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Abstract
Objective

Extracorporeal shock wave lithotripsy (SWL) is a key treatment for urinary stones, breaking them into
fragments that can be naturally passed. Our goal was to evaluate the effectiveness of adding tadalafil to
Tamsulosin for improving stone expulsion after SWL.

Methods

After SWL, 160 patients with kidney or proximal ureter stones were randomly divided into two groups.
One group received Tamsulosin and a placebo, while the other received Tadalafil and Tamsulosin. They
were compared based on stone-free status, pain duration and intensity, hematuria, analgesic use, and
remaining stone size.

Results

160 patients (mean age 47.16 = 14.37 years; mean stone size 11.87 + 3.88 mm), the mean stone
passage time after shock wave lithotripsy (SWL) was 2.56 + 1.05 days in the treatment group and 2.80
1.17 days in the control group (P = 0.180). Pain duration post-SWL was similar, with the treatment group
experiencing 2.66 + 1.68 days and the control group 2.07 + 3.03 days (P = 0.226). The total pain score
was significantly lower in the treatment group (5.80 * 5.02) than in the control group (8.57 +8.44) (P =
0.019). Patients taking tadalafil had hematuria for 2.55 + 1.52 days, compared to 3.13 + 1.54 days in the
control group (P = 0.018). There were no significant differences in analgesic use duration, residual stone
size, or other side effects (P =0.207 and P = 0.408). Stone-free status was achieved in 49 patients
(61.3%) in the control group and 53 patients (66.3%) in the treatment group (P =0.511).

Conclusion

Adding Tadalafil to Tamsulosin does not affect stone passage; however, it decreases pain and hematuria
after SWL with negligible additional side effects.

Clinical Trial Registry:

The study was registered in the Iranian Registry of Clinical Trials (IRCT) with registry number of
IRCT20240515061806N1 on 2024/08/07.

Introduction
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Urinary stones or urolithiasis affects one in every 11 people in the United States, hence, is accounted as
a prevalent disease that can present with significant pain and dangerous sequelae [1]. This condition
imposes an annual DALY (Disease-Adjusted Life Years) of 0.6 million years [2]. The migration of renal
stones is accompanied by flank pain that usually prompts medical management with analgesics [3, 4].
However, in case of larger stones medical expulsive therapy can be utilized. The most commonly used
agent for Medical Expulsive Therapy (MET) is oral Tamsulosin [5, 6]. For stones larger than 10 mm
procedural interventions are required [3].

There are multiple procedures such as Extracorporeal Shockwave Lithotripsy (SWL), ureteroscopy, and
Percutaneous Nephrolithotomy. SWL is commonly used in stones smaller than 15 mm, with a density
less than 800 Hounsfield Units (HU), and a Stone-to-Skin Distance (SSD) of less than twelve centimeters.
[7]. In this method, high-energy shock waves are exerted on the stone breaking it into smaller fragments
that are then spontaneously expulsed from the urinary tract [8]. In some centers, alpha-blockers like
Tamsulosin are prescribed after SWL [9]. Novel studies have shown that Phosphodiesterase inhibitors
(PDEIs) can also be used. [10-13].

Tadalafil, (a Phosphodiesterase-5 Inhibitor) has shown efficacy in distal ureteral stone expulsion [10].
Previous literature has revealed that this drug combined with Tamsulosin can enhance SWL results in
stones less than 20 mm located in lower calyx, reducing further surgical interventions and complications
[14]. However, to implement such results in clinical guidelines, further research is needed; Herein, we aim
to compare the efficacy of Tamsulosin and Tadalafil versus Tamsulosin alone in stone expulsion after
SWL.

Methods and materials

This study followed a double-blinded, placebo-controlled parallel randomized clinical trial protocol with
1:1 ratio. The target population was patients with urinary stones referred to urology clinics or emergency
departments of Kerman University of Medical Sciences.

Based on a similar study by Neeli et al. [14] for comparison of Tamsulosin alone or in combination with
Tadalafil in stone expulsion after SWL, considering a type | error of 0.05 and a study power of 80%, and a
drop-out rate of 5%, the minimal sample size for the study to be statistically reliable would be 80 in each
group (160 patients in total). The following formula was used in this calculation:

>2 py (1 —p;) +py (1 —py)

(2 + 25
2
’ (py — p2)

p;=0.725, p, = 0.901

The inclusion criteria were: Patients above 18 years old, with urinary stones of 5-20 mm in the kidney or
the proximal ureter, having a normal renal function tests and coagulation panel. The exclusion criteria in
our study were: Patients younger than 18 years old, pregnancy, coagulation disturbances, creatinine
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clearance less than 50 mL/min, hepatic impairment, need of emergent surgical intervention for urinary
obstruction, having a positive urine culture, patients with coexistent multiple ureteral stones, Stone-to-
Skin distance more than 12 cm, previous history of unsuccessful SWL, history of uncontrolled
hypertension, ischemic heart disease, use of nitrates, having a systolic blood pressure less than 90
mmHg at the time of presentation, cataract, history of hypersensitivity to Tamsulosin or Tadalafil, severe
back pain or gastrointestinal problems during treatment, priapism, unwillingness to participate in the
study or lack of adequate cooperation.

After proper explanation of the study course, a written consent including statements about anonymity,
voluntary participation, and the right to withdraw from the study was sought from the patients, those
who fulfilled the study criteria entered the study. The patients were informed that they could exit the
study as they wished and it was asserted that the authors would be responsible for any adverse reaction
to the treatment. The patients were asked to collect their urine in translucent containers and evaluate
their urine regarding color and stone expulsion. The patients were also asked to register their pain level
and use of analgesics in a form.

Participants were instructed how to use a visual analogue scale and for assurance of complete and
correct filling of the forms frequent calls were made with the patients. Patients were instructed to visit
the urology clinic in case of any adverse effects including fever, headache, hypotension, fatigue,
dermatologic rash, intractable nausea and vomiting, decreased urinary volume, severe flank pain, and
possibility of pregnancy.

The Dornier HM3 Lithotripter (Dornier MedTech, Wessling, Germany) was used. Shockwaves were
delivered at a rate of 60—90 shocks/min to a maximum of 3000 shocks per session. The therapeutic
power was started from 12 kV and increased stepwise up to 18 kV. Stones were fragmented under
fluoroscopic/ultrasonic guidance.

After SWL, participants were randomly divided into two groups using www.randomization.org website
and by a permuted blocks method using blocks of eight-patient size. The sequences for the patient
groups were written on paper and placed in envelopes to ensure allocation concealment. One of the
groups received 0.4 mg of Tamsulosin every night and 5 mg of Tadalafil every day and the other group
received 0.4 mg of Tamsulosin every night and a placebo every day. All of the drugs were handed over to
patients in containers labeled A and B. The placebo was made by the Pharmacy School of Kerman
University of Medical Sciences with physical attributes the same as Tadalafil. Only the pharmacist knew
about the ingredients of each container and the patients and urologist were ignorant of this matter.

After two weeks, the patients were asked to visit the clinic once again as their follow-up visit. The
patients were evaluated again using renal function tests and spiral abdominopelvic CT scan to assess
Stone-free status. Stone-free status was defined as a lack of stones larger than 3mm in patients as
assessed by a CT scan. The forms of pain level and stone expulsion were collected in the follow-up visit.
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The data were then entered into IBM SPSS version 24.0 for statistical analysis. The qualitative variables
were reported as frequency and percentage and the quantitative variables were reported as mean and
standard deviation. Comparison was done using chi-squared test for qualitative variables and
independent two-sample T test or Mann-Whitney U test for quantitative variables as appropriate. P-
values less than 0.05 were considered statistically significant.

This prospective study respected the principles of the Helsinki Declaration of Ethics in Biomedical
Research. The study was conducted with the approval of the ethics committee of Kerman University of
Medical Sciences (IR.KMU.AH.REC.1403.050). The trial was also registered in the Iranian Registry of
Clinical Trials (IRCT) with registry number of IRCT20240515061806N1.

Results

In the study period from March 2023 to March 2024, 893 patients with urinary stones were evaluated, of
whom 249 patients needed SWL. From these 249 patients 38 patients were excluded due to comorbidity,
concomitant infection, obstructive uropathy, young age, pregnancy, or morbid obesity. Furthermore, 48
patients did not consent to participate in the study, and three patients did not refer for their follow-up
visit. Figure 1 shows the flowchart of the study population. A total of 160 patients entered the study of
whom 98 patients (61.3%) were male and 62 (38.8%) were female. The mean age of the participants was
47.16 £ 14.37 years old. eight patients in the Tamsulosin group and nine patients in the Tamsulosin and
Tadalafil group had two stones. Table 1 summarizes the baseline characteristics of the study population.
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Table 1
Basic variables compared between the two study groups

variable Tamsulosin Tamsulosin and Tadalafil  P-value
Gender Male 51 (63.7%) 47 (58.8%) 0.516
Female 29 (36.3%) 33(41.3%)
Number of stones  One 71 (88.8%) 70 (87.5%) 0.807
Two 9 (11.2%) 10 (12.5%)
Stone location Upper calyx 3(3.4%) 4 (4.4%) 0.942
Middle calyx 12 (13.5%) 13 (14.4%)
Lower calyx 20 (22.2%) 18 (20.2%)
Renal pelvis 33 (37.1%) 28 (31.1%)
Proximal ureter 25 (27.8%) 23 (25.8%)
Side of stone Right 44 (49.4%) 34 (37.8%) 0.116
Left 45 (50.6%) 56 (62.2%)
Previous operation 15(18.8%) 20 (25.0%) 0.339
History of hypertension 9(11.3%) 12 (15.0%) 0.482
History of diabetes 8 (10.0%) 9 (11.3%) 0.798
Age 46.85+14.562 47.46+14.252 0.788
Stone size 11.56 £3.665 12.18 £4.079 0.289

After SWL, multiple components were compared. The duration of pain was lower in patients receiving
Tadalafil, but the difference was not statistically significant (P = 0.226); however, the sums of the pain
levels in the visual analog scale was significantly lower in patients receiving Tadalafil (8.44 + 8.57 vs.
5.80+5.02, P=0.019). Those patients also experienced hematuria for shorter courses (3.13 + 1.54 days
vs. 2.5511.52, P =0.018). 49 patients out of the 80 patients receiving Tamsulosin (61.3%, 95%ClI:
49.7%-71.9%), 53 cases out of the 80 cases receiving Tamsulosin and Tadalafil (66.3%, 95%ClI:
54.8%-76.4%) reached stone-free status in their follow-up visit. These two groups did not differ
significantly in this regard (P =0.511). Table 2 summarizes the comparison of post-procedure
complaints of the patients.
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Table 2
Outcomes compared between the two study groups

Variable Tamsulosin Tamsulosin and Tadalafil  P-value
Duration of pain 3.03+2.07 2.66+1.68 0.226
Severity of pain 8.44+8.57 5.80+5.02 0.019
Duration of hematuria 3.13+1.54 2.55+1.52 0.018
Duration of analgesicuse  1.04 +1.50 0.78+1.09 0.207
Residual fragments size 4.93+4.25 4.42 +3.98 0.408
Stone-free status 49 (61.3%) 53 (66.3%) 0.511
(95%Cl: 49.7%-71.9%)  (95%Cl: 54.8%-76.4%)

A subgroup analysis was performed to compare stone expulsion in the two groups based on stone size
and location. Stone expulsion was not significantly different in the two groups in various locations.
Regarding various stone sizes, all stones less than 5 mm were passed. In the group of stones between
6-10 mm, stones expulsed in the Tamsulosin group were more, yet the difference was not statistically
significant (P = 0.431). In stones larger than 10 mm, 37 stones (72.5%) in Tamsulosin and Tadalafil and
28 stones (56.0%) in the Tamsulosin group were passed. This difference was more prominent but still
not statistically significant (P = 0.083). Table 3 summarizes the subgroup analysis.

Table 3

comparison of patients receiving Tamsulosin or combination of Tamsulosin and Tadalafil in stoe
passage in different locations or sizes.

Comparing variable Total Tamsulosin  Tamsulosin+Tadalafil P-value

Location  Upper calyx 7 (100%) 3(100%) 4 (100%) N/A
Middle calyx 18 (72.0%) 10 (83.3%) 8 (61.5%) 0.378
Lower calyx 20 (52.6%) 7 (38.9%) 13 (65.0%) 0.107
Renal pelvis 40 (65.6%) 19 (57.6%) 21 (75.0%) 0.153
Proximal ureter 36 (75.0%) 19 (82.6%) 17 (68.0%) 0.243

size 0-5mm 9 (100%) 6 (100%) 3 (100%) N/A
6—10 mm 47 (68.1%) 24 (72.7%) 23 (63.9%) 0.431
>10 mm 65 (64.4%) 28 (56.0%) 37 (72.5%) 0.083

The two groups were also compared regarding adverse effects to evaluate the safety of this medication.
No severe adverse effect was observed in the two groups. Nonetheless, mild adverse events such as
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headache, fatigue, and vertigo were present in both groups. None of which was statistically significant.
Table 4 summarizes the adverse events of treatment in the two groups.

Table 4
Treatment side effects in the two groups

Adverse event Tamsulosin  Tamsulosin+Tadalafil P-value
Headache 3(3.8%) 4 (5.0%) >0.99
Vertigo 1(1.3%) 4 (5.0%) 0.367
Fatigue 0 (0.0%) 2 (2.5%) 0.497

Discussion

In this double-blinded placebo-controlled randomized clinical trial, we attempted to assess the efficacy
of adding Tadalafil to Tamsulosin in patients with urolithiasis undergoing Extracorporeal Shockwave
Lithotripsy (SWL). In this study, we found that adding Tadalafil to Tamsulosin was not effective in
increasing stone-free status; however, this alteration in the therapeutic regimen decreased the patients’
pain and duration of hematuria.

The efficacy of phosphodiesterase-5 inhibitors was first described after the publication of a study by MS
Abdel-Kader. He showed that male patients who have sexual intercourse three to four times per week
have higher rates of stone expulsion; Therefore, suggesting that such outcome might be through the
release of release Nitric Oxide (NO). The author speculated that the drugs that increase NO release
might have beneficial effects on stone expulsion [15].

In a study by Gnyawali et al. the efficacy of Tamsulosin was compared with Tamsulosin and Tadalafil
combined in treatment of patients with distal ureteral stones. They found that patients with a mean
stone size of near seven millimeters using Tamsulosin and Tadalafil combined, have a stone-free status
of 64%, while only 50% of the cases receiving Tamsulosin alone reached stone-free status, a statistically
significant difference [13]. In our study, the difference between the two groups was not statistically
significant which might be due to different stone locations and stone sizes.

Although the difference in stone expulsion in various stone sizes was not statistically significant, the
difference was more prominent in larger stones suggesting the need for further research with larger
stones. In a study by Neeli and colleagues in 2021, the difference in stone expulsion in patients receiving
Tamsulosin alone or Tamsulosin and Tadalafil combined after SWL was significant in stone sizes larger
than 12 mm. They also concluded that adding Tadalafil minimizes the likelihood of stone street
formation [14].

To the best of our knowledge a study designed by Mahapatra et al. was the only study comparing the
efficacy of adjuvant Tadalafil and adjuvant Tamsulosin in patients undergoing SWL. It should be
Although low in sample size, The study demonstrated that stone expulsion was more significant in
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patients receiving Tadalafil, yet with more colic episodes [16]. In contrast, in our study, the simultaneous
use of Tamsulosin and Tadalafil did not enhance the patients’ stone-free status, however the patients
experienced less pain for stone expulsion. This difference in results might be due to the smaller sample
and mean stone size in the study conducted by Mahapatra et al.

Since using Tamsulosin and tadalafil together, decreased the pain level in patients, despite not affecting
stone expulsion, adding this agent to the therapeutic plan is recommended. As previously shown,
phosphodiesterase isoenzymes are scattered through the urinary tract from the ureters to the detrusor
muscles of the bladder and smooth muscle cells of the urethra [17-20]. This enzyme hydrolyses cyclic
adenylyl monophosphate (cAMP) and guanylyl monophosphate (cGMP) [21]. Thus, inhibition of
phosphodiesterase increases the cytosolic concentration of cGMP and cAMP which in turn relaxes the
smooth muscles and decreases the friction between the stone and ureteral or urethral wall which can
further decrease the pain level. This effect can also increase the likelihood of stone expulsion for larger
stones.

Regarding the safety of using Tadalafil, it is worth noting that the first generation of phosphodiesterase-5
inhibitors like Sildenafil and Vardenafil could inappropriately inhibit phosphodiesterase 5 enzymes in
eyes and cause functional decreased visual acuity, blurred vision, and hypersensitivity to light. Such
complications were not observed in cases using Tadalafil [22, 23]. Moreover, the long half-life of Tadalafil
(17.5 hours) and its long duration of action (36 hours) makes this agent superior compared to other
phosphodiesterase-5 inhibitors [22]. Prescribing this drug should be with caution in patients taking other
medications that induce or inhibit cytochrome 4A3 [24]. Cytochrome inhibitors such as Antibiotics, e.g.,
Ciprofloxacin, Clarithromycin, and Erythromycin, as well as Isoniazid (anti-TB), antineoplastic drugs such
as Tamoxifen, Irinotecan, anti-HIV agents such as Ritonavir and Delavirdine, antifungal drugs including
Ketoconazole, Itraconazole, and Fluconazole, as well as Calcium channel blockers like Verapamil and
Diltiazem, as well as grapefruit juice can increase the efficacy and adverse effects of Tadalafil [25]. On
the other hand, cytochrome inducers like Phenytoin, Phenobarbital, Carbamazepine, Rifampin, and
glucocorticoids can increase Tadalafil metabolism and decrease its efficacy [26]. Also, the potentially
dangerous interactions of phosphodiesterase-5 inhibitors with nitrates should be considered and its
prescription should be limited in those taking drugs like nitroglycerines [27].

In preclinical studies on rat models of prostatic hypoxic injury, Tadalafil could decrease the oxidative
stress in the prostate and help with repair mechanisms [28]. Thus, considering the role of Tadalafil in
repair pathways, it is speculated that using this agent can increase blood flow to the mechanical injury
site help with better repair, and decrease further adverse events like meatal stenosis; however, this
hypothesis needs further investigation.

A major drawback in our study is the lack of assessment of daily lab data especially inflammatory
markers. Also, further studies with Tamsulosin or Tadalafil alone can be performed in patients
undergoing SWL.
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Conclusion

Adding Tadalafil to Tamsulosin in patients undergoing SWL for renal and proximal ureteral stones can
reduce pain levels and hematuria. however, it does not influence the duration of stone passage.

Declarations

Acknowledgments:

This article was derived from dissertation of MH for degree of specialty in urology. The authors would
like to thank the vice chancellor of research and technology of Kerman University of Medical Sciences
for their financial support of the study.

Authors' Contributions:

AK and HP conceptualized the study. MH and MHA collected the data. AHH analyzed the data. AHH
wrote the first manuscript of the study. All of the authors read and reviewed the manuscript and made
the necessary changes. The final format of the manuscript is accepted by all of the authors.

Funding:
This work was solely financed by Kerman University of Medical Sciences.
Availability of Data and Materials:

The datasets analyzed during the current clinical trial are available from the corresponding author on
reasonable request.

Ethics Approval and Consent to Participate:

The protocol of the current study was approved by the ethics committee of the Kerman University of
Medical Sciences (approval code: IR.KMU.AH.REC.1403.051). Also, written informed consent was
obtained from the patients before study begun. The study is also registered to Iranian Registry of Clinical
Trials by the code IRCT20240515061806N1 on August 7th 2024.

Consent for Publication:
Not Applicable.
Competing Interests:

The authors declare that they have no competing interests.
References

Page 10/14



10.

11.

12.

13.

. Song L, Maalouf NM. Nephrolithiasis. [Updated 2020 Mar 9]. In: Feingold KR, Anawalt B, Blackman

MR, editors. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK279069/

. Zhang L, Zhang X, Pu Y, Zhang Y, Fan J. Global, Regional, and National Burden of Urolithiasis from

1990 to 2019: A Systematic Analysis for the Global Burden of Disease Study 2019. Clin Epidemiol.
2022;14:971-83. PMID: 35996396; PMCID: PMC9391934.

. Afshar K, Jafari S, Marks AJ, Eftekhari A, MacNeily AE. Nonsteroidal anti-inflammatory drugs

(NSAIDs) and non-opioids for acute renal colic. Cochrane Database Syst Rev. 2015;(6):CD006027.
10.1002/14651858.CD006027.pub2. PMID: 26120804.

. Gottlieb M, Long B, Koyfman A. The evaluation and management of urolithiasis in the ED: A review

of the literature. Am J Emerg Med. 2018;36(4):699-706. 10.1016/j.ajem.2018.01.003. Epub 2018
Jan 5. PMID: 29321112.

. Campschroer T, Zhu X, Vernooij RW, Lock MT. Alpha-blockers as medical expulsive therapy for

ureteral stones. Cochrane Database Syst Rev. 2018;4(4):CD008509.
10.1002/14651858.CD008509.pub3. . PMID: 29620795; PMCID: PMC6494465.

. Meltzer AC, Burrows PK, Wolfson AB, Hollander JE, Kurz M, Kirkali Z, Kusek JW, Mufarrij P, Jackman

SV, Brown J. Effect of Tamsulosin on Passage of Symptomatic Ureteral Stones: A Randomized
Clinical Trial. JAMA Intern Med. 2018;178(8):1051-7. PMID: 29913020; PMCID: PMC6082698.

. EAU Guidelines. Edn. presented at the EAU Annual Congress Milan 2023. ISBN 978-94-92671-19-6.

. Matlaga BR, American Board of Urology. Contemporary surgical management of upper urinary tract

calculi. J Urol. 2009;181(5):2152-6. 10.1016/j.juro.2009.01.023. . Epub 2009 Mar 17. PMID:
19296977.

. Falahatkar S, Khosropanah |, Vajary AD, Bateni ZH, Khosropanah D, Allahkhah A. Is there a role for

tamsulosin after shock wave lithotripsy in the treatment of renal and ureteral calculi? J Endourol.
2011;25(3):495-8. 10.1089/end.2010.0439. . Epub 2010 Dec 18. PMID: 21166579.

Bai Y, Yang Y, Wang X, Tang Y, Han P, Wang J. Tadalafil facilitates the distal ureteral stone expulsion:
a meta-analysis. J Endourol. 2017;31(6):557-63.

Shokeir AA, Tharwat MA, Abolazm AE, Harraz A. Sildenafil citrate as a medical expulsive therapy for
distal ureteric stones: A randomised double-blind placebo-controlled study. Arab J Urol.
2016;14(1):1-6.

Kc HB, Shrestha A, Acharya GB, Basnet RB, Shah AK, Shrestha PM. Tamsulosin versus tadalafil as a
medical expulsive therapy for distal ureteral stones: A prospective randomized study. Investig Clin
Urol. 2016;57(5):351-6. 10.4111/icu.2016.57.5.351. . Epub 2016 Sep 7. PMID: 27617317; PMCID:
PMC5017565.

Gnyawali D, Pradhan MM, Sigdel PR, Parajuli P, Chudal S, Poudyal S, Chapagain S, Luitel BR, Chalise
PR, Sharma U, Gyawali PR. Efficacy of Tamsulosin plus Tadalafil versus Tamsulosin as Medical
Expulsive Therapy for Lower Ureteric Stones: A Randomized Controlled Trial. Adv Urol.
2020;2020:4347598. 10.1155/2020/4347598. . PMID: 32411212; PMCID: PMC7204220.

Page 11/14



14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

Neeli S. Effect of tamsulosin versus tamsulosin plus tadalafil on renal calculus clearance after
shock wave lithotripsy: An open-labelled, randomised, prospective study. Asian J Urol.
2021;8(4):430-5. 10.1016/j.ajur.2021.03.005. . Epub 2021 Mar 26. PMID: 34765451; PMCID:
PMC8566347.

Abdel-Kader MS. Evaluation of the efficacy of sexual intercourse in expulsion of distal ureteric
stones. Int Urol Nephrol. 2017;49(1):27-30. 10.1007/s11255-016-1448-z. Epub 2016 Nov 11. PMID:
27837415.

Mahapatra SK, Mishra BM, Rana RK. Tadalafil versus Tamsulosin: As an Expulsive Therapy for
Ureteric Calculus after Extracorporeal Shock Wave Lithotripsy. J Med Sci Clin Res. 2018;6(9).

Zhang W, Zang N, Jiang Y, Chen P, Wang X, Zhang X. Upregulation of Phosphodiesterase type 5 in
the Hyperplastic Prostate. Sci Rep. 2015;5:17888. 10.1038/srep17888. . PMID: 26657792; PMCID:
PMC4674741.

Fibbi B, Morelli A, Vignozzi L, Filippi S, Chavalmane A, De Vita G, Marini M, Gacci M, Vannelli GB,
Sandner P, Maggi M. Characterization of phosphodiesterase type 5 expression and functional
activity in the human male lower urinary tract. J Sex Med. 2010;7(1 Pt 1):59-69. 10.1111/j.1743-
6109.2009.01511.x. Epub 2009 Sep 29. PMID: 19796053.

Muiller D, Mukhopadhyay AK, Davidoff MS, Middendorff R. Cyclic GMP signaling in rat urinary
bladder, prostate, and epididymis: tissue-specific changes with aging and in response to Leydig cell
depletion. Reproduction. 2011;142(2):333-43. 10.1530/REP-10-0517. . Epub 2011 Apr 21. PMID:
21511885.

Lin CS, Lau A, Tu R, Lue TF. Expression of three isoforms of cGMP-binding cGMP-specific
phosphodiesterase (PDE5) in human penile cavernosum. Biochem Biophys Res Commun.
2000;268(2):628 — 35. 10.1006/bbrc.2000.2187. PMID: 10679255.

. Rybalkin SD, Yan C, Bornfeldt KE, Beavo JA. Cyclic GMP phosphodiesterases and regulation of

smooth muscle function. Circ Res. 2003;93(4):280 — 91. doi:
10.1161/01.RES.0000087541.15600.2B. PMID: 12933699.

Porst H. IC351 (tadalafil, Cialis): update on clinical experience. Int J Impot Res. 2002;14 Suppl 1:S57-
64.10.1038/s;.ijir.3900807. PMID: 11850737.

Nivison-Smith L, Zhu Y, Whatham A, Bui BV, Fletcher EL, Acosta ML, Kalloniatis M. Sildenafil alters
retinal function in mouse carriers of retinitis pigmentosa. Exp Eye Res. 2014;128:43-56. Epub 2014
Sep 17. PMID: 25239397.

Gupta M, Kovar A, Meibohm B. The clinical pharmacokinetics of phosphodiesterase-5 inhibitors for
erectile dysfunction. J Clin Pharmacol. 2005;45(9):987-1003. doi: 10.1177/0091270005276847.
PMID: 16100293.

Zhou S, Yung Chan S, Cher Goh B, Chan E, Duan W, Huang M, McLeod HL. Mechanism-based
inhibition of cytochrome P450 3A4 by therapeutic drugs. Clin Pharmacokinet. 2005;44(3):279-304.
10.2165/00003088-200544030-00005. PMID: 15762770.

Page 12/14



26. Bauters T. Clinically Relevant Drug Interactions in HSCT. In: Carreras E, Dufour C,Mohty M, et al.,
editors. The EBMT Handbook: Hematopoietic Stem Cell Transplantation and Cellular Therapies
[Internet]. 7th edition. Cham (CH): Springer; 2019. Table 31.1,[CYP3A4 substrates, inhibitors and
inducers... Available from: https://www.ncbi.nIm.nih.gov/books/NBK553990/table/ch31.Tab1/doi:
10.1007/978-3-030-02278-5_31.

27. Kloner RA, Hutter AM, Emmick JT, Mitchell MI, Denne J, Jackson G. Time course of the interaction
between tadalafil and nitrates. J Am Coll Cardiol. 2003;42(10):1855-60. 10.1016/j.jacc.2003.09.023.
PMID: 14642699.

28. Morelli A, Sarchielli E, Comeglio P, Filippi S, Mancina R, Gacci M, Vignozzi L, Carini M, Vannelli GB,
Maggi M. Phosphodiesterase type 5 expression in human and rat lower urinary tract tissues and the

effect of tadalafil on prostate gland oxygenation in spontaneously hypertensive rats. J Sex Med.
2011;8(10):2746-60. 10.1111/j.1743-6109.2011.02416.x. . Epub 2011 Aug 3. PMID: 21812935.

Figures

Page 13/14



249 patients assessed
for eligibility

\

y

\ 4

160 patients underwent
shock wave lithotripsy (SWL)

Excluded (n = 89)

13 comorbidity
12 concomitant infection
5 obstructive uropathy
4 pediatric patients
2 pregnancy
2 morbid obesity
48 declined to participate
3 lost to follow-up

Randomized (1:1)

!

Allocated to tamsulosin

Allocated to tamsulosin

+ placebo + tadalafil
(n = 80) (n = 80)
Follow-up Follow-up
(n = 80) (n = 80)
Analyzed Analyzed
(n = 80) (n = 80)

Figure 1

flowchart of the study population
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