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T/E ratio (p < 0.01) was found with a concomitant reduc-
tion in post-void residual volume (p < 0.001) without any 
changes in the H-reflex.
Conclusions  The study demonstrates for the first time that 
daily TAD in patients with multiple sclerosis improves stor-
age symptoms, post-void residual volume, steroid hormone 
pattern and ED without urodynamic changes.

Keywords  H-reflex · Neurogenic bladder · LUTS · 
Testosterone · Estradiol

Introduction

Multiple sclerosis (MS) is most commonly diagnosed 
among patients aged 20–50  years, with a 2:1 ratio of 
women versus men [1]. It is primarily characterized by 
autoimmune demyelination that leads to reduce of neural 
conduction along axonal pathways through rostral to the 
lumbosacral level, thus reducing voluntary and supraspinal 
control of voiding. The lateral corticospinal and reticulo-
spinal cords, in particular, are responsible for innervation 
of the lower urinary tract. Damage to these pathways can 
result in detrusor–external sphincter dyssynergia, detru-
sor overactivity (DO) and detrusor hypocontractility [2]. 
Indeed the pons or spinal cord demyelination may initially 
cause an areflexic bladder with complete urinary retention, 
followed then by a slow development of automatic mic-
turition and neurogenic overactive bladder (OAB) that is 
mediated by spinal reflex pathways. However, in this case, 
voiding is commonly inefficient, due to the simultaneous 
contractions of the bladder and the urethral sphincter (det-
rusor–sphincter dyssynergia). The incidence of these lower 
urinary tract symptoms (LUTS) in patients with multiple 
sclerosis (MS) may be as high as 90 %.

Abstract 
Purpose  Men affected by multiple sclerosis often experi-
ence neurogenic overactive bladder (OAB), lower urinary 
tract symptoms and erectile dysfunction (ED). The aim 
of the study was to investigate modifications of urinary 
and sexual functions after administration of daily tadalafil 
(TAD) 5 mg.
Methods  Twenty men were enrolled in a single-blind, 
4-week prospective study while 10 men without treatment 
served as controls. Primary outcomes were changes from 
baseline of International Prostate Symptom (IPSS), OAB 
questionnaire (OAB-q-short form) and International Index 
of Erectile Function (IIEF-5) scores. To evaluate the influ-
ence of bladder filling on somatic reflexes, we studied vari-
ations of the H-reflex evoked by electrical stimuli applied 
to the tibial nerve at the popliteal fossa and recorded from 
the soleus muscle. Also testosterone/estradiol (T/E) ratio 
was measured before and after treatment.
Results  In TAD group, an improvement in IPSS 
(p  <  0.001), OAB-q (p  <  0.001) and IIEF-5 (p  <  0.001) 
scores was found. Also, an increase in Qmax (p < 0.01) and 
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Patients with MS can experience any number of LUTS, 
including urgency, frequency, incontinence, hesitancy and 
retention [3, 4]. Even if it is uncommon for LUTS to be 
the presenting complaint that leads to the diagnosis of MS 
(fewer than 10  %), the prevalence of LUTS during the 
disease course is very high, ranging from 60 to 86 % for 
urgency, from 50 to 83 % for frequency, from 19 to 83 % 
for incontinence, from 28 to 58 % for hesitancy and from 2 
to 20 % for retention [5, 6]. The OAB is a well-recognized, 
chronic and distressing medical condition characterized 
by urinary urgency and frequency, with or without incon-
tinence. Symptoms secondary to DO may be responsible 
for discomfort, shame and loss of self-confidence; in neu-
rogenic patients, who already often present limited auton-
omy, this urinary distress can determine a complete social 
withdrawal. The OAB, defined either symptomatically as 
the OAB syndrome or urodynamically as DO, is a bladder 
filling disorder. To exert normal bladder control, adequate 
sensory input to the central nervous system is necessary, 
and it is well established that changes in sensory mecha-
nisms might give rise to disturbances in bladder function. 
Therefore, pharmacological control of bladder contraction 
has focused on how afferent nerve activity is generated 
peripherally and handled by the CNS. Several factors might 
contribute to the genesis of OAB, and at least two affer-
ent signaling pathways in the bladder can be identified, the 
“myogenic” and the “urothelial” pathway [7].

Mechanisms leading to an increased activity in afferent 
nerves might be interesting targets for drugs aimed at con-
trolling sensory and motor activity of the bladder. It is now 
widely accepted that antimuscarinic drugs, which are still 
first-line treatment of OAB/DO, exert effects on afferent 
signaling important for their clinical efficacy [8]. Recently, 
tadalafil (TAD) has been approved for the treatment of 
erectile dysfunction (ED) and LUTS secondary to benign 
prostate hyperplasia (BPH), but little is known about its 
mechanism of action.

Randomized clinical trials have shown significant 
improvement in urinary symptoms, and the drug is well 
tolerated [9]. The aim of the present study will be to evalu-
ate modifications of voiding dysfunction after daily TAD 
administration in men with MS who complain some degree 
of ED.

Materials and methods

In a 4-week prospective, single-blind controlled study at 
a single hospital, 30 men with confirmed diagnosis of MS 
(primary progressive, relapsing-remitting or secondary 
progressive), bladder symptoms caused by DO (as defined 
by the International Continence Society) and ED were 
enrolled into the study. The protocol was approved by the 

Internal Review Board of the Sapienza University of Rome. 
After signing an informed consent, twenty men agreed to 
receive daily TAD 5  mg, whereas ten men refused treat-
ment due to personal (lack of female partner) or other bar-
riers and served as control group.

Inclusion criteria were: MS male subjects referring 
LUTS of any severity; age >30 and <55; presence of ED 
of any severity; absence of any concomitant treatment for 
OAB symptoms. Exclusion criteria: presence of hypog-
onadism; Qmax <4 mL/s at uroflowmetric study; anticoagu-
lant therapy or medication regimen that may interfere with 
transmission at the neuromuscular junction (e.g., amino-
glycosides); any contraindications to the daily use of PDE5 
inhibitors (concomitant use of nitrates, NHYA III class or 
more, cardiac disease) [10]; history for optic neuritis or 
visual disturbances at any stage of severity. At baseline and 
after treatment, each patient was administered the Inter-
national Prostate Symptom Score (IPSS) questionnaire, 
the OAB questionnaire (OAB-q) short form for measuring 
the impact of OAB symptoms on health-related quality of 
life [11] and the validated five-item version of the Interna-
tional Index of Erectile Function (IIEF-5) questionnaire. 
Then, patients were submitted to the following diagnostic 
workup: history; general and neurological physical exami-
nation; urinalysis and urine culture and uroflowmetry. 
These latter parameters were measured by the maximum 
flow rate maintained for 2 s (Qmax) with a minimal voided 
volume of 150 mL (MicroFlow II®) and post-void residual 
(PVR) volume after micturition (as evaluated by ultra-
sound) was also investigated. Also baseline and post-treat-
ment plasma assays for total testosterone and 17-beta-estra-
diol (E2) were evaluated. Total testosterone was measured 
by electrochemiluminescence (Immulite 2000, Siemens, 
Milan, Italy; within- and between-assay coefficients of 
variation were 5.1 and 7.2  %, respectively), and E2 was 
measured with chemiluminescent enzyme immunoassays 
(Architet Systems, Abbott Diagnostics, Germany) [12].

Neurophysiologic assessment

Each patient was first submitted to urodynamic evaluation 
which included flowmetry, cystometry and a pressure-flow 
study (urodynamic test) with simultaneous concentric nee-
dle electromyography of the pelvic floor, as previously 
published [13].

Stimulation techniques

M wave and H-reflex the right tibial nerve was stimulated 
at the popliteal fossa with bipolar electrical stimuli and 
the subjects lying supine. The anode was positioned just 
above the patella, for selective stimulation of the nerve 
trunk. Electrical stimuli were delivered at an intensity able 
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to produce a maximal M wave in the soleus muscle. The 
soleus H-reflex was also collected using a 1-ms rectangular 
pulse generated by a constant current. To avoid habituation, 
the stimulator was randomly triggered about once every 
20  s. The intensity was set to evoke a maximal H-reflex 
size. Ten trials were collected for each condition.

Recording techniques

EMG signals were recorded and filtered with a Micromed 
Myoquick 1400 device (Micromeds p.a., Italy) (bandwidth 
20 Hz–1 kHz) and analyzed off-line. For the H-reflex study, 
the active electrode was placed over the soleus muscle just 
medial to the tibia, half way from the tibial tubercle to 
the medial malleolus, and the reference electrode over the 
Achilles tendon medial and proximal to the medial malle-
olus. Muscle relaxation was monitored with the aid of an 
audio–visual feedback. The H-reflex/M wave (H/M) ratio 
was then calculated to evaluate motor neuron excitability as 
previously published [15].

Statistical analysis

Clinical and biochemical data were compared before and 
after treatment. Data are expressed as means  ±  stand-
ard errors (SEM) only when normally distributed and as 
median [quartiles] when nonparametric. Kolmogorov–
Smirnov test has been used to test the parameter distribu-
tion. Paired t test and Wilcoxon test (for parametric and 
nonparametric distributed parameters, respectively) have 

been used to test the parameter changes during the study. A 
p value 0.05 was taken as statistically significant. Statistical 
analysis was performed using the computer statistical pack-
age SPSS/22.0 (SPSS, Chicago, IL, USA).

Results

Patient characteristics at baseline are shown in Table  1. 
TAD determined a significant improvement in mean scores 
of IPSS (p < 0.001) and OAB-q SF4 (p < 0.001) question-
naires when compared with baseline and controls (Table 2). 
As expected, an improvement in IIEF-5 (p < 0.001) only in 
the treated group was found (Table 2). Also, improvements 
in uroflow parameters as expressed by Qmax (p < 0.01) and 
reduction in PVR volume (p < 0.001) as measured by ultra-
sound technique were observed in TAD group (Table 2). No 
variation in prostate volume was found in both groups (as 
evaluated by US). Interestingly, TAD assumption caused a 
significant improvement in T/E ratio (p  <  0.01). No vari-
ation in questionnaires, urodynamic tests, PVR or hormo-
nal modifications was found in the control group (Table 2). 
In both groups, H-reflex paired, one-way ANOVA showed 
no significant differences in the H/M ratio between before 
and after therapy. (H/M ratio 0.54 ± 0.08 vs. 0.57 ± 0.08, 
respectively). Side effects were those commonly reported 
with TAD administration (headache and myalgia) and did 
not determine drug discontinuation (data not shown).

Discussion

To our best knowledge, the present pilot study is the first 
one aimed to investigate the effects of TAD on urinary 
and sexual functions in men with MS. In the present series 
of patients, LUTS may represent the mirror of an estab-
lished human model of OAB, and this might be the cause 
of urinary and sexual distress occurrences despite the 
young age. In addition to improvements in erectile func-
tion, we firstly demonstrated that after a short period of 
daily TAD (4  weeks), a significant improvement in OAB 

Table 1   Characteristic of patients at baseline

N = 30 Characteristics

Mean age (years) 44.5 ± 7.5

Weight (Kg) 77.4 ± 12.5

BMI 23.2 ± 1.9

Waist (cm) 90.5 ± 4.3

MS duration 14.5 ± 6.0

Prostate volume (mL) 26.4 ± 2.7

Table 2   Variation in IPSS, 
OAB-q SF4 (short form) and 
IIEF-5 scores; differences in 
Qmax (mL/s), post-void residual 
volume (PVR, mL) and total 
testosterone/estradiol (T/E) 
ratios in treatment and control 
group, respectively

Tadalafil 5 mg daily n = 20 Controls n = 10

Baseline +28 days p Baseline +28 days p

IPSS 21.8 ± 6.5 15.8 ± 5.0 0.001 22.7 ± 5.5 23.2 ± 6.0 –

OAB-q SF4 score 42.5 ± 3.5 33 ± 2.5 0.001 41.5 ± 5.5 39 ± 6.0 –

IIEF-5 12.5 ± 5.5 16.0 ± 4.5 0.001 12.0 ± 6.5 13.0 ± 6.0 –

Qmax (mL/s) 11.2 ± 2.5 13.6 ± 2.7 0.01 12.5 ± 2.7 13.5 ± 3.2 –

Post-void residual volume (mL) 91 ± 20 44 ± 30 0.001 84 ± 25 78 ± 35 –

Total T/estradiol 0.18 ± 0.05 0.35 ± 0.1 0.01 0.23 ± 0.07 0.21 ± 0.06 –

H-reflex 0.55 ± 0.09 0.56 ± 0.10 – 0.52 ± 0.07 0.54 ± 0.06 –
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and all domains of IPSS questionnaires were obtained. 
As previously described by other authors [14], we con-
firmed a significant improvement in erectile function and 
sexual satisfaction during treatment. Interestingly, the net 
improvements in questionnaires were paralleled by an 
improvement in PVR volume as evaluated by ultrasound, 
and improvements in testosterone-to-estradiol ratio in 
plasma mainly due to reduction in estradiol levels. Neu-
rological features, i.e., H/M ratio, were similar before 
and after TAD administration. Because TAD left the H/M 
ratio unchanged, we consider unlikely that TAD-induced 
changes in the bladder DO could be mediated by changes 
in non-specific spinal neuron excitability. Hence, we cannot 
exclude that TAD might probably have modulated others 
specific neuronal pathways.

It is well documented that PDE5i improves male LUTS, 
independently from the presence of ED. The exact mech-
anisms by which these beneficial effects are exerted have 
still not been established, but this has stimulated research 
activities with respect to the different signaling pathways 
controlling the function of the lower urinary tract [15]. 
PDE5 is expressed and has biological activity in all parts of 
the genitourinary tract, but with respect to its role in LUTS 
pathophysiology, focus has been on the prostate, bladder 
and urethra [16, 17]. Although PDE5 inhibition in vitro can 
relax the smooth muscle of the lower urinary tract, and spe-
cifically the outflow region, the symptom score improve-
ments have not been associated with significantly improved 
urinary flow rates [18]. Caremel et al. evaluated the role of 
the NO/cGMP signaling pathway on the micturition reflex 
in a model of bladder hyperactivity associated with C-fiber 
activation in the rat. They confirmed that compounds inhib-
iting the NO/cGMP pathway might increase bladder over-
activity, whereas compounds activating the NO/cGMP 
pathway may inhibit it [19]. Similar studies have found that 
nitric oxide generation of cGMP might be the key step in 
the NO/cGMP pathway responsible for PDE5 inhibition 
of bladder overactivity [20, 21]. Several lines of evidence 
suggest that PDE5 inhibition might affect afferent sign-
aling in  vitro and in  vivo [22]. PDE5 increases the accu-
mulation of cGMP, which in turn stimulates the increased 
PKG activity, which might decrease influx through N-type 
voltage-gated Ca2+ channels in afferent nerve terminals, 
resulting in decreased neuropeptide release [23]. This 
would also reduce positive feedback on presynaptic NK1 
and NK2 receptors, which might decrease afferent firing 
[24]. Minagawa et al. [25] found that TAD decreased affer-
ent signaling in Ad and C-fibers in response to both bladder 
filling and hyperactivity caused by acrolein-induced cystitis 
with no change in bladder tone. This decrease in afferent 
signaling seemed to be related to PDE5 inhibitor-medi-
ated increased activity in the NO/cGMP pathway, as the 
administration of l-arginine inhibited Ad and C-fiber firing, 

whereas the NOS inhibitor, L-NAME, increased afferent 
activity [26]. It might be questioned whether a direct effect 
on afferent nerves is the only mechanism by which PDE5 
inhibitors influence afferent signaling. In addition, PKG 
mediates the synchronization of relaxation muscle through 
the inhibition of Rho-ROCK system and consequently the 
maintenance of dephosphorylated state of myosin light 
chain (MLC).

Bladder of both genders expresses high level of PDE5 
and a similar distribution of sex steroid receptors and 
animal studies demonstrate that the activity of the selec-
tive and potent PDE5 inhibitor, vardenafil, in potentiating 
SNP-induced relaxation is almost three times more pro-
nounced in male than in female rat bladder [27] and was 
associated with an increased T:E2 ratio, thus suggesting 
that the male bladder could be regarded as a more suitable 
target for PDE5i than the female counterpart. Interestingly, 
continuous TAD administration in men with ED deter-
mined similar modification in T:E2 ratios, by determining 
a reduction in plasmatic estradiol levels, thus hypothesiz-
ing a possible direct effect of TAD on aromatase expres-
sion and activity [28]. In the present study, we confirmed 
a reduction in plasma estradiol levels with a consequent 
increase in T:E2 ratio, and this hormonal modification may 
be one of the potential mechanism(s) implicated in the 
amelioration of bladder function in the absence of neuro-
urodynamic modifications. In fact, estrogen more than 
androgen receptors are known to up-regulate RhoA/ROCK 
signaling. Since an altered estrogen/androgen ratio char-
acterizes conditions often associated with LUTS such as 
aging, obesity and metabolic syndrome, we speculate that 
a relative reduction in plasma estrogens could be one of 
potential mechanisms that may reduce bladder overactivity 
through the up-regulation of RhoA/ROCK pathway.

Limitations

Our study had no matching placebo treatment arm, due to 
the fact that this was a spontaneous, observational in-office 
study based on newest approved treatment for neurogenic 
bladder MS patients in our country.

Due to the gender incidence of the disease (female 
more than male affected), and to the presence of initial 
MS symptoms, data were obtained on a small number of 
patients. For this reason, we cannot state whether ED status 
could have appreciably influenced TAD treatment response.

Finally, limited neurological investigations were per-
formed; hence, we cannot exclude another neurogenic/
reflexogenic pathway involved in the effects described. 
Despite this, the results appear to be promising when com-
pared with the control group, suggesting that broader stud-
ies are necessary to clarify the exact mechanism of action 
of TAD in MS patients.
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Conclusions

OAB is a filling disorder in which abnormal sensations 
leads to urinary urgency, frequency and incontinence. The 
afferent signaling pathways that regulate micturition play 
a central role in the pathogenesis of OAB, and thus repre-
sent important targets therapy for patient affected by initial 
stages of MS. TAD shares a central role such as the pos-
sibility of either an inhibition of afferent signaling from 
the bladder or a bladder neck relaxant myogenic effect 
and might represent a new therapeutic approach to these 
patients. This pilot study is the first demonstration that 
TAD is able to improve both LUTS and ED of any sever-
ity in patients with multiple sclerosis and significantly 
improved their quality of life.
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