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ABSTRACT

BACKGROUND: Sutureless (SL) techniques have emerged as an alternative to standard renorrhaphy (RR) in robot-
assisted partial nephrectomy (RAPN), aiming to reduce the potential adverse effects of parenchymal suturing on renal
function, especially in off-clamp procedures. The aim of this article is to compare perioperative, functional, and oncologi-
cal outcomes of sutureless versus renorrhaphy-based off-clamp RAPN in a matched cohort.

METHODS: Between June 2020 and March 2024, 410 off-clamp RAPN were included in the UroCCR database. A 2:1
propensity score matching was performed based on the R.E.N.A.L. nephrometry score for comparison of SL and RR
groups. The primary endpoint was trifecta achievement (negative surgical margins, no major complications (Clavien—
Dindo >I1I), and preservation of >90% of preoperative eGFR at first follow-up).

RESULTS: Of 410 off-clamp RAPN, 112 were sutureless and 298 with renorrhaphy. After matching, 112 SL and 224
RR cases were included. Trifecta achievement was superior in the SL group (66.1% vs. 43.3%, P<0.001), mainly due
to early renal function recovery. SL patients had reduced blood loss (103 vs. 344 mL, P<0.001), shorter operative time
(145 vs. 176 min, P=0.001), and fewer intraoperative complications (0.9% vs. 5.4%, P=0.04). Postoperative morbidity,
long-term renal function, and oncological outcomes, including margin status, recurrence and survival, were comparable
between groups.

CONCLUSIONS: In selected off-clamp RAPN cases, the omission of parenchymal and capsular renorrhaphy appears to
be a safe and effective strategy that may enhance early functional outcomes and reduce operative time, without increasing
perioperative morbidity or compromising oncological safety.

(Cite this article as: Blanco A, Margue G, Yacoub M, Klein C, Estrade V, Alezra E, et al. Sutureless robotic-assisted partial
nephrectomy: a propensity score-matched analysis (UroCCR N.158). Minerva Urol Nephrol 2026;78:108-17. DOI: 10.23736/
S2724-6051.25.06623-6)
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Kidney cancer is of increasing incidence
worldwide with the majority of cases diag-
nosed at a localized stage.! Partial nephrectomy
(PN) is the standard of care for clinical T1 renal
tumors, aiming to achieve oncological control
while preserving renal function. In cases requir-
ing vascular clamping, current guidelines rec-
ommend limiting warm ischemia time (WIT) to
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under 25 minutes to minimize ischemic injury to
the renal parenchyma.?

In recent years, the widespread adoption of
robot-assisted partial nephrectomy (RAPN) has
enabled increasingly complex nephron-sparing
procedures even in anatomically challenging
tumors.3: 4 To further optimize renal functional
outcomes, several ischemia-reduction strategies,
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such as selective clamping, early unclamping,
and off-clamp approaches, have been devel-
oped.>7 Among these, off-clamp RAPN is par-
ticularly attractive as it avoids renal pedicle oc-
clusion altogether, thereby eliminating ischemic
injury. However, this technique requires meticu-
lous hemostasis of the tumor bed in the absence
of vascular control.

Traditionally, hemostasis is achieved through
renorrhaphy, often involving multi-layered
parenchymal and capsular sutures. However,
emerging evidence suggests that renorrhaphy
may contribute to renal function deterioration
due to parenchymal compression, vascular li-
gation, or induced inflammatory response.8-10
These concerns have sparked a growing interest
in sutureless techniques!! that rely on meticu-
lous excision and targeted coagulation without
routine parenchymal reconstruction, particularly
in the off-clamp setting.!2-14 In this context, the
true necessity of parenchymal suturing in off-
clamp RAPN is being questioned. Sutureless
techniques may offer a less traumatic alternative,
with the potential to enhance early postoperative
renal function without compromising periopera-
tive safety or oncological efficacy.

This study aimed to evaluate the perioperative,
functional, and oncological outcomes of suture-
less off-clamp RAPN compared to conventional
renorrhaphy, using a propensity score-matched
analysis in a high-volume academic center.

Materials and methods
Study design and population

All consecutive patients who underwent off-
clamp RAPN for a localized kidney tumor at
our institution between June 2020 and March
2024 were prospectively included, and their
data were recorded in the French Research
Network on Kidney Cancer database, UroC-
CR (NCT03293563). All patients provided in-
formed consent, and the study protocol received
institutional review board approval (CNIL N.
DR-2022-091) and ethical clearance from the
Sud-Ouest et Outre-Mer III Ethics Committee
(DC 2012/108).

Exclusions included metastatic disease, age
under 18 years, and hereditary renal cancer syn-
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dromes (e.g., Von Hippel-Lindau disease), to
avoid bias related to multifocal or iterative tumor
resections.

Surgical technique

All procedures were performed using an off-
clamp technique. The kidney was mobilized and
defatted, and tumor margins were delineated with
or without intraoperative ultrasound. Tumor ex-
cision was performed following the enucleation
plane to minimize bleeding and parenchymal
trauma. Hemostasis was achieved through pro-
gressive monopolar coagulation. When required,
Hem-o-lok® clips were used to control bleeding
vessels exceeding the limits of thermal coagula-
tion. Adjunctive hemostatic agents were applied
as necessary. In cases involving entry into the
collecting system, a selective suture was placed
to close the defect. No parenchymal or capsular
sutures were performed in sutureless cases.

In the renorrhaphy group, parenchymal recon-
struction was performed based on surgeon prefer-
ence and intraoperative findings, using capsular,
parenchymal, or combined suturing techniques.

Data collection

The following variables were collected:

» demographics and clinical data: sex, age at
surgery, American Society of Anesthesiologists
(ASA) score, body mass index (BMI), indica-
tion for nephron-sparing surgery, and presence
of multiple tumorectomies;

e tumor characteristics: tumor size, TNM
classification (according to the 2017 UICC ver-
sion), R.ENN.A.L. nephrometry score, malig-
nancy status, and histological subtype were also
collected;

» renal function metrics: serum creatinine
and estimated glomerular filtration rate (¢GFR -
CKD-EPI 2021), were measured preoperatively,
on postoperative at day 1, and at follow-up vis-
its. Postoperative renal function was reassessed
at the first follow-up visit, at 1-3 months.

Outcomes

The primary endpoint was the achievement of
the trifecta,!5 defined as the combination of nega-
tive surgical margins, absence of major compli-
cations (Clavien-Dindo grade >III), and preser-
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vation of at least 90% of preoperative eGFR at
first follow-up.

Secondary outcomes included operative time,
intra and postoperative complications (assessed
using the Clavien-Dindo Classification), esti-
mated blood loss, length of hospital stay, occur-
rence of acute kidney injury (AKI), variation in
eGFR, CKD stage progression, and oncologic
endpoints (positive surgical margin, local recur-
rence and disease progression rates, recurrence
free and overall survival). Pathological charac-
teristics (pTNM stage and histological subtype)
were also analyzed.

Postoperative follow-up was conducted ac-
cording to national guidelines of the French As-
sociation of Urology(17).

Statistical analysis

Descriptive statistics were used to summarize
baseline patients and tumors characteristics. Con-
tinuous variables were expressed as means and
standard deviation or medians with interquartile
range (IQR) and compared using the Student’s
t-test or Mann-Whitney U Test, depending on
distribution (assessed via the Shapiro-Wilk Test).
Categorical variables were compared using 2 or
Fisher’s Exact Tests, as appropriate.

To minimize selection bias, a 2:1 propensity
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score matching was performed on the R.E.N.A.L.
nephrometry score. Logistic regression was used
for categorical outcomes and linear regression
for continuous outcomes. Kaplan-Meier curves
were generated for recurrence-free survival
(RFS) and overall survival (OS), and differences
between groups were assessed using the log-rank
test. All analyses were conducted using R soft-
ware version 4.4.1 (2024-06-14 ucrt) with statis-
tical significance set at P<0.05.

Results
Study population

Between June 2020 and March 2024, 410 con-
secutive patients underwent off-clamp RAPN at
our center. Among them, 112 patients were treat-
ed with a sutureless (SL) technique and 298 with
conventional renorrhaphy (RR). After 2:1 pro-
pensity score matching based on the R.E.N.A.L.
nephrometry score, 112 SL patients were com-
pared to 224 RR patients. The study flow chart is
presented in Figure 1.

Baseline demographic and clinical character-
istics were well balanced between groups fol-
lowing matching (Table I). There was no sig-
nificant difference regarding age (60.3£13.2 vs.
61.3£13.9 years, P=0.5), sex distribution (67.9%

Off-clamp RAPN \

Sutureless
N.=115

Renorraphy
N.=303

Figure 1.—Study flow chart.
Flow diagram illustrating pa-
tient selection for inclusion

in the sutureless (SL) and
renorrhaphy (RR) groups.
Exclusions included meta-
static disease, age under 18
years, and hereditary renal
cancer. A 2:1 propensity
score matching based on the
RENAL. nephrometry
score was then performed to
obtain the final cohorts.
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TABLE L.—Baseline characteristics before and after propensity score matching.
Before matching After matching
Parameter SL RR P value SL RR P value
(N=112) (N.=298) (N=112) (N.=224)

Age (years) 60.3+13.2 60.7+14.4 0.8 60.3+13.2 61.3+13.9 0.5

Sex
Male 76 (67.9%) 201 (67.4%) 1 76 (67.9%) 152 (67.9%) 1
Female 36 (32.1%) 97 (32.6%) 36 (32.1%) 72 (32.1%)

BMI (kg.m?) 27.3+5.6 27.845.5 0.4 27.3%5.5 27.945.5 0.4

ASA score
1 19 (17.0%) 51(17.1%) 0.9 19 (17.0%) 36 (16.1%) 0.9
2 64 (57.1%) 168 (56.4%) 64 (57.1%) 129 (57.6%)
>3 29 (25.9%) 79 (26.5%) 29 (25.9%) 59 (26.3%)

Tumor size (cm) 3.7+1.7 4.1+1.9 0.04* 3.7+1.7 3.741.6 0.8

cTNM

Tla 68 (60.7%) 156 (52.3%) 0.5 68 (60.7%) 136 (60.7%) 0.9

Tlb 36 (32.1%) 105 (35.2%) 36 (32.1%) 75 (33.5%)

T2a 4 (3.6%) 19 (6.4%) 4 (3.6%) 6 (2.7%)

T2b 2 (1.8%) 10 (3.4%) 2 (1.8%) 3 (1.3%)

T3a 2 (1.8%) 8 (2.7%) 2 (1.8%) 4 (1.8%)

Indication for NSS 0.7 0.5
Elective 86 (76.8%) 238 (79.9%) 86 (76.8%) 181 (80.8%)
Imperative 15 (13.4%) 33 (11.1%) 15 (13.4%) 21 (9.4%)

Relative 11 (9.8%) 27 (9.1%) 11 (9.8%) 22 (9.8%)

Solitary kidney 6 (5.4%) 17 (5.7%) 1 6 (5.4%) 11 (5.4%) 0.8

Multiple tumorectomies 6 (5.4%) 24 (8.1%) 0.5 6 (5.4%) 17 (7.6%) 0.6

RENAL score 7.1+1.8 7.8+1.9 0.001* 7.1+1.8 7.3+1.8 0.3
Low complexity 43 (38.4%) 78 (26.3%) 43 (38.4%) 75 (33.5%)
Intermediate complexity 58 (51.8%) 142 (47.9%) 58 (51.8%) 122 (54.5%)

High complexity 11 (9.8%) 73 (24.6%) 11 (9.8%) 27 (12.1%)
Preoperative eGFR (mL/min) 84.6+19.7 84.6+23.5 0.9 84.6+19.7 84.6+22.9 0.9
Preoperative CKD stage

1-2 100 (90.1%) 252 (86.3%) 0.6 100 (90.1%) 190 (87.2%) 0.8

3 10 (9.0%) 36 (12.3%) 10 (9.0%) 25 (11.5%)

4 1 (0.9%) 2 (0.7%) 1 (0.9%) 2 (0.9%)

5 0 (0.0%) 2 (0.7%) 0 (0.0%) 1 (0.5%)

SL: sutureless; RR: renorrhaphy, BMI: Body Mass Index; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease
*Statistically significant difference.

male in both groups), BMI (27.3+5.5 vs. 27.9+£5.5
kg/m2, P=0.4), ASA score, tumor size (3.7+1.6
cm in both groups, P=0.8), clinical stage (T1a in
60.7% of patients), or R.E.N.A.L score (7.1£1.8
vs. 7.3+1.8, P=0.3). Preoperative renal function
was comparable with a mean eGFR of 84.6 mL/
min in both groups.

Trifecta achievement

The trifecta was achieved in 66.1% of patients
in the SL group versus 43.3% in the RR group
(P<0.001) (Table II). This difference was pri-
marily driven by better preservation of renal
function, with 68.8% of SL patients maintain-

TABLE Il.—Trifecta achievement and component criteria in SL and RR groups.

Parameter (N.ilfl 2) (N 51;2 4) P value
Trifecta achievement 74 (66.1%) 97 (43.3%) <0.001*
Individual criteria failure
Positive margins 2 (1.8%) 11 (4.9%) 0.1
Severe complications (Clavien—Dindo grade 11I-IV) within 30 days 1 (0.9%) 3(1.3%) 0.7*
Patients with <90% preservation of preoperative eGFR at first follow-up 2 35 (31.2%) 116 (51.8%) <0.001*

SL: sutureless; RR: renorrhaphy; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease.
a Mean+SD in months: SL: 2.28+1.00; RR: 2.13+1.01; *statistically significant difference.
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ing >90% of their preoperative eGFR at first
follow-up, compared to 48.2% in the RR group
(P<0.001). Rates of positive surgical margins
(1.8% vs. 4.9%, P=0.1) and severe complications
(0.9% vs. 1.3%, P=0.7) were low and not signifi-
cantly different between groups. In both groups,
no patient failed all three trifecta criteria. Patient
flow and corresponding trifecta status in both
groups after matching are displayed in Figure 2.

Perioperative outcomes

Sutureless RAPN was associated with sig-
nificantly reduced blood loss (103.2+£135.2 vs.
343.9+407.9 mL, P<0.001) and shorter opera-
tive time (144.6+54.6 vs. 175.8460.9 minutes,
P=0.001) (Table III). Hemostasis was achieved
using electrocoagulation alone in 35.6% of SL
cases. Hemostatic agents were used in 64.4%
of SL procedures vs. 31.3% in the RR group

SUTURELESS ROBOTIC PARTIAL NEPHRECTOMY

(P<0.001). Intraoperative complications were
less frequent in the SL group (0.9% vs. 5.4%,
P=0.04).

There was no significant difference in post-
operative surgical complication rates between
both groups (1.8% vs. 2.7%, P=0.4). Medical
complications occurred in 11.6% of SL patients
versus 17.4% in the RR group (P=0.15), with no
significant difference in severe complications
(0.9% vs. 1.3%, P=0.7). Mean hospital stay was
comparable between groups (1.2+1.8 vs. 1.3£1.3
days, P=0.5).

Functional outcomes

At postoperative day 1, mean eGFR was higher in
the SL group (67.8+23.7 vs. 64.0+24.9 mL/min,
P=0.1) and the decline from baseline was signifi-
cantly lower (-16.4£12.6 vs. -20.8+14.6 mL/min,
P=0.004). Results are summarized in Table V.

Study Population
336

Trifecta failure (SL)
38

Trifecta failure (RR)
127

Trifecta satisfaction (SL)

74

eGFR <90% (SL)
35

Margins+ (SL)

2

Clavien 2 Il (SL)
1

Trifecta satisfaction (RR)

eGFR <90% (RR)
113

Margins+ (RR)

8

Clavien 2 Il (RR)

2

eGFR <90% + Margins (RR)
3

eGFR <90% + Clavien 2 lIl (RR)
1

Figure 2.—Sankey diagram showing patient flow and trifecta outcomes in SL vs. RR groups after matching. Margins +: posi-
tive surgical margins; Clavien >III: major postoperative complications (Clavien-Dindo grade >III); eGFR <90%: failure to
preserve >90% of preoperative estimated glomerular filtration rate at first follow-up.
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TABLE lIl.—Perioperative and postoperative morbidity outcomes.
Parameter (N.iIIA1 2) (N.Ii§2 4) P value
Blood loss (mL) 103.2+135.2 343.9+407.9 <0.001*
Operative duration (min) 144.6+54.6 175.8+60.9 0.001*
Intraoperative complications 1 (0.9%) 12 (5.4%) 0.04*
Intraoperative surgical complications type
Hemorrhagic 0 (0%) 6 (2.7%)
Vascular injury 0 (0%) 2 (0.9%)
Digestive tract injury 1 (0.9%) 3 (1.3%)
Ureteral injury 0 (0%) 1 (0.4%)
Postop surgical complications 2 (1.8%) 6 (2.7%) 0.4
Postop medical complications 13 (11.6%) 39 (17.4%) 0.15
30-day postop event complications (Clavien Dindo)
Mild-moderate (Grade I-1T) 12 (10.7%) 34 (15.2%) 0.2*
Severe (Grade III-1V) 1 (0.9%) 3 (1.3%) 0.7*
Length of hospital stay (days) 1.2+1.8 1.3£1.3 0.5
SL: sutureless; RR: renorrhaphy.
*Statistically significant difference.
TABLE IV.—Functional outcomes over time.
Parameters SL (N.=112) RR (N.=224) P value
eGFR according to CKD-EPI formula (mL/min)
Day 1 67.8+23.7 64.0+24.9 0.1
First follow-up b 83.5422.3 79.5+23.5 0.1
Last follow-up © 79.7£20.8 78.0+23.1 0.07
Postoperative AKI 0 (0.0%) 3 (1.3%) 0.9
Change in eGFR compared to preop (mL/min)
Day 1 -16.4+12.6 -20.8+14.6 0.004*
First follow-up b -0.4+8.1 -5.249.8 <0.001*
Last follow-up © -5.0+11.7 -6.9+11.2 0.07
CKD upstaging compared to preop @
Day 1 60 (55.6%) 136 (61.5%) 0.21
First follow-up ® 11 (11.8%) 33 (19.5%) 0.20
Last follow-up © 17 (21.8%) 30 (22.4%) 0.65

SL: sutureless; RR: renorrhaphy; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease; SD: standard deviation.
a The percentage of CKD upstaging at each follow-up time point is calculated based on the number of patients still being followed at that
time; ® mean in months SL: 2.28+1.00; RR: 2.13+1.01; ¢ mean in months SL: 15.2+10.5; RR: 18.1£11.8.

At first follow-up, mean eGFR remained sig-
nificantly higher in SL patients (83.5+22.3 vs.
79.5£23.5 mL/min, P<0.001). At last follow-up
(15.2£10.5 vs. 18.1£11.8 months), this difference
was no longer statistically significant (79.7+£20.8
vs. 78.0+23.1, P=0.07).

CKD upstaging rates were similar at last fol-
low-up (33.0% vs. 39.7%, P=0.2), and no acute
kidney injury occurred in the SL group, com-
pared to 1.3% in the RR group.

Oncological outcomes

Positive surgical margins were observed in
1.8% of SL patients and 4.9% of RR patients
(P=0.1). Local recurrence occurred in three
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patients (2.7%) in the SL group vs. 11 (4.9%)
in the RR group (P=0.3). Metastatic progres-
sion was reported in one patient (0.9%) in the
SL group and in nine patients (4.0%) in the RR
group (P=0.2).

When considering both local recurrence and
metastatic progression as a composite disease
recurrence endpoint, the median time to recur-
rence was comparable between groups: 10.4
months (IQR 4.6-19.7) in the SL group vs. 9.8
months (IQR 3.1-20.6) in the RR group (P=0.8).
The Kaplan-Meier curve for disease-free surviv-
al, based on this combined recurrence endpoint,
showed no significant difference between groups
(P=0.85) (Figure 3).
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Figure 3.—Kaplan—Meier
curve for disease-free sur- DFS
vival in the SL and RR
groups. Disease-free sur-
vival was defined as the time 100% -
from surgery to either local =
recurrence or metastatic 2
; 2 75% -
progression. 5
lg
2 50%-
;;
25% -
S P=0.15
o
0% -
0 10
Number at risk
Q
3 200 154
5 95 80
0 10

Group RR == SL

20 30 40 50 60
Time (months)

103 48 18 5 0
45 24 7 1 0
20 30 40 50 60

Time (months)

Pathological characteristics

Histological malignancy was confirmed in
84.8% of SL patients and 91.5% of RR patients
(P=0.09).

Clear cell renal cell carcinoma (ccRCC) was
the most common histological type in both
groups, with 52.7% in SL and 64.7% in RR
(P=0.10).

No statistically significant difference was
observed regarding pTNM stage distribution
(P=0.11).

Discussion

In this propensity score-matched cohort of pa-
tients undergoing off-clamp RAPN, the suture-
less technique was associated with a significantly
higher trifecta achievement rate compared to
standard renorrhaphy. This difference was pri-
marily driven by greater preservation of renal
function at first follow-up, with more patients
in the sutureless group maintaining >90% of
their baseline eGFR. These findings are aligned
with growing evidence suggesting that the ren-
orrhaphy step, historically considered essential
for hemostasis and parenchymal reconstruction,
may in fact contribute to functional deteriora-
tion. Proposed mechanisms include parenchymal
compression, inadvertent vessel ligation, and
inflammatory activation induced by mechani-
cal stress.8-10, 16 This concept is supported by
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the systematic review by Bertolo et al.,!” which
demonstrated better renal function preserva-
tion with single-layer compared to double-layer
renorrhaphy, reinforcing the notion that “less is
more” in parenchymal reconstruction. Our study
further supports this concept, showing that com-
plete omission of parenchymal suturing can be
safely achieved in selected cases when hemo-
stasis is adequate. The omission of renorrhaphy
did not result in increased intra or post-operative
bleeding complications underscoring the safety
and reproducibility of this approach in selected
patients.

The functional benefit observed with the su-
tureless technique was most pronounced at early
time points and appeared to attenuate over time.
At final follow-up, eGFR levels and CKD stage
upstaging rates were comparable between the
groups. These findings are consistent with pre-
vious studies, including that of Brassetti et al.,
which highlighted a short-term functional advan-
tage without long-term divergence in CKD tra-
jectories.!4 Notably, our study includes a longer
follow-up period (mean 15.2+10.5 months in the
sutureless group and 18.1£11.8 months), which
further supports that early preservation does not
necessarily translate into durable functional su-
periority.

However, this early preservation may still
carry clinical relevance, particularly in patients
with borderline baseline renal function or a soli-
tary kidney, where short-term protection could
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prevent acute decompensation or facilitate sub-
sequent treatments.

Our findings align with those of Bertolo et
al.,16. 18 who reported comparable perioperative
outcomes and renal function preservation be-
tween single- and double-layer renorrhaphy dur-
ing robot-assisted partial nephrectomy.

In line with this, the EAU YAU pooled analy-
sis!? found that tumor enucleation reduced com-
plications, renal function loss, and the need for
clamping, supporting the feasibility of precise
off-clamp enucleation procedures and potential-
ly sutureless approaches. All procedures in our
cohort were performed using an off-clamp strate-
gy, eliminating warm ischemia as a confounding
factor and allowing for an isolated assessment
of the impact of renorrhaphy. In this context, su-
tureless hemostasis — achieved through mono-
polar coagulation and hemostatic agents — ap-
peared sufficient to control bleeding in the vast
majority of cases. These results are consistent
with preclinical findings demonstrating that soft
coagulation induces limited, superficial thermal
damage to the renal cortex,20 and with clinical re-
ports supporting the safety of this approach.2!. 22

The role of robotic technology in enabling
such precision should also be highlighted,?3 as it
has been associated with better functional out-
comes and hemostatic accuracy in off-clamp
procedures, indirectly supporting the feasibility
of sutureless approaches.

The lower intraoperative complication rate
observed in the sutureless group may reflect both
the atraumatic nature of the technique and a po-
tential selection bias. Indeed, the decision to omit
parenchymal suturing was made intraoperatively
based on the adequacy of hemostasis, potentially
excluding more hemorrhagic or complex resec-
tions. While this pragmatic decision-making
reflects real-world surgical practice, it also in-
troduces a bias that must be acknowledged. Pro-
spective protocols with predefined criteria for su-
tureless eligibility may help standardize patient
selection in future studies.

This technique was developed and applied
in a high-volume center by experienced robotic
surgeons, which likely contributed to its repro-
ducibility and safety across a range of tumor
complexities. Nevertheless, sutureless partial
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nephrectomy may represent a feasible option for
surgeons willing to adopt this approach, partic-
ularly in cases with favorable anatomy or low-
complexity tumors. Current EAU Guidelines re-
port comparable safety and functional outcomes
between off- and on-clamp approaches, while
recommending off-clamp techniques mainly for
selected patients such as those with pre-existing
renal impairment or a solitary kidney.

Another relevant consideration is the inflam-
matory response triggered by renorrhaphy. Ex-
perimental data suggest that suturing may induce
localized ischemia and chronic inflammation,
which could impair microvascular integrity and
nephron function over time.24 25 The absence
of this mechanical injury in sutureless RAPN
may partially explain the observed functional
benefit. Future studies integrating inflammatory
biomarkers such as platelet-to-lymphocyte ratio,
neutrophil-to-lymphocyte ratio, and C-reactive
protein may help elucidate this mechanism fur-
ther.

Our evaluation of functional outcomes was
based on global eGFR, which reflects overall
renal performance but does not isolate the con-
tribution of the operated kidney. This represents
a methodological limitation, as contralateral
compensatory hyperfiltration may mask subtle
unilateral loss. Future studies should integrate
imaging-based functional assessments such as
renal scintigraphy?¢ or pre/postoperative volu-
metric CT analysis?’ to more accurately quantify
parenchymal preservation.

Our findings align with those of Liu er al.,
whose meta-analysis demonstrated that suture-
less partial nephrectomy offers improved renal
function preservation, shorter operative times,
and comparable complication rates when com-
pared to standard renorrhaphy.2® Taken together,
these results support the selective use of suture-
less techniques in appropriately chosen patients.

Importantly, our data reinforce the notion that
in off-clamp RAPN, the absence of parenchy-
mal suturing, when hemostasis is adequately se-
cured, does not compromise perioperative safety.
Electrosurgical hemostasis, complemented when
necessary by topical hemostatic agents, appears
sufficient to manage the tumor bed in most cases.
These results challenge the traditional assump-
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tion that parenchymal reconstruction is always
necessary and support the emergence of a new
paradigm in nephron-sparing surgery: sutureless
resection as a viable and potentially preferable
option once hemostasis has been achieved at the
end of the tumorectomy phase.

Another avenue for enhancing functional
preservation in nephron-sparing surgery lies in
the integration of three-dimensional (3D) pre-
operative planning and image guidance. Recent
studies have shown that 3D modeling can signifi-
cantly improve the surgeon’s ability to anticipate
tumor depth, vascular anatomy, and proximity
to the collecting system, thereby facilitating pa-
renchymal sparing and tailored reconstruction.
In particular, 3D-assisted approaches may prove
especially valuable in the context of sutureless
techniques, where precise excision and selective
hemostasis are critical. A multicenter propen-
sity score—matched analysis by Michiels et al.2
demonstrated that 3D image-guided RAPN was
associated with improved functional outcomes
and greater accuracy in planning elective urinary
tract reconstruction. These tools may help bet-
ter identify cases in which renorrhaphy can be
safely omitted, and conversely, when collecting
system involvement warrants selective closure.
As such, the use of 3D planning could serve as a
valuable adjunct to intraoperative decision-mak-
ing in future sutureless surgery protocols.

Beyond clinical outcomes, this approach also
carries procedural and logistical advantages. The
technique is reproducible and does not require
advanced suturing skills, making it accessible to
centers beyond high-volume referral institutions,
provided the surgical team is experienced with
off-clamp nephrectomy. The absence of renor-
rhaphy simplifies the operative workflow and
may enhance efficiency. Indeed, in our cohort,
operative time was reduced by approximately
30 minutes in the sutureless group compared
to standard renorrhaphy. While this difference
may seem modest, it represents a 17% decrease
in operative time and becomes substantial when
extrapolated across high-volume programs or re-
source-limited settings. As emphasized by Mar-
tins et al., operating room time remains a major
driver of robotic surgery costs, alongside equip-
ment and personnel.3 Streamlined approaches
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such as sutureless RAPN may thus contribute
meaningfully to cost containment and procedural
optimization.

Oncologic follow-up in our study, while ad-
equate to detect early events, remains limited in
duration. Although local recurrence and progres-
sion rates did not significantly differ between
groups, longer-term prospective data are needed
to fully assess oncological durability and vali-
date these findings.

Conclusions

In this propensity score—matched study of off-
clamp RAPN, the sutureless technique was asso-
ciated with higher trifecta achievement, mainly
due to improved early renal function preserva-
tion. Perioperative and oncological outcomes
were comparable to those of standard renorrha-
phy.

These results support the selective use of su-
tureless approaches in cases where hemostasis is
adequately achieved. This technique appears to
be safe, and potentially beneficial for functional
outcomes and operative efficiency. Further stud-
ies are needed to validate its long-term impact
and optimize patient selection.
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