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Abstract

Purpose Currently, there is a lack of research comparing tadalafil treatment protocols recommended during low-intensity
shock wave therapy (LI-SWT) for patients with erectile dysfunction (ED) who are unresponsive to phosphodiesterase type 5
inhibitors (PDESi). The objective of this study is to compare the efficacy of only LI-SWT versus LI-SWT plus 5 mg tadalafil
daily versus LI-SWT plus 20 mg tadalafil alternate-day in PDES5i -resistant ED.

Materials and methods In this study, a cohort of 105 patients with PDESi-resistant ED was recruited and divided into three
groups labeled as A (only LI-SWT), B (LI-SWT plus 5 mg tadalafil daily), and C (LI-SWT plus 20 mg tadalafil alternate-day),
comprising 27, 42, and 36 patients, respectively. The patients' International Index of Erectile Function-5 (IIEF-5) scores and
the Erection Hardness Score (EHS) were evaluated at the baseline, three months and six months following the treatment.
Results After three months post-treatment, the IIEF-5 scores in group A, B, and C increased by 4.1 +0.6, 7.3 +0.6, and
8.2+ 0.6, respectively. These improvements were maintained at six months with IIEF-5 scores increasing by 3.7 +0.6,
7.3+0.6, and 8.5 +0.7 in groups A, B, and C, respectively. At 3 and 6 months post-treatment, groups B and C showed sig-
nificant improvement in IIEF-5 scores and EHS values compared to group A (p <0.001). The rate of patients with EHS >3
and IIEF-5 > 17 was significantly higher in groups B and C compared to group A, while there was no significantly different
between groups B and C.

Conclusion In patients with PDES5i-resistant ED, PDESi combined with LI-SWT is superior to LI-SWT monotherapy. The
statistical analysis failed to demonstrate any difference between two distinct tadalafil regimens when administered with LI-
SWT treatment.

Keywords Low-intensity extracorporeal shockwave therapy - Phosphodiesterase type 5 inhibitors - Resistant erectile
dysfunction - Tadalafil
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ED can lead to decreased self-esteem, decreased sexual
desire, and relationship difficulties [3]. Identifying an effec-
tive treatment for PDESis-resistant ED is crucial as it can
significantly impact a person's quality of life and relationship
satisfaction. Therefore, for individuals who do not respond
to traditional PDES5is, the search for an effective treatment
becomes even more critical. Effective treatment of ED can
help to restore sexual function, improve psychological well-
being, and enhance the overall quality of life [4]. Further-
more, early identification and management of resistant ED
can prevent the development of more severe forms of ED
and associated complications, such as decreased libido,
sexual dissatisfaction, and relationship stress [5].

Low-intensity shockwave therapy (LI-SWT) can be a
promising alternative for treating PDES5is-resistant ED [6,
7]. The effectiveness of LI-SWT alone and in combination
with tadalafil, a PDES5i, has been evaluated in several stud-
ies [8]. Despite this, information about the optimal dose of
tadalafil in combination with LI-SWT is limited. Therefore,
further research is necessary to fully understand the optimal
combination of LI-SWT and tadalafil for treating ED. For
this purpose, we compared the efficacy of three different
treatment options in patients with PDES5is-resistant ED.

Methods

The data for this retrospective cohort study were obtained
from medical records of patients who were treated for ED
between January 1, 2018, and December 31, 2022. The
study received approval from the Ankara University Eth-
ics Board under protocol number [106-397-23]. The study
included male patients aged between 45 and 65 years, who
were diagnosed with PDESis-resistant ED. PDES5is-resistant
ED had defined as a failure to achieve an erection sufficient
for intercourse with at least 3 different PDES5is at maximal
recommended doses for at least 6 months. These patients
received one of the following treatments: either only LI-
SWT, LI-SWT combined with 5 mg daily tadalafil, or LI-
SWT combined with 20 mg tadalafil administered every
alternate day. The inclusion criteria further required that
the patient's medical records contained complete data on
demographics, medical history, medications, and outcome
measures. Additionally, it was essential for the patients in
the tadalafil groups to have received regular PDESi therapy
for at least 6 months.

Patients were excluded from the study if they had a bleed-
ing disorder, were receiving anticoagulant or antiplatelet
therapy, had testosterone levels below 300 ng/dL despite
receiving replacement therapy, had previously undergone
prostate cancer therapy or pelvic surgery or had neurologic
disease or had any type of penile deformity or skin disease.
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Baseline questionnaire responses were obtained while
patients were receiving PDESi treatment before LI-SWT
treatment. All patients without contraindications for the
use of PDESi were provided with the option of PDESi
treatment in combination with LI-SWT. The choice of
PDESi, either at a daily dose of 5 mg or at a dose of 20 mg
every alternate day, was determined based on individual
patient preference.

LI-ESWT was administered to all patients at six locations
of the corpora at a frequency of two sessions per week for a
period of three consecutive weeks. After selecting eligible
patients, they were grouped according to the treatment they
received: LI-SWT only (group A), LI-SWT plus daily 5 mg
tadalafil (group B), or LI-SWT plus alternate-day 20 mg
tadalafil (group C). The groups were compared for relevant
demographic and clinical characteristics. The patients' Inter-
national Index of Erectile Function-5 (IIEF-5) scores and the
Erection Hardness Score (EHS) were assessed at baseline,
3 months post-treatment, and 6 months post-treatment. In
addition, a comparison of the three groups was conducted
based on their IIEF-5 scores, specifically the ratios of IIEF-5
scores greater than or equal to 17 and those below 17. The
cutoff value of 17 was used to distinguish between mild-
moderate and moderate ED. Similarly, the patient rates with
EHS >3 and < 3 have been compared between the groups.

LI-ESWT procedure

A standard ultrasound gel was applied, after which penis
was stretched manually to prepare for the treatment, and LI-
ESWT was performed. Low-intensity extracorporeal shock
wave (3,000 SWs, energy intensity of 0.25 mJ/mm?) was
applied to six treatment points (500 SWs each) through an
applicator: four along the penile shaft and two at the cru-
ral level. All of the studies included use the Duolith SD1
ultra (Storz Medical AG, Tagerwilen, Switzerland) for LI-
ESWT. No local or systemic analgesia was required during
the procedure.

Statistical analysis

Data were analyzed using SPSS 25.0.0.1 software (IBM
Corp., Armonk, NY, USA) and considered statistically sig-
nificant if p < 0.05. Descriptive statistics were calculated for
all variables. The chi-square test was used to test for inde-
pendence between categorical variables. One-way ANOVA
and one-way repeated ANOVA were used to test for differ-
ences between groups and paired samples over multiple time
points, respectively. Significant differences were identified
using post hoc tests where applicable. The Kruskal-Wallis
and Friedman tests were used for non-parametric data.
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Results

In this study, a total of 105 patients were enrolled, with
27 patients in group A, 42 patients in group B, and 36
patients in group C. The mean age of the patients was
56.2 + 7.4 years. It was determined that there were no sta-
tistically significant differences in demographic or char-
acteristic features, baseline IIEF-5 scores, or EHS values
between the groups. The summary of these variables is
presented in Table 1.

At 3 months post-treatment, I[IEF-5 scores increased
by 4.1+0.6, 7.3 +£0.6, and 8.2+ 0.6 in groups A, B, and
C, respectively, and these increases were sustained at
6 months with scores increasing by 3.7+ 0.6, 7.3 + 0.6,
and 8.5 +0.7 in groups A, B, and C, respectively. Statisti-
cal analysis revealed that the increase in IIEF-5 scores
was comparable between groups B and C, while being
significantly higher than that observed in group A at the
3-month and 6-month follow-ups (p=0.001 and p < 0.001,
respectively) (Table 2).

Based on the data obtained, it was observed that the
mean EHS value after a period of three and six months

Table 1 Selected variables on

Group A (n=27)

Group B (n=42) Group C (n=36) p

g . Variable
patients’ demographics and
characteristics Age,y
BMI, kg/m?
HbAlc, %

Total testosterone, ng/dl

Months of ED, n

Risk factors for ED
Diabetes (n, %)
Hypertension (n, %)
Dyslipidemia (n, %)
Ischemic heart disease (n, %)
Smoking, n

Baseline IIEF-5 score

Baseline EHS

541465 57.5+6.9 56.1+7.3 0.183
27.6+4.1 28.4+33 27.7+4 0.238
56+1 57407 59+0.7 0.209
426.1+72.5 412.6+73.9 406 +44.6 0.475
533+7.1 51.2+8.4 49.8+9.1 0.265
8 (29.6) 12 (28.6) 17 (47.2) 0.178
3(11.1) 3(7.1) 4111 0.765
4(14.8) 3(7.1) 4111 0.561
2(7.4) 4(9.5) 4111 0.919
13 (48.1) 14 (33.3) 12 (33.3) 0.390
9.5+2.6 9.9+3 9.6+3.2 0.866
1.940.6 2.1+06 21405 0.297

BMI body mass index, HbAlc glycated haemoglobin Alc, ED erectile dysfunction, /IEF-5 International
Index of Erectile Function-5, EHS Erection Hardness Score

Table 2 IIEF-5 and EHS scores, and score changes at baseline, 3 months, and 6 months

Group A (n=27) Group B (n=42) Group C (n=36) p value A-B p value A-C p value B-C

IIEF-5

Baseline 9.5+2.6 9.9+3 9.6+3.2 0.865 0.984 0.929

3 months 13.5+2.1 1725 17.8+2.4 <0.001 <0.001 0.362

6 months 132+1.7 17242 18.1+£2.9 <0.001 <0.001 0.174
A IIEF-5

3 months -baseline 4.1+0.6 7.3+0.6 8.2+0.6 0.001 <0.001 0.511

6 months -baseline 3.7+0.6 7.3+0.6 8.5+0.7 0.001 <0.001 0.314

6 months -3 months -03+05 0+0.5 0.3+0.6 0.917 0.688 0.874
EHS

Baseline 1.9+0.6 2.1+0.6 2.1+0.5 0.349 0.343 0.998

3 months 2.6+0.5 3.1+0.6 32+0.6 0.003 0.001 0.835

6 months 2.6+0.6 32+0.6 3.3+0.7 0.002 <0.001 0.824
A EHS

3 months -baseline 0.8+0.2 1.1+0.1 1.1+0.2 0.325 0.204 0.931

6 months -baseline 0.8+0.2 1.1+0.1 12+0.2 0.234 0.133 0.918

6 months -3 months 0+0.1 0.1+£0.03 0.1+0.04 0.808 0.762 0.993

IIEF-5 International Index of Erectile Function-5, EHS Erection Hardness Score
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post-treatment was considerably higher in groups B and C
in comparison to group A. This difference was found to be
statistically significant (Table 2). However, upon analyzing
the change in EHS scores at 3 months and 6 months post-
treatment, no statistically significant difference was observed
between the groups (Table 2).

Before treatment, only 17 (16.2%) patients had an EHS
of > 3. However, at 3 months and 6 months post-treatment,
the number of patients with an EHS score of > 3 signifi-
cantly increased to 86 (81.9%) and 85 (81%), respectively.
The rate of patients with EHS >3 at both the 3rd and 6th
months after treatment was found to be superior in group B
and group C compared to group A (p=0.012 and p=0.004,
respectively) (Table 3). Remarkably, in groups B and C,
the number of patients with an EHS score of >3 remained
constant at 3 months and 6 months post-treatment. Simil-
irly, before treatment, only 2 patients (1.9%) had an IIEF-5
score of > 17. However, at 3 months and 6 months post-
treatment, the number of patients with an IIEF-5 score
of > 17 significantly increased to 52 (49.5%). Notably, there
were no patients in group A with an IIEF-5 score of > 17 at
6 months post-treatment (Table 3). At 3 months, the num-
ber of patients with an IIEF-5 score of > 17 in group B and
group C was 24 (57.1%) and 26 (72.2%), respectively, and at
6 months, it was 25 (59.5%) and 27 (75%), respectively, with
no significant difference observed between the two groups
(p=0.166 and p=0.148, respectively). No significant side
effects were reported in the three groups.

Discussion

Tadalafil and LI-SWT are two different treatment options
for ED that work through different mechanisms. Tadalafil
acts by inhibiting the enzyme phosphodiesterase type 5
(PDES), which increases the levels of cyclic guanosine
monophosphate and enhances smooth muscle relaxation,
leading to improved blood flow and erectile function (EF).
LI-SWT is a non-invasive treatment that uses low-inten-
sity sound waves to improve blood flow and stimulate the
growth of new blood vessels in the penis. It can be postu-
lated as a hypothesis that combining LI-SWT with PDES5i
may lead to an improvement in EF among patients with
PDES5i-resistant ED. This hypothesis is grounded in the
potential of LI-SWT to enhance the production of nitric
oxide, promote neovascularization and improve nerve
function, which may complement the effects of PDES5i by
enhancing their absorption and efficacy [9].

There are two main tadalafil regimens that are used in
the treatment of ED. "Daily tadalafil regimen" involves
taking a low dose of tadalafil (5 mg) every day, regard-
less of sexual activity. This approach provides a continu-
ous effect of the medication and allows for spontaneity in
sexual activity. “On-demand tadalafil regimen” involves
taking a higher dose of tadalafil (10 mg or 20 mg) shortly
before sexual activity. This approach provides a more
immediate effect, but requires planning and timing of

Table 3 Comparison of

EHS >3 and IIEF-5 score> 17 Group A (n=27) Group B (n=42) Group C (n=36) p value
rates between groups EHS
Baseline 0.680
<3 24 (88.9) 34 (81) 30 (83.3)
>3 3(11.1) 8 (19) 6 (16.7)
3 months 0.012
<3 10 (37) 5(11.9) 4(11.1)
>3 17 (63) 37 (88.1)ara> 32 (88.9)
6 months 0.004
<3 11 (40.7) 5(11.9) 4 (11.1)
>3 16 (59.3) 37 (88.1) 32 (88.9)
IIEF-5
Baseline 0.180
<17 27 (100) 42 (100) 34 (98.1)
>17 0(0) 0(0) 2 (5.6)
3 months <0.001
<17 25 (92.6) 18 (42.9) 10 (27.8)
>17 2(7.4) 24 (57.1) 26 (72.2)
6 months <0.001
<17 27 (100) 17 (40.5) 9 (25)
>17 0@ 25 (59.5) 27 (75)

EHS Erection Hardness Score, IIEF-5 International Index of Erectile Function-5
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sexual activity. In general, both the daily and on-demand
regimens have been shown to be effective in improving
EF and achieving successful sexual intercourse [10]. In a
meta-analysis of 21 randomized controlled trials (RCTs)
involving over 4000 men with ED, it was concluded that
tadalafil was effective in improving EF for most clinical
populations. In addition, both daily and on-demand regi-
mens showed efficacy in treating ED without one dose
regimen being superior to the other [11]. The choice of
regimen may depend on individual patient factors, such as
sexual frequency and personal preference. While there are
studies comparing different tadalafil regimens such as the
studies mentioned, none of these studies were conducted
with the specific aim of exploring the optimal dosage of
tadalafil in relation to the administration of LI-SWT.

Alternate-day tadalafil treatment is not a commonly
recommended regimen for the treatment of ED. However,
some studies have shown that alternate-day dosing may be
effective with less advers events for some patients, particu-
larly those who experience adverse effects with on-demand
dosing [12]. In a recent study, the safety and effectiveness
of using 20 mg of tadalafil every three days to treat ED in
diabetic men were examined. The results emphasized the
promising and safety nature of this treatment regimen. The
study found that 20 mg of tadalafil every three days signifi-
cantly improved the IIEF-5 score, with a mean change of 7.1
points. The study also emphasized that tadalafil was well-tol-
erated, with a partially low incidence of adverse events [13].

LI-SWT has been shown to improve both EHS and IIEF-5
scores in the treatment of ED, according to several meta-
analyses. A meta-analysis published in 2020 included 15
studies with a total of 987 non-responder to PDEi5 patients
and found that LI-SWT significantly improved both EHS and
IIEF-5 scores [14]. Similarly, our study revealed a statisti-
cally significant increase in the IIEF-5 score and EHS among
patients with PDESi-resistant ED who were treated with
LI-SWT alone. However, the clinical significance of this
increase in erectile capacity is questionable, as there were
no patients who achieved an IIEF-5 score of > 17, despite
the EHS > 3 rate increasing to 59.3% in the LI-SWT-only
group (which was close to 90% in the tadalafil groups) after
6 months of follow-up. Furthermore, it appears imperative to
conduct additional research on combination therapies to be
utilized in combination with LI-SWT to enhance the efficacy
of LI-SWT and attain maximal erectile capacity.

In recent years, researchers have suggested that combin-
ing different therapies with LI-SWT can improve LI-SWT
effectiveness. For instance, a study showed that the combina-
tion of Li-ESWT with stem cell therapy resulted in enhanced
formation of new blood vessels [15]. Another study reported
that the use of platelet-rich plasma plus LI-FESWT was more
effective than using LI-ESWT alone [16]. Nevertheless, in
order to obtain decisive evidence, it may be imperative to

validate the outcomes of these studies by conducting further
investigations utilizing analogous methodologies in a more
extensive patient population. In addition, one of the most
commonly used approaches in combination therapy with LI-
SWT is LI-SWT along with tadalafil.

Several studies have reported positive results with LI-
SWT plus PDES5i in patients with ED who are non-respon-
sive to PDES5i therapy. A double-blind RCT involving 58
patients found that those who received LI-SWT plus PDE5i
had a significant improvement in their IIEF-5 score com-
pared to the sham group. The mean increase in IIEF-5 score
was 5 points in the LI-SWT group compared to 0 points in
the sham group. In the LI-SWT group, 54.1% of patients
achieved an erection hard enough for vaginal penetration
[17]. In contrast to our study, this study did not include a
patient group receiving LI-SWT alone. Instead, the study
incorporated a sham treatment combined with the PDES5i
group. Bechara et al. [18] investigated the long-term effec-
tiveness and safety of LI-SWT in 50 patients with ED who
did not respond to PDES5i treatment. The results showed
that 60% of patients had a positive response to LI-SWT,
and the response was maintained for 12 months in %91.7
of responder-patients. Although the patients in this study
were administered PDESi treatment at either the maximum
recommended dose or a daily dose consistent with the estab-
lished protocol, the impact of this variable on treatment
outcomes was not specifically examined. Verze et al. [19]
reported that in patients with Type 2 Diabetes Mellitus and
ED, the combined approach of administering tadalafil 5 mg
once daily along with a protocol involving 2400 shockwaves
of LI-SWT resulted in significant advantages in terms of
improvement in IIEF-5 score, as compared to administering
tadalafil 5 mg alone per day.

In a another investigation involving PDES5i non-respond-
ers, patients underwent assessment during a follow-up visit
after one month of LI-SWT treatment. Subsequently, an
active PDESi medication was administered until the final
follow-up assessment. IIEF-5 scores were reported for the
pre-treatment phase, the phase after LI-SWT, and the phase
after the administration of a PDES5i. The scores were 8.8,
12.3, and 18.8, respectively, and improvement in IIEF-5
scores with PDESi treatment was remarkable. Each patient
was provided with a PDESi medication regime consisting
of four tablets, which was selected based on their individual
preferences, but no information was provided as to which of
the selected regimens was more beneficial [20]. In another
study comprising ED patients who were unresponsive
to PDES5is, a dose of 2.5 mg tadalafil was recommended
as the only option PDESi regimen at four weeks follow-
ing LI-SWT. The average EHS demonstrated a noteworthy
improvement in 35% of patients one month after LI-SWT,
and in 50% of patients at two and six months after the pro-
cedure. The addition of a daily dose of 2.5 mg tadalafil to
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the treatment notably elevated the EHS scores of PDESi-
unresponsive ED patients [21].

The aforementioned studies have reported that improved
EF was achieved when all patients maintained tadalafil
treatment on demand or daily while undergoing LI-SWT.
However, it is noteworthy that there exists a dearth of infor-
mation concerning the relative efficacy of different tadala-
fil regimens. As a significant aspect of our study, patients
were stratified into two groups, which received different
treatment regimens consisting of tadalafil, in addition to
the LI-SWT alone treatment group. Our findings suggest
that although the improvement in EF was somewhat more
prominent in the group that received the maximum dose of
tadalafil alternate day compared to the group that received
daily treatment, this difference was not statistically signifi-
cant. Therefore, it would be more appropriate to recommend
any PDES5i regimen to be combined with LI-SWT rather
than treating patients with LI-SWT alone. It is important to
note that while we emphasize that there is currently no dif-
ference between the two PDESi regimens, the outcomes of
future prospective studies with a substantial patient cohort,
comparing different PDES5i regimens for combination with
LI-SWT, may alter these results.

Our current study may have several limitations. The non-
randomise and retrospective nature of the study and the rela-
tively limited sample size may represent potential limita-
tions. Furthermore, it is imperative to acknowledge that our
study also bears the limitations of a relatively short follow-
up period and an unequal distribution of patients across the
distinct groups.

Consequently, in patients with ED who are unresponsive
to PDESi monotherapy, combining PDES5i therapy with
LI-SWT is more effective than LI-SWT treatment alone.
Although no statistical difference was observed between two
different tadalafil regimens combined with LI-SWT treat-
ment, the group receiving 20 mg of tadalafil every other day
exhibited a greater improvement in IIEF-5 score and EHS
compared to the daily 5 mg tadalafil group. This finding
suggests that the observed difference may become statisti-
cally significant with an increase in the number of patients
enrolled in the study. Further investigations using different
tadalafil regimens and larger patient populations are war-
ranted to validate these results.
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