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Abstract

Background: Retrograde intrarenal surgery (RIRS) has become the preferred treatment
modality for nephrolithiasis. However, because of ongoing uncertainties regarding the
optimal perioperative management, operative technique, and postoperative follow-up,
as well as a lack of standardization for outcome reporting, consensus is needed to
achieve more uniform clinical practice worldwide.
Objective: To develop recommendations for RIRS on the basis of existing data and expert
consensus.
Design, setting, and participants: A protocol-driven, three-phase study was conducted
by the European Association of Urology Section of Urolithiasis (EULIS) and the
International Alliance of Urolithiasis (IAU). The process included: (1) a nonsystematic
review of the literature to define domains for discussion; (2) a two-round modified
Delphi survey involving experts in this field; and (3) an additional group meeting and
third-round survey involving 64 senior representative members to formulate the final
conclusions.
Outcome measurements and statistical analysis: The results from each previous round
were returned to the participants for re-evaluation of their decisions during the next
round. The agreement threshold was set at 70%.
Results and limitations: The panel included 209 participants who developed 29 consen-
sus statements on the following topics of interest: (1) perioperative infection manage-
ment; (2) perioperative antithrombotic therapy; (3) fundamentals of the operative
technique; and (4) standardized outcome reporting. Although this consensus can be con-
sidered as a useful reference for more clinically oriented daily practice, we also acknowl-
edge that a higher level of evidence from further clinical trials is needed.
Conclusions: The consensus statements aim to guide and standardize clinical practice
and research on RIRS and to recommend standardized outcome reporting.
Patient summary: An international consensus on the best practice for minimally inva-
sive surgery for kidney stones was organized and developed by two international soci-
eties. It is anticipated that this consensus will provide further guidance to urologists
and may help to improve clinical outcomes for patients.
� 2021 European Association of Urology. Published by Elsevier B.V. All rights reserved.
1. Introduction

The prevalence of nephrolithiasis is increasing worldwide
[1,2]. Retrograde intrarenal surgery (RIRS), shockwave
lithotriopsy (SWL), and percutaneous nephrolithotomy
(PCNL) are the main modalities for the treatment of kid-
ney stones. While PCNL is preferred for larger stones (>2
cm), RIRS is a good treatment option that competes with
SWL for stones <2 cm [3]. Less invasive than PCNL but
with good stone-free rates (SFRs), RIRS has become
increasingly popular as advances in technology and tech-
nique have improved its outcomes. However, several
aspects of RIRS have been inadequately addressed in cur-
rent clinical practice guidelines, and some technical
details are not supported by large high-quality studies
[4,5]. Thus, there has been a lack of clarity among
endourologists as to which treatment recommendations
should be followed.
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In order to improve our understanding of the indications,
application, follow-up, and outcomes for RIRS, globally
applied consensus-based practice recommendations are
urgently needed. Therefore, the European Association of
Urology Section of Urolithiasis (EULIS) in collaboration with
the International Alliance of Urolithiasis (IAU) conceived a
project to develop consensus statements on RIRS.
2. Materials and methods

2.1. Literature review

The MEDLINE, Embase, and Scopus databases were searched for a non-

systematic review of the literature from 2010 to the present. The key-

words and Medical Subject Heading (MeSH) terms for the search

strategy were as follows: ‘‘retrograde intrarenal surgery’’, ‘‘RIRS’’, ‘‘flexi-

ble ureteroscopy’’, ‘‘fURS’’, ‘‘ureterorenoscopy’’, ‘‘URS’’, ‘‘ureteroscopy’’,

‘‘urolithiasis’’, ‘‘kidney stones’’, and ‘‘urinary tract stones’’, either alone

or in combination. Guidelines on urolithiasis from the European Associ-

ation of Urology (EAU), the American Urological Association (AUA), and

other associations were also included [3,6,7]. The findings from the non-

systematic review provided the basis for the questions for voting in the

Delphi survey and consensus meeting.
Table 1 – Characteristics of the 209 experts

Parameter Result

Gender, n (%)
Male 197 (94.2)
Female 12 (5.8)

Location of practice, n (%)
Asia 61 (29.2)
2.2. Implementation of the two-round modified Delphi survey

The project was carried out using a three-phase process based on the

modified Delphi method, with the intent of promoting anonymity, con-

trolling the influence of dominant or perceived authoritative voices, and

providing controlled feedback to participants [8].

After completion of the literature review, a project steering commit-

tee was established that comprised an international and key member

panel of 64 experts from EULIS and IAU, including two chairpersons

(K.S. and G.Z.). This steering committee worked together to develop

and modify a series of questions or statements relating to potential man-

agement strategies on the basis of their knowledge of the field. They rec-

ommended the names of known authoritative experts in the field

according to a dedicated literature search or peer recommendations,

with attention to geographic diversity to ensure representation of a

well-distributed international experience. Finally, a total of 211 experts

were invited, 209 of whom completed an anonymous online question-

naire via e-mail. Informed consent was obtained from the participants.

On the basis of prior studies and consensus method research, the

‘‘consensus agreement’’ level was fixed at 70% of participants [9]. For

each question, the Delphi process was stopped either when agreement

was reached or after completion of the second round. During the first

round, participants were invited to suggest additional items for inclusion

in the second round. When necessary, questions were iteratively revised.

The results of the first-round survey were compiled and resent to the

same participants, who were then asked to revisit their choices. Only

the experts who had completed the first-round survey were invited to

join the second round.

Europe 122 (58.4)
North America 10 (4.8)
South America 12 (5.7)
Africa 4 (1.9)

Annual number of RIRS procedures, n (%)
<30 54 (26)
30–50 34 (16)
50–100 59 (28)
100–150 29 (14)
150–200 12 (6)
>200 21 (10)

RIRS = retrograde intrarenal surgery.
2.3. Consensus meeting and the third-round Delphi survey

After completion of the second round, an online consensus panel meet-

ing was held with the participation of 16 members from the project

steering committee to review the topics on which consensus was

reached and to further discuss and reach consensus on those topics for

which consensus was not reached after the second-round survey. These

discussions were used to formulate and further refine these questions,

which were then resent to the project steering committee with 64 key
members as the third round of the Delphi survey. Using the same con-

sensus threshold, a final list of consensus statements was developed

and ratified by participants.

3. Results

3.1. Two-round Delphi survey and consensus panel meeting

Among 211 experts invited to participate, 209 completed
the first-round survey. After the second round, the response
rate was 97.6% (204/209). Table 1 summarizes the charac-
teristics of the 209 participants. Consensus was reached
after round 2 for 25 out of 33 questions (75.8%). The remain-
ing eight questions required further discussion. Following
the third-round survey, consensus was also reached for four
of these eight questions. Overall, agreement was achieved
for 29 out of 33 statements (87.9%). The whole consensus
survey is summarized in Figure 1.

3.2. Principal findings for the consensus topics

The detailed results for all statements are summarized in
Table 2.

3.2.1. Preoperative evaluation and preparation
The panel did not recommend RIRS as the first option for
stones >20 mm in size. The consensus panel proposed use
of the largest diameter as a stone burden surrogate,
although multiple alternatives are available. Noncontrast
computed tomography (NCCT) was routinely recommended
for preoperative imaging. Contrast-enhanced studies, such
as intravenous urography and contrast-enhanced CT, were
not recommended as routine investigations before RIRS.

For patients with a positive preoperative midstream
urine (MSU) culture, 4–7 d of antibiotic treatment was
deemed to be sufficient. The choice of antibiotic should be
based on the culture-antibiogram findings. However, con-
sensus was not reached regarding the necessity to repeat
the culture before RIRS to assure sterile urine. For asymp-
tomatic patients with a negative MSU but positive urine
dipstick/urinalysis, the panelists could not reach consensus
on the optimal management.

Another critical issue was the optimal timing of discon-
tinuation of antiplatelet or anticoagulant agents. In this Del-
phi survey, agreement was reached that clopidogrel should
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Fig. 1 – Overview of the development of the consensus statement. RIRS = retrograde intrarenal surgery.
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be stopped at least 5–7 d before surgery. The need for bridg-
ing therapy should be based on the patient’s thromboem-
bolic risk. Consensus outcomes revealed that there was no
need to stop aspirin before RIRS. It was recommended that
warfarin should be discontinued 3–5 d before surgery, as
well as dabigatran, rivaroxaban, and apixaban. However,
no consensus was reached on the need for bridging therapy,
and it was agreed that this should be decided according to
an individual patient’s circumstances.
3.2.2. Surgical procedure
Routine ureteral stenting was deemed unnecessary before
RIRS. The panel concluded that pretreatment insertion of a
ureteral stent is advisable only if a ureteroscope and/or
ureteral access sheath (UAS) could not previously be placed
through a narrow intramural ureter. In such cases requiring
preliminary stenting, RIRS should ideally be carried out
after 1–3 wk. In general, the experts agreed that use of a
UAS was preferable, except in the case of small stones. Ide-
ally, the tip of the UAS should be placed 1–2 cm below the
ureteropelvic junction. Among panel members, 71% recom-
mended initial semirigid ureteroscopy before UAS insertion
in order to evaluate and/or dilate the ureter. In addition, uti-
lization of a safety guidewire is generally advised.

Panelists were also queried regarding their preferences
for laser lithotripsy techniques. A combination of dusting
and fragmentation was considered optimal by most respon-
dents. However, some experts preferred a single technique,
either dusting, fragmentation, or the popcorn technique.
The panel agreed that an appropriate dusting procedure
involved the creation of fragments smaller than 2 mm.

A variety of irrigation systems are available, such as
automatic pressured irrigation pumps, gravity-based bag
irrigation, and hand-operated irrigation. However, no con-
sensus was reached regarding the optimal irrigation system.

The consensus panel recommended placement of inter-
nal ureteral stent at the conclusion of the procedure in most
cases. In procedures with no ureteral injuries, removal of
the stent within 1–2 wk was recommended.

When a staged RIRS is planned, the minimum interval
between two sessions should be 4 wk to allow adequate
time for effective fragment expulsion. The panel did not
believe that a-blockers effectively increase the spontaneous
passage of stone fragments. However, participants reached
agreement that these agents could reduce stent-related
symptoms and increase tolerability. The majority of the par-
ticipants (87%) recommending using a-blockers for 3–4 wk
after RIRS.
3.2.3. Standardization of outcome reporting
The panel agreed that a case should be considered ‘‘stone-
free’’ in the absence of any residual stone or with the pres-
ence only of small residual fragments detected with NCCT.
For residual fragments, a cutoff of 2 mmwas recommended.
The ideal time to evaluate stone clearance was thought to
be 3 mo postoperatively. The operative time was defined
as the duration from insertion of an endoscope into the ure-
thra to its removal from the urethra. It was advised to avoid
a total operative time exceeding 90 min.
4. Discussion

While RIRS continues to be favored as a promising and less
invasive alternative in the management of moderate-sized
kidney stones, clinicians should be aware of the ongoing
uncertainty and controversies regarding several aspects of



Table 2 – Summary of statements and consensus status after three rounds of the Delphi survey

No. Statement Round 1 Round 2 Round 3 Final

Agree Status Agree Status Agree Status Status

1 Stone burden is defined as the largest diameter 72% Agree Agree
2 If the maximum stone diameter is utilized, <20 mm stones are the best indication for RIRS 47% Not reached 86% Agree Agree
3 A contrast-enhanced CT or IVP scan is not routinely required prior to RIRS 71% Agree Agree
4 A negative MSU culture is necessary after appropriate antibiotic treatment in cases with a positive initial MSU

culture prior to RIRS
59% Not reached 50% Not reached 37% Not reached Not reached

5 In patients ‘‘with a positive MSU culture and antibiogram’’, 4–7 d of antibiotic are recommended following antibiogram
indications

55% Not reached 72% Agree Agree

6 In asymptomatic patients with a recent negative MSU culture ‘‘but with positive urine dipstick/urinalysis
findings’’, antibiotic treatment is not recommended prior to RIRS

52% Not reached 55% Not reached 61% Not reached Not reached

7 Warfarin should be discontinued 3–5 d prior to RIRS; bridging therapy is necessary 55% Not reached 71% Agree Agree
8 New anticoagulant agents (dabigatran, rivaroxaban, apixaban) should be discontinued 2–5 d prior to RIRS

without any bridging therapy
43% Not reached 61% Not reached 48% Not reached Not reached

9 Discontinuation of aspirin prior to RIRS is not necessary 54% Not reached 73% Agree Agree
10 Clopidogrel should be discontinued 5–7 d prior to treatment; eventual bridging therapy has to take in

consideration the patient’s thromboembolic risk
77% Agree Agree

11 Ureteral stent placement is recommended if a ureteroscope and UAS fail to enter a narrow ureter 43% Not reached 53% Not reached 91% Agree Agree
12 Prior to RIRS, preliminary placement of a ureteral stent should not be routinely carried out 71% Agree Agree
13 In cases requiring a preliminary stent due to a narrow ureter, RIRS should be ideally carried out 1–3 wk afterwards 55% Not reached 91% Agree Agree
14 A UAS should be routinely used during RIRS 72% Agree Agree
15 A 12–14 Fr UAS is mostly used during RIRS 90% Agree Agree
16 During RIRS, the best position for the UAS is 1–2 cm below the UPJ 70% Agree Agree
17 During RIRS, a UAS is not necessary in the case of treatment of small stones 34% Not reached 58% Not reached 81% Agree Agree
18 Semirigid ureteroscopy should be routinely performed at the beginning of RIRS to evaluate or dilate the ureter

before accessing the kidney
71% Agree Agree

19 It is recommended to routinely use a safety guidewire during RIRS 74% Agree Agree
20 It is recommended to routinely use fluoroscopy to monitor UAS placement during RIRS 86% Agree Agree
21 The goal of an appropriate dusting procedure is to achieve fragments �2 mm after laser lithotripsy 40% Not reached 94% Agree Agree
22 A combination of dusting and fragmentation is the preferred lithotripsy mode 60% Not reached 88% Agree Agree
23 The operative time is defined as ‘‘from endoscope insertion into the urethra to its removal from the urethra’’ 55% Not reached 86% Agree Agree
24 The maximum recommended operative time for single-stage RIRS should not exceed 90 min 45% Not reached 55% Not reached 86% Agree Agree
25 It is recommended to routinely place a ureteral stent after RIRS 85% Agree Agree
26 For procedures without any ureteral injuries, the stent is ideally removed within 1–2 wk 43% Not reached 89% Agree Agree
27 The irrigation method to prioritize mainly depends on the availability of medical equipment in each center and the

individual habits of surgeons
89% Agree Agree

28 The use of a-blockers is helpful in accelerating spontaneous passage of residual fragments following RIRS 32% Not reached 44% Not reached 38% Not reached Not reached
29 The use of a-blockers is recommended for a period of 3–4 wk after RIRS 57% Not reached 87% Agree Agree
30 If a staged RIRS is necessary, to allow excretion of fragments, a minimum 4-wk interval between stages should

be considered
44% Not reached 74% Agree Agree

31 2 mm is defined as the ‘‘ideal’’ cutoff size for residual fragments after RIRS 56% Not reached 71% Agree Agree
32 Low-dose NCCT is the recommended imaging modality to assess ‘‘residual fragments’’ after RIRS in adult

patients
72% Agree Agree

33 The most suitable timing to assess stone clearance after RIRS is 3 mo postoperatively 32% Not reached 53% Not reached 73% Agree Agree

CT = computed tomography; IVP = intravenous pyelogram; MSU = midstream urine; NCCT = noncontrast CT; RIRS = retrograde intrarenal surgery; UAS = ureteral access sheath; UPJ = ureteropelvic junction.
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the procedure. Very few clinical trials have focused on tech-
nological innovations and/or different techniques [5,10].
Consequently, there is a need for a consensus statement
that can be used as a standard reference for urologists.

Although several reports have shown excellent success
rates for the treatment of renal calculi of >2 cm with RIRS
[11], the EAU guidelines recommend RIRS as an optimal
treatment modality for stones �2 cm and only recommend
RIRS for stones >2 cm when PCNL is not possible [3]. In
accordance with the outcomes of this survey, RIRS cannot
be recommended as first-line treatment for stones >2 cm
owing to the lower SFRs, higher risk of complications, and
higher likelihood of requiring a staged procedure. Lower-
pole calyceal stones are also challenging for RIRS, especially
larger stones [12,13]. However, it is clear that PCNL is asso-
ciated with more severe complications such as bleeding and
infection [14].

Postoperative infection with fever and/or sepsis is a seri-
ous complication after RIRS [15]. Both the EAU and AUA
guidelines recommend obtaining a urine culture and treat-
ing patients with a positive urine culture preoperatively
[3,6]. In this consensus, 72% of panelists believed that a 4–
7-d course of antibiotics constitutes sufficient therapy for
a positive preoperative MSU culture. However, 63% of par-
ticipants agreed that a subsequent negative MSU culture
was not necessary before RIRS, and they conceded that it
is not always possible to achieve a negative culture, partic-
ularly in patients with infected stones or indwelling stents.
Despite recommendations, a simple urinalysis is commonly
preferred as a clinical screening test because it is cheaper
and fast to obtain. Pyuria and urinary nitrite levels are
important markers of bacterial colonization; whether or
not treatment is required is unclear but this is an important
issue to consider [16]. After the third round of the survey,
only 39.1% of the respondents believed that the presence
of leukocytes and/or nitrites on preoperative urinalysis
would require antibiotic treatment and therefore no con-
sensus was achieved for this controversial topic. Further
clinical trials should be conducted to better answer this
question.

Clinicians must weigh the likelihood of perioperative
bleeding against the thromboembolic risk [17]. Our panel
did not recommend stopping aspirin, but clopidogrel should
be stopped preoperatively. With respect to anticoagulant
agents, two main categories were discussed, including war-
farin and new anticoagulants. These should be stopped 2–5
d before the procedure; whether to offer bridging therapy
depends on the individual thromboembolic risk. Studies
investigating the safety of RIRS in patients on ongoing
antithrombotic therapy are quite sparse [18,19]. Turna
et al [18] evaluated 37 patients on warfarin, clopidogrel,
or aspirin undergoing RIRS and observed no significant
decrease in hemoglobin, emphasizing that RIRS is safe and
effective in experienced hands. In another study conducted
among 84 patients on continuous oral anticoagulation or
antiplatelet therapy, the authors only stopped two proce-
dures (2.3%) prematurely because of persistent bleeding;
both patients were receiving warfarin [19].

The purpose of a ureteral safety guidewire is to provide
access in the case of ureteral injury. However, there is little
direct evidence to support routine use, and the presence of a
safety guidewire can increase friction when passing the
ureteroscope or UAS into the kidney [20–22]. It can also
increase the torque of the ureteroscope, making the proce-
dure even more difficult [21,23]. Despite the lack of clear
evidence to support its use, this consensus supports the
use of a safety guidewire, especially when there is ureteral
edema, stricture, abnormal anatomy, poor visualization, an
encrusted ureteral stent, or impacted stones [20,23].

Some studies advocating routine preoperative stent
placement cite better SFRs, fewer intraoperative complica-
tions, easier UAS placement, and effective drainage of an
acutely obstructed infected kidney as reasons. However,
this strategy also has some disadvantages, including addi-
tional anesthesia and hospital stays, a risk of encrustation
and ureteral damage, additional radiation exposure, and
higher costs [24,25]. Semirigid ureteroscopy is very useful
for dilating a narrow ureter and can serve as an alternative
to preoperative stenting, but special attention should be
paid to prevent ureteral injuries and other complications
[5,10,26].

The purpose of a UAS is to facilitate repeated access into
the kidney and to maintain continuous outflow, thereby
improving visibility and reducing intrarenal pressure. This
may result in a shorter operative time and a lower risk of
infection [27–30]. However, a UAS can also be a source of
injury resulting in ureteral stenoses, obstruction, or
hydronephrosis [27,30]. To date, the long-term risks of
UAS placement have not been extensively investigated.
However, the occurrence of ureteral strictures after RIRS is
rare, reported for only 1.0% of patients [30]. UAS use may
not be necessary in patients at low risk of infection and with
a smaller stone burden [28]. Surgeon preference and clinical
judgment are still fundamental factors in determining the
need for UAS.

The EAU guidelines strongly recommend a holmium-
YAG laser for lithotripsy [3,5]. New strategies for stone frag-
mentation and advances in laser technology provide for bet-
ter and more versatile fragmentation/dusting capabilities
while reducing retropulsion [31]. Several methods have
been described, including dusting, fragmentation, popcorn-
ing, and combinations of these strategies, to achieve the
desired outcome [32,33]. At present, there is only one
prospective study comparing the efficacy of fragmentation
versus dusting [34]. Complication rates, length of hospital
stay, and the need for auxiliary procedures were similar.
However, the operative time was significantly shorter for
dusting, while the SFR favored fragmentation [34]. In our
consensus, a combination of both strategies was preferred.
The best strategy should be individualized on the basis of
patient and stone characteristics.

The quality of visualization during RIRS is related to sev-
eral factors, including the location and size of the UAS, the
size of the flexible ureteroscope, the presence of endolumi-
nal bleeding, and the irrigation characteristics and settings.
Intrarenal pressure >40 mm Hg increases the risk of
pyelovenous or pyelolymphatic backflow [35]. Conse-
quently, it is essential to maintain an appropriate balance
between inflow and outflow.

With the development of flexible ureteroscopes, routine
use of indwelling ureteral stents has become controversial.
According to the EAU guidelines, stent placement is not
considered necessary after uncomplicated RIRS [3,36]. How-
ever, in this consensus we recommend internal ureteral
stent placement at the conclusion of the procedure in most
cases. We regret that the subgroup of patients with uncom-
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plicated stones has not been investigated. The ideal stenting
duration has not yet been identified, but most urologists in
this study favored 1–2 wk [5,10,37].

Routine postoperative imaging is recommended to iden-
tify residual stones and confirm there is no obstruction. Our
expert group defined the size for acceptable residual frag-
ments as �2 mm. It is generally believed that residual
stones �2 mm carry a minimal risk of causing postoperative
stone-related complications during long-term follow-up
[38].

The use of postoperative a-blockers could reduce stent-
related symptoms and increase their tolerability, and some
studies have even demonstrated that preoperative a-
blockade may reduce maximal UAS insertion force and
increase the SFR at follow-up [39,40], although we did not
investigate this view in the consensus procedure.

Although there is ample published literature on RIRS, not
all the studies are sufficiently rigorous because of hetero-
geneity in study patients and a lack of uniformity for treat-
ment and follow-up. As a result, there is a dearth of high-
quality trials to provide reliable clinical evidence to guide
treatment. Our hope is that this consensus study will at
least provide a framework for treating patients ureteroscop-
ically in a generally uniform manner.

5. Conclusions

For this consensus we undertook a transparent approach to
the ureteroscopic treatment of patients with stones with
the objectives of decreasing the inconsistencies faced dur-
ing routine clinical practice, reducing procedural complica-
tions and failures, and supporting standardized outcome
reporting. Consensus was achieved for the majority of state-
ments, including preoperative preparation, case selection,
operative technique, and definition of reporting outcomes.
Among the parameters evaluated in our consensus process,
well-planned preoperative preparation, avoidance of uret-
eral injuries, careful control of the intrapelvic pressure,
and judicious selection of cases were found to be the most
important issues for safe and effective RIRS.
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