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Effect of phosphodiesterase-5 inhibitor on hearing

S Okuyucu, O E Guven*, E AkoGLu, E Ucarf, S DAGLI

Abstract
Objective: Following a report of sudden hearing loss in a patient taking phosphodiesterase type 5 inhibitor,
and a Food and Drug Administration announcement concerning this class of drugs, a study was planned to
investigate if ototoxicity occurs in patients using phosphodiesterase 5 inhibitor for erectile dysfunction.
Methods: Eighteen patients with erectile dysfunction who had been using phosphodiesterase 5 inhibitor
were included in the study. Audiometric tests were performed on all patients, between the frequencies 250
and 16 000 Hz, before and 1, 5 and 72 hours after drug ingestion.
Results: Four patients showed a unilateral threshold decrease compatible with ototoxicity criteria; this
change was reversible. A statistically significant difference in pre- versus post-drug hearing thresholds was
observed in the right ear at 10 000 Hz (p = 0.008). There were no statistically significant hearing threshold

differences at any other frequencies (p > 0.05).

Conclusion: Although temporary ototoxicity was noted in four patients, we could not find any
permanent, deleterious effect of phosphodiesterase type 5 inhibitor on hearing thresholds.
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Introduction

Since the phosphodiesterase 5 inhibitors sildenafil,
vardenafil and tadalafil were approved by the US
Food and Drug Administration for the treatment of
erectile dysfunction, the effectiveness and safety of
these drugs has been much studied."?* Although
these well tolerated drugs are usually safely used,
some adverse events have been reported in the litera-
ture, such as headache, flushing, abnormal vision and
nasal obstruction.>~®

Recently, phosphodiesterase 5 inhibitors have
been suspected of causing sudden sensorineural deaf-
ness.”'® FDA has announced 29 postmarketing
reports of sudden hearing loss (defined as new
hearing loss occurring over a period of three days
or less) occurring after phosphodiesterase 5 inhibitor
use, both with and without tinnitus and dizziness.'’
Clinical trials of these drugs have also reported
sudden hearing loss in a few patients. One such
trial reported sudden hearing loss, either unilateral
or bilateral, occurring after the first dose in 10 of 25
cases; hearing loss was temporary in nine patients
and permanent in one."

It is well known that nasal physiology can affect
eustachian tube function. It has also been shown
that specific phosphodiesterase 5 inhibitors affect the
erectile tissue in the nasal cavity and cause nasal
congestion.®® Therefore, it can be hypothesised
that phosphodiesterase 5 inhibitors may change

eustachian tube function and thus alter middle-ear
pressure.

The aim of this study was to investigate the probable
side effects of vardenafil on hearing and middle-ear
pressure in patients with erectile dysfunction.

Materials and methods

The study was performed according to the Declara-
tion of Helsinki and Good Clinical Practice Guide-
lines and approved by the ethics committee of
Mustafa Kemal University School of Medicine.
After informed consent was obtained, a medical
history was taken and otorhinolaryngological and
general physical examinations were performed. Sub-
jects who have received the drug for at least three
weeks and who had any unusual findings such as
stroke, cardiovascular disease or myocardial infarction
in the previous six months were excluded from the
study, as were any subjects with myringosclerosis,
acute or chronic otitis media, or a history of ear surgery.
Audiometric tests were performed, including pure
tone and high frequency air threshold testing between
125 and 16 000 Hz and additional bone threshold
testing between 125 and 4000 Hz. These tests were con-
ducted in a noise-insulated cabin, with Madsen Orbiter
922 equipment (Taastrup, Denmark), by an audiome-
trist unaware of patients’ clinical details. Each subject
completed the pre-drug audiometric assessment in
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two consecutive days. After it was ensured that
threshold differences were less than 5 dB between
two measurements, baseline thresholds were set. Fol-
lowing the second baseline audiometric test, thresholds
were assessed at 1-5 and 72 hours after 10 mg vardena-
fil had been ingested. Inter-test threshold changes were
compared with baseline measures; thus, each subject
served as their own control.

The study also evaluated the effect of phosphodi-
esterase 5 inhibitor on middle-ear pressure. For this
reason, aural acoustic emission tests at the baseline
session and at 1, 5 and 72 hours after vardenafil inges-
tion were performed with an AZ26 impedance
audiometer (Interacoustics A/S, Assens, Denmark).

Ototoxicity was diagnosed according to the ototoxi-
city criteria of the American Speech Language
Hearing Association, i.e.: (1) an alteration of at least
20 dB in any frequency; (2) an alteration of 10 dB or
more in two consecutive frequencies; or, (3) loss of
responsiveness in consecutive frequencies which was
present in prior audiological evaluations.'"'> These
criteria imply significant clinical hearing loss.'?
Sudden deafness was defined as hearing loss greater
than 30 dB in at least three consecutive frequencies
developing within a maximum of 72 hours.'*

As far as we are aware, this is the first study to use
hearing loss as the primary outcome measure. Actual
power was calculated with a post hoc power analysis.
Using a sample size calculator (DSS Research, Fort
Worth, Texas, USA), we calculated that a hearing
loss incidence of 22 per cent and 18 cases gave a
power of 0.81 with a 95 per cent confidence interval.

All data were tested for normal distribution using
the Kolmogorov—Smirnov test. A repeated-measures
analysis of variance was used to compare baseline
hearing and middle-ear pressure with subsequent
measurements longitudinally. Data were presented
as mean + standard deviation. Non-parametric data
were tested with the Friedman test for several
related samples (two-tailed). For all statistical tests
used, values of p < 0.05 were considered statistically
significant.

Results and analysis

Twenty-one patients were included in the study. Two
patients with upper respiratory tract infections and
one with a tympanic membrane perforation were
excluded during the study. The remaining 18 patients
were included. Patients’ ages ranged between 45 and
65 years (mean 56.3 + 6.6).

Four out of the 18 patients (22 per cent) demon-
strated unilateral hearing loss which was clinically
significant one hour after drug ingestion. As per the
ototoxicity criteria cited above, a 20 dB decrease in
any frequency was identified in two patients (at
6000 Hz in one and at 8000 Hz in the other)
(Figure 1). Two patients showed a 10 dB or more
threshold alteration in two consecutive frequencies
(2000-4000 Hz and 8000-10 000 Hz) (Figure 2).
All four patients’ hearing thresholds returned to
normal, within 5 hours in three patients and within
72 hours in one patient. A statistically significant
difference in pre- vs post-drug hearing thresholds
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Pure tone thresholds for the left ear of the patient showing a

20 dB alteration at 6000 Hz, one hour after drug ingestion.

This threshold change returned to normal 5 hours after drug
ingestion.

was observed in the right ear of all patients at
10 000 Hz (p =0.008, Pillai’s trace). Apart from
this, there were no statistically significant hearing
threshold differences (p > 0.05) at any frequency of
all patients at comparing audiograms at baseline
and at 1, 5 and 72 hours after drug ingestion
(Table I). Inter-test middle-ear pressure change
assessment revealed no significant differences on
the right (p = 0.30, Pillai’s trace) or left (p =0.07,
Pillai’s trace) sides when compared with baseline
measures (Table II). No patient complained of
sudden deafness after taking the drug.

Discussion

Phosphodiesterase 5 is found in the corpus caverno-
sum, platelets and skeletal muscle and in vascular
and visceral smooth muscle. Phosphodiesterase 5
inhibits penile erection and smooth muscle relax-
ation and promotes platelet aggregation. Therefore,
adverse reactions to vardenafil may be related to its
effects on phosphodiesterase 5 concentrations in
these locations.” Vardenafil is a specific phosphodi-
esterase 5 inhibitor and is rapidly absorbed, with
maximal plasma concentrations occurring within
one hour of oral administration and a mean terminal
half-life of four to five hours.! Thus, pure tone and
high frequency audiograms were obtained before
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FiG. 2

Pure tone thresholds for the left ear of one of the two patients
showing a 10dB or more alteration in two consecutive
frequencies (2000—4000 Hz in this patient) on conventional
and high-frequency audiometry. The patient’s hearing
thresholds returned to normal five hours after drug ingestion.
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TABLE I
SUBJECTS™ HEARING THRESHOLDS AFTER PHOSPHODIESTERASE 5 INHIBITOR INGESTION
Test frequency Time post-Rx Right ear Left ear
(Hz) (hr)
Threshold (dB) pf Threshold (dB) pt
250 0 18.8 +15.8 0.72 16.6 + 12.8 0.20
1 18.0 + 13.9 17.5 £ 10.0
5 16.9 + 14.6 158 +£9.5
72 18.3 + 14.8 17.5 £ 10.6
500 0 175 + 14.1 0.08 158 £ 11.5 0.06
1 16.1 + 132 144 +10.5
5 144 +13.1 13.0 £ 11.1
72 17.7 + 134 152 +11.6
1000 0 12.7 £ 10.8 0.06 127+ 9.1 0.07
1 119+ 94 10.5+9.0
5 10.8 + 8.2 9.7+69
72 13.6 £ 9.6 11.6 + 8.0
2000 0 14.7 + 12.1 0.16 13.8 £ 9.6 0.71
1 13.0 + 11.7 133 +10.1
5 14.1 +12.7 12.7 £ 84
72 12.0 + 12.0 13.0 £ 9.5
4000 0 30.0 + 19.0 0.14 29.4 +18.0 0.53
1 26.6 +17.9 29.1 +14.5
5 272 + 189 269 +15.7
72 29.4 +18.4 28.0 £ 16.4
6000 0 37.5+21.9 0.53 43.8 +21.7 0.36
1 36.1 £20.3 43.6 +22.1
5 37.5+223 41.1 +21.8
72 36.9 +21.9 42.7 +20.9
8000 0 41.1 + 289 0.58 427 +27.7 0.40
1 40.8 +29.1 43.6 +27.4
5 40.5 +29.1 422 +27.1
72 41.6 + 289 43.8 +26.5
10 000 0 583 +24.6 0.008* 65.2 +20.8 0.24
1 56.6 £25.3 65.0 +20.2
5 56.6 +25.8 63.6 +20.4
72 59.4 +24.9 65.2 +20.0
12 500 0 70.5 + 16.3 0.28 70.5 +13.7 0.92
1 68.8 +17.9 70.8 +13.5
5 69.1 £17.2 70.0 + 12.7
72 70.8 + 14.9 70.5 +12.9
16 000 0 46.9 + 10.5 0.18** 525+6.4 0.20**
1 452 + 114 522+54
5 455 + 109 52.7+52
72 45.8 + 10.6 51.6 £ 6.4

Data shown as mean + standard deviation, following repeated-measures analysis of variance. *z = 18. "Comparing hearing threshold
results for one test frequency over the 72-hour test period. *Statistical significance compared with baseline value. **Friedman test.
Post-Rx = after drug ingestion; hr = hours

drug ingestion and 1, 5 and 72 hours afterwards, in
order to observe the acute effect of the drug on
hearing.

The three drugs most widely prescribed for erectile
dysfunction (sildenafil, vardenafil and tadalafil) share
many pharmacological and clinical characteristics.

These drugs affect smooth muscles by affecting the
action of nitric oxide (NO). The relaxant effect of
NO on the smooth muscle of the corpus cavernosum
is mediated by activation of guanylate cyclase. With
guanylate cyclase activation, the tissue concentration
of cyclic guanosine monophosphate (cGMP) is

TABLE II
SUBJECTS™ MIDDLE-EAR PRESSURE RESULTS FOLLOWING PHOSPHODIESTERASE 5 INHIBITOR INGESTION
Time post-Rx (hr) Right ear Left ear
Pressure (daPa) pt Pressure (daPa) pt

0 —50.6 +23.8 0.30 —58.0 +£25.0 0.07
1 —532 4202 —537+19.1

5 —45.0+ 182 —48.0 £ 13.9

72 —50.7 +20.1 -523+17.6

Data are shown as mean + standard deviation after repeated-measures analysis of variance. *n = 18. 'Comparing middle-ear
pressure results over the 72-hour test period. Post-Rx = after drug ingestion; hr = hours
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elevated. cGMP reduces intracellular calcium, thus
leading to smooth muscle relaxation. The
degradation of cGMP into its inactive form guano-
sine monophosphate (GMP) is catalysed by cyclic
nucleotide phosphodiesterase. Phosphodiesterase 5
is the predominant isoform of this enzyme in the
corpus cavernosum. Inhibitors of this enzyme
prevent the breakdown of cGMP, resulting in
enhanced penile erection (i.e. phosphodiesterase 5
inhibitor acts by extending the action of cGMP).”
Phosphodiesterase 5 inhibitor has also been shown
to induce vasodilatation in several vascular beds by
inhibiting cGMP breakdown.’

It has been suggested that the NO/cGMP system
is more active in the cochlear microcirculation.'
The existence of NO has been demonstrated in
the endothelial cells of blood vessels of the spiral
ligament, the stria vascularis, and the spiral blood
vessels of the basilar membrane."” Following the
discovery of all the components of the NO/cGMP
pathway in the cochlea, it has been supposed that
this signalling pathway is involved in inner-ear
physiology, particularly in auditory transmission,
endolymphatlc fluid homeostasis and blood flow
regulation.'® However, the exact role of the NO—
GMP-cGMP-dependent protein kinase (PKG)
pathway in audltory neurotransmission remains to
be clarified."”

The NO-GMP- cGMP PKG signalling pathway
is thought to regulate Ca*"in the sensory systems con-
trolling olfaction'® and vision." It is well known that
phosphodlesterase 5 inhibitor may produce visual
disturbances® and decreased olfactory sensitivity.*
Morphological studies have demonstrated that the
NO-GMP-cGMP-PKG signalling pathway exists
in the cochlea;*"?? it could therefore be hypothesised
that vardenafil may cause hearing alterations.

It has been shown that ototoxic side effects of
drugs are dose- related such as quinine, salicylates
and aminoglycosides.” In patients with pulmonary
arterial hypertension, phosphodiesterase 5 inhibitors
are used in both continuous and high doses, com-
pared with the doses used to treat erectile dysfunc-
tion. In a study of 660 pulmonary arterial
hypertension patients receiving phosphodiesterase 5
inhibitor treatment, five cases of phosphodiesterase
5 inhibitor related hearing disturbance have been
reported, including cases of sudden hearing loss
due to phosphodiesterase 5 inhibitor treatment.!
Sildenafil therapy was continued in all cases. The
sudden hearing loss resolved in two cases (2 months
in one case, 1 day in the other), howerver, the
hearing impairment was still present at the end of
the study in three cases. However, because of a lack
of prospective clinical studies undertaking hearing
threshold screening in this group of patients, it is
difficult to determine the effect of phosphodiesterase
5 inhibitors on hearing, and the exact incidence of
hearing loss, at such continuous and higher doses.

The results of the current study did not demon-
strate any permanent hearing loss in patients receiv-
ing phosphodiesterase 5 inhibitor. It is interesting to
note that, although statistically insignificant, an
increase in hearing acuity was observed in some
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subjects, especially in the first and fifth hours;
however, none of these patients reported an improve-
ment in their hearing. It is possible that subjects
became accustomed to the audiometric investi-
gations, as they underwent testing three times in
the one day (at 0, 1 and 5 hours). There was a statisti-
cally significant difference only at 10 000 Hz, com-
pared with baseline audiometric results. This result,
although statistically 51%n1ﬁcant, does not appear to
be clinically significant.”” Early detection of hearing
loss due to potentially ototoxic drugs requires a base-
line audiogram and serial monitoring of a patient’s
thresholds. High frequency audiometry is highly sen-
sitive for early detection of the ototoxic effects of
drugs.”

o Phosphodiesterase 5 inhibitors (sildenafil,
vardenafil and tadalafil) have been approved
for the treatment of erectile dysfunction

o There has been recent speculation on the
possibility of these drugs causing sensorineural
deafness

e This study investigated the possible ototoxic
effects of vardenafil

e Temporary ototoxicity was seen in four out of
18 patients. There were no permanent effects

o Further study is needed regarding the
possibility of ototoxicity as a side effect of this
group of drugs

Eustachian tube obstruction and dysfunction may
occur due to retrograde spread of an inflammatory
process, which may cause nasal mucosal congestion
and oedema, impaired mucociliary activity of the
nasal pharyngeal mucosa, or obstruction of the
lumen due to seromucous gland hypersecretion.”
Therefore, nasal obstruction can alter eustachian
tube function and may influence middle-ear press-
ures.’®?” The penile corpus cavernosum and the
nasal erectile tissue are very similar structures, and
both are specifically affected by phosphodiesterase
5 inhibitors. In the nasal cavities, erectile tissue is
located in three sites: the inferior turbinate, the
middle turbinate and the nasal septum.’ It has been
shown that specific PDE-5i effects the erectile
tissues in the nasal cavity and causes congestion of
the mentioned parts of the nose.°"® According to
the results of present study, this may not spread an
inflammatory process towards the eustachian tube
in a retrograde fashion that may result in alterations
of middle ear pressure.

Conclusion

The present study findings appear to indicate that
vardenafil does not affect middle-ear pressure or
cause sudden deafness, at a dose of 10 mg.
However, clinically significant hearing loss was
detected in four patients, which appeared at the
time of maximum drug plasma concentration and
persisted beyond the mean terminal half-life of the
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drug. Therefore, it could be suggested that phospho-
diesterase 5 inhibitor may cause reversible biochemi-
cal and metabolic changes in the cochlea, rather than
morphological abnormalities. Because such ototoxic
side effects are dose-related, further studies using
higher doses are needed, in order to determine the
exact effects of phosphodiesterase 5 inhibitor on
hearing. It may be prudent to inform patients
taking phosphodiesterase 5 inhibitors for erectile
dysfunction about the possible effects of the drug
on hearing.
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