Topical Proparacaine and Episcleral Venous Pressure in
the Rabbit
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PURPOSE. To determine the effect of proparacaine-induced topical anesthesia on episcleral venous pressure (EVP).
METHODS. In anesthetized rabbits (n ⫽ 11), EVP was measured
with a servonull micropressure system, with glass pipettes
with 2- to 3-m tips used to cannulate episcleral veins. Additional measurements included arterial, intraocular, and orbital
venous pressures obtained by direct cannulation, to assess the
ocular pressure gradients, and carotid blood flow and heart
rate, to verify preparation stability. The protocol entailed 5 to
10 minutes of stable baseline recording followed by topical
application of proparacaine (0.5%, 10 L) with continued measurements for another 5 to 15 minutes.
RESULTS. Baseline EVP without topical anesthesia was 12.3 ⫾
1.1 mm Hg. EVP decreased significantly to 8.7 ⫾ 0.9 mm Hg
within minutes after application of proparacaine. A small decrease also occurred in intraocular pressure. All other measured variables were unchanged.
CONCLUSIONS. These results suggest that the episcleral circulation is under tonic neural control and that either an upstream
resistance site is under tonic vasodilatory control or a downstream site is under vasoconstrictor control. (Invest Ophthalmol Vis Sci. 2009;50:2949 –2952) DOI:10.1167/iovs.08-3048

S

teady state intraocular pressure (IOP) is determined by the
rate of aqueous humor production and the ease of aqueous
outflow through the trabecular and uveoscleral pathways.
Aqueous leaving the eye via the trabecular pathway depends
on the pressure gradient from the anterior chamber (the IOP)
to the recipient episcleral veins (EVP).1 The important role of
EVP in IOP homeostasis is evident in the modified Goldmann
equation: IOP ⫽ [(Fac ⫺ Fu) ⫼ C] ⫹ EVP, where Fac is the
aqueous flow through the anterior chamber, Fu is the aqueous
flow through the uveoscleral pathway, and C is the trabecular
conductance or facility.2 The EVP in a normal eye is generally
assumed to be approximately 9 mm Hg.3 If so, the Goldmann
equation indicates that EVP accounts for more than 50% of a
normal IOP of 15 mm Hg.
The nominal EVP of 9 mm Hg is based on numerous studies
using both direct and indirect measurement techniques; however, EVP is difficult to measure and the physiology and pharmacology of the episcleral circulation are poorly understood.4 –7 The episcleral circulation is complex and has
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numerous arteriovenous anastomoses (AVAs).8 –13 To add further complexity, the blood supply to this network comes from
vessels originating inside and outside the eye.8 As a result,
blood flow changes in episcleral supply vessels can affect the
rate of aqueous entering the episcleral venous system. Moreover, there is strong evidence that the episcleral circulation is
richly innervated and that a variety of vasoactive neurotransmitters are present (e.g., nitric oxide, acetylcholine, norepinephrine, vasoactive intestinal peptide, neuropeptide Y, and
substance P), but their influence on EVP remains to be determined.10,14
As a first step in trying to understand the neural control of
EVP, we sought to block it with the commonly used topical
ocular anesthetic proparacaine. 15,16 To measure EVP, we
chose a servonull micropressure system that permits cannulation of individual vessels and provides continuous measurements. The technique has been used to measure EVP in monkeys and rabbits.17,18

METHODS
The animal procedures were approved by the local Institutional Animal
Care and Use Committee and conducted in accordance with the Guide
for the Care and Use of Laboratory Animals and the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research. At the end
of the experiments, all animals were euthanatized with an overdose of
pentobarbital without regaining consciousness.

Animal Preparation
New Zealand albino rabbits (2–3 kg) of both sexes were housed in the
vivarium with food and water available ad libitum before the experiments. Animals were anesthetized with pentobarbital sodium (30
mg/kg IV, supplemented as needed) and paralyzed with gallamine
triethiodide (1 mg/kg) to eliminate eye movement. To estimate the
ocular mean arterial pressure (MAP), we inserted a catheter into the
right ear artery and connected it to a pressure transducer positioned at
the same height above the heart as the eye. The animals were intubated
through tracheostomy and respired with room air. Expired PCO2 was
monitored (SurgiVet V9004; Sims BCI, Inc., Waukesha, WI) and maintained between 39 and 44 mm Hg. During the tracheotomy procedure,
the right common carotid was isolated for measurement of carotid
blood flow (BFcar) with a transit-time ultrasound flow probe (2PSB;
Transonic Systems, Ithaca, NY) and flowmeter (TS420; Transonic Systems). The BFcar was used as an index of cerebral perfusion and to
trigger a digital cardiotachometer (Chart, ver. 5.5.6; ADInstruments
Colorado Springs, CO) to measure heart rate (HR) as an index of
cardiac performance. A heating pad was used to maintain normal body
temperature (38 –39°C). All intravenous injections were given via cannulas placed in the marginal ear veins. After the initial surgical preparation, the animal was mounted in a stereotaxic head holder, and the
orbital venous sinus was cannulated with a 23-gauge needle inserted
through the posterior supraorbital foramen to measure orbital venous
pressure (OVP) with a second pressure transducer.19 The right eye was
then cannulated with a 23-gauge needle inserted into the vitreous
cavity through the pars plana to measure the intraocular pressure (IOP)
with a third pressure transducer. All parameters were monitored in real
time and digitally recorded (Chart, ver 5.5.6; ADInstruments; Macintosh G4 computer; Apple, Inc., Cupertino, CA).
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Novata, CA), with the tips triple beveled in three planes to achieve an
inner diameter of 2 to 4 m on a micropipette beveler (BV-10; Sutter
Instrument Co.) with a grinding plate (104-F; Sutter Instrument Co.).
The pipettes were filled with a 2-M sodium-chloride solution and
connected to the servonull pressure system. The ground wire was
placed within the dermal opening of the tracheostomy, to complete
the circuit loop of the pressure system. The eye was fixed to a
stationary ring with 5-0 suture ties through the conjunctiva at 2, 6, and
10 o’clock, to minimize respiratory and cardiac synchronous movement. The ring was fixed to a magnetic holder, and the eye was held
throughout the experiment in its natural position. After the eye was
stabilized, a small portion of conjunctiva was cut near the superior
limbus to expose the episcleral veins, and the conjunctival flaps were
used to form a small (3 ⫻ 3 mm) calibration well that was filled with
0.9% sodium-chloride solution. Guided by a surgical microscope (Surgioscope DFV; model MC-M3101XY; WPI), the pipette tip was first
advanced into the well where it was calibrated in saline solution at zero
pressure, and then it was further advanced into an episcleral vein. The
episcleral veins were identified by the streaming of aqueous in the flow
of blood and cannulated near their exit point from the sclera.
After an episcleral vein was cannulated, 10 to 15 minutes of baseline data were obtained before drug application. Once sufficient baseline data were obtained, 10 L of proparacaine hydrochloride (0.5%;
Bausch & Lomb, Tampa, FL) was placed locally on the episcleral
vascular plexus at the site of the cannulated vessel, and the measurements continued for a minimum of another 10 to 15 minutes. Figure 1
shows an experimental tracing that illustrates the protocol.

Data Analysis
Measured variables were averaged over the 5- to 10-minute baseline
period before proparacaine and for 5 to 10 minutes once the EVP
response stabilized after proparacaine. The averaged values were compiled in a spreadsheet and analyzed by a two-tailed, paired t-test. A
Bonferroni corrected P ⬍ 0.0083 was considered significant. Data are
presented as the mean ⫾ SE.

RESULTS
The photograph in Figure 1 (top) shows a representative region of the rabbit episcleral circulation and a vein cannulated
with a micropipette for EVP measurement with the servonull
system. The cornea is located in the lower right corner of the
photograph, and the cannulated vein arises from deeper in the
sclera and travels posteriorly. The dense circumferential limbal
vascular plexus is also evident. The middle set of experimental
tracings shows a typical robust decrease in EVP in response to
topical proparacaine, which did not affect the other measured

FIGURE 1. Top: photograph of rabbit episcleral circulation with micropipette vein cannulation. Middle: representative tracings of MAP
(mm Hg), IOP (mm Hg), OVP (mm Hg), BFcar (mL/min), HR (bpm),
and EVP (mm Hg) showing response to topical proparacaine (10 L).
Bottom: tracings from a different animal showing lack of response to
topical saline.

EVP Measurements
EVP was measured with a micropipette-based servonull pressure system (model 900A; World Precision Instruments, Sarasota, FL). The
micropipettes were made from borosilicate glass capillary tubes (1.2
mm) pulled on a pipette puller (model P-87; Sutter Instrument Co.,
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FIGURE 2.
0.0049).

Effect of topical proparacaine on EVP (n ⫽ 11; P ⫽

Proparacaine’s Effect on EVP
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TABLE 1. Proparacaine’s Effects
Parameter

Control

Proparacaine

P

MAP (mmHg, n ⫽ 11)
IOP (mmHg, n ⫽ 11)
OVP (mmHg, n ⫽ 8)
BFcar (mL/min, n ⫽ 11)
HR (bpm, n ⫽ 11)

75.48 ⫾ 1.56
17.73 ⫾ 1.06
1.89 ⫾ 0.39
27.69 ⫾ 2.07
291.52 ⫾ 7.13

74.73 ⫾ 1.36
16.22 ⫾ 1.08
1.62 ⫾ 0.38
24.44 ⫾ 1.73
288.17 ⫾ 6.95

0.286
0.004
0.011
0.106
0.148

The OVP cannula clotted in three animals, and those data are not included. The Bonferroni-corrected
P threshold is 0.0083.

variables. The bottom set of tracings shows no response to a
topical application of saline, which was done to verify that the
proparacaine response was not simply due to the application
of an exogenous fluid. Periodic saline irrigation was given in all
experiments to maintain corneal hydration and consistently
caused no response (data not shown).
Figure 2 and Table 1 present the mean values for the
measured variables before and after proparacaine. There were
no significant changes in MAP (⫺1% ⫾ 1%), OVP (⫺21% ⫾
9%), BFcar (⫺12% ⫾ 2%), or HR (⫺1% ⫾ 1%). However, the
EVP was significantly affected, decreasing from 12.26 ⫾ 1.13
mm Hg before proparacaine to 8.67 ⫾ 0.90 mm Hg afterward
(⫺27% ⫾ 6%, P ⫽ 0.0049). A significant decrease also occurred
in IOP (⫺9% ⫾ 2%).

DISCUSSION
In his original observations of aqueous veins, Ascher5 noted
increased erythrocyte flux in response to topical anesthetics.
Subsequent anatomic studies showing innervation of episcleral
arterioles, AVAs, and venules are consistent with Ascher’s observation,10,14 and it is not surprising that the EVP changed in
response to a local anesthetic in the present study. However, to
the best of our knowledge, the observation that local anesthesia decreases EVP is new information.
We chose proparacaine because it is a commonly used
topical ocular anesthetic and it is less irritating than other
available local anesthetics such as lidocaine, tetracaine, or
procaine (Novocain).15 Local anesthetics exert their desired
anesthetic effect by blocking the conduction of neural action
potentials by closing voltage-gated sodium channels; however,
they are not selective for afferent nerves and block conduction
in efferent nerves as well.15,16,20 We assume that the efferent
block is primarily responsible for the EVP response to proparacaine. However, local anesthetics can also affect endothelial
cells21–23 as well as vascular smooth muscle calcium homeostasis,24 –26 and these non-neural affects may also have contributed. Another caveat that should be noted is that the animals
were under general anesthesia with pentobarbital, which may
have blunted the EVP response.
The decrease in EVP after proparacaine suggests that the
episcleral circulation is under tonic neural control in this animal model, but it does not indicate the site or nature of the
control. Although the episcleral circulation is too complex (Fig
1, top) for a simplistic hemodynamic analysis, some general
comments can be made. The pressure in any vessel is set by the
vessel’s flow rate and the upstream and downstream resistances. If the flow rate is constant, a decrease in pressure can
occur if upstream resistance increases or if downstream resistance decreases. A more complex scenario would be for both
resistances to decrease, but downstream to a greater extent. If
the upstream resistance sites from the episcleral veins (i.e., the
arterioles and AVAs) receive tonic neural dilator input (e.g.,
nitrergic nerves), then local anesthesia would decrease EVP.
Conversely, if the downstream resistance sites (i.e., the larger
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conduit veins traveling to the orbital venous sinus) are under
tonic neural constrictor tone (e.g., sympathetic nerves), EVP
would also decline with local anesthesia. If both upstream and
downstream resistance sites have neural constrictor tone, EVP
would decrease if the downstream site resistance declined
more with local anesthesia.
Determining which resistance sites and which vasodilator
or constrictor nerves are involved in the EVP decrease with
local anesthesia requires further study. Current drug treatments for glaucoma focus on aqueous production, trabecular
facility, and uveoscleral outflow to lower IOP. EVP is not now
deliberately targeted for its antihypertensive effect, but the
present results and the Goldmann equation suggest that lowering EVP may be a feasible approach to lowering IOP.
It should be noted that the decrease in IOP in response to
proparacaine was significant, but less than the decrease in EVP,
because we deliberately tried to anesthetize only the small
region at the point of episcleral vein cannulation. Indeed, we
had hoped that only EVP would change, so that any concomitant changes in aqueous dynamics would be avoided. It may
be that anesthesia of the entire anterior eye surface lowers IOP,
but it would be necessary to evaluate all facets of aqueous
dynamics to interpret the response.
A practical aspect of the current results is that EVP measurements in humans and many animal studies were performed
with a venomanometer, typically with the eye anesthetized.6,27
If humans and other species respond to topical anesthesia as
does the anesthetized rabbit, the EVP values in the literature
may be lower than in the unanesthetized eye. In addition, EVP
measurements before and after giving an antagonist (e.g., timolol) are unlikely to detect the antagonist’s response if the
nerves are anesthetized, and similarly, the responses to agonists (e.g., brimonidine) are likely to be blunted. Last, aqueous
dynamics calculations (e.g., uveoscleral outflow) may be problematic if based on anesthetized EVP measurements (or an
assumed EVP measurement) with other parameters measured
with the eye unanesthetized.
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