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The feasibility of one-stage flexible ureteroscopy lithotripsy in solitary
kidney patients with 1–3 cm renal stones and risk factors of renal
function changes
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ABSTRACT
Purpose: To compare perioperative outcomes and long-term renal function changes between
prior stenting (PS) and not prior stenting (NPS) before flexible ureteroscopy lithotripsy (f-URS) for
solitary kidney patients.
Methods: Solitary kidney patients with 10–30mm renal stones were enrolled in this historical
control study. Perioperative parameters and complications were compared. Stone-free was
defined as the absence of any residual stones on a CT scan. Renal function changes were eval-
uated by estimated glomerular filtration rate (eGFR) and adjusted for body surface area. A
decrease in the eGFR over 20% was identified as ‘deterioration’ in renal function. The follow-up
period was at least 6months. Logistic regression was used to identify risk factors of renal func-
tion deterioration.
Results: Of the 76 patients included, 40 cases experienced prior stenting before f-URS. The aver-
age stone diameter was 16.8±4.7mm, ranging from 10.0 to 28.4mm. Initial SFR was 85.0 and
83.3% in the PS and NPS groups, respectively (p¼ 0.842), while SFR after the second procedure
was 97.5 and 94.4% (p¼ 0.926). Seven PS and 5 NPS patients developed complications
(p¼ 0.666). At the postoperative 6months, seven patients showed a deteriorated renal function.
Surgical time in minutes was identified as a risk factor for renal function deterioration after the
operation (OR ¼ 1.061, 95% CI: 1.015–1.109, p¼ 0.009, per minute).
Conclusion: It appears that one-stage f-URS without PS could be feasible for 10–30mm renal
stones in solitary kidney patients, and less surgical time might be beneficial to protect
renal function.

ABBREVIATIONS: f-URS: flexible ureteroscopy lithotripsy; PS: prior stenting; NPS: not prior stent-
ing; eGFR: estimated glomerular filtration rate; UAS: ureteral access sheath; SFR: stone-free rate;
SWL: extracorporeal shock-wave lithotripsy; PNL: percutaneous nephrolithotomy
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Introduction

The solitary kidney is becoming more and more com-
mon due to the reasons such as contralateral nephrec-
tomy and nonfunctional kidney. Renal stones in
patients with a solitary kidney are also not a rare uro-
logical disease. The treatment for these patients is chal-
lenging and significant because any damage to a
solitary kidney may result in severe comorbidities.
Therefore, endoscopic procedures with no wound for
renal stones are preferred by patients with a solitary
kidney [1]. Many previous studies have reported the
safety and efficacy of flexible ureteroscopy lithotripsy
(f-URS) for renal stones in solitary kidney patients and
recommended f-URS as the first choice [2–6].

Arguments exist over many years about whether
prior stenting for 2weeks before f-URS. Some urologists
consider that prior stenting before f-URS can increase
the surgical success rate and stone-free rate (SFR) [7],
while others regard prior stenting as unnecessary for
bilateral kidney stones except in some special patients
[8]. Similarly, it is hard to make a definite choice
between one-stage f-URS and prior stenting firstly for
renal stones in patients with a solitary kidney. To date,
there are few reports on whether prior stenting is
necessary when choosing f-URS for renal stones in soli-
tary kidney patients. The present study aims to com-
pare perioperative outcomes and long-term renal
function changes of f-URS in solitary kidney patients
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with 10–30mm renal stones with and without
prior stenting.

Patients and methods

Patients

Solitary kidney patients with 10–30mm renal stones
managed by f-URS between June 2015 to June 2019
were retrieved from electronic medical records of the
First Affiliated Hospital of Chongqing Medical
University. All f-URS procedures included in the present
study were performed by the same experienced sur-
geon. Before November 2017, all patients with a solitary
kidney and renal stones were required to indwell a prior
stent before f-URS in our department. Since November
2017, the surgeon decided to perform one-stage f-URS
without prior stenting for renal stones in solitary kidney
patients, provided that patients did not experience
emergency events or severe comorbidities such as
ureteral obstruction, severe infections, and acute kidney
injury. As a result, patients who performed f-URS with
prior stenting were identified as the prior stenting (PS)
group, and patients who performed one-stage f-URS
without prior stenting were identified as the not prior
stenting (NPS) group. A historical control study was
conducted and two groups were compared along the
lines of a historical switch of practice. The inclusion cri-
teria consisted of age between 18 and 80 years and a
history of f-URS for 10–30mm renal stones in patients
with a solitary kidney. Exclusion criteria were as follows:
transplant solitary kidney, ureteral stones, staghorn
stones, incomplete medical history records, untreated
urinary infection, bleeding disease, severe urinary tract
stricture, pregnancy, severe hydronephrosis, and acute
renal insufficiency. Approval was obtained from the
Institutional Ethics Committee of the First Affiliated
Hospital of Chongqing Medical University (Human
Research Committee Approval number: 2018-003).

Clinical data

The etiology of solitary kidney in the present study
included congenital renal agenesis, previous contralat-
eral nephrectomy, and contralateral nonfunctional kid-
ney. The contralateral nonfunctional kidney was
defined as that patient’s contralateral renal function
was less than 5% in a split renal function on a 99m Tc
labeled dimercaptosuccinic acid single-photon kidney
emission computerized tomography (ECT), or compu-
terized tomography (CT) scan showed contralateral kid-
ney was significantly atrophic and intravenous
pyelography (IVP) showed no urine secretion [9]. All the

patients with positive urine culture were treated using
drug-sensitive antibiotics preoperatively and f-URS was
performed only when their urine culture results
became negative.

Demographic characteristics, stone characteristics,
short-term and long-term renal function changes, peri-
operative outcomes, and complications were assessed
and compared in detail between the two groups. The
data of the first f-URS procedure were analyzed mainly
if the patients experienced multiple procedures. The
surgical time in two groups began to be calculated
when the guidewire was inserted from the ipsilateral
ureterovesical opening. Therefore, the surgical time in
the PS group did not include the time of the pre-
stenting procedure and the time of removing the stent
before f-URS.

The serum creatinine was measured using enzymatic
assays (Roche Diagnostic, USA), calibrated with a trace-
able high-level isotope dilution mass spectrometry
(IDMS) reference. It was a validated measurement of
serum creatinine throughout the study period and
there was not a technological switch taking place. The
estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equations based on age, sex,
race, and serum creatinine levels (Supplementary file 1).
Furthermore, each patient’s actual eGFR was adjusted
for their body surface area (BSA). The actual eGFR was
calculated by multiplying the value from CKD-EPI equa-
tions with their actual BSA and dividing 1.73m2. Renal
function changes were assessed by the actual
eGFR levels.

Changes in eGFR levels before and after the proce-
dures were also given as ‘percentage of change’, which
was calculated as follows: ‘(the difference between
timely level and baseline level)/baseline level � 100%’.
An increase in the eGFR over 20% was considered as
‘improvement’, a decrease over 20% as ‘deterioration’,
and changes within 20% as ‘stabilization’ in renal func-
tion. All complications were categorized using the
Clavien–Dindo grading system [10].

Prior stenting and f-URS procedures

Prior stenting was conducted using a routine method.
Under local anesthesia, a guidewire was inserted from
the ipsilateral ureterovesical opening to the renal pelvis
using ureteroscopy. A 6-Fr double J stent was placed
along the guidewire. After this procedure, an abdom-
inal plain X-ray of the kidney, ureter, and bladder (KUB)
was performed to confirm the stent was in the correct
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position. The indwelling time of the stent was approxi-
mately 2weeks before f-URS.

Flexible ureteroscopy lithotripsy for renal stones in
solitary kidney patients was performed under general
anesthesia and standard lithotomy position. For
patients with prior stenting, the stent was removed
using forceps through ureteroscopy firstly. The subse-
quent procedures were the same for patients in two
groups. A guidewire was inserted from the ipsilateral
ureterovesical opening. Along the guidewire, the ureter
was checked and expanded using ureteroscopy retro-
grade until reaching the renal pelvis. After ureteral sten-
osis or ureteral stone was excluded, a ureteral access
sheath (UAS) with an inner/outer diameter of 12/14-Fr
(Cook Urological, Bloomington, IN, USA) was placed
into the ureter. A flexible ureteroscope was put into the
renal pelvis and stones were searched during the pelvi-
calyceal system. After finding the stones, a 200-mm hol-
mium laser at a power of 0.8–1.5 J and a pulse
frequency of 10–20Hz was used to crush the stones
into fragments of less than 2mm. The large fragments
were removed by a nitinol stone basket under the
vision of flexible ureteroscopy. At last, the pelvicalyceal
system was examined again to ensure no large remain-
ing stones. The post-ureteroscopic lesion scale (PULS)
grading system [11] was used to assess the degree of
ureteral lesions after withdrawing the UAS. If there
were no severe complications such as fever and urinary
sepsis, patients were discharged 1 day postoperatively.

If a standard size UAS (12/14-Fr) could not be
inserted due to ureteral stenosis or distortion, a smaller
size UAS with an inner/outer diameter of 10/12-Fr
(Cook Urological, Bloomington, IN, USA) was used. If
the smaller size UAS could not be inserted for the first
time, ureteric balloon dilation under the vision of ure-
teroscopy was performed intraoperatively. Then, the
smaller size UAS was attempted for the second time. If
it still could not be inserted, two subsequent ways were
provided based on patients’ or their family’s selection.
One was to perform f-URS without UAS, the other was
to insert a stent and to wait at least for two weeks.

Stone-free rate

Stone-free was defined as the absence of any residual
stones in the kidney or ureter. If a patient did not
achieve the stone-free status, extracorporeal shock-
wave lithotripsy (SWL) or second f-URS was conducted
based on the size of residual stones and patients’ pref-
erence. Patients were assessed by a non-enhanced CT
scan 1month after each procedure to confirm the
stone-free rate (SFR).

Statistical analysis

Statistical analysis was performed with IBM Statistical
Package for the Social Sciences (SPSS), version 23.0 for
Windows. The independent samples student’s t-test
was used for comparison of two groups when data
showed normal distribution; otherwise, the Mann–
Whitney U test was used. Pearson’s Chi-square test or
Fisher’s exact test was used for categorical variables.
Univariate and multivariate logistic regression was used
to identify independent factors of renal function deteri-
oration at postoperative 6months after f-URS. Statistical
significance was set as two-tailed p< 0.05.

Results

Patients’ demographics and clinical characteristics

In total, 76 solitary kidney patients with 10–30mm renal
stones, who were managed by f-URS, were included in
our study. There were 40 and 36 patients in the PS and
NPS group, respectively. The age ranged from 29 to
80 years, and 56.6% of all patients were male. The mean
body mass index (BMI) was 24.3 ± 3.7 kg/m2. The great-
est stone diameter was ranging from 10.0 to 28.4mm
and the average value was 16.8 ± 4.7mm. The left and
right side of renal stones were found in 36 cases and 40
cases, respectively. Twenty-six patients had previous
contralateral nephrectomy history due to renal cell car-
cinoma (n¼ 15), renal pelvis carcinoma (n¼ 3), ureteral
urothelial carcinoma (n¼ 4), severe purulent kidney
(n¼ 1), tuberculosis of kidney (n¼ 2), and renal rupture
hemorrhage (n¼ 1). Four cases had congenital renal
agenesis and 46 patients were diagnosed with contra-
lateral nonfunctional kidney.

Patients’ demographics and clinical characteristics
(including age, sex, height, weight, BMI, solitary kidney
etiology, preoperative comorbidities, urine culture
results, and grading of patients for surgical procedures
according to American society of anesthesiologists),
and stone-related characteristics (including greatest
diameter, number, location, and side) were shown in
Table 1. These results were comparable between the
two groups, with no statistically significant difference
(Table 1).

Perioperative outcomes

The mean surgical time in total was 49.9 ± 22.3min,
which was 48.6 ± 22.6 and 51.4 ± 22.1min in the PS and
NPS groups, respectively; the difference of surgical time
between the two groups was not statistically significant
(p¼ 0.570). The average postoperative hospital duration
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was 2.2 ± 1.6 days (2.3 ± 1.5 vs. 2.1 ± 1.6 days, p¼ 0.186).
The UAS was placed successfully for all patients (a small
size UAS for 2 cases) in the PS group. However, the
small size UAS still could not be inserted for 2 patients
in the NPS group due to ureteral stenosis. According to
their family’s request, f-URS without using UAS was
attempted and performed successfully in these 2 spe-
cial patients. As a result, the UAS placement success
rate was 100% and 94.4% in the PS and NPS groups,
respectively, without a statistical difference (p¼ 0.221).
Except for 2 patients who experienced unsuccessful
UAS insertion in the NPS group, everyone else used a
nitinol stone basket smoothly. No patients occurred
ureter injuries according to the results of the PULS
grading system and follow-up of at least 6months.

Stone-free rate

The initial SFR after the first f-URS procedure was 85.0%
and 83.3% in the PS and NPS groups, respectively
(p¼ 0.842). Among 12 patients who did not achieve the

stone-free status after the first f-URS procedure, SWL
and second f-URS were performed for 4 and 8 cases,
respectively. After the second procedure of f-URS or
SWL, the SFR increased to 97.5% and 94.4% in the PS
and NPS groups, respectively (p¼ 0.926). Three patients
(1 in the PS group and 2 in the NPS group) had multiple
stones and the greatest stone diameter was more than
25mm. Eventually, they achieved the stone-free status
after the third procedure. The main biochemical com-
positions of stones were analyzed postoperatively and
showed no statistical difference between the two
groups; calcium oxalate phosphate calculi (47.4%) and
calcium oxalate monohydrate calculi (31.6%) were rela-
tively more common (Table 2).

Complications

Overall, twelve patients (15.8%) developed postopera-
tive complications, including 7 and 5 in the PS and NPS
groups (17.5 vs. 13.9%, p¼ 0.666). Five cases experi-
enced transient postoperative fevers (<38.5 �C) or pain

Table 1. Demographic, clinical, and stone-related data.
Total PS NPS p-Value

Number of patients, n 76 40 36
Age, years, mean ± SD 55.0 ± 12.3 55.0 ± 11.8 55.1 ± 13.0 0.947
Gender, n (%)
Male 43 (56.6) 23 (57.5) 20 (55.6) 0.864
Female 33 (43.4) 17 (42.5) 16 (44.4)

Weight, kg, mean ± SD 63.5 ± 11.6 63.7 ± 10.7 63.4 ± 12.7 0.907
Height, cm, mean ± SD 161.7 ± 8.8 160.7 ± 9.5 162.5 ± 8.0 0.449
BMI, kg/m2, mean ± SD 24.3 ± 3.7 24.6 ± 3.5 23.9 ± 4.0 0.406
Etiology of solitary kidney, n (%)
Congenital renal agenesis 4 (5.3) 3 (7.5) 1 (2.8) 0.610
Contralateral nephrectomy 26 (34.2) 14 (35) 12 (33.4)
Contralateral nonfunctioning kidney 46 (60.5) 23 (57.5) 23 (63.8)

Preoperative comorbidities, n (%)
Cardiovascular disease 23 (30.3) 9 (22.5) 14 (38.9) 0.120
Diabetes mellitus 6 (7.9) 4 (10) 2 (5.6) 0.677

Preoperative urine culture results, n (%)
Positive 14 (18.4) 5 (12.5) 9 (250 0.160
Negative 62 (81.6) 35 (87.5) 27 (75)

Preoperative ASA Grade, n (%)
Grade 2 56 (73.7) 30 (75) 26 (72.2) 0.784
Grade 3 20 (26.3) 10 (25) 10 (27.8)

Greatest stone diameter, mm, mean ± SD 16.8 ± 4.7 17.7 ± 4.8 15.7 ± 4.4 0.070
Greatest stone diameter >20mm, mean ± SD 24.0 ± 2.2 24.6 ± 1.9 23.1 ± 2.4 0.156
Greatest stone diameter <20mm, mean ± SD 14.7 ± 2.8 15.4 ± 2.9 14.0 ± 2.6 0.490
Stone number, n, mean ± SD 1.6 ± 0.9 1.5 ± 0.8 1.7 ± 1.0 0.490
Single stone, n (%) 47 (61.8) 26 (65) 21 (58.3) 0.550
Multiple stones, n (%) 29 (38.2) 14 (35) 15 (41.7)

Greatest stone diameter, n (%)
More than or equal to 20mm 17 (22.4) 10 (25) 7 (19.4) 0.562
Less than 20mm 59 (77.6) 30 (75) 29 (80.6)

Stone side, n (%)
Left renal stones 36 (47.4) 19 (47.5) 17 (47.2) 0.981
Right renal stones 40 (52.6) 21 (52.5) 19 (52.8)

Stone location (main), n (%)
Renal pelvis 29 (38.1) 15 (37.5) 14 (38.9) 0.577
Upper calix 5 (6.6) 4 (10) 1 (2.8)
Middle calix 5 (6.6) 3 (7.5) 2 (5.5)
Lower calix 37 (48.7) 18 (45) 19 (52.8)

PS: prior stenting; NPS: not prior stenting; SD: standard deviation; BMI: body mass index; ASA Grade: Grading of patients for surgical
procedures according to American Society of Anesthesiologists.
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(Grade I), and they were controlled using oral analgesics
or antipyretics. Systemic inflammatory response syn-
drome (SIRS) or urinary sepsis (Grade II) occurred in 3
patients; they had the symptoms of obvious fever
(>38.5 �C) and relevant biochemical examination indi-
cated severe infections; the symptoms improved after
using additional antibiotics like carbapenem antibiotics.
One patient in the NPS group occurred postoperative
fungal infection (Grade II) while this patient had a nega-
tive preoperative urine culture result. The result of fun-
gus culture became negative when the antifungal drug
(fluconazole) was given for almost 7 days. No patients
need blood transfusion intraoperatively or postopera-
tively. Three patients (3.95%) experienced major com-
plications with ureteral steinstrasse formation (Grade
III), and emergent ureteroscopy lithotripsy (URS) was
conducted to remove ureteral steinstrasse.

Renal function changes

In regards to renal function (Table 2), the mean levels
of preoperative eGFR were 57.05 ± 19.37mL/min/
1.73m2 in total; there were 57.34 ± 19.09 and
56.73 ± 19.94mL/min/1.73m2 in the PS and NPS groups,
respectively (p¼ 0.891). The mean eGFR levels at post-
operative 1month were 57.52 ± 19.10mL/min/1.73m2

(57.65± 20.27 vs. 57.38± 18.01, p¼ 0.952); and the
mean levels at postoperative 6months were 60.63±
20.54mL/min/1.73m2 (60.45± 22.48 vs. 60.83± 18.46,
p¼ 0.937); both were not statistically different between
two groups. The changes in mean eGFR levels in the PS
and NPS groups were present in Figure 1. Both groups
had an increase in mean eGFR levels compared with pre-
operative levels. At postoperative 6months, 87.5% of PS
group patients (35/40) and 94.4% of NPS group patients
(34/36) showed an improvement or stabilization in renal
function, with no significant difference between the two
groups (p¼ 0.435).

The independent risk factors of renal function
deterioration

Overall, seven patients developed renal function deteri-
oration (decrease over 20% in eGFR levels) at postoper-
ative 6months. To identify the risk factors of
postoperative renal function deterioration, all 76
patients were divided into two groups (Table 3). By
using univariable logistic regression, surgical time in
minutes was identified as a risk factor for deteriorated
renal function (OR ¼ 1.049, 95% CI: 1.009–1.090,
p¼ 0.016, per minute), while prior stenting was not a
statistically significant factor (OR ¼ 2.429, 95% CI:

Table 2. Renal function changes and perioperative outcomes.
Total (n¼ 76) PS (n¼ 40) NPS (n¼ 36) p-Value

eGFR (adjusted for BSA) on, mL/min/1.73m2, mean ± SD
Preoperatively 57.05 ± 19.37 57.34 ± 19.09 56.73 ± 19.94 0.891
Postoperative 1 month 57.52 ± 19.10 57.65 ± 20.27 57.38 ± 18.01 0.952
Postoperative 6 months 60.63 ± 20.54 60.45 ± 22.48 60.83 ± 18.46 0.937

D% eGFR at postoperative 6 months, n (%)
Improvement or stabilization 69 (90.9) 35 (87.5) 34 (94.4) 0.435
Deterioration 7 (9.2) 5 (12.5) 2 (5.6)

Surgical time, min, mean ± SD 49.9 ± 22.3 48.6 ± 22.6 51.4 ± 22.1 0.570
Postoperative hospital duration, days, mean ± SD 2.2 ± 1.6 2.3 ± 1.5 2.1 ± 1.6 0.186
Hemoglobin decline at postoperative 1 day, g/L, mean ± SD 5.8 ± 8.7 6.5 ± 9.5 4.9 ± 7.8 0.418
Success rate of UAS insertion, n (%) 74 (97.4) 40 (100) 34 (94.4) 0.221
Initial SFR at postoperative 1 month, n (%) 64 (84.2) 34 (85.0) 30 (83.3) 0.842
SFR after second procedures, n (%) 73 (96.1) 39 (97.5) 34 (94.4) 0.926
Postoperative main stone composition, n (%)
Calcium oxalate monohydrate calculi 24 (31.6) 14 (35) 10 (27.8) 0.673
Calcium oxalate and phosphate calculi 36 (47.4) 18 (45) 18 (50)
Uric acid calculi 6 (7.9) 2 (5) 4 (11.1)
Mixed calculi 10 (13.1) 6 (15) 4 (11.1)

Clavien–Dindo complications, n (%)
All 12/76 (15.8) 7/40 (17.5) 5/36 (13.9) 0.666
Grade I 5 3 2
Grade II 4 2 2
Grade III 3 2 1

Complications Classification
Transient postoperative pain or fevers
requiring oral analgesics or antipyretics (Grade I)

5 3 2

SIRS/urinary sepsis requiring additional antibiotics (Grade II) 3 2 1
Fungal infection requiring antifungal drug (Grade II) 1 0 1
Ureteral steinstrasse requiring emergent URS (Grade III) 3 2 1

eGFR: estimated glomerular filtration rate; BSA: body surface area; IQR: interquartile range; D% eGFR: (the difference between timely level and baseline
level)/baseline level � 100%; UAS: ureteral access sheath; SFR: stone free rate; SIRS: Systemic Inflammatory Response Syndrome; URS: ureteroscopy
lithotripsy.
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0.441–13.379, p¼ 0.308). The effect of surgical time on
renal function deterioration was further analyzed after
adjusting for a series of potential confounding factors.
The surgical time was independently associated with
the incidence of renal function deterioration by the
multivariable model adjusted for preoperative greatest
stone diameter, prior stenting, and preoperative eGFR
levels (Table 4). The odds ratio was 1.061 (95% CI:
1.015–1.109, p¼ 0.009, per minute).

Discussion

To the best of our knowledge, this is the first report on
perioperative outcomes and long-term renal function
changes of comparing prior stenting f-URS with non-
stenting f-URS for 10–30mm renal stones in patients
with a solitary kidney. The procedure of non-stenting

f-URS for renal stones in solitary kidney patients might
achieve equal safety and efficacy and showed an
acceptable prognosis compared with the prior stenting
group in the present study. Besides, our study demon-
strated that longer surgical time might be a risk factor
for renal function deterioration after f-URS, while non-
stenting was not a risk factor. Our findings might be

Figure 1. The changes in mean estimated glomerular filtration rate (eGFR) levels in the prior stenting group and non-stenting
group. Both groups had an increase in mean eGFR levels compared with baseline levels.

Table 3. The odds ratios (ORs) with 95% confidence interval (CIs) of renal function deterioration using univariable logis-
tic regression.

Variable

Univariable logistic regression

Total (n¼ 76)
Deteriorated
eGFR (n¼ 7)

Improved or stationary
eGFR (n¼ 69) OR (95% CI) p-Value

Age, years, mean (SD) 55.0 (12.3) 52.9 (13.4) 55.3 (12.3) 0.984 (0.924–1.049) 0.622
Male, n (%) 43 (56.6) 4 (57.1) 39 (56.5) 1.026 (0.213–4.934) 0.975
BMI, kg/m2, mean (SD) 24.3 (3.7) 25.3 (3.2) 24.2 (3.8) 1.083 (0.883–1.327) 0.445
ASA grade ¼ 2, n (%) 56 (73.7) 6 (85.7) 50 (72.5) 2.280 (0.257–20.208) 0.459
Hypertension, n (%) 21 (27.6) 1 (14.3) 20 (29.0) 0.408 (0.046–3.612) 0.421
Diabetes mellitus, n (%) 6 (7.9) 0 6 (8.7) 0.000 (0.000) 0.999
Positive urine culture, n (%) 14 (18.4) 1 (14.3) 13 (18.8) 0.718 (0.079–6.488) 0.768
Contralateral nonfunctioning kidney, n (%) 46 (60.5) 5 (71.4) 41 (59.4) 1.094 (0.196–6.097) 0.919
Preoperative eGFR, mL/min/1.73m2, mean (SD) 57.05 (19.37) 58.12 (20.41) 56.94 (19.41) 1.003 (0.963–1.045) 0.877
Greatest stone diameter, mm, mean (SD) 16.8 (4.7) 18.3 (5.8) 16.6 (4.6) 1.076 (0.919–1.260) 0.362
Patients with prior stenting, n (%) 40 (52.6) 5 (71.4) 35 (50.7) 2.429 (0.441–13.379) 0.308
Surgical time, min, mean (SD) 49.91 (22.27) 68.29 (10.98) 46.52 (20.00) 1.049 (1.009–1.090) 0.016

OR: odds ratios; CI: confidence interval; SD: standard deviation; BMI: body mass index; eGFR: estimated glomerular filtration rate (adjusted for body sur-
face area); ASA Grade: Grading of patients for surgical procedures according to American Society of Anesthesiologists.

Table 4. Multivariable logistic regression model for renal func-
tion deterioration at postoperative 6months.

Multivariable logistic regression

Variable OR (95% CI) p-Value

Greatest stone diameter, mm 1.064 (0.878–1.289) 0.525
Prior stenting, n 4.214 (0.522–34.027) 0.179
Preoperative eGFR levels, mL/min/1.73m2 1.004 (0.961–1.049) 0.842
Surgical time, min 1.061 (1.015–1.109) 0.009

OR: odds ratios; CI: confidence interval; eGFR: estimated glomerular filtra-
tion rate (adjusted for body surface area).
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significant in helping clinicians and patients with a soli-
tary kidney make a beneficial surgical decision on the
treatment of 10–30mm renal stones.

Based on higher SFR, percutaneous nephrolithotomy
(PNL) is efficient for renal stones >2 cm [12]. However,
PNL in solitary kidney patients may be associated with
higher bleeding risks due to higher ASA scores and
compensatory dilatation of renal parenchyma [13,14].
SWL is relatively noninvasive for stones <2 cm, how-
ever, its success rate is dependent on many factors
such as stone density and anatomical features [15].
Moreover, the impact on renal function after SWL is
ambiguous at short-term or long-term follow-up, espe-
cially for patients with a solitary kidney [16,17]. In our
department, solitary kidney patients with 1–3 cm renal
stones were informed regarding available treatment
options and corresponding risks before the operation.
Almost all solitary kidney patients with 1–2 cm renal
stones chose f-URS due to higher SFR and fewer com-
plications. For patients with 2–3 cm renal stones, some
of them chose PNL because they wanted the entire
stone removed in one operation; while others
requested to conduct f-URS because they could not
accept the relatively greater wound and higher risks
associated with PNL; moreover, they still chose f-URS
even when they were informed about the possibility of
multiple operations.

In the present study, overall SFR achieved 100% after
an average of 1.3 procedures. This relatively high SFR
could be explained as follows: (1) the mean stone size
was 16.8 ± 4.7mm, which was relatively easier to be
fragmented; (2) a nitinol stone basket was used to
extract stone fragments intraoperatively; (3) discharged
patients were required to continue performing postural
stone drainage exercises. Meanwhile, the initial and
second SFRs were not statistically different between the
PS and NPS groups. It seems that stenting before f-URS
did not improve the SFR significantly. This result is con-
sistent with a previous report on bilateral kidney
patients [18]. However, our result was relatively signifi-
cant because our study included only those patients
with a solitary kidney.

The total complication rate was 15.8%, and minor
complications (Grades I and II: 11.8%) were predomin-
ant. Lai et al. reported total and minor complication
rates of 18.3 and 15%, respectively [3]. The complication
rate was lower in our study, and that of the two groups
was not statistically different. It might indicate that the
PS and NPS groups presented equal safety. But three
patients developed ureteral steinstrasse. They all had
relatively small ureteral lumens, so stone fragments
were not easily discharged. Hyams et al. showed that

the incidence of ureteral steinstrasse after f-URS for
2–3 cm stones was 1.7% [19]. Therefore, to prevent
postoperative ureteral steinstrasse, especially for large
stones, it is better to remove the stone fragments using
a stone basket as much as possible.

The total success rate of UAS insertion was relatively
high (97.4%), which mainly resulted from two aspects:
the use of small UAS could improve the success rate
and avoid serious ureteral injury, and ureteric balloon
dilation was helpful for patients with a mild and local-
ized ureteral stricture. Most patients succeeded in
inserting a UAS after attempting these methods.
However, even after ureteric balloon dilation, the small
UAS could not be inserted for two NPS patients due to
ureteral stricture. The routine method under this cir-
cumstance was to indwell a ureteral stent and post-
pone the surgery. However, patients and their families
were extremely worried about stone and stent-related
complications. Furthermore, they would not like to per-
form a second operation and anesthesia due to rela-
tively higher risks and extra costs. On their families’
request, f-URS without the UAS insertion was per-
formed for these two patients and no serious postoper-
ative complications occurred.

Traxer et al. reported a 46.5% ureteral injury rate
when UAS was used, with the most common being per-
foration and stricture [20]. However, we think this rate
may vary depending on surgical experience, equip-
ment, and operating process. The methods of using
small-sized UAS and ureteric balloon dilation are helpful
in preventing ureteral injury. Moreover, the surgeon
must be very careful in the process of pushing in and
withdrawing the UAS. Violent procedures during the
operation were strictly prohibited. In our study, ureteral
injuries did not occur in any patients up to at least 6-
month follow-up. Therefore, we consider the ureteral
injury rate associated with UAS could be decreased sig-
nificantly by these effective methods.

Follow-up records of the first 6months were
extracted to assess long-term renal function changes
following the last procedure. Serum creatinine levels
are inaccurate to assess renal function when patients
experience special comorbidities such as low muscle
mass and fluid overload [21]. Glomerular filtration rate
(GFR) is widely regarded as a significant marker of renal
function and essential for clinical research and public
health [22]. Direct measurement of GFR is invasive and
harmful for patients with a solitary kidney. McFadden
et al. [23] conducted a systematic review and meta-
analysis comparing the bias and accuracy for modifica-
tion of diet in renal disease (MDRD) and chronic
kidney disease epidemiology collaboration (CKD-EPI)
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equations; they concluded that the CKD-EPI equation
could provide more accurate estimates of GFR than
MDRD equation. Moreover, body surface area is another
important factor in assessing GFR. Every patient’s GFR
in the present study was calculated by multiplying
eGFR (CKD-EPI equation) by body surface area. To a cer-
tain extent, our way of assessing GFR was more accur-
ate than that of previous studies [3,4]. Furthermore, no
statistical difference was found in renal function
changes between the two groups during the 6-month
follow-up; this result revealed that one-stage f-URS
without prior stenting might not have a negative
impact on renal function recovery postoperatively.

Operation time is an important factor affecting the
outcomes and complications of f-URS [24]. According to
the logistic regression analysis of our study, longer sur-
gical time was identified as a possible risk factor for
renal function deterioration after f-URS in patients with
a solitary kidney. Although the mean surgical time for
the PS group was relatively shorter, the median surgical
time was longer (47.5 vs. 45.0min); the difference
between the two groups was relatively small and not
statistically significant (p¼ 0.570). Moreover, the surgi-
cal time in the PS group did not include the duration of
the pre-stenting procedure and that of removing the
stent before f-URS. As a result, we could not simply con-
clude that the PS group had a shorter operating time
than the NPS group according to the mean surgical
time alone. In addition, when flexible ureteroscopy
reaches the pelvicalyceal system, surgical time and SFR
mainly depend on the stone characteristics and renal
anatomy instead of the existence of prior stenting [25].
Therefore, it is significant to shorten the surgical time
as much as possible when renal stones in patients with
a solitary kidney are managed by f-URS, regardless of
the existence of preoperative stenting.

The following reasons are also considered for one-
stage f-URS without prior stenting. First, stenting before
f-URS increases healthcare costs for the patients and
workload for the clinicians; patients need pay for oper-
ation and stent-related cost; clinicians prepare and per-
form prior stenting procedure, resulting in less time for
patients with a greater clinical need. Second, although
the stenting procedure is minimally invasive and can be
completed under local anesthesia, it is still an interven-
tional operation in the urinary system; this may result in
some potentially harmful stimuli and responses due to
the specialty of solitary kidney patients. Third, common
side effects of the indwelling ureteral stent such as irri-
tative urinary symptoms and lumbar pain interfere with
the daily activities and quality of life in up to 80% of
patients [26]; serious complications like stent

encrustation may result in ureteral obstruction or acute
renal injury, which is relatively dangerous for patients
with a solitary kidney. Last but not least, although
patients without prior stenting are more likely to be
detected with ureteral stenosis intraoperatively, these
only accounts for a small proportion; small-sized UAS or
ureteric balloon dilation is effective for most patients;
therefore, prior stenting is not a prerequisite for
all patients.

The historical control design of the present study
might exist a risk of selection bias. However, selection
bias might be relatively low since all preoperative
parameters showed no statistically significant difference
between the two groups. Although the same surgeon
performed all surgeries and had accumulated much
experience of f-URS in the early stage, we cannot ignore
that the surgeon became more experienced after each
operation. To a certain extent, this could potentially
affect the clinical results. Finally, one-stage f-URS with-
out prior stenting could be viable for 10–30mm renal
stones in solitary kidney patients with a good condition;
however, when patients experience emergency events
or severe comorbidities such as ureteral obstruction,
severe infections, and acute kidney injury, prior stenting
before f-URS may be relatively safe and might still be
preferred by patients with a solitary kidney.

Conclusion

Based on our single-center experience and the advan-
tages of less surgical steps and costs, it appears that
one-stage f-URS without prior stenting could be feas-
ible for managing 10–30mm renal stones in patients
with a solitary kidney. Less surgical time might be help-
ful for preventing renal function deterioration after the
operation. Further prospective randomized studies with
more cases and multicenter are needed to verify
our conclusion.

Ethical approval

Approval was obtained from the Institutional Ethics
Committee of the First Affiliated Hospital of Chongqing
Medical University (Human Research Committee
Approval number: 2018-003). The procedures used in
this study adhere to the tenets of the Declaration
of Helsinki.

Disclosure statement

No potential conflict of interest was reported by
the author(s).

RENAL FAILURE 271



Funding

This work was supported by the project of Chongqing
Science and Technology Commission under Grant
[CSTC2015SHMSZX120067]. The role of the funders was in
the design and writing of the study.

ORCID

Gang Chen http://orcid.org/0000-0002-9901-1927

Data availability statement

The datasets used and/or analyzed during the current study
are available from the corresponding author on reason-
able request.

References

[1] T€urk C, Pet�r�ık A, Sarica K, et al. EAU guidelines on
interventional treatment for urolithiasis. Eur Urol.
2016;69(3):475–482.

[2] Giusti G, Proietti S, Cindolo L, et al. Is retrograde intra-
renal surgery a viable treatment option for renal
stones in patients with solitary kidney? World J Urol.
2015;33(3):309–314.

[3] Lai D, Chen M, He Y, et al. Safety and efficacy of retro-
grade intrarenal surgery for the treatment of renal
stone in solitary kidney patients. Ren Fail. 2018;40(1):
390–394.

[4] Kuroda S, Fujikawa A, Tabei T, et al. Retrograde intra-
renal surgery for urinary stone disease in patients
with solitary kidney: a retrospective analysis of the
efficacy and safety. Int J Urol. 2016;23(1):69–73.

[5] Gao X, Peng Y, Shi X, et al. Safety and efficacy of
retrograde intrarenal surgery for renal stones in
patients with a solitary kidney: a single-center experi-
ence. J Endourol. 2014;28(11):1290–1294.

[6] Atis G, Gurbuz C, Arikan O, et al. Retrograde intrarenal
surgery for the treatment of renal stones in patients
with a solitary kidney. Urology. 2013;82(2):290–294.

[7] Assimos D, Crisci A, Culkin D, et al. Preoperative JJ
stent placement in ureteric and renal stone treatment:
results from the Clinical Research Office of
Endourological Society (CROES) ureteroscopy (URS)
Global Study. BJU Int. 2016;117(4):648–654.

[8] Zhang J, Xu C, He D, et al. Flexible ureteroscopy for
renal stone without preoperative ureteral stenting
shows good prognosis. PeerJ. 2016;4:e2728.

[9] Shi X, Peng Y, Li X, et al. Propensity score-matched
analysis comparing retrograde intrarenal surgery with
percutaneous nephrolithotomy for large stones in
patients with a solitary kidney. J Endourol. 2018;32(3):
198–204.

[10] Dindo D, Demartines N, Clavien PA. Classification of
surgical complications: a new proposal with evalu-
ation in a cohort of 6336 patients and results of a sur-
vey. Ann Surg. 2004;240(2):205–213.

[11] Schoenthaler M, Buchholz N, Farin E, et al. The Post-
Ureteroscopic Lesion Scale (PULS): a multicenter
video-based evaluation of inter-rater reliability. World
J Urol. 2014;32(4):1033–1040.

[12] Zhang Y, Wu Y, Li J, et al. Comparison of percutaneous
nephrolithotomy and retrograde intrarenal surgery for
the treatment of lower calyceal calculi of 2-3 cm in
patients with solitary kidney. Urology. 2018;115:65–70.

[13] Bucuras V, Gopalakrishnam G, Wolf JS, Jr., et al. The
Clinical Research Office of the Endourological Society
Percutaneous Nephrolithotomy Global Study: nephro-
lithotomy in 189 patients with solitary kidneys. J
Endourol. 2012;26(4):336–341.

[14] El-Nahas AR, Shokeir AA, El-Assmy AM, et al. Post-per-
cutaneous nephrolithotomy extensive hemorrhage: a
study of risk factors. J Urol. 2007;177(2):576–579.

[15] Lingeman JE, McAteer JA, Gnessin E, et al. Shock
wave lithotripsy: advances in technology and tech-
nique. Nat Rev Urol. 2009;6(12):660–670.

[16] Cass AS. Renal function after extracorporeal shock
wave lithotripsy to a solitary kidney. J Endourol. 1994;
8(1):15–19.

[17] el-Assmy A, el-Nahas AR, Hekal IA, et al. Long-term
effects of extracorporeal shock wave lithotripsy on
renal function: our experience with 156 patients with
solitary kidney. J Urol. 2008;179(6):2229–2232.

[18] Dessyn JF, Balssa L, Chabannes E, et al. Flexible ureter-
orenoscopy for renal and proximal ureteral stone in
patients with previous ureteral stenting: impact on
stone-free rate and morbidity. J Endourol. 2016;30(10):
1084–1088.

[19] Hyams ES, Munver R, Bird VG, et al. Flexible ureterore-
noscopy and holmium laser lithotripsy for the man-
agement of renal stone burdens that measure 2 to
3 cm: a multi-institutional experience. J Endourol.
2010;24(10):1583–1588.

[20] Traxer O, Thomas A. Prospective evaluation and classi-
fication of ureteral wall injuries resulting from inser-
tion of a ureteral access sheath during retrograde
intrarenal surgery. J Urol. 2013;189(2):580–584.

[21] Wasung ME, Chawla LS, Madero M. Biomarkers of
renal function, which and when? Clin Chim Acta.
2015;438:350–357.

[22] Levey AS, Coresh J, Tighiouart H, et al. Measured and
estimated glomerular filtration rate: current status and
future directions. Nat Rev Nephrol. 2020;16(1):51–64.

[23] McFadden EC, Hirst JA, Verbakel JY, et al. Systematic
review and metaanalysis comparing the bias and
accuracy of the modification of diet in renal disease
and chronic kidney disease epidemiology collabor-
ation equations in community-based populations. Clin
Chem. 2018;64(3):475–485.

[24] Ozgor F, Sahan M, Cubuk A, et al. Factors affecting
infectious complications following flexible ureterore-
noscopy. Urolithiasis. 2019;47(5):481–486.

[25] Skolarikos A, Gross AJ, Krebs A, et al. Outcomes of flex-
ible ureterorenoscopy for solitary renal stones in the
CROES URS Global Study. J Urol. 2015;194(1):137–143.

[26] Joshi HB, Stainthorpe A, MacDonagh RP, et al.
Indwelling ureteral stents: evaluation of symptoms,
quality of life and utility. J Urol. 2003;169(3):
1065–1069.

272 Y. PAN ET AL.


	Abstract
	Introduction
	Patients and methods
	Patients
	Clinical data
	Prior stenting and f-URS procedures
	Stone-free rate
	Statistical analysis

	Results
	Patients’ demographics and clinical characteristics
	Perioperative outcomes
	Stone-free rate
	Complications
	Renal function changes
	The independent risk factors of renal function deterioration

	Discussion
	Conclusion
	Ethical approval
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


