
Prevalence of lifelong kidney stones in adults is 
common with a rate of 10%.1 The choice of treatment 
for kidney stones is made according to the stone size, 
anatomy of the pelvicalyceal system of the affected 

kidney, the availability of equipment, and the com-
mon preference of the clinician and the patient.2 The 
aim of kidney stone treatment should always be to 
achieve a high stone-free rate (SFR) and low com-
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ABS TRACT Objective: In our study, we aimed to compare the re-
sults of retrograde intrarenal surgery (RIRS), and shock wave lithot-
ripsy (SWL) in the treatment of 10-20 mm lower calyceal stones. 
Material and Methods: The data of 42 patients who underwent RIRS 
or SWL for 10-20 mm solitary lower calyceal stones in Erzurum Re-
gional Training and Research Hospital Urology Clinic between January 
2018 and September 2019 were retrospectively analyzed. Twenty pati-
ents were treated with RIRS and 22 patients were treated with SWL. 
Both groups were compared in terms of demographic characteristics, 
clinical data, operative parameters, stone-free rate (SFR), need for re-
treatment and auxiliary therapy, and complications. Results: Both gro-
ups were statistically comparable in terms of their demographic 
characteristics and stone characteristics. Postoperative SFR was 85% in 
the RIRS group and 77% in the SWL group. When compared in terms 
of the procedure time, the mean duration of RIRS was significantly lon-
ger when compared with the mean of one-session SWL duration 
(p<0.001). When compared with the RIRS group, 63.6% of the pati-
ents in the SWL group had a significant higher need for re-treatment, 
because they required a second session (p<0.001). Rates of auxiliary 
procedures applied were 22.7% in the SWL group and 15% in the RIRS 
group (p=0.15). The overall complication rates were 10% and 9.1% in 
the RIRS and SWL groups, respectively. Conclusion: RIRS and SWL 
are the preferred treatment methods in the treatment of 10-20 mm lower 
calyceal stones with similar SFR and complication rates. 
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ÖZET Amaç: Çalışmamızda, 10-20 mm alt kaliks taşlarının te-
davisinde retrograt intrarenal cerrahi [retrograde intrarenal surgery 
(RIRS)] ve şok dalgası litotripsi [shock wave lithotripsy (SWL)] 
sonuçlarını karşılaştırmayı amaçladık. Gereç ve Yöntemler: Ocak 
2018-Eylül 2019 tarihleri arasında Erzurum Bölge Eğitim ve 
Araştırma Hastanesi Uroloji Kliniğinde, 10-20 mm boyutlarında so-
liter alt kaliks taşı nedeniyle RIRS veya SWL tedavisi uygulanan 42 
hastanın verileri retrospektif olarak incelendi. Hastaların 20’sine 
RIRS, 22’sine ise SWL tedavisi uygulandı. İki grup; demografik özel-
likler, klinik veriler, operatif parametreler, taşsızlık oranı [stone-free 
rate (SFR)], yeniden ve yardımcı tedavi uygulanma ihtiyacı ve kom-
plikasyonlar açısından karşılaştırıldı. Bulgular: Demografik karak-
teristikler ve taş özellikleri açısından her iki grup istatistiksel açıdan 
benzerdi. Postoperatif SFR, RIRS grubunda %85, SWL grubunda 
%77 olarak belirlendi. İşlem süresi açısından karşılaştırıldığında 
RIRS’nin, 1 seans SWL süresine göre anlamlı derecede yüksek 
olduğu izlendi (p<0,001). SWL grubunda hastaların %63,6’sında 2. 
seans gerekmesi nedeniyle yeniden tedavi ihtiyacı, RIRS’ye göre 
anlamlı daha yüksek izlendi (p<0,001). Yardımcı prosedür uygulanma 
oranı SWL’de %22,7; RIRS grubunda %15 olarak saptandı (p=0,15). 
Genel komplikasyon oranı, RIRS ve SWL grubunda sırasıyla %10 ve 
%9,1 olarak izlendi. Sonuç: RIRS ve SWL, benzer SFR ve komp-
likasyon oranı ile 10-20 mm alt kaliks taşlarının tedavisinde tercih 
edilebilir tedavi yöntemleridir.  
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plication rate. The treatment of lower calyceal stones 
is more complex because of its difficult anatomy. The 
ideal treatment modality remains controversial and 
depends on several factors such as calyceal anatomy, 
stone size, body habitus, and comorbidities.3 

Retrograde intrarenal surgery (RIRS) and extra-
corporeal shock wave lithotripsy (SWL) are the most 
commonly used treatment options for 10-20 mm kid-
ney stones.4 The current European Association of 
Urology guideline recommends SWL or endourolog-
ical treatment alternatives [percutaneous nephrolitho-
tomy (PNL) or RIRS] for 10-20 mm kidney stones 
(excluding lower calyceal stones). Both RIRS and 
SWL are recommended as equivalent treatment op-
tions for 10-20 mm lower calyceal stones in the ab-
sence of challenging anatomical factors known to 
adversely affect the success of SWL.2 

SWL is a non-invasive treatment method with 
high patient compliance and low morbidity without 
any need for anesthesia.5 However, the SFR of SWL 
appears to be lower for lower calyceal stones com-
pared to renal stones in other locations. In addition, 
steep infundibulopelvic angle, long calyx, increased 
skin-to-stone distance, narrow infundibulum, and 
SWL-resistant stones negatively affect SWL suc-
cess.2 The development of semirigid and flexible 
ureterorenoscopes and laser technology is increasing 
the popularity of endourological treatment methods 
every day. Although RIRS requires anesthesia con-
trary to SWL, thanks to its higher SFR and accept-
able complication rates, it has become more 
frequently applied by clinicians.6,7 In this study, we 
aimed to compare the efficiency and safety of SWL 
and RIRS in patients with 10-20 mm lower calyceal 
stones. 

 MATERIAL AND METHODS 
After the approval of the Atatürk University Fac-
ulty of Medicine Clinical Research Ethics Com-
mittee (date: 4/3/2021, approval number: B.30.2. 
ATA.0.01.00/30), the data of patients who underwent 
RIRS or SWL for 10-20 mm solitary lower calyceal 
stones in Erzurum Regional Training and Research 
Hospital between January 2018 and September 2019, 
were retrospectively analyzed. Our study have been 

performed in accordance with the ethical standards 
laid down in the 1964 Declaration of Helsinki and its 
later amendments. 

Non-contrast computed tomography (CT)  
and intravenous urography were used for primary 
diagnosis and treatment plan. Stone characteristics 
or anatomical factors such as stone size, stone den-
sity, infundibulopelvic angle, infundibular length, 
stone-skin distance, and infundibular width were 
determined using these 2 imaging methods. The in-
fundibulopelvic angle was determined by measuring 
the angle between the vertical axis connecting the 
central axis of the ureteropelvic region and the central 
axis of the upper ureter, and the vertical axis of the 
lower calyx, where the stone is located, using the 
method described by Sampaio et al.8 Infundibular 
width and length were determined by the method de-
scribed by Elbahnasy et al. The infundibular width 
was determined as the narrowest diameter of the 
lower calyx where the stone was located. The in-
fundibular length was determined as the distance be-
tween the most distal end of the lower calyx, where 
the stone is located, and the middle of the lower lip of 
the renal pelvis.9 The stone-skin distance was calcu-
lated by averaging the three distances measured on 
CT as 0°, 45°, and 90° from the center of the stone to 
the skin. Stone density (Hounsfield unit) was calcu-
lated with region of interest, which covers the entire 
area of the stone in axial CT images showing the 
largest diameter of the stone. 

Patients with congenital kidney anomalies, soli-
tary kidney, calyceal diverticulum, ureteropelvic 
junction obstruction were excluded from the study. 
Additionally, patients with steep infundibulopelvic 
angle (90° or less), long infundibulum (3 cm and 
longer), increased skin-to-stone distance (10 cm and 
longer) and, narrow infundibulum (5 mm and 
shorter), which are known to negatively affect the 
success of SWL in the management of lower calyceal 
stones, were also excluded from the study. In addi-
tion, patients who had a D-J stent pre-operatively 
were excluded from the study. As a result, 20 patients 
who underwent RIRS and 22 patients who underwent 
SWL were included in the study. 

Before the treatment, urine cultures were ob-
tained from the patients and the patients with bacter-

Fatih Kürşat YILMAZEL et al. J Reconstr Urol. 2021;11(3):97-102

98



999999

ial growth in their urine cultures were given antibi-
otic therapy to obtain a negative urine culture. He-
mogram and coagulation parameters of all patients 
were examined before treatment. A single dose of 
intravenous prophylactic antibiotic (2nd or 3rd gen-
eration cephalosporin) was administered to the pa-
tients before RIRS. 

The presence of residual fragments was investi-
gated by ultrasonography (USG) in non-opaque 
stones and kidney-ureter-bladder (KUB) radiography 
and USG in opaque stones at 3 months after treat-
ment. CT was used in symptomatic patients and/or in 
patients with suspected kidney or ureteral stones on 
KUB/USG. Demographic characteristics, stone-related 
features (laterality, localization, and size of the stone), 
procedure time, SFR, need for re-treatment and auxil-
iary therapy, and complications were compared be-
tween both groups. Cases with clinically insignificant 
residual fragments smaller than 3 mm were accepted as 
stone-free.10 Second session SWL or repeated RIRS 
application was defined as re-treatment. Applying a 
treatment modality different from the first one to en-
sure stone-free status was defined as the use of auxil-
iary therapy. Complications were classified according 
to the Clavien-Dindo grading system.11 

SHOCK WAvE LITHOTRIPSY TECHNIqUE  
Oral diclofenac sodium (dosage: 50 mg for <70 kg, 
and 100 mg for >70 kg) was administered 60 minutes 
before the SWL sessions. Before SWL, KUB and 
USG were used to determine the localization of the 
stone, and continuous position analysis was per-
formed during the session. Wolf Piezolith-3000 
(Richard Wolf GmbH, Knittlingen, Germany) device 
was used. A maximum of 3,000 shocks were deliv-
ered at a rate of 60-90 shocks/min. A maximum of 3 
SWL sessions were applied. The patients were dis-
charged after the procedure. 

RETROGRADE INTRARENAL SURGERY 
TECHNIqUE 
RIRS was performed under general or spinal anes-
thesia using a 7.5 Fr FLEX-X2 flexible ureteroreno-
scope (Karl Storz, Tuttlingen, Germany). Ureteral 
access sheath (9.5/11.5 Fr or 11/13 Fr) was used in 
all cases. Stones were placed in a more suitable place 

in the pelvis or upper pole using a 2.2 F nitinol stone 
basket to provide better focusing during lithotripsy.  

If the stone could not be mobilized, it was bro-
ken into several pieces and then repositioned to be 
fragmented into smaller pieces. Lithotripsy was per-
formed with 272 μ fiber holmium:yttrium-aluminum-
garnet laser (Quanta SystemTM, Varese, Italy). 
Lithotripsy was applied using 0.5-1.2 J energy and 8-
12 Hz frequency. At the end of the operation, a 28 cm 
4.8 Fr JJ stent was placed routinely. The patients were 
discharged on the morning of the first postoperative 
day. The JJ stent was removed in an average of 2-4 
weeks. 

STATISTICAL ANALYSIS 
Continuous variables were presented as mean and 
standard deviation; and categorical variables as num-
bers and percentages. The mean of independent 
groups was compared by the Student t-test. Percent-
ages of categorical variables were compared using 
the Pearson chi-square or Fisher’s exact test. A p 
value of less than 0.05 was considered as statistically 
significant. Statistical analysis was performed using 
SPSS for Windows version 18.0 (SPSS Inc., Chicago, 
IL, USA). 

 RESULTS 
A significant difference was not observed between 
the 2 groups in terms of demographic features and 
stone characteristics (Table 1). When comparing 
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Variables SWL RIRS p value 

Patients, n 22 20  

Age (mean±SD), years 43.6±14.5 47.5±12.7 0.361 

BMI (mean±SD), kg/m2 26.8±1.43 26.9±1.48 0.857 

Gender n (%) 

    Male 14 (63.6) 12 (60.0) 0.808 

    Female 8 (36.4) 8 (40.0)  

Laterality, n (%) 

    Right 10 (45.5) 8 (40.0) 0.721 

    Left 12 (54.5) 12 (60.0)  

Stone size (mean±SD), mm 14.7±1.66 15.2±1.96 0.404 

Stone density (mean±SD), HU 976.2±248 991.9±280 0.848 

TABLE 1:  Comparison of demographic features,  
and stone characteristics. 

SD: Standard deviation; BMI: Body mass index; HU: Hounsfield unit; SWL: Shock wave 
lithotripsy; RIRS: Retrograde intrarenal surgery.
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RIRS with a single-session SWL, the mean proce-
dure time (RIRS 78.2±20.6 min vs SWL 45.3±5.06 
min) was significantly longer for RIRS (p<0.0001). 
In 63.6% of the patients who underwent SWL, the 
rate of re-treatment was significantly higher relative 
to RIRS due to the requirement of a second session 
(p<0.001). In addition, due to the failure of the laser 
device during the operation, a JJ stent was placed in 
1 patient in the RIRS group; subsequently, the de-
vice malfunction was resolved and a 2nd session 
RIRS was applied. Although the postoperative 3rd-
month SFRs were higher in the RIRS group com-
pared to the SWL group, the difference was not 
significant (p=0.70). Treatment results are summa-
rized in Table 2. 

After unsuccessful SWL, PNL was performed 
in 3 out of 5 patients in whom auxiliary therapy 
modalities were applied. RIRS was performed in 1 
patient because the residual fragments were too large 
to be suitable for spontaneous passage. Steinstrasse 
developed in 2 patients. While semirigid uretero-
scopic lithotripsy was applied in 1 patient, the resid-
ual fragments passed spontaneously in the other 
patient. The procedural failure was observed in 3 pa-
tients in the RIRS group, and one of these patients 
underwent PNL because the flexible ureteroreno-
scope could not reach the calyx containing the stone. 
In the other two cases, SWL was applied because the 
residual fragments after RIRS were larger than 4 
mm. 

The overall complication rates were 10% and 
9.1% in the RIRS and SWL groups, respectively. In 
a patient with high fever in the RIRS group, treatment 
was continued with antipyretics and prophylactic an-
tibiotics after blood and urine cultures were obtained. 
One patient who developed hematuria was treated 

conservatively without the need for blood transfu-
sion. After the development of Steinstrasse in 2 pa-
tients after SWL, ureteroscopic lithotripsy was 
performed in 1 patient, and the residual fragments 
passed spontaneously in the other patient. The com-
plication rates between the groups are shown in 
Table 3. 

 DISCUSSION 
Due to its non-invasive nature, low morbidity, and 
potential outpatient treatment, SWL has been highly 
accepted by patients and physicians.12,13 Due to these 
advantages, it is still one of the treatment options in 
the management of lower calyceal stones, despite 
lower SFR and higher re-treatment rates.14 In our 
study, we compared SWL and RIRS in the treatment 
of 10-20 mm lower calyceal stones. The mean pro-
cedure time of the RIRS group was significantly 
longer than the single-session SWL. This result is 
consistent with the other studies published in the lit-
erature.15-17 

In our study, SFR was found to be 85% in the 
RIRS and 77.2% in the SWL group, and this result is 
consistent with the studies published in the litera-
ture.14,18 Although the RIRS group appeared to be suc-
cessful in terms of 3-month SFR compared to the 
SWL group, the intergroup difference was not signif-
icant. This is likely due to the lack of a sufficient sam-
ple size. The re-treatment rate was significantly 
higher in the SWL group than the RIRS group, and 
also consistent with the literature.14,15,18 These data 
show that RIRS may be more effective and prefer-
able when compared with SWL considering its lower 
re-treatment and higher SFR. 

Since RIRS is a more invasive procedure than 
SWL, a higher complication rate can be expected. In 
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Variables SWL RIRS p value 

SFR, n (%) 17 (77.3) 17 (85) 0.700 

Retreatment, n (%) 14 (63.6) 1 (5.0) <0.001 

Auxiliary treatment, n (%) 5 (22.7) 3 (15) 0.700 

Procedural time (mean±SD,) minutes 45.3±5.06 78.2±20.6 <0.001

TABLE 2:  Comparison of procedure time, and treatment 
outcomes of the groups.

SD: Standard deviation; SFR: Stone-free rate; SWL: Shock wave lithotripsy;  
RIRS: Retrograde intrarenal surgery. 

Complications SWL RIRS 
Fever (Clavien I), n (%) 0 (0) 1 (5) 
Hematuria (Clavien I), n (%) 0 (0) 1 (5) 
Steinstrasse (Clavien 3a), n (%) 2 (9.1) 0 (0) 
Total 2 (9.1) 2 (10)

TABLE 3:  Intergroup comparisons of complications.

SWL: Shock wave lithotripsy; RIRS: Retrograde intrarenal surgery.
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our study, complication rates were analyzed in both 
intervention groups and although the complication 
rate was slightly higher in RIRS, the intergroup dif-
ference was not significant. All complications were 
managed with conservative therapy or endoscopic 
techniques. The results of our study showed that both 
treatment modalities are reliable as indicated in the 
literature.14,15,18-20 Steinstrasse is a complication that 
can affect 2% to 10% of patients who are undergoing 
a SWL procedure. It increases the frequency of aux-
iliary procedures after SWL and therefore it is one of 
the disadvantages of SWL.21 This complication is di-
rectly related to increased stone burden and was ob-
served in 2 patients in the SWL group in our study. 
An auxiliary procedure (ureteroscopic lithotripsy) 
was applied to one of these cases. 

In our study, there was no significant differ-
ence observed between the treatment modalities in 
terms of the rates of auxiliary procedures applied 
in both groups. These data in our study are quite 
consistent with the results of a previous study by 
El-Nahas et al.14 Another detail we observed in our 
study is that SWL and RIRS complement each other 
as an auxiliary procedure in the treatment of sig-
nificant residual fragments that cannot be removed 
after treatment. 

There are some limitations in our study; the first 
is that it is a retrospective study and the sample size 
we described was relatively small for patients treated 
with 10-20 mm lower calyceal kidney stones. Addi-
tionally, since USG and KUB have limited accuracy 
in detecting residual fragments after treatment, this 
may have led to erroneous estimates of the SFR in 
the present study. 

 CONCLUSION 
RIRS and SWL are the preferred treatment modali-
ties in the treatment of 10-20 mm lower calyceal 
stones with similar SFR and complication rates. Both 
modalities were complementary for the treatment of 
residual fragments. Prospective randomized studies 
with a larger sample size comparing RIRS and SWL 
should be performed to determine the first-line treat-
ment for 10-20 mm lower calyceal stones.  

Source of Finance 

During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 

Idea/Concept: Fatih Kürşat Yılmazel, Emre Şam, Fatih Akkaş; 
Design: Fatih Kürşat Yılmazel, Emre Şam, Fatih Akkaş; Con-
trol/Supervision: Fatih Kürşat Yılmazel; Data Collection and/or 
Processing: Emre Şam, Fatih Akkaş; Analysis and/or Interpre-
tation: Fatih Kürşat Yılmazel, Emre Şam, Fatih Akkaş; Litera-
ture Review: Fatih Kürşat Yılmazel, Emre Şam, Fatih Akkaş; 
Writing the Article: Fatih Kürşat Yılmazel, Emre Şam, Fatih 
Akkaş; Critical Review: Fatih Kürşat Yılmazel; References and 
Fundings: Fatih Kürşat Yılmazel, Emre Şam, Fatih Akkaş; Ma-
terials: Fatih Kürşat Yılmazel.

Fatih Kürşat YILMAZEL et al. J Reconstr Urol. 2021;11(3):97-102

101

1. Neisius A, Preminger GM. Stones in 2012: epi-
demiology, prevention and redefining thera-
peutic standards. Nat Rev Urol. 2013; 
10(2):75-7. [Crossref]  [PubMed]  

2. European Association of Urology [Internet]. © 
Copyright 2021 Uroweb. Urolithiasis. (Date 
Accessed: 4 May 2021) Available from: [Link]  

3. Tsai SH, Chung HJ, Tseng PT, Wu YC, Tu YK, 
Hsu CW, et al. Comparison of the efficacy and 
safety of shockwave lithotripsy, retrograde in-
trarenal surgery, percutaneous nephrolitho-

tomy, and minimally invasive percutaneous 
nephrolithotomy for lower-pole renal stones: A 
systematic review and network meta-analysis. 
Medicine (Baltimore). 2020;99(10):e19403. 
[Crossref]  [PubMed]  [PMC]  

4. Assimos D, Krambeck A, Miller NL, Monga M, 
Murad MH, Nelson CP, et al. Surgical Man-
agement of Stones: American Urological As-
sociation/Endourological Society Guideline, 
PART I. J Urol. 2016;196(4):1153-60. [Cross-
ref]  [PubMed]  

5. Miller NL, Lingeman JE. Management of kid-
ney stones. BMJ. 2007;334(7591):468-72. 
[Crossref]  [PubMed]  [PMC]  

6. Grasso M, Ficazzola M. Retrograde uretero-
pyeloscopy for lower pole caliceal calculi.  
J Urol. 1999;162(6):1904-8. [Crossref]  
[PubMed]  

7. Hussain M, Acher P, Penev B, Cynk M.  
Redefining the limits of flexible ureterore-
noscopy. J Endourol. 2011;25(1):45-9. [Cross-
ref]  [PubMed]  

 REFERENCES

https://www.nature.com/articles/nrurol.2012.253
https://pubmed.ncbi.nlm.nih.gov/23295238/
https://uroweb.org/guideline/urolithiasis/
https://journals.lww.com/md-journal/Fulltext/2020/03060/Comparison_of_the_efficacy_and_safety_of_shockwave.44.aspx
https://pubmed.ncbi.nlm.nih.gov/32150088/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7478758/
https://www.auajournals.org/doi/10.1016/j.juro.2016.05.090
https://www.auajournals.org/doi/10.1016/j.juro.2016.05.090
https://pubmed.ncbi.nlm.nih.gov/27238616/
https://www.bmj.com/content/334/7591/468
https://pubmed.ncbi.nlm.nih.gov/17332586/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1808123/
https://www.auajournals.org/doi/10.1016/S0022-5347%2805%2968065-2
https://pubmed.ncbi.nlm.nih.gov/10569534/
https://www.liebertpub.com/doi/10.1089/end.2010.0236
https://www.liebertpub.com/doi/10.1089/end.2010.0236
https://pubmed.ncbi.nlm.nih.gov/21050026/


102

Fatih Kürşat YILMAZEL et al. J Reconstr Urol. 2021;11(3):97-102

102

8. Sampaio FJ, D'Anunciação AL, Silva EC. 
Comparative follow-up of patients with acute 
and obtuse infundibulum-pelvic angle submit-
ted to extracorporeal shockwave lithotripsy for 
lower caliceal stones: preliminary report and 
proposed study design. J Endourol. 1997; 
11(3):157-61. [Crossref]  [PubMed]  

9. Elbahnasy AM, Shalhav AL, Hoenig DM, 
Elashry OM, Smith DS, McDougall EM, et al. 
Lower caliceal stone clearance after shock 
wave lithotripsy or ureteroscopy: the impact of 
lower pole radiographic anatomy. J Urol. 
1998;159(3):676-82. [Crossref]  [PubMed]  

10. Mi Y, Ren K, Pan H, Zhu L, Wu S, You X, et al. 
Flexible ureterorenoscopy (F-URS) with 
holmium laser versus extracorporeal shock 
wave lithotripsy (ESWL) for treatment of renal 
stone <2 cm: a meta-analysis. Urolithiasis. 
2016;44(4):353-65. [Crossref]  [PubMed]  

11. Dindo D, Demartines N, Clavien PA. Classifi-
cation of surgical complications: a new proposal 
with evaluation in a cohort of 6336 patients and 
results of a survey. Ann Surg. 2004; 240(2):205-
13. [Crossref] [PubMed] [PMC]  

12. Gerber GS. Management of lower-pole cal-
iceal stones. J Endourol. 2003;17(7):501-3. 
[Crossref]  [PubMed]  

13. Pearle MS, Lingeman JE, Leveillee R, Kuo R, 
Preminger GM, Nadler RB, et al. Prospective, 

randomized trial comparing shock wave 
lithotripsy and ureteroscopy for lower pole cal-
iceal calculi 1 cm or less. J Urol. 2005; 173(6): 
2005-9. [Crossref]  [PubMed]  

14. El-Nahas AR, Ibrahim HM, Youssef RF,  
Sheir KZ. Flexible ureterorenoscopy versus 
extracorporeal shock wave lithotripsy for 
treatment of lower pole stones of 10-20 mm. 
BJU Int. 2012;110(6):898-902. [Crossref]  
[PubMed]  

15. Singh BP, Prakash J, Sankhwar SN, Dhakad 
U, Sankhwar PL, Goel A, et al. Retrograde in-
trarenal surgery vs extracorporeal shock wave 
lithotripsy for intermediate size inferior pole 
calculi: a prospective assessment of objective 
and subjective outcomes. Urology. 2014; 
83(5):1016-22. [Crossref]  [PubMed]  

16. Javanmard B, Kashi AH, Mazloomfard MM, 
Ansari Jafari A, Arefanian S. Retrograde in-
trarenal surgery versus shock wave lithotripsy 
for renal stones smaller than 2 cm: a random-
ized clinical trial. Urol J. 2016;13(5):2823-8. 
[PubMed]  

17. vilches RM, Aliaga A, Reyes D, Sepulveda F, 
Mercado A, Moya F, et al. Comparison be-
tween retrograde intrarenal surgery and ex-
tracorporeal shock wave lithotripsy in the 
treatment of lower pole kidney stones up to 15 
mm. Prospective, randomized study. Actas 

Urol Esp. 2015;39(4):236-42. English, Span-
ish. [Crossref]  [PubMed]  

18. Kumar A, Kumar N, vasudeva P, Kumar Jha 
S, Kumar R, Singh H. A prospective, random-
ized comparison of shock wave lithotripsy, ret-
rograde intrarenal surgery and miniperc for 
treatment of 1 to 2 cm radiolucent lower ca-
lyceal renal calculi: a single center experience. 
J Urol. 2015;193(1):160-4. [Crossref]  
[PubMed]  

19. Wiesenthal JD, Ghiculete D, D'A Honey RJ, 
Pace KT. A comparison of treatment modali-
ties for renal calculi between 100 and 300 
mm2: are shockwave lithotripsy, ureteroscopy, 
and percutaneous nephrolithotomy equiva-
lent? J Endourol. 2011;25(3):481-5. [Crossref]  
[PubMed]  

20. Sener NC, Bas O, Sener E, Zengin K, Ozturk 
U, Altunkol A, et al. Asymptomatic lower pole 
small renal stones: shock wave lithotripsy, flex-
ible ureteroscopy, or observation? A prospec-
tive randomized trial. Urology. 2015;85(1): 
33-7. [Crossref]  [PubMed]  

21. Elkholy MM, Ismail H, Abdelkhalek MA,  
Badr MM, Elfeky MM. Efficacy of extracorpo-
real shockwave lithotripsy using Dornier SII  
in different levels of ureteral stones. Urol  
Ann. 2014;6(4):346-51. [Crossref]  [PubMed]  
[PMC] 

https://www.liebertpub.com/doi/10.1089/end.1997.11.157
https://pubmed.ncbi.nlm.nih.gov/9181441/
https://www.auajournals.org/doi/10.1016/S0022-5347%2801%2963699-1
https://pubmed.ncbi.nlm.nih.gov/9474124/
https://link.springer.com/article/10.1007%2Fs00240-015-0832-y
https://pubmed.ncbi.nlm.nih.gov/26530230/
https://journals.lww.com/annalsofsurgery/Abstract/2004/08000/Classification_of_Surgical_Complications__A_New.3.aspx
https://pubmed.ncbi.nlm.nih.gov/15273542/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1360123/
https://www.liebertpub.com/doi/10.1089/089277903769013676
https://pubmed.ncbi.nlm.nih.gov/14565883/
https://www.auajournals.org/doi/10.1097/01.ju.0000158458.51706.56
https://pubmed.ncbi.nlm.nih.gov/15879805/
https://bjui-journals.onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2012.10961.x
https://pubmed.ncbi.nlm.nih.gov/22372915/
https://www.sciencedirect.com/science/article/abs/pii/S0090429513016130?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24560970/
https://pubmed.ncbi.nlm.nih.gov/27734422/
https://www.sciencedirect.com/science/article/abs/pii/S217357861500044X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25435403/
https://www.auajournals.org/doi/10.1016/j.juro.2014.07.088
https://pubmed.ncbi.nlm.nih.gov/25066869/
https://www.liebertpub.com/doi/10.1089/end.2010.0208
https://pubmed.ncbi.nlm.nih.gov/21351888/
https://www.sciencedirect.com/science/article/abs/pii/S0090429514009534?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25440816/
https://www.urologyannals.com/article.asp?issn=0974-7796;year=2014;volume=6;issue=4;spage=346;epage=351;aulast=Elkholy
https://pubmed.ncbi.nlm.nih.gov/25371614/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4216543/

