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Abstract

Background: Treating renal stones in patients with a solitary functioning kidney is challenging. The present study
was aimed to assess the competence and safety of retrograde intrarenal surgery (RIRS) for the treatment of renal
stones in a solitary kidney.

Methods: Between August of 2017 and August of 2019, 25 ensuing patients with a solitary kidney and renal calculi
and who were treated with RIRS were prospectively enlisted in the study. All patients were assessed by non-contrast
computed tomography before surgery. Stone-free status was determined if there were no residual fragments. The
final stone-free rates (SFRs) were assessed 3 months after the last treatment session by plain X-ray KUB and ultra-
sonography. Patient demographics, perioperative and postoperative outcomes were prospectively evaluated. Serum
creatinine levels and glomerular filtration rate (GFR) pre-procedure and during follow-up were correlated.

Results: Twenty-five patients underwent 26 procedures. The mean patient age was 42.81 4 12.3 (range 22-67) years.
The mean stone size was 18.23 £6.27 mm (range 9-25 mm) and the mean operative time was 46.15+£ 15.34 min
(range 25-100 min). A ureteral access sheath (UAS) was used in five (19.2%) pre-stented patients. One patient (3.8%)
required the second stage RIRS for residual stones. The SFR after the initial and final procedures, the SFR was 84% and
92%, respectively.

The mean serum creatinine levels were significantly reduced post-surgery compared to preoperative levels

(1.76 £1.21 mg/dL; 1.37 £ 0.60 mg/dL; p value 0.001) while GFR not encounter any significant variation post-surgery
(63.04 +33.16 ml/min) compared to preoperative rates (61.12 = 34.76 ml/min, p value 0.502). Minor complications
classified as Clavien | or Il developed in 5 patients (20%). Clavien lllb, a major complication, developed in one (4%)
patient, which was caused by steinstrasse and necessitated emergency surgical intervention.

Conclusion: Renal stones in a solitary kidney can be managed using RIRS safely and effectively with and without the
use of UAS, without compromising renal function.

1 Background

The management of urolithiasis in patients with a solitary

functioning kidney (SK) represents a challenge to urolo-
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Percutaneous nephrolithotomy (PNL) and shock wave
lithotripsy (SWL) has been widely accepted over previous
decades and are considered the first line of treatment for
renal stones (greater or lesser than 2 cm) in patients with
a solitary kidney (SK) [3-6].

Although treating a renal stone in a solitary kidney with
PCNL affords a high stone-free rate (SFR), it is an inva-
sive and morbid procedure and may result in consider-
able complications, particularly excessive renal bleeding
in which the increased thickness of the renal parenchyma
(caused by compensatory hypertrophy) might cause
bleeding during PNL [7, 8].

Contrarily, SWL is a competent treatment method
for renal stones but is affiliated with a lower SFR and a
greater rate of repeat procedures, especially when used
for large and hard stones. Potential complications such
as bleeding, hematoma steinstrasse, and higher rates of
unplanned invasive procedures make it less favorable in
SK patients [9-11].

Owing to improvements in surgical techniques and
endourological devices, retrograde intrarenal surgery
(RIRS) has grown into one of the most prevalent alter-
native endourologic procedures to PCNL and SWL for
treating renal stones that are <20 mm. This technique has
low rates of complication and high stone-free rates [12,
13].

In the current study, we assess the safety and compe-
tence of RIRS for renal stones in patients with a solitary
kidney and evaluated its effects on renal functions. We
have also assessed the feasibility and safety of the sheath-
less procedure.

2 Methods

2.1 Study design

Between August of 2017 and August of 2019, 25 ensu-
ing patients with a solitary kidney (those with a prior
nephrectomy, non-functioning, or congenitally solitary
kidney) and renal stones who were treated with RIRS by
the same experienced endourologist were prospectively
evaluated. The local ethical committee approved our
study methods. Patients were counseled regarding treat-
ment options, potential complications, and the possible
need for a staged or auxiliary procedure to obtain satis-
factory stone clearance.

Inclusion criteria included failed SWL, contraindica-
tion of PCNL, and the patient and surgeon’s preference.
The location of the stone within the renal collecting sys-
tem was not used as exclusion criteria, however, patients
with large stones > 2.5 cm and positive urine culture were
excluded.

The stone size was determined by measuring the
maximum diameter of the stone on non-contrast CT. In
patients with multiple renal stones, the stone size was
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calculated as the sum of the greatest dimensions of each
stone.

All patients were assessed by non-contrast computed
tomography before surgery. We evaluated patients’
demographic characteristics, stone parameters, which
included laterality, stone location, number of stones,
stone size (mm), and Hounsfield units on the preopera-
tive non-contrast abdominal computed tomography (CT)
images. Other evaluated parameters included preop-
erative stent placement, operation time (excluding anes-
thetic time), lasing time (duration of using laser), hospital
stay, transition of serum creatinine level and GFR, and
the SFR. Complications were determined using the Cla-
vien classification system [14] (see “Appendix 17).

The GFR was measured using the CKD-EPI (Chronic
Kidney Disease Epidemiology Collaboration) [15].

GFR = 141 * min (Scr/k, 1)« * max (Scr/x, 1)
— 1.209 % 0.993 Age * 1.018]if female] * 1.159[if black]

2.2 Surgical technique

Under general or spinal anesthesia and in a lithotomy
position, a semi-rigid ureteroscope 8-9.5F (Karl Storz
Endoscopy, Tuttlingen, Germany) was routinely used in
all patients. Hence, allowing the ureter to be passively
dilated and assessing the presence of coexisting ureteral
stones or strictures.

A zebra nitinol guidewire of 0.032/0.035 inches (Boston
Scientific, USA) was placed in the pelvicalyceal system
through the ureteroscope. Subsequently, a 7.5 Fr flexible
URS (Storz Flex-X2S, Tuttlingen, Germany) or using digi-
tal single-use ureteroscope (Uscope 3022, Zhuhai Pusen
Medical Technology Pusen, Guangdong province China)
was passed over the guidewire in a monorail fashion.
In pre-stented patients, a ureteral access sheath (UAS)
was placed over the guidewire and the flexible URS was
passed through the UAS.

The stones were fragmented using Holmium: YAG
laser (cyber Ho 60 holmium laser system, Quanta system,
Milan-Italy) through 200 pm fiber by applying 0.5-0.8 |
power at 15-30 Hz frequency. To eliminate the neces-
sity for stone retrieval, we used a stone dusting technique
so that the stones become tiny pieces or a fine powder
(deemed clinically insignificant fragments). After the
completion of lithotripsy, the entire pelvicalyceal system
was visually assessed for any residual stone fragments.
A double-] stent (D]JS) 5-6 F 26 cm was routinely placed
in all cases. If the postoperative periods were unevent-
ful, the patients were sent home with oral antibiotics on
a postoperative day one. The first follow-up visits were
scheduled at 2 weeks after the procedure presumably for
DJ stent removal. In case of an uneventful procedure, the
DJ stent was removed. In the case of significant residual
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stone, the patient was scheduled for a second-look pro-
cedure within 2-4 weeks. Consequent assessments
were performed at 4 weeks and second assessment at
3 months with renal USG supplemented with X-ray KUB,
if necessary, to look for residual stones. The CT scan was
not used to reduce radiation exposure to the patient. The
overall stone-free rate was calculated 3 months post-
operatively and was classified either as complete clear-
ance of stone (defined as the absence of stone residual) or
residual stones.

3 Statistical analysis

Data were analyzed using the statistical package for social
science (SPSS, version 24). The paired sample ¢ test was
used to correlate between means of two groups. A p value
of <0.05 was considered statistically significant.

4 Results

Twenty-five patients (15 men and 10 women) with a
solitary kidney underwent RIRS for the treatment of ure-
teral or renal stones between August of 2017 and August
of 2019. Patients had a mean age of 42.81£12.3 (range
22-67) years and a mean stone size of 18.23 +6.27 mm
(range 9-25 mm). The mean preoperative serum cre-
atinine and GFR levels were 1.76+1.21 mg/dL and
63.04 £ 35.44 ml/min, respectively.

Preoperative stenting was placed in 6 patients because
they developed obstructive anuria, 16 (64%) patients had
a solitary renal stone, and the most prevalent site of the
stones was the renal pelvis and calyces in 19 patients
(76%), including ureteric stones, which were pushed
back when the DJ stent was inserted. Six patients (24%)
had stones in the upper ureter. Comprehensive details
of patient demographics and stone characteristics are
described in Table 1.

Thorough details of perioperative and postopera-
tive outcomes are presented in Table 2. All stones were
opportunely well-accessed by the flexible ureterorenos-
copy. Ureteral access sheath (UAS) were used in five
(20%), pre-stented patients. The mean operative time
was 46.15+15.34 min and ranged between 25 and
100 min. The mean lasting time was 30.62+16.45 min
(range 10-70 min). Double-]J stents were placed in 24
(96%) patients and the mean hospitalization time was
23.96 +£10.89 h (range: 15-48 h).

The primary SFR was 84%, the secondary SFR was 88%
and the final SFR (after auxiliary treatments) was 96%,
with a mean 1.08 number of procedures per patient.

Seven patients (28%) were immediately stone-free rate
during their first postoperative day, and in the 6th week,
21 out of 25 patients (84%) achieved complete stone
clearance after the primary intervention. Four patients
had residual stones, one underwent Re-RIRS after
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Table 1 Demographic and preoperative stone characteris-
tics

Variable Value

Caseno, n 25

Age (year), mean £ SD (range) 42814123 (22-67)
Gender, M/F 15/10

Stone side, R/L 7/18

Causes of solitary kidney, n (%)

Non-functioning kidney 18 (72%)

Previous nephrectomy 7 (28%)

Stone size (mm), mean = SD (range) 18.23+£6.27 (9-25)

Stone number, n (%)

Single stone 16 (64%)
Multiple stone 9 (36%)
Stone location, (n)
Upper 3(12%)
Middle calyx 3(12%)
Pelvis 4 (16%)
Lower calyx 7 (28%)
Multiple calyx 2 (8%)
Upper ureter 6 (24%)
Preoperative double-J stenting 5 (20%)
Preoperative serum creatinine (mg/dl) 1.7941.21
Preoperative GFR (ml/min) 61.12+34.76
Previous stone related intervention, (n) 13 (52%)
PCNL 3(12%)
URS 8 (32%)
Open and URS 2 (8%)

GFR Glomerular filtration rate, PCNL percutaneous nephrolithotomy, URS
ureterorenoscopy

6 weeks and was found to be stone free, one underwent
SWL, and one needed semirigid URS for removing the
stone fragments that obstructed the ureter after DJ stent
removal. One patient with a comorbid disease had resid-
ual stone fragments at the lower pole, which was elected
for follow-up.

Complications were assigned according to a modi-
fied clavien grading system. Perioperative complica-
tions occurred in six patients (24%), three patients (12%)
develop transient fever, these patients were treated with
oral antipyretics (Clavien I), one patient (4%) developed
transient hematuria which resolved spontaneously. One
patient (4%) developed non-obstructive pyelonephritis,
this patient was hospitalized for 48 h and was succes-
sively treated with antibiotics and antipyretics (Clavien
II). Major complications (Clavien IIIb) occurred in one
patient (4%) who developed steinstrasse after D] removal,
which necessitated surgical intervention (semi-rigid
URS) to relieve a ureteric obstruction. No serious com-
plications (higher Clavien grade) were observed.
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Table 2 Operative and postoperative outcomes

Variable

Value

Mean operative time, (SD, range), (min)
Mean lasting time, (SD, range), (min)
Mean hospital stays (SD, range) H
Use of UAS, n (%)
Use of fluoroscopy guidance, n (%)
Stone clearance, n (%)
Primary stone clearance
Secondary stone clearance
SFR and size of the stone n (%)
<20mm
>20mm
SFR and UAS
Without
With
Mean number of procedures per patient
Postoperative double-J stenting
The ancillary procedure, n (%)
SWL
RIRS
URS

Complications by modifies Clavien grading
system

Clavien Grade |, n (%)

Fever

Hematurea
Clavien Grade Il n (%)

Non obstructive pyelonephritis
Clavien Grade lllb

Steinstrasse

46.15£18.347 (25-100)

30.62416.454 (10-70)
23.96 (10.89, 15-48)
05 (20%)

07 (28%)

21/25 (84%)
23/25 (92%)

13/16 (81.25%)
7/9 (77.77%)

(20/25) (18/20) (90%)
(5/25) (3/5) (60%)
1.08

24/25 (96%)

1/25 (4%)

1/25 (4%)
1/25 (4%)

3/25 (12%)
1/25 (4%)

1/25 (4%)

1/25 (4%)

GFR Glomerular filtration rate, PCNL percutaneous nephrolithotomy, URS
ureterorenoscopy; SFR stone-free rate, UAS ureteral access sheath, SWL

shockwave lithotripsy

Pre-and postoperative serum creatinine levels and
GFR changes are shown in Table 3. The mean pre-
operative Scr was 1.76 £1.21 mg/dL and improved
to 1.57+£0.91 mg/dL at the end of the 4th-week fol-
low-up (p value 0.001). While similar improvement
was not observed for GFR at the end of 4th weeks,
63.04 £ 35.44 ml/min compared to 61.124+34.76 ml/
min (p =0.502).
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5 Discussion

Treating renal calculi in patients with a solitary function-
ing kidney represents an important challenge to urolo-
gists. Careful and wise treatment decisions are crucial for
the complete removal of stones without causing injury to
the renal tissue and/or detrimental effects on renal func-
tion [1, 16].

Attributed to the tremendous technological advance-
ments of flexible ureteroscopes and holmium lasers, ret-
rograde intrarenal surgery (RIRS) has gained popularity
and has become one of the most accepted substitutes for
PCNL and SWL in the treatment of renal calculi <20 mm.
RIRS has minimal complication rates and high stone-free
rates [17, 18]. However, this procedure might need to be
repeated if treating large renal stones. RIRS has an advan-
tage in preventing renal parenchyma damage, which is
critical for patients with a solitary kidney [2, 19].

In our study, the primary SFR was 84% and the final
SER was 92% while using UAS in 5 (10%) of the patients.
A mean 1.08 procedures were applied per patient. This is
in accordance with the studies performed by Atis et al.
[13] (primary SFR 83%, secondary SFR 95.8%) who used
UAS in 87% of their cases. Giusti et al. [17] (primary
SER of 72.4%, secondary SFR of 93.1%) had a mean of
1.24 procedures per patient and used UAS in 93.1% of
their cases. Breda et al. [20] had the final overall stone-
free rates of 92.2% after an average of 1.4 sessions. Gao
et al. [2] had initial and final procedures were 64.44% and
93.33%, respectively, with a mean number of procedures
of 1.23, which used UAS in all cases. In Lai et al. [21], the
SERs after the single and second procedures were 80%
and 95%, respectively, and used UAS in all cases. Yuruk
et al. [22] used an access sheath in 15 (83.3%) of the
patients and reports stone-free rates during the 3rd post-
operative month of 66.6% with the number of sessions
required for stone-free status averaging 1.06 +0.24.

The objectives of treating renal stones in a solitary
kidney are to accomplish a high stone-free rate with the
lowest short- and long-term adverse effects on existing
renal function. In addition to the serum creatinine, we
also calculate GFR for assessment of the renal func-
tion, hence serum creatinine might be inaccurate in
several situations, such as in patients with low mus-
cle mass or with fluid overload [23]. In our study, we

Table 3 Mean Scr and GFR level before and after the operation

Preoperative 4 weeks follow up p value
Serum creatinine (mg/dL) Mean £ SD Range 1.7941.21 (0.60-4.50) 1.37£0.60 (0.50-3.98) 0.007*
GFR (ml/min) Mean 4 SD Range 61.12+34.76 (10-114) 63.04+33.16 (0.50-3.98) 0.502

GFR Glomerular filtration rate

" Paired sample t test
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noticed a momentous improvement in Scr during the
1-month follow-up while GFR not encounter any sig-
nificant variation post-surgery (63.04 =+ 33.16 ml/min)
compared to preoperative rates (61.12 + 34.76 ml/min,
p value 0.502). The mean pre-operative Scr level was
1.76 £1.21 mg/dL and decreased to 1.57 £0.91 mg/dL
post-surgery (p=0.001). Our outcomes were propor-
tionate with the study conducted by Kuroda e al. [18]
and Lai et al. [21] who found convincing improvements
in serum creatinine post-surgery, while Atis et al. [13],
Giusti et al. [17], Yuruk et al. [22], Gao et al. [2], and
a systematic review by Jones et al. [24] revealed that,
despite the minimally invasive nature of RIRS, there are
no changes in renal function before and after surgery.

However, it is a noninvasive procedure, yet still might
be associated with major complications. In the pre-
sent study, complications were assigned according to a
modified clavien grading system. Perioperative compli-
cations occurred in six patients (24%), the majority of
these were minor (Clavien I & II), and major complica-
tions (Clavien IIIb) occurred in one patient (4%) who
developed steinstrasse after DJ removal, which neces-
sitated surgical intervention (semi-rigid URS) to relieve
the ureteric obstruction. No serious complications
(higher Clavien grade) nor blood transfusion or renal
failure were observed.

Atis et al. [13] reported a minor complication rate
of 16.6%; no major complications developed in their
study group. Giusti et al. [17] reported 27.4% of minor
complications and no major complications. Gao et al.
[2] noted postoperative complications in 26.6% of
the patients, 24% of the patients had Grade I and I,
and Grade III complications, and 2.2% of the patients
had an anuria complication due to steinstrasse, which
required urgent intervention.

Kuroda et al. [18] reported minor complications that
included Clavien I & II in 15.8% and clavien III in 5.2%
of the patients. Lai et al. [21] reported minor compli-
cations in nine patients (15%) and major complications
(Clavien III) in two patients (3.3%). One patient devel-
oped steinstrasse and the other developed a perirenal
abscess. Yuruk et al. [22] reported an overall complica-
tion rate of 38%, 11% were minor and 27% were Clavien
IITa (colicky pain).

Pietropaulo et al. performed a systematic review that
included 12 studies that reported an overall compli-
cation rate of 16.4%, with no fatalities. Also, Clavien
IIT complications were recorded in less than 0.5% of
patients [1].

Jones et al, who conducted a systematic and
meta-analysis review, report a total of 33 (28%)
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complications, a majority (n=21) of which were Cla-
vien grade I. The Clavien grade II/III complications
were comprised of urosepsis, steinstrasse and renal
colic [24].

According to our study, RIRS with and without using
UAS is a feasible way to treat renal stones in a solitary
kidney patient with high SFR. RIRS has low complica-
tion rates and does not compromise renal function.

The main drawback of this study was the short fol-
low-up period, which made it difficult to assess the
long-term effects of RIRS on renal function.

6 Conclusion

Renal stones in a solitary kidney can be managed by
RIRS safely and effectively with and without using UAS.
This method had a low morbidity rate and did not com-
promise renal function.
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Appendix 1: Modified Clavien grading system

Grade

Complications

Mucosal injury

Total hematuria, permanent
hematuria

Fever

Urine retention

Urinary tract infection

Stone migration

Perforation

Obstruction due to Steinstrasse

Extravasation and conversion to
open

Myocardial infarction, Pulmonary
edema

Urosepsis
Death

Received: 14 May 2020 Accepted: 1 February 2021
Published online: 22 February 2021

References

1.

Pietropaolo A, Jones P, Whitehurst L, Rai BP, Geraghty R, Somani BK (2018)
Efficacy and safety of ureteroscopy for stone disease in a solitary kidney:
findings from a systematic review. Urology 119:17-22

Gao X, Peng Y, Shi X, Li L, Zhou T, Xu B et al (2014) Safety and efficacy of
retrograde intrarenal surgery for renal stones in patients with a solitary
kidney: a single-center experience. J Endourol 28(11):1290-1294

Desai MR, Kukreja RA, Patel SH, Bapat SD (2004) Percutaneous neph-
rolithotomy for complex pediatric renal calculus disease. J Endourol
18(1):23-27

Bucuras V, Gopalakrishnam G, Wolf JS Jr, Sun Y, Bianchi G, Erdogru T et al
(2012) The clinical research office of the endourological society percuta-
neous nephrolithotomy global study: nephrolithotomy in 189 patients
with solitary kidneys. J Endourol 26(4):336-341

Rabbani SMR (2008) Treatment of steinstrasse by transureteral lithotripsy.
Urol J 5(2):89-93

Tan YM, Yip SK, Chong TW, Wong MYC, Cheng C, Foo KT (2002) Clinical
experience and results of ESWL treatment for 3093 urinary calculi with
the Storz Modulith SL 20 lithotripter at the Singapore General Hospital.
Scand J Urol Nephrol 36(5):363-367

El-Nahas AR, Shokeir AA, El-Assmy AM, Mohsen T, Shoma AM, Eraky | et al
(2007) Post-percutaneous nephrolithotomy extensive hemorrhage: a
study of risk factors. J Urol 177(2):576-579

Michel MS, Trojan L, Rassweiler JJ (2007) Complications in percutaneous
nephrolithotomy. Eur Urol 51(4):899-906

20.

21.

22.

23.

24.

Page 6 of 6

Resorlu B, Unsal A, Ziypak T, Diri A, Atis G, Guven S et al (2013) Compari-
son of retrograde intrarenal surgery, shockwave lithotripsy, and percuta-
neous nephrolithotomy for treatment of medium-sized radiolucent renal
stones. World J Urol 31(6):1581-1586

Schnabel MJ, Gierth M, Chaussy CG, Détzer K, Burger M, Fritsche HM
(2014) Incidence and risk factors of renal hematoma: a prospective study
of 1300 SWL treatments. Urolithiasis 42(3):247-253

. Lee H, Yang Y-H, Shen J-T, Jang M-Y, Shih PM-C, Wu W-J et al (2013) Risk

factors survey for extracorporeal shockwave lithotripsy-induced renal
hematoma. J Endourol. 27(6):763-767

Srisubat A, Potisat S, Lojanapiwat B, Setthawong V, Laopaiboon M. Extra-
corporeal shock wave lithotripsy (ESWL) versus percutaneous nephroli-
thotomy (PCNL) or retrograde intrarenal surgery (RIRS) for kidney stones.
Cochrane Database Syst Rev 2014;(11).

. Atis G, Gurbuz C, Arikan O, Kilic M, Pelit S, Canakci C et al (2013) Retro-

grade intrarenal surgery for the treatment of renal stones in patients with
a solitary kidney. Urology 82(2):290-294. https://doi.org/10.1016/j.urolo
gy.2013.04.013

Xu'Y, Min Z, Wan SP, Nie H, Duan G (2018) Complications of retrograde
intrarenal surgery classified by the modified Clavien grading system.
Urolithiasis 46(2):197-202

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF, Feldman Hl et al
(2009) A new equation to estimate glomerular filtration rate. Ann Intern
Med 150(9):604-612

Wang X, Johnson AC, Williams JM, White T, Chade AR, Zhang J et al (2015)
Nephron deficiency and predisposition to renal injury in a novel one-
kidney genetic model. J Am Soc Nephrol 26(7):1634-1646

Giusti G, Proietti S, Cindolo L, Peschechera R, Sortino G, Berardinelli F et al
(2015) Is retrograde intrarenal surgery a viable treatment option for renal
stones in patients with solitary kidney? World J Urol 33(3):309-314
Kuroda S, Fujikawa A, Tabei T, Ito H, Terao H, Yao M et al (2016) Retrograde
intrarenal surgery for urinary stone disease in patients with solitary
kidney: a retrospective analysis of the efficacy and safety. Int J Urol
23(1):69-73

Huang Z, Fu F, Zhong Z, Zhang L, Xu R, Zhao X (2012) Flexible ureteros-
copy and laser lithotripsy for bilateral multiple intrarenal stones: Is this a
valuable choice? Urology 80(4):800-804

Breda A, Ogunyemi O, Leppert JT, Schulam PG (2009) Flexible ureteros-
copy and laser lithotripsy for multiple unilateral intrarenal stones. Eur Urol
55(5):1190-1197

Lai D, Chen M, He Y, Li X, Wan S (2018) Safety and efficacy of retrograde
intrarenal surgery for the treatment of renal stone in solitary kidney
patients. Ren Fail 40(1):390-394

Yuruk E, Binbay M, Ozgor F, Sekerel L, Berberoglu Y, Muslumanoglu AY
(2015) Comparison of shockwave lithotripsy and flexible ureteroscopy
for the treatment of kidney stones in patients with a solitary kidney. J.
Endourol. 29(4):463-467

Wasung ME, Chawla LS, Madero M (2015) Biomarkers of renal function,
which and when? Clin Chim Acta 438:350-357

Jones P, Rai BP, Somani BK (2016) Outcomes of ureteroscopy for patients
with stones in a solitary kidney: evidence from a systematic review. Cent
Eur J Urol 69(1):83

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.urology.2013.04.013
https://doi.org/10.1016/j.urology.2013.04.013

	Retrograde intrarenal surgery for the treatment of renal stones in patients with a solitary kidney: Does access sheath matter?
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	1 Background
	2 Methods
	2.1 Study design
	2.2 Surgical technique

	3 Statistical analysis
	4 Results
	5 Discussion
	6 Conclusion
	Acknowledgements
	References




