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Purrose. Phenylephrine has been shown to affect intraocular pressure (IOP) but the
mechanism of action is poorly understood. However, its action as a vasoconstrictor
suggests possible effects on episcleral venous pressure (EVP). In this study, we evaluated
the effect of phenylephrine on EVP and IOP in healthy subjects.

MerHops. Forty eyes of 20 subjects were included. Each subject received 3 drops of
phenylephrine 2.5% in one eye at 1-minute intervals. The fellow eye served as control.
Blood pressure, heart rate, and IOP and EVP of both eyes were measured at baseline,
15 minutes, and 60 minutes after instillation of phenylephrine. IOP was measured by
pneumatonometry. EVP was assessed by using a computer-controlled episcleral veno-
manometer. Changes in IOP, EVP, blood pressure, and heart rate at 15 and 60 minutes
were analyzed by paired #-tests.

Resurrs. IOP increased 15 minutes after instillation of phenylephrine in both treated
(P = 0.001) and control eyes (P = 0.01) and returned to baseline at
60 minutes. The change in IOP at 15 minutes was not significantly different between
the 2 groups. EVP in treated eyes was unchanged at 15 minutes (P = 0.8) but decreased
significantly at 60 minutes (P < 0.001). In control eyes, there was no change in EVP
at any time (P > 0.6). There were no significant changes from baseline in systolic and
diastolic blood pressure and heart rate after instillation of phenylephrine.

Concrusions. IOP elevation associated with topical phenylephrine is not caused by an
increase in EVP in healthy subjects. Instead, EVP decreases with phenylephrine, but the
mechanism remains to be determined.

Keywords: phenylephrine, episcleral venous pressure, intraocular pressure, vasoconstric-
tion

henylephrine is an alpha-1 adrenergic agonist that is

frequently used for pupil dilation during routine clin-
ical fundus examinations, as well as in pre-operative regi-
mens for intraocular surgeries. Concentrations of 2.5% and
10% phenylephrine have been used for this purpose.’? In
the eye, phenylephrine acts locally as a potent vasoconstric-
tor and mydriatic by constricting ophthalmic blood vessels
and the radial dilator muscle of the iris."* Mydriasis begins
after about 15 minutes,? is maximal at 60 to 90 (mean
75) minutes, and recovers after 5 to 7 hours. Phenylephrine
is also used as a decongestant by constricting conjuncti-
val vessels, thereby decreasing eye redness. Phenylephrine
solution 2.5% is considered safe for routine use in the
eyef‘ The US Food and Drug Administration (FDA) has
approved using up to 3 drops of phenylephrine hydrochlo-
ride ophthalmic solution 2.5% or 10% for pupil dilation.
However, the use of phenylephrine may affect intraocular
pressure (IOP), making measurements during routine eye
examinations suspect if performed after dilation.

Several studies have measured the effects of phenyle-
phrine on IOP and aqueous outflow facility in normal and
glaucomatous human eyes, but the mechanism of action
remains poorly understood. In some studies, phenylephrine
was found to cause a mild reduction in IOP in both normal
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eyes®>° and eyes with open-angle glaucoma.>’” Other stud-
ies have found no change®!? or a slight increase in IOP in
normal eyes or eyes with open-angle glaucoma after treat-
ment with phenylephrine.'>~!7 Outflow facility has also been
measured by tonography to assess the effect of phenyle-
phrine, with some reporting an increase in normal eyes’
and in glaucomatous eyes® some reporting a decrease
in glaucomatous eyes,!? and some reporting no effect in
normal®1%15.18 and glaucomatous eyes.!>!8

The effect of phenylephrine on episcleral venous pres-
sure (EVP), a key determinant of IOP, has not been reported.
The episcleral veins are the distal portion of the conven-
tional aqueous outflow pathway that begins at the trabecular
meshwork, continues in the collector channels and aqueous
veins, and drains into the superior ophthalmic vein.!?-22 The
specialized morphology of the episcleral vasculature, with
numerous arteriovenous anastomoses (AVAs) and muscle
rich arteries and veins innervated for vasodilation and vaso-
constriction, allows regulation of blood flow and volume in
the episcleral vessels.?>>* Phenylephrine, as a vasoconstric-
tor, may affect vessel tone in multiple parts of the episcleral
vasculature, but the effect on EVP is unknown. In this study,
we evaluated the effect of topical phenylephrine 2.5% on
EVP and IOP in healthy subjects.
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METHODS

This study was approved by the Institutional Review Boards
at Mayo Clinic. The study followed the tenets of the Decla-
ration of Helsinki and was in accordance with Health Insur-
ance Portability and Accountability Act (HIPAA) regulations.
All subjects provided written informed consent to participate
after discussion of the nature and possible risks of the study.

Study Subjects

Healthy subjects, age 18 years and above, were enrolled
from local area residents and employees of Mayo Clinic
Rochester. All participants underwent a general health
interview and comprehensive ophthalmologic examination,
including visual acuity, IOP by pneumatonometry, slit lamp
biomicroscopy, gonioscopy, and fundoscopy. Subjects were
included in the study if they had had 2 healthy eyes
with normal crystalline lenses, open angles, IOP less than
22 mm Hg in each eye, and best-corrected visual acuity
(BCVA) 20/50 or better in each eye. Subjects were excluded
if they had a history or evidence of any clinically signifi-
cant ocular pathology (including narrow angles or any form
of glaucoma), intraocular surgery, laser treatment, corneal
refractive surgery, a vertical cup-to-disc ratio >0.6 or an
asymmetry of the vertical cup-to-disc ratio >0.2, myopia
greater than —6.00 D or hyperopia greater than +2.00 D,
use of any ocular medication within 30 days of study visit,
known hypersensitivity to the study medications, use of
systemic medications within 30 days prior to study that may
affect IOP or blood pressure, use of systemic steroid, and
women who were pregnant. Also excluded were participants
with systemic disease that could affect vascular regulation
or EVP, including severe hypertension (systolic blood pres-
sure greater than 180 mmHg and/or diastolic blood pres-
sure greater than 105 mm Hg), ischemic heart disease, cere-
brovascular accidents, cardiac arrhythmias, cerebral or aortic
aneurysms, uncontrolled diabetes mellitus, and uncontrolled
hyperthyroidism.

MEASUREMENTS
Intraocular Pressure

IOP was measured in both eyes in the sitting position by
using a pneumatonometer (Model 30 Classic; Reichert Inc.,
Buffalo, NY, USA). Calibration of the tonometer was verified
according to the manufacturer’s instruction and the tip was
cleaned before each set of measurement. Topical propara-
caine 0.5% was instilled before each IOP measurement.

Episcleral Venous Pressure

EVP was measured noninvasively by using a computer-
controlled slit-lamp mounted episcleral venomanometer,
with modifications designed and constructed by the Mayo
Clinic Division of Engineering (Fig. A). This technique has
been described previously.?>? In brief, our system included
a computer-controlled motor drive to increase pressure auto-
matically, a transducer to record pressure, and a high-
definition video camera to record vein collapse. This device
utilized the pressure chamber technique, in which a clear
inflatable bulb was placed against the conjunctival surface
of the eye in contact with an episcleral vein, and then
the pressure automatically increased at a constant rate and
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inflated the bulb. Images of the vein were recorded by
using a video camera as the vein was compressed over
8 seconds (240 frames; Fig. B). The pressure inside the
chamber was recorded and synchronized with the video
stream. The brightness profile across a selected segment
of the vein was calculated using custom image analysis
software and the peak brightness was graphed as a func-
tion of applied pressure (Fig. C). Peak vessel brightness
decreased as increasing pressure in the bulb collapsed the
vein. Image analysis software was used to determine the
point at which venous collapse begins, which corresponds
to EVP.

One episcleral vein in the superior hemisphere was
selected and a mean of three measurements was taken as
the EVP. In a previous study, no significant differences in
EVP were detected in different quadrants of the eye.?® All
EVP measurements were performed by one of the authors
(A.K)). During the measurements, the subjects were asked
to relax and breathe normally, and the measurements were
always made on the same vessel for each eye.

Blood Pressure and Heart Rate

Each subject was seated for 5 minutes and blood pressure
and heart rate were measured by using an automatic blood
pressure monitor. An appropriate pressure cuff size was
used for each subject.

Instillation of Phenylephrine and Order of
Measurements

On the day of the study, the subjects were asked to maintain
a regular schedule with normal activities. After confirming
eligibility, baseline IOP and EVP in both eyes, and blood
pressure and heart rate were measured. Topical propara-
caine was instilled in each eye before IOP and EVP measure-
ment. The left or right eye of each subject was then random-
ized to receive 3 drops of phenylephrine 2.5% instilled
into the lower conjunctival cul-de-sac at 1-minute intervals
between drops. The fellow eye served as a control. Subjects
were instructed to close their eyelids gently after instilla-
tion of each drop and to maintain closed eyes for 1 minute.
Subjects were also instructed to perform punctal occlusion
by pressing a finger over the medial canthal area against
the nasal bone to close the nasolacrimal duct, reducing
systemic absorption of phenylephrine. Blood pressure and
heart rate, IOP, and EVP were then measured 15 minutes
and 60 minutes after instillation of phenylephrine. For each
parameter, a mean of three measurements was accepted as
a final value.

Statistical Analysis

Significance of changes in IOP, EVP, systolic and diastolic
blood pressures, and heart rate from baseline and compar-
ison of changes between treated eyes and control eyes
at 15 and 60 minutes after instillation of phenylephrine
eye drop were determined by using paired #-tests. Differ-
ences were considered significant for P < 0.05. All of the P
values were calculated based on paired differences between
groups, which provide greater power to detect differences
between means than an unpaired #test between indepen-
dent samples.
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Tasie 1. Study Population Characteristics
Characteristic
Men 7
Women 13
Age (y)
Mean + SD 35.4 + 13.3
Range 19-60
Race
White 16
Asian 4

1.0 &+ 1.2 mm Hg, P = 0.001; Table 2) at 15 minutes after
instillation of phenylephrine but then decreased to baseline
(15.0 £ 2.0 mm Hg, mean difference of 0.0 £ 1.4 mmHg, P =
0.9) at 60 minutes. In control eyes, IOP was 14.5 &+ 2.0 mmHg
at baseline, increased to 15.1 £ 1.9 mmHg at 15 minutes
(mean difference of 0.6 = 1.0 mm Hg, P = 0.01; Table 2),
and then returned to baseline (14.8 £ 2.0 mm Hg, mean
difference of 0.3 + 1.0 mm Hg, P = 0.18) at 60 minutes. At 15
minutes, there was no significant difference in the change in
IOP from baseline between treated and control eyes (mean
difference of 0.4 + 1.1 mm Hg, P = 0.18; Table 3).

EVP in treated eyes decreased significantly at 60 minutes
from 8.4 £ 1.7 mm Hg at baseline to 7.3 £+ 1.9 mm Hg (mean
difference of —1.1 + 0.9 mm Hg, P < 0.001) but there was
no change at 15 minutes (8.3 £ 1.9 mm Hg, mean difference
of —0.1 £ 1.5 mm Hg, P = 0.8). In control eyes, EVP was
similar at all 3 times: 8.3 &+ 2.2 mm Hg at baseline, 8.3 + 2.4
mm Hg (mean difference of 0.0 & 1.0 mm Hg, P = 0.9) at
15 minutes, and 8.2 + 2.5 mm Hg (mean difference of —0.1
+ 0.9 mm Hg, P = 0.7) at 60 minutes. The EVP change was
greater in treated eyes than in control eyes at 60 minutes
(mean difference of —1.0 & 1.4 mm Hg, P = 0.003) but not
at 15 minutes (mean difference of —0.1 + 1.8 mm Hg, P =
0.9; Table 3).

There was a trend toward an increase in both systolic
and diastolic blood pressure and a decrease in heart rate
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after phenylephrine, but the changes were not statistically
significant (P > 0.07; Table 2).

DISCUSSION

The regulation of EVP is complex, and the effects of vasoac-
tive compounds, such as phenylephrine, can be difficult to
predict. We previously investigated the effect of body posi-
tion on EVP and found that changes in EVP can explain
changes in IOP with postural changes.”’” However, the
magnitude of the changes is far less than would be expected
if the pressure in the venous system were determined only
by gravity and this suggests the presence of auto-regulation
in the episcleral vasculature. Strohmaier et al. demonstrated
that electrical stimulation at the location of the superior
salivatory nucleus in rats resulted in elevation of EVP
and IOP, whereas blood pressure and heart rate remained
unchanged, suggesting the possibility of central nervous
system (CNS) control.?® One possible mechanism for EVP
control is through the arteriovenous anastomoses (AVAs),
which connect the arterial and venous sides of the epis-
cleral circulation.?®?*=3% In animal studies, episcleral arter-
ies, AVAs, and veins respond to topical vasoconstrictors and
vasodilators, indicating their potential for active regulation
under neural control, which may have an important role in
the control of normal IOP.?3:2432-3% yasoactive medications
have been shown to affect EVP, with vasoconstrictors, such
as brimonidine® and L-NAME,*® causing a decrease, whereas
vasodilators, such as nitroprusside,*® cause an increase. Curi-
ously, netarsudil, a rho kinase inhibitor which causes vasodi-
lation, decreases EVP in both animals and humans.?’~%°
Nevertheless, it is reasonable to expect that topical phenyle-
phrine, a sympathomimetic agent with primary alpha-1
adrenergic activity known to act directly on vascular smooth
muscle resulting in vasoconstriction,®>4! would affect EVP.
Aqueous humor suppression with timolol or acetazolamide
does not appear to affect EVP.#2-44

Our study found a significant decrease (1.1 mm Hg)
in EVP 60 minutes after instillation of phenylephrine eye

TasLE 2. Pairwise Comparison of IOP, EVP, Blood Pressure, and Heart Rate at 15 and 60 Minutes of Instillation of Phenylephrine 2.5% With

Baseline Among Treated and Control Eyes

15 Min 60 Min
Baseline Pairwise Difference From Pairwise Difference From
Variable Mean = SD Mean + SD Baseline + SD P Value Mean + SD Baseline + SD P Value
Treated IOP (mm Hg) 15.0 + 2.5 16.0 + 2.4 1.0 + 1.2 0.001 15.0 + 2.0 0.0 + 1.4 0.92
Control IOP (mm Hg) 14.5 £ 2.0 151 + 1.9 0.6 £ 1.0 0.01 14.8 + 2.0 03 £+ 1.0 0.18
Treated EVP (mm Hg) 84 + 1.7 83 + 1.9 —0.1 £ 1.5 0.81 73 £ 19 —1.1 £ 0.9 <0.001
Control EVP (mm Hg) 83 + 2.2 83 + 24 0.0 + 1.0 0.91 82 + 25 —-0.1 £ 0.9 0.68
SBP (mm Hg) 117.1 £+ 16.4 118.8 + 19.5 1.7 + 6.8 0.26 119.0 £ 21.0 1.9 + 8.8 0.35
DBP (mm Hg) 79.4 + 8.7 81.0 + 10.0 1.6 + 4.2 0.10 81.7 £ 10.2 23 + 54 0.07
HR (bpm) 749 £ 105 73.4 + 11.9 —15 £ 55 0.23 72.6 £ 11.1 -23 + 7.1 0.15

All comparisons were performed using paired #-tests.

DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure.

TaBLE 3. Pairwise Comparison of Baseline IOP and EVP, and Changes From Baseline at 15 and 60 Minutes of Instillation of Phenylephrine

2.5% Between Treated and Control Eyes

Baseline Change From Baseline at 15 min Change From Baseline at 60 min
Treated Control Pairwise Treated Control  Pairwise Treated Control Pairwise
Variable Eyes Eyes Difference P Value Eyes Eyes Difference P Value Eyes Eyes Difference P Value
IOP (mm Hg) 15.0 + 2.5 145 £ 2.0 0.5 + 1.0 0.02 1.0 £ 1.2 06 £+ 1.0 04+ 1.1 0.18 00+14 03+10 —03+10 0.15

EVP (mm Hg) 84 + 1.7 83 + 22 0.1 + 25 0.83

—-0.1 £ 15 0.0 &£ 1.0 —-0.1 £ 1.8 0.90

-1.1 £ 09 —-0.1 £ 09 —-1.0 + 1.4 0.003

All comparisons were performed using paired #-tests.
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drops in the treated eyes. EVP did not change in the control
eyes at any time. Because phenylephrine is a vasoconstric-
tor, we expected a decrease in the diameter of episcleral
veins after treatment and this was subjectively observed (but
not measured) in most of the phenylephrine treated eyes.
Decreased venous diameter after topical phenylephrine is
in agreement with previous studies of reduction of conjunc-
tival venous diameter with phenylephrine in human® and
rabbits.“® However, the diameter of the episcleral veins alone
likely has limited influence on EVP. Instead, the effect is
likely mediated by constriction and dilation of the epis-
cleral AVAs. Funk et al. demonstrated that pharmacologi-
cally induced vasodilation and vasoconstriction of the epis-
cleral vasculature in rabbits affected the flow of blood
through the AVAs3* Application of a topical vasoconstric-
tor (epinephrine) caused the AVAs to constrict, leading to
a reduction of relatively high-pressure blood flow from the
arterial to the venous side, which manifests as a decrease
in EVP. In contrast, the application of a topical vasodila-
tor (nitroprusside) caused dilation of the episcleral vascu-
lature, and an increase in both EVP and IOP, likely medi-
ated by dilation of AVAs and increased flow of high-pressure
arterial blood to the venous system.>* Phenylephrine would
be expected to constrict the AVAs, similar to epinephrine,
causing a reduction in EVP as observed in our study
subjects.

IOP increased by 1.0 mm Hg in treated eyes and by
0.6 mm Hg in control eyes 15 minutes after phenylephrine
instillation but returned to baseline after 60 minutes. There
are several mechanisms that could explain this IOP eleva-
tion, but the change does not appear to be related to EVP,
which decreased after phenylephrine treatment. Cyclople-
gia can change outflow facility but phenylephrine does not
appear to change ciliary muscle tone. One possible mecha-
nism may be release of iris pigment after pharmacologically
pupillary dilation,*” causing accumulation in the trabecular
meshwork and decrease in outflow facility. These mecha-
nisms are also consistent with the lack of IOP decrease at 60
minutes, which would be expected if a decrease in EVP were
the only change in aqueous humor dynamics. IOP elevation
observed at 15 minutes in the control eyes may be due to
systemic absorption and contralateral effect of the eye drops.
However, the effect of phenylephrine on IOP is inconclusive
in the literature. Several studies have indicated no change in
IOP in normal eyes®'2% or in eyes with open-angle glau-
comal'®!? after treatment with phenylephrine. Other studies
have reported a slight increase in IOP after phenylephrine
treatment.'>"!7 In contrast, Becker® reported that phenyle-
phrine caused a mild IOP reduction in both normal eyes and
eyes with open-angle glaucoma. One possible reason for the
variety of results may be due to individual patient variations.
Mapstone reported that phenylephrine 10% drops given to
untreated ocular hypertension patients resulted in an IOP
decrease in patients without pigment release, whereas no
IOP change occurred in patients with visible pigment release
after dosing.®®

We did not measure aqueous humor flow rate but there
are controversies about the effect of phenylephrine on the
flow rate. An increased flow rate could increase IOP and
Van Genderen et al.*® reported that flow increased signifi-
cantly between 0 and 1 hour after phenylephrine instillation
but decreased to normal after 2 hours. In a study by Lee
et al.'! aqueous flow showed significant increases at 1 hour
and 2 hours after instillation of phenylephrine but no signifi-
cant effect on IOP at the same measurement times. However,
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some authors stated that the effect of phenylephrine on
the aqueous flow in normal human eyes is considered to
be negligible as a result of either an insufficient concen-
tration of phenylephrine in the ciliary body or the lack of
influence of an a-receptor system on the aqueous flow.®?
A pharmacokinetic analysis of topical phenylephrine in the
human eye revealed that phenylephrine is lost fairly rapidly
from the anterior chamber.®> As well, any apparent increase
in aqueous humor flow rate when determined by using fluo-
rophotometry will be complicated by the increased fluores-
cein clearance from the anterior chamber through a dilated
pupil.>®

Cardiovascular side effects of phenylephrine include a
rise in systolic and diastolic blood pressure and reflex brady-
cardia.”'~>> However, there were no significant changes in
systolic and diastolic blood pressures and heart rate after
instillation of phenylephrine 2.5% in our subjects. Although
some studies have reported a significant increase in blood
pressure after instillation of phenylephrine 5% or 10%
eye drops,’®~58 controlled studies and meta-analyses have
not found significant cardiovascular changes after phenyle-
phrine 2.5% eye drops alone or in combination with tropi-
camide.** A large randomized clinical trial found a tran-
sient increase in blood pressure after phenylephrine 2.5%
topical drops, but this reverted to baseline in less than 20
minutes.” There was also no significant increase in blood
pressure or heart rate at 20 to 30 minutes or at 60 minutes
or longer. Other studies that used phenylephrine 2.5% or
higher concentrations did not show significant change in
blood pressure.!75-65

Our study has some limitations. We did not use a placebo
eye drop in the control eyes. Unfortunately, a placebo
that had similar sensation upon instillation and participant
detectable effects on the eye would be difficult to develop.
As well, we did not measure outflow facility or aque-
ous humor flow rate as the relatively short-lived effects of
phenylephrine 2.5% do not provide enough time to perform
those measurements in addition to EVP measurements. The
most important advantage of our study was that we used an
automated, computer-controlled episcleral venomanometer
that can reliably detect the beginning of venous collapse,
providing an objective measurement of EVP. As well, all EVP
measurements were performed by one investigator (author
A.K.) who is experienced in the field of episcleral veno-
manometry.

In conclusion, our study found that IOP increased 1.0
mm Hg 15 minutes after instillation of phenylephrine 2.5%
eye drops but returned to baseline at 60 minutes. This tran-
sient elevation of IOP was not caused by an increase in
EVP. Instead, there was a significant decrease, 1.1 mm Hg,
of EVP in the treated eyes at 60 minutes. The mechanism
for this decrease is currently unknown but vasoconstriction
of the episcleral vessels, particularly the arteriovenous anas-
tomoses is a possibility requiring further investigation. As
well, future studies are required to identify the mechanism
for IOP elevation and to investigate the effect of phenyle-
phrine on IOP and EVP in glaucoma suspects and patients.
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