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Abstract

Flexible ureteroscopy (fURS) has become a more
effective and safer treatment for whole upper urinary
tract stones. Percutaneous nephrolithotomy (PNL) is
currently the first-line recommended treatment for
large kidney stones = 20 mm and it has an excellent
stone-free rate for large kidney stones. However, its
invasiveness is not negligible considering its major
complication rates. Staged fURS is a practical treatment

WIN | www.wjgnet.com

JRaishideng®

for such large kidney stones because fURS has a minimal
blood transfusion risk, short hospitalization and few
restrictions on daily routines. However, as the stone size
becomes larger, the stone-free rate decreases, and the
number of operations required increases. Therefore, in
our opinion, staged fURS is a practical option for kidney
stones 20 to 40 mm. Miniaturized PNL combined with
fURS should be considered to be a preferred option
for stones larger than 40 mm. Moreover, URS is an
effective treatment for multiple upper urinary tract
stones. Especially for patients with a stone burden <
20 mm, URS is a favorable option that promises a high
stone-free rate after a single session either unilaterally
or bilaterally. However, for patients with a stone burden
= 20 mm, a staged operation should be considered to
achieve stone-free status.

Key words: Ureteroscopy; Lithotripsy; Laser; Kidney calculi;
Nephrostomy; Percutaneous
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Core tip: Flexible ureteroscopy (fURS) has become a
more effective treatment for large and multiple kidney
stones. However, as the stone size becomes larger, the
stone-free rate decreases, and the number of operations
required increases. We herein review the appropriate
kidney stone size for ureteroscopic lithotripsy and for
situations when it should be combined with percu-
taneous surgery. In our opinion, staged fURS is a
practical option for stones 20 to 40 mm. Miniaturized
percutaneous nephrolithotomy combined with fURS
should be considered to be a preferred option for stones
larger than 40 mm.
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INTRODUCTION

The technical developments and patient requests for
rapid stone removal have led to changes in clinical
stone management. In the past 30 years, kidney stone
treatment has shifted from open surgery to percu-
taneous surgery, and this has almost been replaced
by shock wave lithotripsy (SWL). However, during the
last decade, the limitations of SWL for some situations
have become evident, and flexible ureteroscopy
(fURS) has become more available. The demand for
imperative complete stone removal has led to a shift
toward endourology. The fURS and related instruments
are still evolving. This evolution has made it possible
to treat urinary stones in all locations, while decreasing
the morbidity associated with the active intervention.
However, as the stone size become larger, the stone-free
rate of fURS monotherapy decreases, and the number of
operations required increases. A percutaneous approach
should be considered preferentially for larger stones. In
this review, we discuss the possibilities and limitations
of ureteroscopic lithotripsy in terms of the kidney stone
size and stone number.

INDICATION FOR ACTIVE TREATMENT
OF KIDNEY STONES

In general, there is a consensus that small stones
may be treated with conservative management. In
contrast to ureteral stone, most kidney stones are
asymptomatic. It is questionable for small stones,
especially in the lower pole, if treatment is required.
The natural history and the risk of progression of such
kidney stones have not been well evaluated. However,
stone growth, potential obstruction, associated infec-
tion and pain are clear indications for the treatment
of such kidney stones. Several authors have reported
a significant rate of incidents during the follow-up of
kidney stones (Table 1). For example, Glowacki et a/i™
have reported that symptomatic events developed in
31.8% of patients, and spontaneous passage occurred
in 15.0%, while surgical interventions were required
in 16.8%. Burgher et a/'¥ reported that 77% of
asymptomatic kidney stones became larger, and 26%
required surgical intervention. Hibner et al! reported
that an infection developed in 68% of asymptomatic
kidney stones, and 45% had become larger after
7.4 years of follow-up. They also suggested that 83%
of kidney stones require surgical intervention within
the first five years after the diagnosis. Inci et a/™
observed that 33.3% of lower pole kidney stones had
become larger within 52.3 mo of follow-up, while only
11% required surgical intervention. In a prospective
randomized controlled trial with a 2.2-year of follow-
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up, Keeley et al”” reported that there is no significant
difference between SWL and observation, when they
compared with asymptomatic kidney stones < 15
mm regarding the stone-free rate, symptoms, require-
ment of intervention, and renal function. Although
some authors recommended prophylactic treatment for
these asymptomatic kidney stones, conflicting data
have been reported about the issue!®. Other indi-
cations for active removal of kidney stones are shown
in Table 2.

URETEROSCOPIC LITHOTRIPSY FOR

LARGE KIDNEY STONES

Percutaneous nephrolithotomy (PNL) is currently the
first-line recommended treatment for large kidney
stones = 20 mm"®.. PNL yields an excellent stone-
free rate for large kidney stones. However, its invasive-
ness is not negligible due to its considerable major
complication rates. The puncture and dilation of a
nephrostomy tract, although it is an essential process
in PNL, may induce renal parenchymal damage, blood
loss, or visceral injury. A recent global study of PNL
reported the major complication rates, which included
significant bleeding in 7.8%, renal pelvis perforation in
3.4%, and hydrothorax in 1.8%"™. Blood transfusions
were necessary in 5.7% of the patients. Postoperative
high-grade fever occurred in 10.5%. The conventional
prone position during the surgery may induce the
respiratory problems.

Recently, fURS has become an effective treatment
for kidney stones throughout all renal calyces. URS is
an endoscopic surgery performed through the natural
orifice. Thus, renal parenchymal damage is unlikely
after URS!™, The flexible ureteroscopes and their
peripheral equipment have rapidly improved over the
past few years. URS with holmium laser lithotripsy
yields a same or better outcome than SWL for ureteral
stones, as well as small kidney stones'”®!, Some authors
have reported the treatment outcomes of fURS for large
kidney stones. For example, Grasso et al'"! reported
their treatment outcomes of 45 patients with kidney
stones larger than 20 mm, with a 76% stone-free rate
after the first session of fURS. Second sessions were
needed in 15 patients, and the stone-free rate increased
to 91% without major complications. This primary re-
markable result was supported by additional studies
with similar findings'>**™, We summarized the results
of the updated studies in Table 3. For larger stones (>
20 mm), fURS monotherapy has achieved an excellent
stone-free rate, although its outcome depends on the
operator’s skills and it may require staged procedures.

We previously reported the treatment outcome of
large kidney stones (mean cumulative stone diameter:
31 mm) with an overall 90% stone-free rate after a
mean 1.4 session of fURS"®. In particular, we satis-
factorily achieved a 100% stone-free rate in a cohort of
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Table 1 Natural history of asymptomatic kidney stones

Ref. Study type No. of patients Follow-up Disease progression (stone growth) Symptomatic episode Need for intervention
Glowacki et al" Retrospective 107 31.6 mo NA 31.8% 16.8%
Hiibner et al® Retrospective 80 7.4 yr 45% 68% 83%

Keeley etal®  Randomized prospective 200 22yr NA 21% 10%

Burgher et al” Retrospective 300 326 yr 77% NA 26%

Inci et al™ Retrospective 24 52.3 mo 33.3% 41.7% 11%

NA: Not available.

Table 2 Indications for active stone removal of kidney stones

Kidney stones

Stone growth

Patients at high risk for stone formation

Obstruction caused by stones

Infection

Symptomatic stones (e.g., pain, macrohematuria)

Stones = 15 mm

Stones < 15 mm, if observation is not the option of choice
Patient preference

Comorbidity

Social situation of the patient (e.g., profession or travelling)

14 patients with kidney stones 20-40 mm, that included
64% (9/14) of cases with complete stone-free status.
Our overall stone-free rate is favorable and equal to that
of PNL. In our study, three patients (15%) developed a
high-grade fever after the surgery. One patient with a
struvite stone developed sepsis after the first session.
It is impossible to completely avoid postoperative infec-
tions because the bacteria spread into the irrigation
fluid during the surgery. Thus, surgeon should make an
effort not to push up the intrarenal pressure and to keep
the proper drainage flow, as well as the administration
of antibiotics™™®. In our opinion, too long operation also
apparently increases complication rates. When the
operation time goes over 120 min, we usually terminate
the surgery and retry the next session. This strategy
was supported by a recent report which analyzed large
patient cohort from a Japanese nationwide database.
The authors suggested that longer operation time (>
90 min) increased the risk of complication™®,

Consequently, staged fURS is a practical option for
the treatment of large kidney stones. Staged fURS has
little blood transfusion risk, and is associated with a
short hospitalization and few restrictions on daily rou-
tines. Moreover, the latest digital ureteroscopes, whose
image quality is excellent, can promise better treatment
outcome™”). However, as the stone size becomes larger,
the stone-free rate of fURS monotherapy decreases,
and the number of operations increases. In our study,
the stone-free rate for kidney stones > 40 mm dropped
down to 67% after a mean 1.8 session, compared with
a 100% stone-free rate for stones 20-40 mm after
a mean 1.3 session!'?. Therefore, in our opinion, the
percutaneous approach should be considered to be a
preferred option for stones larger than 40 mm.

WIN | www.wjgnet.com

JRaishideng®

113

MINI-PERCUTANEOUS
NEPHROLITHOTOMY COMBINED WITH
FLEXIBLE URETEROSCOPY

Kidney stones larger than 40 mm should be treated
primarily by PNL. In recent years, the new surgical
technique named as “miniperc-PNL (mini-PNL)"” or
“tubeless PNL,” which utilizes a smaller nephrostomy
tract (< 18 Fr), was developed. It is expected to prev-
ent the major complications which frequently occurred
in conventional standard-PNL (24-30 Fr). Jackman et
al"® reported the efficacy of a 13 Fr “miniperc” techni-
que using a ureteroscopy sheath for nine adult patients.
They concluded that the “miniperc” can offer advantages
associated with hemorrhage, postoperative pain and the
hospital stays. This report has been supported by several
experts®?!, Knoll et al*! evaluated the outcome of
standard-(26 Fr) vs mini-PNL (18 Fr). They reported a
prospective, nonrandomized series of consecutive 50
patients with a solitary kidney stone (lower pole or renal
pelvis). After mini-PNL, if uncomplicated, the patients
was not left a nephrostomy. Alternatively, a double-]
catheter was placed anterogradely and the nephrostomy
tract was closed with thrombin-matrix. After standard-
PNL, all patients were left 22 Fr nephrostomies. While
the stone-free rates were comparable (mini-PNL, 96% vs
standard-PNL, 92%), mini-PNL showed the advantages
of a shorter hospital stay and less postoperative pain.
Although the benefits of mini-PNL are still controversial®*,
this new less-invasive type of PNL can replace standard
PNL for the treatment of large kidney stones, as well as
complete staghorn stones. In addition, ultra-mini PNL
(11-13 Fr) and micro-PNL (4.85 Fr) were developed and
reported their effectiveness of the treatment for 10-20
mm sized kidney stone by some experts®>?®!, These
new developed miniaturized PNL are expected to be
new standard treatment options.

Furthermore, the simultaneous approach with fURS
and PNL in the Galdakao-modified supine Valdivia
(GMSV) position has been reported. The double
approach (retrograde and antegrade) is expected to be
superior to a single antegrade approach with PNL?"%®,
The advantages of the GMSV position enables the
good versatility of stone manipulation along the whole
upper urinary tract. The GMSV position can make
use of combined or subsequent transurethral and
percutaneous access to the urinary tract. The GMSV
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Table 3 Treatment outcomes of ureteroscopy for large kidney stones

Ref Study type No. of Mean stone Mean number SFR after the SFR after the
patients diameter of operation 1* operation 2" operation
Ricchiuti et al™ Single center, retrospective 23 3.1cm 1.43 56.5% 73.9%
Breda et al™ Single center, retrospective 15 2.2 cm 23 60% 86.6%
Riley et al™ Single center, retrospective 22 3.0cm 1.82 23% 86.4%
Hyams et al™ Multi center, retrospective 120 24 cm 1.18 83% 97.5%
Takazawa et al™ Single center, retrospective 20 3.1cm 14 65% 95%

SFR: Stone free rate.

position does not need to change the patient position.
Also, it provides better descending drainage, retrieval
of the stone fragments from percutaneous tract, and
decompression of the intrarenal pressure. Scoffone
et al®”! reported their experiences with 127 patients
who were treated by a simultaneous approach with
fURS and standard-PNL (ECIRS: Endoscopic Combined
Intra-Renal Surgery) in the GMSV position. The tract
was conventionally dilated to 24 Fr or 30 Fr. The mean
length of the operation was 70 (range 25-225) min. The
stone-free rate was 81.9% after the first session and
87.4% after the second session. Although the overall
complication rate was relatively high (38.6%), there
was no visceral injury and no anesthetic problems. The
anatomical changes related to the supine position do not
increase the risk of PNL complications. Although there
were some difficulties in the surgeon’s manipulations,
which are associated with the longer access tract and
more limited access field, supine PNL may have some
benefits over prone PNL.

A synchronous approach with fURS and mini-PNL
(ECIRS) has been suggested to be useful. Hamamoto
et al'** reported their treatment outcomes of mini-
ECIRS (in the prone split-leg position), mini-PNL (18
Fr tract) and conventional standard-PNL (30 Fr tract).
Although their study was nonrandomized and the
patient position was prone, the stone-free rate of mini-
ECIRS (81.7%) was superior to mini-PNL (38.9%) and
standard-PNL (45.1%). Blood loss during the surgery
was significantly lower in mini-ECIRS and mini-PNL
than standard-PNL. Mini-ECIRS has a good versatility
and will be an effective treatment for large kidney
stones.

URETEROSCOPIC LITHOTRIPSY FOR
MULTIPLE KIDNEY STONES

From some reports describing the outcome of SWL, about
20%-25% patients have multiple stones?®>*?, The stone-
free rates after SWL for multiple stones are significantly
lower than for a single stone, which dropped down from
70% to only 40%"”. Many authors reported that the
stone number was a significant predictor for the stone-
free rates after SWL in their multivariate analyses'™**>%,
In recent years, URS has been demonstrated its
effectiveness and safety for upper urinary tract stones,
and the indication has been expanding®**!, URS can
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directly access to the target stones throughout the whole
upper urinary tract, regardless of laterality, and actively
clear away the stone fragments®. This is a great
advantage of URS superior to SWL. Therefore, URS may
be an ideal treatment for multiple stones that promises
a higher stone-free rate than SWL after a single surgery.

As well as fURS, SWL has been considered to be
a recommended treatment for small to intermediate
kidney stones'®. The SWL has some advantages: good
patient’s acceptance, short convalescence, and little
need of anesthesia during the treatment. However, the
outcome of SWL is susceptible to many factors: stone
size, stone position, stone composition, and the distance
from skin to stone®*>*, Particularly, the “multiple
stones” is a strong unfavorable factor that impacts on
the stone-free rates as well as recurrence-free rates
after the treatment. Abe et a®*” described in their large
cohort study that the stone-free rates after SWL for
multiple stones dropped down to 41% compared with
71% for solitary stone. The “multiple stones” was the
strongest adverse factor for stone recurrence in their
analyses.

PNL is another treatment option for multiple kidney
stones. Multiple kidney stones sometimes grow larger
in different calices. In such cases, multiple percutane-
ous tracts are needed for access to the target stones.
However, multiple percutaneous tracts may induce
blood transfusion risk and the patient’s discomfort™>*".,

Flexible ureteroscopes and their peripheral equip-
ments have rapidly improved over the past few years.
Nowadays, fURS yields a same or better outcome than
SWL for kidney stones™*®. In comparison with SWL
or PNL, fURS has some advantages for the treatment
of multiple kidney stones. The various shaped nitinol
baskets enable the removal of stone fragments safely.
After the removal of one stone, we can continue the
fragmentation of the next stones. Moreover, the latest
flexible ureteroscopes and the smallest laser fiber can
access to the lower calyx, where the spontaneous
passage of residual fragments are hardly expected after
SWL. Also, fURS can approach to bilateral upper urinary
tract in a single operationt**2,

There have been some studies of the management
of multiple kidney stones by ureteroscopy™**!. we
summarized the outcomes of the previous reports in
Table 4. Breda et a*® studied the results of 51 patients
who had multiple unilateral kidney stones. The mean
stone number was 3.1 and the mean stone length was
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Table 4 Treatment outcomes of ureteroscopy for multiple kidney stones

Ref Study type No. of Mean number Mean number SFR after the SFR after the
patients of stones of operation 1* operation 2" operation
Breda et al*” Single center, retrospective, unilateral kidney 51 3.1 14 64.7% 92.2%
Herrera-Gonzalez et al'*! Single center, retrospective, unilateral kidney 125 3.59 1 74.4% NA
Huang et al*” Single center, retrospective, bilateral kidney 25 5.1 1.5 50% 92%

SFR: Stone free rate.

Kidney stone
(all positions including lower pole)

Mini-PNL combined with fURS
(including multi-tract mini-PNL)

Staged fURS or mini-PNL
combined with fURS

fURS or SWL

9

Figure 1 Our proposed treatment algorithm for kidney stones. fURS:
Flexible ureteroscopy; PNL: Percutaneous nephrolithotomy; SWL: Shock wave
lithotripsy.

6.6 mm. The mean stone burden (cumulative stone
length) was 21 mm. The overall stone-free rate was
92.2%, with a mean number of sessions of 1.4. The
stone-free rate after one and two sessions in patients
with a stone burden < 20 mm was 79% and 100%,
respectively, compared with 52% and 85% in patients
with a stone burden > 20 mm. Complications occurred in
seven patients (13.6%) including intraoperative bleeding
in one, postoperative pyelonephritis in one and a urinary
tract infection in three patients.

Herrera-Gonzalez et a* studied the results of 125
patients with multiple unilateral kidney stones. The mean
stone number was 3.59. The mean cumulative stone
length was 11.93 mm, and the mean cumulative stone
surface was 83.7 mm’. The overall stone-free rates
after a single session was 74.4% The stone-free rates
in patients with a cumulative stone surface = 100 mm?®
was 65.4%, compared with 79.5% in patients < 100
mm?. Complications occurred in seven patients (5.6%),
including urinary tract infections in four, hematuria in two
patients, and ureteral perforation in one. The authors
concluded that ureteroscopic lithotripsy for multiple
kidney stones was an effective treatment.

We also reported the results of 51 patients with
multiple stones, although we included both kidney and
ureteral stones, either unilaterally or bilaterally, into the
study cohort®. Our results were equivalent to those
in Breda’s reportst*?.. In our study, the “stone burden”
and the presence of “impacted stones” can significantly
predict the stone-free rate after the first session of
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URS, whereas the “stone location” did not significantly
influence the outcome. Due to the “impacted stones”,
if the ureteral mucosa was severely damaged during
the procedure, we terminate the surgery in order to
prevent a postoperative ureteral stricture. We always
place a double-] stent to arrange for the next operation.
At the next operation, the access to the residual
stones usually becomes easier due to the spontaneous
dilation of the ureter by stenting. In our study, we
performed same session bilateral URS. We achieved
86% stone-free status after same session bilateral
URS with no complication. Some experts has reported
the effectiveness of same session bilateral URS!*,
Our results supported the adequacy of a same session
bilateral URS as a considerable option for bilateral stones
when it is performed at the experienced institutions.

We also analyzed our surgical data regarding stone
burden®®®. Overall, the mean number of sessions was
1.3, the mean total operative time was 112 min, and
stone-free rate after one and two sessions was 80.4%
and 92.2%, respectively. The 25 patients with a stone
burden < 20 mm had smaller number of sessions, shor-
ter operative time, and higher stone-free rate after the
first session than the 26 patients with a stone burden =
20 mm.

Consequently, fURS is an effective option for multiple
stones. Especially for patients with a stone burden <
20 mm, fURS is a favorable option that promises a high
stone-free rate after a single session, either unilaterally
or bilaterally. However, for patients with a stone burden
= 20 mm, a staged operation should be considered to
achieve stone-free status.

CURRENT PROPOSAL FOR ACTIVE
REMOVAL OF KIDNEY STONES

Figure 1 shows our proposed treatment algorithm for
kidney stones. We select the treatment option with no
distinction regarding the stone position (upper/middle
pole or lower pole), because the current fURS instruments
can easily reach to the all calyces, including the lower
calyx, and can clear away the stone fragments by using
a basket. Basically, we recommend endoscopic treatment
for kidney stones, because residual fragments after SWL
frequently do not pass spontaneously and often lead the
stone recurrence. Besides, stones composed of calcium
oxalate monohydrate, brushite, or cystine are usually
resistant to SWL™. Depending on the operator’s skills
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and the stone shape/position/component, stones up to
40 mm can be treated sufficiently by fURS monotherapy,
although staged operations may be required. We also
recommend using a combination of PNL and fURS for
larger stones, especially for staghorn stones, because
the fURS can access each calyx, where the percutaneous
antegrade approach is difficult. This is associated with
a major advantage in terms of clearing the stone
burden. Multi-tract PNL has also been evaluated by
experts, who reported successful outcomes. However,
multi-tract procedures may cause more complications,
but if necessary, should be considered for appropriate
cases®*, Most upper urinary tract stones should be
treated primarily by PNL, URS, SWL or a combination
of these techniques. Thus, open or laparoscopic
surgery may be a valid primary option in selected cases
(e.g., complex stone burden, treatment failed case,
anatomical abnormal case.). Recently, the effectiveness
of laparoscopic pyelolithotomy for large renal pelvic
stone was reported, although further evaluation should
be needed™**”.

CONCLUSION

For large kidney stones, staged fURS is a practical
treatment. Staged fURS has little blood transfusion risk,
and is associated with a minimal risk of needing a blood
transfusion, a short hospitalization and few restrictions on
daily routines. However, as the stone size becomes larger,
the stone-free rate of fURS monotherapy decreases,
and the number of operations increases. Therefore, in
our opinion, PNL should be considered to be a preferred
option for stones larger than 40 mm. In addition, URS
is an effective option for multiple stones. Especially for
patients with a stone burden < 20 mm, URS is a favorable
option that promises a high stone-free rate after a single
session, either unilaterally or bilaterally.
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