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Introduction

Ureteral stones usually present with acute upper uri-
nary system obstruction and associated pain, and, thus, 
mostly require rapid stone clearance contrary to the renal 
stones [1]. Medical expulsive therapy (MET) has entered 
the urology practice in the past decade for medical treat-
ment of ureteral stones. It is a treatment modality which 
aims at facilitating the passage of ureteral stones with 
the possibility of spontaneous passage and minimizing 
potential pain and additional complication rate during 
this process. However, the question is which stones have 
the possibility of spontaneous passage. In addition to 
the factors such as stone localization, urinary anatomy, 
renal reserve and fluid intake, the most important factor 
affecting the spontaneous passage of the ureteral stones 
is the stone size. Early studies demonstrated that 95 % 
of stones <4 mm were likely to pass spontaneously dur-
ing a 40-day follow-up period [2]. A meta-analysis, in 
turn, showed that the spontaneous passage possibility 
of stones <5 mm was 68 %, whereas this rate decreased 
to 47 % for stones >5 mm [3]. Briefly, the main goal of 
MET is to minimize pain episodes and to prevent infec-
tion and renal function impairment during follow-up, 
as well as to facilitate the spontaneous passage of the 
stones.

Review of the literature revealed that corticosteroids, 
prostaglandin inhibitors, and neuromuscular blockers 
were previously used in the treatment of MET; however, 
alpha-blockers and calcium channel blockers have been 
widely adopted recently. Although the literature also con-
tains inconsistent results on whether alpha-blockers or 
calcium channel blockers are more effective, it is mostly 
considered that alpha-blockers are more effective than the 
others [4].

Abstract We aimed to investigate the efficacy of two dif-
ferent doses of doxazosin, 4 and 8 mg, in medical expul-
sive therapy (MET). This prospective randomized study 
included a total of 66 patients with distal ureteral stones 
which were radio-opaque and ≤10 mm. All patients were 
randomly divided into three groups: Group 1 included 25 
patients receiving 4 mg doxazosin. Group 2 included 22 
patients receiving 8 mg doxazosin. Diclofenac 100 mg 
p.o. and daily 1500–2000 cc hydration were advised to the 
patients in Groups 1 and 2 to relieve pain. Group 3 con-
sisted of 19 patients who were defined as control group 
and received only hydration and analgesics. The mean age 
of the patients was 30 ± 7.6, 37.9 ± 11.5 and 33 ± 11.3 
in Group 1, Group 2 and Group 3, respectively. The mean 
stone size was 6.6 ± 1.4, 7.1 ± 1.5 and 6.6 ± 1.5 in Group 
1, Group 2 and Group 3, respectively. The stone expulsion 
rate of the patient groups was 18/25 (72 %), 15/22 (68.1 %) 
and 5/19 (25.3 %). There were significantly fewer pain epi-
sodes and lower analgesic requirement in Groups 1 and 2 
(p = 0.021). However, the difference between Group 1 and 
Group 2 was non-significant (p = 0.207). Given the data 
of the present study, doxazosin, an alpha receptor blocker, 
exhibited equal efficacy with 4 or 8 mg doses in MET and 
was used safely and efficiently in ureteral stones <10 mm. 
The findings of the present study showed that 4 mg dose is 
effective, when doxazosin is preferred for MET.

Keywords Medical expulsive therapy · Doxazosin · Distal 
ureteral stone

 * Haluk Sen 
 drhaluksen@gmail.com

1 Faculty of Medicine, Gaziantep University, Gaziantep, 
Turkey

http://orcid.org/0000-0002-2608-0008
http://crossmark.crossref.org/dialog/?doi=10.1007/s00240-016-0927-0&domain=pdf


462 Urolithiasis (2017) 45:461–464

1 3

Although literature contains data on doxazosin use for 
MET purposes, almost all used a 4-mg investigational dose. 
In this study, we aimed to investigate the efficacy of two 
different doses of doxazosin, 4 and 8 mg, in MET.

Materials and methods

This prospective randomized study included a total of 66 
patients with distal ureteral stones which were radio-opaque 
and ≤10 mm between December 2013 and June 2015. The 
study protocol was approved by the Ethics Committee of 
Gaziantep University (Date/No.: 03.04.2012/145).

All patients were randomly divided into three groups. 
Group 1 included 25 patients receiving 4 mg doxazosin. 
Group 2 included 22 patients receiving 8 mg doxazosin. 
Diclofenac 100 mg p.o. and daily 1500–2000 cc hydration 
were given to the patients in Groups 1 and 2 to relieve pain. 
Group 3 consisted of 19 patients who were defined as the 
control group and received only hydration and analgesics. 
The study duration was determined as up to 3 weeks. All 
patients had routine biochemistry tests and urine cultures 
and antibiograms on admission. The presence of the ure-
teral stones was assessed using the direct urinary system 
graphy, urinary system ultrasonography, and intravenous 
pyelography or unenhanced computed tomography (CT). 
The patients were informed about the complications which 
might occur during the study and provided written consent 
forms. The patients with additional stones in kidney, uri-
nary system anatomic abnormality, previous urinary system 
surgery, severe hydronephrosis or extreme symptoms, high 
serum levels of urea creatinine, diuretic or calcium channel 
blocker use and doxazosin hypersensitivity were excluded 
from the study.

All patients underwent a weekly assessment on a 
regular basis. During such controls, medical history was 
obtained and pain episodes and the amount of analgesics 
used were noted. Physical examinations were performed 
and vital signs (i.e., body temperature, pulse rate, and 
blood pressure) were recorded. Complete urinalysis, 
urine culture tests, and radiological assessments were 
repeated. We performed unenhanced CT only before the 
MET. If a stone was not visible on plain radiography dur-
ing follow-up, patients were considered stone free with 
urinary system ultrasonography by an experienced radi-
ologist. Unenhanced CT was performed only in case of 
any suspicion.

The study discontinuation criteria were defined as hyper-
sensitivity to the agents used, advanced hydronephrosis, 
persistent pain despite proper and adequate analgesic use, 
urinary tract infection, and low blood pressure. The patients 
who were unable to pass the stone by the end of 3 weeks 
underwent ureterorenoscopy to achieve a stone-free status.

Statistical analysis

Randomization was performed with the MedCalc statisti-
cal software (MedCalc, 14.10.2; MedCalc, Belgium). All 
statistical analyses were made using the SPSS version 11.5 
(SPSS Inc., Chicago, IL, USA). The Mann–Whitney U 
test was used to compare age, stone size, expulsion time, 
and pain episodes among the groups. The Chi square and 
Fisher’s exact tests were used to compare the success rates 
among the groups. Descriptive data were expressed in the 
mean ± standard deviation. A p value of <0.05 was consid-
ered to be statistically significant.

We planned a study of independent cases and controls 
with one control(s) per case. Our data indicate that the 
success rate among 4 mg intervention is 0.72 and rate for 
experimental subjects is 0.68; we would need to study 
2060 experimental subjects and 2060 control subjects to be 
able to reject the null hypothesis that the success rates for 
experimental and control subjects are equal with probabil-
ity (power) 0.8. The type I error probability associated with 
this test of this null hypothesis is 0.05.

Results

The mean age (median age) of the patients was 30 ± 7.6 
(29) in group 1, 37.9 ± 11.5 (36) in group 2 and 33 ± 11.3 
(33) in group 3. The mean stone transverse size (median) 
was 5.5 ± 0.9 (6.0), 6.3 ± 1.2 (6.5) and 6.0 ± 1.1 (7.0) 
in Group 1, Group 2 and Group 3, respectively. The stone 
expulsion rate of the patient groups was 18/25 (72 %), 
15/22 (68.1 %) and 5/19 (25.3 %). The demographic and 
clinical characteristics of all groups are listed in Table 1.

Hydronephrosis and concomitant urinary infection 
developed in two patients in both Group 1 and Group 2 
and hydronephrosis developed in five patients in Group 3 
during the weekly patient assessment and, therefore, endo-
scopic surgical treatment was administered.

Nausea and vomiting as a doxazosin-related side effect 
occurred in three patients in Group 1 and four patients in 
Group 2, and drug-related hypotension occurred in two 
patients in Group 1 and one patient in Group 2. The study 
drug was discontinued and ureterorenoscopy was performed 

Table 1  Patient demographics

Group 1 Group 2 Group 3 p

Patients (n) 25 22 19

Age (years) 30 ± 7.6 37.9 ± 11.5 33 ± 11.3 0.307

Sex (M/F) 18/7 17/5 11/8

Stone size,  
mean ± SD (mm)

5.5 ± 0.9 6.3 ± 1.2 6.0 ± 1.1 0.381
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in these patients. At the end of a 3-week follow-up period, 
the stone expulsion rate was 18/25 (72 %) in Group 1, 15/22 
(68.1 %) in Group 2 and 5/19 (25.3 %) in Group 3. Intra-
group comparisons revealed no significant difference in the 
stone expulsion rates between doxazosin 4 mg and 8 mg 
(p = 0.307). When the group who did not receive any MET 
was compared individually with the groups receiving 4 and 
8 mg doxazosin, doxazosin was found to be statistically sig-
nificantly effective in the stone expulsion (p = 0.02). Stone 
expulsion rates are presented in Table 2.

The time from the first episodes of renal colic was 
0.9 ± 0.4, 0.9 ± 0.5 and 1.2 ± 0.5 in Group 1, Group 2 
and Group 3, respectively. In addition, there were signifi-
cantly fewer pain episodes and lower analgesic require-
ment in Groups 1 and 2 (p = 0.021). However, the differ-
ence between Group 1 and Group 2 was non-significant 
(p = 0.207). The stone expulsion time and number of pain 
episodes of groups are also presented in Table 2.

Discussion

In the early treatment models for helping the expulsion of 
ureteral stones, methods such as anti-emetics, analgesics and 
increased fluid intake were tried to facilitate the stone pas-
sage. The revelation of the structure of the adrenergic recep-
tors and the physiology of the smooth muscles in ureters has 
enlightened the development of targeted treatment [5].

Although the studies conducted upon the understanding 
of the role of the sympathetic nervous system in the con-
traction of ureteral smooth muscles demonstrated alpha 
adrenergic receptors in all ureteral segments, these recep-
tors were shown to be present in the distal ureter most 
intensely [6].

With the blockage of this type of receptors, tonic pro-
pulsive contractions continue, while basal smooth mus-
cle tonus and irregular excessive peristalsis frequency are 
reduced. Therefore, the stone passage toward the distal is 
achieved without inhibiting the physiological tonic propul-
sive contractions required for making the ureter reach the 
bladder. Alpha-blockers and calcium channel blockers have 
been demonstrated to have benefits in animal models and 
entered into daily practice upon the revelation of their posi-
tive effects in several subsequent randomized studies [7, 8].

Considering that the edema in the stone localization 
makes expulsion difficult, the use of glucocorticoid in MET 
has been introduced. Glucocorticoids are likely to prevent 
edema and inflammatory response caused by the stone by 
inhibiting prostaglandin release. There are reports showing 
that the combination of glucocorticoids and alpha-blockers 
help stone passage in clinical studies [9, 10]. Kumar et al. 
[11] used the combination of tamsulosin and naftopidil, 
which are alpha 1 receptor antagonists, with prednisolone 
in a series of 120 patients and reported a higher rate of 
stone expulsion in the alpha-blocker + prednisolone groups 
compared to the observation group. However, it has not 
attracted many supporters considering the potential side 
effects of glucocorticoid use (i.e., elevated blood glucose, 
gastric ulcer, adrenal insufficiency).

Almost all alpha-blockers have been used in MET and 
a study reported that tamsulosin facilitates stone expulsion 
with a success rate of 77.3 %, terazosin with 78.5 % and 
doxazosin with 75.8 % [12].

In the literature, Pickard et al. [13] and Fruyk et al. [14] 
found no benefit overall of 0.4 mg of tamsulosin daily for 
patients with distal ureteric calculi less than or equal to 
10 mm in terms of spontaneous passage, time to stone pas-
sage, pain or analgesia requirements. In the subgroup with 
large stones (5–10 mm), tamsulosin did increase passage 
and should be considered. In our study, the stone size of 
patients was less than 10 mm. Our data showed that the use 
of doxazosin (4 or 8 mg) in patients with ureteral calculi 
located in the distal ureter might be sufficient in increasing 
the spontaneous passage of these calculi.

There are studies reporting the use of doxazosin, which 
is also used in the present study, as a single dose of 2 mg to 
investigate the efficacy in MET. Among these, Zehri et al. 
[15], who used 2 mg doxazosin and diclofenac in their 
series of 65 patients with a 4–7 mm size in the distal ureter 
and followed-up for a maximum of 28 days, reported that 
doxazosin combined with an analgesic provided consider-
able contribution to stone expulsion and minimization of 
colic. Again, the said study indicated that alpha-blockers 
are an important part of conservative treatment in patients 
with ureteral stone <7 mm.

The present study is of utmost importance, as it is the 
first and single study conducted on MET with two dif-
ferent doses of doxazosin. In addition, as in the study by 

Table 2  Stone expulsion 
time, number of pain episodes, 
and stone expulsion values of 
groups

Group 1 Group 2 Group 3

Number of pain episodes 0.67 ± 0.27 0.61 ± 0.39 1.3 ± 0.5

The time from the first  
episode of renal colic (day)

0.9 ± 0.4 0.9 ± 0.5 1.2 ± 0.4

Stone expulsion time (day) 13.6 ± 4.4 13.4 ± 3.7 19.6 ± 4.2

Stone expulsion rate [n (%)] 18/25 (72) 15/22 (68.1 %) 5/5 (25.3 %)
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Zehri et al. [15], it was found to be statistically significant 
in facilitating stone expulsion and minimizing colic number 
regardless of doxazosin dose. Any significant result was not 
produced also in side effect profile and statistically insig-
nificant side effects occurred such as nausea, vomiting and 
hypotension at the minimum level.

In MET, alpha doxazosin has not been only used in 
adults, but also in children although the number is limited. 
In a study, Erturhan et al. [16] randomized patients into two 
groups of ibuprofen (20 mg/kg/day, divided into 2 equal 
doses) and ibuprofen + doxazosin (0.03 mg/kg/day, once 
daily). The stone expulsion rate was 28.5 % in the group 
administered ibuprofen alone, whereas this rate was 70.8 % 
in the combined group. Another study conducted in pedi-
atrics demonstrated a stone expulsion rate of 70 % with 
doxazosin in small lower ureteral stones [17]. The present 
study included adult patients and doxazosin, regardless of 
the dose, can be considered effective and safe as it is in the 
previous pediatric patient series.

The literature contains various data on treatment duration 
in MET. Miller et al. [18] suggested that MET was allowed 
to be delayed 6 weeks for stone expulsion. In the present 
study, we defined the duration as 3 weeks and stone-free 
status was achieved using ureteroscopy in patients without 
stone expulsion by the end of such duration.

This study has certain limitations. There was no alloca-
tion and the investigators were not blinded to the therapy of 
the patient. In addition, the study has relatively small sam-
ple size on post-power analyses.

Conclusion

Given the data of the present study, doxazosin, an alpha 
receptor blocker, exhibited equal efficacy with 4 or 
8 mg doses in MET and was used safely and efficiently 
in ureteral stones <10 mm. The findings of the present 
study showed that 4 mg dose is effective, when doxazo-
sin is preferred for MET. The drug-specific side effects 
of doxazosin are within acceptable limits and keeps its 
place as an option in MET by positively affecting stone 
expulsion in proper patient groups and minimizing pain 
episodes and thereby analgesic requirement.
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