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Abstract: Purpose: Few studies have investigated the efficacy of silodosin, a recently introduced selective alpha 1-A
adrenoceptor antagonist, in medical expulsive therapy (MET) for ureteral calculi. The results of these studies, which
all evaluated the efficacy of 8 mg/day, indicate that silodosin is a potential treatment for ureteral calculi. This study
investigated the efficacy of 4 mg/day of silodosin for MET of distal ureteral stones 4 to 10 mm in diameter. Material
and Method: After 70 patients had been randomized into 2 groups of 35 patients each, both the control and experi-
mental groups (groups 1 and 2, respectively) were advised to take 75 mg/day of diclofenacsodiumas needed for
pain relief but only the experimental group to take 4 mg/day of silodosin. After 21 days, the groups were compared
regarding the stone expulsion rate and duration, number of renalcolicepisodes, and analgesicdosage. Results: The
median expulsion rates were 71.4% and 91.4% in groups 1 and 2, respectively, and the difference between them
was significant (P=0.031). The median expulsion durations were 12.91+6.14 and 8.03+4.99 days, respectively, and
the difference between them was significant (P<0.001). No significant differences were found regarding the median
number of renal colic episodes or median analgesic dosage. While no patients in group 1 experienced side effects,
5 patients (14%) in group 2 experienced retrograde ejaculation. Conclusion: These results indicate that 4 mg/day of
silodos in facilitates the expulsion of distal ureteral stones 4 to 10 mm in diameter but does not significantly reduce
the number of renal colic episodes or analgesic dosage.
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Introduction

Ureteral stones constitute 20% of all urinary
tract stones and 70% of all ureteral stones are
located in the distal ureter [1]. Although ureter-
al stones less than 10 mm in diameter sponta-
neously expulse in a significant percentage of
patients without any intervention [2, 18], they
can lead to serious problems without appropri-
ate medical attention.

Deficiency of and complications with treatment
options such as extracorporeal shock wave
lithotripsy (ESWL), ureteroscopy (URS), and
open/laparoscopic  ureterolithotomy  have
become concerns with the treatment of ureter-
al stones. These concerns in addition to the
high rate of spontaneous expulsion of ureteral
stones have led the use of drug therapies that

could facilitate stone clearance to become a
primary consideration. Of the many drugs that
have been tested for medical expulsive therapy
(MET) in the treatment of ureteral stones, alpha
blockers and calcium channel blockers (CCBs),
specifically the CCBnifedipin, are the only treat-
ment modalities for which sufficient data have
been collected [19]. Of these modalities, alpha
blockers have been found superior to CCBs in
terms of the stone expulsion rate and side
effect profile [6, 8, 12, 15]. Alpha blockers are
thus recommended by the American Urological
Association (AUA) and the European Association
of Urology (EAU) for MET of distal ureteral
stones less than 10 mm in diameter [17, 18].

Alpha 1-A receptors are the most important adr-
enoreceptors for ureteral contraction [21].
Silodosin, which has greater specificity to alpha
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Assessed for eligibility (n= 113)

Excluded (n=43 )
+ Grade3 or 4 hydronephrosis(n=22)

A4

Urinarytractinfection(n=10)

L]
4 Multiple stones(n=6)
+ Renalfailure(n=5)

Randomized (n= 70 )

Group 1 (n=35)

Diclofenac sodium on demand

Group 2(N:35)

Diclofenac sodium on demand + 4 mg/day of
silodosin

Figure 1. Flowchart of sample selection and categorization process.

1-A than other alpha blockers [19, 20] is the lat-
est alpha blocker approved for use. Thus, our
knowledge regarding silodosin in MET is less
than that regarding other alpha blockers.
According to a MEDLINE search, no trial has
evaluated the efficacy of administration of low-
dose (4 mg/day) silodosin for MET. To fill this
research gap we investigated the effect of
administration of 4 mg/day ofsilodosin on ure-
teral stone expulsion rate and duration, number
of renal colic episodes, and need for analgesics
in patients with distal ureteral stones.

Materials and methods

One hundred thirteen patients who visited our
outpatient clinic with distal ureteral stones 4 to
10 mm in diameter between March 2013 and
May 2014 were considered for inclusion in this
study. To determine whether the patients were
eligible for inclusion (i.e., met all of the inclusion
criteria and none of the exclusion criteria), com-
plete urine study; urine culture; blood chemistry
testing; urinary system X-ray; urinary system
ultrasonography; and, if necessary, low-dose
abdominal tomography without contrast were
performed. The stone size was determined by
calculating the widest diameter of the stone via
review of abdominal X-ray or tomography imag-
es. The inclusion criteria were detection of a dis-
tal ureteral stone 4 to 10 mm in diameter. The
exclusion criteria were age under 18 or over 65
years; presence of multiple stones; Grade 3 or 4
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hydronephrosis; solitary or transplanted kid-
ney; urinary tract infection; recurrent and per-
sistent renal colic in reaction to analgesic
administration; renal failure; allergic reaction to
NSAID or alpha blocker treatment; hypoten-
sion; and/or current intake of alpha blockers,
CCBs, or steroids. After the 43 patients who
met one or more the exclusion criteria were
excluded, the remaining 70 patients completed
an informed consent form granting their per-
mission to be included in the study for 21 days.
The study was approved by the local ethical
committee. Patients were then randomized into
two groups (groups 1 and 2) of 35 patients
each (Figure 1). No patients withdrew during
the course of the study.

To determine the efficacy of silodosin adminis-
tration in MET via comparison of the groups,
group 1 served as a control while group 2 was
administered 4 mg/day of oral silodosinfor 21
days. The patients in both groups were advised
to take 75 mg/day of diclofenac sodium as an
analgesicas necessary. Both groups were also
advised to remain active, drink at least 2 L of
water daily, and pass their urine through filter-
sto catch any passing stones.

Patients were invited to the clinic for weekly
control visits to be questioned regarding any
adverse effects related to medical therapy,
stone expulsion, need for analgesics (i.e., dos-
age of diclofenac sodium being taken), and the
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Table 1. Patient characteristics

Group 1 Group 2 P
Sex* n (%) Male 20 (57.1%) 19 (54.3%) 0.810
Female 15 (42.9%) 16 (45.7%)
Agex (years) 35.23+11.20 35.31+11.55 0.953

Stone size¥ (mm) 6.34+1.57

6.40+1.61 0.848

#Data analyzed with the Pearson chi-squared test. ¥Data ana-

lyzed with the Mann-Whitney U test.

number of renal colic episodes experienced. All
the collected data were recorded. At these
weekly visits the results of urinary system ultra-
sonography, complete urinary study, and blood
chemistry regarding renal function were
reviewed. Patients who experienced stone pas-
sage were also invited for weekly control visits
to record the passage duration and confirm
passage of radiopaque stones by X-ray or radio-
lucent stones by low-dose unenhanced abdom-
inal tomography.

Using the collected data, the groups were com-
pared regarding stone expulsion rate, stone
passage duration, number of renal colic epi-
sodes, need for analgesics. The association
between sex, age, and stone size and stone
expulsion rate and the associations among
stone expulsion rate, stone expulsion duration,
number of renal colic episodes, analgesic dos-
age, and stone size were analyzed. After 21
days those patients who had experienced no
stone passage underwent URS or ESWL.

Statistical analysis

Descriptive statistics were reported in terms of
the number (n), percentage (%), median, and
range (minimum-maximum) of values. Fisher’s
exact test and Pearson’s chi-squared test were
performed for analysis of categorical data.
Assumption of normality is controlled with the
Shapiro-Wilk test. The Mann-Whitney U test
was performed to compare the differences
between the two groups. The Spearman corre-
lation test was performed to determine the
quantitative variants. All analyses were per-
formed using SPSS version 18.0 (Chicago, IL,
USA). P values less than 0.05 were considered
statistically significant.

Results

Review of the demographics of the two groups
revealed that group 1 was 57.1% male and
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42.9% female and of median age of
35.234£11.20 years and group 2 was 54.3%
male and 45.7% female and of a median age
of 35.31+11.55 years. No statistically signifi-
cant differences were found between the two
groups regarding sex or age (P>0.05; Table 1).

The stone size of the two groups ranged from

4 mm to 10 mm. The median stone size was

6.40+£1.61 mm in group 1 and 6.34+1.57
mm in group 2. No significant difference was
found regarding the stone size between two
groups (P>0.05; Table 1). The stone expulsion
rate at the end of day 21 was 71.4% in group 1
and 91.4% in group 2. The difference between
these rates was found to be statistically signifi-
cant (P=0.031). The median duration until
stone expulsion was 12.91+6.14 days in group
1 and 8.03+4.99 days in group 2. The differ-
ence between these durations was found to be
statistically significant (P<0.001). The number
of renal colic episodes was 1.49+1.48 in group
1 and 1.17+1.44 in group 2. The difference
between these numbers was not found to be
significant (P=0.266). The median dosage of
diclofenac sodium usage was 156.43+140.16
mg in group 1 and 113.57+130.38 mg in group
2. The difference between these dosages was
not found to be statistically significant (Table
2).

Comparison of the patients who experienced
stone expulsion with those who did not during
the 21-day follow-up revealed no significant dif-
ferences between them regarding sex, age,
orstone size (P>0.059; Table 3).

Analysis of the association between the dura-
tion of stone expulsion with the number of renal
colic episodes, analgesic dosage, and stone
size revealed a positive but weak correlation
(Table 4; P<0.001). A positive and strong cor-
relation was found between the number of
renal colic episodes and analgesic dosage
(P<0.001), a positive but weak correlation
between number of renal colic episodes and
stone size (P=0.015) and a positive but weak
correlation between analgesic dosage and
stone size (P<0.05).

Discussion
While a large proportion of ureteral stones

spontaneously expulse, the passage of some
cause complications, such as hydronephrosis,
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Table 2. Stone expulsion rate and duration, number of renal colic epi-

sodes, and analgesic dosage

[25]. Because of the dis-
advantages of the avail-

able treatment modali-

GROUP 1 GROUP 2 P ! !
Stone expulsion (+)* n (%) 10 (28.6) 3(8.6) 0.031" tlels . and the hlgh e>((j-
Stone expulsion () 25 (71.4) 32 (91.4) pulsion rates associate
st Ision duration (d 12014614  803+499 <0001  “ith MET, urologists pro-
one expulsion duration (days) .91+6. .03+4. ) vide MET more than they
Renal colic episodes¥ (number) 1.49+1.48 1.17+1.44 0.266

Analgesic dosage# (mg)

156.43+140.16 113.57+130.38 0.159

have in the past. MET is
indicated if there is no

#Data analyzed with the Pearson chi-squared test. #Data analyzed with the Mann-Whitney

U test. "Significant difference.

Table 3. Association between sex, age, and stone

size andstoneexpulsion rate

Expulsion+  Expulsion-

Sex?n (%) Male 32 (56.1) 7 (53.8) 0.881

Female 25 (43.9) 6 (46.2)
AgeX (years)

35.33+11.44 35:11.05 0.964
Stone size£ (mm)  6.19+1.41 7.15+2.08 0.092

#Data analyzed with the Pearson chi-squared test. #Data
analyzed with the Mann-Whitney U test.

complex urinary tract infections, and renal dys-
function [9], indicating the necessity of individ-
ualized treatment. According to EAU urolithiasis
guidelines, URS is the first treatment option for
distal ureteral stones greater than 1 cm in
length, whereas both URS and ESWL are the
preferred treatment options for stones less
than 1 cm [17]. The choice of optimal treatment
may depend on the physician’s experience and/
or the instruments and equipment available.
Although URS is a successful treatment meth-
od, it has several disadvantages, including the
need for general anesthesia and hospitaliza-
tion; high cost [25]; and the possibility of com-
plications, such as strictures and, rarely, avul-
sion. In recent years the possibility of use of
holmium laser with flexible ureterorenoscopy,
as well a decrease in instrument calibration,
has led to a reduction in complication rates
[24].

ESWL is a safe method for treatment of ureteral
stones that has been used since the early
1980s. Its main advantages over URS are that
it does not require general anesthesia or hospi-
talization and allows patients to return to work
shortly after undergoing the procedure. How-
ever, it has the disadvantages of being less
effective for the treatment of stones of intense
composition, [3] being contraindicated for
some conditions [17], and having a high cost
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benefit for active remov-
al of a stone less than 1
cm in length and when
the patient’s comfort will not be affected using
this approach [17].

To date, alpha blockers, anticholinergics, trigli-
serilnitrat, steroids, alpha-1 receptor antago-
nists, and CCBs have been tested for MET. Of
these, alpha blockers and CCBs have proven
effective in MET and are widely used in daily
practice. Sufficient evidence has been collect-
ed that alpha 1 receptor blockers, including
tamsulosin, silodosin, doxazosin, terazosin,
alfuzosin, and naftopidil, as well as the CCB
nifedipine, are efficacious for MET. These
agents decrease the need for analgesic admin-
istration and the number of renal colic episodes
as well as facilitate stone expulsion [17].

Most studies of administration of alpha block-
ers for MET have focused on treatment of
stones in the distal ureter [3]. All data collected
to date indicate that irreversible renal damage
does not tend to occur with an incomplete
obstruction for the first 4 weeks in the absence
of an aggravating factor, such as urinary tract
infection. Therefore, a logical approach in the
absence of aggravating factors appears provi-
sion of MET only after the passage of 4 weeks
[9, 17]. To narrow the safety margin in our study,
we provided MET after the passage of 3 weeks.

A meta-analysis of 328 patients revealed that
47% of ureteral stones 5 to 10 mm in diameter
spontaneously expulse [18]. Another study
found that 95% of ureteral stones 4 mm and
below in diameter spontaneously expulse with-
in 40 days [2]. To further examine these find-
ings, we investigated MET for ureteral stones 4
to 10 mm in diameter, as have many other stud-
ies of MET. Our investigation of 70 patients with
distal ureteral stones 4 to 10 mm in diameter
over one year revealed that silodosin adminis-
tration facilitated stone expulsion rates without
serious side effects but did not decrease the
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Table 4. Associations among stone expulsion duration, number of
renal colic episodes, analgesic dosage, and stone size

Amulti-institutional, ran-
domized, placebo-contro-

Stone  Number of
expulsion renal colic
duration episodes

Analgesic Stone

lled, prospective trial of
232 patients found that

q )
osage size administration of 8 mg/

Stone expulsion duration P
r
Number of renal colic episodes P
r
Analgesic dosage P

<0.001"
0.476

<0,001"™ 0.001™ day of silodosin increased
0.439 0.389 stone passage rates com-
<0.001** 0.015* pared to a placebo in
0.967 0.290 patients with distal ure-

0.032" teral stones but not in

0.257 patients with proximal

“P<0.05; “P<0.01. Data analyzed with the Spearman correlation test. r values show the

correlation coefficient.

number of renal colic episodes or the need for
analgesics.

In a meta-analysis of 16 studies of alpha block-
ers and 9 studies of CCBs, Singh et al. found
that while both agents increased stone expul-
sion rates, 4% of patients administered alpha
blockers experienced side effects while 15.2%
of patients taking CCBs did so [15]. This finding
indicates that administration of alpha blockers
can be more advantageous than administra-
tion of CCBs for MET. In our study 5 (14%)
patients experienced retrograde ejaculation
and one patient (3%) experienced nasal
congestion.

Except for those that examined silodosin, stud-
ies comparing alpha blockers for MET found
their efficacy to be mostly equivalent [7, 10,
11]. Trials that compared tamsulosin with nife-
dipine, the most commonly used CCB for medi-
cal for MET, found that tamsulosin is superior
to nifedipine in stone expulsion [17]. In a study
of 187 patients with proximal, mid, or distal
ureteral stones, Itoh et al. compared a group
administered 8 mg/day of silodosin with a con-
trol group [5]. The researchers found that silo-
dosin did not affect stone expulsion rates,
expulsion duration, or analgesic need in
patients with proximal and mid ureteral stones.
In contrast, they found that silodosin decreased
stone expulsion duration but did not affect
stone expulsion rate or analgesic need in
patients with distal ureteral stones. In the same
study, subgroup analysis of distal ureteral
stones 6 to 9 mm in diameter revealed that
silodosin increased stone expulsion rates and
decreased stone expulsion duration but did not
affect analgesic need. However, the findings
should be viewed with caution because the
study included only men.
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and mid stones [22].

While the alpha-1A block-

ade of silodosin is 56
times higher than its alpha 1-D blockade, the
alpha 1-D blockade of naftopidilis 3 times high-
er than its alpha-1A blockade [13]. In a com-
parison of administration of 8 mg/day of silodo-
sin and 50 mg/day of naftopidil 50 mg in 74
patients with ureteral stones, Tsuzaka et al.
found that silodosin achieved an 84% expul-
sion rate and naftopidila 61% rate (P=0.039)
[4]. In all segments of the ureter, a greater num-
ber of alpha 1-D receptors are present than
alpha 1-A receptors [26]. While these findings
suggest that alpha-1A receptor is more impor-
tant than alpha 1-D receptor in ureteral con-
traction, they should be viewed with caution, as
the study did not conduct subgroup analysis of
proximal, mid, and distal ureteral stones.

In a comparison of administration of 0.4 mg/
day of tamsulosin and 8 mg/day of silodosinin
patients with mid and distal ureteral stones
less than 10 mm in diameter, Gupta et al. found
a stone expulsion rate of 58% for tamsulosin
and 82% for silodosin (P=0.008). They also
found that not only is the expulsion rate signifi-
cantly greater with silodosin (P=0.008) but also
that the stone expulsion duration was signifi-
cantly shorter with silodosin (P=0.001) [14].
These findings may be the result of silodosin’s
greater selectivity for the alpha 1-A receptor
compared to tamsulosin.

One disadvantage of administration of 8 mg/
day of silodosin for MET may be its greater side
effect profile compared to a lower dose of the
agent. In one trial, 8 mg/day of silodosin was
found to result in greater dizziness, nasal con-
gestion, and other side effects compared to 4
mg/day of silodosin 4 [16]. We therefore rec-
ommend that the advantages of 4 mg/day of
silodosin compared to 8 mg/day of silodosin be
considered when planning MET.

Int J Clin Exp Med 2015;8(10):19086-19092
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Conclusion

In the light of foregoing silodosin 4 mg is con-
sidered to be a safe and effective agent in non-
complicated distalureteral stones below 10
mm size. Further studies comparing head to
head silodosin 4 mg and 8 mg with other alpha
blockers will show more conclusive data in effi-
cacy and side effects.
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