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Purpose: The objective of this study was to investigate the change in near visual function after the administration of oral silo-
dosin to patients with lower urinary tract symptoms (LUTS).

Methods: This prospective study included treatment-naive patients who were scheduled to start treatment with silodosin for
LUTS. A comprehensive ophthalmological evaluation including the near vision and the automated pupillometry was per-
formed at baseline and after 3 months of silodosin treatment. For subjective assessment of near visual ability and satisfaction, a
Near Activity Visual Questionnaire-10 (NAVQ-10) was also used at the same time (higher scores indicating worse quality).
Results: Of 23 patients enrolled in this study, 15 continued with silodosin (8 mg once daily) treatment for 3 months and com-
pleted a follow-up evaluation. The mean age of participants was 60.4 + 8.4 years. Distant visual acuity and spherical error were
unchanged after silodosin treatment. However, near vision acuity (logMAR) was improved after treatment (right, 0.47 £0.36
vs. 0.38£0.39, P=0.018; left, 0.41£0.37 vs. 0.31£0.34, P=0.068; both, 0.27 £0.26 vs. 0.21£0.27, P=0.043). Pupil size under
room light decreased significantly in both eyes (right, 3.77+0.60 vs. 3.16 +0.58, P=0.001; left, 3.72+0.80 vs. 3.21+0.75,
P=0.002). The Rasch scale at NAVQ-10 improved from 54.7 +9.9 to 48.5+11.2 (P =0.004).

Conclusions: This preliminary study demonstrated that highly selective alpha-1A adrenergic receptor antagonists such as si-
lodosin improve near visual acuity and quality in patients with LUTS/benign prostatic hyperplasia. Decrease in pupil size
caused by inhibition of adrenergic alpha 1 mediated contraction of iris dilator muscle is a possible mechanism underlying im-
proved near vision.
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INTRODUCTION

Lower urinary tract symptoms (LUTS) are often related to be-
nign prostatic hyperplasia (BPH) in elderly men [1]. The preva-
lence of BPH as a histological diagnosis increases from 25%
among men in their 40s to more than 80% among men in their
70s [2]. The prevalence of LUTS in men in general varies from
64% to 72% [3]. Presbyopia, defined as age-related impairment
in near vision due to the progressive loss of the accommodative
ability of the eye is common and affects virtually every individ-
ual older than 50 to 60 years [4-6]. In one study, an estimated
1.8 billion cases of presbyopia were reported worldwide in 2015
[7].

Although LUTS/BPH and presbyopia are both age-related
conditions they do not share pathophysiology. One study how-
ever noted that 20% of presbyopic patients treated for LUTS/
BPH with silodosin had visual changes during screening of sys-
temic adverse events [8]. One study author reported anecdotal-
ly that the near vision seemed to improve in some patients who
were treated with silodosin for LUTS/BPH.

Silodosin is a highly selective alpha-1A adrenergic receptor
antagonist and is a primary treatment for LUTS/BPH [9]. Al-
pha-1 adrenergic receptors exist not only in prostate but also in
ocular tissue such as iris, retina, and choroid [10,11]. Alpha-1
adrenergic receptor antagonists inhibit the adrenergic contrac-
tion of iris dilator muscle, resulting in miosis [12,13]. Miosis
can reduce optical aberrations (pinhole effect) and improve the
depth of focus [14].

We hypothesized that silodosin might improve near vision in
phakic patients with presbyopia by increasing the depth of fo-
cus. To date, the effect of alpha-1A adrenergic receptor antago-
nist on near visual function has not been previously investigat-
ed. Therefore, to evaluate this hypothesis, we prospectively in-
vestigated the change in near visual function after treatment of
naive patient with silodosin for LUTS/BPH.

MATERIALS AND METHODS

This study was a prospective, observational study conducted at
the Department of Urology and Ophthalmology at Konkuk
University Medical Center, Seoul, Korea between December
2017 and April 2019. This clinical study was approved by the
Institutional Review Board (IRB)/Ethics Committee at Konkuk
University Medical Center (registration number: KUH 1130056).
The study was conducted according to the tenets of the Decla-
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ration of Helsinki after written informed consent of the pa-
tients. The study subjects included patients who were scheduled
to start silodosin for the treatment of LUTS/BPH. Patients were
evaluated for LUTS/BPH via urinalysis, measurement of pros-
tate-specific antigen (PSA), transrectal ultrasonography, uro-
flowmetry, International Prostate Symptom Score (IPSS) ques-
tionnaire, and overactive bladder symptom score question-
naires. Voiding diaries were obtained when storage symptom
was obvious. The clinical indications for silodosin treatment
were IPSS greater than 8 points, a maximum flow rate below 15
mlL/sec on uroflowmetry, and patients who showed possible
ejaculatory dysfunction. This evaluation and treatment deci-
sions were conducted routinely by the urology department and
were not part of the study procedure. All patients received silo-
dosin 8 mg once daily for 3 months.

Participant Enrollment

The study inclusion criteria were as follows: (1) agreement to
participate in the study protocol, (2) men aged >40 years, (3)
planning to start silodosin treatment, (4) self-reported difficulty
seeing at the usual near working distance, (5) near emmetropes
with a mean spherical error not greater than +0.50 diopter (D)
with/without glasses. Exclusion criteria were: (1) previous or
current medications for LUTS/BPH or overactive bladder, in-
cluding alpha-adrenergic receptor inhibitors, 5 alpha-reductase
inhibitors, or antimuscarinic agents, (2) history of neurogenic
bladder, (3) cataracts, graded at more than nuclear opalescence
3 or posterior subcapsular opacity 3 according to the Lens
Opacity Classification Scheme, (4) any major ocular motor im-
balance or ocular pathology, (5) near or distance visual distur-
bance due to neurophysiological disorder, (6) history of cere-
brovascular disease, and (7) treatment with medications known
to affect muscle tension or autonomic nervous system, includ-
ing antipsychotics or antidepressant.

Ophthalmologic Evaluation

All patients were subjected to comprehensive ophthalmological
evaluation. Ophthalmic examinations were: (1) visual acuity
measurement at near and at distance using a near vision acuity
(logMAR) chart, (2) manifest refraction based on retinoscopy,
(3) intraocular pressure measurement, (4) slit lamp biomicros-
copy, (5) indirect fundus examination, (6) pupil size measure-
ments under room light using an infrared quantitative pupil-
ometer (Neuroptics Inc, Irvine, CA, USA), (7) binocular vision
and alignment testing via alternating cover test, and (8) near
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stereoacuity using the Titmus stereotest (Titmus, Optical Co.,
Inc., Chicago, IL, USA). All the examinations were conducted
at baseline and after 3 months of silodosin treatment under the
same condition.

Near Vision Questionnaire

Near Activity Visual Questionnaire-10 (NAVQ-10) is a 10-item
short questionnaire for the evaluation of subjective near visual
ability and satisfaction (Table 1) [15,16]. The questionnaire was
assigned a 4-point Likert scale with responses including ‘no dif-
ficulty; ‘a little difficulty; ‘moderate difficulty; and ‘extreme diffi-
culty or stopped this activity due to vision? Raw response scores
were converted to a 0-100 Rasch scale with higher scores indi-
cating worse quality. General satisfaction was evaluated using
an additional item 11: “Do you think your overall near vision
improved after taking the medication?”. Item 11 was also rated
on a 5-point scale based on the following responses: ‘no change;
‘a little change, ‘moderate change; ‘marked change, and ‘ex-

treme change’

Main Outcome Measures

The outcome measures were change in spherical error, pupil
size, improvement in near visual acuity, near stereopsis, and
NAVQ-10.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statis-
tics ver. 19.0 (IBM Co., Armonk, NY, USA). Data are presented
as mean + standard deviation and median (interquartile range).
Statistically significant differences between variables at baseline
and 3 months after silodosin treatment were determined using
the Wilcoxon signed-rank test for nonparametric values. The
Chi-square test was used to compare categorical data. A P-value
of <0.05 was considered statistically significant.

Table 1. Change in Near Activity Visual Questionnaire-10 following 3 months of treatment with silodosin

Baseline 3 Months
Near vision QoL questionnaires P-value?
Mean +SD Median (IQR) Mean +SD Median (IQR)
1. Reading small print, such as newspaper articles, items 1.9+0.6 2.0(2.0-2.0) 1.5£09 2.0(1.0-2.0) 0.028*
on a menu, and telephone directories
2. Reading labels/instructions/ingredients/prices, such as 2.1+0.8 2.0 (1.25-3.0) 1.8+0.8 2.0(1.25-2.0) 0.164
those on medicine bottles, food packaging
3. Reading your post/mail, such as electric bills, greeting 1.9+0.7 2.0(1.25-2.0) 14+0.9 1.0 (1.0-2.0) 0.006*
cards, bank statements, and letters from friends and
family
4. Writing and reading your own writing, such as greeting 1.5+£0.8 1.0 (1.0-2.0) 1.2+0.6 1.0 (1.0-1.75) 0.103
cards, notes, letters, filling in forms, checks, and signing
your name
5. Seeing the display and keyboard on a computer or 1.4+0.8 1.0 (1.0-2.0) 1.1+ 0.8 1.0 (1.0-1.0) 0.055
calculator
6. Seeing the display and keyboard on a mobile or fixed 1.9+0.8 2.0 (1.0-2.75) 1.4+0.7 1.0 (1.0-2.0) 0.014*
telephone
7. Seeing objects close to you and engaging in your 1.6+1.1 1.0 (1.0-2.75) 1.2+0.9 1.0 (1.0-2.0) 0.054
hobbies, such as playing card games, gardening, and
seeing photographs
8. Seeing objects close to you in poor or dim light? 1.2+0.8 1.0 (1.0-1.75) 1.2+0.9 1.0 (1.0-2.0) 1.000
9. Maintaining focus for prolonged near work 1.5+0.9 2.0(1.0-2.0) 1.3+0.9 1.0 (1.0-2.0) 0.217
10. Conducting near work without spectacles 1.7+0.7 2.0(1.0-2.0) 1.6+0.2 2.0(1.0-2.0) 0.164
Rasch scale (score, 0-100)? 547499 57.0 (48.9-61.6) 485+112 499 (443-543)  0.004*

QoL, quality oflife; SD, standard deviation; IQR, interquartile range.

*P <0.05, statistically significant differences. “P-values were determined using Wilcoxon signed-rank test. A final score is calculated using a Rasch

scale, which ranges from 0 (no difficulty) to 100 (extreme difficulty).
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RESULTS

A total of 23 patients were enrolled and evaluated. Of these 23
men, 15 patients met inclusion criteria for final analysis. The
mean age of the patients was 60.4 +8.4 years. Consent with-
drawal (n=3), loss to follow-up (n=3), discontinuation of
medication before 1 month due to adverse event (n=1), dis-
continuation of medication arbitrarily before 1 months (n=1)
were reasons for exclusion in the final analysis. Hypertension
and diabetes were found in 4 (26.7%) and 3 cases (20.0%), re-
spectively. The mean total prostate volume was 42.9+17.8 mL.
The transitional zone prostate volume was 18.5+12.5 mL, and
the PSA level was 2.4 +2.2 ng/mL.

Total IPSS decreased from 16.2+6.5 at baseline to 8.2+7.0
points 3 months later (P <0.001) (Table 2). The total voiding
score, the total storage score and the quality of life score were
also significantly decreased. Maximum flow rate increased from
10.3+3.8 mL/sec to 15.3+4.9 mL/sec following silodosin treat-
ment, although the changes in postvoid residual urine volume
did not reach statistical significance.

Table 3 shows the visual function at baseline and 3 months
after silodosin treatment. There were no significant differences
in distant visual acuity, refractive error (spherical and cylinder),
intraocular pressure, and angle of deviation (far and near).
Baseline near visual acuity of right, left and both eyes were
0.47£0.36, 0.41+£0.37, 0.27+0.26 logMAR, respectively. After
administration of silodosin for 3 months the near visual acuity
of right eye and both eyes were improved to 0.38+0.39 log-
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MAR (P=0.018) and 0.21£0.27 logMAR (P =0.043), respec-
tively. Near visual acuity of left eye also improved to 0.31+0.34
logMAR, which almost reached statistical significance (P=
0.068). Pupil size under room light decreased significantly in
both eyes (right, 3.77£0.60 vs. 3.16+£0.58, P=0.001; left, 3.72 +
0.80 vs. 3.21+0.75, P=0.002). Near stereoacuity improved in 7
of 15 patients (47%), whereas 6 patients remained unchanged.
The overall near stereoacuity measured with the Titimus Fly
tended to improve from a median of 200 to 100 arcsec, but was
not statistically significant (P =0.329).

In terms of subjective assessment of near visual ability and
satisfaction, the Rasch score at NAVQ-10 improved from
54.7+9.9 to 48.5+11.2 (P=0.004) (Table 1). Especially, ques-
tion item 1 (reading newspaper article/items on a menu), item
3 (reading mail/bill) and item 6 (seeing display/mobile) showed
significant improvement. Two patients did not respond to the
question of overall improvement of near vision after treatment
(item 11), while 2 of 13 patients (15.4%) showed no change, 5
patients (38.4%) had little change, 4 (30.8%) revealed moderate
changes, and 2 (15.4%) showed marked change.

DISCUSSION

This study was prompted by the need to validate anecdotal clin-
ical observations regarding improvement of near visual func-
tion after treatment with silodosin [8]. In this prospective ob-
servational study, we found a significant increase in near vision,
quality of life score in near visual activity, and decrease in pupil

Table 2. Change in lower urinary tract symptom-related variables after silodosin treatment for 3 months

Variable Bascline 3 Months P-value”
Mean +SD Median (IQR) Mean +SD Median (IQR)
IPSS
Voiding symptoms sum 10.8+4.0 9.0 (8.0-14.0) 50+4.4 4.0 (2.0-6.0) <0.001
Storage symptoms sum 54+3.0 5.0 (3.0-7.0) 334238 3.0 (1.0-4.0) 0.002
Total scores 16.2+£6.5 14.0 (11.0-21.0) 82+7.0 7.0 (4.0-11.0) <0.001
QoL scores 41+13 4.0 (3.0-5.0) 25+1.5 2.0 (2.0-4.0) 0.001
OABSS 4.0£23 3.0 (2.0-6.0) 27+x2.1 2.0 (1.0-4.0) 0.003
Uroflowmetry
Maximum flow rate (mL/sec) 10338 10.0 (7.0-13.0) 153249 15.0 (10.0-20.0) 0.002
Postvoid residual urine volume (mL) 30.7+39.3 20.0 (0.0-50.0) 17.3+21.9 10.0 (0.0-30.0) 0.051

SD, standard deviation; IQR, interquartile range; IPSS, International Prostate Symptom Score; QoL, quality of life; OABSS, overactive bladder symp-

tom score.
“P-values were determined using Wilcoxon signed-rank test.
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Table 3. Changes in visual function following 3 months of silodosin treatment

Variable Baseline 3 Months Prvalue?
Mean +SD Median (IQR) Mean +SD Median (IQR)
Distant visual acuity (logMAR)
Right 0.28+0.40 0.13 (0.00-0.47) 0.26+£0.38 0.13 (0.00-0.40) 0.465
Left 0.22+0.36 0.05 (0.00-0.30) 0.18+0.33 0.02 (0.00-0.22) 0.066
Both 0.14+0.31 0.00 (0.00-0.11) 0.13+£0.31 0.00 (0.00-0.07) 0.655
Spherical error (diopter)
Right 0.15+1.84 0.00 (-0.50-1.50) 0.07+1.73 0.00 (-0.50 to 1.50) 0.262
Left 0.12+1.83 0.00 (-0.50-1.50) 0.07+1.69 0.00 (-0.50 to 1.00) 0.705
Cylindrical error (diopter)
Right -0.58+£0.50 -0.50 (-0.75 to 0.00) -0.63+£0.52 -0.50 (-1.00 to -0.25) 0.705
Left -0.35+0.44 -0.25 (-0.50 to 0.00) -0.50+0.53 -0.50 (-0.50 to 0.00) 0.180
Intraocular Pressure (mmHg)
Right 14.67+£2.44 15.00 (13.00-17.00) 14.13+£2.77 13.00 (12.00-17.00) 0.276
Left 14.33+3.11 14.00 (12.00-17.00) 14.20+3.03 13.00 (12.00-17.00) 0.858
Distant angle of deviation (PD) 0.80+1.79 0.00 (0.00-2.00) 0.80+1.79 0.00 (0.00-2.00) 1.000
Near angle of deviation (PD) 1.670+2.66 0.00 (0.00-4.50) 2334266 2.00 (0.00-4.50) 0317
Near visual acuity (logMAR)
Right 0.47£0.36 0.40 (0.19-0.70) 0.38+0.39 0.25(0.07-0.57) 0.018*
Left 0.41%0.37 0.30 (0.16-0.57) 0.31+0.34 0.30 (0.07-0.40) 0.068
Both 0.27+0.26 0.24 (0.14-0.30) 0.21+£0.27 0.19 (0.00-0.30) 0.043*
Pupil size under the room light (mm)
Right 3.77+£0.60 3.90 (3.50-4.20) 3.16+0.58 3.10(2.75-3.73) 0.001*
Left 3.72£0.80 3.60 (3.30-4.40) 3.21£0.75 3.10 (2.83-3.68) 0.002*
Near Stereoacuity (arcsec)” 200 (400-65) 100 (350-50) 0.329

SD, standard deviation; IQR, interquartile range; MAR, minimal angle resolution; PD, prism diopter.
*P<0.05, statistically significant differences. *P-values were determined using Wilcoxon signed-rank test. "Near stereoacuity expressed by median

value and IQR.

size under room light after treatment with silodosin for 3
months. No patient reported ocular side effects such as decrease
in contrast sensitivity and field constriction due to decreased
pupil size during day time. Only one patient reported worsen-
ing of near vision quality in the questionnaire.
Alpha-adrenergic antagonists such as silodosin are known to
affect visual function. Intraoperative (intraoperative floppy iris
syndrome, IFIS) during eye surgery is a well-known side effect
of treatment with alpha-adrenergic antagonist [17]. The associ-
ation of tamsulosin, which is another selective alpha-1A adren-
ergic antagonist has been shown in numerous prior studies
[18]. Recent head-to-head studies comparing tamsulosin and
alfuzosin indicated that IFIS was 30 times more frequent and
more severe in patients treated with tamsulosin, because of its
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high affinity and selectivity for the alpha-1A adrenergic recep-
tor [19].

Silodosin is a highly selective alpha-1A adrenergic antagonist
and also associated with IFIS [9,20]. Silodosin showed a 56-fold
selectivity for the alA versus alD subtype and a 583-fold selec-
tivity for the alA vs. alB subtype [9]. Silodosin showed higher
selectivity for the alpha-1A adrenergic receptor subtype than
tamsulosin [21]. Although tamsulosin is also regarded as an al-
pha-1A selective agent, a receptor-binding study showed that
the subtype selectivity (a1A/alB) of silodosin was 162, which
was far higher than that of tamsulosin (9.55) [21]. The higher
selectivity of silodosin might induce greater constriction of pu-
pil.

In the eye, alpha-1 adrenergic receptors exist in the inner and

Int Neurourol J June 30, 2021
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Adrenerfic agonists ’ Adrenergic antagonists
—
(sympathomimetics) @ (sympatholytics)
Pupil dilation Pupil constriction
(mydriasis) (miosis)
Ciliary muscle relaxation Ciliary muscle contraction
(Far vision) (near vision)
Cholinergic antagonists Cholinergic agonists
(Parasympatholytics) (parasympathomimetics)

Fig. 1. Sympathetic (adrenergic) and parasympathetic (cholinergic) effect on the pupil and ciliary muscles.

outer portions of the ciliary muscle [10]. Adrenergic agonists
(sympathomimetics) and cholinergic antagonists (parasympa-
tholytics) are involved in (1) pupil dilation (mydriasis) and (2)
ciliary muscle relaxation, whereas adrenergic antagonists (sym-
patholytics) and cholinergic agonists (parasympathomimetics)
play a role in pupil constriction (miosis) and ciliary muscle
contracture, which allows the lens to thicken and accommodate
near vision (Fig. 1) [13]. The depth of focus is inversely propor-
tional to pupil diameter. Increased depth of focus facilitates
limited tolerance of the eye to out-of-focus images. Thus, the
small pupil exhibits larger acceptable field of depth [14]. This
pharmacologic evidence supports the role of silodosin for near
vision improvement in a presbyopic patient.

With regard to changes in the pupil size, the results of present
study are similar to previous studies assessing pupil dynamics
following exposure to alpha-1 adrenergic antagonists [22-24].
Altan-Yaycioglu et al. [23] reported decreases in pupil size un-
der room light in patients treated with tamsulosin. Theodossia-
dis et al. [24] suggested a decrease in maximum pupillary di-
ameter by 0.50 mm and 0.49 mm in patients treated with tam-
sulosin and alfuzosin, respectively.

We did not identify reasons of significant concern involving
ciliary muscle contraction when patients were treated with silo-
dosin for 3 months. Ciliary muscle contraction allows the lens
to thicken, which results in myopic shift of spherical error (to-
wards more negative value). In the present study, there was no
minus shift in spherical error of both eyes, which was consistent
with a previous study by Jensen, who reported no significant ef-
fects on the rate of myopia in young school children exposed to
topical adrenergic receptor antagonist (timolol maleate) over a
2-year period [25]. Thus, the present and previous findings to-
gether would appear to discount a link between systemic thera-
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py using apha-1 adrenergic antagonists and myopic shift medi-
ated by sustained contraction of ciliary muscle.

Considering that treatment with alpha-1A adrenergic antag-
onist had no association with myopic shift, it is plausible that a
pinhole effect (increased depth of focus) due to constricted pu-
pil size resulted in improved near vision instead of ciliary mus-
cle contraction. Also, the small pupil provides partial tolerance
to residual astigmatism, which led to improved image quality
without decreasing stereoacuity and contrast sensitivity [26].

However, caution is needed when interpreting the overall re-
sults. There was a decrease of 0.1 unit on the logMAR scale,
which indicates a one-line increase on the visual acuity chart.
Although our findings suggest significant near vision improve-
ment after taking silodosin, it should be noted that the mea-
surement of visual acuity is subjective response and varies with
the examiner and the test conditions. NAVQ-10 is a standard-
ized questionnaire designed for the subjective assessment of
near visual ability and satisfaction in patients with presbyopia.
The Rasch NAVQ score improved from 54.7 £9.9 to 48.5+ 11.2.
Eleven cases of patients (73%) showed improved NAVQ score.
However, the measurement error in the survey question of near
vision QoL should be considered. This response bias might
arise from interaction between the interviewer and the respon-
dent as the respondents may answer to please the interviewer
rather than provide an honest response.

However, the description provided by several patients about
their near vision show dramatically improving response. We
did not report the results because it was not included in the pri-
mary outcome of this study design. Two patients reported that
they were able to read small letters on the smart phone and
computer monitor without taking off their distant-vision glass-
es after taking silodosin, as before. One of the patients stated
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that he does not use near glasses anymore when working with a
computer monitor. These findings suggest that the subset of pa-
tients showed remarkable improvement following silodosin
treatment, obviating the need for corrective glasses.

We recognize the limitations of this study. First, the number
of participants was small. Also, several patients withdrew their
consent to participate in the study because of the long test
times. Second, the relatively short duration of follow-up and the
nonrandomized and nonmasked study design was another
limitation of this study. Because we patients were selected based
on silodosin treatment for LUTS, a randomized controlled
study was not performed. Third, we did not assess the near vi-
sion accommodation and pupil size with fixation at distance.
Additional evaluation using dynamical accommodation and
pupil size recording instruments will be needed to verify the re-
sults of this study. Finally, we mainly investigated the effect of
silodosin on near visual function. The alpha-1A adrenergic re-
ceptors also exist in the choroid and retina as well as iris and
ciliary body. Previous studies have demonstrated that alpha-1A
adrenergic antagonists increased the choroidal thickness [27].
Thus, a future study will be needed to determine the association
between near visual function and other ocular changes such as
retina and choroid. Nonetheless, this is the first prospective
study providing possible evidence linking silodosin to near vi-
sion improvement.

In conclusion, silodosin treatment in some patients with
LUTS/BPH improves near vision. Decrease in pupil size caused
by the inhibition of adrenergic contraction of iris dilator muscle
might be the mechanism underlying improved near vision. A
future randomized, double-masked study with a larger number
of presbyopic patients may be warranted to confirm the associ-
ation between near vision and treatment with various types of
alpha-1 adrenergic antagonists.
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