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Abstract

Anecdotal reports have suggested that the vasodilator, sildenafil citrate, which evokes its effect via
a select inhibition of PDES5, has the potential to increase intraocular pressure (IOP) in some
individuals. An ocular hypertensive effect by sildenafil was also recently described in a sheep
animal model. In contrast, clinical studies have not found a direct association between sildenafil
ingestion (commonly consumed as Viagra) and changes in 10P. However, some such studies also
reported no effects of sildenafil on systemic blood pressure (BP) at the time of the IOP
determination. Given this surprising result, our purpose was to repeat a study in human volunteers
in the city of Corrientes, Argentina to corroborate the effects of sildenafil on human IOP and
systemic BP. For the present study, 9 healthy volunteers (male and female, 18 to 74 years old)
were selected as subjects after ophthalmic and cardiovascular evaluation indicated that they
exhibited normal parameters for their age. In a masked, placebo-controlled study, the subjects
ingested 100 mg sildenafil citrate (provided as Vorst from Laboratorios Bernabo, Argentina) in
one session, and a placebo on a second separate occasion. IOP was measured with a Goldman
applanation tonometer by an ophthalmologist, and BP by a second physician, neither of whom
witnessed the tablet ingestion by the volunteers, nor provided with information on the nature of
the test compounds. A third individual administered the tablets. The average baseline 10P of this
group of 9 was 13.1 + 0.6 mm Hg. Subsequent to sildenafil ingestion, IOP increased by 26% to
16.5 £ 0.8 mm Hg 60 min later (p< 0.005, as paired data), and returned to control values within 2
hrs. Both systolic and diastolic BP were significantly reduced by sildenafil ingestion. At the point
of maximal systemic hypotension (90 min), the systolic and diastolic pressures declined by 15%
and 13%, respectively. No significant changes in IOP or BP were recorded after ingestion of the
placebo. Our results suggest that sildenafil can elicit a transient 0P increase that may be of
importance to patients chronically treated with PDES inhibitors for various vascular diseases (e.g.,
pulmonary hypertension). We discuss possible mechanisms by which PDES5 inhibition might lead
to a rise in 10P.
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1. Introduction

Sildenafil citrate (i.e., Viagra) is a potent cGMP-specific phosphodiesterase type 5 (PDE5)
inhibitor (IC5p =4 nM) that is commonly administered to patients as an effective treatment
for erectile dysfunction (Laties and Fraunfelder, 1999; Marmor and Kessler, 1999), as well
as, for various vascular diseases, including pulmonary hypertension (Konstantinos and
Petros, 2009). As a relatively potent systemic vasodilator, sildenafil was originally designed
to treat cardiac ischemic conditions (Jackson et al., 1999; Konstantinos and Petros, 2009).
Endothelium-derived relaxing factors (e.g., NO) diffuse into the smooth muscle and increase
cGMP levels, which in turn produces muscle relaxation and dilation of blood vessels. The
PDES inhibitors potentiate the muscle-relaxant effects of NO and cGMP (Laties and
Fraunfelder, 1999; Marmor and Kessler, 1999).

Given the widespread application of this agent, and the fact that sildenafil is also relatively
selective for PDEG6 (ICsq ~40 nM), which is solely found in the retina and is a critical
enzyme in the regulation of the phototransduction cascade (Laties and Zrenner, 2002),
several studies examined the effects of the PDES5 inhibitor on ocular blood flow and
intraocular pressure (IOP) in both normal human subjects (Harris et al., 2008), and patients
with age-related macular degeneration (Metelitsina et al., 2005). In general, no adverse
effects of sildenafil on ocular circulation and 10P have been reported (Cordell et al., 2009;
Grunwald et al., 2001b; Koksal et al., 2005; Harris et al., 2008; Yajima et al., 2000).
However, the literature contained anecdotal reports observing an elevated 10P in senior
patients (older than 70 years of age) who had taken sildenafil (Yajima et al., 2000). Because
of the possibility that potent PDES5 inhibitors may increase IOP in a particular group of
individuals, we recently tested the effects of sildenafil (and tadalafil, a longer lasting PDE5
inhibitor) on the 10P of a sheep animal model (Gerometta et al., 2010) Sheep were used
because of the similarity to humans for their ocular response to topical glucocorticosteroid
instillations and resulting ocular hypertension (Gerometta et al., 2009), which occurs due to
a reduction in conventional outflow facility (Candia et al., 2010). Sheep also exhibited a
robust increase in IOP one hour after oral ingestion of either sildenafil (50 and 100 mg) or
tadalafil (20 mg). We earlier discussed in detail a potential model to explain the IOP rise
secondary to sildenafil treatment (Gerometta et al., 2010).

Based on these observations, we found it remarkable that a study of the potential effects of
sildenafil on the 10P of patients with primary open angle glaucoma (POAG) reported no
effects of the drug on either IOP or systemic blood pressure (Grunwald et al., 2001a).
Because this was an early report following the marketing of Viagra by Pfizer, we thought it
important to re-examine these results, namely that sildenafil does not affect IOP or systemic
blood pressure in human volunteers. For this, we recruited 9 healthy volunteers (3 female, 6
male) of various ages (18 to 74) who agreed to have their IOP and blood pressure
simultaneously recorded in 2 sessions, one in which they received 100 mg sildenafil citrate,
and the other in which they received a placebo. Our results indicate that sildenafil can
potentially increase IOP in man, but the ocular hypertensive effect was transient and more
variable among our human subjects than in sheep. However, the effect on human 10P
coincided with the time course for which the drug is used clinically.
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2. Materials and Methods

Volunteers were recruited via pamphlet announcements near and within the Universidad
Nacional del Nordeste (UNNE) at Corrientes, Argentina, where the present study was
conducted within the Catedra de Oftalmologia, Facultad de Medicina of UNNE. Nine
healthy volunteers were selected as subjects after cardiovascular and ophthalmic evaluation
showed normal parameters. The subjects were informed that they would be taking a pill and
that they might feel weak for a period of 2 hours. They were told that they would be asked to
return to the clinic for a second evaluation, at which time they would receive another pill.
They were not told that in one session they would receive sildenafil, and in another session,
a placebo. All subjects signed an informed-consent form approved by local agencies, which
also follow the tenets of the Declaration of Helsinki. The subjects were recruited and tested
in different sessions over a period of several months. IOP was measured with a Goldman
applanation tonometer by an ophthalmologist and blood pressure (BP) by a second
physician. Neither physician knew whether the subject had ingested sildenafil or the
placebo. Sildenafil citrate was Vorst 100 mg (Laboratorios Bernabo, Argentina), which can
be purchased at local pharmacies without prescription. Baseline IOP was measured at least
twice before the administration of an agent. The right eye was measured first, and then the
left eye of each patient, and then again over a period of between 60 to 165 min after
ingestion of the administered tablet, which was provided by a third person not involved in
the measurements. BP was measured immediately after the IOP determinations by the
second physician, who was not in contact with the ophthalmologist or the individual
administering the tablets.

Changes in measured I0P (mm Hg) and in systolic (Sys) and in diastolic (Dia) blood
pressures (mm Hg) were analyzed using Student’s t-test as paired values (before vs. after
tablet ingestion) with P< 0.05 taken as the level of statistical significance.

The 9 healthy volunteers recruited for this study ranged in age from 18 to 74 years old with
an average age of 35.2 £ 16.9 (= SD) and a median age of 32. The subjects’ ages are
included along with their individual 10P and blood pressure values in the tables (1 through
4) described below.

The effects of sildenafil on I0OP and systemic BP of the 9 volunteers are summarized in
Tables 1 and 2. IOP before sildenafil was 13.1 + 0.6, and increased to 16.5 + 0.8 mm Hg (P<
0.005, as paired data) 60 min later (Table 1). IOP returned to control values within 2 hours,
given that the 10P recorded at 2-hours post drug ingestion was 13.5 + 0.5 mm Hg, a value
indistinguishable from baseline (P> 0.4, as paired data). Not all of the volunteers were
available for recording the I0P at 90-min post drug ingestion; but among those that were
(the first 4 subjects listed in Table 1), there was an indication of an 10P decline in 3 of the 4
individuals by 90 min after drug ingestion. Table 1 also includes a compilation of the IOP
measurements in all subjects that were taken 165 min after sildenafil was administered, at
which point the average measured 10P was 12.8 £ 0.5 mm Hg, a value also
indistinguishable from baseline (P> 0.4, as paired data).

At the point of maximal IOP elevation subsequent to sildenafil ingestion (60 min), the 3.4 +
0.8 mm Hg pressure increase (Table 1) represented a 26% change over the control, baseline
value.

In contrast to the markedly transitory effects on I0P, sildenafil administration elicited a
prolonged systemic hypotensive effect on BP that persisted throughout the 165 min that the
subjects were available for measurements (Table 2). The data indicate that the largest
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systemic effect was on the systolic pressure at 60 and 90 min after the drug was ingested.
Thereafter, there was a tendency for the systolic pressure to increase, but it remained
significantly lower (P< 0.05, as paired data) than the control, baseline values when measured
at 120 and 165 min post drug ingestion (Table 2). Diastolic pressure was also significantly
reduced by sildenafil administration (Table 2).

At the point of maximal systemic hypotension (90 min), the systolic and diastolic pressures
declined by 15% and 13%, respectively, relative to the baseline values.

When the same subjects ingested a placebo, there were no significant changes in their IOP
and systemic blood pressure values (Tables 3 and 4).

4. Discussion

We obtained a 100% incidence of IOP elevation upon sildenafil ingestion among the
volunteers in this study. In this regard, these results are in accord with our earlier
observations with a sheep animal model, with which all animals administered sildenafil
exhibited an increase in 10P (Gerometta et al., 2010). Moreover, our data are in apparent
agreement with various anecdotal reports linking an increase in 10P to sildenafil treatment.
Such anecdotes include reports of IOP elevation by patients and/or their physicians to the
FDA following the marketing of the drug in 1998 (Laties and Fraunfelder, 1999, page 121),
as well as, disparate reports from clinics in Europe that noted IOP elevations subsequent to
sildenafil ingestion among some patients (Laties and Fraunfelder, 1999, page 120; Marmor
and Kessler, 1999, page 160).

On the other hand, to the best of our knowledge, most if not all published reports of studies
done on human volunteers have not demonstrated an association between sildenafil
administration and elevations in IOP. Because of this, reviewers of this subject have
considered 10OP elevations among patients treated with sildenafil as coincidental and not
treatment related (Laties and Zrenner, 2002; Laties, 2009).

At this time, we do not have a firm explanation for this discrepancy of results, but some
plausible notions can be advanced. Human volunteers may not equally reach equivalent
blood levels of the drug following oral ingestion due to differences in general health,
metabolic efficiency, and/or individual dietary status at the time of the clinical test. After
oral administration, dose-proportional maximum plasma concentrations of sildenafil are
reached within 1 h (Nichols et al., 2002). Clinical effects have been noted within 12-30 min
after dose administration to fasted patients (Eardley et al., 2002), but are delayed after a fatty
meal (Nichols et al., 2002). The drug is rapidly eliminated from the body with a plasma half-
life of 3-5 h (Boolell et al., 1996). Sildenafil is primarily metabolized by the low affinity
cytochrome P450 enzyme 3A4 and secondarily by the high affinity enzyme 2C9 (Hyland et
al., 2001). Overall, individuals older than 65 tend to have higher blood levels of the drug
after ingestion due to lower metabolism; higher blood levels are also found in those with
liver diseases and those with severe renal insufficiency (Pfizer product information for
Viagra, published online January, 2010).

Some of these factors may have come into play within our group of volunteers given the
variability of the differences in IOP between the baseline and post-sildenafil values among
the individuals (Table 1). Our subjects varied in age, but all were tested in the early morning
(beginning at 8:45 am) with few reporting that they had yet ingested breakfast, which in
Corrientes commonly consists of a cup of coffee and toast. Importantly, the increase in IOP
was recorded in tandem with a decrease in systemic pressure.
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As aforementioned, we found it noteworthy that none of the POAG patients who
volunteered to have their IOP measured following sildenafil ingestion exhibited a decline in
BP concomitant with the time at which the IOP measurements were taken (Grunwald et al.,
2001a). This suggested to us that the blood levels of the vasodilator may have been
therapeutically low at the point of the IOP measurement. Nevertheless, there was a tendency
in the Grunwald et al. (2001a) data for IOP to be somewhat elevated relative to placebo
administration in their group of volunteers, but the difference was not statistically
significant. We therefore suggest that had the IOP measurements been taken at the point of
maximal blood levels (as presumably reflected by systemic hypotension), the IOP
differences may have been larger.

In addition, we would like to note that we are aware of 5 other studies that measured the
effects of sildenafil ingestion on IOP and/or ocular blood flow of human volunteers that also
reported no changes in systemic blood pressure at the time the measurements were made
(e.g., Dundar et al., 2006; Foresta et al., 2008; Grunwald et al., 2001b; Koksal et al., 2005;
Polak et al., 2003). Overall, this suggests to us that the potential ocular hypertensive effects
of sildenafil may have been overlooked.

Some ocular researchers seem to have expected a priori that sildenafil, as a systemic
hypotensive agent, might evoke a reduction in IOP (and/or a direct reduction in blood flow
to the optic nerve head) due to a decrease in ocular perfusion pressure. The latter is a
theoretical concept that is in general defined as a difference between mean arterial pressure
and IOP. Based on this theory, reductions in mean arterial pressure could potentially reduce
blood flow into the eye and reduce IOP. However, sildenafil has been shown to increase
ocular blood flow due to dilations of intraocular vasculature (Harris et al., 2008).

We previously discussed how sildenafil could potentially elicit an increase in 10P
(Gerometta et al., 2010). One possibility is that the PDES5 inhibitor might have increased
choroidal volume, given the fenestrated capillaries of the choroid, and the fact that the
choroid is a vascular tissue analogous to the corpus cavernosum (Koksal et al., 2005;
Marmor and Kessler, 1999; Paris et al., 2001). A putative increase in choroidal volume
could have contributed to the 0P elevation (Kiel, 1994). It does indeed appear that
sildenafil increases choroidal blood flow (Harris et al., 2008; Koksal et al., 2005). It also
appears that sildenafil may increase the blood flow to the ciliary body via an increase in the
flow of the posterior ciliary artery (Koksal et al., 2005). Such flow could result in a higher
leak of plasma-like fluid from the fenestrated capillaries of the ciliary body, and subsequent
leakage of such fluid directly into the anterior chamber across the front face of the iris, given
the absence of an anatomical barrier at this surface (Bill, 1975; Freddo, 2001). Consistent
with this possibility, we measured higher levels of protein in the anterior chamber of sheep
following sildenafil ingestion (Gerometta et al., 2010).

It is also possible that ingestion of PDES5 inhibitors could increase the cGMP levels of
anterior-segment ocular tissues involved in aqueous humor dynamics. There are reports that
cGMP inhibits transport in the isolated porcine ciliary body (Fleischhauer et al., 2000;
Shahidullah and Delamere, 2006), and that it increases aqueous outflow facility in a dose-
dependent manner in monkeys (Kee, Kaufman and Gabelt, 1994). However, such reduction
in fluid transport and increased outflow facility would have an effect on IOP opposite to the
one that we observed. Thus, these possible effects seem to have been overwhelmed by the
effect of sildenafil on ocular vascular flow, as judged by the increased protein content of the
anterior chamber in the sheep animal model upon sildenafil ingestion (Gerometta et al.,
2010). To whatever extent sildenafil increases cGMP levels in the ciliary epithelium and
trabecular meshwork, thereby reducing 10P, such putative effect would serve to attenuate
the magnitude of the 10P rise that we recorded.

Exp Eye Res. Author manuscript; available in PMC 2012 July 1.
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From these observations we suggest that PDE5 inhibitors have the potential to increase I0P
in patients, albeit transiently, and that this effect is presently not widely recognized. As such,
individuals chronically treated with PDES5 inhibitors for various vascular diseases (e.g.,
pulmonary hypertension), especially senior patients, may unknowingly harm retinal
ganglion cells secondary to 10P elevation, if they already have glaucoma, or are at risk for
developing this disease. Transient, repetitive IOP elevations may lead to progressive vision
loss in those with glaucoma (Werne et al., 2008). This consideration may be especially
relevant to glaucoma patients taking tadalafil or other longer-lasting PDES5 inhibitors on a
regular basis.

Our above suggestions are based on our results with sheep (Gerometta et al., 2010) and the
present small study on human volunteers. In the latter group of healthy individuals, the mean
IOP rise elicited by sildenafil of 3.4 mmHg, to a pressure of 16.5 mmHg (Table 1), may not
appear salient within the context of pathological ocular hypertension. However, within our
study group, three subjects had IOP increases of 5.5 and 8 mmHg, which in the latter case
brought 0P to 21.5 mmHg. Thus, there is the potential that IOP could rise higher in
individuals with reduced outflow facility, which is a common characteristic of POAG.

We would also like to point out that we measured 2 parameters (IOP and BP) and that while
IOP went up, BP declined. On a single subject, with 2 parameters there are 4 possible
outcomes - BP up with IOP up, BP up with IOP down, BP down with 10OP up, and BP down
with IOP down. To obtain one of these outcomes by chance in one subject, there is a
probability of 0.25. With 2 subjects, the probability is 0.0625 that the 2 subjects exhibit the
same outcome, e.g., BP down with IOP up, by chance. Dramatically, with 9 subjects, the
probability that all would exhibit the same outcome by chance is 1/262,144. Thus, we
conclude that the effect of sildenafil is highly significant for this very small population.

Our population included young people (an 18 and 20 year old) because sildenafil is easily
obtained in Argentina without prescription and is regularly used by youths under the
mistaken belief that the drug increases their sexual performance. In Argentina, there is much
anecdotal evidence that the drug is frequently abused. Nevertheless, we suggest that a more
extensive study on a larger and more diverse population should be completed to determine
whether or not the observed ocular hypertensive effects of sildenafil are a particularity to
these subjects in Correntes. Such determination is important given the widespread use of this
agent.
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