
Introduction
Treatment of renal stones has seen significant changes 
over the last few decades with a shift from open surgery to 
minimally invasive interventions. The European Associa-
tion of Urology (EAU), updates and publishes guidelines 
for urolithiasis and treatment algorithms every year. EAU 
2014 guidelines state that stones between 10–20 mm in ev-
ery location should be treated with extracorporeal shock 
wave lithotripsy (ESWL) or endourologic interventions.1 

The efficacy of ESWL drops significantly for large renal 
stones. Other factors such as stone composition, position, 
kidney malposition and obesity of patient have negative 
effects on the success rate of ESWL.1 Obesity is now con-
sidered a worldwide epidemic, affecting >300 million 
people, more obese patients are presenting with urinary 
calculi. Because of the increased distance from the skin 
to the stone, ESWL might not be successful in obese pa-
tients.2 With advances in the designs of ureterorenoscopes 
(URSs), especially the introduction of Holmium:YAG (yt-
trium aluminum garnet) laser into the market and world-
wide accepted use of this laser during URS, most of kidney 
stones can nowadays be managed by flexible ureterore-
noscopy (F-URS).3 It seems that obesity do not affect the 
results of F-URS in contrast to ESWL. This clinical trial 
was conducted to compare the results and complications 

of ESWL with RIRS in management of renal pelvis stone 
10-20 mm in obese patients (BMI >30).

Methods
Study Population
Between March 2010 and March 2014, a total number 
of 58 patients with renal pelvic stones 10-20 mm and 
BMI>30 and were candidates for treatment in our urology 
center enrolled in the study after a routine preoperative 
evaluation. The inclusion criteria were renal pelvic stones 
10-20 mm in diameter and BMI>30. The exclusion crite-
ria were kidney anomalies, uncontrolled coagulopathies, 
positive urinary culture, ureteral obstruction, pregnancy, 
and renal failure (serum creatinine ≥3 mg/dl) and history 
of failed previous procedure for treatment of stone. 
The nature of the study was explained to each patient and 
informed consent was obtained. The design of this research 
was approved by the ethics committee of the laser applica-
tion in medical sciences research center (LAMSRC).
The preoperative evaluation consisted of tests such as 
urine analysis, urine culture, and renal function tests. Be-
fore procedures, urine cultures were obtained, and if pos-
itive, antibiotics were administered. Computed tomogra-
phy (CT) scan was the primary modality to determine the 
size, number and location of calculi, and the anatomy of 
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the upper urinary tract. Prophylactic intravenous antibi-
otics were administered before surgery.

Study Design
This was a single center, parallel-group study conducted in 
the urology department of Tajrish hospital in Tehran, Iran. 
Patients were randomly assigned to one of two groups ac-
cording to the method of treatment: ESWL (group 1) and 
RIRS (group 2) (25 patients in group 1 and 21 patients 
in group 2). Simple randomization was carried out using 
computerized random numbers. Sample size was deter-
mined after consideration of type 1 statistical error <5%; 
and type 2 statistical error <20%.

Surgical Technique
For patients in group 1 all of the procedures were per-
formed by an experienced urologist on ESWL therapy and 
a technician with Dornier Lithotripter (Dornier MedTech, 
Wessling, Germany). An intravenous sedative anesthe-
sia was administered before the sessions. Stone location 
was identified with the aid of fluoroscopy/ultrasound 
guidance. A maximum of 3000 shocks were applied at 80 
shocks per minute during each session or until complete 
disintegration of the stones were observed. 
In group 2, the procedure was performed under spinal 
anesthesia while in lithotomy position by a surgeon. Af-
ter inserting a semirigid ureteroscope under endovision 
guidance through the bladder, a 0.035-inch hydrophilic 
coated guide-wire was introduced through the channel 
into the ureteral orifice and then ureteroscopy was per-
formed with hydrodilation to dilate the ureter. Thereaf-
ter, an 11 Fr ureteral access sheath was placed. A 4 Fr or 
6 Fr feeding tube was placed transurethrally to maintain 
low pressure of the bladder. The 8.5/5.3 Fr flexible uret-
eroscope (Olympus) was introduced under fluoroscopic 
guidance up to the renal pelvis until the stone was identi-
fied. Stone fragmentation was performed using a Holmi-
um:YAG laser (manufacture in Iran) with 200 mm fibers. 
When fragmentation was complete, final ureteronephros-
copy followed by a control fluoroscopy were carried out 
for any residual stone detection. JJ stent was placed in the 
ureter for 2 weeks in cases of difficult dilation, prolonged 
procedure or residual stone. If no ureteral injury occurred, 
a ureteral stent was inserted and fixed to the Foley cath-
eter. The ureteral catheter was removed the day after the 
procedure.

Outcome Assessment
Due to the difference between the two methods, it was 
not possible to blind the surgical team from knowledge of 
which procedure a participant received. Stone-free status 
as the primary parameters used to evaluate efficacy and 
residual stone burden were determined by abdominal CT 
scan 3 months after treatment.
The procedure was considered as a failure in stone resid-
ual fragments ≥ 3 mm detected by these studies. If there 
was any residual stone detected at 3-month’s work-up, the 
second session of treatment was performed.

Table 1. Demographic and Clinical Characteristics

Group 1 (ESWL) Group 2 (F-URS) P Value

Age, mean (SD) 36.1 (13.1) 33.2 (11.4) .109

Gender, No. (%) Male, 15 (60)
Female, 10 (40)

Male, 13 (61)
Female, 8 (39) .67

Side of stone, 
No. (%)

Rt, 13 (52)
Lt, 12 (48)

Rt, 12 (57.1)
Lt, 9 (42.8) .98

BMI, mean(SD) 36.2 (3.8) 38.1 (3.2) .073

DM 4 3 .31

HTN 5 3 .27
Stone size, 
Mean (SD) 16.3 (2.4) 17.1 (1.9) .88

Abbreviations: HTN, hypertension; DM, diabetes mellitus; BMI, body 
mass index; ESWL, extracorporeal shock wave lithotripsy; F-URS, 
flexible ureterorenoscopy.

Demographic and stones characteristics, stone free rate 
(SFR) in 3 months after procedure, time of operation 
(from the first to last shock in ESWL and from the uret-
eroscopy insertion to Foley insertion in RIRS), and com-
plications such as bleeding, urosepsis and collecting sys-
tem perforation were compared between the 2 groups.
Data analysis was performed using SPSS version 16.0 soft-
ware (SPSS Inc., Chicago, IL, USA) using student’s t test 
and chi-square test. A P < .05 was considered statistically 
significant.

Results
A total of 46 patients with renal pelvic calculi and BMI 
greater than 30 were included in the present study and 
were classified into those who had SWL (n = 25) and 
F-URS (n = 21). The demographics of both groups were 
similar with respect to age, sex distribution, comorbidities 
(hypertension [HTN] and diabetes mellitus [DM]), side of 
stone, mean size of stones and BMI (Table 1).
Treatment and post-treatment data are summarized in 
Table 2. The retreatment rate was significantly higher in 
the ESWL group because of the need for multiple sessions 
in 36% of patients. For F-URS patients, a second session 
of F-URS was needed for 2 patients. In these 2 patients, 
because of ureteral kinking and obstruction, insertion of 
access sheat failed and a JJ stent was fixed and then F-URS 
was performed after 2 weeks.
Mean operation duration of all sessions of treatment was 
shorter with F-URS than ESWL group (72.2 ± 21 min vs 
66.5 ± 19 min, P = .061) but this difference was not sig-
nificant. The 3-month SFR was significantly better after 
F-URS (90.4% vs 68% for ESWL, P = .019).

Table 2. Treatment and Posttreatment Data
Group 1 
(ESWL)

Group 2 
(F-URS) P Value

Retreatment rate, No. (%) 11 (36%) 2 (9.5%) <.001

Complication, No. (%) 5 (20%) 3 (14.2%)  .211

SFR 3 months, No. (%) 17 (68%) 19 (90.4%) <.019

Operation time, mean (SD) 72.2 (21) 66.5 (19) <.061

Abbreviations: ESWL, extracorporeal shock wave lithotripsy; F-URS, 
flexible ureterorenoscopy; SFR, stone free rate.
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The incidence of complications was higher in ESWL pa-
tients (20% vs 14.2% for F-URS), but the difference was 
not statistically significant (P = .211). One intraoperative 
complication was encountered due to perforation of the 
upper ureter. It was successfully treated by a JJ stent for 
6 weeks. Postoperative fever developed in 2 patients after 
F-URS and could be successfully treated with antibiotics 
and antipyretics. Complications after ESWL included ob-
structing steinstrasse in 2 patients and fever in two. One 
patient was hospitalized for gross hematuria and success-
fully controlled with medical treatment.

Discussion
Urinary stone treatment improvements over the recent 
years allowed endoscopic procedures to be performed in 
almost any situation. The incidence of urolithiasis var-
ies in the literature affecting 5%-15% of the population 
worldwide.4 The parallel growth in prevalence of obesity 
and morbid obesity over the past decades has increased 
the management of stone disease in this population.5,6 
The association between urolithiasis and obesity is es-
tablished in the literature and has shown that weight gain 
increases the urinary excretion of substances such as ox-
alate and uric acid, leading to stone formation.7,8 Studies 
also indicate that obese patients suffer from urolithiasis 
twice as much as the non-obese and recurrence rates are 
close to 50%.9 Conversely, due to conflicting data and the 
development of new endoscopic instruments the optimal 
management of stone disease in these patients is still in 
discussion.
EAU 2014 guidelines advices ESWL as the first line treat-
ment alternative for stones <2 cm located in the renal 
pelvis, upper or middle calices.10 In ESWL stone clear-
ance depends on a number of factors such as stone related 
(burden, location, and density), renal related (anatomi-
cal features) and pertinently patient related (BMI, mus-
cle-skeletal deformity, and social security disability [SSD] 
) characteristics. Pareek et al demonstrated that BMI in-
dependently predicted the SWL outcome. They suggest-
ed that patients with a BMI ≥ 30 kg/m2 would be more 
suitably treated by endoscopic manipulation.11 In another 
study by the same author, SSD of 12 cm was an indepen-
dent predictor of unfavorable outcomes.12 Further, SWL 
may also produce detrimental side effects such as HTN 
and DM, which are already risk factors associated with 
obesity. Between 21% and 70% of clinically insignificant 
residual fragments post-SWL can regrow,13,14 potentially 
causing complications that require further intervention in 
more than half of these cases.15

Improvements in endoscopic technology have made ret-
rograde stone removal more attractive.16 In fact, endou-
rologic procedures expand their role continuously for 
treatment of urinary calculi. Furthermore, ureteroscopy 
does not appear to be affected by body habitus (for ex-
ample morbid obese, sever scoliosis, discopathy, etc). In a 
retrospective, single institution study, the SFRs were sim-
ilar between 107 obese patients and non-obese patients.17 
Another recent study published by Best et al18 showed 

statistically equivalent SFR in obese (91%) and non-obese 
(81%) patients who underwent flexible URS for proxi-
mal ureteral stones. Thus, the improved success rates of 
URS compared to SWL may promote this approach as the 
method of choice to treat our increasingly obese popula-
tion. More recently, Delorme et al19 analyzed the feasibility 
of flexible URS in obese patients and found equivalency in 
terms of operative time, rate of complications and over-
all SFR compared to non-obese patients. A contemporary 
meta-analysis published by Aboumarzouk et al20 regard-
ing the feasibility of URS in obese patients showed good 
outcomes with a SFR of 87.5%.
Successful ESWL treatment in obese patients was report-
ed with an overall SFR at 3 months of 68% compared to 
80%-85% in non-obese patients.21 We achieved an overall 
SFR of 68% in patients who underwent ESWL and it was 
similar with the results in the literature.
According to a recent meta-analysis the use of RIRS on 
obese patients is efficient, with an overall stone-free rate 
of 87.5%, and minor complication rate (grade I, II, or III) 
of 11.4%.20

In our series SFR at 3 months was 90.4% and complication 
rate 14.2%. According to our experience in referral cen-
ter of laser treatment of stone, obese patients could easily 
be managed with RIRS procedure with acceptable stone 
clearance. After each session of ESWL, beside the fact that 
residual calculi that remain within the kidney can lead 
to recurrent stone formation22; stone fragments expul-
sion is always followed by renal colic.23 Actually, repeated 
treatment sessions of ESWL induced multiple episodes of 
pain in patients. High success rate at first session of RIRS 
makes it favorable for individual whom cannot tolerate 
aching. Steinstrasse formation can also cause discomfort 
in patients and was reported in 2% to 10% of ESWL cas-
es.24 This complication that directly correlates with in-
creasing stone burden was diagnosed in 4% (2\25) of the 
patients in ESWL group of our study. Steinstrasse was one 
of the drawbacks of ESWL which increases the number 
of auxiliary treatments in patients. Despite a lower SFR 
and higher retreatment rates, ESWL remains a treatment 
option because of its non-invasive nature and high level of 
acceptance by physicians and patients.
The most important results of this comparison were the 
significantly higher SFR and lower retreatment rate after 
F-URS, while complications were not significantly more 
in the F-URS group (Table 2). All complications could be 
treated with either medical treatment or endoscopic tech-
niques. Improvements in the techniques and instruments, 
such as digital F-URS and ureteric access sheath can help 
increase the safety and efficacy of F-URS in the treatment 
of renal stone.25 The access sheath allows free drainage of 
irrigation from the kidney, thus improving vision, and 
prevents potentially harmful elevations in intrarenal pres-
sure. It has the potential to improve SFRs by allowing pas-
sive or active retrieval of fragments as the ureteroscope 
can be introduced many times through the sheath over a 
short period of time. Despite the advantages of ureteral 
access sheaths in facilitating multiple passages of the flex-
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ible ureteroscope, providing lower intrarenal pressures, 
and better flow through the ureteroscope, it might be 
associated with ureteral injuries and ureteral strictures.26 
In a study by Traxer and Thomas,27 the incidence of in-
juries caused by ureteral access sheaths during RIRS was 
46.5%. For this reason, routine ureteral stenting is often 
recommended if a ureteral access sheath is used. In our 
study, ureteral stent or JJ stent was inserted for all patients 
of RIRS group. In order to omit the extra admission for 
JJ stent removal, we preferred to introduce ureteral stent 
unless the case was complicated or failed.
One drawback of RIRS is its long operation time that is 
dependent to stone size, number, location and experience 
of the surgeon .In our study because of the location of the 
stones (renal pelvis) and our experience in laser ablation, 
the operation time was not significantly different between 
2 groups. Another disadvantage of F-URS included the 
need for expensive instruments such as fragile uretero-
scopes, a laser machine and tipless nitinol baskets. It is 
therefore advised to have a standby flexible ureteroscope 
and to handle it with great care during the operation as 
well as during cleaning and sterilization. In addition our 
laser machine was made in Iran and its maintenance costs 
were low for our research center. Although, we did not in-
vestigate ESWL and F-URS in terms of costs.
There are several limitations of our study. First of all, our 
study had a small sample size. Postoperative or post-pro-
cedure pain scores, analgesic need and stone composition 
of the patients which can significantly affect the outcomes 
of the procedures were not evaluated in our study. Also we 
did not perform and compare a cost-effectiveness analysis 
for F-URS and ESWL.
Equipment required for RIRS including flexible uretero-
scope and holmium laser are expensive and not available 
in many centers.28 Also, unfamiliarity of urologists with 
this technique and low level of experience result in RIRS 
being performed in limited referral centers. According to 
our study, RIRS procedure is a safe and successful option 
of treatment for renal stone of ≤2 cm in obese patients. 
It seems that in a near future, use of this technique will 
be outspread in many centers. According to our study, for 
treatment of renal pelvic stones 10-20 mm in length in 
obese patients (BMI >30), F-URS provided a significant-
ly higher SFR and lower retreatment rate compared with 
ESWL. The incidence of complications after F-URS was 
not significantly different from ESWL and the severity of 
complications was comparable. These results support the 
increasing role of F-URS in the treatment of renal pelvic 
stones 10-20 mm in length in obese patients (BMI >30).

Conclusion
According to our study, RIRS procedure in comparison 
with ESWL is a safe and successful option of treatment for 
renal pelvic stones of 10 to 20 mm in obese patients.
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