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Abstract

Purpose—To test the hypothesis that blood flow autoregulation in the optic nerve head has less 

reserve to maintain normal blood flow in the face of blood pressure-induced ocular perfusion 

pressure decrease than a similar magnitude intraocular pressure-induced ocular perfusion pressure 

decrease.

Materials and Methods—Twelve normal nonhuman primates were anesthetized by continuous 

intravenous infusion of pentobarbital. Optic nerve blood flow was monitored by laser speckle 

flowgraphy. In the first group of animals (n=6), the experimental eye intraocular pressure was 

maintained at 10 mmHg using a saline reservoir connected to the anterior chamber. The blood 

pressure was gradually reduced by a slow injection of pentobarbital. In the second group (n=6), 

the intraocular pressure was slowly increased from 10 mmHg to 50 mmHg by raising the 

reservoir. In both experimental groups, optic nerve head blood flow was measured continuously. 

The blood pressure and intraocular pressure were simultaneously recorded in all experiments.

Results—The optic nerve head blood flow showed significant difference between the two groups 

(P = 0.021, repeat measures analysis of variance). It declined significantly more in the blood 

pressure group compared to the intraocular pressure group when the ocular perfusion pressure was 

reduced to 35 mmHg (P<0.045) and below. There was also a significant interaction between blood 

flow changes and the ocular perfusion pressure treatment (P=0.004, adjusted Greenhouse & 

Geisser univariate test), indicating the gradually enlarged blood flow difference between the two 

groups was due to the ocular perfusion pressure decrease.

Conclusions—The results show that optic nerve head blood flow is more susceptible to an 

ocular perfusion pressure decrease induced by lowering the blood pressure compared with that 

induced by increasing the intraocular pressure. This blood flow autoregulation capacity 

vulnerability to low blood pressure may provide experimental evidence related to the 

hemodynamic pathophysiology in glaucoma.
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Introduction

Blood flow autoregulation denotes an intrinsic ability of an organ or a tissue to maintain 

constant blood perfusion in the face of a range of blood pressure changes and to deliver 

appropriate oxygen and glucose under altered metabolic activities. Impaired autoregulatory 

capacity may leave tissues vulnerable to perfusion pressure changes and potentially harmful 

tissue under- or over-perfusion.1–4 This pathological mechanism has been proposed to 

contribute to the initiation and/or progression of glaucomatous optic neuropathy,5–9 i.e., the 

optic nerve head (ONH) can no longer maintain normal blood flow (BF) when ocular 

perfusion pressure (OPP) fluctuates.

The OPP has been defined as the difference between arterial blood pressure (BP) entering 

the eye and the intraoocular pressure (IOP).10–13 While increased IOP has been cited as a 

risk factor contributing to the pathogenesis of glaucoma,14, 15 not until recently have 

population based epidemiological studies provided clinical evidence that BP-related OPP 

reduction is associated with the prevalence and incidence of glaucoma.16–19202122–27 With 

or without abnormally elevated IOP, BP in glaucoma patients often has greater nocturnal 

reductions or is lower than normal.23, 24, 28–30 However, while there is a consensus that a 

lower OPP is important, there is no agreement on the exact effects of BP-related OPP 

change on BF in ONH versus that induced by IOP in glaucoma.

Previous studies have demonstrated that the performance of autoregulation in normal ocular 

tissues may vary depending on whether the OPP is modulated by BP or IOP.4, 31–33 For 

example, the autoregulation system of the rabbit choroidal circulation functions better if the 

OPP is altered by IOP while BP is held constant rather than vice versa.34 Similarly, the 

human choroidal circulation is better regulated when OPP is increased by BP during 

isometric exercise than if OPP is decreased by raising IOP.35 Tested in rats, higher IOP is 

needed to attenuate ocular BF in animals with higher BP.36 The results of these studies 

indicate a complicated interaction between BP and IOP on BF regulation.

In the ONH, where the major pathological change develops in glaucoma,37 the 

autoregulation system tolerates OPP decreases induced by IOP elevation better than that in 

the choroid of humans.33 In nonhuman primates,38 the same magnitude of IOP increment 

caused significantly more ONH BF decrease if the systemic BP was low than if the BP was 

high.38 In both studies, however, the BF responses to either BP or IOP change were studied 

at different ranges of OPPs, whether the BF responds at the same level of OPP change 

remains unclear. This current study was undertaken to compare the ONH BF responses to 

either BP- or IOP-induced OPP decrease in two groups of normal nonhuman primates. It 

was hypothesized that BP exerts an important role in local BF control by maintaining basal 

vascular tone.14, 39, 40 Thus, in the face of BP-induced OPP decrease, ONH autoregulation 

has less reserve to maintain normal perfusion than the same extent of IOP-induced OPP 

decrease. These results may provide experimental evidence to elucidate the roles of BP and 

IOP in BF regulation in the ONH, and potentially hemodynamic related pathological 

mechanisms in glaucoma.
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Material and Methods

Animals

All experimental methods and animal care procedures adhered to the ARVO Statement for 

the Use of Animals in Ophthalmic and Vision Research and were approved by the local 

Institutional Animal Care and Use Committee. In total, 12 adult rhesus monkeys (Macaca 

mulatta; female; 11.2 ± 3.9 years old) were used in this study.

Anesthesia and general preparation

Prior to testing, each animal was sedated by an intramuscular injection of ketamine/xylazine 

(15 mg/kg and 0.8 mg/kg). The animal was then intubated and breathed air in a prone 

position on a table. The anesthesia was maintained thereafter by a continuous infusion of 

pentobarbital (6–9 mg/kg, IV, Nembutal®, AKORN). Each mL Nembutal contains 50 mg 

pentobarbital sodium, 40% propylene glycol and 10% alcohol. Pentobarbital was used 

because, unlike the volatile gas anesthetics, it has minimal impact on autoregulation.4, 41–44 

The head of the animal was fixed with a head-rest and a bite-bar to keep the face forward. 

The body temperature was maintained at approximately 37°C with a heating pad. Heart rate 

and oxygen saturation were monitored continuously (Propaq Encore model 206EL; Protocol 

Systems, Inc., Beaverton, OR). A superficial branch of the tibial artery in a lower leg was 

cannulated with a 27-gauge needle, which was connected to a pressure transducer (BLPR2, 

WPI, NH) for continuous recording of mean arterial BP on a four-channel amplifier system 

(Lab-Trax-4/24T, WPI, NH). End tidal carbon dioxide level (EtCO2) was monitored 

continuously (RSP-300, Kent Scientific Co.).

Proparacaine (0.5%) was administered topically and an eyelid speculum was used to keep 

the eyelids open. Pupils were dilated with 1.0% tropicamide. The anterior chamber was 

cannulated through the corneoscleral rim with a 27-gauge needle connected to a bottle filled 

with sterile saline, and IOP was controlled by positioning the reservoir bottle at a pre-

calibrated height. A plano-powered, rigid, gas-permeable contact lens was used to maintain 

optical transparency and corneal hydration.

BF measurement with Laser Speckle Flowgraphy

A laser speckle flowgraphy device (LSFG, Softcare, Iizuka, Japan) was used to measure the 

BF in the ONH. The principles of the laser speckle technique and its application in our lab to 

measure ONH BF in nonhuman primates has been described in previous 

publications.38, 45–47

In brief, a fundus camera-based LSFG device was used to define an area centered on the 

ONH, which has dimensions of about 3.8mm × 3mm (W × H) and an estimated depth of 

tissue penetration up to 1 mm at 810 nm laser wavelength.48 After switching on the laser (λ 

= 830 nm, maximum output power, 1.2 mW), a speckle pattern appears due to random 

interference of the scattered light from the illuminated area, which was continuously imaged 

by a charge coupled device (700 × 480 pixel) at a frequency of 30 frames per second. 

Offline analysis software computed the mean blur rate (MBR) of the speckle images. MBR 

is a squared ratio of mean intensity to the standard deviation of light intensity, which varies 
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in time according to the velocity of blood cell movement and correlates well with capillary 

BF within the ONH.49, 50 A composite MBR map representing arbitrary BF distributed 

within the ONH was generated from each of the series images. After eliminating the area 

within the images corresponding to large blood vessels, the time course of capillary BF 

(A.U.) in the ONH was generated.

Experimental protocols

In the two experimental groups, the effects of a slow BP decrease (Exp 1) and a slow IOP 

increase (Exp 2) on the ONH BF were studied. The third experiment (Exp 3) assessed the 

effect of pentobarbital compounds on the retinal blood vessel diameter in 3 additional 

monkeys and 9 rats.

Exp 1. ONH BF during slow BP decrease—In 6 animals, the IOP of the experimental 

eye was maintained at 10 mmHg manometrically under general anesthesia by continuous 

infusion of pentobarbital as described above. While the beat-to-beat BP recording was 

monitored continuously, Euthasol (390 mg sodium pentobarbital and 50 mg sodium 

phenytoin, 10% ethyl alcohol, 18% propylene glycol, 3,688 µg rhodamine B, and 2% benzyl 

alcohol per milliliter, Virbac, AH Inc. TX) diluted by 3 times with balanced salt solution 

was slowly injected intravenously. The speed of injection was manually controlled to keep 

the BP decrease as slow as possible. During the injection, ONH BF was recorded 

continuously until the BP was reduced to 10 mmHg. The minimal dose that induced the 

initial BP decrease varied among animals. In general, approximately ½ ml Euthasol 

(containing 25 mg pentobarbital) was given before the BP started to decline. At the end of 

the experiment, the animal was euthanized by an overdose of Euthasol.

Exp 2. ONH BF during slow IOP increase—In one eye of each animal (n=6), the IOP 

was set at 10 mmHg for at least 5 minutes using a saline reservoir connected to the anterior 

chamber and then manually increased at a rate of approximately 0.4 (n=3) or 1 mmHg per 

second (n=3) until IOP reached 50 mmHg. The speed control for the IOP elevation was 

approximated by slowly raising the reservoir attached to a sliding track while following 

actual manometer pressure reading shown on the screen by one operator. While another 

person counted the time lapse, the speed was adjusted to be as even as possible. Ten seconds 

before and as IOP rose, ONH BF was measured by the LSFG; BP and IOP were recorded 

simultaneously.

The reason for two different rates of IOP elevation being used was to match the average and 

highest speeds of BP decrease in Exp 1, which varied individually and during the time 

course of the slow pentobarbital injection. A previous study51 found that different rates of 

OPP change may cause different autoregulation responses (see Discussion).

Data analysis of Exp 1 and Exp 2

For each test, the OPP = [(BP – 5 mmHg) – IOP] was calculated over the entire time course, 

where the 5 mmHg was used to correct the height difference between the tested eye and the 

level where BP was measured. OPP was then binned every 5 mmHg starting from the 
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highest to the lowest. The corresponding BF change within the range of each binned OPP 

group relative to the baseline value was calculated and averaged across all experiments.

Exp 3. Peripapillary retinal vessels diameter changes during slow BF 
decrease—In Exp 1 (BP group), since the pentobarbital had to be given at a higher dose 

than that used in Exp 2 (IOP group) to pharmacologically reduce the BP, the difference in 

dose and the difference of ingredients between the two solutions used in the two groups 

varied. Therefore, a direct vasomotor effect of the drug on the upstream arterioles in the 

ONH supplying these capillaries needs to be considered. However, since the vessel diameter 

in the ONH cannot be reliably measured, Exp 3 was designed to examine such an effect by 

measuring the blood vessel diameter in the peripapillary region (Figure 1) at the same dose 

used in the BP group (by body weight) assuming the two sets of blood vessels share the 

same physiological properties (most importantly, the same response to pentobarbital). In 

order to reduce the use of higher order animals, the preliminary results were obtained in 9 

rats and then confirmed in 3 monkeys.

Male adult albino rats (Sprague Dawley® Rat, Charles River Laboratories Inc., Wilmington, 

MA) were initially anesthetized by intramuscular injection of ketamine/xylazine. One of the 

femoral arteries was cannulated for continuous BP registration. The monkeys were 

anesthetized with the same anesthesia protocol as applied in Exp 1. A Spectralis™ HRA

+OCT instrument (Heidelberg Engineering, GmbH, Heidelberg, Germany) was then used to 

image the vessels in the posterior retina. A circular peripapillary SDOCT scan centered on 

the ONH was obtained by focusing on the large retinal vessels in the left eye (Fig 1). The 

SDOCT was then switched into fluorescence angiography (FA) mode; contrast sensitivity 

was adjusted and followed by intravenous injection of fluorescein dye (Fluorescite®, Alcon 

Laboratories, Inc, Fort Worth, Texas), approximately 0.1 ml for a rat and 0.5 ml for a 

monkey to increase the visibility of the blood vessels. As soon as the injection was finished, 

sequential peripapillary circular scans were repeated approximately every 15 seconds for 4 

minutes in FA/OCT combined mode. Use of the combined mode allows measuring the 

vascular diameter at the same location on the blood vessels in all sequential images. Starting 

at the onset of the second image, pentobarbital (Euthasol) at the dose of 200 mg/kg body 

weight as used in Exp 1 was injected slowly (I.V.) in both the rats and monkeys.

The series of SDOCT images were analyzed offline. With the help of SDOCT software, 

three arteries with best focus across the SDOCT circular scan in each eye were selected (Fig 

1). The diameter of the arteries at every 15 second time points after pentobarbital injection 

was measured and averaged. The blood vessel diameter changed from baseline at every 5 

mmHg range of OPP decrement was averaged across the group.

Two-way analysis of variance for repeated measures (RM-ANOVA with adjusted 

Greenhouse & Geisser univariate test) was used to evaluate the BF differences between IOP 

and BP groups and Fisher LSD test (post-hoc) for the mean BF comparison between 

baseline (OPP 50–60 mmHg) and different OPP levels in each group. Probability <0.05 was 

considered as the critical level for rejecting a null hypothesis.
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Results

Exp 1. ONH BF during slow BP decrease

The baseline BP (before the injection of Euthasol) was 81.2 ± 11.3 mmHg (mean +/− SE). 

After the injection began, the BP often remained at the baseline level for several seconds or 

minutes. The BP then started to decline at varied rates after approximately less than ¼ of the 

total dose was given. It declined from baseline to the lowest level (< 10 mmHg) often at 

varied speeds. This decline was 0.27 ± 0.12 mmHg/sec on average, which was calculated 

based on the BP difference between baseline and the lowest level divided by the total time 

(seconds) between the two selected BP. The highest speed of BP decline was calculated in a 

same manner by determining the time period with fastest BP decline for each animal (0.90 ± 

0.37 mmHg/sec on average).

Offline analysis of the LSFG images showed that the ONH BF gradually decreased as the 

BP declined. The ONH BF decrease was not significant compared with the average BF 

baseline value (OPP between 50 and 60 mmHg) until the OPP was ≤ 38.3 ± 2.4 mmHg (Fig 

2).

Exp 2. ONH BF during slow IOP increase

As the reservoir input pressure was slowly increased by raising the reservoir, the IOP 

increased almost simultaneously (Fig 3). The average BP during slow IOP increase was 80.5 

± 6.5 mmHg, which was not significantly different from the baseline average in the BP 

group (P = 0.71). Analysis of the LSFG data showed that BF decreased gradually as the IOP 

increased. The BF decrease was not significant compared with the average baseline value 

until the OPP was ≤ 27.7 ± 0.18 mmHg (P < 0.05, see Fig 4).

Comparison between the two experimental groups—RM-ANOVA showed the BF 

changed significantly more in the BP group than that in the IOP group (P = 0.021). There 

was also a significant interaction between BF changes and the OPP treatment (P=0.004, 

adjusted Greenhouse & Geisser univariate test): i.e., the BF difference between the two 

groups became significantly enlarged due to the OPP lowering. The BF declined 

significantly more in the BP group compared to the IOP group when the OPP was 35 mmHg 

(P<0.045) and below.

Exp 3. Peripapillary retinal vessels diameter changes during slow BP decrease

The peripapillary arterial blood vessel diameters averaged from three vessels in each eye 

showed no change during each 5 mmHg OPP decrement from baseline (OPP 50mmH) in 

monkeys (n=3). There were neither significant diameter changes in rats (n=9), except 

immediately after the administration of pentobarbital in the OPP 55 mmHg range (P=0.04, 

see Figure 5).

Discussion

By comparing the ONH BF change at the same nominal OPP level induced by either 

lowering BP or increasing IOP in nonhuman primates, the current study demonstrated that 
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ONH BF decreased significantly more if the OPP was reduced by lowering the BP than by 

increasing the IOP.

This observation, in good agreement with our previous report,38 indicates that a sufficient 

level BP is an important factor for effective BF autoregulation in the ONH. The results are 

also in line with similar studies in other ocular tissues and species. For example, in the rabbit 

choroid BF is regulated better during an IOP-induced OPP decrease than that by BP at the 

same OPP levels.4, 34 It takes a greater IOP elevation to reduce the choroidal BF to a given 

rate than it does by lowering BP.34 In humans, if the OPP was manipulated higher by 

altering the BP (isometric exercise), the BF compensated better than when OPP was lowered 

by increasing IOP in the human choroid.35 By measuring both retinal function and ocular 

BF in rats, higher BP has been found to have a protective effect on retinal function and this 

has been considered to be mediated by improved BF.36 Collectively, despite differences in 

tissues, species and experimental conditions, these earlier results and the current results 

suggest that higher BP enhances BF autoregulation and lower BP weakens BF 

autoregulation.

There are several possible mechanisms underlying the significantly greater ONH BF 

decrease during the BP-induced OPP decrease. First, it may be related to a stretch-dependent 

mechanism.14 Studies have demonstrated that the effective triggering and full-scale reaction 

of pressure-induced autoregulation depends on both transmural pressure and flow-induced 

shear stress.39, 40 The two factors are essential for the blood vessels to maintain a basal 

myogenic tone, also known as “vasodilative reserve”, to provide further vascular contraction 

or dilatation to adjust the local BF. While both lowering BP and increasing IOP resulted in 

the same OPP decrease and transmural pressure change, lowering BP had a likely stronger 

effect weakening the shear stress because it significantly reduced cardiac output and BF 

velocity compared with that achieved by increasing the IOP.14 Thus, even with a 

mathematically equal decrease of OPP, achieved by either lowering BP or increasing IOP, a 

greater decline in the ONH BF could be attributed to a reduced vasodilative reserve during 

the BP lowering. However, this theory is limited to the mechanical regulation in the 

arterioles or the resistance vessels. The ONH BF is also regulated via metabolic 

mechanisms, possibly also at the capillary level. Previous studies have suggested that 

capillaries may assist arteries and veins in the regulation of ONH BF accomplished by the 

contractile mural cell of capillaries including the pericyte52–55 and endothelium.52, 56 Thus, 

it is possible that the significantly greater ONH BF decrease during the BP-induced OPP 

decrease reflects differences between conditions in metabolic mechanisms of autoregulation, 

at least in part.

Several additional factors that may have potential impact on the results of this study should 

also be considered. In a previous study of ONH BF response to IOP increase in human 

subjects,51 a slower IOP increase induced a wider autoregulation range than that of a faster 

IOP increase.51 The authors speculated that if the IOP elevated too fast, it did not allow the 

vascular system to fully autoregulate. Thus, an ideal experimental condition should alter the 

OPP in both groups at the same speed. However, since the speed of this pharmacologically 

induced BP decline was too difficult (if not impossible) to control precisely, the OPP was 

reduced at a varied speed within and between individual animals. To minimize this potential 
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influence, we adjusted the speed of change in the IOP group to match that in the BP group. 

As shown in the results, the average speed of the OPP change in the BP group was slightly 

slower than that in the IOP group, suggesting that the significantly greater decrease of ONH 

BF in the BP group was unlikely to be the result of a higher speed of BP decrease. However, 

it cannot be ruled out that if a sufficient recovery time was provided periodically during the 

course of OPP decrease, the BF decrease may have had the same magnitude under both 

conditions (BP and IOP).

Another caveat is the quantitative difference of pentobarbital and the ingredients in the two 

different pentobarbital formulations (Nembutal vs. Euthasol) administered in the two 

groups. If the pentobarbital or the ingredients in the solutions has a dose-dependent 

vasoconstrictor effect on the ONH blood vessels, the significantly more decreased BF in the 

BP group might be related to the dose differences. In the literature, the majority of studies 

have shown that pentobarbital either abolishes or attenuates induced vasoconstriction in non-

ocular tissues57–63 and the vascular tone in the anterior uvea and optic nerve.64 However, a 

few studies show a direct effect of vasoconstriction in vivo on the rat hindquarter resistance 

vessels.65, 66 To specifically evaluate the effect of pentobarbital and/or the ingredients on the 

vessels’ diameter at the dose and the route administered in this study, the peripapillary 

retinal vessel diameter was determined as a surrogate to the vessels from where the capillary 

BF derives, which assumes both vessels share same physiological properties (Exp 3). The 

result showed mild vasodilation, instead of vasoconstriction after pentobarbital 

administration until OPP was reduced to 20 mmHg. This vasodilative effect by pentobarbital 

has been previously reported in the rabbit ONH as well.64 However, whether the 

pentobarbital has additional unknown dose-dependent effects on pathways influencing the 

performance of autoregulation in the ONH and/or whether high dose administration of 

pentobarbital to reduce BP has other systemic vascular effects are unclear.

It should also be noted that this study was designed to compare ONH BF at identical 

(nominal) levels of OPP. However, the calculated OPP may not represent the exact pressure 

difference between the arterial pressure entering the ONH and venous pressure leaving the 

ONH67, 68 because the former was estimated from systemic BP measured in a leg and the 

latter was estimated from a surrogate (IOP). Thus, the BF comparisons might not be at 

precisely “equal OPP” levels between the two experiments since the underlying assumptions 

could differ under each condition. However, the potential error is not expected to account 

for the full scale of BF differences observed between the two groups at each OPP level. In 

addition, a potential effect of systemic response in the BP group on the ONH autoregulation 

should also be considered.

Bearing in mind these limitations and complexity, the quantitative difference in the response 

of ONH BF to decreased OPP depending on achieved by whether lowered BP or increased 

IOP, parallels the clinical findings in glaucoma and may have potential implications. 

Population based epidemiological studies typically estimate OPP in a similar manner to that 

in this study, and find that the prevalence, incidence and progression of glaucoma are 

closely associated with low OPP, as opposed to IOP alone. In these patients, their 

systole18, 69 and diastole20, 27, 69 are lower and the risk to develop glaucoma is several times 

higher than the normal population. According to these studies, the diastolic OPP could be as 
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low as 45 mmHg,27 or even lower if taking the nocturnal BP dip into account.28–30 The 

current study suggests that the ONH BF is particular susceptible to the BP associated OPP 

decrease. In addition, because the diurnal fluctuation of mean BP in the glaucomatous 

patients can be as high as ±22.8 mmHg whilst the IOP fluctuates by an average ±5.3 

mmHg,30 it adds additional risks for the BP-related OPP decrease than the IOP-related OPP 

decrease, which may accelerate the development and progression in glaucoma.

In summary, ONH BF has been found to be more susceptible to an OPP decrease induced by 

lowering the BP as compared with that induced by increasing the IOP in the current 

experimental setups. The mechanism behind this change can be partly attributed to the 

reduced vasodilative reserve which depends upon the normal BP. This may reflect the 

potential mechanism of perfusion deficit in the ONH of glaucomatous patients with lower 

BP.
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Figure 1. 
The confocal scanning laser ophthalmoscopy (CSLO) image in fluorescence angiography 

(FA) mode shows one of a series of simultaneous CSLO/SD-OCT circular scans (large 

circle) during slow intravenous injection of pentobarbital in a monkey. The diameter of the 

retinal arteries across the circle (the smaller rings) was measured on screen offline. Using 

the instrument’s real-time eye tracking software enabled arteriole diameter measurements to 

be made at identical locations over time from the CSLO-FA series (at the position of the 

circular SD-OCT scan).
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Figure 2. 
In this typical example from Exp 1, the mean BP (top panel) was 71 mmHg at the starting 

point and declined to approximately 11 mmHg 6–7 minutes after pentobarbital 

administration. The BF (bottom panel) remained unchanged for the first ~100 sec and then 

started decline (arrow). The corresponding OPP from where the BF started decline was 

approximately 43 mmHg. The gap of BF at approximately 290 seconds was due to a 

technical interruption during recording.
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Figure 3. 
The graph shows a representative test of slow IOP increase from Exp 2. From the top to 

bottom are the recordings of BP (top), manometer pressure and IOP (middle two traces), and 

ONH BF (bottom). While the IOP increased continuously, the BP remained constant. Note 

the ONH BF recorded by LSFG showed almost no change during the IOP elevation in this 

example.
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Figure 4. 
The figure summarizes the ONH BF changes relative to the baseline value (OPP >50 

mmHg) during every 5 mmHg of OPP decline in the BP group (squares, n=6) and the IOP 

group (circles, n=6). Open circles and squares indicate significant BF change compared with 

the baseline average for each group (RM-ANOVA P<0.05); an asterisk indicates significant 

difference between the two groups. Error bar: (±SE)
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Figure 5. 
The average diameter of peripapillary retinal arteries in rats (circles) and monkeys 

(diamonds) was plotted against the OPP every 5 mmHg decrement after the pentobarbital 

compound (Euthasol) injection. The asterisk indicates a signficant diameter increase from 

pre-injection baseline (100%) in rats. Error bar: SE.
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