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Background: Retrograde intra-renal surgery (RIRS) has been used to remove stones of less 
than 2 cm in the kidney. However, its role is not well defined. 
Objectives: The objective of this study was to evaluate the outcomes and safety of RIRS, used 
either as a primary or secondary procedure, and to analyze factors predicting the stone-
free rate (SFR). 
Patients and Methods: A retrospective analysis was performed on data from patients who 
underwent RIRS over a 10-year period (2002–2012). Stone size was measured as the surface 
area and was calculated according to the EAU guidelines. In cases of multiple stones, the 
total stone burden was calculated as the sum of each stone size. Stone burden was then 
classified as ≤ 80 mm2 or > 80 mm2. RIRS was classified as primary procedure or secondary 
procedure (after failed extracorporeal shockwave lithotripsy or percutaneous nephrolith
otripsy). Stone clearance was defined as a complete absence of stones or stones < 4 mm, 
which were deemed insignificant on ultrasonography and plain radiography. 
Results: The overall SFR for renal stones treated with RIRS in our center was 55.4%, and the 
complication rate was 1.5%, which consisted of one case of sepsis. The only factor affect
ing SFR in this study was the indication for RIRS. When performed as a primary operation, 
RIRS showed a significantly better SFR (64.3%). The SFR for lower pole stones was only 44.4%. 
There were no statistically significant effects of stone burden, radio-opacity, or combina
tion with ureteral stones on SFR. 
Conclusions: RIRS should be used as the primary treatment for renal stones whenever pos
sible. Copyright c 2012 Kowsar M. P. Co. All rights reserved. 

Implication for health policy/practice/research/medical education:
Retrograde intra-renal surgery (RIRS) is a safe and effective modality for treating renal stones. The overall SFR for renal stones 
treated with RIRS in our center was 55.4. When the procedure was performed as a primary operation, it showed a significantly bet
ter SFR (64.3%). Therefore, RIRS should be used as a primary mode of treatment for renal stones whenever possible.

Please cite this paper as: 
Ho CCK, Hee TG, Hong GE, Singam P, Bahadzor B, Md Zainuddin Z. Outcomes and Safety of Retrograde Intra-Renal Surgery for Stones 
Less Than 2cm in size. Nephro-Urol Mon.2012;4(2): 454-7. DOI: 10.5812/numonthly.2211 

1. Background 
The use of flexible ureteroscopy for the management 

of intra-renal stones (retrograde intra-renal surgery) 
was introduced 20 years ago and offered urologists an al
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ternative to existing modalities, such as extra-corporeal 
shockwave lithotripsy (ESWL) and percutaneous nephro
lithotripsy (PCNL). Lower pole renal stones are the most 
challenging and have poor stone-free rates (SFR) (1). They 
often require multiple procedures to achieve complete 
stone clearance. The European Association of Urology 
(EAU) guidelines recommend the use of percutaneous 
nephrolithotripsy (PCNL) for lower pole stones >2 cm 
and less invasive modalities, such as ESWL or retrograde 
intra-renal surgery (RIRS), for stones < 2 cm (1). However, 
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it remains unclear which is the superior modality. To in
vestigate this, several studies have directly compared the 
different modalities using a primary outcome of SFR. 

The use of ESWL as primary therapy for lower pole 
stones has an SFR of approximately 37%–59% (2). In con
trast, the SFR of lower pole stones treated primarily with 
RIRS is 75%–80% (1, 3, 4). However, in a prospective study 
evaluating ESWL versus RIRS in the management of low
er-pole stones < 1 cm in size, the SFRs were not signifi
cantly different (35% and 50%, respectively).(5). For stones 
1.5–2 cm in size, Omer et al. found that RIRS had an SFR of 
89.2% (6). Some studies have even used RIRS for treating 
stones >2 cm. The results showed that at least 3 RIRS pro
cedures are needed to achieve 93% SFR (7). The use of RIRS 
as a secondary procedure after failed ESWL is not appeal
ing. Previous reports comparing primary RIRS to second
ary RIRS after a failed ESWL revealed a lower SFR among 
the latter group (4, 8). 

In view of the mixed results, guidelines have failed to 
recognize RIRS as a primary modality for the treatment 
of renal stones measuring 1–2 cm. However, there are 
circumstances that make RIRS a favorable primary pro
cedure due to its higher SFR in a single session. Such 
circumstances include patients with bleeding diathesis, 
gross obesity, concomitant ureteric stones, musculo
skeletal deformity, and occupations that require com
plete stone clearance (i.e., pilots) (9). 

2. Objectives 
Here, we report our experience using RIRS for treating 

renal stones. We evaluated the outcomes and safety of 
RIRS based on its use either as a primary or secondary 
procedure and analyzed factors predicting SFR. 

3. Patients and Methods 
We performed a retrospective study of all patients who 

underwent RIRS over a 10-year period (2002–2012) at Uni
versity Kebangsaan Malaysia Medical Center (UKMMC). 
Patients whose records were incomplete or who failed to 
follow-up were excluded. All patients had a pre-operative 
intravenous urography (IVU) or computed tomography 
urography (CTU) prior to the procedure. No patients 
failed to return for a follow-up visit. Stone size was as
sessed as the surface area and was calculated according 
to the EAU guidelines (1). In cases of multiple stones, the 
total stone burden was taken as the sum of each stone 
size. Stone burden was then classified as 80 mm2 or less 
and greater than 80 mm2. RIRS was classified as the pri
mary procedure or as the secondary procedure (after a 
failed ESWL). The case notes and operative records of the 
patients were reviewed. 

Preoperative antibiotics were administered upon the 
induction of general anesthesia. RIRS was performed 
using a flexible ureterorenoscope size 3.7F with a 270º
angle deflection (Karl Storz, Endoscopes, Culver City, CA, 
USA). A holmium 20W Versa Pulse Power Suite laser litho
tripter (Lumenis Ltd, Santa Clara, CA, USA) was used for 

the fragmentation of stones. An access sheath was used 
in all cases. Double J stents (Microinvasive, 6F, 24 cm, Bos
ton Scientific, Watertown, MA, USA) were inserted in all 
cases of RIRS and were removed postoperatively within 
4 weeks. The stones were fragmented with a holmium: 
yttrium-aluminum-garnet (Ho: YAG) laser until they 
were deemed small enough to pass spontaneously. Stone 
extraction using a basket was performed for larger frag
ments only. 

Patients with radiolucent stones were administered po
tassium citrate. All patients were encouraged to increase 
their fluid intake in the absence of contraindications, 
such as heart failure and renal failure. Postoperative 
stone evaluations were conducted using plain radio
graphs and ultrasonography at 1 month and 6 months 
after treatment. These imaging results were reported 
by the same radiologist who first diagnosed the stone. 
Stone clearance was defined as complete stone absence 
or stones <4 mm, which were deemed insignificant, as 
seen on ultrasonography and plain radiography. 

Chi-square and t-tests were used for statistical analysis 
where relevant. A P-value of <0.05 was considered statis
tically significant. Data were analyzed with standard sta
tistical software, SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). 

4. Results 
Of the 66 patients with renal stones who underwent 

RIRS, 60 (90.9%) had complete data. Of these, 5 had bi
lateral renal stones. Therefore, there were a total of 65 
procedures. Thirty-two patients were males, and 28 were 
females. The median age was 49.4 years (range, 15 to 72 
years). For ethnic distribution, there were 36 Malays, 16 
Chinese, and 8 Indians. Thirty-five of the 65 cases of RIRS 
were performed on the left kidney, and 30 cases were 
performed on the right kidney. For stone location, there 
were 27 stones in the lower pole (regardless of co-existing 
stones in other locations) and 38 stones in other loca
tions (Table 1). 

At least two-thirds of the patients undergoing RIRS 
had stone burdens less than 80 mm2, and the other one-
third had burdens of 80 mm2 and above. Almost 80% of 
all stones were radio-opaque. RIRS combined with stone 
fragmentation in the ureter constituted 15.4% of the 
cases. Approximately two-thirds of the RIRS procedures 
were primary cases (64.6%), while secondary cases com
prised 35.4%. The majority of the secondary RIRS pro
cedures were performed after failed ESWL (30.8%), and 
the remaining 4.6% were after failed PCNL. Among the 
analyzed variables, only one factor was significantly re
lated to stone clearance. Primary RIRS was almost twice 
as likely to result in total stone clearance compared to 
secondary RIRS (clearance rates, 64.3% and 39.1%, respec
tively, P = 0.045) (Table 2). The SFR for lower-pole stones 
was only 44.4%. There were no statistically significant 
differences in SFR in terms of stone burden, radio-opac
ity, and combination with ureteral stone. There were no 
major perioperative complications associated with this 
procedure. Only one case of sepsis was recorded (1.5%). 
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Table 1. Patient Demographics and Baseline Characteristics of Renal Stones 

Variables 

Number of patients 60 

Number of RIRS 65 

Median age, range, y 49.4 (15–72) 

Gender 

Male 32
Female 28

Laterality 

Left 35 
Right 30 

Location, No. (%) 

Lower pole with or without others 38 (58.5) 
Others 27 (41.5) 

Cumulative stone burden, No.(%) 

Less than 80 mm 2 44 (67.7) 
80 and above mm 2 21 (32.3) 

Radio-opacity, No. (%) 

Yes 51 (78.5) 
No 14 (21.5) 

Combination with ureteral stone, No. (%) 

Yes 10 (15.4) 
No 55 (84.6) 

Indication, No. (%) 

Primary RIRS 42 (64.6) 
Secondary RIRS (failed ESWL) 20 (30.8) 
Secondary RIRS (failed PCNL) 3 (4.6) 

This was a mild case of febrile urinary tract infection that 
resolved after a short course of antibiotics. No other com
plications, such as ureteric injury or perforation, were re
ported in the current study. 

5. Discussion 
In this study, the overall SFR was 55.4% following RIRS 

for renal stones less than 2 cm in size. This figure is low 
compared to previous studies, which reported SFRs of 
69.7%–89.2% (2, 6). Several factors have been shown to in
fluence SFR. In another analysis of 66 cases of RIRS, lower 
pole stones, greater cumulative stone burden, and more 
total stones all reduced SFR in RIRS (2). 

In the present study, stone position did not affect the 
SFR. This is consistent with another study by Perlmutter 
et al., who found no significant differences in the SFR be
tween stones in different positions (10). When lower-pole 
stones were analyzed separately, the SFR was 44.4%. This 
outcome is comparable to another study by Pearle et al. 
that reported an SFR of 50% for lower-pole stones measur
ing 1 cm or less (5). A greater cumulative stone burden 
also failed to affect the SFR in the current study. Lim et al. 
found that a cumulative stone burden of >150 mm2 was 
associated with a significantly lower SFR (2). We chose a 
cut-off value of 80 mm2, because we only included stones 
that were < 2 cm. A stone burden of 80 mm2 corresponds 
to a stone dimension of approximately 1 cm in diameter, 
which is half of the largest stone size included in this 
study (1). Neither radio-opacity of the stones nor com
bined renal and ureteral stones affected the SFR in our 
study. This result is similar to that of Lim et al., who also 
found that these parameters did not affect SFR. 

In the present study, the only factor affecting SFR was 
whether the RIRS was performed as a primary or sec
ondary procedure. Cases where RIRS was used as the 
first treatment modality were considered primary. Cas
es where RIRS was used in patients previously treated 
with failed ESWL were considered secondary. When per
formed as a primary procedure, RIRS resulted in a bet
ter SFR. However, the reason for this observation is un
clear. It is possible that stones that could not originally 

Table 2. Analysis of Variables and Immediate Post-Operative Stone-Free Rates 

Variables Number of Cases Stone-Free Rate, No. (%) P value 

Indication 0.045 

Yes 
No 

10 
55 

4 (40.0) 
32 (58.2) 

Primary RIRS 42 
Secondary RIRS 23 

Location 

Lower pole with or without others 27 
Others 38 

Cumulative stone burden (mm2) 

Less than 80 44 
80 and above 21 

Radio-opacity 

Yes 51 
No 14 

Combination with ureteral stone 

27 (64.3) 
9 (39.1) 

12 (44.4) 
24 (63.2) 

26 (59.1) 
10 (47.6) 

26 (51.0) 
10 (71.4) 

0.107 

0.273 

0.141 

0.236 
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be cleared with ESWL introduced a selection bias in this 
analysis. It has been shown that ESWL and RIRS have the 
same efficacy in treating lower pole stones of 1 cm or less 
in size (5). Lim et al. initially found the SFR to be better 
in primary RIRS, but this results was not significant in 
a subsequent multivariate analysis (2). One explanation 
for the lower SFR in the present study is that the stones 
we encountered may have been harder. Ideally, we would 
like to measure the composition of the stones treated in 
this center; however, this service is not readily available. 
With widespread use of non-contrasted spiral computed 
tomography (CT), some studies have correlated the stone 
features on CT with their composition (11). Due to the in
herent limitations of a retrospective study, we were un
able to uniformly obtain CT features of the stones treated 
in this study. However, it would be useful to study the as
sociation between stone composition and SFR in RIRS. 

The current study found a complication rate of 1.5%. In 
another similar study, there was a 6% complication rate 
related to RIRS. Among the complications reported were 
minor ureteric injury, febrile urinary tract infection, and 
paralytic ileus. It was concluded that RIRS is a safe and 
effective modality for treating renal stones. The overall 
SFR for renal stones treated with RIRS in our center was 
55.4%. The only factor that significantly affected SFR in 
this study was the indication for RIRS. When the proce
dure was performed as a primary operation, it showed 
a significantly better SFR (64.3%). Therefore, RIRS should 
be used as a primary mode of treatment for renal stones 
whenever possible. 

Acknowledgments 
None declared. 

Financial Disclosure 
None declared. 

Funding/Support 
None declared. 

References 
1. Türk C, Knoll T, Petrik A, Sarica K, Seitz C, Straub M, et al. Guide

lines on urolithiasis. European Association of Urology; 2010 [up
dated 2010; cited]; Available from: http://www.uroweb.org/gls/ 
pdf/Urolithiasis%202010.pdf%A0. 

2. Lim SH, Jeong BC, Seo SI, Jeon SS, Han DH. Treatment outcomes 
of retrograde intrarenal surgery for renal stones and predictive 
factors of stone-free. Korean J Urol. 2010;51(11):777-82. 

3. Troy AJ, Anagnostou T, Tolley DA. Flexible upper tract endoscopy. 
BJU Int. 2004;93(5):671-9. 

4. Ho CC, Hafidzul J, Praveen S, Goh EH, Bong JJ, Lee BC, et al. Ret
rograde intrarenal surgery for renal stones smaller than 2 cm. 
Singapore Med J. 2010;51(6):512-5. 

5. 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 caliceal calculi 
1 cm or less. J Urol. 2005;173(6):2005-9. 

6. Bozkurt OF, Resorlu B, Yildiz Y, Can CE, Unsal A. Retrograde in
trarenal surgery versus percutaneous nephrolithotomy in the 
management of lower-pole renal stones with a diameter of 15 to 
20 mm. J Endourol. 2011;25(7):1131-5. 

7. Breda A, Ogunyemi O, Leppert JT, Lam JS, Schulam PG. Flexible 
ureteroscopy and laser lithotripsy for single intrarenal stones 2 
cm or greater--is this the new frontier? J Urol. 2008;179(3):981-4. 

8. Holland R, Margel D, Livne PM, Lask DM, Lifshitz DA. Retrograde 
intrarenal surgery as second-line therapy yields a lower success 
rate. J Endourol. 2006;20(8):556-9. 

9. Wong MY. Flexible ureteroscopy is the ideal choice to manage a 
1.5 cm diameter lower-pole stone. J Endourol. 2008;22(9):1845-6; 
discussion 59. 

10. Perlmutter AE, Talug C, Tarry WF, Zaslau S, Mohseni H, Kandzari 
SJ. Impact of stone location on success rates of endoscopic litho
tripsy for nephrolithiasis. Urology. 2008;71(2):214-7. 

11. Zarse CA, McAteer JA, Tann M, Sommer AJ, Kim SC, Paterson RF, 
et al. Helical computed tomography accurately reports urinary 
stone composition using attenuation values: in vitro verifica
tion using high-resolution micro-computed tomography cali
brated to fourier transform infrared microspectroscopy. Urol-
ogy. 2004;63(5):828-33. 

Nephro-Urol Mon. 2012;4(2):454-457 


