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With the recent technological advancements in endourology, retrograde intrarenal surgery has become a more popular procedure
for treatment of urolithiasis. Furthermore, since the introduction of new laser systems and advanced flexible ureteroscopy with
miniaturized ureteroscopes, the treatment indications for retrograde intrarenal surgery have expanded to include not only larger
renal stones of >2 cm but also upper urinary tract urothelial carcinoma, ureteral stricture, and idiopathic renal hematuria. Clinicians
must keep up with these trends and make good use of these technologies in the rapidly changing field of endourology. Simultane-
ously, we must consider the risk of various complications including thermal injury due to laser use, ureteral injury caused by the
ureteral access sheath, and radiation exposure during retrograde intrarenal surgery with fluoroscopic guidance. This review focuses
on the past, present, and future of retrograde intrarenal surgery and provides many topics and clinical options for urologists to

consider.
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INTRODUCTION

Current advancements in endoscopic technology for
the upper urinary tract have allowed for the diagnosis and
management of kidney stones, upper urinary tract urothe-
lial carcinoma (UTUC), ureteral stricture, renal bleeding,
and other disorders. In particular, these technological de-
velopments have expanded the treatment options for upper
urinary tract stones. Retrograde intrarenal surgery (RIRS),
defined as the use of flexible ureteroscopes (fURSs) and ef-
fective lithotripters such as holmium:yttrium aluminium
garnet (holmium:YAG) lasers for intrarenal pelvic diseases,
is a useful, versatile, and minimally invasive procedure for
kidney stone management. The current guideline for man-

agement of kidney stones includes RIRS as the first or sec-
ond recommended procedure in all categories, even for large
stones of >2 cm [1,2] In addition, new instruments such as
high-power holmium:YAG lasers, thulium fiber lasers, and
single-use ureteroscopes have been introduced for greater
safety, efficiency, and comfort for both patients and sur-
geons. However, various concerns have emerged in clinical
practice, including complications, cost-effectiveness, and how
to use these new devices simultaneously [3] As technological
advancements have progressed, the quality of medical care
has changed. This review provides an overview of endou-
rological procedures, RIRS for the upper urinary tract, key
points of surgical techniques including required instruments,
and future trends in this field.
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Table 1. The specification of current available fURSs
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Imaging Field of view Active deflection Working Diamter
Company i) system (°) (up/down; °) Length (mm) channel (Fr) (tip/shaft; Fr)
Lumenis Polyscope Optical - 180/0 - 3.6 8.0/8.0
Olympus Gyrus ACMI DUR-8 Elite Optical 80 270/270 640 3.6 8.7/9.4
DUR-8 Ultra Optical 80 270/270 650 3.6 8.6/9.36
DUR-D Digital 80 250/250 650 3.6 8.7/9.3
Olympus URF P5 Optical 90 275/180 670 3.6 5.3/84
URF P6 Optical 90 275/275 670 3.6 4.9/7.95
URF P7 Optical 90 275/275 670 3.6 4.9/7.95
URF V2 Digital 80 275/275 670 3.6 8.5/9.9
Storz FLEX-X2s Optical 110 270/270 675 3.6 7.5/8.4
FLEX-Xc Digital 90 270/270 700 3.6 8.5/8.5
Wolf Cobra-M Optical 85 270/270 680 3.3 (dual) 6.0/9.9
Viper Optical 86 270/270 680 3.6 6.0/8.8
Boa-vision Digital - 270/270 - 3.6 8.7/-
Cobra-vision Digital - 270/270 - 3.6/2.4 9.9/-
Stryker Flex Vision U-500  Optical 90 275/275 640 3.6 6.9/7.1

fURS, flexible ureteroscope; -, no information.

RETROGRADE INTRARENAL SURGERY

1. Past state of retrograde intrarenal surgery

1) History of the flexible ureteroscope

The first fURS, designed by Marshall [4] in 1964, was
composed of glass fiber that was used to observe a ureteral
stone through a 26-Fr cystoscope. In the early 1970s, Takagi
et al. [6] and Takayasu et al. [6] first reported the clinical
application of a fiberoptic pyeloureteroscope. A few years
later, Bagley et al. [7] published their first clinical outcomes
of the use of an fURS for diagnosis and treatment of up-
per urinary tract disorders. This fURS had a 13-Fr gauge
with no working channel or integrated deflecting function.
Therefore, the developments of the fURS during that time
were mainly related to decreasing the diameter of the device
and increasing the deflection angle. In 1991, however, Grasso
et al. reported an advanced fURS with a 75Fr tip and an
up 120°/down 170° deflection system. In 1998, they published
a clinical study of 492 patients using an fURS with a larger
36-Fr working channel [8] Later, in 2001, an fURS with a
two-way deflection system (270°/270°) and stronger durabil-
ity was introduced to the market, improving access to the
pelvicalyceal system [9] With continued progress in techno-
logical developments thereafter, the first digital fURS was
manufactured in 2006. This digital fURS provided better
image quality and was much lighter in weight because of
the integrated light cable and camera head within the ure-
teroscope, which improved the surgeon’s ergonomics. In 2010,
Yinghao et al. [10] described a newly designed ureteroscope
termed “Sun’s ureteroscope” that had a rigid shaft with a
flexible tip. Advancements in endourological technology
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have progressed to realize ureteroscopes of much smaller
diameter, stronger durability, and improved image quality.
Many fURSs from several companies can now be utilized in
clinical practice (Table 1).

2) Past indications for retrograde intrarenal

surgery

Several decades ago, f{URSs were used only for the obser-
vation and diagnosis of diseases in the pelvicalyceal system
because of the lack of a useful working channel. There-
fore, the indications for use of fURSs were limited. In 1986,
Streem et al. [11] first described the use of ureteropyeloscopy
for evaluation of upper tract filling defects. In 1990, Bagley
and Rivas [12] subsequently reported the diagnosis and
management of upper urinary tract filling defects using an
fURS. In 1994, Abdel-Razzak et al. [13] first described the per-
formance of biopsy of upper urinary tract tissues through
a small working channel in an fURS. Furthermore, Bagley
and Erhard [14] reported the first use of a holmium:YAG la-
ser for ureteral stones through the working channel in clini-
cal practice in 1995. Finally in 1998, Bagley [15] published the
first ureteroscopic laser treatment of upper urinary tract tu-
mors, which was accomplished using a holmium:YAG laser
and neodymium-doped YAG laser.

It has become possible to perform certain procedures
through the working channel, such as stone removal, since
Grasso and Bagley [8] reported an fURS with a more use-
ful 36-Fr working channel. In addition, successful use of the
holmium:YAG laser as a flexible lithotripter expedited the
treatment of upper urinary tract stones in the late 1990s. In
1998, Grasso et al. [16] reported the clinical outcomes of 51 pa-
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tients with medical comorbidities who underwent RIRS for
>2-cm upper urinary tract stones. They used small-diameter
fiberoptic ureteroscopes and a holmium laser lithotripter
with a 200-micron laser fiber. The stone-free rate (SFR) was
encouraging at 76% in the first procedure and the postop-
erative complication rate was 62% [16] Thereafter, many
endourologists increasingly utilized the fURS for treat-
ment of upper urinary stones. Sofer et al. [17] reported their
experience with 598 patients who underwent ureteroscopy
and holmium laser lithotripsy from 1993 to 1999. The aver-
age stone size was 11.3 mm, and 56 patients with intrarenal
stones were treated using an fURS. The SFR among patients
with kidney stones was 84% with a low complication rate of
4% [17]

Until the 1990s, the definite indications for use of an
fURS were unclear with the exception of evaluating and
diagnosing certain upper urinary tract diseases. The main
clinical indications for RIRS seemed to be upper urinary
tract stones, especially kidney stones of various sizes. The ad-
vancements of fURSs and the introduction of holmium:YAG
lasers to the clinical setting have promoted progression of
urolithiasis treatment [18]

2. Present state of retrograde intrarenal surgery

1) Current flexible ureteroscope: single-use

flexible ureteroscope

The fURS has become a mainstay of treatment of neph-
rolithiasis with increasing indications for surgical modali-
ties. Most fURSs were manufactured as reusable endoscopes.
However, reusable fURSs have high costs associated with
production, maintenance, processing, sterilization, repairs,
and personnel [19] Therefore, the cost-effectiveness decreases
if an fURS breaks during short procedures. Hennessey et
al. [3] conducted an economic analysis of a single-use fURS
(LithoVue; Boston Scientific, Marlborough, MA, USA) and
a reusable fURS (URF-V; Olympus, Tokyo, Japan). They
found that the cumulative cost (costs of purchase, main-
tenance, and repair) of 28 procedures performed with the

Table 2. The specification of single-use fURSs

Retrograde intrarenal surgery in the past, present, and future

reusable fURS was approximately $50,000 (average of $1,786
per case). The cumulative cost was lower with the single-
use fURS (approximately $35,000; average of $1,200 per case).
However, if the price of the single-use fURS were $2,500,
the 28 procedures would cost approximately $70,000. In such
a case, the reusable fURS would be more favorable from a
financial standpoint [3,20]. Although the cost-effectiveness of
a single-use fURS depends on the price of the instrument,
the cost-effectiveness of a reusable fURS is also affected by
the number of procedures in which the instrument is used.
Martin et al. [21] performed a cost assessment between a
single-use fURS (LithoVue) and reusable fURS (Flex-XC;
Karl Storz, Tuttlingen, Germany). They found that after 99
ureteroscopic procedures, the cost—benefit analysis favored
the reusable fURS over the single-use fURS and concluded
that a single-use fURS may be cost-beneficial at centers with
a lower annual case volume. However, institutions with a
high case volume may find reusable fURSs to be more cost-
beneficial [21]

A single-use fURS can be very beneficial in patients
with large stones, complicated lower pole stones, anterior
lower pole stones, and an anomalous renal anatomy as well
as in training of novices, during which an fURS can be eas-
ily damaged [22.23] Several single-use fURSs are now avail-
able for treatment of upper urinary tract diseases (Table 2).
However, although these single-use fURSs have almost the
same specifications, they have a much thicker tip and shaft
than reusable fURSs. Therefore, it is often difficult to access
the upper urinary tract in patients with a narrow ureter
and when using a ureteral access sheath (UAS) smaller than
10 to 12 Fr. In the current era of endourology, the decision
to use a single-use or reusable fURS for treatment of upper
urinary tract disease is based on the preoperative evaluation
and intraoperative findings in each case.

2) Current indications for retrograde intrarenal
surgery
The treatment indications for RIRS have been markedly

. Imagin Active deflection Workin Length Diamter
Company Single-use fURS sys?emg (up/down; °) channel (gl’:r) (m%) (tip/shaft; Fr)

Boston Scientific LithoVue CMOS 270/270 3.6 680 7.7/9.5
PUSEN Uscope UE3022 CMOS 270/270 3.6 630 9.5/9.5
Neoscope Inc Neo Flex CMOS 280/280 3.6 - -/9.0
YouCare Tech YC-FR-A CMOS 270/unilateral 42 - -/8.0
OTU medical Wiscope - 275/275 3.6 905 7.4/8.6
Karl-Storz Video uretero-renoscopes CMOS 270/270 3.6 700 -/8.5

fURS, flexible ureteroscope; -, no information.
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extended with the advancements in endoscopic technology
and lithotripters, such as laser systems. The European As-
sociation of Urology (EAU) guidelines on urolithiasis state
that RIRS can generally be applied in patients without spe-
cific contraindications, such as an untreated urinary tract
infection (UTI). The guidelines also suggest that the indica-
tions for RIRS include renal stones of <20 mm that are un-
suitable for shock wave lithotripsy (SWL); an unfavorable
anatomy for SWL, such as a steep infundibular-pelvic angle,
long lower pole calyx, and narrow infundibulum; lower
pole stones of >15 mm not feasible for SWL; the patient’s
preference for kidney stone treatment; and the patient’s
social situation (eg., professions involving travel, such as a
pilot) (Fig. 1) [24,25] The other possible indications for RIRS
in patients with kidney stones include radiolucent stones,
multiple renal stones unfeasible for SWL, treatment with
anticoagulants, coexistence of renal and ureteral stones, and
bleeding disorders [25] In general, the first recommended
treatment option for >20-mm kidney stones is percutane-
ous nephrolithotomy (PCNL). However, the current surgical
techniques of RIRS and laser lithotripsy make it possible to
perform minimally invasive treatment for >20-mm kidney
stones. In a recent systematic review and meta-analysis, the
SFR of 20- to 35-mm kidney stones treated by RIRS was 71%
to 95% [26,27]. However, although it is possible for highly
skilled surgeons to successfully perform single procedures

ICUROLOGY

for larger kidney stones, several staged procedures are usu-
ally required to achieve a stone-free status. In addition, mul-
tisession RIRS might be needed to avoid severe complication
such sepsis, septic shock, and longer operation time in high
risk patients with many comorbidity, infected stone as well
as larger stone >20-mm. Therefore, decisions regarding RIRS
for larger kidney stones should be made with comprehensive
consideration of various risk factors including the surgeon’s
experience, the patient’s comorbidities and preferences, and
the equipment available at the institution [2829]

3) Favorable indications for single-use flexible
ureteroscope in retrograde intrarenal surgery

A single-use fURS has specific indications in RIRS, in-
cluding large, hard kidney stones; lower pole stones with an
acute infundibular-pelvic angle; anterior lower pole stones;
drug-resistant bacteria in urine culture; an anomalous renal
anatomy; and use by novice trainees. These situations easily
induce damage to the fURS during procedures. Therefore,
a single-use fURS would be optimal if the surgical findings
during RIRS allow its use [30]

4) Potential indications for retrograde intrarenal
surgery
With the continued technological developments in en-
dourology, the indications for RIRS have mainly focused on

A Kidney stone®
(middle, upper pole stone, and a part of lower pole)
[
1. PCNL | SWL or RIRS or PCNL | 1. Active surveillance (if asymptomatic)
2. RIRS or SWL 2. RIRS or SWL (if symptomatic)

3. Laparo or open or robotic surgeryb

3. PCNL

(if anatomic abnomalities, requring
concomitant reconstruction, and
unsuccessful endourological approach)

B Kidney stone”
(lower pole stone)

Fig. 1. Flow chart of kidney stone man-

agement. (A) Middle, upper pole stone,

Unfavorable factors for SWL and part of lower pole. (B) Lower pole

1. Shock wave resistant stones .

2. Steep infundibular pelvic angle stone. PCNL, percutaneous nephroli-

2- hong |0\{VP}F pg}s Clalyx thotomy; RIRS, retrograde intrarenal sur-

. Narrow Infundibuium . .

5. Long skin to stone distance gery; SWL, shock wave lithotripsy; URS,

ureteroscopy. “If uncorrected bleeding

I | I diatheses or continuous anticoagula-

Yos tion/antiplatelet therapy, URS should

No b, " . .
;. g\llvl_s or PCNL SWL or URS or PCNL be use. ”:If ne.gllglble kidney function,
: nephrectomy is one of treatment.
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diseases such as UTUC, ureteral stricture, and ureteropelvic
junction stenosis. One recent topic of interest is ureteroscopic
treatment of UTUC by laser ablation using a holmium:YAG
laser or thulium:YAG laser. The EAU guidelines suggest
nephron-sparing management as the primary treatment
option not only in patients with low-risk tumors (unifocal,
<2 cm in size, low-grade cytology, low-grade fURS-obtained
biopsy, and no invasive aspect on computed tomography
urography) but also in patients with kidney deficiency and
severe comorbidities [31,32] The role of RIRS in the manage-
ment of UTUC will be increasingly extended in the field of
endourologic oncology.

5) Surgical steps of retrograde intrarenal surgery

Acquiring the adequate manipulation in RIRS is not
easy way. Therefore, flexible ureteroscopic experience during
residency is important for the maintenance and develop-
ment of skills, even though they appear to plateau after 1
year. Botoca et al. [33] evaluated how accumulating experi-
ence led to a satisfactory level of skills. The acceptable level
of skills was defined as the moment when the rates of suc-
cess and complications showed a tendency to plateau at a
level similar to the results mentioned in the EAU guidelines
[33] The tendency to plateau appeared after approximately
50—60 procedures in the study [34] The ureterosocopy learn-
ing curve is relatively long although we should not forget
that individual skills may differ and each urologist may
have their own learning curve pattern. Therefore, endou-
rological basic and advanced training such as using bench
model or virtual reality simulator is important to promote
and keep fURS technical skill [35] Furthermore, if making a
false step of fURS handling, they are easily damaged during
RIRS procedure, post-operative sterilization, and processing
due to quite fragile characteristics. Therefore, we should
figure out the handling methods and accomplish gentle ma-
nipulation.

(1) Role of semi-rigid ureteroscope

Semi-rigid ureteroscopes are mainly utilized for the ac-
tive management of ureteral stones, direct axial dilation of
the distal ureter and ureteral strictures, and the diagnosis
of ureteral tumors. However, semi-rigid ureteroscopes are
also used in RIRS to examine the ureteral stone, check for
ureteral relaxation, and assess the extent of the lumen. Se-
lection of an appropriately sized UAS is very important for
negotiation of the renal collecting system [36]

Karabulut et al. [37] investigated the efficacy of placing
the UAS without the obturator over a semi-rigid uretero-
scope under direct vision as the technique of inserting the

Investig Clin Urol 2021;62:121-135.
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UAS into the ureter in RIRS [36] This method protects the
surgeon and patients from radiation exposure by shortening
the fluoroscopy and operating times [37]

(2) Safety guide wire

In the first published manual on endourology in 1983,
Clayman et al. [38] described the proper retrograde use of a
0.035- to 0.038-inch wire as a safety guide wire (GW). In 1987,
Ekman et al. [39] reported the first use of a safety GW in
a patient undergoing ureteroscopic stone removal. During
the past three decades, the safety GW has become an indis-
pensable device in ureteroscopic surgery for ensuring direct
access to the collecting system or ureter, decreasing loss of
disorientation in the ureter, avoiding intraoperative compli-
cations such as ureteral injury and perforation, and facilitat-
ing insertion of a ureteral stent in cases of failed retrograde
ureteroscopic procedures. However, the use of a safety GW
increases the resistance to passage of the ureteroscope. In
particular, the presence of a safety GW interferes with ma-
nipulation of the fURS. Because of current advancements in
miniaturized instruments (eg, ureteroscope and UAS) and
the development of endourological techniques, routine intra-
operative placement of a safety GW might not be needed.
Patel et al. [40] reported a 26% complication rate in a series
of 268 ureteroscopic procedures without a safety GW, with
no perforations or avulsions. Dickstein et al. [41] published
a series of 305 ureteroscopic procedures, 270 (89%) of which
were uncomplicated even without placement of a safety
GW. However, the remaining 11% of cases required a safety
GW because of obstructing ureteral stones, crushed ureteral
stones, and difficult access due to an abnormal anatomy [41]
Similarly, a safety GW 1is not required in our institution
when performing RIRS with a UAS because the placement
of a UAS in the upper ureteral portion to access the renal
pelvis substitutes for a safety GW. Therefore, insertion of a
UAS in RIRS increases ureter safety intraoperatively. How-
ever, the EAU guideline generally recommends placement of
a safety GW in accordance with best clinical practice in ure-
teroscopy [42] In particular, a safety GW should be placed
for increased ureteral safety in difficult cases, such as an
impacted ureteral stone, stricture, aberrant anatomy, or tor-
tuous ureter, as well as during training of novices.

(3) Ureteral access sheath

The first UAS was described as a “guide tube” by
Takayasu and Aso [43] in 1974. They utilized a UAS to access
the proximal ureter with a rigid ureteroscope. The UAS has
become an increasingly popular instrument for treatment
of kidney stones and other diseases in the collecting system
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Table 3. Available UAS
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Company UAS Length (cm) Diameter (inner/outer; Fr) Lumen
COOK Medical Flexor 20, 28, 35,45, 55 9.5/11.5,10.7/12.7,12/14, 14/16 1
COOK Medical Flexor parallel 20, 28, 35,45, 55 9.5/11.5,10.7/12.7,12/14, 14/16 1
Coloplast Retrace 35,45 10/12,12/14 1
Boston Scientific Navigator HD 28, 36,46 11/13,12/14,13/15 1
Boston Scientific Navigator NEO 28, 36,46 11/13,12/14,13/15 1
Olympus UroPass 24,38,54 10/12,12/14 1
BARD Proxis 25,35,45 10/12,12/14 1
BARD AQUAGUIDE 35,45 10(12)/14,11 (13)/15 2
Rocamed Bi-Flex 35,45 10/12,12/14 1
Takai J Flexisheath 28,35,45,55 11/13,12/14 1

UAS, ureteral access sheath.

during RIRS. A UAS has many advantages, including easy
reentry of the fURS into the collecting system, prevention of
increased intrarenal pressure, maintenance of visualization
in the surgical field to facilitate saline irrigation, and use as
a possible substitute for a safety GW [2544] Various UAS
sizes ranging from 95/115 to 14/16 Fr in diameter and from
20 to 55 cm in length are now available for clinical use (Table
3). However, selection of the UAS size mostly depends on the
surgeons performing the procedure. Ureteral injury may
easily occur if using a UAS larger that the actual ureteral
lumen diameter. Traxer and Thomas [45] reported that UAS-
related ureteral wall injuries occurred in 465% of RIRS pro-
cedures when using a 12- to 14-Fr UAS. They suggested that
the ureteral injury severity determines the grade of injury
in terms of the depth of ureteral damage, with a low-grade
injury classified as grade O or 1 and a high-grade as grade 2,
3, or 4/5. Grade 2 injuries involve the ureteral smooth muscle
layer (101%) and grade 3 injuries involve full-thickness
ureteral perforation (3.3%) [45] Generally, the incidence of
ureteral injury using a UAS depends on the relationship
between the ureteral diameter and UAS size. Although the
standard UAS size in the United States and Europe seems
to be 12 to 14 Fr, the Asian standard might be 11 to 13 Fr or
even smaller because of differences in body size.
Interestingly, one of the current topics in use of a UAS
is intrarenal pressure. As mentioned above, the UAS facili-
tates the irrigation inflow and outflow of saline. High in-
trarenal pressure during procedures may cause urosepsis or
a subcapsular renal hematoma. According to some research,
pyelosinus, pyelovenous, and pyelolymphatic backflow of ir-
rigating solution might occur at intrarenal pressures above
40 emH,O [46] Therefore, keeping the intrarenal pressure
below the limit for intrarenal and pyelosinus backflow
might prevent complications during RIRS. Auge et al. [47]
reported that a UAS can protect the kidney by reducing the
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intrarenal pressure by 57% to 75% during RIRS. Addition-
ally, using a thicker UAS intraoperatively can decrease the
intrarenal pressure [48] However, the irrigation inflow and
outflow of saline through a 95- to 11.5-Fr UAS is poor. A
UAS of this size may result in excessive intrarenal pressure
during RIRS. Therefore, the minimum standard UAS size of
10 to 12 Fr is needed to acquire acceptable irrigation inflow
and outflow of saline and thus maintain good surgical visu-
alization. In addition, different intrarenal pressures and sa-
line outflow are produced among the various kinds of avail-
able 10- to 12-Fr UASs. Among UASs of this size, the Bi-Flex
(Rocamed, Monaco) and UroPass (Olympus) induce lower
intrarenal pressure than the ReTrace (Coloplast, Humlebeek,
Denmark) and Proxis (CR. Bard, Murray Hill, NdJ, USA) be-
cause of their different inner diameters [49]

(4) Irrigation methods: maintenance of surgical
field

In endourological surgery, saline irrigation is mandatory
to open and maintain the surgical field. Visualization of
the surgical field is maintained through optimal irrigation
of saline. The irrigation methods used during RIRS have
evolved during the past few decades. Lyon et al. [50] first re-
ported the use of an fURS with irrigation connected to the
ureteroscopic working channel and used gravity to maintain
the irrigation flow by placing a saline bag 30 cm above the
level of the kidney. A handheld activated syringe-based sys-
tem was historically used as the standard method of gravity-
induced saline irrigation during RIRS. A foot-activated sy-
ringe-based system is currently available (Peditrol; Wismed,
Durban, South Africa) [51] In addition, pressurized irrigant
bags and an automatic irrigation pump (AIP) have been
introduced for irrigation during endourological procedures.
The view of the surgical field during RIRS has changed
because of increased efficiency of the irrigation flow, which

https://doi.org/10.4111/icu.20200526
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(5) Laser instruments and various settings 5| 2
In RIRS, the holmium:YAG laser system has been the ®lge o2 Swv T = '§

gold standard lithotripsy instrument for stone management 4= v - %

since Denstedt et al. [54] first described its use in endourolo- v g E‘?_

gy in their preliminary report in 1995. Various laser systems ?-35 5 % § E 2 , = g

with high efficacy and excellent safety profiles are cur- § D%_ T8 o E

rently available for stone lithotripsy (Table 4). Traditionally, =

laser lithotripsy only allowed for adjustment of the pulse £ g % % = 28 E S T = E

energy and frequency. However, the pulse duration (width) g zsa” S o)

can now be utilized for stone disintegration. Therefore, stone % g |z 2 é

endourologists can manipulate these three parameters to g E % 28 % 8 = % TE s

perform fragmentation using a lower frequency (5-15 Hz) >E_ - ﬁ = g g

and higher energy setting (0.6-12 J) with a short or long E §

pulse duration or perform dusting using a high frequency 2 % § 28 v T = )

(50—80 Hz) and low energy setting (02-05 J) with a short g =T ‘?::‘.

or long pulse duration depending on the particular clinical % " § .8 = _ ‘g

situation and stone hardness [55] The clinical advantages of g gI Tg ° <z = §

a long pulse mode over a short pulse mode are less stone ret- g " §

ropulsion, less fiber degradation, and greater stone dust [56] g _E £ R 5; ® o o TE

Stone fragmentation involves the creation of fragments that é g 5 g g % g g % 'é E

can be extracted through the UAS with a basket, whereas Z g 5 § 28883 R t'>~

stone dusting involves the creation of tiny stone particles of E S R= % é E E‘: é = :§, E 5‘; g
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<2 mm that can be spontaneously passed with no basketing
[67]). However, one currently advocated definition of stone
dust (particles of <250 pm) defines dust as particles small
enough to meet the following criteria: spontaneous floating
under 40 emH,0 irrigation pressure, mean sedimentation
time of <2 seconds through 10 cm of saline solution, and full
suitability for aspiration through a 3.6-Fr working chan-
nel [58] According to data from the Endourological Society
worldwide survey in 2014, 26.7% of 414 endourologists from
44 countries actively removed all stone fragments with a
basket, whereas 37.4% retrieved only larger fragments but
not small fragments. The stone dusting technique has been
increasingly applied in Western countries because of the dif-
ficulty of stone basketing for fragments [59] However, Hum-
phreys et al. [60] examined whether the SFR is better with
dusting or basketing during RIRS. They concluded that the
short-term SFR was higher with active basket retrieval of
fragments (74.3% vs. 582%). El-Nahas et al. [61] also reported
that the dusting technique had a shorter operation time,
whereas the fragmenting technique led to a significantly
higher SFR (786% vs. 586%). The combination of fragment-
ing and dusting may be a more feasible method to break
stones. Endourologists choose one of these methods depend-
ing on the situation encountered during surgery (including
the stone size, stone composition, stone location, impaction of
stone, stone retropulsion, and surgeon preference) to improve
the effectiveness and outcome of surgery.

High-power holmium:YAG laser therapy with Moses
Technology by Lumenis (Clarion Medical Technologies, Cam-
bridge, ON, Canada) has recently become available in clini-
cal practice. Furthermore, Virtual Basket mode in Cyber-Ho
(Quanta System SpA, Samarate, Italy), which is similar to
Moses Technology, has also been introduced. Moses Tech-
nology has improved the stone fragmentation capacity by
increasing the energy transmission in water and reducing
stone retropulsion compared with the long pulse mode [62]
Therefore, Moses Technology is capable of much less stone
retropulsion. In addition, Moses Technology produces more
pronounced disruption of morphological characteristics be-
cause it may deliver a superior laser beam through a vapor
channel compared with the conventional holmium:YAG
laser. Higher local temperatures occur during the use of
Moses Technology (direct photothermal effect) [63] There-
fore, Moses Technology can create a large amount of tiny
stone dust fragments; this is termed the “snow globe effect.”
In their in vitro study, Elhilali et al. [62] reported that the
Moses mode resulted in a significantly higher stone ablation
volume (160% higher) and less stone movement (50 times
less retropulsion) than the regular mode. Ibrahim et al. [64]
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recently published a randomized clinical trial showing that
the Moses mode was associated with a significantly shorter
pulverization time and procedural time than the regular
mode. In addition, there were no significant differences in
the success rate at the end of 3 months (833% vs. 884%) or
intraoperative complications between the Moses mode group
and regular mode group. However, one patient required en-
doureterotomy for ureteral stricture in the Moses group [64]
Thus, close attention should be paid to the risk of thermal
injury and resultant ureteral stricture when using high-
power holmium:YAG laser therapy [65]

As a cutting-edge instrument in the field of stone litho-
tripsy, the thulium fiber laser was launched to disintegrate
urinary tract stones. Comparison of the differences between
a holmium laser and thulium fiber laser translate into
multiple potential advantages in favor of the thulium fiber
laser, such as a four-fold higher absorption coefficient in wa-
ter, smaller operating laser fibers (50- to 150um core diam-
eter), lower energy per pulse (as low as 0025 J), and higher
maximal pulse repetition rate (up to 2000 Hz). Comparative
1in vitro studies have shown a 15- to 40-times faster stone
ablation rate and much lower stone retropulsion with the
thulium fiber laser than holmium laser [66,67] This innova-
tive laser technology is particularly advantageous for RIRS
and may become the next important therapeutic milestone.

(6) Role of preoperative and postoperative
ureteral stenting

Preoperative stenting for kidney stone treatment has
advantages including a higher SFR, lower incidence of in-
traoperative complications (especially ureteral injuries), and
greater facilitation of UAS placement. Preoperative stent-
ing for patients without perioperative infection, severe self-
symptom, anatomical abnormalities, and/or tortuous ureters
is not mandatory in most clinical settings for access to the
upper urinary tract because it induces hematuria, pain, ur-
gency, and a risk of febrile UTL However, most endourolo-
gists have experienced failed access to the upper urinary
tract because of a tight or difficult ureter (84%—16.0%) [68,69]
Once failed access has occurred, staged procedures are re-
quired to achieve passive ureteral dilation 1 to 2 weeks after
placing the ureteral stent in the first ureteroscope.

Postoperative stenting is a quite standard procedure
after ureteroscopic surgery not only to prevent ureteral
obstruction due to mucosa edema and ureteral healing but
also to avoid ureteral injury, perforation, residual frag-
ments, bleeding, and UTL However, the optimal duration of
postoperative ureteral stenting is unknown. The indwelling
time preferred by most urologists appears to be 1 to 2 weeks
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after ureteroscopy. However, routine postoperative stenting
is not required if no ureteral injury is observed under direct
ureteroscopic vision at the end of the ureteroscopic surgery,
even in patients who undergo uncomplicated ureteroscopy
for impacted ureteral stones [70,71] Postoperative stenting
might be associated with higher postoperative morbidity
and costs [31] Byrne et al. [72] reported that flank discomfort
on postoperative day 1 was significantly less common in pa-
tients who did not undergo stenting; however, there was no
significant difference in patient-reported postoperative he-
maturia between those who did and did not undergo stent-
ing. With the recent advancements of smaller instruments
for ureteroscopic treatment, the number of patients who do
not need postoperative stenting has increased. However, how
to determine which patients do not require postoperative
stenting after ureteroscopic surgery remains unclear.

6) Surgeon’s safety from radiation exposure

Extended low-dose radiation exposure can greatly affect
human health in the long term, resulting in an increased
incidence of malignancies including thyroid cancer, breast
cancer, and leukemia [73] In the current urological field, ra-
diation exposure among medical personnel and patients has
increased. Therefore, urologists must be aware of the risk
of harmful effects caused by radiation exposure. A major
source of radiation exposure for surgeons and medical staff
members is scattered radiation produced by interaction of
the primary radiation beam with the patient’s body and the
operating table. Although the dose limit of medical exposure
for patients has not been established, the occupational ra-
diation exposure dose limit has been defined as 50 mSV per
year by the National Council on Radiation Protection and
Measurements [74] The International Commission on Radio-
logical Protection has recommended limiting radiation expo-
sure to levels “as low as reasonably achievable (ALARA)” [75]

Medical radiation protection principles should be applied
for both the patients and medical staff members involved
in imaging, the latter of which include surgeons, nurses, and
medical engineers. The following are general methods to op-
timize radiation protection.

(D Time: the radiation exposure time should be mini-
mized in terms of both the fluoroscopy time and the
quantity of X-ray photographs acquired.

(@ Distance: medical staff members should position
themselves as far as possible from the X-ray source.

@ Shielding: medical staff members should use adequate
shielding materials, such as lead aprons, lead glasses,
and lead radiation-shielding glass.

Shielding for such personnel is usually performed by
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wearing personal protective clothing. The standard lead pro-
tection protocol requires the use of a 0.35-mm lead apron and
thyroid shield by the operating surgeon and 0.25-mm lead
aprons for other personnel [76] However, protection from
scattered radiation by protective clothing is incomplete, espe-
cially that to the arms, eyes, and brain.

In the endourological field, PCNL using radiologic guid-
ance was 1nitially described by Fernstrém and Johansson [77],
who performed this procedure in three patients in 1976. In
PCNL, the mean radiation exposure dose for the surgeon is
127 mSV per procedure. This value is higher than the dose
of 116 mSV per exposure in flexible ureteroscopy because
of the longer fluoroscopic time and close distance between
the radiation source and the surgeon [78] The mean fluoros-
copy screening time during PCNL reportedly ranges from
45 to 604 minutes (range, 1-1216 min) [79]. Furthermore,
one study showed that the mean radiation exposure to the
surgeon’s finger and ocular region was 028 and 0125 mSV,
respectively, because of the non-uniform radiation exposure
caused by scattered radiation [80] Therefore, the operator’s
hands and eyes should also be protected from scattered radi-
ation exposure using gloves and glasses with lead-threading.
Most endourologists generally perform needle puncture for
renal access under fluoroscopy. Therefore, an ultrasound-
guided approach is beneficial because it offers better protec-
tion to surgeons from radiation exposure during PCNL than
does the fluoroscopic approach. The surgeon’s radiation dose
is lower in ureteroscopy than in PCNL in almost all cases
because ureteroscopy is characterized by a shorter fluoro-
scopic time and longer distance between the radiation source
and surgeon. Pulsed fluoroscopy was introduced to reduce
the radiation dose by limiting the X-ray exposure time and
number of exposures per second. The duration of exposure
during ureteroscopy has been decreased from the original 4.7
minutes to 062 minutes, and the mean fluoroscopy screen-
ing time during ureteroscopy is reportedly 44.1 seconds
(range, 365516 s) [81] Kokorowski et al. [82] described the
efficacy of a preoperative checklist related to radiation pro-
tection. The checklist was useful for decreasing radiation
exposure during procedures. Furthermore, Inoue et al. [83]
reported that using protective lead curtains on both sides
of the patient table, the operating table end, and the image
intensifier was useful for reducing the surgeon’s radiation
exposure during ureteroscopy. The presence of protective
lead curtains caused a 75% to 80% reduction of the scattered
radiation dose compared with the absence of lead curtains.
Novel shielding curtains containing bismuth and antimony,
which are also suitable for radiation protection because of
their high density and potential weight savings compared
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with lead, have also been designed. In modern radiation pro-
tection practice, active personal dosimeters are essential to
satisfy the ALARA principle. Most urologists have an insuf-
ficient perception of their own personal radiation protection.
A previous study showed that although 84.4% of urologists
who were chronically exposed to ionizing radiation wore lead
aprons, only 539% wore a thyroid shield and only 27.9% wore
eyeglasses with lead linings. Moreover, only 236% of urolo-
gists wore a personal dosimeter [84] Awareness of occupa-
tional radiation exposure among physicians in the urological
field remains low. Although the risks of harmful effects of
occupational radiation exposure may be relatively low, they
should not be ignored. On our best knowledge, there describe
the various preventive methods from radiation exposure
during operation (Table 5).

3. Future state of retrograde intrarenal surgery

1) Possible indications for retrograde intrarenal

surgery

Various laser systems can be used in RIRS, including a
high-power holmium:YAG laser (120 W) with Moses Tech-
nology, thulium fiber laser, thulium:YAG laser, and neodym-
ium-doped YAG laser. All of these are promising treatment
options for several diseases in patients undergoing RIRS. In
addition, a single-use fURS can provide safe and easy access
to the kidney anatomy.

The indications for treatment of kidney stones are ex-
pected to expand to include larger stones of >2 cm in future
guidelines; less basketing is being performed because of the
ability to create large amounts of stone dust (snow globe

Table 5. Reduction technique from radiation exposure for patients and
operators during surgery

Instrument/
operator

Image intensifier

Preventive technique

(1 Maximizing the distance between the X-ray
tube and the patient

(2 Minimizing the distance between patients
and the image Intensifier

(D Collimating of image monitor

(2 Using pulsed fluoroscopic mode

(D Minimizing fluoroscopy time

(2 Protective shielding for operator; wearing eye-
glass, lead apron, thyroid shield

(3 Protective shielding of patient table

(1 Using ultrasound instead of fluoroscopy

(2) Direct retrograde endoscopic vision combined
with ultrasound in PCNL

(3 Last image hold

@) Laser guided C-arm

(5 Dedicated educational training (including pre-
operative checklist)

C-arm

Operator

Others
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effect), and surgical access has improved in patients with a
difficult renal pelvic anatomy, even when the lower pole has
an anatomically acute angle. In addition, for patients with
multifocal <3cm UTUC with low-grade pathological findings
and no invasive aspect on computed tomography urography,
retrograde endourological procedures might become a more
common treatment. Furthermore, novel laser systems might
help to manage postoperative ureteral stricture, symptom-
atic renal cysts, and recurrent ureteropelvic junction stenosis
(8536]

2) New trends in retrograde intrarenal surgery

(1) New flexible ureteroscope with joystick

Usually, fURS manipulation involves torque movement
of the hand, back-and-forth movement of the fURS shaft,
and up-and-down movement of the fURS lever. Surgeons
must perform optimal manipulation in a coordinated man-
ner by combinations of these complicated maneuvers, which
may be difficult in some cases. A new fURS with an omni-
directional bending tip using a joystick unit integrated into
a handgun-type control unit was recently introduced. Inoue
et al. [87] first reported that this novel fURS provided a
greater range of reach along all directions in the lower-pole
calyx compared with some usual fURSs in their ex vivo
study. Tambo et al. [88] subsequently investigated whether
a conventional fURS or novel joystick fURS is easier to ma-
nipulate in their initial constructive validation study. They
found that the novel joystick fURS allowed for much better
manipulation by novice trainees and provided better ergo-
nomics for surgeons. This joystick fURS might have benefits
in terms of ureteroscopic performance [88]

(2) Thulium versus high-power holmium laser
therapy

High-power holmium:YAG lasers have long been avail-
able for management of upper urinary tract stones. Like
Moses Technology, the Virtual Basket mode is a special
technology that is quite beneficial in terms of producing
tiny particles of stone dust by two forms of ablation: the
photothermal effect and photomechanical effect. In ad-
dition, the novel thulium fiber, which is capable of more
quickly producing large amounts of tiny stone dust than the
holmium:YAG laser in vivo, has been introduced to clinical
use. Therefore, the stone management strategy during RIRS
has changed from more stone basketing to less stone basket-
ing or no stone basketing. The differences in the clinical out-
comes between the two laser systems are unclear. However,
further refinement of how to use these laser systems will be
a key point in the management of stones, UTUC, and other
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disorders during RIRS in the coming years.

(3) New stone removal devices

Although stone dusting is beneficial, its SFR is still
lower than that produced by stone basketing after RIRS.
Therefore, new instruments might be needed to remove the
tiny stone dust particles, such as stone vacuum devices or a
novel type of basket. One stone vacuum device is currently
available in clinical practice. Zhu et al. [89] compared the
efficacy between a suctioning UAS and traditional UAS.
The suctioning UAS had a significantly higher SFR on
postoperative day 1 (824% vs. 715%), lower incidence of in-
fectious complications (55% vs. 139%), and shorter operation
time (49.7+16.3 min vs. 57.0+14.0 min) [89] In addition, a new
steerable multi-lumen irrigation/aspiration device (K-VAC;
Kalera Medical, San Diego, CA, USA) was introduced in
2019. This device can be used to access all calyces and navi-
gate under fluoroscopy to each calyx. The preliminary report
showed that it was quite efficient to remove tiny stone dust
fragments and achieve a stone-free status [90]

3) Expected trend in retrograde intrarenal
surgery: robotic flexible ureteroscopy

In RIRS, scope manipulation can be technically challeng-
ing with a conventional hand-operated fURS. Therefore, the
education to acquire the technical skills of fURS manipula-
tion, such as hands-on training using a bench model simula-
tor or virtual reality simulator, has recently been expanded
[91] However, such education is provided in limited regions
and countries. In addition, there are some another concerns
regarding the surgeon’s ergonomics, including radiation
exposure, the wearing of a heavy lead-protector, and the
surgeon’s position when operating the fURS. Robotic-assisted
fURS technologies have recently been developed to overcome
some of these disadvantages [92] The first robotic fURS
(Sensei-Magellan system; Hansen Medical, Mountain View,
CA, USA) was reported in 2011. Desai et al. [93] initially
attained a 94% technical success rate for stone disintegra-
tion and a complete stone clearance rate of 89% among 18
patients with 5- to 15-mm renal calculi using the Sensei-Ma-
gellan system. However, this robotic f{URS was abandoned
because difficulties were encountered in development of the
scope design. A few years later, in 2014, Saglam et al. [92]
introduced a new robotic fURS system (Roboflex Avicenna;
ELMED, Ankara, Turkey). The Roboflex consisted of a con-
sole for operation by the surgeon and a robotic arm for the
fURS. The authors preliminarily reported the clinical effi-
ciency and safety of the Roboflex in 81 consecutive patients;
the clinical outcomes included a short robot docking time
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of 596 s, feasible operation time of 74 min, and comparable
SFR of 96%, all of which were quite acceptable compared
with the conventional hand-operated fURS [92] In addition,
the Roboflex provided significant advantages in terms of the
surgeon’s ergonomics [93,94] Therefore, the system gained
CE (Communauté Européenne) approval for use in Europe
in 2013, but Food and Drug Administration approval is still
pending. Although the Roboflex might be optimal in terms
of clinical use, it has some limitations included difficulty of
stone removal, hand-operated insertion of the UAS, and dif-
ficult adjustment of kidney movement. However, the newly
available high-power holmium:YAG laser and thulium fiber
laser are able to produce large amounts of tiny stone dust
particles and may become the next revolutionary technology
in robotic-assisted RIRS [26,95]

CONCLUSIONS

The endourological technology in RIRS has continued
to advance. The single-use fURS, high-power holmium:YAG
laser, and thulium fiber laser may be the next key players
in RIRS. Furthermore, robotic-assisted fURS systems have
helped to standardize surgical technical skills and produce
more sustainable surgical outcomes, more comfortable sur-
geon ergonomics, much less radiation exposure, and much
less surgeon fatigue. Although there are still issues to re-
solve in RIRS, endourological procedures are expected to ex-
pand the range of treatment indications and become much
less invasive surgical treatment options for patients and
surgeons.
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