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Abstract : Color Doppler imaging (CDI) was carried out to evaluate the anesthetics effect on ophthalmic

circulation using CDI-derived resistive index (RI) values. CDI was preformed on 24 dogs, and RI values

were calculated for the medial long posterior ciliary artery (mLPCA) and ophthalmic artery (OA) before

and after administration of anesthetics. After administration of benoxinate or acepromazine, a significant

change of the mLPCA RI was not found. But, a significant decrease of the RI following ketamine

(p < 0.001) or xylazine (p < 0.01) administration could be observed as compared with the self-control.

Mean RI value of OA also showed this same trend. Intraocular pressure was significantly decrease

following benoxinate (p < 0.01), acepromazine (p < 0.01), and xylazine (p < 0.001) administration within

normal range. The results suggest that some anesthetics influence on ophthalmic vascular resistance.

Therefore, chemical restraint was carefully used in clinical application of CDI-derived RI measurement.

Particularly, benoxinate and acepromazine is useful chemical restraint without a change of the ophthalmic

vascular resistance.
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Introduction

Ultrasonography has been routinely used for differen-

tiation and measurement of intraocular and orbital tumors

[6,16,21], detection of retinal detachments in eyes with

opaque media [8], axial-length measurements for microp-

hthalmia [7,19,20], abnormalities in lens position [17],

cataract [2], vitreal debris [8], vitreal hemorrhage [8],

vitreal membrane formation [5], intraocular foreign body

[3], and evaluation of traumatic injuries to the globe

and orbit [14]. Additionally, in human medicine, ultrasono-

graphy is applied to detect and diagnose optic nerve

lesion such as optic nerve sheath meningiomas and

inflammatory fluid collection in the nerve sheath [15].

Two characteristics of ultrasound that have made it

popular are its safety, and lack of pain or discomfort

for the patient. 

In humans, numerous orbital and ocular vessels have

been mapped and their blood velocity parameters and

waveforms characterized using color Doppler imaging

(CDI) [4,10,11,15,24]. A few veterinary report has evaluated

CDI of the canine ophthalmic vasculature [9,13].

Gelatt et al [9] reported evaluation of ophthalmic

vessels using color Doppler imaging in normal sedated

dogs and glaucomatous dogs. This investigation performed

measurement under light sedation (butorphanol tartrate

and acepromazine sulfate), lidocaine eye blocks, and

corneal topical anesthesia (tetracaine HCl). 

In human ophthalmology, no sedation or chemical

restraints needs to ultrasonographic examination for patient

cooperation. But, either sedation or general anesthesia is

necessary for Doppler imaging as there can be no ocular

movements in veterinary medicine. Any investi-    gations

of anesthetics effect were not conducted on normal canine

ophthalmic vasculature during Doppler examination. 

This study was performed to assess the effect on

anesthetics in ophthalmic circulation and to figure out

which anesthetic agent was available to examine ophthalmic
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ultrasonography without ophthalmic vascular resistance

change.

Materials and Methods

Animals

Twenty four clinically healthy dogs (24 left eyes)

were examined in this study. Dogs ranged in age from

1 to 5 years and body weight from 2.0 to 6.1 kg. Three

breeds were represented: Maltese (4 female and 8 male),

Yorkshire Terrier (2 female and 6 male), and Mixed breed

(2 female and 2 male). Dog were determined to be

clinically normal on the basis of results of physical

examination, CBC, serum biochemical analyses, and

ophthalmic examination. The ophthalmic examination

consisted of slit-lamp biomicroscopy, direct ophthalmo-

scopy, and tonometry. Intraocular pressure was recorded

under 30 mmHg in all dogs, and abnormalities were

not detected in the anterior segment or fundus. There

was no evidence of signs of orbital diseases or neuro-

ophthalmologic diseases in any dog. 

Color Doppler imaging technique

CDI was performed, using an ultrasonography (400

pro; GE, USA) with a 7 MHz electronic sector probe.

Doppler settings (pulse repetition frequency, 6,000 Hz;

gain setting, medium; wall filtering, 100 Hz; color

Doppler flow setting, low to medium) were kept

constant. The eyes and orbits were imaged with the dog

lightly restrained in a sitting position. Dogs remained

sitting throughout the trial.

Coupling gel was applied to the closed upper lid and

the scan was performed. Horizontal and transverse

scans were taken through the eye and orbit. In

transverse scan, the transducer was positioned dorsal of

the zygomatic arch. B-mode and CDI were performed

initially to identify vessels of interest for subsequent

spectral Doppler analysis. Spectral Doppler analysis of

the medial long posterior ciliary artery (mLPCA) was

performed in their ocular portion (closely at optic nerve

head) whereas the ophthalmic artery (OA) was routinely

sampled at retrobulbar region as it acompany with

venous plexus.

Once a particular vessel was localized, interrogated

using the Doppler gate to obtain a spectral waveform

and thus quantitative information. The resistive index

(RI) was determined by: RI = (PSV-EDV)/PSV where

PSV was the peak systolic velocity, and EDV was end

diastolic velocity.

The RI was calculated for each vessel as an average

value obtained from three similar-appearing Doppler

waveforms to reduce the effects of physiologic variation.

Anesthetics

Prior to anesthetics experiment, CDI was performed

to obtain RI values of conscious status for a self-

control. Acepromazine maleate was given in 0.03 mg/

kg doses IV, ketamine hydrochloride in 10 mg/kg IV,

xylazine hydrochloride in 2 mg/kg IM. Benoxinate

hydrochloride was locally applied in 5 drops for 2

minutes. RI measurment was performed followed by

anesthtics application after 20 minutes later. All dogs

(24 left eyes) were used to experiment for each

anesthetics. Withdrawal periods between each anesthetics

were over 14 days. 

Intraocular pressure measurements

Tonopen-XL®(Mentor Ltd, USA) was used to measure

intraocular pressure. The mean of three intraocular

pressure data was calculated. Each measurement was

perform before and after administered anesthetics.

Statistical analysis

Statistical analysis was performed using the SPSS

statistical computer program. According to property of

sample, repeated ANOVA and paired sample t-test were

applied to data analysis. For all tests, P values < 0.05

were considered significant.

Results

After administration of benoxinate or acepromazine,

a significant change of the RI values was not found.

But, a significant decrease of mLPCA-RI and OA-RI

following ketamine (p < 0.001) administration could be

observed as compared with self control. A case of

xylazine, mLPCA-RI (p < 0.01) and OA-RI (p < 0.05)

was significantly decreased also (Table 1). Paired sample

t-test showed that there were significant decrease in

intraocular pressure following benoxinate (p < 0.01),

acepromazine (p < 0.01), and xylazine (p < 0.001) admi-

nistration (Fig. 1), though, within a normal range.

Discussion

External pressure from the ultrasound transducer may
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potentially result in an increase in intraocualr pressure

during the examination [24]. Ocular perfusion and the

vascular resistance of the uveal and retinal vasculature

may be altered by intraocular pressure [9]. It is

important during Doppler imaging to minimize this

external pressure so as to reduce any potential effect

on blood flow [24]. Previous study has shown that the

retinal blood flow remained stable during moderate rose

in intraocular pressure [12]. Riva et al [18] have shown

that blood velocity in the retinal circulation was

effectively autoregulated up to intraocular pressures of

42 mmHg using laser Doppler velocimetry. But, Yu et

al [25] founded no evidence for active autoregulation

of the choroidal circulation at intraocular pressure

above 30 mmHg in the dog by local hydrogen clearance

polarography. In this way the choroidal circulation

differed from the retinal circulation. It would appear,

therefore, that the small intraocular pressure rising

produced during the ultrasound examination was

unlikely to influence retinal circulation, but choroidal

ciculation maybe affected. Further study will be

required in this area of investigation. External pressure

of eyeball was applied to OA-RI measurement.

Therefore, excessive pressure by the probe on the eyelid

may have the potential to raise intraocular pressure and

alter intraocular hemodynamics. But mLPCA-RI

measurement was minimized external pressure without

direct contact of eyeball.

Sedatives and general anesthetics also have the

potential to lower intraocular pressure as well as

systemic blood pressure [9]. But, ketamine cause

temporary increases in intraocular pressure, believed to

be due to spasm of the extraocular muscles [22].

Although within normal range, intraocular pressure

lowering effect was shown in all drugs under study

except for ketamine. Acepromazine and benoxinate did

not cause significant change on OA and mLPCA RI.

We think, acepromazine and benoxinate may have less

affection on the systemic vascular resistance for dosage

and local effect, respectively. OA and mLPCA RI after

administration of ketamine or xylazine were statistically

significantly decreased. These results may be explained

in the previous study [1,23]. Thompson et al [23]

suggested that ketamine produces an increase in heart

rate, cardiac output, and arterial pressure. Adamson et

al [1] demonstrated that intramuscular injection of

xylaxine did not increase vascular resistance as

compared with intravenous injection. After ketamine

administration, increased arterial pressure may increase

ocular perfusion pressure and reduce ophthalmic

vascular resistance. Instance to xylazine, relaxation of

extraocular muscles may influence vascular resistance. 

The results suggest that some anesthetics influence

on ophthalmic vascular resistance. Therefore, chemical

restraint was carefully used in clinical application of

CDI-derived RI measurement. Particularly, benoxinate

and acepromazine is useful chemical restraint without

ophthalmic vascular resistance change.

Conclusions

This study was carried out to evaluate the effect of

anesthetics on the ophthalmic circulation. The results

were as follows.

In mLPCA, mean RI value of self-control was 0.69

Table 1. CDI-derived RI values(mean ± SD) of mLPCA and OA after administration anesthetics

Conscious status Benoxinate Xylazine Ketamine Acepromazine

mLPCA 0.686 ± 0.079 0.696 ± 0.070 0.597 ± 0.103* 0.562 ± 0.079* 0.701 ± 0.064

OA 0.802 ± 0.030 0.801 ± 0.035 0.752 ± 0.046* 0.678 ± 0.055* 0.810 ± 0.047

* : Comparisons significant are indicated by asterisk against conscious status, p < 0.05

Fig. 1. Intraocular pressure measurements before and after

administration anesthetics. (Comparisons significant at the

following level are indicated by A:a, B:b, C:c, p < 0.01).
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± 0.08, those of after anesthetics administration were

0.70 ± 0.07, 0.70 ± 0.06, 0.56 ± 0.08, and 0.60 ± 0.10 in

benoxinate, acepromazine, ketamine, and xylazine, with

respectively. After administration of benoxinate or acepro-

mazine, a significant change of the RI was not found.

But, a significant decrease of the RI following ketamine

or xylazine administration could be observed as compared

with the self-control. Mean RI values of OA also showed

this same trend. 

There were significant decrease in intraocular pressure

following benoxinate, acepromazine, and xylazine admini-

stration, although those data were normal range.

Therefore, we conclude that benoxinate and acepro-

mazine is useful chemical restraint without ophthalmic

vascular resistance change.
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