis GyHKLIOHANbHUX Pe3y/IbTaTiB NiCAA paauKaabHOI NPOCTaTEKTOMII 3aNMLLIAETLCA aKTyalbHO Npobaemoto, 0co06MBO Y BUMAAKaX
MiABMLLEHOTO OHKONOMYHOTO PU3MKY Ta CKNAAHMX ONepaTUBHUX yMoBaXx. Monpu Te, Lo 6yno onvcaHo 6e3nid TeXHIK BUBINbHEHHSA Ta AMCEKLT
HeMNPOBACKYNAPHOI TKAHWHK, KOHCEHCYCY LLOZO ONTUMA/IbHOTO MiAXOAY He iCHYE.

Merta — onucaTtt Ta ouiHuTK 6e3neky i AoLiNbHICTb KOMBIHOBAHOTO Nigxoay A0 36epekeHHs HelMpoBackyNAapHOI TKaHWHK (CA-NVT) npu
eKCTpanepuTOHEOCKOMiYHii pasnKanbHii npoctatekTomii (EPM).

Martepianu Ta metogum. MpocnekTnBHe gocnigKeHHA oxonuno 30 NaLieHTiB i3 HEMETACTaTUYHUM PaKOM NPOCTaTH, AKMM BUKOHYBanw EPIT.
B ycix BMNaKax 3acTocoBaHO KOMBiIHOBaHMM Niaxiga A0 36epeskeHHA HEMPOBACKYNAPHOT TKaHUHM. PYHKLIOHANbHI pe3ynsTaTh Ta bioXimiuHKi
peunamB OLiHI0BaNN BNPOAOBK 12 micAuiB.

Pe3ynbtatu. MicnaonepauiiiHi ycknagHeHHA obmexysanuca |-l ctyneHem TaXKocTi 3a Knacudikauieto Clavien—-Dindo Ta cnocTepiranuch
y 17%. 32 yac cnocTepexeHHA CTPUKTYP BE3UKOYpPEeTPaNbHOro aHaCTOMO3Y He 3apeecTpoBaHo. Yepes 12 micauis nicna onepadii yTpumaHHaA
Ceuyi Ta epeKTUAbHA GYHKLA 3rifHO 3 YCTaHOBNAEHUMM KpuTepiamm 36epernunca y 97% ta 60% nawieHTis BignosiaHo. MO3UTHUBHI XipypriyHi
Kpai npucyTHi y 27% BUNaaKis, a bioximiuHWit peuyams BUHUK Y 13% navieHTis npoTtarom 12 micauis.
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BucHoBKK. KombiHOBaHWIA Nigxin A0 36eperkeHHA HEMPOBACKYAAPHOI TKaHUHM npu EPT € 6e3neyHo0 Ta TEXHIYHO NPUAATHOW A0
3aCTOCYBaHHA METOAMKOIO, L0 3abe3neyye 06HaAiMBI GyHKLIOHANbHI pe3y/bTaTi NPy 36epeKeHHi OHKOIOMYHO aanToBaHOI XipypriyHoi

anceku;i.

JocnigeHHs BUKOHAHO BiANOBIAHO A0 NPUHLMNIB [enbCiHCbKOI AeKnapaLii. MncbmoBy iHGOPMOBAHY 3ro4y Ha y4acTb Y AOCAIAKEHHI

OTPUMaHO Bif, YCiX NAL,iEHTIB.
ABTOpPY 33AB/IAKOTb MPO BiACYTHICTb KOHDAIKTY iHTEpPECIB.

Kntoyosi cnosa: pasykanbHa NpoCcTaTEKTOMIA, HEMPOBACKYIAPHA TKAHWMHA, KOMBIHOBaHWI NiaXiA, pak NpocTaTu.

Introduction

Optimizing functional outcomes after radical prostat-
ectomy remains a relevant problem, particularly in pa-
tients with increased oncological risk and technically
challenging surgical conditions. Although numerous
techniques for neurovascular tissue (NVT) release and
dissection have been described, consensus on the opti-
mal approach is absent [10,14,23]. Therefore, the deve-
lopment of safe and feasible surgical strategies aimed at
preserving NVT while maintaining oncological control
remains an important area of investigation.

Aim - to describe and evaluate the safety and feasibi-
lity of a combined NVT preservation approach
(CA-NVT) in extraperitoneoscopic radical prostatec-
tomy (ERP).

Material and methods of the study

This prospective study included 30 patients with
non-metastatic intermediate- to high-risk prostate can-
cer (PCa) who underwent ERP between 2022 and
2024 at the University Clinic of Danylo Halytskyi Lviv
National Medical University. A personalized preserva-
tion approach with precise magnetic resonance imaging
(MRI) based surgical planning, as described previously,
was applied in all cases, as well as a combined NVT pre-
servation approach (CA-NVT) [18,19]. Preservation of
the posterior wall of the bladder neck outlet, arcus
tendineus, puboprostatic ligaments, distal portion of the
dorsal vascular complex, and maximal functional ure-
thral length was performed in all cases. In addition, vesi-

-

Fig. 1. Posterior bladder neck outlet preservation left side
view

courethral anastomosis (VUA) with single-layer ana-
tomical reconstruction (SLAR), preservation of the
anterior smooth muscle urethral sphincter, and modi-
fied posterior support were consistently applied [11,12].

Exclusion criteria consisted of metastatic PCa, finas-
teride use, and neoadjuvant or adjuvant androgen-depri-
vation therapy.

Urinary continence (UC) and erectile function (EF)
outcomes were evaluated at 1, 3, 6, 9, and 12 months af-
ter the surgery. UC was considered achieved if the pa-
tient had a voided volume >250 mL with no urine lea-
kage during a cough stress test and adequate bladder
emptying confirmed by ultrasonography and uroflow-
metry. EF was defined as the ability to achieve erections
sufficient for successful sexual intercourse, with or with-
out the use of phosphodiesterase type 5 inhibitors. UC
and EF according to these criteria were preserved in all
cases before surgery. Biochemical recurrence (BCR) was
defined as two consecutive serum prostate-specific an-
tigen (PSA) values >0.2 ng/ml. Statistical analyses were
performed using MedCalc (free calculators) and STA-
TISTICA version 10 (64-bit). Numerical data are pre-
sented as median and interquartile range (Q1; Q3).
ChatGPT (OpenAl, USA) was used exclusively for lan-
guage editing and stylistic refinement.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The study protocol
was approved by the Local Ethics Committee for all par-
ticipants. Written informed consent was obtained from
all patients.

Surgical technique. A five-trocar extraperitoneoscopic
anterior approach was used in all cases, as previously
described [19]. The present article provides a more de-
tailed description of the NVT approach, release, and dis-
section. Posterior bladder neck outlet preservation was
performed using a latero-posterior approach in all pa-
tients (Fig. 1).

Full bladder neck preservation was carried out when-
ever feasible and oncologically safe. The extent of dissec-
tion, the degree of NVT and paraprostatic anatomy pre-
servation, as well as the extent of pelvic lymph node
dissection, were determined during preoperative plan-
ning and discussed with the patient prior to surgery. Fol-
lowing transection of the anterior Denonvilliers’ fascia
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Fig. 2. Finalized posterior avascular plane development be-
fore mobilization of the lateral surfaces and tips of the semi-
nal vesicles
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Fig. 4. Antegrade clip control of the anteromedial portion of
the neurovascular tissue

(DF) and the seminal ducts, the seminal vesicles (SV)
were mobilized up to their tips and lateral surfaces, with
careful consideration of their proximity to the NVT. In
favorable cases, the tips and lateral surfaces of the SV
were mobilized after partial posterior retrograde release
of the predominant neurovascular bundle (pNVB), dur-
ing blunt development of the posterior avascular plane
under surgeon-controlled countertraction (Fig. 2).

In complex surgical settings, such as high prostate
volume (PV), restricted operative space, advanced tu-
mour stage, inflammatory changes, or a history of prior
prostate interventions, a gradual combination of ante-
grade dissection with posterior release was employed to
minimize the risk of neuropraxia (Fig. 3).

Antegrade dissection was then continued from the
lateral surfaces and tips of the SV toward the prostate
base, preserving them whenever oncologically safe. At
this stage, the anterior prostatic artery and its branches,
the pNVB, and the approximate course of accessory neu-
ral pathways (ANP) were identified in accordance with
the tri-zonal concept described by A. Takenaka et al.
(Fig. 4).

Antegrade NVT dissection was continued from the
medial side toward the most convex region of the pros-
tate base, where the endopelvic fascia was bluntly sepa-

Fig. 3. Partial posterior retrograde release of the right pre-
dominant neurovascular bundle following its partial ante-
grade dissection

- .
Fig. 5. Anterolateral avascular plane development on the left
side

rated, and the anterolateral avascular plane was deve-
loped (Fig. 5).

During the anterolateral release, the assistant gently
stabilized the prostate without applying excessive force
to ensure adequate exposure, while countertraction was
provided solely by the operator. The NVT was gently
displaced away from the prostate surface in a lateral cau-
dal direction, delineating the trajectory of the pNVB
while preserving the ANP (Fig. 6).

When oncological risks were present, the endopelvic
fascia was incised over the suspicious area, beneath the
puboprostatic ligaments, in order to preserve the latter
as well as the distal portion of the dorsal vascular com-
plex. In favorable cases, blunt development of the an-
terolateral avascular plane was extended up to the pros-
tate-urethral junction, finalizing the retrograde pNVB
release, which was partially initiated during posterior
plane development (Fig. 7).

To minimize the risk of neuropraxia in cases with
complicated surgical settings, this maneuver was per-
formed by combining gradual antegrade and retrograde
dissection of the pNVB with progressive blunt develop-
ment of the anterolateral avascular plane (Fig. 8).

In selected cases, hydrodissection was used for deve-
lopment of the anterolateral avascular plane as well as
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Fig. 6. Surgeon-controlled countertraction during left-sided
anterolateral release, delineating the pNVB trajectory

Fig. 8. Gradual antegrade dissection of the left predominant
neurovascular bundle at the level of the prostate base

Fig. 10. Preservation of the distal part of the dorsal vascular
complex with blunt dissection, right-sided view

during posterior NVT release. The anterior prostatic
blood supply was generally controlled with Hem-o-lok®
clips, while posterior branches in the mid-apical regions
were typically managed using a LigaSure™ low-cautery
technique, which was additionally applied more exten-
sively in areas with higher oncological risk (Fig. 9).

After completion of NVT detachment, blunt preser-
vation of the distal portion of the dorsal vascular com-
plex was performed (Fig. 10), followed by division of the
dorsal venous complex (DVC) and the anterior fibro-
muscular stroma.

Fig. 7. Blunt development of the anterolateral avascular
plane to the prostate-urethral junction with retrograde re-
lease of the left predominant neurovascular bundle.

Fig. 9. Antegrade dissection of the anterolateral portion of
the neurovascular tissue

Fig. 11. Finalized circumferential apical dissection, right-sided
view

This approach improved circumferential apical dis-
section, allowing preservation of maximal functional
urethral length, with urethral transection performed
<5 mm distal to the verumontanum (Fig. 11).

Cold saline irrigation was applied throughout the
procedure to improve tissue visualization and opti-
mize hemostasis, which was finally achieved by selec-
tive superficial sutures when required. Most venous
bleeding did not require additional hemostatic mea-
sures, given the subsequent vesicourethral anastomo-
sis with SLAR, anterior urethral sphincter preserva-
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Fig. 12. Finalized vesicourethral anastomosis with SLAR, an-
terior urethral sphincter preservation, and modified posteri-
or support, left-sided view with the bladder led out medially
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Notes: UC — urinary continence; EF — erectile function.

Fig. 13. Functional outcomes of the Study group

Table 1
Baseline clinical and perioperative characteristics of the study group (N=30)
Characteristics Median (Q1; Q3)
Age, years 64 (60; 69)
BMI, kg/m? 29.2(26.9; 34.8)
PSA, ng/ml 11.1(8.5; 18.9)
PV, ml 48.2 (36.4; 62.5)
PIRADS 4(4;5)
T-stage 2c(2a; 2¢)
pT-stage 3a(2c; 3a)
ISUP 2(1;3)
pISUP 2(2;3)
OT, min 140.5 (119; 151)
EBL, ml 320 (250; 390)
HS, days 8(7;9)
UC-R, days 7(7;8)

Notes: T-stage — clinical stage; pT-stage — pathological stage. Other abbreviations are defined at first mention in the text.

tion, and modified posterior support, as previously
described (Fig. 12) [15-17].

This approach was inspired by, adapted from, and
based on previously reported techniques by leading ex-
perts in the field [11-13,25,27].

Results of the study

Baseline demographic, clinical, and perioperative
characteristics of the cohort (n=30) are shown in Table 1.
Median age was 64 (60; 69) years, and median body mass
index (BMI) was 29.2 (26.8; 34.8) kg/m?. The median
PSA level was 11.1 (8.5; 18.9) ng/mL, and median PV
was 48.2 (36.4; 62.5) mL. The median Prostate Imaging
Reporting and Data System (PI-RADS) score was 4 (4;
5). Median clinical stage was cT2c (cT2a; cT2c), and me-
dian pathological stage was pT3a (pT2¢; pT3a). Median

biopsy and pathological International Society of Uro-
logical Pathology (ISUP) grades were 2 (1; 3) and 2 (2;
3), respectively. Median operative time (OT), estimated
blood loss (EBL), length of hospital stay (HS), and time
to urethral catheter removal (UC-R) were 140.5 (119;
151) minutes, 320 (250; 390) mL, 8 (7; 9) days, and 7 (7;
8) days, respectively. Postoperative complications were
limited to Clavien-Dindo grade I-II and occurred in
17% (n=5) of patients. No vesicourethral anastomotic
strictures were observed during follow-up.
Preservation volume and oncologic outcomes are
summarized in Table 2. Full bladder neck preservation
was achieved in 40% (n=12) of cases. No nerve-sparing
(NS) was performed in 3% (n=1), partial preservation
on one side with no preservation contralaterally in 30%
(n=9), bilateral partial preservation in 17% (n=5), par-
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Table 2

Preservation characteristics and oncologic outcomes of the

Study group (N=30)

Characteristics % (n)

BN-P 40 (12)
NS-none / NS-partial-none |3 (1)/30(9)
NS-partial 17 (5)
NS-partial-full 43 (13)
NS-full 7(2)

ISUP upgrade 37(11)
PSM 27 (8)

pN1 9(2/23)
BCR 13 (4)

Notes: BN-P refers to full bladder neck preservation; pN1 is re-
ported for patients with available nodal status (n=23); BCR refers
to biochemical recurrence within 12 months. Other abbreviations
are defined at first mention in the text.

Table 3
Functional outcomes of the Study group
Time period after surgery |[UC, % (n) EF, % (n)
1 month 63 (19) 27 (8)
3 months 77 (23) 37 (11)
6 months 83 (25) 47 (14)
9 months 90 (27) 53(16)
12 months 97 (29) 60 (18)

tial-to-full preservation in 43% (n=13), and bilateral full
preservation in 7% (n=2). Positive surgical margins
(PSM) were observed in 27% (n=8) of patients, and
ISUP grade upgrading occurred in 37% (n=11). Lymph
node involvement (pN1) was identified in 2 of 23 pa-
tients with available nodal status (8.7%), while BCR
within 12 months occurred in 13% (n=4). UC and EF
demonstrated progressive recovery over the 12-month
follow-up period, as summarized in Table 3 and Fi-
gure 13. At 12 months, UC and EF rates were 97%
(n=29) and 60% (n=18), respectively.

Discussion

Over the past decades, the number of radical prosta-
tectomies has increased, along with a growing propor-
tion of patients with more advanced stages of PCa
choosing this treatment option [3,9]. These challenges,
together with the rapid evolution of robotic surgical
platforms, have led to broader adoption of nerve-sparing
techniques and increased emphasis on preservation of
paraprostatic anatomical structures [2]. Previous studies
have demonstrated that the adaptation and integration
of these techniques into the extraperitoneal approach
may improve functional outcomes with acceptable on-

cological control [19]. However, extended preservation
of paraprostatic tissues may be technically challenging
or restricted in certain surgical settings. Accurate pre-
operative MRI-based surgical planning, combined with
tailored preservation and reconstructive strategies, may
contribute to improved functional outcomes, as sug-
gested by prior reports [7,10,18,19]. In this series, the
combined approach to NVT preservation demonstrated
its safety and feasibility. Postoperative complications
were observed in 5 patients, all of which were limited to
Clavien-Dindo grade I-II. No postoperative vesicoure-
thral anastomotic leakages were observed that affected
catheter removal time (UC-R) or contributed to stricture
development during the 12-month follow-up. No bleed-
ing events necessitating additional hemostatic interven-
tions or associated procedures were observed, which
may support the safety profile of the modified VUA
technique despite the absence of routine DVC suture
control. These findings are consistent with previous re-
ports [15-18]. EF and UC were preserved in 60% and
97% of patients, respectively, at 12 months of follow-up.
These findings, as well as the 12-month BCR rate, may
be regarded as satisfactory in light of the baseline cha-
racteristics and risk profile of the cohort. The integration
of posterior and anterolateral NVT release, along with
gradual pNVB dissection, was intended to minimize
traction on the NVT while improving intraoperative vi-
sualization.

Recent studies employing hybrid and combined ap-
proaches for nerve-sparing procedures have reported
improved functional outcomes [23,26]. The combined
NVT release may facilitate tissue recognition and iden-
tification of the NVT trajectory, which can be particu-
larly useful during the extraperitoneal approach. The use
of surgeon-controlled countertraction during posterior
and anterolateral NVT release may reduce the risk of
neuropraxia, in line with previous reports [8,11]. Gra-
dual antegrade and retrograde NVT dissection further
enhances prostate mobility and may be particularly be-
neficial in challenging surgical settings characterized by
limited operative space due to pelvic anatomy, increased
PV, advanced tumour stage, and/or severe inflammatory
changes. Hydrodissection may be especially helpful in
facilitating the development of the posterior and antero-
lateral avascular planes, particularly in the presence of
granulomatous inflammation, consistent with previous-
ly reported data [10]. In complex cases, these approach-
es can be combined and applied gradually. In addition,
combining clip application with a LigaSure low-cautery
technique, sharp dissection, and selective superficial su-
turing for vessel control may also help minimize tissue
injury. The anterolateral portion of the NVT is more ac-
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cessible for clip application, whereas in the mid- and
apical regions a low-cautery technique combined with
sharp dissection may represent an alternative to clip
placement, which can require excessive traction in com-
plex surgical settings. Most venous bleeding did not re-
quire additional hemostatic measures, as the SLAR tech-
nique during VUA effectively achieved hemostasis
through partial integration of the DVC and DF into the
sutures, followed by modified posterior support. In se-
lected cases, larger venous or arterial vessels were con-
trolled with selective superficial sutures when necessary.
Small arterial branches could be controlled using
a low-cautery approach.

The extended use of LigaSure with a low-cautery ap-
proach may also facilitate safer dissection on oncolog-
ically advanced sides. Previous comparative data sug-
gest that LigaSure-based pNVB control may provide
acceptable oncological and functional outcomes [6]. In
addition, it provides sufficient haptic feedback for im-
proved tissue handling and structural recognition.
Combining judicious thermal energy use with simul-
taneous cold saline irrigation may further reduce tissue
damage. These considerations are consistent with re-
cently published data [20,21]. Still, consensus on the
optimal approach for NVT release and dissection is
absent [1,2,5,6,14,23]. Overall, the results align with
strategies designed to maximize preservation while
maintaining oncological safety, assuming accurate
MRI-based preoperative planning [4,24]. These tech-
niques may also be adapted from robotic platforms to
the extraperitoneal approach to enhance functional
outcomes [19,22]. The present study has several limita-
tions, including a limited sample size, a single-surgeon
design, and reliance on specific objective criteria for
the assessment of functional outcomes. Future studies
with larger cohorts and more robust designs are war-
ranted to confirm these findings and refine patient se-
lection criteria.

Conclusions

The combined NVT preservation approach in ERP is
a safe and feasible technique, yielding encouraging func-
tional outcomes while maintaining oncologically tai-
lored surgical dissection.

No conflict of interests was declared by the authors.
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