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Background: The treatment of impacted upper ureteral stones with hydronephrosis remains a challenge
for urologists. The current study aimed to evaluate the impact of preoperative percutaneous nephrostomy
(PNS) as a treatment strategy before flexible ureteroscopy (f-URS) of asymptomatic impacted upper ureteral
stones with hydronephrosis.

Methods: This multicenter retrospective study included patients who underwent PNS (group A, n=61)
and those who did not (group B, n=75) before {-URS for asymptomatic impacted upper ureteral stones with
hydronephrosis. Impacted ureteral stones are defined as those that remain in one position for >2 months.
Operative outcomes, including stone-free rate, operation time, postoperative hospital days, and complication
rate, were evaluated.

Results: There were no significant differences in age, sex, and stone size between the two groups except in
the grade of hydronephrosis, with group A having more cases of advanced hydronephrosis than group B. The
stone-free rate was significantly higher in group A than in group B [95% vs. 77% (P=0.004)]. However, there
were no significant differences between the groups in operation time [55 vs. 55 min (P=0.84)], postoperative
fever [5% vs. 5% (P=1.00)], and postoperative hospital days [2 vs. 2 days (P=0.44)]. In group A, preoperative
PNS placement was performed 4 days before f~-URS, and the PNS was removed postoperatively on the same
day of the f-URS. Additionally, subgroup analysis was performed in cases of grade 2 and 3 hydronephrosis. A
total of 110 patients, 60 who underwent f~-URS with PNS and 50 who underwent f~-URS without PNS, were
included. The stone-free rate was significantly higher in f~-URS with PNS than in f~URS without PNS [95%
vs. 76% (P=0.005)]. However, no significant differences were found between the groups in operation time,
ureteral injury, postoperative fever, and postoperative hospital days.

Conclusions: At grade 2 or 3 hydronephrosis, preoperative PNS as a treatment strategy for a few days
prior to f-URS for impacted upper ureteral stones improved the stone-free rate without increasing the

operation time and postoperative length of hospital stay.
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Introduction

The lifetime risk of urolithiasis is 8-19% in males and
3-5% in females (1,2). Furthermore, the recurrence rate
of urolithiasis has been reported to be as high as 50% at
5 years and 80-90% at 10 years (3,4). Due to technological
advances, such as ureteral access sheath, holmium laser, and
stone basket, which enable the management of intrarenal
stones, flexible ureteroscopy (f-URS) has been established
as a minimally invasive modality to treat intrarenal calculi
(5-7). Impacted ureteral stones are defined as those that
remain in one position for >2 months (8). Long-term
impacted ureteral stones may result in pain and urinary
tract infections and further may lead to asymptomatic
hydronephrosis in some cases. One of the most difficult-to-
remove stones in f-URS is the impacted ureteral stone with
hydronephrosis.

In patients with impacted ureteral stones, preoperative
ureteral stent itself might be difficult owing to ureter
impaction, ureteral polyps, and ureter strictures, and in
some cases, there might be a risk of ureteral injury. The
advantages of preoperative percutaneous nephrostomy
(PNS) are straightening of the ureter owing to the
elevation of the kidney as a result of the decompression of
hydronephrosis and reduced intrarenal pressure by drainage
without risk of ureteral injury, particularly when the ureteral
stone is the impacted stone. Kwon e 4. reported that f-URS
with PNS utilized due to urinary tract infection or pain
might improve stone-free rate without increasing operation
time or complication rate compared to f-URS without
PNS (9). However, in this report, PNS was performed
owing to symptomatic ureteral stone causing urinary tract
infection or pain for approximately 1 month prior to f~-URS.
To the best of our knowledge, this is the first report on
preoperative PNS as a treatment strategy before f-URS for
impacted upper ureteral stones and its impact on stone-free
rate and perioperative outcomes. Here, we compared the
operative result and complication rate between the patients
undergoing preoperative PNS and those not undergoing
PNS for asymptomatic impacted upper ureteral stones.
We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-547).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
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approved by the Institutional Ethics Committees of Tohoku
Medical and Pharmaceutical University Hospital School of
Medicine (Protocol 2-056), Morioka Municipal Hospital
(Protocol 069), and Hachinohe Heiwa Hospital (Protocol
21-02). Individual consent for this retrospective analysis was
waived.

Study population

This retrospective study investigated treatment outcomes
in patients with asymptomatic impacted upper ureteral
stones and hydronephrosis who underwent f~-URS between
May 2016 and March 2020 in Tohoku Medical and
Pharmaceutical University Hospital, Morioka Municipal
Hospital, and Hachinohe Heiwa Hospital in Japan. All
consecutive patients were included in the analysis without
any exclusion to prevent potential selection bias. The
patients were divided into those who underwent PNS (group
A, n=61) and those who did not undergo PNS (group B,
n=75) before f~-URS. The inclusion criteria included (I)
age >18 years and (II) impacted ureteral stone defined as
one that stayed in the same location for at least 2 months
and resulted in ureter obstruction (8). The exclusion
criteria included (I) ureteral stones sized >2.0 cm; (IT) lower
ureteral stones; (III) stones associated with symptoms such
as pyelonephritis, pain, renal dysfunction, and urinary
fistula that needed immediate drainage; (IV) impacted
ureteral stone without hydronephrosis; (V) preoperative
implantation of ureteral stent for the resolution of urinary
tract obstruction; and (VI) malformations in the urinary
tract, such as cases after urinary diversion. The criteria to
decide which type of procedure (with PNS or without PNS)
to perform was the patient’s and surgeon’s decision.

The primary outcome measure was stone-free status,
defined as a stone size of <2 mm measured on computed
tomography (CT) at 1 month after {~-URS. The secondary
outcome measure was intraoperative and postoperative
complications such as intraoperative ureteral injury,
postoperative hydronephrosis, and postoperative fever. To
investigate the efficacy, we compared the results between
f-URS with PNS (group A) and f-URS without PNS
(group B).

In group A, PNS was employed as the treatment of
f-URS for few days before the operation. Because a large
number of referrals for patients with urolithiasis are made
to our institutions, certain number of patients have a long
history of stones since their initial diagnosis. Comparing
the images from the referring hospitals with those from
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Figure 1 Diagram of the management strategy. (A) Impacted upper ureteral stone with hydronephrosis. (B) Preoperative PNS improves

hydronephrosis and ureteral flexion. (C) PNS reduces intrarenal pressure during lithotripsy. (D) PNS closure maintains the intrarenal space

during stone retrieval by f-URS. PNS, percutaneous nephrostomy; f~-URS, flexible ureteroscopy.

our institutions, we continuously assessed the presence
of impacted ureteral stones for more than 2 months. In
our institutions, preoperative ureteral stent before f~-URS
is not performed for long-term impacted stones with
hydronephrosis because of the possibility of ureteral injury;
therefore, the two groups were compared.

The preoperative clinical information included age, sex,
body mass index (kg/m’), stone size (mm), stone laterality
(right or left), and CT attenuation value in Hounsfield
units. Perioperative clinical information included
total operation time (min), total laser energy (KJ), and
complications such as ureteral injury and macrohematuria.
The perioperative ureteral injury was determined based on
intraoperative ureteroscopic findings and evaluated using
the post-ureteroscopic lesion scale (10). Postoperative
clinical information included stone-free status, defined
as a stone size of <2 mm by CT at 1 month after f-URS,
postoperative fever, and postoperative hospitalization days.
Postoperative fever was defined as a body temperature
above 38.0 °C. The hydronephrosis grade was evaluated by
preoperative CT and classified into three grades: grade 1
means mild dilatation such as pelvic dilatation only; grade 2
means moderate dilatation of the urinary system; and grade
3 means severe dilatation of the urinary system (11). Grade
1 hydronephrosis was defined as mild hydronephrosis,
grade 2 hydronephrosis as moderate hydronephrosis, and
grade 3 hydronephrosis as severe hydronephrosis. The
grade of postoperative hydronephrosis was determined
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using CT. The definition of postoperative ureteral stenosis
was the need for ureteral stenosis release or ureteral stent
reimplantation owing to residual severe hydronephrosis.

Surgical technique

The surgeries were mainly performed by three experienced
surgeons at our institutions. All patients underwent a standard
surgical procedure (Figures 1,2) (12). In group A, a PNS (8
or 10 Fr) was inserted by urologists, under local anesthesia
and fluoroscopy, after the patients’ admission to the hospital
and retained for a median of 4 days (range, 2-6 days) before
t-URS (Figure 1B). Because the basic purpose is drainage
and preservation of the possibility of antegrade approach, a
nephrostomy was mostly placed in the middle or lower calyx.
All f-URS procedures were performed under general anesthesia
using a semirigid ureteroscope (6.0/7.5 or 8.0/9.8 Fr; Wolf,
Knittlingen, Germany or 6.4/7.8 Fr; Olympus, Tokyo, Japan),
a flexible ureteroscope (7.5 Fr Flex-X2; Karl Storz, Tuttlingen,
Germany or 7.95 Fr URF-P6; Olympus), and a holmium laser
lithotripsy system (100 or 120 W holmium: yttrium aluminum
garnet laser; VersaPulse PowerSuite; Lumenis, Yokneam,
Israel). A ureteral access sheath was placed in all patients (size,
11/13 or 12/14 Fr). A 1.5 or 1.7 Fr tipless nitinol basket was
routinely used for stone removal (Figure 2E). Briefly, the PNS
was opened and the intrarenal pressure was reduced from
the initdation of f~URS until the impacted ureteral stone was
crushed and pushed back into the renal space (Figure 1C).
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Figure 2 Representative intraoperative images of preoperative PNS and f-URS. (A) View of the impacted ureteral stone by f-URS. The

white arrows indicate the impacted stone surrounded by ureteral polyp. (B) View of fragmentation of the impacted stone in the ureter. The

white arrows indicate the impacted stone. (C) View of the PNS from the intrarenal space by flexible ureteroscope. The white arrows indicate

the PNS. (D) View of the stone fragmentation in the renal pelvis. (E) View of the stone removal by a basket catheter. The white arrows

indicate the basket catheter. (F) View of the removal of the impacted ureteral stone at the end of f~-URS. The white arrows indicate the

ureter view after removal of the impacted stone. PNS, percutaneous nephrostomy; f-URS, flexible ureteroscopy.

Next, the PNS was clamped at the time of retrieval of stone
fragments in the renal space (Figure 1D). Finally, the PNS
was removed, and a ureteral stent was inserted in all the cases
to prevent ureteral stricture caused by the impacted ureteral
stones. The ureteral stent was removed 2 weeks after f-URS.

Statistical analysis

Patient characteristics were described using medians with
ranges for continuous variables. Statistical analyses were
performed using the JMP statistical software version 12.2
(SAS Institute, Cary, NC. USA). Intergroup differences in
continuous variables were assessed using the Mann-Whitney
U test, and categorical variables were assessed using the
chi-squared test and Fisher’s exact test. Three groups were
assessed using the Kruskal-Wallis test. Multivariate analysis
was conducted using the logistic regression analysis. P value
of <0.05 was considered statistically significant.
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Results

A total of 136 patients, comprising of 61 patients who
underwent f~-URS with PNS (group A) and 75 patients who
underwent f~-URS without PNS (group B), were included in
the study. There was a significant difference between the two
groups with respect to the grade of hydronephrosis (P=0.001).
Of the patients in groups A and B, 1 and 25 had grade 1
hydronephrosis, 46 and 37 had grade 2 hydronephrosis, and
14 and 13 had grade 3 hydronephrosis, respectively. However,
there were no differences in background characteristics,
including age, sex, body mass index, stone size, stone
laterality, and CT attenuation value, between the two groups
(Table 1). In group A, the median duration of preoperative
nephrostomy tube placement was 4 days (range, 2—-6 days)
and all patients had the nephrostomy tube removed on the
same day of f-URS after the conclusion of the procedure.
The location of the nephrostomy was the middle calyx in
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Table 1 Patient and stone characteristics between the groups

Anan et al. Impact of PNS before f-URS for impacted ureteral stone

Group URS with PNS (n=61) URS without PNS (n=75) P value
Age (years) 63 [34-88] 61 [35-86] 0.17
Sex (male) 48 [79] 51 [68] 0.16
Body mass index (kg/m?) 24 [16-31] 25 [15-35] 0.23
Stone size (mm) 12 [7-19] 12 [6-19] 0.18
Stone laterality (right) 38 [62] 39 [52] 0.23
CT value (HU) 1,350 [350-1,960] 1,260 [450-1,840] 0.11
Hydronephrosis 0.001

Grade 1 112] 25 [33]

Grade 2 46 [75] 37 [49]

Grade 3 14 [23] 13[18]

Date are presented as median [range] or n [%]. CT, Computed tomography; URS, ureteroscopy; PNS, percutaneous nephrostomy.

Table 2 Comparison of operative outcome and complications between the groups

Group URS with PNS (n=61) URS without PNS (n=75) P value
Operation time (min) 55 [23-155] 55 [21-217] 0.84
Total energy (KJ) 2.2[0.2-9.7] 1.7 [0.2-9.8] 0.25
Stone-free 58 [95] 58 [77] 0.004
Additional treatment (2nd URS) 2 [3] 11 [15] 0.04
Ureteral injury 31[5] 8 [11] 0.34
Postoperative fever 31[5] 4 [5] 1.00
Postoperative hydronephrosis 10 [16] 12 [16] 0.95

Grade 1 10 [16] 8 [11]

Grade 2 01[0] 23]

Grade 3 01[0] 2[3]
Ureteral stenosis 0[0] 2 [3] 0.23
Postoperative hospital days 2 [1-7] 2 [1-7] 0.44

Date are presented as median [range] or n [%)]. URS, ureteroscopy; PNS, percutaneous nephrostomy.

32 patients and the lower calyx in 29 patients.

Table 2 shows the operative outcomes. The stone-free
rate was significantly higher in group A than in group B
(95% vs. 77%; P=0.004). Moreover, the rate of 2nd URS
as additional treatment was significantly lower in group
A than in group B (3% wvs. 15%; P=0.04). However, there
were no significant differences between groups A and B
regarding operation time (55 vs. 55 min; P=0.84) and total
laser energy (2.2 vs. 1.7 kJ; P=0.25). Furthermore, there
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were no significant differences between groups A and B in
ureteral injury (5% vs. 11%; P=0.34), postoperative fever
(5% wvs. 5%; P=1.00), postoperative hydronephrosis (16%
vs. 16%; P=0.95), postoperative ureteral stenosis (0% vs.
3%; P=0.23), and postoperative hospital days (2 vs. 2 days;
P=0.44). Among the complications, the post-ureteroscopic
lesion scale of ureteral injury grade 1, 2, and 3 occurred in
1, 1, and 1 patient, respectively, in group A and 6, 0, and
2 patients, respectively, in group B. The ureteral injuries
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Stone-free Residual stone Univariate analysis Multivariate analysis
Group
(n=116) (n=20) OR 95% Cl  Pvalue OR  95%Cl P value

Age (years) 62 [34-88] 64 [42-85] 0.97 0.93-1.01 0.16
Sex (male) 86 [74] 13 [65] 1.54 0.54-4.15 0.40
Body mass index (kg/m?) 24 [16-33] 23 [15-35] 1.11 0.98-1.27 0.12
Stone size (mm) 12 [6-19] 13 [8-19] 0.91 0.80-1.04 0.17
Stone laterality (right) 66 [57] 11 [55] 1.08 0.41-2.81 0.87
CT value (HU) 1,270 [350-1,850] 1,500 [520-1,960] 1.00 1.00-1.00 0.04 1.00 1.00-1.00 0.02
Hydronephrosis

Grade 1 21 [18] 5 [25] Reference

Grade 2 74 [64] 9 [45] 1.96 0.55-6.33 0.28

Grade 3 21[18] 6 [30] 0.83 0.21-3.18 0.79
URS with PNS 58 [50] 3[15] 5.67 1.78-25.20 0.01 7.06 2.10-32.83 0.01

Date are presented as median [range] or n [%)]. CT, computed tomography; URS, ureteroscopy; PNS, percutaneous nephrostomy; OR,

odds ratio; Cl, confidence interval.

occurred mostly by not intraoperative ureteroscopy or
laser manipulation but the damage to the ureteral mucosa
after the removal of the impacted ureteral stones; in a few
cases, the ureteral injuries occurred because of the access
sheath or missed shots by the laser. No patient experienced
gross hematuria necessitating hemostatic surgery or blood
transfusion due to postoperative blood loss.

Table 3 shows the preoperative predictive factors for
stone-free and residual stone. In the univariate analysis,
URS with PNS [odds ratio (OR), 5.67; P=0.01] and CT
value (OR, 1.00; P=0.04) were significant preoperative
factors of stone-free. In the multivariate analysis, URS with
PNS (OR, 7.06; P=0.01) and CT value (OR, 1.00; P=0.02)
were significant preoperative factors of stone-free.

Since grade 1 hydronephrosis cases were few in Group
A, subgroup analysis was performed only for grade 2 and
3 hydronephrosis cases. A total of 110 patients, 60 who
underwent f-URS with PNS and 50 who underwent f-URS
without PNS, were included in the subgroup analysis. Table 4
shows the patient background and operative outcomes. No
differences were observed in background characteristics,
including age, sex, body mass index, stone size, and CT
attenuation value, between the two groups. The stone-free
rate was significantly higher in f~-URS with PNS than in
f-URS without PNS (95% vs. 76%; P=0.005). However, no

significant differences were found between the groups in
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operation time (55 vs. 65 min; P=0.29), ureteral injury (5%
vs. 14%; P=0.18), postoperative fever (3% vs. 8%; P=0.41),
postoperative hydronephrosis (17% vs. 16%; P=0.93), and
postoperative hospital days (2 vs. 2 days; P=0.10).

Discussion

In patients with urolithiasis, treatment of impacted ureteral
stones with hydronephrosis is particularly challenging.
Regarding the f~-URS-based treatment strategy for impacted
ureteral stones, there are some reports on preoperative
ureteral stent; however, no reports are available on
preoperative nephrostomy as a treatment strategy for URS.
Therefore, in this study that focuses on the treatment of
impacted upper ureteral stones and hydronephrosis, we
found that using preoperative PNS as a treatment strategy
for a few days before f~-URS might be associated with better
stone-free rate in the absence of increases in operation time
and postoperative hospital days.

Generally, f-URS is a minimally invasive procedure,
which has a good acceptance by patients, and most
patients recover quickly after the operation. However, it
was reported that the stone-free rate was 82% by f-URS
in patients with impacted ureteral stones compared
with the stone-free rate of 94.6% in patients without
impacted ureteral stones (13). Impaction was also reported
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Table 4 Comparison of patient background and operative outcome between URS with PNS and URS without PNS groups in patients with grade

2 and 3 of hydronephrosis

Anan et al. Impact of PNS before f-URS for impacted ureteral stone

Group URS with PNS (n=60) URS without PNS (n=50) P value
Age (years) 63 [34-88] 60 [35-86] 0.10
Sex (male) 47 [78] 32 [64] 0.10
Body mass index (kg/m?) 24 [16-31] 25 [18-35] 0.09
Stone size (mm) 12 [7-19] 12 [6-19] 0.63
Stone laterality (right) 37 [62] 27 [64] 0.42
CT value (HU) 1,350 [350-1,960] 1,220 [500-1,840] 0.07
Hydronephrosis 0.75

Grade 2 46 [77] 37 [74]

Grade 3 14 [23] 13 [26]
Operation time (min) 55 [23-155] 65 [24-217] 0.29
Total energy (KJ) 2.2[0.2-9.7] 1.8[0.2-9.8] 0.50
Stone-free 57 [95] 38 [76] 0.005
Additional treatment (2nd URS) 2 [3] 8 [16] 0.04
Ureteral injury 31[5] 7[14] 0.18
Postoperative fever 2[3] 4 (8] 0.41
Postoperative hydronephrosis 10[17] 8 [16] 0.93

Grade 1 10 [17] 5[10]

Grade 2 0 1[2]

Grade 3 0 2[4]
Ureteral stenosis 01[0] 11[2] 0.24
Postoperative hospital days 2 [1-7] 2 [1-7] 0.10

Date are presented as median [range] or n [%]. CT, Computed tomography; URS, ureteroscopy; PNS, percutaneous nephrostomy.

to significantly correlate with the stone-free rate (14).
"Treatment approaches for impacted ureteral stones include
f-URS, percutaneous nephrolithotomy, shock wave
lithotripsy, and laparoscopic ureterolithotomy (15,16).
Compared with other treatments, {~-URS is a less invasive
treatment for impacted ureteral stones, although there are
several disadvantages with f-URS for impacted ureteral
stones. First, the stone-free rate is relatively low. During
f-URS, the stone and its debris are inclined to return to
the renal pelvis by the flushing fluid, resulting in residual
stones (14). Second, complications such as ureteral injury
and postoperative ureteral stenosis are relatively high with
f-URS performed for impacted ureteral stones (15,17).
Several studies reported that intraoperative complication
rates were higher with f-URS in patients with impacted
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stones compared to those without impacted stones (7.9% vs.
3.0%; P<0.001) (13,14).

The present study aimed to determine whether
preoperative PNS could increase stone-free rate for
impacted ureteral stones with hydronephrosis. Usually,
ureteral polyps occur immediately distal to the impacted
ureteral stone (18), and ureteral polyps and strictures
make it difficult to achieve a secure view of the ureteral
lumen (Figure 2A4). Additionally, ureteral flexion due
to long-term hydronephrosis hinders endoscopy in
several aspects, including manipulation of the flexible
ureteroscope, securing a visual field of the ureteral lumen,
and straightening of the flexed ureter (Figure 1A). In the
present study, the stone-free rate was significantly higher
in the preoperative PNS group compared to the group
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without preoperative PNS. One advantage of preoperative
PNS might be straightening of the flexed ureter caused by
the elevation of the kidney following the decompression of
hydronephrosis. In the case of impacted ureteral stone, the
pressure above the stone could not be relieved sufficiently;
however, presence of the PNS catheter facilitates efficient
irrigation as well as the achievement of a clear and safe view
of the surgical field, which may result in a better stone-
free rate. Until the impacted ureteral stone was pushed
back into the renal pelvis or it was penetrated, preoperative
nephrostomy might be useful to reduce the intrarenal
pressure by drainage. Additionally, adequate irrigation
could prevent ureteral damage due to high temperatures
associated with laser use during f-URS (19).

In the present study, we also determined whether
preoperative PNS for impacted ureteral stones with
hydronephrosis was associated with complications such as
ureteral injury and postoperative fever. Intrarenal pressure
tends to increase in the presence of impacted ureteral stones
with hydronephrosis; therefore, postoperative fever and
the presence of hypertrophy and secretion of an adhesive
fibrinous exudate have been described in patients with stone
impaction (18,20). Pathologic changes such as ureteral
polyps immediately distal to the impacted ureteral stone and
ureteral edematous changes can lead to further challenges
in retrograde access to the stone, greater adherence of stone
fragments to the mucosa, and increased risk of bleeding,
perforation, stricture formation, and repeat operation (21,22).
A clinical report of 2,650 patients undergoing ureteroscopic
treatment of impacted stones demonstrated higher rates of
bleeding, ureteral avulsion, and ureteral perforation (14).
As a result, surgeons may encounter challenges in accessing
the stone, more bleeding from the mucosa, and difficulty
in freeing the stone from the area of impaction as well as a
greater chance of ureteral perforation (8). In the study, there
were no significant differences with or without preoperative
PNS in ureteral injury, postoperative fever, postoperative
hydronephrosis, postoperative ureteral stenosis, and
postoperative hospital days.

Alternatively, there are some reports on preoperative
ureteral stent for ureteral stones (23-27). Preoperative
ureteral stent under fluoroscopy for impacted ureteral
stones can potentially lead to stent failure and
complications, such as ureteral injury and urinary tract
infection. Furthermore, preoperative ureteral stents are
associated with pain, symptoms of urinary irritation, and
hematuria, which can significantly impact the patient’s
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quality of life (23). However, preoperative ureteral stent
before URS has been reported to increase stone-free rate
due to ureteral dilation (24,25). In contrast, several studies
have reported that preoperative ureteral stent before URS
does not impact the stone-free rate and operation time
(26,27). Therefore, the impact of preoperative ureteral stent
for impacted stone remains controversial. Additionally, the
preoperative ureteral stent has to be removed at the start
of £-URS and therefore could not provide direct drainage
during intraoperative lithotripsy, whereas the PNS could
provide direct drainage during intraoperative lithotripsy;
therefore, PNS could be effective for intraoperative control
of intrarenal pressure.

There are several limitations in the present study.
First, this is a retrospective study and future prospective
studies under strictly defined conditions are necessary to
confirm the utility of preoperative PNS before f-URS for
asymptomatic impacted upper ureteral stones. In this study,
there was a significant difference between the two groups
with respect to the grade of hydronephrosis. Second, the
patients were treated at three different hospitals by different
surgeons, and the selection of preoperative PNS was at
the surgeon’s discretion. Third, the present study did not
compare the impact of PNS performed at the same time
of f-URS with that of PNS performed prior to f~-URS and
did not evaluate the timing of preoperative PNS. Fourth,
the present study did not compare preoperative PNS with
preoperative ureteral stent; therefore, it is impossible to
determine which treatment is more effective. Fifth, in this
study, differences in the quality of life between patients with
and without PNS was not assessed. However, the current
study findings suggest that preoperative PNS as a treatment
strategy for a few days prior to f~-URS for asymptomatic
impacted upper ureteral stones might be an effective
surgical approach for f-URS because of high stone-free
rate, particularly when the grade of hydronephrosis was
moderate or severe.

Conclusions

At grade 2 or 3 hydronephrosis, preoperative PNS as
a treatment strategy for a few days before f~-URS for
impacted upper ureteral stones improves the stone-free rate
without increasing the operation time, ureteral injury, and
postoperative length of hospital stay. Preoperative PNS as
a treatment strategy for a few days prior to f~-URS might be
an effective preoperative treatment for f~-URS of impacted
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ureteral stones.
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