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Abstract The last decade flexible ureteroscopy has pro-
gressed from an awkward diagnostic procedure with limited
visualization to a precise surgical intervention allowing
access to the entire collecting system. In this review, we
present the current status and future perspectives of the
ureterorenoscopic management of urolithiasis and non-
stone-related upper tract pathologies.
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Introduction

Since 1988, it has been stated that the evolution of flexible
ureteroscopic  surgery (fURS) should include the
improvement of the fiberoptic resolution, angulations
capabilities, and working tools [1]. Nowadays, fURS has
progressed from an awkward diagnostic procedure with
limited visualization to a precise, complex surgical inter-
vention allowing access to the entire collecting system [2].
However, acceptance and widespread use of this new
technology has been hampered by the fragility of instru-
ments and high initial and maintenance/repair costs.
Despite these set-backs, tertiary and subspecialized stone
centers have adopted this new technology, and its use is
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steadily increasing [3]. Herein, we review the flexible
ureterorenoscopic management of upper tract pathologies.

Digital fURS

The first generations of the flexible ureteroscopes had the
major drawback of limited visualization imposed by
fiberoptic technology as well as fragility of fiber-based
optics. With use, water could leak into the lens and the
fibers might burn out or fracture, resulting in a grainy
image. Novel digital flexible ureteroscopes have been
developed in order to overcome these problems [4].

On the tip of the flexible ureteroscopes, there are digital
sensors (“chip on the tip” technology): either a charge-
coupled device (CCD) or a complementary metal oxide
semiconductor (CMOS) [5]. CCD and CMOS 1-mm image
sensors use different technologies for capturing images
digitally. Due to these chips that are on the tip of the digital
scope, there is no need for a camera head to be adjusted on
the scope. The existence of a digital camera at the tip
eliminates the need for fragile low-resolution fiberoptics
and the image is brighter with no black dots.

Furthermore, the tip of the digital flexible ureteroscope
houses dual light-emitting diode (LED)-driven light carri-
ers, which obviates the need for an external light source
and, therefore, there is no risk of drape fires or patient
burns [3]. LEDs are semiconductors that operate by elec-
troluminescence, a phenomenon in which the emission of
photons is caused by electronic excitation of a material
charged with an electric current. LED chips are typically
250 x 250 x 250 um in size and they transform electric
charge into visible light. The LED light lasts up to
10,000 h, which is 10-20 times longer than xenon
lights [4].
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As digital ureteroscopes do not have external cameras or
light cables, the flexible ureteroscope is much lighter (up to
50 %) [6]. Furthermore, the digital ureteroscope image is
bright with high-resolution technology (1,280 vertical—
1,024 horizontal image lines at a format of 5:4) and
zooming capability improves up to 150 % in comparison
with the fiberoptic ureteroscopes. The high-definition
image is visualized on a rectangular monitor without the
loss of the peripheral image. However, during laser litho-
tripsy, it is advisable to minimize the laser localization
beam because its interference with digital image capture is
more marked than with conventional fiberoptic image
capture [3]. Studies have evaluated the applicability of the
digital fURS in studying the earliest stages of stone for-
mation [6]. The authors concluded that the ease of use and
high-quality images of digital ureterorenoscopy will allow
the documentation of the earliest stages of stone formation.

Limited data exist on the occupational hazards posed by
complex endourologic procedures. Hand and wrist prob-
lems are very common among endourologists [7]. Most
colleagues with hand/wrist problems need either medical or
surgical intervention. The lighter (up to 50 %) digital
flexible scope is reasonable to result in less hand and wrist
fatigue in comparison to the flexible scopes of the earlier
generations. Future studies are needed to develop more
ergonomic platforms and thereby reduce the endourolo-
gist’s exposure to these occupational hazards.

Working tools in fURS

Instrumentation is one of the most important key issues for
success in fURS. The introduction of the laser fiber and
other working tools such as the basket and the biopsy
forceps influences the deflection angle and the irrigation
flow in the flexible ureteroscope. Apparently, the flow rates
were dependent on the size of the tool used. Studies have
demonstrated that the introduction of the laser fiber or the
biopsy forceps resulted in relevant loss of deflection, while
the tipless nitinol basket had less influence [8].

A novel nitinol stone basket (Escape™) prevents stone
migration and facilitates simultaneous laser lithotripsy in
situ. A prospective study that used this basket in 23 patients
demonstrated the safety and efficacy of this device [9].
Furthermore, the development of a dual-channel flexible
ureteroscope that can accommodate simultaneously two
working tools (basket and laser) seems very promising
[10]. Similar to a basket, a novel semi-disposable ureter-
oscope has been developed. Disposable multi-lumen cath-
eters reduce the risk of scope damage and infection as there
is no need for sterilization of the optic cable. The modular
design of the semi-disposable PolyScope system (Lumenis,
Santa Clara, CA, USA) makes it a cost-effective option
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[11]. This 8 F scope has a deflection angle of 180° and a
working channel of 1.2 mm.

The ureteral access sheath is commonly used to facili-
tate the insertion and straight alignment of the flexible
ureteroscope in the upper urinary tract [3]. Its use has been
demonstrated to facilitate ureteral re-entry and efflux of
irrigation fluid, decrease operative time and cost, as well as
minimize morbidity. A pre-existing stent is associated with
a more successful deployment of the access sheath. Tra-
ditional access sheaths rely on tapered dilators and the
principle of axial force in order to gain access into the
ureter. Harper et al. [12] compared the performance of a
novel balloon expandable ureteral access sheath using
radial dilatation with that of a conventional one. The novel
ureteral access sheath was inserted with less maximum and
average force and was associated with a lower subjective
trauma scale rating.

Laser damage is thought to be the main factor for the
short lifespan of the ureterorenoscopes. The endoscopic
protection system (EPS) uses optical feedback from a
digital sensor to terminate laser energy on retraction of the
laser fiber toward the tip of the scope [13]. The laser shut
down occurs before the actively firing laser fiber enters into
the endoscope, usually at 0—2 mm distance. EPS could help
prevent the endoscope damage and extend the life of the
endoscope, thus preventing costly repairs.

The use of the laser systems
Ho:YAG laser system

As stated in the European Association of Urology Guide-
lines, the most efficient laser system for the treatment of
stones in all locations and of all mineral composition is the
holmium:yttrium-aluminium-garnet (Ho:YAG) laser [5].
Studies demonstrated that shorter pulse durations produced
more stone retropulsion than longer pulses at any given
pulse energy [14]. Regardless of pulse duration, higher
pulse energy and larger fibers resulted in larger ablation
volume and retropulsion. Therefore, less retropulsion and
equivalent fragmentation occurred when Ho:YAG laser
pulse duration increased. Except for stone treatment, the
holmium laser has been successfully used during fURS for
other endourological procedures such as endoureterotomy
[15].

Non-Ho:YAG laser systems

The frequency doubled double-pulse Nd:YAG (FREDDY)
laser functions through the generation of a plasma bub-
ble [16]. The FREDDY laser presents an affordable and
safe option for intracorporeal lithotripsy, but it does not
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fragment all stone compositions, and does not have soft
tissue applications. Studies demonstrated that in vitro stone
fragmentation was significantly greater with the FREDDY
laser than with the Ho:YAG laser. However, stone retro-
pulsion was significantly greater with the FREDDY laser
compared with the Ho:YAG laser.

Initial experiments with the Erbium:YAG laser showed
that it has improved efficiency of lithotripsy and more
precise ablative and incisional properties compared to
Ho:YAG, but the lack of adequate optical fibers limits its
current use [17]. The high-temperature water absorption
coefficient at the erbium laser wavelength of 2.94 um is
about 30 times higher than that of the holmium laser
wavelength at 2.12 pm, which has translated to a 2- to
3-fold increase in efficiency for fragmenting stones.

The thulium fiber laser wavelength is tunable, and, when
operated in the pulsed mode, it is capable of fragmenting
urinary calculi [15]. Furthermore, the thulium fiber laser-
beam diameter is only 18 pm, allowing easy coupling of
the laser radiation into small-core optical fibers. Such
diminutive fibers have a great potential when used with
flexible ureteroscopes, especially in challenging cases such
as lower pole lithiasis. The results of clinical studies with
the thulium as well with the other lasers are warranted.

Stone treatment with fURS
Renal stones

Flexible URS is indicated in treating renal stones less than
15 mm that do not respond to SWL and is an attractive
option for treating renal and ureteral stones in the same
patient in a single session [18]. Stone size larger than
15 mm is associated with single-session treatment failure
for stone-free status [5, 18]. In the vast majority, cases of
flexible URS for unilateral renal stones can be performed
as outpatient procedures. In a study of 51 patients with 161
renal stones (mean stone size of 6.6 mm), the overall stone-
free rate after one and two procedures was 64.7 and
92.2 %, respectively [19]. In 97.6 % of the cases, the
operation was performed on an outpatient basis. The
authors use a 7.2 F flexible ureteroscope (Stortz Flex-X or
Gyrus ACMI DUR-8 Elite). Using the same scopes, Perl-
mutter et al. [20] studied whether stone location affects the
stone-free rates of flexible URS. A total of 86 renal stones
were treated and the stone-free rates were 100 % for upper
pole stones, 95.8 % for middle pole and 90.9 % for lower
pole stones (p = 0.338). Lower pole stones may not be
easily accessed and fragmented because of acute infun-
dibular angles and reduced deflection of ureteroscopes.
This can be overcome by relocating lower pole stones into
a more favorable location before fragmentation.

Nevertheless, a small prospective randomized trial com-
paring SWL (32 patients) and URS (35 patients) for lower
pole calyceal stones of 1 cm or less did not demonstrate a
statistically significant difference in stone-free rates in
favor of URS [21].

Lower pole stones

The retrograde endoscopic approach to lower calyceal
calculi represents the latest result of technological
advancement in the field of endourology. Small caliber,
flexible instruments with the use of holmium:YAG laser
fibers and nitinol end baskets, as well as advanced access
sheaths have improved access to the pelvicalyceal system
and stone management. Reported stone-free rates range
from 53 to 87 % in various studies [2]. fURS is a reason-
able approach for lower pole lithiasis, especially in obese
individuals, patients on anticoagulation, concomitant ure-
teral calculi, and bilateral occurrence. Based on the avail-
able literature, flexible URS seems to have comparable
efficacy as ESWL for stones <15 mm [5]. It is also
reported that, in difficult cases, repositioning of the calculi
to more accessible upper and/or middle calyces, especially
for stones 1-2 cm, is safe and advisable [22].

Lower pole anatomy influences the performance and
success of flexible URS [23]. The first anatomic parameter
studied was the infundibular length, followed by the
infundibular diameter and the pelvicalyceal height. Other
anatomic parameters included the lower pole infundibulo-
pelvic and infundibuloureteric angles. Geavlete et al. [24]
evaluated the correlation between anatomy and the success
of flexible URS in 47 patients with lower calyx stones. The
success rate was 88 % in patients with an infundibulopel-
vic angle wider than 90°, 74 % when this angle ranged
between 30° and 90°, and 0 % in patients with an angle
smaller than 30°. In patients with an infundibulopelvic
angle between 30° and 90°, the success rate was 88 %
when the length of the inferior calyceal infundibulum was
shorter than 30 mm and 61 % when it was longer.

Another study compared fURS with PCNL for stones
1.5-2 cm [25]. The authors reported similar stone-free
rates, both at initial treatment (89.3 vs. 92.8 %, URS vs.
PCNL) and also for additional intervention (94.6 vs.
97.6 %, respectively). Complications did not differ statis-
tically, except for the need for transfusion in the PCNL
group. It was concluded that URS has acceptable efficacy
for medium-sized lower pole stones. To support these
findings, Wendt-Nordahl et al. [26] in another study,
investigated the novel digital flexible scopes in the
improvement of lower pole clearance rates. Novel digital
scopes have improved deflexion, as well as a stiffer sheath,
which allows for quick and multiple passes and working
at lower collecting system pressures. When compared to
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standard flexible ureterorenoscopes, lower calyx access
was better, with a double stone-free rate (31 vs. 69 %).

Large stones

Although PCNL has been recommended as the first-line
treatment for renal stones larger than 2 cm, its major
complication rate is not negligible and less invasive
approaches such as fURS are under evaluation [5].
Recently, Takazawa et al. [27] treated 20 patients with renal
stones >2 cm with fURS (Olympus URF-P5). Mean stone
size was 3.1 cm (range 2.0-5.0), while the average number
of procedures was 1.4. One, two and three procedures were
required in 13, 6 and 1 patients, respectively. The mean
operative time per procedure was 114 min and, per patient,
it was 159 min. The stone-free rate for preoperative stone
size of 2 to <4 cm and >4 cm was 100 and 67 %, respec-
tively. No major intraoperative complications were identi-
fied. The authors concluded that fURS is a favorable option
for selected patients with renal stones 2—-4 cm. However, as
the mean operative time per procedure is nearly 2 h, f{URS
lasts longer than the standard PCNL.

Even for patients with renal stones >2 cm, fURS and
Ho:YAG laser lithotripsy represent a favorable option for
selected patients. Such cases include patients who do not
consent to PCNL, patients on anticoagulation treatment
that should not be discontinued, patients with morbid
obesity, solitary kidney, or chronic renal insufficiency.

Large proximal ureteral stones are challenging in terms
of treatment options. A randomized study on 150 patients
with large (>15 mm) upper ureteral stones compared the
safety and efficacy between semirigid URS, PCNL, and
transperitoneal  laparoscopic  ureterolithotomy  [28].
Although the success rate of ureteroscopy was not signif-
icantly lower than the other two options (76 vs. 86 and
90 %, respectively), the complications recorded with URS
were negligible.

fURS combined with other procedures

In the modified-Valdivia position, it is possible to perform
retrograde and anterograde procedures simultaneously,
such as fURS and PCNL for concomitant pathologies (i.e.,
ureteric and renal stones, ureteric stricture and renal stone)
[29]. Recently, Kawahara et al. [30] as well as other
researchers [31] have described a technique for ureteros-
copy assisted PCNL. A Lawson retrograde nephrostomy
puncture wire was placed in the ureteroscope, and after the
needle has exited through the skin, no further steps were
required in preparation for dilatation. Continuous visuali-
zation was possible from puncture to inserting the nephron-
access sheath. The procedure provided less radiation
exposure, less bleeding, and a shorter procedure than the
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classic PCNL techniques. This procedure represented
another option PCNL in patients with a non-dilated col-
lecting system. This technique is a natural extension of
modern retrograde intrarenal surgical techniques and a
modernization of the original Lawson technique for retro-
grade nephrostomy creation.

fURS in special stone cases

Nowadays, in many challenging cases, such as kidney stones
in prepubertal children, in pregnancy, urinary diversions
(antegrade approach), morbidly obese patients, pelvic kid-
neys, polycystic kidney disease, horseshoe kidneys, calyceal
diverticula and lower pole stones, fURS is now considered
by many endourologists as the first-line treatment [3]. For
instance, fURS is a safe and efficient modality for treating
obese patients with renal stones, especially for stones
<2 cm. Recently, Aboumarzouk et al. [32] performed a
meta-analysis of 7 studies upon 131 obese patients (mean
BMI 42.2) treated with fURS for urinary calculi. The stone-
free rate was 87.5 % after completion of treatment with a
follow-up ranged between 3 months and 3.5 years. The
mean operative time was 97.1 min. There was an overall
11.4 % complication rate, however, none of the patients
needed further monitoring and were treated conservatively.

Flexible URS is indicated for upper and middle (anterior
or posterior) diverticulum symptomatic stones [2]. Lastly,
matrix renal stones present a management challenge.
Although PCNL is the gold standard of therapy for large
renal matrix stones, f{URS and laser lithotripsy could also
be used. Laser lithotripsy was performed in conjunction
with the use of a ureteral access sheath to facilitate irri-
gation of the mucous matrix stone material [33].

Traditionally, it is contraindicated to perform PCNL or
ESWL on patients who are on anticoagulation medication,
unless it has been discontinued before the procedure. Turna
et al. [34] compared 37 patients who underwent flexible
URS without discontinuing their anticoagulation medica-
tion with 37 patients not on anticoagulant but also under-
went fURS with Ho:YAG laser lithotripsy. No operation
had to be terminated in the anticoagulation group due to
poor visibility because of bleeding. Stone-free rate and
complication rate including hemorrhagic or thromboem-
bolic adverse events were comparable in the two groups.
The authors concluded that fURS could be performed
safely and efficaciously in patients on anticoagulation
therapy without altering their medication.

Urothelial cancer diagnosis and treatment

The traditional pitfalls of the upper urinary tract-urothelial
cell carcinoma (UUT-UCC) diagnosis, namely poor
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visualization and difficulty in obtaining representative his-
tological samples, are being circumvented by the intro-
duction of modern digital fURS [3]. This can be combined
with photodynamic diagnosis (PDD) and molecular analysis
to improve tumor classification and the ability to select
which patients would benefit from conservative treatment
as opposed to radical surgery [35]. The accuracy of the
diagnostic work up of UUT-UCC is improving due to
advances in technology, pharmaceutical agents and incor-
poration of molecular markers, all factors allowing us to
classify tumors of the UUT more definitively.

Endoscopic management of UUT-UCCs offers the
advantage of preserving the renal function in selected
patients. The most significant prognostic factors are the
tumor location (pyelocalyceal system vs. ureter), multi-
plicity and size (below or above 1.5 cm), tumor stage and
grade [36]. A ureteral stent is placed at the end of the
procedure, and left until a ‘second-look’ repeat procedure
is performed, usually at 6-12 weeks [36]. The patients’
compliance is very important for detecting recurrences.

The imperative indications for the use of fURS in the
treatment of UUT-UCC are the presence of solitary kidney,
bilateral tumors, chronic renal failure and significant co-
morbidities impeding the open surgery. This approach has
optimal results in small tumors (<1.5 cm) located in the
upper ureter or the pyelocalyceal system. For the larger
ones or for those in patients with characteristics predicting
a difficult retrograde approach (i.e., complex anatomy,
lower pole location), another approach (i.e., percutaneous
procedure) must be taken into consideration [37].

Studies showed that the tumor-free rate in patients with
low and high grade tumors conservatively treated was 76
and 40 %, respectively (mean follow-up 60 months) [36,
37]. Tumor size influences both the immediate and long-
term success. Tumors smaller than 1.5 cm are more often
completely resected (91 vs. 36 %) and less often present
recurrences (25 vs. 50 %) when compared with the larger
ones [38]. Regarding multifocality, Keeley et al. [39]
reported that 50 % of the patients with multiple lesions had
residual tumoral tissue while this occurred only in 19 % of
the cases with solitary malignancies. Tumor location does
not seem to influence the oncological outcome, the recur-
rence rate being similar for lesions located in the ureter or
in the renal pelvis (31.2 vs. 33 %) [40]. Nevertheless,
diagnostic work up of UUT-UCC still needs improvement
as demonstrated in a comparative study between five dif-
ferent biopsy forcipes [41].

Narrow band imaging (NBI)
fURS with laser vaporization has appeared to be a prom-

ising solution for local nephron-sparing treatment of low-
grade smaller TCC of the upper urinary tract, and newer

technical developments such as NBI have shown consider-
able improvements in tumor visibility and detection rate [3].
NBI uses two discrete light bands: a blue at 415 nm and a
green at 540 nm, resulting in a high-contrast image. The
shorter wavelength penetrates only the superficial layers of
the bladder wall and the longer wavelength penetrates dee-
per. Both are avidly absorbed by the hemoglobin circulating
in the capillaries. NBI blue light shows superficial capillary
networks, while green light shows subepithelial vessels, and
when combined, they offer an extremely high-contrast
image of the tissue surface. With the usage of the CCD
digital technology, there is improved visibility of the
superficial capillaries and the subepithelial vessels.

Clinical studies demonstrated better visualization of
UUT-UCC with the use of NBI versus white-light digital
fURS [3]. Traxer et al. [42] reported that NBI significantly
improved the endoscopic visualization of tumors, provid-
ing a detailed description of their limits and vascular
architecture. In other words, more tumors and extended
tumor limits were demonstrated. They performed NBI and
white-light fURS in 27 patients and concluded that NBI
technology is a valuable diagnostic method, because it
considerably improves tumor detection rate by 23 %
compared with white light. Further studies are warranted to
clarify the effects of this technology on the diagnosis,
recurrence rate, tumor-free survival period, and overall
management of these patients.

Evaluation of benign hematuria

Patients suffering from relapsing and/or persisting hema-
turia are thoroughly evaluated by the urologist. Despite all
efforts, no source of malignancy can be found in a certain
percent of the cases through standard diagnostic measures.
Although such patients were often closely followed up on a
regular basis in the past, f{URS has nowadays become the
diagnostic and therapeutic method of choice.

A discrete vascular lesion that can be fulgurated during
evaluation phase could be detected in about 50 % of the
patients undergoing fURS for benign hematuria. These
vascular lesions, including hemangioma or arterio-venous
malformations, have been reported to be equally distributed
throughout the collecting system of the kidney. On the other
hand, as a result of this approach, a renal calculus or small,
upper tract transitional cell carcinoma can be detected in
approximately 5-10 % of patients. The fURS of the entire
renal collecting system can most often be performed in a
successful manner in the majority of these cases. Several
centers revealed different types and percentages of discrete
pathologies such as malignancy, vascular lesions, heman-
giomas, sickle cell disease related bleeding sites and
inflammatory lesions could be counted [43—49].
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Management of ureteropelvic junction (UPJ) stenosis

Ureteropelvic junction stenosis has been managed by a
variety of techniques such as open or laparoscopic/robotic
pyeloplasty, antegrade endopyelotomy, retrograde Acucise
endopyelotomy, and retrograde ureteroscopic endopyelot-
omy. Urologist’s experience as well as the available
equipment is the most crucial factor affecting the final
decision on the technique used.

Antegrade endopyelotomy requires expertise in percu-
taneous renal surgery and is the minimal invasive tech-
nique of choice in cases of concomitant renal calculi.
Long-term success rates with Acucise retrograde endop-
yelotomy have ranged from 66 to 84 % [50]. Nevertheless,
the surgeon should be very careful when using this tech-
nique in the presence of aberrant crossing vessels. A pre-
operative CT scan with angiographic phase and three-
dimensional reconstruction provides reliable information
regarding periureteral vasculature at the level of the UPJ
[51]. The relevant literature so far has not shown that ret-
rograde ureteroscopic endopyelotomy provides a first-line
treatment of UPJ stenosis, in comparison with open or
laparoscopic pyeloplasty [51-57].

With the advent of smaller ureteroscopes and ancillary
devices, fURS can nowadays be performed in children with
UPJ stenosis. Adherence to strict endourologic principles
and direct visualization make retrograde ureteroscopic
endopyelotomy a safe and effective treatment modality.

Treatment of calyceal diverticulum

Another established indication for fURS is the manage-
ment of relatively small sized (<1.5 cm) symptomatic
calyceal diverticulum with or without lithiasis [58].
Diverticula located in the anterior calyx are difficult to be
approached percutaneously and constitute the most appro-
priate indication for fURS. Nevertheless, the definition of
success after this approach has not been clearly defined
(i.e., the absence of symptoms, stone-free status, disap-
pearance of the diverticular cavity).

The location of the diverticulum in the kidney largely
affects the final outcome of the procedure where the upper
and mid-calyceal ones are more successfully treated in
comparison to the inferior calyceal ones: 84 versus 29 %
[59, 60]. During the procedure, recalibration of the diver-
ticulum neck is performed with balloon dilation or with
electric/laser incision. In case of stones inside the divertic-
ulum, they can be removed in 83—100 % of the cases [57,
61]. Following the removal of the stone; the ablation of the
intradiverticular cavity with the laser is recommended.
However, the results of some studies showed that the
persistence of the diverticular cavity may be acceptable if
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there is a large communication with the pyelocalyceal sys-
tem and there are no symptoms and stones [59].

Robotic and virtual reality fURS

A novel robotic catheter system has been developed for
performing fURS. Desai et al. [62] performed remote fURS
with a 14F robotic catheter system, which manipulated a
passive optical fiberscope mounted on a remote catheter
manipulator. The robotic flexible ureteroscope could be
successfully manipulated into 83 of the 85 (98 %) calices.
The time required to inspect all calices decreased from
15 min in the first kidney to 49 s in the last. On a visual
analog scale, the reproducibility of calyceal access was
rated at 8, and instrument tip stability was rated at 10. The
potential advantages of robotic flexible URS compared
with conventional manual URS include an increased range
of motion, instrument stability, and improved ergonomics.
The results of the initial clinical experience from the same
group of researchers were encouraging [63].

Regarding virtual reality training, Mishra et al. [64]
performed a comparative study of high-fidelity training
models for fURS. They tried to determine whether high-
fidelity non-virtual reality (VR) models (Uro-scopic Trai-
ner™,; Endo—Urologie—ModellTM) were as effective as the
VR model (URO Mentor™) in teaching fURS skills.
Performance of the trainees was evaluated with the pass
rating and global rating score (GRS).

Complications

The only true contraindication of fURS is the presence of
untreated urinary tract infection because of the risk of
urosepsis [65]. As the depth of tissue penetration of the
Ho:YAG laser is 0.4 mm, in the vast majorities, injuries
can be managed conservatively, although a ureteral stric-
ture may be a long-term event. The rate of development of
subcapsular renal hematoma after fURS is low. In a pro-
spective study of 2,848 consecutive patients who under-
went laser URS, 11 (0.4 %) developed such a complication
[66]. All these cases were diagnosed due to clinical signs
and symptoms and were successfully treated conserva-
tively. Follow-up computerized tomography at 6 months
was normal in all cases. Chang et al. [67] described a case
of a fatal gas embolism that occurred during fURS under
spinal anesthesia. Another extremely rare complication
after f{URS and Ho:YAG lithotripsy was the development
of an intra-renal arteriovenous bleeding fistula which was
embolized [68].

In case of accidental laser fiber breakage, the detection
of the radiolucent fiber remainders may become
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troublesome. A recent study evaluated a prototype of a
radiopaque laser fiber that was designed for lithotripsy with
a Ho:YAG laser [69]. An optical core gold-clad fiber
prototype offered comparable performance to the com-
mercially available fiber of the same optical core diameter.
Radiopaque property was proven in vitro as well as intra-
corporeally, thereby adding an additional safety feature to
laser treatment.

Epilogue

Nowadays, fURS is emerging as one of the mainstays of
treatment of upper urinary tract pathologies, rather than as
a technique for exclusive use of the enthusiast. Indepen-
dent, non-corporate sponsored research will help urologists
performing fURS in instrumentation selection and reduce
reliance on uncontrolled clinical evaluations of new prod-
ucts. Therefore, fURS seems to have been established as
the diagnostic and treatment option with the most fasci-
nating and promising evolution.

The success of fURS largely depends on the type of the
endoscope, the energy source, and the ancillary instruments
utilized. All these crucial factors should be taken into
account before planning a diagnostic and/or therapeutic
intervention in order to achieve a successful outcome with
limited complications. The research into new flexible
scopes, fibers, economic and long-lasting tools will be the
future challenge.
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