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What is the optimal approach to paediatric nephrectomy?
Open versus minimally invasive surgery: A narrative review
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ABSTRACT

INTRODUCTION: Nephrectomy is a cornerstone of paediatric urologic surgery for benign renal disease. Minimally
invasive surgery (MIS) — procedures such as transperitoneal/retroperitoneal laparoscopy, laparoendoscopic single-site
surgery (LESS), and robotic platforms — has increasingly challenged open surgery, but in children it carries technical
and physiological constraints, especially in infants, due to limited working space and pneumoperitoneum effects.
The aim of this paper is to appraise contemporary evidence on the optimal approach to paediatric nephrectomy by
comparing open surgery with MIS techniques.

METHODS: This SANRA-guided narrative review involved a search of the PubMed (MEDLINE) and Embase databases
for English-language studies (from 1 January 2015 to 15 December 2025). Comparative studies and systematic
reviews/meta-analyses on paediatric nephrectomy and nephron-sparing procedures were included; case reports, animal
studies and oncologic indications were excluded. Outcomes included operative time, length of stay, perioperative
complications and selected resource-use measures (e.g. transfusions or costs).

RESULTS: Despite heterogeneity in the indications and designs, MIS was consistently associated with shorter lengths of
stay and similar overall complication rates versus open surgery. Operative time results were mixed and depended on
procedure type, access route, learning curve and platform; robotic and LESS approaches more often entailed longer
operative times and higher costs. The benefits of MIS appeared less consistent in very small children and in duplex-
-system surgery, where ureteral stump morbidity and residual moiety function are key.

CONCLUSIONS: MIS is feasible and generally safe in selected paediatric patients, and it typically shortens hospitalization
time. The approach should be individualized, weighing recovery advantages against operative efficiency, technical
complexity, and resource implications.
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E. Mazul-Kulesza et al.: OPEN VS MINIMALLY INVASIVE PAEDIATRIC NEPHRECTOMY

STRESZCZENIE

WSTEP: Nefrektomia jest podstawowym zabiegiem w chirurgii urologicznej wieku dziecigcego w leczeniu tagodnych
choroéb nerek. Chirurgia matoinwazyjna (minimally invasive surgery — MIS), obejmujaca laparoskopi¢ przezotrzewnowa
i zaotrzewnowa, laparoendoskopowa chirurgi¢ z jednego dojscia (laparoendoscopic single-site surgery — LESS) oraz
platformy robotyczne, coraz czgéciej konkuruje z chirurgia otwarta. U dzieci, zwlaszcza u niemowlat, wigze si¢ jednak
z ograniczeniami technicznymi i fizjologicznymi, wynikajacymi z ograniczonej przestrzeni operacyjnej oraz skutkow
odmy otrzewnowej. Celem pracy jest ocena aktualnych danych dotyczacych optymalnego podejscia do nefrektomii
u dzieci poprzez poroéwnanie chirurgii otwartej z technikami MIS.

METODY: Przeglad narracyjny przeprowadzono zgodnie z wytycznymi SANRA. Przeszukano bazy PubMed
(MEDLINE) oraz Embase pod katem publikacji w jezyku angielskim z okresu od 1 stycznia 2015 r. do 15 grudnia
2025 r. Uwzgledniono badania porownawcze, przeglady systematyczne i metaanalizy dotyczace nefrektomii oraz za-
biegow oszczedzajacych miazsz nerki u dzieci; wykluczono opisy przypadkdéw, badania na zwierzetach oraz przypadki,
w ktorych wskazaniem byta choroba nowotworowa. Analizowane punkty koncowe obejmowaty czas trwania operacji,
dhugo$¢ hospitalizacji, powiktania okotooperacyjne oraz wybrane wskazniki wykorzystania zasoboéw (np. przetoczenia
krwi lub koszty).

WYNIKI: Mimo zréznicowania wskazan i metod leczenia, MIS konsekwentnie wigzata si¢ z krotszym okresem
hospitalizacji i podobnym ogoélnym odsetkiem powiktan w poréwnaniu z chirurgia otwartg. Wyniki dotyczace czasu
operacji byly niejednoznaczne i zalezaly od rodzaju zabiegu, drogi dostepu, krzywej uczenia si¢ oraz platformy;
podejscia robotyczne i LESS cze$ciej wigzaty si¢ z dtuzszym czasem operacji i wyzszymi kosztami. Korzysci z MIS
wydawaly si¢ mniej spojne u bardzo matych dzieci oraz w chirurgii uktadéw podwojnych, gdzie kluczowe znaczenie
majg powiktania zwigzane z kikutem moczowodu i czynno$¢ pozostatej czgsci nerki.

WNIOSKI: MIS jest wykonalna i na ogot bezpieczna u wybranych pacjentdéw pediatrycznych, zazwyczaj skraca tez okres
hospitalizacji. Podejscie powinno by¢ zindywidualizowane, z uwzglednieniem korzysci z rekonwalescencji w po-

réwnaniu z efektywnoscia operacyjna, ztoZzonoscia techniczng oraz konsekwencjami w zakresie zasobow.

SLOWA KLUCZOWE

nefrektomia u dzieci, chirurgia matoinwazyjna, chirurgia otwarta, laparoskopia, chirurgia robotyczna

INTRODUCTION

Nephrectomy remains a fundamental procedure in the
surgical management of paediatric renal diseases [1].
The range of reasons for removing a kidney in children
is diverse and extends beyond simple non-functioning:
mitigating renin-mediated hypertension and severe
proteinuria, removing infected or poorly functioning
renal units and managing severely hydronephrotic
kidneys [2]. Furthermore, minimally invasive surgery
(MIS) has successfully been applied to malignant
pathologies. Radical laparoscopic nephrectomy is often
recommended for certain paediatric renal malignancies,
such as Wilms tumour or renal cell carcinoma [3]. Open
surgery was historically the gold standard, but the
surgical landscape shifted in the early 1990s when
Richard M. Ehrlich and Martin A. Koyle and
colleagues pioneered laparoscopic nephrectomy in
children and infants, respectively [4].

Since those initial reports, MIS has evolved from
a novel alternative to a mainstay in paediatric urology.
This transition was initially impeded by technical
limitations, particularly the size of access ports and the
length of adult-sized instruments relative to the
paediatric abdominal cavity [5]. However, rapid
technological innovation has overcome these hurdles.
The development of instruments dedicated to
paediatrics, ranging in size from 3 to 5 mm and further
miniaturized to 2.7-mm optics and instruments (e.g.
GIMMI systems), has facilitated the adoption and
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dissemination of these techniques, even among the
youngest patients [4].

Despite technical advancements, laparoscopic surgery
in children, particularly infants, presents unique
challenges that distinguish it from adult surgery. These
nuances stem from paediatric physiology and anatomy
[6]. There is little distance between the trocar access
point and vital intra-abdominal structures, which
increases the potential for iatrogenic injury when
advancing instruments. Additionally, the physiological
impact of pneumoperitoneum is more significant in
children [4]. The insufflation pressure can affect the
respiratory, cardiovascular, renal and gastrointestinal
systems, requiring a precise anaesthetic strategy and an
in-depth understanding of these interactions from the
surgical team [1].

Currently, surgeons have access to a variety of
approaches, including transperitoneal and
retroperitoneal laparoscopy. The transperitoneal
approach offers familiar anatomical landmarks, while
the retroperitoneal approach, performed via flank or
prone positioning, is considered a direct and elegant
method for treating benign pathologies [7]. This
approach takes advantage of the minimal perinephric
fat found in children. In particular, the prone
retroperitoneal approach utilizes gravity to facilitate
exposure and allows for the ergonomic use of accessory
ports. This approach avoids the peritoneal violation and
potential bowel complications associated with
transabdominal access [4]. Furthermore, the integration
of advanced technologies, such as laparoendoscopic



Ann. Acad. Med. Siles. (Online) 2026, 80, 407-415

single-site surgery (LESS) and robotic-assisted
platforms, continues to reshape the field. However,
issues regarding cost and instrument size remain
relevant considerations [8].

The primary objective of this narrative review is to
provide a comprehensive and critical evaluation of the
current evidence regarding the optimal surgical
approach to paediatric nephrectomy. By synthesizing
empirical data drawn from the last decade (2015-
2025), this study aims to systematically compare the
efficacy, safety profile and perioperative outcomes of
traditional open surgery against the spectrum of MIS
techniques, including transperitoneal laparoscopy,
retroperitoneoscopy and emerging robotic platforms.
Particular attention is devoted to dissecting the
physiological and technical nuances unique to this age
group, such as the cardiorespiratory impact of
pneumoperitoneum and the challenges of working
within a restricted anatomical domain. Ultimately, this
review seeks to balance the well-documented benefits
of MIS — such as enhanced cosmesis, reduced
postoperative pain and shorter hospitalization times —
against potential trade-offs involving duration of
procedures, the learning curve and economic
implications, thereby offering a practical synthesis to
guide clinical decision-making in the modern era.

METHODS

A narrative literature review was conducted in
accordance with the SANRA guidelines [9] for
narrative reviews, by searching two leading medical
databases: PubMed (MEDLINE) and Embase. Papers
published between 1 January 2015 and 15 December
2025 were eligible for analysis. Restricting the
timeframe to the last decade was justified by the ra-
pid technological advances in the miniaturization
of endoscopic instruments and by the evolution of
anaesthetic protocols in children.

Keywords and search strategy

To identify relevant articles, we used combinations of

English-language keywords and controlled vocabulary

terms (MeSH for PubMed and Emtree for Embase).

Searches were built using Boolean operators (AND,

OR), integrating four principal thematic domains:

— Population: newborns, children and neonates

— Intervention: MIS, laparoscopy and
retroperitoneoscopy

— Comparator: open surgery and flank incision
(lumbotomy)

— Clinical domain: urology, hydronephrosis,
pyeloplasty and nephrectomy.

The following search strings were applied:

1. PubMed query: ("Infant"[Mesh] OR "Newborn" OR
"Neonate" OR “Child”) AND
("Nephrectomy"[Mesh] OR "Heminephrectomy" OR
"Nephroureterectomy") AND
("Laparoscopy"[Mesh] OR "Minimally Invasive
Surgical Procedures"[Mesh] OR
"Retroperitoneoscopy') AND ("Open Surgery" OR
"Comparative Study" OR "Treatment Outcome")
AND ("2015/01/01"[Date — Publication] :
"2025/12/31"[Date — Publication])

2. Embase query (syntax incorporating the Emtree
hierarchy and title/abstract field searching):
('newborn'/exp OR 'infant'/exp OR 'neonate' OR
‘child’:ti,ab) AND (‘nephrectomy'/exp OR
'heminephrectomy'/exp OR ‘nephroureterectomy'/exp)
AND (‘'minimally invasive surgery'/exp OR
'laparoscopy'/exp OR 'retroperitoneoscopy':ti,ab)
AND (‘open surgery'/exp OR 'comparative study'’/exp
OR 'safety:ti,ab) AND [2015-2025]/py

Study selection

Studies were selected in two stages: an initial screen-
ing of titles and abstracts, followed by a full-text
assessment.

Inclusion and exclusion criteria

Preliminary eligibility was determined based on the

titles and a review of the abstracts.

Included:

— Comparative studies (retrospective and prospective)
evaluating outcomes of open versus minimally
invasive techniques

— Meta-analyses and systematic reviews involving
paediatric populations

— Studies describing transperitoneal, retroperitoneal
(retroperitoneoscopic) and robotic techniques

— English-language publications.

Excluded:

— Single case reports, due to limited evidentiary
strength

— Studies addressing oncologic surgery (e.g. Wilms
tumour), where the surgical approach is primarily
dictated by oncologic protocols rather than technical
considerations alone

— Animal studies

— Articles in which relevant subgroup data were not
reported separately.

Data extraction and endpoints

The following clinical parameters were extracted and
analysed: operative time (OT), age, weight, length of
stay (LOS) and complications.
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RESULTS

The evidence summarized in Table I comprised

comparative observational

studies

and evidence

syntheses published between 2015 and 2025, including

1 large retrospective cohort, 4 retrospective com-
parative series, 1 analysis of a prospective robotic series
and 3 systematic reviews/meta-analyses. Study sizes
ranged from 52 to 3,494 participants, with the largest
nephrectomy-focussed cohort including 2,629 children
[2]. The populations spanned from infancy through

adolescence.

Table |. Evidence comparing open and minimally invasive paediatric nephrectomy

Study population /

vs RAL; TP vs RP

Literature Study design Groups Age | Weight Operative time Length of stay | Complications Main conclusions
MIS is associated
Open surgery m{ithlshqrterl
Novak etal. [2] | Retrospective n=2,629; MIS: 54.9 + 59.0 months; | MIS: 165 + 107 min; ) associated with | N°sPialization ime
MIS vs open X . ) Shorter with MIS | . . and lower transfusion
cohort study open:88.6 + 64.3 months | open: 197 £ 97 min higher transfusion L
nephrectomy risk; appears
rates
preferable after
infancy
. - MIS offers reduced
Calvillo-Ramirez . 159 MIPN Older age in MIS group MIS reduced $|m!Iar LOS and narcofic
Retrospective (standardized mean Open shorter by LOS by complication rates .
etal. [1] : vs 145 open ° PPy S o~ | use with comparable
meta-analysis . difference: 0.37; 21.6 min (p=0.01) 2.16 days (odds ratio: 0.80;
nephrectomies =0.002) (p <0.0001) =062) safety, at the cost of
p=0 p=0 p=0 longer OT
RAL: RAL: RAL allows faster
Retrospective n=105; RAL: 5.3 £ 2.6 years; 234.7 £ 58.0 min; 7.3+ 1.7 days; RAL: 0/22: recovery and shorter
Wang et al. [8] comparative RAL vs LPN, LPN: 2.7 £ 2.2 years LPN: LPN: LPN" 1 /83’ LOS, but requires
study both transperitoneal (p<0.001) 185.4 + 54.1 min 9.5+ 3.3 days ) longer OT and higher
(p<0.001) (p<0.001) costs
No significant
. n=152; TP: 3 conversions differences in
Retrospective . " . . . 0\ RP- . ; "
Bhandarkar ) transperitoneal Median TP: 145 min; | Median: 2 days | (4%); RP: none; perioperative
comparative 8 months-16 years . : ) A >
etal. [10] laparoscopy vs RP: 156 min in both groups minor infectious morbidity between
study . -
retroperitoneoscopy complications only TP and RP
approaches
. Minimally invasive
Neheman et al. n = 59; open RP vs : . 9
Retrospective laparoscopic TP, Median age: 16 months; Open: 154.5 min; Open: 3 days., 10'“? overgll approaches redu<_:§
[7 ! : ¢ -0 o ) laparoscopic: | (all Clavien-Dindo | LOS and analgesia;
study retroperitoneoscopic, | median weight: 10.7 kg | laparoscopic: 190 min
1 day grade Il) open surgery
and LESS .
remains faster
Laparoscopic
Retrospective _ann. Laparoscopic: transperitoneal
. . n=102; LPN vs T :
Esposito et al. multicentre . . ) . 166 min; o o approach associated
) retroperitoneoscopic Median age: 4.2 years . .. | 35vs4.1days 19% vs 30% ;
[11] comparative artial nenhrectom retroperitoneoscopic: with shorter OT,
study P P Y 255 min shorter LOS and
fewer complications
Technically
) 19.2% demanding
Esposito et al. Refrospective (urinomas, urinary procedure with
[12] stuF:i n=52;LPN Median age: 5.1 years Median: 166 min Mean: 3.5days | leaks, recurrent | acceptable morbidity;
y urinary tract complications mostly
infections) managed
conservatively
De novo RAL shows good
Retrospective =47 RAL Vs Comparable or vesicoureteral overall outcomes, but
Herz etal. [13] analysis of S : ) refluxin25% | some reconstructive
prospective Iapar?:(?mlcu\;ss open 4 months—14.8 years |n1-21;os\i/;etc(13 ;osr urrobeotlc- Not reported of robotic procedures may
cohort q gery heminephrectomy have higher
cases reintervention rates
Till etal. [14] Systematic Conventional Longer OT for MIS; Shorter LOS No significant '\ggyrZ:Léc:r?aTgesgzal
review laparoscopy vs LESS Not pooled RP longer than TP with MIS differences in but requires

complications

longer OTs

MIS — minimally invasive surgery; MIPN — minimally invasive paediatric nephrectomy; OPN - open paediatric nephrectomy; LPN - laparoscopic partial
nephrectomy; RAL - robot-assisted laparoscopic surgery; TP — transperitoneal; RP — retroperitoneal; LESS - laparoendoscopic single-site surgery; LOS -
length of stay; OT — operative time
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Across the studies, MIS encompassed convention-
al laparoscopy and, in selected reports, robot-
-assisted approaches. Procedures included ne-
phrectomy and nephron-sparing surgery (partial
nephrectomy/heminephrectomy).

Primary outcomes
Operative time

Across the evidence in the table, OT differences

depended on the type of procedure and MIS modality.

— Minimally invasive paediatric nephrectomy (MIPN)
vs open nephrectomy: The meta-analysis
showed longer OT with MIPN (mean difference:
+21.62 min; p = 0.01), indicating shorter OT in the
open group [1].

— Partial nephrectomy (open vs laparoscopic):
In a multi-approach comparative cohort, open partial
nephrectomy (OPN) had a shorter median OT than
laparoscopic partial nephrectomy (LPN) (154.5 vs
190 min) [7].

— Approach within MIS (partial nephrectomy): LPN
demonstrated substantially shorter OT than
retroperitoneal (RP) (166.2 vs 255 min) [11].

— Transperitoneal (TP) vs RP laparoscopic
nephrectomy: OT was similar between approaches
(145 min for TP vs 156 min for RP), with no
significant between-group differences reported [10].

— Robotic vs laparoscopic partial nephrectomy:
robot-assisted laparoscopy (RAL) had longer OT
than LPN (234.68 + 58.02 vs 185.36 + 54.07 min;
p <0.001) [8].

— Large nephrectomy cohort: Novak et al. [2] reported
shorter mean OT in MIS compared with open
surgery (165 + 107 vs 197 + 97 min), highlighting
that OT patterns were not uniform across datasets
and may reflect the case-mix and selection.

Length of stay

LOS most consistently favoured MIS in MIS—open
comparisons, while differences between MIS variants
were technique-dependent:

— MIPN vs open nephrectomy: The meta-analysis
demonstrated a significantly shorter LOS with
MIPN (mean difference: —2.16 days; p <0.0001) [1].

— Partial nephrectomy (open vs MIS approaches):
LOS was shorter with MIS approaches compared
with OPN in the multi-approach cohort (median
LOS: 3 days for OPN vs 1 day for LPN; additional
MIS arms reported) [7].

— Approach within MIS: LPN had a shorter LOS than
RP (3.5 vs 4.1 days) [11].

— Robotic vs laparoscopic partial nephrectomy: RAL
had a shorter LOS than LPN (7.3 £ 1.7 vs 9.5 £3.3
days; p <0.001) [8].

— TP vs RP laparoscopic nephrectomy: LOS was
identical (median: 2 days in both groups; range 1-3
days) [10].

Secondary outcomes
Complications and conversions

Overall complication rates were generally comparable
between MIS and open surgery in aggregated analyses,
with notable variation by specific technique and
procedure:

— MIPN vs open nephrectomy: No significant
difference found in perioperative complications
(OR: 0.80; p=0.62) [1].

— LPN (single-arm): Complications occurred in 10/52
(19.2%), predominantly urinomas and prolonged
urinary leaks, with 0 conversions reported [12].

— LPN vs RP (partial nephrectomy): Complications
were more frequent with RP (30%) than with LPN
(19%) [11].

— TP vs RP laparoscopic nephrectomy: No
intraoperative  complications were reported,
3 conversions occurred in the TP group (4%) and
none in the RP group [10].

— Multi-approach ~ partial nephrectomy cohort:
Postoperative complications occurred in 6/59
(10.2%), all Clavien—Dindo grade 2 events [7].

— Robotic vs laparoscopic partial nephrectomy:
Complications were rare (0/22 in RAL vs 1/83 in
LPN) [8].

— Robotic reconstructive outcomes: In the robotic
series analysis, vesicoureteral reflux developed
de novo in 4/19 (25%) cases after robotic
heminephrectomy, with some requiring
reintervention [13].

Transfusion, analgesia and costs

Selected studies reported differences in resource

utilization:

— In the large nephrectomy cohort, open surgery was
associated with an increased risk of transfusion
compared with MIS [2].

— Inthe TP vs RP laparoscopic comparison, opioid use
beyond 24 hours was low and similar (3% in both
groups) [10].

— In the robotic versus laparoscopic partial
nephrectomy comparison, RAL incurred higher
hospitalization expenses than LPN (5.30 + 2.63 vs
2.67 +2.16 years; p <0.001) [8].

DISCUSSION

Over the last two decades, paediatric renal extirpative
surgery has progressively transitioned from pre-
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dominantly open approaches to a spectrum of
minimally invasive strategies, including conventional
laparoscopy (transperitoneal or retroperitoneal), LESS
and robot-assisted techniques. The current evidence
base, largely retrospective and  frequently
heterogeneous in terms of indications and procedural
type (total nephrectomy vs heminephrectomy/partial
nephrectomy), supports the overall feasibility
and short-term safety of MIPN and hemine-
phroureterectomy, with the most consistent clinical
signal being shorter hospitalization time compared with
open surgery, while OT may increase depending on
approach and learning curve.

Open versus minimally invasive nephrectomy:
Population-level and comparative evidence

Large administrative and institutional datasets
reinforce the thesis that MIPN can be delivered with
acceptable perioperative outcomes, but interpretation is
limited by confounding due to age, body size, case
complexity and selection. Novak et al. [2] examined
2,629 paediatric total nephrectomies and reported that
open surgery was associated with longer OT and higher
transfusion risk, while the benefits of minimally
invasive approaches appeared more evident beyond
infancy. Such findings are clinically plausible, yet they
should be viewed through the lens of substantial
baseline differences between cohorts, including
younger age in children managed with open surgery,
which may reflect the surgeon’s preference and
anatomical constraints rather than true technique-
-related disadvantages.

Earlier comparative work focussed specifically on
benign disease also supports a length-of-stay advantage
with minimally invasive access. Ku et al. [15]
compared retroperitoneal laparoscopic versus open
nephrectomy/nephroureterectomy in children with
benign renal disease and found successful completion
of laparoscopic cases without conversion, no major
perioperative complications and a significantly shorter
median hospital stay for laparoscopy (2.5 vs 4 days).
This pattern — comparable safety with shorter
hospitalization time — has remained remarkably
consistent across eras, despite advancements in
perioperative care that may reduce absolute LOS
in both groups.

Duplex systems and heminephroureterectomy:
Laparoscopy versus open surgery

Duplex collecting system anomalies represent
a frequent indication for heminephrectomy/hemi-
nephroureterectomy, and this subgroup has distinct
technical risks, including ureteral stump complications,
urinary leakage and injury to the functioning
(“innocent”) moiety. In a comparative series, Garcia-
-Aparicio et al. [16] evaluated laparoscopic versus open
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heminephroureterectomy for duplex anomalies and
reported no conversions and no complications in either
group, with a significantly shorter hospital stay for the
laparoscopic cohort (approximately 2.44 vs 4.38 days),
while OTs were not statistically different. Although
limited by a small sample size and retrospective design,
this study provides direct evidence within a single
indication that the postoperative recovery advantage of
laparoscopy may be obtained without compromising
short-term safety.

Longer-term outcomes are less frequently reported but
particularly important in duplex surgery, where
preservation of the remaining moiety is central. You
et al. [17] specifically analysed late outcomes after
laparoscopic heminephrectomy in children with duplex
kidneys. In their cohort, laparoscopic procedures were
completed as planned, and remnant pole function was
preserved in most patients; however, they documented
rare but clinically meaningful adverse outcomes,
including complete functional loss of the remnant pole
in one case and prolonged urine leakage related to
a refluxing ureteral stump in another. Importantly, they
emphasized that functional impairment may not be
readily apparent intraoperatively, supporting routine
postoperative functional assessment (e.g. nuclear
scintigraphy) when clinically appropriate. These
observations underscore a key principle: excellent
short-term recovery metrics do not eliminate the need
for vigilance regarding late functional endpoints.

In real-world practice, duplex systems are often
accompanied by lower urinary tract pathology (e.g.
reflux, ureterocele or ectopic ureter) and recurrent
infection, factors that can influence both the choice
of procedure and the risk of persistent symptoms.
Institutional longitudinal experience in “complicated
duplex kidney” management further highlights that
outcomes depend not only on the extirpative technique,
but also on the comprehensive management of
associated anomalies and judicious selection between
upper-tract and alternative reconstructive strategies
[18].

Access route: Transperitoneal versus
retroperitoneal considerations

The choice of access route remains an area where the
surgeon’s experience and patient-specific anatomy may
outweigh consistent outcome differences. Bhandarkar
et al. [10] reported comparable perioperative morbidity
between transperitoneal and retroperitoneal approaches
in paediatric laparoscopic nephrectomy, with similar
distributions of LOS and OT. Complementary
evidence from retroperitoneal series supports
retroperitoneoscopy as a viable option for paediatric
nephrectomy and partial nephrectomy in appropriately
selected cases, particularly when it is desirable to avoid
intraperitoneal dissection [19]. Collectively, these data
suggest that the “best” route is often the one that
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optimizes exposure and safety for a given child in
a given centre, rather than a universally superior
approach.

Partial nephrectomy/heminephrectomy:
Complexity, platform and complication profile

Partial nephrectomy and heminephrectomy are
intrinsically more complex than total nephrectomy due
to segmental vascular anatomy and the need for
meticulous parenchymal transection and preservation
of the functioning moiety. Across platforms, typical

complications include urinoma/urine leak,
postoperative fluid collection and ureteral stump-
-related morbidity.

Esposito et al. [12] reported LPN outcomes with
meaningful complication rates in paediatric duplication
anomalies, emphasizing that complications were
frequently manageable conservatively but nonetheless
clinically relevant. In their comparative multicentre
analysis, transperitoneal LPN demonstrated shorter OT
and LOS relative to retroperitoneoscopic partial
nephrectomy, with a higher frequency of complications
in the retroperitoneoscopic group [11]. While these
findings may reflect differences in case selection and
surgeon experience, they indicate that approach-
-specific nuances matter in partial nephrectomy and
that “minimally invasive” should not be treated as
a homogeneous exposure category.

Robotic assistance has been adopted to address
technical challenges in paediatric partial nephrectomy
by improving dexterity and suturing capability, but it
introduces platform-related trade-offs. Mason et al.
[20] reported a relatively large series of paediatric
robotic-assisted LPN for nonfunctioning moieties in
duplicated systems, describing low major complication
rates but a notable incidence of asymptomatic
postoperative fluid collection on early imaging; they
also observed that closure of the resection defect was
associated with less fluid collection. These details are
clinically important because they connect a modifiable
intraoperative step (defect closure) to a measurable
postoperative finding, and they illustrate how robotic
surgery may facilitate reconstructive manoeuvres that
potentially mitigate approach-specific sequelae.
Similarly, Malik et al. [21] evaluated paediatric robot-
-assisted laparoscopic heminephrectomy in duplicated
systems and reported favourable perioperative metrics
and preserved remaining moiety function in their
experience, while noting that secondary procedures
(e.g. ureterectomy) may be required in a subset due to
refluxing ureteral stump-related infection. This aligns
with a broader understanding that ureteral stump
management is not merely a technical detail, but
a determinant of late morbidity and reintervention risk
in duplex surgery.

A focussed comparative analysis across multiple
minimally invasive approaches for paediatric partial
nephrectomy in duplication anomalies (including open,
laparoscopic, retroperitoneoscopic and LESS) also
suggests that minimally invasive techniques can reduce
hospitalization and analgesic requirements without an
obvious penalty in short-term safety, although residual
confounding and approach heterogeneity persist [7].
More recent evidence continues to highlight the
balance between improved recovery and increased
resource utilization: Wang et al. [8] found shorter
hospitalization but longer OT and substantially higher
hospitalization costs with robot-assisted LPN
compared with laparoscopy. Therefore, the decision to
use robotics should be individualized and
contextualized according to institutional capability,
surgeon experience and health/economic constraints
rather than based solely on marginal differences in
LOS.

A contemporary review of robot-assisted LPN for renal
duplication anomalies further synthesizes available
series and underscores persistent limitations: small
cohorts, technique variability, inconsistent reporting of
functional outcomes and the need for standardized
endpoints [22]. This type of synthesis is useful for
framing what is known (feasibility and generally
acceptable short-term safety) and what remains
uncertain (comparative effectiveness, durability of
renal function preservation and patient-centred
outcomes).

LESS versus conventional laparoscopy: Cosmesis
versus efficiency

LESS has been explored to optimize cosmesis by
minimizing visible scars, but its incremental clinical
benefit over standard laparoscopy is debated. Tam
et al. [23] compared LESS nephrectomy/hemi-
nephroureterectomy performed with a standard
laparoscopic setup to conventional laparoscopy in
children and found similar postoperative analgesic
requirement and hospital stay between groups;
however, OT was significantly longer for LESS
nephrectomy, and conversion occurred in one
technically challenging case. These findings support
the view that while LESS can be safe and cosmetically
appealing, it may impose an efficiency penalty that is
relevant in paediatric anaesthesia exposure and
operating room utilization, especially outside highly
selected cases.

Consistent with these data, broader reviews emphasize
that conventional laparoscopy remains the benchmark
MIS for paediatric nephrectomy and heminephrectomy,
whereas LESS and robotic surgery frequently prolong
OT and increase costs without demonstrating uniform,
clinically meaningful superiority in outcomes [14].
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Methodological considerations and future
directions

Across indications, a recurrent pattern emerges:
minimally invasive approaches — whether laparoscopic,
retroperitoneoscopic or robotic — tend to provide faster
postoperative recovery as reflected by shorter
hospitalization, while open surgery may offer
advantages in operative efficiency and resource
utilization in selected contexts. However, strong causal
conclusions remain limited due to confounding
(notably age and body size) factors and inconsistent
outcome reporting. In duplex-system surgery
specifically, short-term metrics must be interpreted
alongside the unique risks of residual ureteral stump
morbidity and remnant moiety functional compromise
outcomes that may occur late and may not be fully
captured by complication rates alone [17,21].

Future studies in paediatric nephrectomy should focus
on four priorities: a) standardized definitions of
complications, including urinoma, perirenal fluid
collections and distal ureteral stump syndrome;
b) consistent reporting of functional outcomes of the
remaining renal moiety, preferably with imaging-based
functional assessment when indicated; c) appropriate
risk adjustment for age, body weight, renal anatomy
and associated anomalies; and d) the inclusion of
patient-centred outcomes, such as postoperative pain,
time to return to normal activity and validated cosmetic
satisfaction measures. Until such data are available,
the selection of surgical approach should rely on
careful patient stratification, institutional expertise and
a balanced consideration of operative -efficiency,
resource utilization and the technical precision required
to preserve residual renal function.

CONCLUSIONS

1. Overall outcomes: Minimally invasive paediatric
nephrectomy is feasible and typically shortens

hospital  stay, with overall perioperative
complication rates broadly comparable to open
surgery.

2. Operative time: Differences in the duration of
procedures are heterogeneous and driven by
procedure type, access route and the surgeon’s
experience; efficiency should therefore be in-
terpreted in the context of institutional expertise
and patient complexity.

3. Patient selection and procedure-specific risk:
In infants, very small children and duplex systems
requiring partial nephrectomy or heminephrectomy,
the benefits of MIS are less uniform and must be
weighed against risks to the ureteral stump and
remnant renal function, with structured functional

follow-up.
4. Advanced techniques: Robotic-assisted and
laparoendoscopic  single-site  approaches may

improve dexterity and cosmesis in selected cases,
but involve trade-offs in OT and resource use; until
higher-quality comparative data mature, the
selection of an approach should remain
individualized.

Conflict of interest

The authors declare no conflict of interest.

Authors’ contribution
Study design - E. Mazul-Kulesza, B. Pietrzyk

Data collection — E. Mazul-Kulesza, J. Mikotajczyk, A. Joniec, T. Fajferek, W. Pierzchata

Manuscript preparation — E. Mazul-Kulesza, T. Fajferek, J. Mikofajczyk
Literature research — T. Fajferek, A. Joniec, W. Pierzchata

Final approval of the version to be published — E. Mazul-Kulesza, J. Mikotajczyk, A. Joniec, T. Fajferek, W. Pierzchata, B. Pietrzyk

REFERENCES

1. Calvillo-Ramirez A, Chew L, del Rio-Martinez CJ, Casas-Huesca AP,
Lopez PJ, Moldes J. Minimally invasive partial nephrectomy versus open
surgery in pediatric patients with duplex collecting system: A systematic
review and meta-analysis. J Pediatr Urol. 2025;21(4):942-949. doi:
10.1016/j.jpurol.2025.04.001.

2. Novak AG, Mason MD, Tracey AJ, Villanueva JA. Factors
modulating the post-operative course in minimally invasive and open
pediatric nephrectomy for non-malignant indications. J Pediatr Urol.
2025;21(6):1793-1800. doi: 10.1016/j.jpurol.2025.06.013.

3. Chandrasekharam VVS, Babu R. A systematic review and meta-
-analysis of conventional laparoscopic versus robot-assisted laparoscopic
pyeloplasty in infants. J Pediatr Urol. 2021;17(4):502-510. doi:
10.1016/j.jpurol.2021.03.009.

414

4. Bowlin PR, Farhat WA. Laparoscopic nephrectomy and partial
nephrectomy: intraperitoneal, retroperitoneal, single site. Urol Clin North
Am. 2015;42(1):31-42. doi: 10.1016/j.ucl.2014.09.012.

5. Gobbi D, Midrio P, Gamba P. Instrumentation for minimally
invasive surgery in pediatric urology. Transl Pediatr. 2016;5(4):186-204.
doi: 10.21037/tp.2016.10.07.

6. Bozkurt P, Kaya G, Yeker Y, Tunali Y, Altintas F. The
cardiorespiratory effects of laparoscopic procedures in infants.
Anaesthesia. 1999;54(9):831-834. doi: 10.1046/j.1365-
2044.1999.00945 x.

7. Neheman A, Kord E, Strine AC, VanderBrink BA, Minevich EA,
DeFoor WR, et al. Pediatric Partial Nephrectomy for Upper Urinary Tract
Duplication Anomalies: A Comparison Between Different Surgical



Ann. Acad. Med. Siles. (Online) 2026, 80, 407-415

Approaches and Techniques. Urology. 2019;125:196-201. doi:
10.1016/j.urology.2018.11.026.

8. Wang S, WulJ, He W, Chen J, Yang J, Tang K, et al. Transperitoneal
robotic-assisted versus laparoscopic partial nephrectomy for renal
duplication: a comparative clinical analysis. Sci Rep. 2025;15(1):10286.
doi: 10.1038/s41598-025-94019-9.

9. Baethge C, Goldbeck-Wood S, Mertens S. SANRA—a scale for the
quality assessment of narrative review articles. Res Integr Peer Rev.
2019;4:5. doi: 10.1186/s41073-019-0064-8.

10. Bhandarkar KP, Paul A, Mishra P, Taghizadeh A, Garriboli M.
Perioperative morbidity of paediatric laparoscopic nephrectomy by
transperitoneal and retroperitoneal approaches — any difference? Scand J
Urol. 2021;55(3):257-261. doi: 10.1080/21681805.2021.1908419.

11. Esposito C, Escolino M, Miyano G, Caione P, Chiarenza F,
Riccipetitoni G, et al. A comparison between laparoscopic and
retroperitoneoscopic approach for partial nephrectomy in children with
duplex kidney: a multicentric survey. World J Urol. 2016;34(7):939-948.
doi: 10.1007/s00345-015-1728-8.

12. Esposito C, Varlet F, Patkowski D, Castagnetti M, Escolino M,
Draghici IM, et al. Laparoscopic partial nephrectomy in duplex kidneys in
infants and children: results of an European multicentric survey. Surg
Endosc. 2015;29(12):3469-3476. doi:10.1007/s00464-015-4096-y.

13. Herz D, Smith J, McLeod D, Schober M, Preece J, Merguerian P.
Robot-assisted laparoscopic management of duplex renal anomaly:
Comparison of surgical outcomes to traditional pure laparoscopic and open
surgery. J Pediatr Urol. 2016;12(1):44.e1-7. doi: 10.1016/j.jpurol.2015.04.046.
14. Till H, Basharkhah A, Hock A. What’s the best minimal invasive
approach to pediatric nephrectomy and heminephrectomy: conventional
laparoscopy (CL), single-site (LESS) or robotics (RAS)? Transl Pediatr.
2016;5(4):240-244. doi: 10.21037/tp.2016.09.01.

15. Ku JH, Yeo WG, Choi H, Kim HH. Comparison of retroperitoneal
laparoscopic and open nephrectomy for benign renal diseases in children.

Urology. 2004;63(3):566-570; discussion 570. doi:
10.1016/j.urology.2003.11.040.

16. Garcia-Aparicio L, Krauel L, Tarrado X, Olivares M, Garcia-Nufiez
B, Lerena J, et al. Heminephroureterectomy for duplex kidney: laparoscopy
versus open surgery. J Pediatr Urol. 2010;6(2):157-160. doi:
10.1016/j.jpurol.2009.07.009.

17. You D, Bang JK, Shim M, Ryu DS, Kim KS. Analysis of the late
outcome of laparoscopic heminephrectomy in children with duplex
kidneys. BJU Int. 2010;106(2):250-254. doi:  10.1111/j.1464-
410X.2009.09038.x.

18. Paraboschi I, Farneti F, Mantica G, Kalpana P, Tagizadeh A, Anu P,
et al. Surgical management of complicated duplex kidney: A tertiary
referral centre 10-year experience. Afr J Paediatr Surg. 2023;20(1):51-58.
doi: 10.4103/ajps.ajps_139_21.

19. Al-Hazmi HH, Farraj HM. Laparoscopic retroperitoneoscopic
nephrectomy and partial nephrectomy in children. Urol Ann.
2015;7(2):149-153. doi: 10.4103/0974-7796.150493.

20. Mason MD, Anthony Herndon CD, Smith-Harrison LI, Peters CA,
Corbett ST. Robotic-assisted partial nephrectomy in duplicated collecting
systems in the pediatric population: techniques and outcomes. J Pediatr
Urol. 2014;10(2):374-379. doi: 10.1016/j.jpurol.2013.10.014.

21. Malik RD, Pariser JJ, Gundeti MS. Outcomes in Pediatric Robot-
-Assisted Laparoscopic Heminephrectomy Compared with Contemporary
Open and Laparoscopic Series. J Endourol. 2015;29(12):1346-1352. doi:
10.1089/end.2014.0818.

22. Batra NV, Dangle P. A review of robotic-assisted laparoscopic partial
nephrectomy in the management of renal duplication anomalies. Front
Surg. 2024;11:1364246. doi: 10.3389/fsurg.2024.1364246.

23. Tam YH, Pang KK, Tsui SY, Wong YS, Wong HY, Mou JW,
et al. Laparoendoscopic single-sitt nephrectomy and hemine-
phroureterectomy in children using standard laparoscopic setup versus
conventional  laparoscopy.  Urology.  2013;82(2):430—435.  doi:
10.1016/j.urology.2013.02.057.

415



