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ABSTRACT
Background and Purpose: Pediatric urolithiasis can be managed with various endourologic techniques, which
are challenging and demanding. With the availability of advanced minimally invasive techniques, one has to
select the appropriate modality. We analyzed the results of various techniques selected prospectively on the
basis of our guidelines for the management of pediatric urolithiasis.
Patients and Methods: We analyzed the results of percutaneous nephrolithotomy (PCNL), ureteroscopy
(URS), and extracorporeal shockwave lithotripsy (SWL) in 45 children treated at our institute between January 2004 and May 2005. There were 35 boys and 10 girls ranging from 12 months to 17 years age (median
age 8.2  5.72 years), with 25 children (55.6%) under the age of 8 years. Stone-free rate, complications, and
hospital stay were assessed.
Results: Extracorporeal lithotripsy was performed in 13 children (15 renal units) with average stone surface area of 50.8  35.8 mm2. The stone-free rate was 92.3%. The total number of shocks per treatment ranged
from 450 to 1400 (mean 856.3  189.6). A total of 25 PCNLs were done. Stone extraction was completed in a
single stage in 20 units (80%), whereas 5 units (20%) required a second stage. Stone-free status was achieved
in 23 renal units (95.8%). In the URS group, 9 procedures were planned in 8 children, and rigid ureteroscopy
was successful in 6 (66.7%).
Conclusions: With the availability of various alternative approaches, proper treatment planning and judicious use of minimally invasive techniques can cure most patients. On the basis of our experience and results,
we recommend an algorithm for the management of pediatric stone disease.

INTRODUCTION

P

EDIATRIC UROLITHIASIS has wide epidemiologic variation between developed and developing nations, with prevalences
of 1% to 5% to 5% to 15% respectively.1 In adults, the main
thrust of management is endourologic, and the same can be extended to pediatric stone disease. However, there is concern regarding the safety of endourologic treatment in these smaller
patients and its effect on the growing kidney.
In the last decade, technological advancement and miniaturization of instruments has changed the management of pediatric
urinary-stone disease. Although there is international consen-

sus on the guidelines for the management of stone in adults,2,3
consensus on the management of pediatric stone disease is lacking. Extracorporeal shockwave lithotripsy (SWL) has been preferred method of management of pediatric stone disease,4–7
whereas the endoscopic approach is limited to a few centers.8
In our institute, urolithiasis in pediatric patients constitutes
4.3% of all stone disease. After considerable experience in managing adult stone disease, as well as a large number of stones
in children, we formulated guidelines to select the modality for
each case. In the present study, we attempt to prove our philosophy and method of treatment by analyzing the success rate
and morbidity of each modality prospectively.
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TABLE 1. INCLUSION

AND

EXCLUSION CRITERIA

FOR

VARIOUS STONE TREATMENTS

Inclusion criteria
PCNL

Staghorn calculus
Stone 2.0 cm
Gross hydronephrosis
Poorly functioning kidney
Infected hydronephrosis or
pyonephrosis
Upper-ureteral stone 1.0 cm
Renal pelvic or caliceal stone 1.5
cm (calcium oxalate dihydrate
stone up to 2.0 cm)
Inferior-caliceal stone 1.0 cm
Upper-ureteral stone 1.0 cm

SWL

URS
Open or
laparoscopic
surgery

Exclusion criteria
Uncontrolled bleeding
diathesis
Massive hepatomegaly or
splenomegaly
Unfavorable intrarenal
anatomy
Active infection
Uncontrolled bleeding
diathesis
Difficult localization
Gross hydronephrosis
Poorly functioning kidney

Lower- or mid-ureteral stone
Large bulk and difficult intrarenal
anatomy
Failed endourologic procedure

PATIENTS AND METHODS
Patients
We prospectively analyzed 45 children (52 renal units)
younger than 17 years with urolithiasis treated at our institute
between January 2004 and 15 May 2005. There were 35 boys
and 10 girls ranging from 12 months to 17 years age (median
age 8.2  5.72 years), with 25 patients (55.6%) being under the
age of 8 years. Forty-four (97.8%) had upper-tract stone, including 31 unilateral renal, 4 bilateral renal, and 9 ureteral
stones. The basic work-up included urinalysis, urine culture,
serum creatinine assay, ultrasonography, and intravenous urography. Patients with a urinary-tract infection received culturespecific antimicrobials. All other patients received a prophylactic antibiotic. On the basis of our preset inclusion criteria, a
treatment modality was chosen (Table 1). Patient characteristics, treatment, morbidity, and stone free-rate were entered in a
database. Laboratory abnormalities, infection rate, blood transfusion rate, and hospital stay were analyzed. Two-dimensional

stone surface area was measured from the plain radiographs utilizing an image analysis program (Adobe Photoshop®).9 We
also analyzed the composition of the stones with X-ray diffraction (Phillips diffractometer) from SICART Laboratories
(Gujarat, India).

Techniques
Our technique of PCNL in children has been described.10,11
The indications for stent placement were a large stone burden,
impacted ureteral calculi, infundibular stenosis, and need for
multiple tracts. Hemoglobin estimation was done preoperatively
and 48 hours postoperatively, and blood was transfused depending on the results. Patients were followed with urinalysis,
urine culture, and ultrasound examination at 1 and 3 months.
An intravenous urogram was obtained at 6 months.
All SWL procedures were performed on the Dornier Compact Delta (Dornier Meditek, Germany) using sonographic and
fluoroscopic imaging for stone localization and the patient under general anesthesia (younger patients) or sedoanalgesia (older

A

B

FIG. 1.

Inflated glove for coupling between patient and water chamber.
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TABLE 2. CLINICAL PROFILES

Numbers of patient
Mean age (years)
M/F
Pain
Hematuria
Urinary-tract infection
Lithuria
Anuria
Stone size (mm2)
Hydronephrosis

OF

PATIENTS

Renal stone

Ureteral stone

35
7.6
26/9 (ratio 2.9)
26
15
9
3
3
284.83  202.6
21

9
9.6
6/3 (ratio 2.1)
3
2
3
1
1
47.3  35.1
5

children). We restricted the total number of shocks to 750 in
younger and 1500 in older children. The maximum voltage used
was 13.04 kV. For smaller children, we used an inflated glove
for coupling with the water chamber (Fig. 1). During treatment,
stone fragmentation was monitored by real-time ultrasonography. Ultrasonography and a plain radiograph (KUB film) were
done to evaluate stone fragmentation and hydronephrosis after
24 hours. Further follow-up with urine examination, radiography, and ultrasonography was done at 1 and 3 months.
The technique of URS in children was essentially the same
as that used in adults. The ureteral orifice was assessed by direct vision and was dilated if it appeared to be too narrow to
accept a 6F or 7.5F R. Wolf ureteroscope. A 6.0F or 7.5F rigid
ureteroscope or flexible ureteroscope (ACMI DUR®-8 Elite)
was used, depending on the age of the patient and site(s) of
stone. Stones were fragmented with the Swiss Lithoclast® or
holmium:YAG laser (Ware Light-Laser Tech GmbH). The main
indications for a ureteral stent were a narrow edematous ureter
and an impacted stone. A urethral catheter was placed in all
cases and was removed after 24 hours. All patients had a KUB

TABLE 3. DESCRIPTION

Mean age  SD
(range) (years)
Renal stone
Pelvis
Pelvis  caliceal
Staghorn stone
Partial
Complete
Ureteral stone
Proximal
Distal
Average stone surface
area (mm2)
Average operating time
(range) (min)
Average hospital stay
(range) (days)
Percent with stone
clearance

OF

film on the following day to exclude the presence of residual
fragments and to check the position of the stent. The plain film
and ultrasonography were repeated at 4 to 6 weeks after the
procedure and intravenous urography after 3 months.

RESULTS
The clinical profiles of patients are shown in Table 2. Only
four children (8.9%) had underlying abnormalities of the urinary tract. The clinical profile, stone factors, and results of the
patients in different groups are summarized in Tables 3 and 4.
The surface area of the stone according to age and treatment
modality is shown in Figures 2 and 3, respectively. Stone analysis was available in 23 patients (51.1%), and 18 stones (78.3%)
were calcium oxalate monohydrate, 4 (17.4%) calcium oxalate
dihydrate, and one (4.3%) struvite.

PCNL
The PCNL was completed in a single stage in 20 (80%) units,
whereas it was planned as a two-stage procedure in 5 units
(20%). The indication for a staged procedure was acutely obstructed kidney and urosepsis (3 patients). Two other patients
who had large stone burdens required two-stage PCNL. One
child had perforation of the renal pelvis during the procedure;
hence a second session was done after 2 days. The procedure
was completed through one tract in 16 patients (69.6%), two
tracts in 6 patients (26.1%), and 4 tracts in one patient (4.3%).
Of the 34 tracts, 23 (67.6%) were created into the lower posterior calix. We chose this puncture site in most cases because
the major stone burden was located in the pelvis and lower calix
(64.7%). If it was anticipated that calculi of the upper, middle,
and anterior lower calices could not be approached from the
primary tract without significant angulation, then either these

DIFFERENT SURGICAL GROUPS

SWL
13 pts.
(15 units)

PCNL
23 (25)

URS
8 (9)

4.2  3.61
(1–11)

10.1  5.3
(1–17)

9.1  7.2
(1–17)

10 (11)
1 (2)

4 (4)
13 (13)

0
0

1 (1)
0

3 (3)
2 (4)

0
0

1 (1)
0
50.8  35.8

0
1 (1)
282.5  207.9

0
8 (9)
42.3  35.2

31.6
(15–90)
2.4 (2–4)

67.3
(30–130)
4.3 (2–11)

38
(25–75)
4.8 (2–10)

92.3

95.8

66.7
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TABLE 4. RESULTS

Renal stone
SWL
PCNL
Laparoscopic pyeloplasty
with pyelolithotomy
SWLPCNL
Ureteral stone
SWL
URS

OF

TREATMENT

Planned

Success rate
(%)

14
24

100.0
95.8

1
1

100.0

1
9

100.0
66.7

Auxiliary procedures

SWL 1
Waiting for PCNL

stones were accessed through a separate puncture or a flexible
nephroscope with the Ho:YAG laser was used. The average
drop in hemoglobin was 1.47  1.6 g/dL (Table 5). Three patients (13%) required blood transfusions. In two patients, bleeding was related to the procedure, whereas one required transfusion because of preoperative anemia. Serum creatinine
remained normal in all these patients.
Stone-free status was achieved in 23 renal units (95.8%). Two
patients (8.7%) had small residual gravel after the procedure. One
child required SWL for small upper-caliceal residual stone, and
one patient passed stone spontaneously. At 1 month, ultrasonography and KUB films did not show residual stones in any patient.

ESWL

Open surgery 1
Antegrade URS 1
PCNL 1

Two patients had bilateral staghorn stones (Fig. 4), one had
bilateral renal and ureteral stones, and one had renal and urethral
stone. Bilateral stones were managed with PCNL on the symptomatic side and placement of a nephrostomy tract on the opposite side followed by PCNL in a separate session. In one case of
renal and ureteral stone, ureteral stones were pushed up into the
renal pelvis with the ureteroscope, and PCNL was performed.
Three patients had intraoperative complications consisting of
pelvic perforation in one and significant bleeding in two. Postoperatively, one child had right-flank tenderness with leukocytosis,
three children had minor pyrexia, and one patient had prolonged
urinary leak (6 days) after removal of the nephrostomy tube.

PCNL

9
8

No. of patients

7
6
5
4
3
2
1
0
0 - 50

51 100

101 150

151 200

201 250

251 300

301 350

351 400

401 450

451 500

501 550

551 600

601 650

651 700

Stone Surface Area
FIG. 2.

Distribution of calculus surface area according to treatment.

701 750

751 800

741

GUIDELINES FOR PEDIATRIC LITHIASIS

0-3 Yrs

4-8 Yrs

9-17 Yrs

10
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FIG. 3. Distribution of calculus surface
area according to patient age.
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The majority of stones were renal, and most of them (76.9%)
were in the pelvis. The total number of shocks per treatment
ranged from 450 to 1400 (mean 856.3  189.6). Voltages
ranged from 10.24 kV to 13.04 kV (average 11.75 kV). Fluoroscopy time was 25 seconds to 130 seconds (average 81.4 
55.8 seconds). Only one child, who presented with anuria, required stent placement prior to the treatment.
Complete clearance of the stones was achieved in 92.3% of the
renoureteral units with an average of 1.3  0.79 sessions (Fig. 5).
Only three patients required more than one session. There were
no complications associated with SWL except minor hematuria.
One child had nausea and vomiting necessitating intravenous fluids. Mild post-treatment flank pain was common and was easily
managed with appropriate analgesics. One child, who underwent
pyelolithotomy elsewhere and presented with multiple complex
caliceal calculi, had awkward pelvicaliceal anatomy; hence, SWL
followed by PCNL for residual fragment was planned (Fig. 6).
Although stones were fragmented with SWL, they did not clear
so PCNL was performed.

Nine URS procedures were planned in eight children. Retrograde rigid URS was successful in 6 (66.7%). Mechanical dilation of the ureteral orifice before negotiating the ureteroscope
into the intramural ureter was done in 5 cases (55.5%). Placement of a double-J stent was done in five children. In three
cases, the stent was kept for 48 hours. In two patients because
of a narrow ureteral orifice and ureteral tortousity, antegrade
flexible URS was done. Renal access was achieved by carefully
selecting a calix from the oblique radiograph and ultrasound
scanning to get straight access to the upper ureter. We established 22F antegrade renal-access tracts with the patient in the
supine position (Fig. 7) and passed the flexible ureteroscope
over a guidewire to reach stone, which was destroyed with a
holmium laser. In the second case, a similar approach was used
with the patient prone, but because of severe ureteral tortousity,
the stone could not be accessed, and injury to the lower ureter
was suspected. Hence, exploration and open ureterolithotomy
with reimplantation of the ureter was done. In one patient, the
stone migrated to kidney, so PCNL was done.

TABLE 5. DECLINE

IN

HEMOGLOBIN

IN

RELATION

TO

TRACT NUMBER

Single tract

No. of patients
Mean Hb drop
(g/dL)
SD

EXTENT

AND

OF

DILATATION

Multiple tracts

22F

22F

Overall

22F

22F

Overall

11
1.45

5
1.46

16
1.46

5
1.62

2
1.15

7
1.49

1.89

1.19

1.66

2.20

0.21

1.32

A

B

C

D

FIG. 4. Radiographic images from 3-year-old girl with complete staghorn calculi bilaterally and right proximal-ureteral stone.
(A) Plain film before treatment. (B) Intravenous urogram shows normal renal function. (C) Plain KUB film after right-sided
PCNL. (D) Left PCNL was done 5 days later; postoperative KUB film reveals complete stone clearance.

A

B

C

D

FIG. 5. Radiographic images from 1-year-old boy presenting with history of recurrent urinary-tract infection and multiple renal
calculi bilaterally. (A) Plain film before treatment. (B) Intravenous urogram demonstrates normally functioning kidney. (C) He underwent SWL on left with 800 shocks; KUB film 3 weeks later shows complete stone clearance. (D) Right-sided calculi were subjected to SWL, which required two sessions with 650 and 860 shocks. Plain film at 9 weeks shows complete stone clearance.

A

B

C

D
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FIG. 6. Eight-year-old boy with multiple complex calculi referred after open pyelolithotomy. (A) Plain film. (B) Intravenous
urogram demonstrates normally functioning kidney. (C) No clearance of left-sided stone burden after SWL. (D) Complete stone
clearance after PCNL.

A

B

C

FIG. 7. This patient presented with right-sided midureteral
stone with good renal function. Right-sided URS proved difficult. (A) Antegrade flexible URS was performed using ACMI
endoscope with patient in supine position. Stone was fragmented with laser, and complete clearance was achieved. A
4.8F double-J stent was placed antegrade. (B) Plain film with
ureteroscope in place. (C) Postoperative plain film shows stent
and complete stone clearance.
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DISCUSSION
Urolithiasis affects 12% of the population worldwide,12 with
1% to 3% of the affected persons being children.8 During our
study period, in our institute, we treated 1025 patients with urinary stones by endourologic management, and 45 (4.3%) of
them were children. With technological advancement, many alternative minimally invasive urologic procedures are now available. In the absence of guidelines, selecting the appropriate
treatment modality for each case requires planning, instrument
availability, and expertise. The management of upper urinarytract pediatric urolithiasis usually includes four surgical approaches: PCNL, SWL, rigid or flexible URS, and open surgical procedures. There are only anecdotal reports on laparoscopic
surgery in pediatric stone management.13
To select an appropriate treatment, stone location, composition, and size; the anatomy of the collecting system; and the
presence of obstruction and infection of the urinary tract are
important factors to consider. Extracorporeal lithotripsy is most
common modality in pediatric urolithiasis.4–7,14,15 Various authors5,16,17 have described the use of SWL monotherapy for
small and unbranched stones, and a few have even used it for
staghorn calculi.5,18 Monotherapy with SWL is not recommended for stones 20 mm and staghorn calculi in adults,1,19,20
so extending it to children only because of its noninvasive nature is of questionable safety. Children pass fragments more
easily,21 as the ureter better adapts to changes in pressure. However, a large number of patients will require ancillary procedures and stents, which reduces the advantage of the noninvasive nature of SWL.
Extracorporeal lithotripsy is safe in the pediatric population,
and it is initial choice for single and small stones. We performed
SWL for stones 150 mm2 in 12 children (17 renal units) with
a stone-free rate of 92.3%. In children younger than 3 years,
the stone surface area ranged from 13.5 mm2 to 67.3 mm2. We
used significantly fewer shockwaves (average 856.3) and energy (average 11.75 kV) than in other series.8,22,23 Defoor and
associates7 treated 88 patients with a similar machine and reported a success rate of 74% with an average of 1600 shocks.
The principle of our selection criteria for SWL is complete stone
clearance over a short period with the smallest number of shockwaves and without need for ancillary procedure. In complex
cases, SWL can be used to reduce the stone bulk and can be
combined with PCNL.
Percutaneous nephrolithotomy as monotherapy or in combination with SWL is still not widely practiced in children because of the higher risk of complications in a relatively small
kidney with large instruments. With the availability of smaller
instruments and with ultrasound guidance, this procedure can
now be done safely, but only after sufficient experience.10,11
The main indication for PCNL in children is large stone, obstructed system, infection, radiolucent or cystine stones, and residual stones after failed SWL24,25 or open surgery.
With certain technologic variations,11 we could achieve a
success rate of 95.5% in 22 children (24 renal units) compared
with reported stone-free rates of 67% to 100%.1,10,11,26–28 Our
concept of staged multi-miniperc PCNL in children whenever
necessary has reduced the total blood loss. One child had renal-pelvic perforation and was managed well with a stent.
Ureteral stones can divided into distal and proximal. Van Sav-

age et al29 audited their experience with pediatric distal-ureteral
calculi and compared their outcomes with the American Urological Association Guidelines for the management of adult ureteral
calculi.3 They noted that most stones less than 3 mm passed
spontaneously, whereas stones 4 mm were likely to require intervention. Ureteroscopy is standard first-line therapy for large,
impacted, and distal-ureteral stones.29 The main problem with
ureteroscopy in children is to get access to the stone because the
urethra and ureter are of small caliber. The treatment of ureteral
calculi with SWL is accepted,30 but an impacted stone with
swollen mucosa might decrease the success rate. The success rates
of ureteral-stone removal with URS and SWL in children range
from 77% to 100%,31 and secondary procedures usually increase
this rate to close to 100%.32,33 With retrograde rigid URS using
6F and 7F ureteroscopes, we cleared 66.7% of the ureteral stones,
and with secondary procedures (SWL and PCNL), this rate improved to 88.7%. One retrograde approach failed because of a
narrow intramural ureter and was managed by the antegrade approach. In another case, we encountered a ureteral injury that was
managed with open ureterolithotomy and reimplantation. The success rate with URS thus was less than with the other modalities,
and we encountered complications and failures of the retrograde
approach in two cases. This could be secondary to the use of a
larger (6F) ureteroscope. Success can be increased with further
use of a smaller ureteroscope (4.8F) or with antegrade flexible
URS. We believe that difficult ureteral stones can be approached
antegrade and that passing the flexible ureteroscope with the patient supine increases its maneuverability and success.
In the practice of pediatric endourology, the transperitoneal
and retroperitoneal laparoscopic approach for pyelolithotomy
and ureterolithotomy has been used, but those techniques are
reported in a limited number of patients. Casale and associates34
performed laparoscopic pyelolithotomy in eight children after
failed percutaneous assess without any complications. In our
study, one 3-year-old girl presented with left UPJ obstruction
with six renal stone and underwent retroperitoneal laparoscopic
pyeloplasty and stone removal.
Vesical calculi are unusual in industrialized countries, but
endemic bladder stone still is seen in some developing countries.13,25 The principles of management of bladder stones are
similar to those for upper urinary-tract calculi. Approaches for
the bladder stones are the endoscopic route, suprapubic percutaneous access, and open cystotomy.35,36 Suprapubic cystolithotomy is appropriate in cases of large, hard vesical calculi. We performed suprapubic cystolithotomy for a large
vesical stone (surface area 684 mm2), and a second case was
treated with transurethral cystolithotripsy at the time of PCNL.
At our institute, the recurrence rate of urolithiasis is 18.5%.
We did not find any recurrence in these 45 cases during the
study period. We emphasize metabolic evaluation, correction
of metabolic abnormality, and regular follow-up with ultrasonography and renal functional parameters to assess for recurrence and growth of the kidney.

CONCLUSION
Pediatric urolithiasis, constituting 4.3% of the stone cases
treated at our institute, pose a specific challenge to the endourologist. With the availability of various alternatives, proper
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treatment planning by a urologist is necessary to get the best
outcome (stone free) with a minimum hospital stay and minimal morbidity. We used all available modalities and found that
the judicious use of these minimally invasive techniques can
cure most of the patients, such that open surgery will rarely be
needed. On the basis of our experience and results, we recommend an algorithm for the management of pediatric stone disease (Appendix).
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ABBREVIATIONS USED
Hb  hemoglobin; KUB  plain (kidneys-ureters-bladder)
radiograph; PCNL  percutaneous nephrolithotomy; SWL 
shockwave lithotripsy; URS  ureteroscopy.
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APPENDIX
RECOMMENDED TREATMENT PROTOCOL
Renal Stone
Index case
1. Solitary renal pelvic or caliceal stone 150 mm2 or 1.5 cm (calcium oxalate dihydrate up to 250 mm2) with normal renal
function without infection or hydronephrosis
2. Inferior-caliceal stone 100 mm2 or 1.0 cm (calcium oxalate dihydrate up to 200 mm2) with favorable anatomy
Recommendation: SWL
Nonindex case
Stone 150 mm2 or multiple stones with moderate to severe hydronephrosis, urosepsis, and renal insufficiency
Recommendation: PCNL
(Stage in poorly functioning kidneys with infection and in small children)
Optional: SWL
• Small partial staghorn or with one caliceal extension or larger stone of calcium oxalate dihydrate with or without infection and poor function
• Pelvicaliceal anatomy unfavorable for PCNL
• Controllable infection
PCNL  SWL
PCNL for debulking and SWL for unapproachable calix
Open surgery/laparoscopic surgery
• Failure of PCNL or SWL
• Associated congenital anatomy requiring correction; e.g., UPJ obstruction
Proximal-Ureteral Stone
Index case
Nonimpacted stone 100 mm2 or 1.0 cm with normal function without infection and hydronephrosis
Recommendation: SWL
Nonindex case
Stone 100 mm2 or 1.0 cm impacted with poor function, severe hydronephrosis, and infection
Recommendation: Antegrade URS/PCNL
Optional: SWL
• Stone of calcium oxalate dihydrate 100 mm2 or 1.0 cm with or without impaction but without severe hydronephrosis
and infection
Retrograde rigid/flexible URS
• Larger children with adequate distal ureter
Distal-Ureteral Stone
Index case
Stones without infection with ureter adequate for instrumentation
Recommendation: Retrograde URS
Nonindex case
1. Stone with infection without adequate ureter for instrumentation
2. Failed retrograde ureteroscopy
Optional: Staged ureteroscopy/antegrade flexible URS

