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Purpose: To compare the safety and efficacy of naftopidil and tamsulosin with pre-
dnisolone as medical expulsive therapy for distal ureteric stones. 
Materials and Methods: Between July 2010 and March 2012, 120 adult patients pre-
senting with distal ureteric stones of size 5 to 10 mm were randomized equally to tamsu-
losin (group A), naftopidil (group B) or watchful waiting (group C). Tamsulosin or nafto-
pidil was given for a maximum of four weeks. In addition patients in group A and B 
were given 5 mg prednisolone once daily (maximum one week). Stone expulsion rate, 
time to stone expulsion, analgesic use, number of hospital visits for pain, follow-up and 
endoscopic treatment and adverse effects of drugs were noted. Statistical analyses were 
done using chi-square test, Mann-Whitney test and analysis of variance.
Results: There was a statistically higher expulsion rate in groups A (70%) and B (87.5%) 
as compared to group C (32.5%) (p＜0.001). The expulsion rates were not statistically 
different between groups A and B (p=0.056). The mean time to expulsion was com-
parable between groups A and B but longer in group C. Analgesic use was significantly 
lower in groups A and B. Average number of hospital visits for pain, follow-up and endo-
scopic treatment was similar in all groups. There was no serious adverse event.
Conclusions: Medical expulsive therapy for the distal ureteric stones using either nafto-
pidil or tamsulosin in combination with prednisolone is safe and efficacious. 
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INTRODUCTION

The lifetime risk of urinary stone disease is estimated to 
be between 5% and 12% in Europe and the United States, 
afflicting 13% of men and 7% of women [1]. Because up to 
50% of patients may experience the recurrence of renal 
stones within 5 years of their first episode, urolithiasis is 
a chronic disease with substantial economic consequences 
and great public health importance [1]. It is well estab-
lished that almost 50% of ureteral stones will pass sponta-
neously over time and that stone size is a critical factor in-
fluencing expulsion (only 20% of stones greater than 8 mm 
will pass spontaneously) [2,3]. Alpha-1-adrenergic re-

ceptors are present throughout the ureter with a high con-
centration in the distal third of the ureter. Blockage in-
hibits basal smooth muscle tone and hyperperistaltic un-
coordinated frequency while maintaining tonic propulsive 
contractions [4]. Ureteral calculi can induce ureteral 
spasms that interfere with the expulsion of calculi; thus, 
reduction of spasm with maintenance of normal peristaltic 
activity can facilitate expulsion of calculi. It has been 
shown that ureteral calculi induce inflammatory changes 
in the ureteral wall and that submucosal edema around a 
calculus may worsen ureteral obstruction, thus increasing 
the risk of impaction and retention [5]. Thus, steroid drugs 
can facilitate stone expulsion by reducing the submucosal 
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TABLE 1. Patient characteristics in the three groups

Characteristic Group A Group B Group C p-value

Age (y) 33.2±10.5 33.2±8.5 33.5±10.3 0.98a

Sex  
    Male 25 30 28 0.40b

    Female 15 10 12
Stone side  
    Right 28 29 26 0.59b

    Left 12 11 14
Stone size (mm) 6.9±1.9 7.1±2.1 6.6±1.8 0.39a

Values are presented as mean±standard deviation.
Group A, tamsulosin+prednisolone; Group B, naftopidil+pre-
dnisolone; Group C, watchful waiting. 
a:Statistical significance was analyzed by one-way analysis of 
variance. b:Statistical significance was analyzed by chi-square 
test.

edema. On the basis of these observations, medical ex-
pulsive therapy using α-1-adrenergic receptor antagonists 
or calcium channel blockers and steroids has recently 
emerged as an efficacious and safe option for the initial 
management of ureteral stones. Tamsulosin has already 
been proven to increase the stone expulsion rate and to de-
crease the time to expulsion [6]. Recently, the newer al-
pha-blocker naftopidil has been studied in patients with 
lower urinary tract symptoms due to benign prostatic hy-
perplasia and has been found to be better than tamsulosin 
for nocturia owing to its α-1D-adrenoceptor blocking action 
[7]. Because the lower ureter and bladder are rich in 
α-1D-adrenoceptors, there is a theoretical advantage in us-
ing naftopidil in medical expulsive therapy, because it may 
reduce the pressure in the intramural part of the ureter, 
thereby facilitating stone passage. Indeed, naftopidil was 
shown to increase the spontaneous expulsion rate of distal 
ureteral stones compared with placebo in a recent study [8]. 
Therefore, we planned to evaluate the efficacy of naftopidil 
in comparison with tamsulosin in the management of dis-
tal ureteral stones. 

MATERIALS AND METHODS

The study was conducted in a tertiary care institute in 
northern India after approval from the institutional ethics 
committee. Between July 2010 and March 2012 all patients 
older than 18 years of age with a ureteral stone 5 mm to 10 
mm in size located below the common iliac vessels, as as-
sessed by noncontrast computed tomography, were eligible 
for the study if pain relief was achieved with diclofenac ad-
ministration within 1 day. Patients who had fever, severe 
hydronephrosis, acute or chronic renal failure, multiple 
ureteral stones, a history of open surgery or endoscopic pro-
cedures in the urinary tract, diabetes, peptic ulcer, or con-
comitant treatment with β-blockers, calcium antagonists, 
or nitrates; those who were pregnant or lactating; and those 
desiring immediate stone removal were excluded.

After providing written informed consent, the patients 
were prospectively randomly assigned by use of a com-
puter-generated table into three equal groups of 40 pa-
tients each. The randomization table was stored centrally 
and the group to which each patient was assigned was con-
veyed to the author after the patient provided consent to 
participate in the study. Patients in group A were given 
tamsulosin 0.4 mg once daily, and those in group B were 
given naftopidil 75 mg once daily. In addition, patients in 
groups A and B received prednisolone 5 mg once daily for 
a maximum of 1 week. In both groups, alpha-blockers were 
continued until stone expulsion or for a maximum of 4 
weeks. Patients in group C were given analgesics as and 
when required. All patients were evaluated by physical ex-
amination; serum creatinine; urine culture; plain X-ray of 
the kidneys, ureters, and bladder (KUB); ultrasonography; 
and noncontrast computed tomography of the KUB region. 
All patients presenting with ureteral colic were given pain 
relief with intramuscular diclofenac. Patients were in-

structed to filter their urine by using a standard mesh net 
to detect stone expulsion. The time to expulsion; analgesic 
use; numbers of hospital visits for pain, follow-up, and en-
doscopic treatment; and adverse effects of the drugs were 
noted. The maximum time of follow-up was 4 weeks, after 
which patients underwent semirigid ureterorenoscopy for 
removal of stones that were not expelled. The primary out-
come studied was the stone expulsion rate. Secondary end-
points studied were time to stone expulsion, number of 
painful episodes, analgesic use, and self-reported side ef-
fects related to medical therapy. Expulsion of stones was 
confirmed with plain X-ray, ultrasonography, or non-
contrast computed tomography.

Normality of the measurable data was tested by use of 
the Kolmogorov-Smirnov test. All three groups were com-
pared for normally distributed data by analysis of variance 
followed by a post-hoc test (Student-Newman-Kuels proce-
dure for pairwise comparisons). The skewed data were ana-
lyzed for all the three groups by using the Kruskal-Wallis 
test, followed by the Mann-Whitney U test for comparison. 
All the classified and categorical data were analyzed for all 
three groups by using the chi-square test. Because there 
was multiple testing, using Bonferroni correction, the level 
of significance was taken as p＜0.004. Data were fed into 
a Microsoft Excel worksheet and were analyzed by using 
the SPSS ver. 17 (SPSS Inc., Chicago, IL, USA). The sample 
size of 40 patients in each group was calculated on the basis 
of an expected 40% spontaneous expulsion rate and a 75% 
expulsion rate in the α-blocker groups and was enough to 
achieve a statistical power of 90% at a type I error rate of 
5%.

RESULTS

All enrolled patients were able to complete the study 
protocol. All three groups were comparable with respect to 
age and sex and the size and side of stones (Table 1). The 
stone expulsion rate was 70%, 87.5%, and 32.5% in group 
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TABLE 2. Treatment outcome parameters in the three groups

Parameter
Individual group outcomes Comparison between groups

A B C A vs. B A vs. C B vs. C

Expulsion rate 28 (70.0) 35 (87.5) 13 (32.5) 0.056 ＜0.001 ＜0.001a

Expulsion time (d) 8.7±1.5 9.1±2.1 14.0±2.2 0.680 ＜0.001 ＜0.001b

Analgesic use (dose) 2.4±1.2 2.1±0.9   4.1±0.7 0.150 ＜0.001 ＜0.001c

Pain episodes 0.8±0.8 0.8±0.7   1.4±0.6 0.820 ＜0.001 ＜0.001c

Values are presented as number (%) or mean±standard deviation.
Group A, tamsulosin+prednisolone; group B, naftopidil+prednisolone; group C, watchful waiting. 
a:Statistical significance was analyzed by chi-square test. b:Data were analyzed using Kruskal-Wallis test, followed by Mann-Whitney 
test for comparison between two groups. c:Data were analyzed using analysis of variance, followed by Student-Newman-Kuels method
for pair wise comparison.

A, group B, and group C, respectively. The expulsion rates 
in group A (p=0.002) and group B (p＜0.001) were sig-
nificantly higher than in group C. Although there was a 
trend toward a higher expulsion rate in group B than in 
group A (p=0.056), it was not statistically significant. The 
time to expulsion was comparable between group A and B 
(p=0.68). The time to expulsion was significantly higher in 
group C than in groups A (p＜0.001) and B (p＜0.001). The 
use of analgesic and the number of episodes of pain was also 
significantly lower in groups A and B than in group C (p＜ 

0.001). The average number of hospital visits for pain and 
follow-up were 3.2±0.8 (range, 2 to 5), 3.1±0.9 (range, 2 to 
5), and 4.0±0.9 (range, 2 to 5) in groups A, B, and C, 
respectively. These were lowest in group B and highest in 
group C, but the difference was not statistically significant 
(Table 2). 

None of the patients included in the study developed 
urosepsis. In group A, the expulsion rate in the first week 
was 12.5% and that in the second week was 65%. No pa-
tients expelled stones in the third or fourth week. In group 
B, the cumulative expulsion rate was 15% in the first week, 
85% in the second week, and 87.5% in the third week. In 
group C, the expulsion rate was 0% in the first week, 12.5% 
in the second week, and 32.5% in the third week. Forty-six 
patients did not expel the stones (13, 5, and 27 in groups 
A, B, and C, respectively) after 4 weeks. These patients un-
derwent ureteroscopic stone removal uneventfully. One 
patient each in group A and B reported retrograde 
ejaculation. Dizziness was reported by one patient in group 
A. None of the other patients reported any side effects re-
lated to the drugs. 

DISCUSSION

Among all urinary tract stones, 20% present as ureteral 
stones, of which 70% are found in the lower third of the ure-
ter [9]. The factors influencing the spontaneous expulsion 
of ureteral stones are stone location, size, number, and 
shape; spasm in the ureteral smooth muscles; mucosal ede-
ma or inflammation; and ureteral anatomy [10,11]. It has 
been shown that stones less than 6 mm can be observed for 
spontaneous expulsion [12]. It would seem logical that 

medical therapy should be used to reduce edema, spasm, 
and relaxation of smooth muscles. Current therapeutic op-
tions for distal ureteral stones include surgical inter-
vention, medical expulsive therapy, and conservative wait 
and watch approaches. The efficacy of minimally invasive 
therapies, such as shock wave lithotripsy and ureter-
orenoscopy, has been proven by several studies [11,13]. 
However, although such procedures are effective, they are 
not free from risk or inconvenience, and there are con-
sequent implications such as lowering the quality of life, 
high cost, and suspension of regular activities [13,14]. 

A watchful waiting approach can be used in a large num-
ber of cases, as demonstrated by several studies that re-
vealed spontaneous passage rates of up to 85% for distal 
ureteral stones less than 5 mm [15,16]. Watchful waiting 
does not always result in stone clearance and may be asso-
ciated with recurrent renal colic [17]. The rate of sponta-
neous passage diminishes as stone size increases [18]. 
Thus, to increase the expulsion rate and reduce analgesic 
consumption, there is a great deal of enthusiasm for ad-
juvant pharmacological intervention, which can reduce 
symptoms and facilitate stone expulsion [17-19]. 

Malin et al. [4] first described the presence of α- and β- 
adrenergic receptors throughout the entire length of the 
human ureter and the physiological response (increase in 
tone and frequency of contraction) of the ureter when ex-
posed to α-adrenoceptor agonists. Later it was found that 
α-1D and α-1A-adrenoceptors are expressed in sig-
nificantly larger amounts than the α-1B-adrenoceptor in 
the human ureter [20]. It was also demonstrated that the 
distal ureter expresses a greater amount of α-1-adreno-
ceptor mRNA than do the proximal and middle ureter. Itoh 
et al. [21] reported that α-1D-adrenoceptor mRNA is more 
highly expressed than α-1A-adrenoceptor mRNA in each 
region of the ureter. According to their results, an 
α-1D-adrenoceptor antagonist can be expected to be more 
effective for the expulsion of the ureteral stones than an 
α-1A-adrenoceptor antagonist.

Alpha-1-receptors have been classified into three sub-
types (α-1A, α-1B, and α-1D). The α-1A-receptors predom-
inate in the proximal urethra, prostate, and bladder out-
flow; the α-1B-receptors are distributed widely in the vas-
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cular smooth muscles; and the α-1D-receptors are found 
predominantly in the intramural ureter and detrusor 
muscle. The distribution of these receptors in the distal 
ureter is α-1D＞α-1A＞α-1B [21]. Numerous clinical trials 
have been performed to investigate the efficacy of the 
α-1A-selective α-blocker tamsulosin. Most of these studies 
were randomized and revealed that tamsulosin treatment 
significantly improves the expulsion rate of medium-sized 
(3–10 mm) distal ureteral stones. Thus, tamsulosin repre-
sents a noninvasive and cost-effective alternative to inter-
ventional approaches [6]. Although medical expulsive 
therapy has become a standard treatment option used by 
urologists, it is still underused by other physicians in emer-
gency departments [22].

Because α-1D-receptors are found prevalently in the dis-
tal ureter [23], these receptors may be a promising target 
for medical expulsive therapy. Although naftopidil acts on 
both α-1A- and α-1D-receptors, it has approximately 
three-fold stronger affinity for the α-1D-receptors than for 
the α-1A [23]. Naftopidil has been used in the treatment 
of benign hyperplasia of the prostate and has been proved 
to be more effective and safe than tamsulosin [7]. Recently, 
it has shown efficacy in medical expulsive therapy also [8]. 
It is possible that the effect of α-1D-receptor antagonist on 
the obstructed ureter is to induce an increase in the intra-
ureteral pressure gradient around the stone, as well as de-
creased peristalsis below the ureter. It may also cause a de-
crease in basal and micturition pressures. For this reason, 
it induces a strong gradient to expel the stone. 

We observed a stone expulsion rate of 87.5% with the use 
of naftopidil. The expulsion rate of naftopidil in previous 
studies varied from 61% to 90% [8,23,24]. The higher dose 
of naftopidil (75 mg/d) used in our study group as compared 
to previous studies [23,24] and the concomitant use of pre-
dnisolone could have led to the better expulsion rate in our 
study than in these previous studies. It was previously 
shown that the combination of steroid with tamsulosin 
leads to a higher stone expulsion rate [6]. The better stone 
expulsion rate as compared to tamsulosin may be due to the 
three times higher affinity of naftopidil for the α-1D-adre-
noceptor than for the α-1A-adrenoceptor [25], which allows 
it to cause relaxation of both detrusor and ureteral muscles 
more effectively. Because of the simultaneous detrusor and 
intramural ureteral relaxation, the compression at the in-
tramural part of the ureter, which is the narrowest part of 
the ureter that the ureteral calculus has to negotiate, is 
relieved. We believe that this peculiar action of naftopidil 
is a major reason for its higher stone expulsion rate com-
pared with tamsulosin, although the difference was not 
statistically significant.

In our study, the expulsion rate was 70% in patients who 
received tamsulosin, which was significantly higher than 
that of the control group (32.5%). Tamsulosin has been 
shown to have a stone expulsion rate varying from 54% to 
100% in previous studies [26]. The time to expulsion in both 
the tamsulosin and naftopidil groups was similar to that 
in previous studies [24,27]. The mean time to expulsion 

with naftopidil monotherapy was 7 to 15 days in previous 
studies [23,24]. 

The reported side effects were minimal in our study. This 
was probably because of the younger study population and 
the lack of any associated comorbidity. The use of a near 
physiological dose of prednisolone [28] and the careful ex-
clusion of patients with contraindications to steroids may 
explain the lack of significant side effects related to steroid 
use. The 5-mg dose of prednisolone is nearly five times low-
er than the 30-mg deflazacort dose used in previous studies 
[29]. 

Analgesic use in the control group was significantly high-
er than in the tamsulosin and naftopidil groups. Kinnmen 
et al. [30] opined that α-blockade may relieve ureteral colic 
by blocking the C-fibers responsible for mediating pain. 
Use of α-blockers for expulsion of ureteral stones probably 
decreases the analgesic requirement in two ways: ex-
pulsion of stones, leading to longer stone-free periods, and 
blockade of C-fibers. It is difficult to assess which of these 
may be primarily responsible for decreasing the analgesic 
requirement, because α-blockers are known to be asso-
ciated with both. 

CONCLUSIONS

Medical expulsive therapy using either naftopidil or tam-
sulosin combined with prednisolone is safe and efficacious 
compared with watchful waiting for distal ureteral stones. 
There was a trend toward a better expulsion rate in the 
group treated with naftopidil, but this needs to be studied 
further in adequately powered studies.
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