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. We applied a newly introduced method, network meta-analysis, to re-evaluate the expulsion effect of
drugs including tamsulosin, doxazosin, nifedipine, terazosin and rowatinex after extracorporeal shock

. wave lithotripsy (ESWL) as described in the literature. A systematic search was performed in Medline,
Embase and Cochrane Library for articles published before March 2016. Twenty-six studies with
2775 patients were included. The primary outcome was the number of patients with successful stone
expulsion. The data were subdivided into three groups according to duration of follow-up. A standard
network model was established in each subgroup. In 15-day follow-up results, SUCRA outcome
showed the ranking of effects was: doxazosin > tamsulosin > rowatinex > nifedipine > terazosin

. (88.6,77.4,58.6,32.2 and 30.4, respectively). In 45-day follow-up results, SUCRA ranking was:

: tamsulosin > nifedipine > rowatinex (69.4, 67.2 and 62.6, respectively). In 90-day follow-up results,

. SUCRA ranking was: doxazosin > rowatinex > tamsulosin (84.1, 68.1 and 49.1, respectively). In

- conclusion, doxazosin and tamsulosin have potential to be the first choice for pharmacological therapy

. to promote the expulsion of urinary stone fragments after ESWL, with this doxazosin can improve the

. SFRinthe long term, while tamsulosin may result more in accelerating the process of expulsion.

Extracorporeal shock wave lithotripsy (ESWL) represents an effective minimally invasive treatment for renal
and ureteral stones greater than 5 mm in size'. However, the elimination of calculus disintegrated by ESWL
depends on many factors, including stone fragment volume, location and renal collecting system anatomy, as well
as ureteral status, such as oedema and spasm?. To improve the results of ESWL, many institutions have combined
medical expulsive therapy (MET) for urinary stone treatment to obtain a better stone-free rate (SFR).

Medications for urinary calculus such as a-adrenoceptor antagonist or calcium channel blocker have been
investigated as spasmolytic agents that would promote the expulsion of stones. Among these, tamsulosin and
nifedipine have received the most attention. Both tamsulosin and nifedipine are believed to act on the ureteral
muscle, causing relaxation and dilation of the ureter and facilitating the elimination of fragments®-, while nifed-
ipine also relaxes the ureteropelvic junction, improving the urine flow to the ureter®. However, among the clin-
ical data related to MET, contradictory results have been reported. Recently, Pickard and colleagues’ reported
a high-quality randomized controlled trial, concluding that tamsulosin and nifedipine were not effective at
decreasing the need for further treatment for patients compared with expectantly managed ureteric calculus.
Thus, whether MET can improve SFR after ESWL also requires re-evaluation.

Several randomized controlled trials (RCTs) studying the SFRs in different types of pharmacological therapy
after ESWL have been reported®*. However, most of these studies were designed to compare the clearance rates
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Figure 1. PRISMA study flow diagram.

between one medication and control3-10121315-2022-32 Moreover, in most studies, an arbitrary endpoint time was
set to assess the stone clearance rate while ignoring possible variations of therapeutic effect before and after that
endpoint time®-141819.21,23.2526.2829.31-33_ Accordingly, one RCT can precisely resolve the issue of whether a medica-
tion can improve the SFR compared with a placebo or watchful waiting after a certain period, but cannot provide
a wide view of its expulsion effect throughout the therapeutic process, and cannot reveal the difference between
medications either.

In this context, network meta-analysis is a useful method in which multiple treatments can be directly or
indirectly compared even if they are not designed in the same RCT, but have the same control group®***. In the
current study, this approach was used to examine available RCTs to again explore the efficacy of pharmacological
therapies including tamsulosin, doxazosin, nifedipine, terazosin and rowatinex in promoting the expulsion of
urinary stone fragments after ESWL. More importantly, we subdivided the available data according to follow-up
duration, and then compared whether there were differences between those medications throughout the period
of stone expulsion.

Materials and Methods
The present systematic review was performed in accordance with the latest Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Statement™.

Search strategy and selection criteria. We searched the US National Library of Medicine€’s life science
database (Medline), Embase, the Cochrane Central Register of Controlled Trials and the Cochrane Database for
Systematic Reviews for articles published before March 2016. The language of publication was limited to English.
Any of the terms ‘calcium-channel blocker) ‘adrenergic alpha-antagonist, ‘prostaglandin antagonist, ‘prosta-
glandin, ‘cortisone, ‘nifedipine] ‘verapamil, ‘diltiazem, ‘tamsulosin, ‘terazosin, ‘doxazosin;, ‘alfuzosin, ‘prazosin,
‘deflazacort, ‘prednisone), ‘medical therapy’, ‘drug therapy combination, ‘medical management, ‘expulsive ther-
apy, ‘facilitated passage’ and ‘adjuvant medical expulsive therapy’ was used in conjunction with any of the terms
‘urolithiasis, ‘lithotripsy), ‘extracorporeal shock wave lithotripsy’, ‘renal; ‘urinary’ and ‘ureteral’ And the terms of
‘randomized controlled trial’ or ‘random’ was imposed as a restriction to the searching process. The search flow-
chart is presented in Fig. 18-%3,

Studies that met all of the following criteria were included: (1) randomized controlled trials on the medical
therapy for patients undergoing ESWL for renal or ureteral calculus; (2) studies reported the SFR and duration of
follow-up; (3) after stone expulsion or at the end of the follow-up period, radiologic evaluation was mandatory to
confirm stone passage; and (4) loss of follow-up rate < 10%. Moreover, (5) crossover trials, dose titration studies,

daily dosing studies and studies that were only available as abstracts were excluded.

Outcome measures and data extraction. The data were extracted by two independent reviewers (Yang
and Chen). A third reviewer resolved any disagreements (Liao). We extracted trial design; trial size; details of
intervention including dose and treatment duration; and patient characteristics such as mean age, sex, mean
duration of symptoms, duration of follow-up, type of outcome (number of patients with successful stone expul-
sion) and outcome data at each duration of follow-up.
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research Gender Stone size, SWL

Author, year Pts(n) region (male, n) Age (years) Stone location mm sessions | Treatment SFRs, % | Follow-up

Ates, 2012 35/44 Turkey 25/33 38.4/31.0 Upper ureteral | 9.06/8.30 1.26/1.23 | Doxazosindmg/ g, 0 2 weeks
non-Placebo

. Rowatinex 300 mg/

Romics, 2011 106/98 Germany 62/53 51/48 Renal 3-20 1/1 Placebo 21/14 1 weeks

Hussein, 2010 67169 Egypt 40745 44/40 Renal 4-24 1-2 Tamsulosin 0.4mgf | |5/, 2 weeks
non-Placebo

Wang, 2010 55/52 China NA 42.2/40.9 Lower ureteral | 9.3/8.6 11 Ela:c’:gg’sm 04mg/ | 75146 | 2 weeks

Djaladat, 2009 | 50/50 Iran 30/29 38.3/40.9 Renal 10-20 11 powatinex 300mel | 1574 2 weeks
Tamsulosin 0.4 mg/

Wang, 2009 34/35/38 China 22/22/25 50.9/51.5/51.9 Lower ureteral 6.6/6.4/6.7 1/1/1 Terazosin 2 mg/ 85/80/82 | 2 weeks
Placebo

Agarwal, 2009 | 20/20 India 15/16 32.4/35.5 Upper ureteral | 9.4/10.4 1620 | TamsulosinOdmg/ | 55/ 15 days
non-Placebo
Tamsulosin 0.2 mg/

Choi, 2008 32/31/33 | Korea 25/26/25 48.0/45.2/459 | Ureteral 7.6/7.3/7.4 1/1/1 Nifedipine 30mg/ | 84/68/61 | 2 weeks
non-Placebo

Gravas, 2007 30/31 Greece 18/20 48.8/49.2 Distal ureteral 8.3/8.5 /1 Tamsulosin 0.4mg/ | 55,5 2 weeks
non-Placebo

Kupeli, 2004 24/24 Turkey NA 0.7/43.1 Lower ureteral | 8.2/8.6 11 Tamsulosin 0.4mgf | ;) 55 15 days
non-Placebo

Table 1. Characteristics of included studies which the durations of follow-up were less than or equal to 15
days. Stone size and SWL sessions was presented as the mean or range value. Pts = patients; SWL = shock wave
lithotripsy; SFRs = stone-free rates; NA = not available.

Risk of bias assessment. Two review authors (Yang and Chen) independently evaluated all relevant clin-
ical studies for methodological quality. Each review author performed this assessment using The Cochrane
Collaboration’s Risk of Bias tool, which included quality of random allocation concealment, description of
dropout and withdrawal, intention-to-treat analysis, and blinding procedures for treatment and outcome
assessments®’. A third reviewer resolved any disagreements by discussion (Liao). We synthesized qualitative
information using Review Manager, version 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, http://tech.cochrane.org/revman).

Statistical analysis. The primary outcome was the number of patients with successful stone expulsion
before the time point of interest. We subdivided the outcome data into three groups according to the duration of
follow-up as follows: <15 days (group 1); >15 but <45 days (group 2); and >45 but <90 days (group 3).

Statistical analysis was performed with Stata SE 14 (Stata Corp, College Station, TX, USA). A standard net-
work model for two-category data was established and consistency analysis was performed in each subgroup.
Primary outcomes were gauged by the standard network model; the mean differences with 95% Cls (confidence
interval) of each intervention compared with control or any two interventions compared with each other were
worked out. If the 95% CI was above or under than 1.00, then the difference was statistically significant (p < 0.05).

We used the surface under the cumulative ranking (SUCRA) probabilities to assess the efficacy of different
drugs, which is a common method used in network meta-analysis. SUCRA expresses a percentage representing
the efficacy of every intervention compared with an imaginary intervention that is the best without uncertainty.
A higher SUCRA score indicates a more probability to be effective.

Tau was used to assess the risk of bias in each model. Tau < 1 means that there is a low risk of bias in the model.

Result

The final analysis here included 26 studies with 5 interventions (tamsulosin, terazosin, doxazosin, nifedipine and
rowatinex) compared with placebo or non-placebo on a total of 2775 patients®=*?. Ten studies reported expulsion
results with follow-up duration <15 days (Table 1), for 16 studies the follow-up duration was >15 but <45 days
(Table 2), and for 10 studies it was >45 but <90 days (Table 3). The details of the risk of bias are shown in Fig. 2.

The average SFRs for the included studies in group 1, 2 and 3 were 43.5%, 59.2% and 75.9%, respectively. The
intervention studied by most trials was tamsulosin with 21 studies of 1025 patients, while doxazosin, nifedip-
ine, terazosin and rowatinex were examined in 3 studies of 137 patients, 3 studies of 106 patients, 1 study of 35
patients and 2 studies of 156 patients, respectively. Placebo was employed in 7 studies of 439 patients, while the
other 19 studies of 877 patients had a non-placebo control.

The average SFRs for placebo in group 1, 2 and 3 were 29.8%, 43.5% and 54.4%, while those for non-placebo
were 40.7%, 57.0% and 72.6%, respectively. As for each medical therapy, the average SFRs for tamsulosin were
57.6%, 72.1% and 84.8%, while those for rowatinex were 19.9%, 37.8% and 67.9% in the same groups, respectively.
The results for terazosin in group 2 and 3, doxazosin in group 2, and nifedipine in group 3 were not available, so
only the available results were analysed. Terazosin had an average SFR of 80% in group 1, doxazosin had ones of
94.3% and 91.2% in group 1 and 3, and nifedipine had ones of 67.7% and 62.7% in group 1 and 2, respectively.
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Tamsulosin
Mohamed, 2013 65/65 Egypt 41/39 40.1/43.8 Ureteral 5-15 1-3 0.4mg/non- 85/89 30 days
Placebo

Tamsulosin
Park, 2013 44/44 Korea 29/28 46.2/47.6 Proximal ureteral 9.2/9.6 1/1 0.2mg/non- 84/66 3 weeks
Placebo

Tamsulosin
11.1/10.5 1.5/1.9 0.4mg/non- 55/46 3 weeks
Placebo

Renal and upper

Elkoushy, 2012 63/63 Egypt 44/39 52.8/49.4 ureteral

Tamsulosin
Georgiev, 2011 99/87 Bulgaria 67/54 54/51 Renal and ureteral | 5-20 1-2 0.4mg/non- 74156 4 weeks
Placebo

Rowatinex

Romics, 2011 106/98 Germany 62/53 51/48 Renal 3-20 171 300 mg/Placebo

44/30 4 weeks

Tamsulosin
Singh, 2011 59/58 India 44/41 32.2/36.0 Upper ureteral 6-15 172 0.4mg/non- 85/71 1 months
Placebo

Tamsulosin
0.4mg/
Nifedipine
20mg/Placebo

Vicentini, 2011 38/35/38 Brazil 16/18/24 47.3/48.6/45.7 Renal 10/10/12 1/1/1 61/49/37 30 days

Tamsulosin
Hussein, 2010 67/69 Egypt 40/45 44/40 Renal 4-24 1-2 0.4mg/non- 46/32 1 months
Placebo

Rowatinex

Djaladat, 2009 50/50 Iran 30/29 38.3/40.9 Renal 10-20 11 300 mg/Placebo

24/18 4 weeks

Tamsulosin
Kobayashi, 2008 38/34 Japan NA 56.8/52.3 Ureteral 10.61/9.85 | 1/1 0.2mg/non- 84/88 28 days
Placebo

Tamsulosin
Naja, 2008 51/65 India 36/43 37.1/39.4 Renal 12.1/13.1 1.66/2.16 0.4mg/non- 53/31 3 weeks
Placebo

Tamsulosin

Bhagat, 2007 29/29 America 22/24 35.9/42.3 Renal and ureteral | 6-24 171
0.4 mg/Placebo

97179 30 days

Tamsulosin
Gravas, 2007 30/31 Greece 18/20 48.8/49.2 Distal ureteral 8.3/8.5 1/1 0.4mg/non- 63/52 4 weeks
Placebo

Tamsulosin
Resim, 2005 32/35 Turkey 21/22 39/37 Lower ureteral 21/20 N/A 0.4mg/non- 75166 6 weeks
Placebo

Tamsulosin
Gravina, 2005 65/65 Italy 28/29 48.4/47.9 Renal 14.2/14.6 1/1 0.4mg/non- 55/46 4 weeks
Placebo

Nifedipine
Porpiglia, 2002 40/40 Italy 27/25 50/46 Ureteral 11.6/10.1 1/1 30mg/non- 75150 45 days
Placebo

Table 2. Characteristics of included studies which the durations of follow-up were greater than 15 days but less
than or equal to 45 days. Stone size and SWL sessions was presented as the mean or range value. Pts = patients;
SWL = shock wave lithotripsy; SFRs = stone-free rates; NA = not available.

A preliminary network meta-analysis was conducted among tamsulosin, placebo and non-placebo inter-
ventions without subdivision according to the time point of interest, to determine whether the placebo and
non-placebo interventions could be pooled together. The results showed that there was no significant difference
between placebo and non-placebo (p >0.05). The SUCRA ranking was: tamsulosin > placebo > non-placebo
(99.4, 0.6 and 0, respectively). Then, the following analyses were conducted using a control group that consisted
of the placebo and non-placebo interventions.

The network meta-analyses were conducted in each subgroup. In group 1, doxazosin had the highest SUCRA
rank which was the first possibility to be effective; however, its mean difference was not statistically significant
when compared with control (p > 0.05), since a relative small number of patients were included in doxazosin
intervention resulting in a relative large scale of 95% CI. Tamsulosin and rowatinex had the second and third
SUCRA rank and their mean difference were statistically significant when compared with control (p < 0.05).
Terazosin and nifedipine had lowest SUCRA rank which were the least likely to be effective. The SUCRA outcome
showed the following efficacy ranking: doxazosin > tamsulosin > rowatinex > nifedipine > terazosin > control
(Fig. 3).

In group 2, all involved interventions (tamsulosin, nifedipine and rowatinex) had SFRs that were significantly
better than that in the control group (p < 0.05). They had almost the same SUCRA rank with similar possibility
to be effective (Fig. 4).

In group 3, all involved interventions (tamsulosin, doxazosin and rowatinex) were associated with significantly
better outcomes compared with control (p < 0.05). Doxazosin had the highest SUCRA rank which was the first
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Tamsulosin
Qadri, 2014 60/60 Pakistan 41/48 39/41 Renal 11.2/10.5 1/1 0.4mg/non- 97/80 8 weeks
Placebo

Tamsulosin
0.4mg/
Zaytoun, 2012 50/50/50 | France 25/31/23 39.4/39.2/40.5 Renal 16.6/16.1/15.9 2.02/2.12/2.08 Doxazosin 92/90/84 | 3 months
4mg/non-
Placebo

Tamsulosin
5-20 1-2 0.4 mg/non- 91/75 12 weeks
Placebo

Renal and

Georgiev, 2011 99/87 Bulgaria 67/54 54/51
ureteral

Rowatinex
Romics, 2011 106/98 Germany | 62/53 51/48 Renal 3-20 1/1 300mg/ 68/50 12 weeks
Placebo

Tamsulosin
Singh, 2011 59/58 India 44/41 32.2/36.0 Upper ureteral 6-15 1/2 0.4mg/non- 92/86 3 months
Placebo

Renal and Tamsulosin

ureteral 0.4mg/Placebo 71/61 12 weeks

Falahatkar, 2011 70/71 Iran 53/52 45.5/47.0

Tamsulosin
Hussein, 2010 67/69 Egypt 40/45 44/40 Renal 4-24 1-2 0.4mg/non- 73/55 3 months
Placebo

Doxazosin
5-20 1-4 1 mg/non- 92/75 12 weeks
Placebo

Renal and upper

Alsagheer, 2008 52/53 Egypt NA 35.2/33.6 ureteral

Tamsulosin
Naja, 2008 51/65 India 36/43 37.1/39.4 Renal 12.1/13.1 1.66/2.16 0.4 mg/non- 94/85 12 weeks
Placebo

Tamsulosin
Gravina, 2005 65/65 Italy 28/29 48.4/47.9 Renal 14.2/14.6 1/1 0.4mg/non- 78/60 12 weeks
Placebo

Table 3. Characteristics of included studies which the durations of follow-up were greater than 45 days but less
than or equal to 90 days. Stone size and SWL sessions was presented as the mean or range value. Pts = patients;
SWL = shock wave lithotripsy; SFRs = stone-free rates; NA = not available.
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Figure 2. Risk-of-bias analysis: (A) Risk of bias graph: review authors’ judgements about each risk of bias item
presented as percentages across all included studies. (B) Risk of bias summary: review authors’ judgements
about each risk of bias item for each included study.

possibility to be effective; rowatinex and tamsulosin had the second and third SUCRA rank indicating that they
were less likely to be effective compared with doxazosin. The SUCRA ranking was: doxazosin > rowatinex > tam-
sulosin > control (Fig. 5).
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Rowstnex vs Control Ce 1.95(1.003.79) =
SUCRA=77.4 Rowatinex 158(0.49-505) 160 (046-5.56)  1.95(1.00-3.79)

Doxazosinvs Tamsulosin — e 162(031852)
i 0.46 (0.16,1.34)

0.47 (0.18,1.25)

0.74(0.34,1.64) SUCRA=32.2 Terazosin 1.21(0.42-347)

0.29 (0.04,1.95)

0.29(0.04,1.87) SUCRA=30.4 Control

0.46 (0.08,2.61)

Nifedipine vs Terazosin —_—— 1.01(0.254.11)

Rowatinex vs Terazosin —t— 1.60 (0.46,5.56)

Roustnexvs Nfediine e 158 (0.49,5.05)
T T T

T
0 i2 1 4.1 20

Favours [the latter]  Favours [the former]

SUCRA=58.6 Nifedipine 1.01(0.25-4.11)  1.23(0.48-3.19)
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Figure 3. Network meta-analysis and SUCRA rank of included medications for improving SFR after ESWL
which the endpoint of revisit was less than or equal to 15 days. Tamsulosin, doxazosin, terazosin, nifedipine,
rowatinex and control represented the outcome that was extracted and pooled from included studies within this
subdivided period respectively. The forest plot (A) showed each MET treatment compared with control group
or any two treatments compared with each other, and the mean difference with 95% CI of each comparison.
Those mean differences greater than 1 favored the former one of the comparison, and those mean differences
less than 1 favored the latter one. If the 95% CI was above or under than 1.00, the difference was statistically
significant (p < 0.05). The SUCRA ranks were calculated through the standard network model and listed in
order from high to low (B).

A B
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Figure 4. Network meta-analysis and SUCRA rank of included medications for improving SFR after ESWL
which the endpoint of revisit was greater than 15 days but less than or equal to 45 days. Tamsulosin, nifedipine,
rowatinex and control were involved in the forest plot (A) and the SUCRA rank calculation (B). If the 95% CI
was above or under than 1.00, the difference was statistically significant (p < 0.05).

The risk bias was low in all of the above network meta-analyses (tau* < 0.001). No consistency problems were
detected in this model (Appendix 3).

Discussion

Overcoming the absence of head-to-head comparisons between pharmacological therapies in promoting the
expulsion of urinary stone fragments after ESWL in existing studies, our network meta-analysis of 26 RCTs pro-
vides evidence for the efficacy of commonly used medications for improving SFR after ESWL. Among these,
doxazosin showed a superior recommendation level (SUCRA rank) over all other medications at the follow-up
durations of <15 days and 45-90 days. Doxazosin has the potential to be considered as the first choice of phar-
macological therapy for improving SFR after ESWL. Unfortunately, the effect of doxazosin at time point of 15-45
days was not assessed because of a lack of available data for statistical analysis. Tamsulosin and rowatinex were
shown to be effective for improving SFR after ESWL at all three time point, but the results did not support tam-
sulosin or rowatinex as the best choice due to relatively low recommendation levels. In addition, tamsulosin
seemed to have a decreased trend of efficacy over the duration of follow-up; its SUCRA score dropped from 77.4
at 15 days to 49.1 at 90 days, which represented a change from being higher than that of rowatinex to being lower
than it. Nifedipine did not show effectiveness at a time point of less than 15 days, but could improve the SFR after
ESWL at 45 days, almost the same as tamsulosin, indicating that the relaxation and dilation effects of nifedipine
on ureteral smooth muscle were slow. Terazosin did not show effectiveness at a follow-up duration of less than
15 days with only one included RCT, which studied lower ureteral stone MET after ESWL. As a pharmacological
therapy for upper ureteral or renal stone fragments after ESWL, the efficacy of terazosin is unknown.
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Figure 5. Network meta-analysis and SUCRA rank of included medications for improving SFR after ESWL
which the endpoint of revisit was greater than 45 days but less than or equal to 90 days. Tamsulosin, doxazosin,
rowatinex and control were involved in the forest plot (A) and the SUCRA rank calculation (B). If the 95% CI
was above or under than 1.00, the difference was statistically significant (p < 0.05).

These results provide a very wide perspective about the expulsion of stone fragments after ESWL with or
without medications. Normally, stone fragments generated by ESWL are smaller than 4 mm and tend to pass
spontaneously through the ureter without the influence of any drug'. The fragment size is an important factor
that determines the passage of a stone through the narrowest part of the ureter’®. If the stone fragments are
slightly larger, then the expulsion is often accompanied by colic and lower urinary tract symptoms, sometimes
lasting several days, which cause discomfort. If the stone fragments are larger than 6 mm, or any ureteral status
such as oedema or spasm occurs, the fragments may not pass the ureter and repeat treatment or a secondary pro-
cedure will be needed. For the two hypothetical conditions above, MET after ESWL provides two possible sources
of efficacy: accelerating the process of expulsion or improving the SFR.

A single RCT often focuses on the effectiveness of one or two medications within a certain period. According
to its design, it can precisely resolve the issue of whether these medications can improve the SFR compared with
a placebo or watchful waiting. However, what if a medication can only accelerate the process of expulsion in a
short period such as 15 days, but does not improve the SFR in a long period such as 30 days or more? In this case,
an analysis for a short time will lead to the conclusion that the medication worked, but an analysis at the end will
result in the conclusion that it was useless. Pickard and colleagues’ used the double-blind, randomized, controlled
method to the extreme, taking outcomes that were closest to clinical practice, leading to the conclusion that the
drugs were ineffective for stone expulsion at the time of the outcome, but neglected the possibility that the drugs
may result in acceleration of the process of expulsion before the endpoint of 4 weeks. Here, it should be pointed
out that the effect of accelerating the process of expulsion should also be considered to represent efficacy because
it can reduce the duration of discomfort and symptoms, such as lower urinary tract symptoms and pain, and may
even reduce the incidence of complications such as steinstrasse. In our study, available data of the use of medica-
tions for improving SFR after ESWL were pooled together. We attempted to subdivide these results into different
follow-up durations, taking advantage of network meta-analysis to indirectly compare multiple treatments, which
can better explain the existing controversy about MET and provide a guide for using medications after ESWL.

Selective al-adrenoceptor antagonist has a certain rapid effect for promoting the expulsion of stone frag-
ments. It is well established that the density of al-adrenoceptors is higher in the distal ureter®*!. Studies have also
shown that tamsulosin acts on o, and o, p receptors in the lower ureter, prevents spasm by relaxing the smooth
muscle of the ureter, reduces proximal ureteral pressure and acts on the C-fibres blocking pain conduction*>*.
Moreover, Tamsulosin has little effect on blood pressure, while doxazosin and terazosin can lead to orthostatic
hypotension*#; this is because tamsulosin is highly selective for the o, 4 receptor, which is specifically located in
the urinary system, while doxazosin and terazosin have low selectivity for a1-adrenoceptor subtypes. The current
study demonstrated that doxazosin had a higher SUCRA score than tamsulosin for improving SFR after ESWL. A
possible hypothesis to explain this is that high selectivity on al-adrenoceptor subtypes of tamsulosin may result
in lower efficacy of blocking than subtypes of doxazosin with low selectivity. Our data indicate that doxazosin can
improve the SFR after ESWL, while tamsulosin may result more in acceleration of the process of expulsion after
ESWL. This is because the SUCRA rank of tamsulosin dropped from 77.4 at 15 days to 49.1 at 90 days, indicating
that more stone fragments may be passed spontaneously in the long term without the influence of medication.
Our data also demonstrated that terazosin had no impact on improving SFR after ESWL at 15 days; however,
more well-designed RCTs should be performed to investigate the efficacy and safety of doxazosin and terazosin
for promoting the expulsion of stone fragments.

Calcium channel blockers have also received wide attention for their efficacy at promoting the expulsion of
urinary stones, because smooth muscle contraction is directly caused by an increase in calcium concentration.
Nifedipine also relaxes the ureter®, leading to less pain', but Davenport and colleagues*® performed an interest-
ing study showing that nifedipine could not reduce the contraction frequency of the ureter and could not main-
tain ureteric pressure at a relatively low level as well as tamsulosin could. The current consensus is that nifedipine
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has an effect of promoting the expulsion of ureteral stones but is not superior to tamsulosin, either in improving
SFR or in reducing expulsion time*’. Our data confirmed that nifedipine could not improve the SFR after ESWL
at a follow-up duration of less than 15 days, but was effective upon drug therapy for more than 30 days. This
indicated that the relaxing and dilatory effects of nifedipine on ureteral smooth muscle occurred later than for
a-adrenoceptor antagonist, meaning that nifedipine may have less potential to reduce the discomfort of patients
who are suffering ureteral calculus compared with tamsulosin.

Rowatinex is an essential oil preparation of terpene composed of pinene (3%), camphene (15%), borneol
(10%), anethol (4%) and cineol (3%) in olive oil, which has been suggested for the treatment of urolithiasis and
other urological problems®>*. It was assumed to improve renal blood flow, thus giving rise to increased urine
excretion, and to have antispasmodic effects to facilitate the passage of urinary stones®. In contrast to other
medications, the mechanism of rowatinex for promoting the expulsion of stone fragments is a combined effect
and cannot be clearly outlined; nevertheless, clinical data showed that it is not only a valuable drug used for
urolithiasis, but also has spasmolytic and anti-inflammatory properties'®. The current study demonstrated that
rowatinex had a relatively stable SUCRA score from 1-week to 12-week follow-up after ESWL. It was even better
than tamsulosin at the time point of 90 days after ESWL, but more studies are needed to investigate that effec-
tiveness further.

Some limitations of the present network meta-analysis should be mentioned: (1) The outcome data were
subdivided into three groups according to the follow-up duration with the intent of exploring the effect of these
medications over time. However, there were no data for terazosin at 45 and 90 days, doxazosin at 45 days and
nifedipine at 90 days after ESWL in the existing literature. Hence, the conclusion that doxazosin has potential
to be the first choice or to be better than other medications for improving SFR after ESWL still requires more
well-designed RCTs to be confirmed. In addition, the long-term efficacy of nifedipine or terazosin as MET after
ESWL is still unclear. (2) Among 2775 patients in 26 RCTs that we included, 1025 patients in 21 RCTs were
assigned to tamsulosin intervention, while only limited studies focused on doxazosin, nifedipine, terazosin and
rowatinex, with only 137 patients in 3 RCTs, 106 patients in 3 RCTs, 35 patients in 1 RCT and 156 patients in 2
RCTs, respectively. Thus, because of the weight relationship in network meta-analysis, the outcome of interven-
tions with very few objects may be affected by calculating with an intervention with vast objects through the
network meta-analysis model. Therefore, more studies are needed before a definitive conclusion about the effect
of MET after ESWL can be drawn. (3) Although no problems with consistency were detected here, the SFR ranged
from 4% to 89% in the control group and from 15% to 97% under medical interventions. The reason for this was
that cases with a wide range of locations of stones from the kidney to the distal ureter were included, and different
criteria regarding how stone clearance was defined were used in different studies. Thus, a potential for bias may
have been generated.

Conclusion

The current network meta-analysis demonstrated that tamsulosin, doxazosin, nifedipine and rowatinex are effec-
tive for promoting the expulsion of urinary stone fragments after ESWL, of which a-adrenoceptor antagonists are
better than calcium channel blockers, especially at a short expulsion time. Among three types of a-adrenoceptor
antagonists, doxazosin can improve the SFR after ESWL in the long term, while tamsulosin may result more in
accelerating the process of expulsion after ESWL, but terazosin did not show any efficacy, at least in the existing
literature. Therefore, doxazosin and tamsulosin have the potential to be considered as the first choices of pharma-
cological therapy to improve SFR after ESWL, although more high-quality RCTs will be needed to evaluate the
efficacy and reliability of doxazosin compared with tamsulosin.

References
1. Kupeli, B. et al. Treatment of ureteral stones: comparison of extracorporeal shock wave lithotripsy and endourologic alternatives. Eur
Urol. 34, 474-479 (1998).
2. Poulakis, V. et al. Prediction of lower pole stone clearance after shock wave lithotripsy using an artificial neural network. J Urol. 169,
1250-1256 (2003).
3. Dellabella, M., Milanese, G. & Muzzonigro, G. Efficacy of tamsulosin in the medical management of juxtavesical ureteral stones. J
Urol. 170, 2202-2205 (2003).
4. Hieble, J. P, Bondinell, W. E. & Ruffolo, R. R. Jr. Alpha- and beta-adrenoceptors: from the gene to the clinic. 1. Molecular biology
and adrenoceptor subclassification. ] Med Chem. 38, 3415-3444 (1995).
5. Seitz, C., Liatsikos, E., Porpiglia, E, Tiselius, H. G. & Zwergel, U. Medical therapy to facilitate the passage of stones: what is the
evidence? Eur Urol. 56, 455-471 (2009).
6. Lang, R. J., Hashitani, H., Tonta, M. A., Suzuki, H. & Parkington, H. C. Role of Ca2" entry and Ca2™ stores in atypical smooth
muscle cell autorhythmicity in the mouse renal pelvis. Br ] Pharmacol. 152, 1248-1259 (2007).
7. Pickard, R. et al. Medical expulsive therapy in adults with ureteric colic: a multicentre, randomised, placebo-controlled trial. Lancet.
386, 341-349 (2015).
8. Qadri, S. S., El Khalid, S. & Mahmud, S. M. Effects and outcome of Tamsulosin more than just stone clearance after extracorporeal
shock wave lithotripsy for renal calculi. ] Pak Med Assoc. 64, 644-648 (2014).
9. Park, Y. H., Lee, H. E., Park, J. Y,, Lee, S. B. & Kim, H. H. A prospective randomized controlled trial of the efficacy of tamsulosin after
extracorporeal shock wave lithotripsy for a single proximal ureteral stone. Korean ] Urol. 54, 527-530 (2013).
10. Mohamed, H. I. The efficacy of tamsulosin therapy after extracorporeal shock-wave lithotripsy for ureteric calculi: A prospective
randomised, controlled study. Arab J Urol. 11, 398-404 (2013).
11. Zaytoun, O. M. et al. Tamsulosin and doxazosin as adjunctive therapy following shock-wave lithotripsy of renal calculi: randomized
controlled trial. Urol Res. 40, 327-332 (2012).
12. Elkoushy, M. Adjuvant alpha adrenergic blockers: Are they equally efficient for renal and upper ureteral calculi disintegrated by
shock wave lithotripsy? African Journal of Urology. 18, 24-28 (2012).
13. Ates, F. et al. Does the use of doxazosin influence the success of SWL in the treatment of upper ureteral stones? A multicenter,
prospective and randomized study. Urol Res. 40, 537-542 (2012).
14. Vicentini, E C. et al. Adjuvant tamsulosin or nifedipine after extracorporeal shock wave lithotripsy for renal stones: a double blind,
randomized, placebo-controlled trial. Urology. 78, 1016-1021 (2011).

SCIENTIFICREPORTS |7: 14429 | DOI:10.1038/541598-017-14862-3 8



www.nature.com/scientificreports/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

Singh, S. K., Pawar, D. S., Griwan, M. S., Indora, J. M. & Sharma, S. Role of tamsulosin in clearance of upper ureteral calculi after
extracorporeal shock wave lithotripsy: a randomized controlled trial. Urol J. 8, 14-20 (2011).

Romics, I. et al. A special terpene combination (Rowatinex(R)) improves stone clearance after extracorporeal shockwave lithotripsy
in urolithiasis patients: results of a placebo-controlled randomised controlled trial. Urol Int. 86, 102-109 (2011).

Georgiev, M. L. et al. Efficacy of tamsulosin oral controlled absorption system after extracorporeal shock wave lithotripsy to treat
urolithiasis. Urology. 78,1023-1026 (2011).

Falahatkar, S. et al. Is there a role for tamsulosin after shock wave lithotripsy in the treatment of renal and ureteral calculi? ] Endourol.
25,495-498 (2011).

Wang, H., Liu, K., Ji, Z. & Li, H. Effect of alphal-adrenergic antagonists on lower ureteral stones with extracorporeal shock wave
lithotripsy. Asian ] Surg. 33, 37-41 (2010).

Hussein, M. M. Does tamsulosin increase stone clearance after shockwave lithotripsy of renal stones? A prospective, randomized
controlled study. Scand ] Urol Nephrol. 44, 27-31 (2010).

Wang, C. J., Huang, S. W. & Chang, C. H. Adjunctive medical therapy with an alpha-1A-specific blocker after shock wave lithotripsy
of lower ureteral stones. Urol Int. 82, 166-169 (2009).

Djaladat, H., Mahouri, K., Khalifeh Shooshtary, F. & Ahmadieh, A. Effect of Rowatinex on calculus clearance after extracorporeal
shock wave lithotripsy. Urol J. 6, 9-13 (2009).

Agarwal, M. M. et al. Is there an adjunctive role of tamsulosin to extracorporeal shockwave lithotripsy for upper ureteric stones:
results of an open label randomized nonplacebo controlled study. Urology. 74, 989-992 (2009).

Naja, V. et al. Tamsulosin facilitates earlier clearance of stone fragments and reduces pain after shockwave lithotripsy for renal
calculi: results from an open-label randomized study. Urology. 72, 1006-1011 (2008).

Kobayashi, M. et al. Low dose tamsulosin for stone expulsion after extracorporeal shock wave lithotripsy: efficacy in Japanese male
patients with ureteral stone. Int ] Urol. 15, 495-498 (2008).

Alsagheer, G. A., Munir, N., Anwar, A. Z. & Shaaban, A. M. Is there a role for alpha blockers after swl for renal and upper ureteral
stones? EL-Minia Med, Bull. 19 (2008).

Gravas, S., Tzortzis, V., Karatzas, A., Oeconomou, A. & Melekos, M. The use of tamsulozin as adjunctive treatment after ESWL in
patients with distal ureteral stone: do we really need it? Urological research. 35,231-235 (2007).

Bhagat, S. K. et al. Is there a role for tamsulosin in shock wave lithotripsy for renal and ureteral calculi? J Urol. 177, 2185-2188
(2007).

Resim, S., Ekerbicer, H. C. & Ciftci, A. Role of tamsulosin in treatment of patients with steinstrasse developing after extracorporeal
shock wave lithotripsy. Urology. 66, 945-948 (2005).

Gravina, G. L. et al. Tamsulosin treatment increases clinical success rate of single extracorporeal shock wave lithotripsy of renal
stones. Urology. 66, 24-28 (2005).

Kupeli, B. et al. Does tamsulosin enhance lower ureteral stone clearance with or without shock wave lithotripsy? Urology. 64,
1111-1115 (2004).

Porpiglia, E., Destefanis, P., Fiori, C., Scarpa, R. M. & Fontana, D. Role of adjunctive medical therapy with nifedipine and deflazacort
after extracorporeal shock wave lithotripsy of ureteral stones. Urology. 59, 835-838 (2002).

Choi, N.-Y,, Ahn, S.-H., Han, J.-H. & Jang, I.-H. The effect of tamsulosin and nifedipine on expulsion of ureteral stones after
extracorporeal shock wave lithotripsy. Korean Journal of Urology. 49, 150-154 (2008).

Caldwell, D. M., Ades, A. E. & Higgins, J. P. Simultaneous comparison of multiple treatments: combining direct and indirect
evidence. BMJ. 331, 897-900 (2005).

Mills, E. J., Thorlund, K. & Ioannidis, J. P. Demystifying trial networks and network meta-analysis. BMJ. 346, {2914 (2013).

Mobher, D., Liberati, A., Tetzlaff, J., Altman, D. G. & Group, P. Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement. Int J Surg. 8, 336-341 (2010).

Higgins, J. Green S. Cochrane handbook for systematic reviews of interventions version 5.1. 0. The Cochrane Collaboration, 2011.
2013.

Sorensen, C. M. & Chandhoke, P. S. Is lower pole caliceal anatomy predictive of extracorporeal shock wave lithotripsy success for
primary lower pole kidney stones? ] Urol. 168(discussion 2382), 2377-2382 (2002).

El-Nahas, A. R, El-Assmy, A. M., Madbouly, K. & Sheir, K. Z. Predictors of clinical significance of residual fragments after
extracorporeal shockwave lithotripsy for renal stones. ] Endourol. 20, 870-874 (2006).

Dawson, C. & Whitfield, H. N. The long-term results of treatment of urinary stones. Br ] Urol. 74, 397-404 (1994).

Sigala, S. et al. Evidence for the presence of alphal adrenoceptor subtypes in the human ureter. Neurourology and urodynamics. 24,
142-148 (2005).

Kinnman, E., Nygards, E. B. & Hansson, P. Peripheral alpha-adrenoreceptors are involved in the development of capsaicin induced
ongoing and stimulus evoked pain in humans. Pain. 69, 79-85 (1997).

Resim, S., Ekerbicer, H. & Ciftci, A. Effect of tamsulosin on the number and intensity of ureteral colic in patients with lower ureteral
calculus. Int ] Urol. 12, 615-620 (2005).

Kirby, R. S., Andersen, M., Gratzke, P, Dahlstrand, C. & Hoye, K. A combined analysis of double-blind trials of the efficacy and
tolerability of doxazosin-gastrointestinal therapeutic system, doxazosin standard and placebo in patients with benign prostatic
hyperplasia. BJU Int. 87, 192-200 (2001).

Porpiglia, E, Destefanis, P., Fiori, C. & Fontana, D. Effectiveness of nifedipine and deflazacort in the management of distal ureter
stones. Urology. 56, 579-582 (2000).

Davenport, K., Timoney, A. G. & Keeley, E. X. Jr. Effect of smooth muscle relaxant drugs on proximal human ureteric activity in vivo:
a pilot study. Urol Res. 35,207-213 (2007).

Ye, Z. et al. A multicentre, prospective, randomized trial: comparative efficacy of tamsulosin and nifedipine in medical expulsive
therapy for distal ureteric stones with renal colic. BJU Int. 108, 276-279 (2011).

Engelstein, D., Kahan, E. & Servadio, C. Rowatinex for the treatment of ureterolithiasis. ] Urol (Paris). 98, 98-100 (1992).

Acknowledgements

This study was supported by Grant No. 31370951 and No. 81470927 from the National Natural Science
Foundation of China, Grant No. JH2015017 from Application-oriented Foundation of Committee Organization
Department of Sichuan Provincial Party and 1.3.5 project for disciplines of excellence, West China Hospital,
Sichuan University.

Author Contributions

T.X. Yang: Project development, Data Collection, Data analysis, Manuscript writing. B.H. Liao: Project
development, Data analysis. Y.T. Chen: Data analysis. H. Li: Project development. Q. He: Data Collection. Q.Y.
Liu: Manuscript writing. K.J. Wang: Project development

SCIENTIFICREPORTS |7: 14429 | DOI:10.1038/541598-017-14862-3 9



www.nature.com/scientificreports/

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-017-14862-3.

Competing Interests: The authors declare that they have no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

M | jcense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2017

SCIENTIFICREPORTS |7: 14429 | DOI:10.1038/s41598-017-14862-3 10


http://dx.doi.org/10.1038/s41598-017-14862-3
http://creativecommons.org/licenses/by/4.0/

	A network meta-analysis on the beneficial effect of medical expulsive therapy after extracorporeal shock wave lithotripsy

	Materials and Methods

	Search strategy and selection criteria. 
	Outcome measures and data extraction. 
	Risk of bias assessment. 
	Statistical analysis. 

	Result

	Discussion

	Conclusion

	Acknowledgements

	Figure 1 PRISMA study flow diagram.
	Figure 2 Risk-of-bias analysis: (A) Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies.
	Figure 3 Network meta-analysis and SUCRA rank of included medications for improving SFR after ESWL which the endpoint of revisit was less than or equal to 15 days.
	Figure 4 Network meta-analysis and SUCRA rank of included medications for improving SFR after ESWL which the endpoint of revisit was greater than 15 days but less than or equal to 45 days.
	Figure 5 Network meta-analysis and SUCRA rank of included medications for improving SFR after ESWL which the endpoint of revisit was greater than 45 days but less than or equal to 90 days.
	Table 1 Characteristics of included studies which the durations of follow-up were less than or equal to 15 days.
	Table 2 Characteristics of included studies which the durations of follow-up were greater than 15 days but less than or equal to 45 days.
	Table 3 Characteristics of included studies which the durations of follow-up were greater than 45 days but less than or equal to 90 days.




