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Radical prostatectomy (RP) remains the gold standard for prostate cancer (PCa) treatment. In recent years, the 
number of RP procedures has increased, alongside the number of high-risk PCa (HR-PCa) patients choosing this 
treatment. Consequently, improving functional outcomes while maintaining oncological safety is crucial for this 
patient group. The rapid development of minimally invasive RP methods has yielded promising new techniques and 
approaches. However, vesicourethral anastomosis (VUA) continues to be one of the most sophisticated and chal-
lenging aspects of the operation.

Aim: to describe and evaluate the safety and efficacy of a VUA technique using intracorporeal square-to-slip 
knots (IKS), single-layer anatomical reconstruction (SLAR), and anterior smooth muscle urethral sphincter pre-
servation (AUS-P) during extraperitoneoscopic RP (ERP) in terms of urinary continence (UC).

Materials and methods. This study included 36 patients with localized HR-PCa who underwent ERP in 2022 and 
2023. The bladder neck preservation (BNP), puboprostatic ligaments (PPL-P), and maximal functional urethra 
length (MFUL-P), as well as VUA with IKS technique, SLAR and AUS-P, were performed in all cases.

Results. The statistical analysis indicated the safety of the modified VUA technique. The operative time (OT), 
estimated blood loss (EBL), and hospital stay (HS) medians were within the expected range. Only 15% of patients 
experienced postoperative complications, all of which were classified as grade I according to the Clavien–Dindo 
classification. No VUA stenosis was observed after 12 months. 80.6% of patients achieved UC within the first 
3 months after urethral catheter removal (CR).

Conclusions. The ISK technique for VUA with SLAR and AUS-P appears to be a safe approach, with promising 
UC outcomes. Larger studies are needed to confirm the true UC benefits associated with this technique.

Keywords: prostate cancer, radical prostatectomy, vesicourethral anastomosis, intracorporeal square-to-slip knots, 
urethral sphincter preservation, single-layer anatomical reconstruction of the vesicourethral anastomosis.

Інтракорпоральна квадратно-ковзно-вузлова техніка для везико-уретрального анастомозу 
з одношаровою анатомічною реконструкцією та презервацією переднього гладком’язового 
сфінктера уретри
Й.А. Наконечний
Львівський національний медичний університет імені Данила Галицького, Україна
Радикальна простатектомія (RP) залишається «золотим» стандартом лікування раку передміхурової залози (PCa). Протягом 
останніх років кількість RP зростає поряд із кількістю хворих на PCa групи високого ризику (HR-PCa), які обирають цей вид 
лікування. Тому покращення функціональних результатів зі збереженням онкологічної безпеки є вкрай важливим для цієї групи 
пацієнтів. Стрімкий розвиток мініінвазивних методів RP спонукав до розробки методик та підходів, які забезпечують багатонадійні 
результати. Однак, везико-уретральний анастомоз (VUA) залишається одним із найскладніших та найвитонченіших елементів 
операції.
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Radical prostatectomy (RP) remains the gold stan-
dard for localized prostate cancer (PCa) treatment 
[15,25]. Recent meta-analysis has shown a significant 
divergence in mortality risk between non-high-risk and 
high-risk PCa (HR-PCa) patients [9], with HR-PCa pa-
tients facing a significantly elevated risk of PCa-specific 
mortality. Concurrently, the overall number of RPs per-
formed, particularly for HR-PCa, is increasing [9,23]. 
This underscores the critical need for developing surgi-
cal approaches that optimize functional outcomes with-
out compromising oncological efficacy in this patient 
population [13,15].

Recent data confirm that minimally invasive surgical 
approaches and techniques ensure favorable oncological 
and functional results [6,30]. However, even in the ro-
botic surgery era, vesicourethral anastomosis (VUA) 
remains one of the most challenging and sophisticated 
aspects of the intervention, with a significant impact on 
urinary continence (UC) [1,12,21]. This study presents 
a modified VUA technique incorporating the intracor-
poreal square-to-slip knots (ISK), single-layer anato-
mical reconstruction (SLAR), and anterior smooth 
muscle urethral sphincter preservation (AUS-P).

The aim of the study is to describe and evaluate the 
safety and efficacy of the modified VUA technique, using 
ISK with SLAR and AUS-P during extraperitoneoscopic 
RP (ERP), in terms of UC.

Materials and methods of the study
This prospective study included 36 patients with loca-

lized HR-PCa who underwent ERP in the Urology De-
partment of the Regional Clinical Hospital of Danylo 
Halytsky Lviv National Medical University in 2022 and 
2023. All patients underwent VUA using the ISK tech-
nique with AUS-P and SLAR. Preservation of the pubo-
prostatic ligaments (PPL-P), maximal functional urethral 
length (MFUL-P), and bladder neck (BN-P) with an out-
let that did not require reconstruction was achieved in all 

cases. Exclusion criteria included patients with: anterior 
tumor growth dominant pattern (TGDP) exhibiting 
early signs of extraprostatic extension in the projection 
of the PPL; cases where BN outlet reconstruction was 
required, or PPL-P, or MFUL-P were not achieved; severe 
systemic diseases; or finasteride use. Preoperative mag-
netic resonance imaging (MRI) was used in all cases for 
surgical planning and staging. All participants provided 
the informed consent regarding the functional and on-
cological risks of the proposed surgical approach. UC was 
assessed at 14 days and 1, 3, 6, 9, and 12 months after 
urethral catheter removal (CR) by measuring pad weight 
(PW) and pad number (PN). The statistical analysis was 
performed using MedCalc’s free statistical calculators and 
STATISTICA version 10 (64-bit).

Surgical procedure. BN-P was performed, combining 
previously established techniques [3,26]. To minimize 
oncological risk in this cohort of HR-PCa patients with 
posterior TGDP, all ERPs were performed extrafascially 
on the posterolateral aspects. Following the posterola teral 
dissection, the endopelvic fascia was incised closer to the 
anterolateral prostate surface to create a dissection plane 
beneath the PPL, thereby facilitating their preservation 
and meticulous apical dissection, consistent with previ-
ously described techniques [7,25]. DVC was controlled 
with selective, interrupted sutures, avoiding deep stitches, 
after the apical dissection and before the urethral division. 
Once the prostatic-urethral junction was clearly visua-
lized, cold dissection was employed to achieve MFUL-P, 
adhering to the techniques described before [4,11,22]. 
Urethral transection was performed within 0.5 cm distal 
to the colliculus seminalis.

VUA technique. VUA was performed using inter-
rupted Vicryl 3-0 sutures with the ISK technique, follow-
ing the method described by Meng et al. [17]. Using the 
ISK technique, sutures could be placed and tied in any 
order; however, the sequence illustrated in Figure 1 was 
typically followed.

Мета: описати техніку виконання VUA із застосуванням інтракорпоральних квадратно-ковзних вузлів (IKS) із одношаровою 
анатомічною реконструкцією (SLAR) та презервацією переднього гладком’язового сфінктера уретри (AUS-P) при 
екстраперитонеоскопічній RP (ERP), оцінити безпеку та ефективність у контексті утримання сечі (UC).
Матеріали та методи. У дослідженні взяло участь 36 пацієнтів із локалізованим HR-PCa, яким протягом 2022–2023 років проводили 
ERP. Презервацію шийки сечового міхура (BN-P), пубо-простатичних зв’язок (PPL-P) та максимальної функціональної довжини уретри 
(MFUL-P) виконано у всіх випадках, як і VUA – із застосуванням ISK з SLAR та AUS-P.
Результати. Статистичний аналіз засвідчив безпеку даної модифікації VUA. Медіани тривалості операції (OT), приблизної крововтрати 
(EBL) та тривалості госпіталізації (HS) були в межах очікуваного діапазону. Лише в 15% випадків констатовано післяопераційні 
ускладнення, усі в межах І ступеня згідно з класифікацією Clavien–Dindo. У жодного пацієнта не зафіксовано стриктуру VUA протягом 
12 місяців спостереження. 80,6% пацієнтів досягли UC протягом перших трьох місяців після видалення уретрального катетера.
Висновки. ISK для виконання VUA зі SLAR та AUS-P є безпечною технікою з багатонадійними результатами в контексті UC. Необхідно 
провести масштабніші дослідження для підтвердження істинних переваг цієї модифікації VUA в контексті UC.

Ключові слова: рак передміхурової залози, радикальна простатектомія, везико-уретральний анастомоз, інтракорпоральні квадратно-
ковзні вузли, презервація сфінктера уретри, одношарова анатомічна реконструкція везико-уретрального анастомозу.
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Initial sutures were placed at the 7 and 5 o’clock posi-
tions, approximating the posterior detrusor apron 
(PDA) fragments and the BN with the urethral smooth 
muscle sphincter, urethral striated sphincter (USS), and 
Denonvilliers’ fascia (DF) fragments (Fig. 2).

Following suture placement, the ISK knots were tigh-
tened under direct visual control, ensuring appropriate 
tension without overtightening on the Denonvilliers’ 
fascia (DF) surface (Fig. 3).

The next two sutures were placed at the 10 and 
2 o’clock positions, approximating BN with the superfi-
cial layers of the USS, DVC fragments (if present at this 
level), and PPL. They were only partially tightened to 
optimize the placement of the 12 o’clock suture, while 
maintaining sufficient space for easier suturing (Fig. 4).

At the 12 o’clock position, the final suture approxi-
mated the BN with the superficial layers of the USS, 
DVC, and PPL (Fig. 5).

During the final suture tightening, the bladder was 
distended over the USS and under the PPL, while the 
suture was tied to the PPL surface (Fig. 6).

VUA watertightness was assessed, and if leakage was 
observed, additional superficial sutures were placed. No 
additional suspensions, posterior or anterior reconstruc-
tions were performed.

The study was performed in accordance with the 
principles of the Declaration of Helsinki. The study pro-
tocol was approved by the Local Ethics Committee for 

Fig. 1. Schematic view of the VUA formation, adapted from J. 
Walz et al., 2016. [30]. Key anatomical structures are labeled: 
PB – pubic bone, U – urethra, 1 – dorsal venous complex 
(DVC), 2 – puboprostatic ligaments (PPL), 3 – longitudinal 
smooth muscle of the urethral sphincter, 4 – striated muscle 
of the urethral sphincter (USS), 5 – circular smooth muscle of 
the urethral sphincter, 6 – median dorsal raphe. Purple 
stripes (I – V) indicate suture placement

Fig. 2. Close up view of the VUA during posterior aspect for-
mation, demonstrating the suture placements at 5 and 
7 o’clock positions

Fig. 3. Close up view of the VUA during suture tightening at 
the 5 o’clock position

Fig. 4. VUA view during partial suture tightening at the 10 
o'clock position
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all participants. The informed consent of the patient was 
obtained for conducting the studies.

Results of the study
Magnetic resonance imaging (MRI) identification of the 

tumor growth dominant pattern (TGDP) demonstrated 
its reliability, with no differences observed compared to the 
pathomorphological findings after ERP. This result is con-
sistent with our previously published data [19].

The demographic characteristics and pathological out-
comes of the study group were typical for HR-PCa patients. 
80.5% (n=29) of the patients presented with T2c stage or 
higher, with positive surgical margins (PSM) in 16.7% 
(n=6) of cases, primarily resulting from perineural inva-
sion. However, biochemical recurrence (BCR), defined as 
a PSA level above 0.2 ng/mL, was observed in 2 (5.6%) 
cases during the 12-month follow-up period. The CR and 
hospital stay (HS) medians were 7.5 and 8.5 days, respec-
tively. The VUA time (VUAT) and the operative time (OT) 
medians were 17 and 127.5 minutes, respectively, both were 
within the expected range. There were no reported intra-
operative complications or bleeding issues, with a median 
estimated blood loss (EBL) of 260 ml. The postoperative 
complication rate was 15%, with all complications classified 
as grade I according to the Clavien-Dindo classification. 
Intraoperative VUA leakage (IO-VUAL) was observed in 
2 (5.6%) cases and was corrected by placing a single, super-
ficial suture. No VUA stenosis was observed after 
12 months of follow-up. However, in 2 (5.6%) cases, CR was 
postponed to the 10th and 12th days due to postoperative 
urine leakage (PO-VUAL). The general data of the study 
group are presented in Table 1.

Table 2 presents UC results, categorized by pad usage and 
weight. 33.3% (n=12), 75% (n=27), and 83.3% (n=30) of 
participants achieved 0-1 pad continence at two weeks, one 
and three months after urethral catheter removal, respec-
tively. The median pad weights were 207 g at two weeks, 

Fig. 5. VUA view before final sutures tightening Fig. 6. VUA view after the final sutures tightening

Table 1.
General data of the study group
Parameter Me (LQ; UQ)
Age, years 68 (64.5; 72)
PSA, ng/ml 12.9 (7.95; 26.2)
BMI 28 (23.1; 31.3)
PV, ml 33.8 (30.9; 36)
PIRADS 5 (4; 5)
ISUP 4 (2; 4)
OT, min 127.5 (109; 145.5)
VUAT, min 17 (15; 18.5)
EBL, ml 260 (188; 390)
CR, day 7,5 (7; 9)
HS, day 8,5 (8; 10)
T-stage N (%)
2a 2 (5.6)
2b 5 (13.9)
2c 10 (27.8)
3a 6 (16.6)
3b 13 (36.1)
Gleason score N (%)
3+4 1 (2.8)
4+3 6 (16.7)
4+4 8 (22.2)
3+5 8 (22.2)
5+3 2 (5.6)
4+5 5 (13.8)
5+4 6 (16.7)
IO-VUAL 2 (5.6)
PO-VUAL 2 (5.6)
PSM 6 (16.7)
BCR 3 (8.3)
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106 g at one month, and 71 g at three months. Nevertheless, 
2 (5.6%) patients did not achieve full UC by 12 months.

Disscusion
This study introduces a modified VUA technique, uti-

lizing the ISK technique, that integrates SLAR and 
 AUS-P. This modification aims to mitigate VUA creation 
difficulties during ERP and improve UC. As previously 
established, VUA remains a technically demanding aspect 
of RP, particularly during ERP, where anatomical varia-
tions can limit the surgical field [5,8,12,21]. The ISK tech-
nique allows knot formation distant from the VUA under 
more comfortable conditions and enables tying and liga-
tion in a flexible sequence. Sutures can also be placed in 
any sequence and direction, but typically in the order 
 described above. Incorporating DF, DVC, and PPL into 
the sutures provides additional anatomical support to the 
VUA, replicating the principles of posterior and anterior 
reconstruction [27,29]. SLAR of the VUA was previ-
ously described by S. Sengupta et al. [24]. However, in 
that study, the VUA was performed using a running suture 
technique, which requires the application of more stitch-
es. In contrast, this modified technique requires only five 
interrupted sutures for VUA creation. A further distinction 
of this technique is its emphasis on AUS-P, which closely 
resembles the approach described by J. Stolzenburg et al. 
[26]. While also sharing similarities with the VUA tech-
nique described by L. Antonelli et al. [2] in the context of 
AUS-P, this technique differs in surgical approach, ana-
tomical restoration principles, and suturing technique. 
The reduced number of sutures may have benefits in 
terms of healing and potentially shorten operative time, 
as suggested by [14,16]. An additional and significant 
benefit of the ISK technique is the opportunity to establish 
appropriate, controlled tension during VUA approxima-
tion, guided by direct visual control. Some data suggests 
that surgeon experience may influence the occurrence of 
overtightening when performing a running VUA with 
barbed sutures [10,20,32,33]. Conversely, insufficient 
tension leads to poor VUA watertightness and 
 PO-VUAL, which may result in longer hospital stays, 

delayed urethral catheter removal, and subsequent fibro-
sis [28]. Only two cases (5.6%) in this patient cohort re-
quired additional superficial sutures to achieve watertight 
VUA, with no leakage observed from the posterior VUA 
side. The UC results in this study are promising, but may 
still be associated with anatomical structures preservation 
and surgical technique itself, rather than the VUA tech-
nique [13,18]. The safety of this technique was confirmed 
by the study results. However, further analyses are 
planned to clarify the true UC benefits associated with 
this technique.

Conclusions
The ISK technique for VUA with SLAR and AUS-P 

appears to be a safe approach, with promising UC out-
comes. Larger studies are needed to confirm the true UC 
benefits associated with this technique.

The author declares no conflict of interest.
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