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Introduction
Technological progress of ureterorenoscopes (URS)
and endoscopic instrumentation has evolved
retrograde intrarenal surgery (RIRS) into a safe and
efficacious modality for the treatment of the upper
urinary tract. These improvements in technology have
expanded the potential indications of RIRS to
intrarenal large stones (>25mm), SWL failure,
infundibular stenosis, morbid obesity, renoureteral
malformations, musculoscelettal deformities and
bleeding diathesis [1-7]. In selected patients, RIRS
can be considered even for multiple intrarenal calculi
with a high stone-free rate and low morbidity.
However, neither EAU nor AUA guidelines
recommend RIRS as the treatment of choice for
intrarenal stones so far. [1, 2,8,9,10].
2. Instrumentation
Guidewire
The placement of a safety wire facilitates and
maintains access to the upper urinary tract, although
successful wireless RIRS has been currently shown
[11]. Ideally, a guidewire requires little force to flex in
response to resistance encountered along a tortuous
path, while contrarily requiring a large force to
perforate tissue. In an in vitro examination, the
lubricous, softtip nitinol Glidewire™ (Boston
Scientific Corp., Natick, MA) demonstrated to be the
safest wire for initial access to the ureter, as it is less
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likely to perforate and more likely to bend when a
point of obstruction is encountered [12]. Hybrid wires,
such as the Sensor™ (Boston Scientific) and
UroWIRE
XF™ (Applied Medical, Rancho Santa
.
Margarita, CA) have been developed to combine
various advantageous features: a smooth,
hydrophilic
Y
distal tip, a kink-resistant nitinol body, and a flexible
proximal tip. The clinical application of these wires is
limited by being more expensive than standard wires.
However, it is possible that a hybrid wire may
decrease the need to open a second guidewire when a
standard wire fails to pass a point of obstruction [13].
Ureteral access sheath
Ureteral access sheaths facilitate the insertion and
straight alignment of the URS into the upper urinary
tract during multiple stone fragment extractions,
decrease operative time and cost, minimize patient
morbidity, and optimize overall success with RIRS
[14]. The access sheath also allows efflux of irrigant
fluid through the sheath and around the URS,
maintaining intrapelvic pressures below 20 cm H2O
with irrigant fluid pressurized up to 200 cm H2O [15].
However, the reliance on axial dilating force of current
ureteral access sheaths exposes the urothelium to the
potential risk of an abrasive shearing force. A new
balloon-based ureteral access sheath combines radial
balloon dilation and access sheath placement in a
single step and may reduce both the axial force and
urothelial disruption [16].
Ureteral balloon dilator/catheters
Ureteral balloon dilation may be utilized in
approximately 5% of cases when the ureteral access
sheath will not advance to the site of pathology due to
ureteral stricture, spasm, or a tight ureteral orifice
[13].
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Irrigation
Adequate irrigation flow is necessary to maintain
visibility. Flexible URS have either two separate
channels (one working channel for an instrument and
the second for irrigation) or one common channel for
both irrigation and working instruments. Irrigation
can be provided by gravity, a pressure bag, or a variety
of hand or foot pumps. It should be emphasized that
manual hand irrigation has been shown to produce
pressures greater than 100 mmHg in the kidney [17],
which may lead to bacteraemia, sepsis, due to
increased fluid absorption.
Flexible ureteroscope
Advancements in flexible URS design and
functionality have led to improved lower pole calyceal
access and instrument longevity. Ureteroscopes differ
in terms of working channel, optical resolution,
accessing all calyces, and the durability of the scopes.
The newer, actively deflecting flexible URS offer
increased lower pole access compared to the older
passively deflecting scopes [13]. It was demonstrated
that the ideal outer diameter of a flexible ureteroscope,
defined in terms of the ease of introduction without the
need for ureteral dilation, was 7.4F [18]. Another
critical consideration regards the durability of flexible
URS: Traxer et al. demonstrated deterioration of
maximal dorsal/ventral deflection from 270° to 133°
and 270° to 208° after 50 consecutive RIRS with the
same scope (Flex-X, K. Storz, Tuttlingen, Germany)
[19]. It was suggested that scopes that return from
major repairs have less than 25% of the life
expectancy of a new scope, and it may be more cost
effective to replace than repair [20].

pneumatic lithotrite. However, using the Ho:YAG
laser with a deflected flexible URS elevates the risks
for collateral damage to instrumentation, including the
flexible URS [23].
Stone retrieval devices
Since Dormia presented a spiral basket for stone
retrieval [24], basket design has improved with regard
to wires (number, material, shape), shaft (size,
material), and configuration (spherical, helical, paired
wire, tipless) [25,26]. Previously used stainless steel
gave way to the soft `memory metal` Nitinol®, a
flexible and kink-resistant alloy of nickel and titanium,
which is also less rigid than stainless steel and imposes
less limitation on URS deflection [25]. Important
properties of these devices include visibility during
stone manipulation, sufficient radial force to open in
the ureter, and the ability to capture, retain, or if
necessary disengage a stone. Tipless nitinol-based
basket designs are more versatile and atraumatic in
stone retrieval due to the unique pliability of the wires
and the flexibility to allow full lower pole deflection of
a flexible URS in the majority of cases, when
compared to alligator or rat tooth forceps [27,28 ].
3. The RIRS procedure
Preparation of the patient
Preparation of the patient includes informed consent
and explanation of the potential complications and the
possibility of insertion of an ureteral stent [29].
General anaesthesia is favoured, but neuroleptic
anaesthesia is also feasible.
Antibiotic prophylaxis
The rate of urinary tract infection following
ureteroscopy ranges from 4 to 25% even when
prophylactic antibiotics are administered. Therefore,
the use of preoperative antibiotic prophylaxis is still
controversial [30]. Patients at risk with preoperative
ureteral stent, catheter or nephrostomy tube should be
treated with antibiotic prophylaxis as well as patients
with heart valves and murmurs at risk for bacterial
endocarditis, immunocompromised patients, and drug
or radiation induced immunosuppression [30,31 ].

Intracorporeal lithotriptors
Intracorporeal lithotripsy is used for large stone
fragmentation. Holmium(Ho):YAG laser lithotripsy
has been shown to fragment all compositions of
urinary calculi, as well as produce smaller stone
fragments than pneumatic or electrohydraulic
lithotripsy [21,22]. In addition, the Ho:YAG laser
energy is absorbed efficiently in a fluid medium,
minimizing the risk of urothelial injury compared to
the electrohydraulic lithotrite. Furthermore,
retropulsion of the stone is less likely than with a

Positioning of the patient
Ureteroscopy has been described in supine, prone, and
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flank position. The flank position has only been
demonstrated with flexible instruments []. In the
author`s institution patients are positioned routinely in
the dorsal lithotomy position.
Cystoscopy
Flexible or rigid cystoscopes can be used for initial
guide wire placement into the ureter, depending on
urologist`s training and availability of the equipment.
Cystoscopes and URS should be combined with a
video monitoring system as it is ergonomically
beneficial, ideal for teaching trainees, and for
documentation. At the author`s institution, rigid
cystoscopy is the preferred modality, although they
may cause more ureteral trauma, particularly in males
[29].
Safety guide wire
Fluoroscopy is used to confirm the position of the
guide wire as it is advanced. The wire acts as a safety
wire. A general principle of RIRS is always to have a
safety wire present intraoperatively.
Ureteroscope insertion
When a safety wire is in place, a second working wire
must be inserted in order to backload the endoscope,
allowing the wire to act as a guide for the instrument to
be advanced into the ureter or kidney under
fluoroscopic guidance [33]. Placement of the second
wire can be achieved by the cystoscope or the
placement of an ureteral access sheath over the first
wire. The bladder should be emptied before removing
the cystoscope to facilitate insertion of the flexible
URS. Otherwise, cannulation of the ureteric orifice
with the URS might be hindered.

and hospitalization and stone free rates did not differ
between the two groups [34,35]. They concluded, not
to stent the ureter routinely if the stone burden is small,
the ureter has not been balloon dilated and the Ho:YAG
laser has been used without ureteral trauma [35].
Although these series analyzed the usefulness of
stenting after ureteral stone extraction, these principles
can also be applied on RIRS. Strict indications for stent
insertions are: ureteral perforation, ureteral dilation
greater than 10 F, ureteral edema due to stone
treatment/size, failure to advance the RIRS procedure
due to narrow ureter or ureteral orifice, infected
urinary system with an obstructing system, large stone
burden with many fragments remaining to pass, and
solitary kidney [29].
4. Postoperative care
RIRS is typically performed as an outpatient day
procedure. If a stent is left indwelling it is typically
removed 3 to 10 days after the procedure.
Postoperative radiographs are obtained within 1 to 2
weeks to determine success of the procedure [29].
Small stone fragments (<4mm) normally pass after the
stent has been removed due to the passive ureteral
dilation that occurs from stenting [29,37].
Postoperative imaging has been recommended to
determine residual calculi or silent obstruction [29, ].
Silent obstruction may occur secondarily from ureteral
edema, trauma, stricture, and result in renal failure if it
remains undetected. However, other working groups
do not recommend routine imaging if there is no
history of pre-existing ureteral stricture, perforation,
or significant stone impaction at time of surgery [38].

Ureteral stenting following ureteroscopy
Placement of an ureteral catheter or internal ureteral
stent has been the standard of care following RIRS to
prevent renal colic by obstructing stone fragments or
ureteral edema after surgery [29]. However, routine
stenting might add morbidity to the procedure by
infection, dysuria, flank pain, haematuria or stent
migration. In a randomised controlled trial, patients
assigned to ureteral stents following ureteroscopy had
increased pain compared with non-stented patients,
yet the incidence of emergency room visits, urosepsis,

5. RIRS for the treatment of kidney stones
RIRS has progressed to be an alternative to SWL and
PCNL for treating renal calculi offering the low
morbidity of SWL combined with stone-free rates
comparable with PCNL for small to moderate-sized
renal calculi [39]. Significant lower pole stone burden
is the limiting factor for success. Even with new
flexible URS the lower pole calyces can only be
accessed in 93% of cases [5]. Fabrizio et al. reported a
77% (50%) stone-free rate for renal stones <10mm
(>16mm) with a complication rate of 3% [40]. For
single intrarenal stones > 20mm [4], and 30 mm [2],
the stone free rates were 93.3% and 90.9% after an
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average of 2.4 and 1.8 procedures, respectively. There
are a few published series regarding RIRS for multiple
unilateral intrarenal stones [5, 7, 9, 10, 40,41]. Breda
et al. reported overall stone-free rates after one and
two procedures of 64.7% and 92.2% for multiple
unilateral intrarenal stones and a complication rate of
13.6% [9]. Herrera et al. presented the largest series on
RIRS for multiple renal stones so far. They reported an
overall stone-free rate after one procedure of 74.4%
for multiple unilateral intrarenal stones and a
complication rate of 5.6%, respectively [10]. To
conclude, this series supports the usefulness of RIRS
throughout the renal collecting system with a high
success and low complication rate [9, 10, 40,42-45].
7. Ureteroscopy in children
Since Shepherd et al. [46] and Ritchey et al. [47] have
published their experience, ureteroscopy has gained
widespread acceptance among paediatric urologists.
The safety and efficacy of ureteroscopy in children has
been confirmed [48-52], although these series differ in
terms of instruments, techniques, and the location of
calculi. The access to the upper urinary tract remains
controversial due to the risk of ureteral trauma and/or
bleeding. Shepherd et al. have shown that dilation of
the ureter up to 12F did not result in the development
of vesicoureteral reflux (VUR) postoperatively [46].
In addition, VUR resolved spontaneously with
conservative management in most children []. Some
authors believe that stent preplacement provides a safe
and effective alternative in achieving access to the
child's ureter resulting in higher overall stone-free
rates, as shown in adults [54]. Antegrade ureteral
access may be considered in children who have a
percutaneous nephrostomy in place and a completely
obstructed ureter [53, 55]. In addition, ureteroscopic
disintegration of ureteral calculi has gained
acceptance [48-53]. The outcome in prepubertal
children were comparable with those in adults [56].
Nerli et al. currently reported an overall stone free rate
after one RIRS procedure (with Ho:YAG lithotripsy)
of 90% for ureteral calculi [52]. They concluded that
complete stone clearance after one procedure is
possible if the stone is small (<10 mm), solitary, and
below the level of the pelviureteral junction [52].
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8. Complications of RIRS
Urosepsis
Manipulation of the stone in presence of an infection is
likely to result in bacteraemia and possible urosepsis.
In patients who present with an infected collected
system and an obstructing stone, urinary
decompression should be the initial treatment
followed by culture sensitive antibiotic treatment.
Postoperative bacteraemia and sepsis should be treated
with culture sensitive intravenous antibiotics followed
by oral antibiotics when the patient has defervesced
[29].
Ureteral avulsion
Ureteral avulsion is an uncommon but serious
complication of ureteroscopy. Avulsion typically
occurs during basket extraction of a stone fragment
that is too large and becomes caught in the ureteral
mucosa, telescoping and avulsing the ureter as the
stone is extracted. To avoid these catastrophic
complication, a safety wire should be always used.
And, the stones should be broken into small enough
fragments for ureteral passage [29].
Ureteral stricture
The ureteral perforation rate has decreased
concurrently with the ureteral stricture rate over the
past 20 years ranging from 0 to 5.9%. Risk factors for
ureteral perforation included operation time, stone
location, use of electrohydraulic lithotripsy, and
surgeon`s experience [29].
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