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Abstract

Purpose Flexible ureteroscopy (fURS) is steadily gaining popularity in the management of renal calculi, including those
located in the lower pole (LP). Due to difficulty in accessing to the LP of kidney in minority of cases with fURS and reports
of lower stone-free rate (SFR), it is still considered as a challenge in selected cases. The purpose of the review was to analyze
the various aspects of fURS for LP stones.

Methods An extensive review of the recent literature was done including different factors such as anatomy, preoperative
stenting, stone size, flexible scopes, types of lasers, laser fibers, suction, relocation, stone-free rates, and complications.
Results The significance of various lower pole anatomical measurements remain a subject of debate and requires standardi-
zation. Recent improvements in fURS such as single-use digital scopes with better vision and flexibility, high power laser,
thulium fiber laser, smaller laser fiber, and accessories have significantly contributed to make flexible ureteroscopy more
effective and safer in the management of LP stone. The utilization of thulium fiber lasers in conjunction with various suction
devices is being recognized and can significantly improve SFR.

Conclusions With the significant advancement of various aspects of fURS, this treatment modality has shown remarkable
efficacy and gaining widespread acceptance in management of LP kidney stones. These developments have made the fURS
of LP stones less challenging.
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Introduction LP stones is reported to be inferior to that of stones in other
locations [4]. Clinical guidelines recommend endoscopic
interventions for renal stones up to 20 mm in size, as well

as for challenging LP stones [5-7].

Lower pole is considered as most prevalent location for renal
stones [1]. Flexible ureteroscopy has gained significant pop-

ularity globally among both urologists and patients due to
its minimally invasive nature and comparable rates of stone
clearance, which makes it an effective management option
for urolithiasis [2]. However, LP presents unique anatomi-
cal challenges that can impede lithotripsy access and hinder
the removal of stone fragments, even after thorough litho-
tripsy treatment [3]. Despite recent advancements in laser
technology, scopes, and lithotripsy accessories, the SFR for
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This review aims to focus on various aspects of fURS
for LP stones and attempt to analyze whether this treatment
modality remains challenging in that location.

Materials and methods

A systematic literature search was conducted using PubMed
and Google Scholar database in March—June 2023 using the
following terms in several combinations: lower pole, lower
calyx, inferior calyx, renal stones, urinary lithiasis, lower
pole anatomy, flexible ureteroscopes, retrograde intrarenal
surgery, laser, treatment and stone-free rates. The articles
published between 2013 and 2023 were included. The aim
was to analyze the different aspects of fURS for the treat-
ment of LP stones.
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Lower pole anatomy

Numerous studies have examined the impact of LP anatomy
on treatment success. However, the significance of various
anatomical measurements such as the infundibulo-pelvic
angle (IPA), infundibular width (IW), and infundibular
length (IL) remains a subject of debate and requires stand-
ardization. As reported by Karim et al., there is significant
variation in IPA value that determines successful and unsuc-
cessful procedure in four different studies [8]. The chal-
lenges associated with the study of LP anatomy in relation
to treatment success include a wide variety of measurement
methods of IPA, significant intra-observer and inter-observer
variations of IPA measurement, inconsistencies in measure-
ment obtained through different imaging modalities, and the
absence of established cutoff values. The reported IPA cut-
off for difficult LP access and low SFR ranges from 30 to
90 degree [3, 9, 10]. Whereas, Kilicarslan could not find
any correlation of IPA and IL with success of fURS [11].
Similarly, the correlation between preoperative imaging
measurements of LP anatomy and intraoperative retrograde
pyelogram warrants further investigation.

Pre-stenting for LP Stone

The available data on the advantages of pre-stenting in treat-
ing LP stones with fURS are limited. Specifically, studies
conducted by Golomb et al. and Giulioni et al. have shown
that preoperative stenting can predict long-term SFR in LP
stones [12, 13]. Pre-stenting being a predictor factor for SFR
is supported by other studies, although they were not spe-
cifically focused on LP stones [14, 15]. Conversely, some
studies have found no significant difference in SFR between
patients who underwent pre-stenting and those who did not
[16-19]. Additionally, two meta-analyses have indicated
that pre-stenting is associated with higher stone-free rates,
increased success in ureteral access sheath (UAS) place-
ment, and decreased risk of intraoperative ureteric injuries
[20, 21]. However, it is important to note that these meta-
analyses did not specifically investigate stones in LP. Given
the existing evidence, reaching a definitive conclusion is
challenging, and further prospective studies are needed to
provide more conclusive insights.

Flexible ureterorenoscopes

The performance characteristics of the flexible ureteroscope
are the most important parameters that significantly influ-
ence the success of fURS.

Even with the availability of modern ureteroreno-
scopes with 275° upward and downward active deflections,
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approaching an acute-angled LP calyx can sometimes pose
challenges. A study conducted by Dragos et al., employing
a bench-training model (K-Box, Porges-Coloplast) and uti-
lizing nine different scopes models (BOA vision, COBRA
vision, R.Wolf; FLEX X?, FLEX Xc, K.Storz; LithoVue,
Boston Scientific; URF-P5, URF-P6, URF-V, URF-V2,
Olympus), demonstrated that digital scopes were less effec-
tive in accessing the sharply angled inferior calyx and exhib-
ited reduced end-tip deflection compared to fiber optic ones
[22]. Consequently, fiber optic ureteroscopes appear to be
a logical choice when encountering a challenging inferior
calyx [22]. Likewise, a prospective comparison between
reusable fiber optic and reusable digital scopes revealed
a higher failure rate in accessing the entire pelvicalyceal
system with the digital scope [23]. Golomb et al. reported
an incidence of 5.4% unreachable stones during retrograde
intrarenal surgery (RIRS) for LP stones using fiber optic
scope Flex-X2 (Karl Storz, Germany) [12]. We could inter-
rogate on the possibility for in situ thulium fiber laser (TFL)
lithotripsy in those 5.4% unreachable stones for basketing.
This specific aspect represents a major limitation when look-
ing for high-level data that compare fURS to percutaneous
procedures for LP stones. Given the advent of 7.5Fr single-
use scopes and TFL, updating these studies would be of
significant interest.

Single-use digital flexible ureteroscopes have visual
image quality and intraoperative maneuverability approach-
ing that of a reusable digital flexible ureteroscope [24]. Fur-
thermore, the deflection ability of these scopes appears to be
comparable to that of reusable scopes under various condi-
tions, even when ancillary equipment such as guidewires
and baskets are used [25, 26]. The perceived advantages of
the disposable scope include immediate availability for use,
elimination of the need for reprocessing and sterilization,
reduced acquisition cost, as well as decreased costs asso-
ciated with breakage and maintenance [27]. Studies have
documented that the use of disposable scopes during flex-
ible ureteroscopy (fURS) in the LP results in shorter mean
operative duration and fluoroscopy duration, while maintain-
ing a similar complication rate compared to reusable scopes
[28-30]. Additionally, there is a non-significant increase in
the stone-free rate favoring the use of disposable scopes [29,
31, 32]. A multi-center FLEXOR study demonstrated that
urologists prefer disposable scopes for larger LP stones [33].
Over the course of time, reusable scopes are likely to per-
form worse due to reduction in tip deflection with repeated
use. The tip deflection of 215° and less makes it impossible
to reach LP [34]. The economic superiority of disposable
scopes has been shown in centers with low case volumes or
in cases involving large-volume lower pole stones, whereas
reusable scopes tend to be more cost-effective in high-vol-
ume centers [30, 35]. Moreover, the availability of dispos-
able scopes also facilitates the training of residents in fURS.
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The position of the working channel in various flexible
ureteroscopes exhibits variability depending on the manu-
facturer [36]. This variation in the working channel position
directly affects the placement of the laser fiber/basket that is
inserted through the channel, subsequently influencing the
ability to reach and treat stones located in different positions
within the kidney [37]. Villa et al. conducted an ex vivo
study, revealing that the 3 o’clock position of the working
channel demonstrated greater effectiveness for the right
posterior surfaces and left lateral surface of the lower pole,
while the 9 o’clock position proved more effective for the
left posterior and right lateral surfaces of the LP [38]. The
position of the working channel in endoscopes during the
treatment of LP stones has the potential to enhance access
to the stone and subsequently facilitate easier lithotripsy
procedures [38, 39]. However, there is currently a lack of
studies specifically examining the role of the working chan-
nel’s position in flexible ureterorenoscopes and its efficacy
during in vivo fURS for the LP. The challenge posed by
the working channel position can be mitigated through the
availability of movable channel endoscopes. Moreover, some
manufacturers have started two different single-use scopes of
same model with working channel in two different positions
at 11 and 2 o’clock position for this purpose.

Laser

Laser lithotripsy has become widely used for the treat-
ment of urinary stones during fURS [7]. Pulsed lasers are
the only suitable choice for lithotripsy, and among them,
the holmium:yttrium—aluminium-garnet (Ho: YAG) laser
remains the preferred and most effective option for litho-
tripsy due to its specific characteristics, effectiveness,
and safety [40, 41]. Nevertheless, new lasers, such as the
TFL and the pulsed thulium:yttrium—aluminium-garnet
(Tm:YAG) laser, have recently been introduced for stone
treatment. These lasers differ in terms of their technologi-
cal aspects, including the smallest laser fiber size [42, 43].
Theoretically, TFL can be used with laser fiber size as small
as 50 pym, but currently, only 150-um-diameter fibers are
available. In comparison, the minimum laser fiber size
for Ho: YAG and Tm:YAG lasers are 200 pm and 272 pm,
respectively. Considering that the laser fiber size affects the
deflection of the flexible ureteroscope during laser litho-
tripsy, it is evident that the thinnest fiber allows for optimal
deflection and access to the lower pole of the kidney [22].
Furthermore, a smaller laser fiber provides more space for
irrigation, enhancing visibility, temperature control, and
pressure control, which are crucial factors during fURS
[44]. Currently, there is a lack of specific evidence compar-
ing these three laser technologies for laser lithotripsy during
fURS, and international guideline panels have not provided
any recommendations on this matter [6, 7, 45—47]. However,

in vitro studies have reported laser outcomes using a bend-
ing radius of 180° to replicate in vivo access to the LP of
the kidney. Additionally, use of smaller diameter fiber (150
micron TFL fiber) produces smaller fissures and fragments
which are more likely to pass from LP spontaneously [48].

There is currently no consensus regarding the ideal laser
settings for both Ho:YAG and TFL lasers [48-50]. Vari-
ous laser modes have been suggested to distinguish between
fragmentation, dusting, and pop-corning effects during
Ho:YAG lithotripsy. However, the existing data appear to
suggest that urologists should first define their objectives:
whether they aim for fragmentation, pulverization, or a com-
bination of both (i.e., pop-corning) [51]. Additionally, indi-
vidual presets are associated with specific lithotripsy tech-
niques, such as continuous or burst modes, which depend on
the duty cycle of the operator [52].

During in situ lithotripsy for LP stones, laser fiber diam-
eter and laser settings should be considered not only to
achieve better access and efficient lithotripsy but also to
prevent fracture of the fiber and subsequent scope damage.
Haddad et al. showed in Ho:YAG laser low pulse energy
(0.5 J)-long pulse duration, a 20% risk of fiber fracture at
9 mm 180° bend, which is lower to the one (50%) reported
with high pulse energy (1.5 J) and short pulse duration [53].
These results were consistent with another in vitro study that
showed in dusting settings (0.2- 0.8 J, long pulse) for 200 um
laser fibers, a 50% fracture rate at bending radius <6 mm,
while none broke at radius >7.5 mm [54]. All fractures
occurred during laser activation. The pulse rate was not
found to be an influencing factor on fiber fracture risks.
Moreover, at 25 mm 180° bending, no fiber fracture were
reported by Bourdoumis et al., and no significant power loss
occurred in fiber output after 15 min continuous firing of
laser [55]. Authors also reported that bending was not asso-
ciated with power loss. Regarding TFL, no fiber fracture
was reported in vitro within the range of 150 to 365 pum laser
fiber diameter [54]. To date, no evidence has been published
for Tm:YAG about fiber fracture risk.

For in situ lithotripsy for LP stone, TFL could represent
an interesting tool with smaller laser fiber diameter (150 pm)
and better dusting efficiency (fragments <250 um) [42, 56].
Thus, by a better irrigation/visualization and finer dust pro-
duction, need of fragment retrieval from LP will be signifi-
cantly less with TFL, compared to Ho:YAG. As previously
said, TFL allows in situ lithotripsy with small laser fibers
and limit the scope deflection minimally. In an in vitro study
by Buell et al. using 3D printed kidney benchtop model, TFL
lithotripsy for lower pole stones showed remarkable 35%
reduction in residual fragments when compared to Ho: YAG
lithotripsy. Moreover, the use of a 150 um TFL fiber resulted
in significantly lower deflection loss compared to both the
200 um TFL fiber and the 272 pm Ho:YAG fiber. Addition-
ally, the irrigation flow rate was notably improved when the
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smaller TFL fiber was used [57]. The benefits of TFL for
LP stone over Ho: YAG, needs to be established with good
quality in vivo studies. Similarly, to our knowledge, there
is no comparative trial between in situ TFL lithotripsy and
PCNL for lower pole stones.

Stone factors

(a)

(b)

Stone < 10 mm

Both shockwave lithotripsy (SWL) and fURS are the
recommended treatment options for LP stones < 10 mm
by AUA and EAU guidelines [6, 7]. However, higher
stone-free rate has been reported with fURS, whereas
pretreatment rate was significantly higher with patients
undergoing SWL. While stone composition and density
are to be considered while opting for SWL, it is less
likely to affect fURS. A systematic review and meta-
analysis of percutaneous nephrolithotomy (PCNL),
fURS, and SWL for LP stones less than 20 mm by
Kallindonis et al. concurred that no study reported
PCNL as treatment option for stones < 10 mm [58].
Additionally, the SFR was significantly higher for
fURS group whereas the complications rate was simi-
lar for both the groups and re-treatment events were
high for SWL in comparison to fURS (OR 8.46, 95%
CI 3.59¢19.94) (I’=3%, p <0.00001) [58].
Stone 10-20 mm

Ureteroscopy is an established and commonly
preferred option for the treatment of LP stones up to
20 mm with high stone-free rates and low morbidity.
Bozzini et al. in their RCT reported similar SFR for
fURS and PCNL in LP stone of 10-20 mm size (82.1
and 87.3%, p>0.05, respectively). The fURS offer the
best outcome in terms of procedure length, radiation
exposure, and hospital stay compared to PCNL [59].
Another RCT by Kandemir et al. showed both microp-
erc and fURS had similar stone clearance and compli-
cation rates in the management of LP stones < 15 mm
and both are safe and effective alternatives. However,
microperc group had prolonged hospital stay [60].

Rehman et al. compared mini-PCNL to fURS in LP
stones of mean maximum diameter of 15.30+2.21 mm.
Stone clearance after mini-PCNL was higher com-
pared to retrograde intrarenal surgery (RIRS) (92.0
vs. 78.67%, p value=0.021). Mean hospital stay after
RIRS was 1.1 +0.09 days, while it was 2.3 +0.64 days
after mini-PCNL (p <0.001). Two (2.67%) patients in
the mini-PCNL group developed bleeding postopera-
tively [61]. Similar results were reported comparing
super-mini-PCNL and RIRS for <20 mm LPS (100 vs.
92.61%, p=0.171), and comparing for mini-PCNL and
RIRS (86.2% vs. 61.4%, p=0.002) in obese patients for
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20-30 mm LP stones, but with higher complication rate
[62, 63].

A recent meta-analysis of 14 randomized control
trials involving 2194 patients with (10-20 mm) LP
renal stone reported a 90% SFR for RIRS, lower to
mini-PCNL (RR=2.43 91.52; 3.89), but with low com-
plication rate, short hospital stays, and operation time
[64]. We have to acknowledge the important variability
in stone burden and SFR report in this meta-analysis,
decreasing the impact of these results. Moreover, the
stone burden evaluation would benefit from the vol-
ume utilization instead of the maximum or cumulative
diameter, especially for complex LP stones, for without
possible relocation [64, 65]. Finally, the SFR definition
is variable among surgical techniques and studies. A
standardized reporting methodology for endourological
procedures is needed to homogenize reported outcomes
and improve meta-analysis results.

Stone >20 mm

PCNL is the recommended primary modality for
stones more than 20 mm [6, 7]. Although the 2 cm has
been considered as a cutoff for fURS, it remains an
option for patients unfit for the more morbid options
such as PCNL. Recent studies have shown the feasibil-
ity and efficacy of fURS for stone larger than 2 cm with
varying SFR ranging from 50 to 94.2%. Higher com-
plication rate and higher possibility of residual frag-
ments had been observed in those with stone more than
20 mm undergoing fURS [66, 67]. In a study by Sari
et al., higher risk of failure of fURS (approximately
nine times higher) was reported for stones larger than
17 mm in lower pole [66]. Liu et al. showed better
stone free with higher complication rate with mini-
PCNL (86.1 vs. 61.4%) when compared to fURS for
20-30 mm lower pole calculus among obese patients
[62]. Study comparing fURS and ultra-mini-PCNL in
lower poles stones 15 to 35 mm demonstrated similar
SFR and complication rate with lesser hemoglobin drop
and lower hospital stays in the fURS group [68].

Recently other parameters such as stone area and
volume rather than size have also been considered
when deciding treatment options for lower pole stones.
The lower pole stone size more than 132.5 mm? was
an independent risk factor that negatively affected the
success following fURS [10]. The stone density is less
likely to influence the success of fURS unlike that
in SWL; however, higher stone density and brushite
stones had shown to negatively affect the stone-free
status following fURS [9, 69].
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Relocation vs. in situ lithotripsy

Scope deflection, dust clearance from LP, and risk of fiber
fracture during lithotripsy are the main reasons to relocate
a LPS into the renal pelvis or favorable calyx [53, 54].
Recently, we reported in a prospective randomized trial
that there is no difference in the stone-free rate at 1-month
follow-up comparing in situ lithotripsy and relocation for
LP stones during RIRS with Ho:YAG (35 vs. 33 patients,
respectively) [70]. Despite a recent report indicating
improved SFR in LP stones using the displacement tech-
nique compared to in situ lithotripsy, one of the two surgeons
involved in the study failed to achieve a significant difference
in SFR [71]. Furthermore, there is currently no tool avail-
able to predict the possibility of retrogradely accessing and
relocating LP stones. Consequently, relocation may not be
deemed mandatory for achieving favorable SFR, particu-
larly when utilizing advanced laser technology like TFL.
However, the primary challenge lies in achieving access to
LP stones.

Both scopes and surgical skills would be crucial in
this scenario [22, 72]. For in situ lithotripsy in LP stones,
TFL could represent an interesting tool with smaller laser
fiber diameter (150 um), better dusting efficiency (frag-
ments <250 um) [42, 56]. Thus, by a better irrigation/visu-
alization and dust production, lower fragments retrieval
will be required with TFL use, compared to Ho:YAG. To
our knowledge, there is no comparative trial between fURS
with TFL in situ dusting and percutaneous procedures for
LP stones.

Assessment of SFR

Although there is strong agreement that SFR should be
assessed during follow-up, there is no uniformity regard-
ing the timing or modality of imaging study. Assessment of
residual stone fragments after fURS is important to assess
need of auxiliary procedures. The studies also vary in their
definition of stone-free rate [73]. A standardized reporting
methodology for endourological procedures is needed to
homogenize reported outcomes and improve meta-analy-
sis results. Although non-contrast computed tomography
(NCCT) is considered the gold standard for assessing residu-
als, there is growing concern related to the cumulative ioniz-
ing radiation exposure following repeated scans. Therefore,
efforts to reduce radiation exposure such as low-dose NCCT
and use of other modalities such as surgeon’s endoscopic
evaluation at the end of the procedure, ultrasound (US) and
kidneys—ureters—bladder X-ray (KUB) had been evaluated
[63, 70]. Danilovic et al. compared the role of endoscopic
evaluation at the end of surgery, 90th postoperative day
NCCT, USG and KUB in patients undergoing RIRS [74].
They suggested it was reasonable to delay the first imaging

follow-up study to 90 postoperative days as residual frag-
ments observed at endoscopic evaluation were significantly
reduced by 90th POD (62.6% residual vs. 25.2%). They sug-
gested low-dose NCCT for those with endoscopic evaluation
showing stone free or residual of 0-2 mm and, ultrasound if
endoscopic evaluation showing residual fragments >2 mm
[74]. Sensitivity of USG and X-ray KUB needs to be consid-
ered during assessment of smaller stones and dust. There is
no different protocol proposed and described to our knowl-
edge for the assessment of SFR in LP stones after fURS,
that includes need of post-operative stenting and duration
of stenting in LP stones.

A recent multi-center cohort study including 2946
patients reported a 77.8% SFR after RIRS for mean 10 mm
LP stones, with or without relocation [13]. Multiple stones
(OR 1.380), stone size (OR 1.865), and reusable uretero-
scopes (OR 1.414) were significantly associated with the
presence of residual fragments (>2 mm). On the contrary,
thulium fiber laser (TFL) (OR 0.341) and pre-stenting (OR
0.750) were less likely associated with the presence of resid-
ual fragments [13].

Use of suction

With scope and laser advancements, LP access and stone
disintegration has become better yet the residual fragments
challenge persists especially in large stone volume as shown
by Guiloini C et al. [13]. In an attempt to improve SFR,
in situ dusting and fragmentation with extraction have
been compared and both are equally effective [75] but the
common issue being removal of LP dust/fragments which
sediment by virtue of the anatomical configuration often
needing ancillary techniques for removal [9]. To further
help clear these fragments, using a suction ureteral access
sheath (SUAS) during RIRS has been proposed as an adjunct
maneuver [76], yet its limitation is the inability to reach the
fragments and need for active manipulation to negate the
same. In an audit study using the scope as a direct conduit
for aspiration of Gauhar V et al., proposed direct inscope
suction (DISS) may help overcome the residual fragments
problem even in LP and larger stones [77]. Another tech-
nique described using a flexible and navigable suction UAS
(FANS) whereby aided by the scope and maneuvered suc-
cessfully to the desired stone position including LP, frag-
ments upto 4 mm and dust could be actively aspirated [78].
The team proposed 7.5fr scope and 10fr sheath as a good
combination with no sepsis and 94.7% single-stage SFR
even with LP stone [79].

The steerable ureteroscopic renal evacuation (SURE)
technique performed using the CVAC™ Aspiration System
a steerable catheter (with introducer) post-laser lithotripsy
is developed by Sur RL et al. [80]. It is effective in stone
removal compared to basketing alone and under fluoroscopy
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can be placed in LP as well. As quoted by Giulioni C et al.,
RIRS with aspiration devices favors a higher SFR in all loca-
tions, reduces infectious complications, and is a natural suc-
cessor to the traditional technique [81].

Complication

fURS has made its mark as more balanced treatment modal-
ity in terms of SFR and complication rate in comparison to
SWL and PCNL. The complication rate of fURS for lower
pole stone is comparable to other locations and it is lower
than PCNL for similar size stones [59]. Complication rates
of fURS have been reported to be approximately 10-15%
with majority of the complications being Clavien II or less
[60]. Similarly, in recent study out of 2946 patients undergo-
ing fURS for LP stones, 383 (12.6%) had some complica-
tions; however, higher grade complications were seen only
in 33 (1.1%) patients [13]. There is higher risk of scope
deflection loss and damage of scope by laser fiber in lower
pole in case requiring extreme deflection [82].

Conclusion

With the significant advancement of various aspects of
fURS, this treatment modality has shown remarkable effi-
cacy and gaining widespread acceptance in management of
LP kidney stones. The introduction of newer generation flex-
ible scopes, single-use scopes, and newer laser technologies
including thulium fiber laser, further consolidates the role of
fURS for LP stones. The SFR achieved with fURS is signifi-
cantly superior to that of SWL and marginally lower com-
pared to PCNL for stones up to 20 mm in this anatomical
region. Nevertheless, a comparative analysis of PCNL and
fURS, incorporating TFL and suction techniques for treating
LP stones, holds potential to alter the existing differences
in SFR between these modalities. Hence, this area presents
an intriguing subject for future research and investigation.
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