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Reporting the Impact of Pelvicalyceal System

(PCS] Anatomy on Clinical Outcomes in Retrograde
Intrarenal Surgery (RIRS] Studies: Can We Do Better?
- Methodological Review from the Section of EAU
Endourology

ABSTRACT

To analyze available randomized clinical trials (RCTs) comparing retrograde intra-
renal surgery (RIRS) with other modalities for urinary stone treatment to determine
the extent of comparing the pelvicalyceal system (PCS) anatomy between patients.
In December 2024, a search was conducted in databases and was limited to publica-
tions that describe comparisons of experimental and control groups in the context of
RIRS for stones only in the kidney (PCS). Only RCTs comparing RIRS with other modali-
ties without publication date restriction were included due to their highest level of
evidence in the hierarchy of primary research. The parameters used in the selected
studies were analyzed to compare the differences between the groups, focusing on
PCS anatomy. The final analysis included 27 publications from 2421 articles. The pres-
ence and/or degree of hydronephrosis were analyzed in 8 studies. Direct morphomet-
ric measurements were compared in 4 studies and were focused on the lower pole
only, namely the infundibulopelvic angle, infundibular length, and infundibular width.
Features such as the position of the renal pelvis in relation to the kidney parenchyma
(intrarenal, extrarenal), number and orientation of calyces, as well as the existing PCS
classifications were not compared or used. This review shows gaps in the literature
while assessing and reporting on PCS anatomy in studies with RIRS. Unless studies
mention these anatomical factors without excluding certain groups of patients, it is
difficult to compare outcomes between modalities and in between studies.
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Introduction

Retrograde intrarenal surgery (RIRS) is integral to kidney stone treatment. Despite the con-
stant modernization of flexible ureteroscopes and the expansion of their indications, many
factors, including operator-related, intervention-related, and patient-related factors, contrib-
ute to the success of this procedure."? The latter, in turn, are divided into modifiable and non-
modifiable factors, which are not unique to RIRS and underlie medical practice as a whole.?
The pelvicalyceal system (PCS) is a highly variable anatomical zone and one of the non-mod-
ifiable factors, the analysis of which is fundamental in choosing a surgical strategy and pre-
dicting the success of treatment of renal calculi and associated complications.* On the other
hand, according to the latest guidelines, RIRS is recommended as a first-line approach when
treating <2 cm stones, especially those located in the lower pole with unfavorable anatomy
for extracorporeal shockwave lithotripsy (ESWL).> Among primary studies, randomized con-
trolled trials (RCTs) are the most reliable and determine the level of evidence for specific
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statements in clinical recommendations. Randomized controlled
trials are based on the randomization of patients to minimize selec-
tion biases; therefore, special attention in all original studies is given
to comparing various factors between groups.® Despite the impor-
tance of this step, there is no attempt to analyze the methodology
of RIRS-related RCTs, namely the comparison of patients’ PCS anat-
omy, before stating the absence of any differences between patients.
Considering the above, the purpose of this methodological review
is to analyze available RCTs comparing RIRS with other treatment
modalities, to determine the extent of comparison of PCS anatomy
between patients.

Materials and Methods

Search

In December 2024, a search was conducted in databases including
PubMed, Google Scholar, Scopus, and clinicaltrials.gov using Boolean
operators and the following search terms: “retrograde intrarenal sur-
gery,” “RIRS,” “Flexible ureteroscopy,” “fURS,” and “Ureteroscopy.” The
search was limited explicitly to publications that describe compari-
sons of experimental and control groups in the context of RIRS for
stones only in the kidney (PCS).

Inclusion Criteria

We searched for English-language papers with full article accessibil-
ity, randomized studies, descriptions of pre-procedural set-up and
preoperative imaging modalities used, and surgery-related metrics
(stone-free rate (SFR), operative time, fluoroscopy time, complication
rate, retreatment rate, auxiliary procedure rate). To reduce the search
volume without losing the representativeness of the results, only
RCTs comparing RIRS with other modalities without publication date
restriction were included due to their highest level of evidence in the
hierarchy of primary research.

Exclusion Criteria

Non-English written and inaccessible papers, non-RCTs and other
study designs, and a lack of information about surgery-related
metrics.

Studies Process

Two reviewers (A.T. and E.M.) independently identified all papers. All
studies fitting the inclusion criteria were selected for full review. If
there was a disagreement or discrepancy, the senior author (B.K.S.)
made the final decision.

MAIN POINTS

- Pelvicalyceal system (PCS) represents a non-modifiable risk fac-
tor for all endourological procedures.

« Despite the large number of retrograde intrarenal surgery—
related randomized clinical trials (RCTs) and their usage as the
most reliable data, there is still no consensus about the compar-
ison of PCS of patients to more accurately claim the full absence
of differences between the compared groups.

« Standardized protocols for evaluating and reporting on PCS
will improve reporting and comparison while helping clinicians
make better treatment choices and informed decision-making
with patients.
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Data Extraction and Analysis

We analyzed the parameters used in the selected studies to com-
pare the differences between the groups, focusing on PCS anatomy.
These parameters were taken either from the “Materials and meth-
ods” section or related tables and grouped according to the spe-
cific characteristics of PCS as a whole or its separate compartments,
namely: presence and/or stage of hydronephrosis, pelvic branch-
ing, and position (intrarenal, extrarenal) related to the parenchyma,
whether a literature classification system was used, the number and
orientation of minor calyces, the level of their grouping, and direct
measurements (angles, length, width, etc.). The use of specialized
nomograms was also analyzed based on the stone’s location in spe-
cific PCS. Finally, if there were any indications in the articles that the
authors studied the anatomy of the PCS of recruited patients (e.g.,
exclusion of cases with anomalous kidneys, intraoperative charac-
terization), then this fact was noted in a separate column in the table.
The review was reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to
ensure transparency and comprehensive examination of the topic.

Results

Following the inclusion criteria in the literature search, the final anal-
ysis included 27 publications from 2421 articles (Figure 1). Among
them, RIRS was compared only with ESWL, only with 1 percutane-
ous modality, with different percutaneous modalities, with both
ESWL and a percutaneous modality, and in combination with other
modalities in 5’9,12,14,15,33 'I7’7,8,13,16-18,20-23,25,27-32 1’24 3"\1,19,26 and 1'° stud-
ies, respectively (Table 1). 12 studies were focused on inferior pole
calculi.>111217-202123.243033 The number of participants in the RIRS arm
varied from 11 to 207.'%% Pros and cons of RIRS over other modali-
ties were found to be controversial. Operative time was better, non-
inferior, or worse than ESWL or different percutaneous approaches in
0/3/3 and 5/10/4 studies, respectively. Fluoroscopy time was better,
non-inferior, or worse in 1/0/1 and 8/1/1 studies. SFR rate was better,
non-inferior, or worse in 5/3/0 and 1/12/8 studies.

According to the analysis, ultrasound (US), kidney-ureter-bladder
(KUB) X-ray, intravenous urography (IVU), non-enhanced and
enhanced computed tomography (CT) were preoperatively per-
formed in 7, 6, 7, 21, and 5 studies, respectively (Table 2). Based
on them, hydronephrosis presence and/or degree were analyzed
in 8 studies. In 13 studies, authors compared stone localization
between groups and indicated PCS compartments as pelvis, supe-
rior, middle, and inferior poles. Moreover, in 2 studies, authors
compared the Seoul National University Renal Stone Complexity
(S-reSC) scores between groups, which is also based on stone loca-
tion in different PCS compartments.3* The authors investigated
and excluded cases with anomalous kidney anatomy in 18 stud-
ies. In 1 study, authors excluded cases with unfavorable lower pole
anatomy among patients with stones in this location; however, a
direct comparison between the control and experimental groups
was missed."” Direct morphometric measurements were compared
in 4 studies and were focused on the lower pole only, namely the
infundibulopelvic angle (IPA), infundibular length (IL), and infun-
dibular width (IW). Features such as the position of the renal pelvis
in relation to the kidney parenchyma (intrarenal or extrarenal), the
number and orientation of calyces, and the existing PCS classifica-
tions were not compared or used.
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Figure 1. Preferred reporting items for systematic reviews and meta-analyse flow diagram of literature search.

Discussion

Currently, endourological interventions have almost completely
replaced open surgery in the treatment of kidney stone disease.*®
Improved imaging techniques, instruments, and experience within
the urological community have undoubtedly facilitated this.*® Many
factors determine the outcome of the intervention and the reliability
of the results obtained, such as sample size of patients,” single-center
performance,' variability of equipment used in different centers,"
performance by the same operator,?’ various types and timing of
postoperative imaging,*' stone composition,® and others. However,
the specific characteristics of the patients themselves are also impor-
tant, which directly influence potential differences between groups
and may themselves determine the results obtained.'>'¢%

The anatomy of any organ is a non-modifiable aspect, unlike other
potential risk factors for failure during surgery. The importance of
the surgical anatomy of the collecting system may favor 1 procedure
over others, especially in the context of Mini PCNL and RIRS, when
comparing results.3' According to this review, 25 studies (92.6%)

generally investigated renal anatomy, and the remaining 2 articles
assessed the treatment results of staghorn stones or isolated upper
pole stones.’32 In the latter study, the anatomical assessment would
be helpful given the presence of upper-pole-based morphometric
features and the possibility of visualizing the rest of the non-affected
PCS, especially in the case of the presence of pelvic division into 2 or
more separate branches.?”

In most studies, the authors looked at the outcomes by excluding
renal anomalies or abnormal renal anatomy (18, 66.7% papers).
However, this leads to a slight bias in reporting and comparing stud-
ies. One study, when looking at the results of Mini PCNL and RIRS in
the management of solitary 1-2 cm stones, found inferior SFR among
lower pole calculi and attributed it to intraoperatively defined unfa-
vorable factors like IPA, IW, and IL.* Moreover, the study is 1 of 5 in
which the authors preoperatively used contrast-enhanced CT.

Another feature of PCS anatomy is its division into compartments
such as the pelvis, upper, middle, and lower poles to describe the
location of the stone. Of 14 studies that analyzed endourological
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outcomes, 11 had this description, but none provided any details
about the number and orientation of minor calyces. While this
detailed characterization of the PCS could be time-consuming, it
would help to understand the outcomes better. Also, considering the
various movements and muscles of the wrist and hand, these factors
can directly affect the ergonomics and results of RIRS.

Guglielmetti et al*® spoke about parameters extracted from CT
that could predict renal calyceal access during PCNL, and the only
independent predictive factor was the angle between the entrance
calyx and the desired calyx. Ricapito et al* stated that anterior and
posterior accesses in supine PCNL offer similar safety and efficacy,
and access is usually decided by surgeons when investigating PCS
anatomy, which confirms subjectivity in this aspect and requires an
objective comparison of at least anterior and posterior minor calyces
between groups.

Despite the main focus of this review on RIRS, a significant part of the
work was compared with percutaneous surgery. A potential solution
to this problem was mentioned in 2 works, where the authors used
the S-reSC when comparing patient characteristics. This is based on
stone location coupled with the orientation of affected calyces using
the frontal plane of the kidney.”*?* In turn, the problem of compar-
ing the number of minor calyces is more evident in studies involv-
ing patients with multiple stones, especially within various locations.
In the literature, controversies also exist on this question. Demirbas
et al*® concluded that RIRS is a more effective and reliable procedure
than PCNL, with higher SFRs and lower complication rates in treating
multi-calyceal and multiple stones in the same renal unit. In contrast,
Baran and Aykac stated the opposite opinion.*' As was shown by sev-
eral included studies in this review, such a scenario is an indepen-
dent risk factor for intervention failure.?>? Despite this, such studies
often lack clarification regarding the number and location of mul-
tiple stones. Only 1 study indicates different percentages of multiple
stones and multiple localizations of stones, which directly confirms
the hypothesis of the possibility of including patients with the same
stone burden but different complexity in a single group.™

The next most common anatomical sign is the presence and/or
grade of hydronephrosis. Wang et al*> showed that in the presence
of severe hydronephrosis, the postoperative urinary sepsis rate in
the RIRS group was as high as 15.4%, which was much higher than
the 1.5% rate observed in the S-PCNL group. Ergani et al** concluded
that the success of FURS will decrease as the grade of hydronephro-
sis increases to grade 2 or more, whereas Ozman et al* reported the
opposite results. These contradictions make it difficult to rule out
the impact of hydronephrosis on endourological outcomes defini-
tively. It seems prudent, therefore, to analyze this in future studies to
clearly understand its effect on the results of RIRS outcomes. Among
the analyzed studies, only 8 (29.6%) are provided with a comparison
of hydronephrosis between groups, while 5 of these relate to stud-
ies related to lower pole calculi (41.7%). In an overwhelming 96.3%
of studies (26/27), a pre-operative CT scan was used to determine
the hydronephrosis grade. One study was conducted using US and
IVU.” Also, some studies argue that CT are not always needed for PCS
anatomy, while others argue that they are helpful for anatomy and
predicting outcomes.*>#¢

In addition to the qualitative characteristics mentioned earlier,
there are also quantitative parameters for assessing PCS based on
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determining the IPA, IL, and IW. Only 4 of the included studies, all
focusing on lower pole calculi, provided such a comparison between
groups. However, the remaining 8 out of 12 studies (66.7%) did not
include these features. Some studies acknowledged the lack of this
data or correlation analysis.”?* Another study used specific cut-offs
for IPA, under 45 degrees, when comparing RIRS and ESWL for lower
pole stones between 1 and 2 cm.** However, they did not investigate
IL and IW, which affected outcomes. Bozzini et al'® excluded cases
with unfavorable lower pole anatomy (IPA <30° IL >10 mm, and IW<5
mm), leaving their influence on results uncertain.

Some authors directly cite steep IPA for converting RIRS to percuta-
neous surgery. However, they do not have any direct measurements
and are based only on their subjective opinion.®* According to other
studies, the SFR following RIRS for managing lower pole calculi was
worse than ultra-mini PCNL and mini PCNL.'** However, these stud-
ies did not compare anatomical factors and grade of hydronephrosis.
Moreover, the RIRS group contained significantly more patients with
multiple stones in 1 study.'®

A recent meta-analysis demonstrated that IPA is an independent
factor influencing the success of RIRS.*” However, the authors
state that high heterogeneity characterizes the analyzed studies,
partly due to different measurement approaches. All of the stud-
ies in this review that compare IPA between patients or use it to
exclude patients with steep angles lack information regarding the
measurement method used. Notably, these morphometric mea-
surements extend beyond the lower poles, enabling the determi-
nation of angles between various calyceal levels. As was shown
by Aminsharifi et al,* significant hydronephrosis coupled with an
upper calyx-lower calyx infundibular angle was associated with
a greater likelihood of stone scattering, which could potentially
affect the outcome of PCNL.

Finally, none of the studies used the different classifications of PCS
based on its branching or division site related to the kidney paren-
chyma. Literature suggests that these factors are of prognostic sig-
nificance. According to the Sampaio and Mandarim-De-Lacerda
nomenclature,* systems with crossed calyces draining the kidney
midzone (type A2) showed lower accessibility to minor calyces dur-
ing flexible ureteroscopy.* Kirecci et al*' drew similar conclusions,
finding that after RIRS, SFR was significantly lower in subgroup A2
(30.4%) and considerably higher in the subgroup with independent
drainage of midzone calyces to the pelvis (type B2). Type A2 type also
exhibited increased operative and fluoroscopy time.

To the authors’ knowledge, this is the first review to analyze PCS-
related anatomical factors in randomized studies that compare
RIRS with other endourological modalities. Most studies fre-
quently overlook independent risk factors such as the anatomy of
the PCS. While some exclude cases with abnormal anatomy and
stone location, studies also missed the degree of hydronephrosis
and morphometric measurements. Aspects such as pelvic divi-
sion and branching, calyceal number, and orientation were missed
despite data in the literature confirming their influence on RIRS
outcomes. Among studies on lower pole calculi, only 4 of 12 com-
pared the anatomy. Moreover, some authors use these parameters
to exclude patients with unfavorable anatomy or associate it with
conversion from RIRS to percutaneous surgery but fail to give
objective measurements.
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Future studies comparing or presenting data on outcomes of RIRS
should use a standardized protocol for assessing PCS anatomy to
highlight risk factors for surgical failure and reduce heterogeneity in
the reporting of studies, as well as when conducting meta-analyses
and updating the guidelines.

However, this review also has several limitations that should be men-
tioned. First, strict inclusion criteria were established, potentially
leading to the omission of similar RCTs. Secondly, randomized stud-
ies were included regardless of blinding, which could affect study
quality. Finally, other patient and stone-related features may also
be varied among studies but were not analyzed here and should be
investigated in future studies.

This review shows gaps in the literature while assessing and reporting
on PCS anatomy in studies with RIRS. Essential factors such as pelvic
division, branching patterns, and calyceal orientation are broadly not
mentioned. Despite influencing procedural outcomes, the presence
and degree of hydronephrosis and morphometric measurements
are often missed. Unless studies mention these anatomical factors
without excluding certain groups of patients, it is difficult to compare
outcomes between modalities and in between studies. Standardized
protocols for evaluating and reporting on PCS will improve report-
ing and comparison while helping clinicians make better treatment
choices and informed decision-making with patients.
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