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ABSTRACT

Optical coherence tomography (OCT) and optical coherence tomography angiography (OCTA) have rapidly

advanced over the past two decades as non-contact imaging techniques for tomographic analysis of

intraocular tissue structures. Their applications in diagnosing and studying retinal diseases and glaucoma

have revealed their unique clinical value. With the continuous innovation of technology, there are many
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brands of clinical instruments based on OCT/OCTA, and the iterative update is fast, so we need to improve

the application level. In the field of small animal research, challenges arise due to the anatomical

differences and experimental requirements between small animals and humans. Moreover, anterior

segment and retinal OCT/OCTA technologies represent high-resolution three-dimensional optical detection

methods in vivo, posing difficulties for existing clinical instruments to meet the rigorous scientific and

accuracy standards demanded by scientific research and efficacy evaluations. At the same time, the

complexity of animal experiments, the diversity of scientific research tasks, and the constraints such as

limited training time, insufficient experience in instrument operation, compared to clinical settings can

lead to suboptimal OCT/OCTA outcomes for some research. To address this practical challenge, this guide

summarizes the technical principles, operation procedures and experimental precautions related to

OCT/OCTA for the anterior segment and retina in small animals. It also outlines the reference standards for

corneal, retinal, and microvascular indicators across different animal models using OCT/OCTA technology,

along with the practical applications of qualitative and quantitative analyses in ophthalmic corneal and

retinal research.

BACKGROUNDAND METHODS

Optical coherence tomography (OCT) is a new non-

contact, non-invasive optical imaging diagnostic

technology developed in the early 1990 s. It uses the

reflection difference of different tissues in the eye to the

incident light beam, and compares the reflected beam

with the reference beam through the low coherence

optical interference measuring instrument to determine

the delay time and reflection intensity of the reflected

light, so as to analyze the structure and distance of

different tissues, and display the cross section structure of

the tissue by computer processing imaging[1]. OCT is an

optical analogue of ultrasound, but its axial resolution

depends on the coherence characteristics of the light

source, up to 10 μm, and the penetration depth is almost

not limited by the transparent refractive medium in the

eye. Therefore, it can observe both the anterior segment

and the posterior segment of the eye. The morphological

structure has a good application prospect in the diagnosis,

follow-up observation and treatment evaluation of

intraocular diseases, especially retinal diseases [2, 3].

OCT angiography (OCTA) is a non-invasive vascular

imaging technology based on OCT, which has the

characteristics of non-invasive, high speed and high

resolution. It can provide three-dimensional images of

retinal and choroidal vascular structures to achieve

quantitative and hierarchical detection of lesions [4, 5].

Compared with traditional dye angiography methods such

as FFA and ICGA, OCTA has the advantage of being non-

invasive and avoiding complications that may be caused

by dye injection, such as allergic reactions or

subcutaneous hematoma. OCTA examination is fast,

usually completed within a few minutes, and has high-

resolution imaging capabilities, allowing multiple

repeated examinations in a short period of time, which is
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convenient for continuous tracking of disease changes. By

dynamically analyzing the changes of reflected light

waves in the sample, OCTA can achieve excellent blood

flow dynamic detection performance on the

microvascular structure. This technique is based on the

detection principle of flowing blood cells in fundus blood

vessels, and repeats the coherent optical tomography of

the same cross-section of the fundus. Through a special

calculation method, obtain the signal of blood flow; based

on this, the three-dimensional reconstruction of the

vascular structure is performed, and the fundus vascular

images are presented layer by layer in the form of coronal

plane (En face) [6]. However, in the field of small animal

science research, due to the large difference in eyeball

size between small animals and humans, coupled with the

different experimental requirements, the complexity of

animal experiments, the diversity of scientific research

tasks, and the short training time of scientific research

instrument operators compared with clinical instrument

operators, the lack of experience in the use of instruments

and the replacement of personnel, these factors work

together to lead to the fact that even under scientific and

rigorous research conditions, scientific research results

may still obtain less accurate OCT / OCTA results. In

order to solve this problem, China Ophthalmic Imaging

and Intelligent Medical Committee established an expert

group on " Standard Operation Guide for Small Animal

Optical Coherence Tomography and Optical Coherence

Tomography Angiography. " It organized writing experts

and ophthalmic imaging experts to study the application

research literature of small animal ophthalmology, and

held offline and online meetings based on the clinical

research experience of OCT and OCTA. The first draft of

the guide was written by the members of the writing

expert group. After the first draft was formed, the experts

independently read and proposed amendments through e-

mail and WeChat, and submitted them to the core

members of the guide writing group respectively. The

revision opinions were sorted out and discussed and

summarized through WeChat, e-mail and online meetings.

During the revision period, the guidelines fully accepted

the suggestions and guidance of the participating experts,

and finally reached the final draft of the guidelines. The

guideline aims to summarize the technical principles,

operation procedures and experimental precautions of

OCT / OCTA in the anterior segment and retina of small

animals. At the same time, the guideline also discusses

the reference standards of quantitative indicators such as

retina, cornea and microvessels of different animals under

OCT / OCTA technology and the application of OCT /

OCTA qualitative and quantitative analysis in ophthalmic

cornea and retina research.

In 1991, Fujimoto and Davide Huang ( Casey Eye

Institute, University of Health and Science, Oregon ) first

proposed OCT technology [1]. In 1996, Zeiss first

launched the clinical time-domain optical coherence

tomography (OCT) system in ophthalmology. OCT has

undergone the technical iteration of time-domain system,

spectrum system and frequency scanning system. In 2016,

the OCTA-based ophthalmic vascular microcirculation

imaging system has been widely promoted. The vascular

microcirculation imaging system is based on the OCT

hardware system through algorithm upgrade and

optimization to achieve contrast-free microvascular

imaging, and gradually replace the clinical ophthalmic

confocal fluorescence imaging system [1]. In the

following, we introduce the small animal OCT and OCTA

in detail.

OPTICALCOHERENCE TOMOGRAPHY SYSTEM

Principle of operation

OCT uses the near-infrared light beam of about 830 nm

band to pass through the transparent chambers and tissue

layers of the eye at different speeds, and converts the

reflected signals obtained at different positions into digital
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signals. Through software processing, a non-invasive

high-resolution cross-sectional image is generated[7].

Most commercial OCT devices usually use spectral

domain technology to generate a chart (A-scan) of tissue

reflectance and axial distance by irradiating the near-

infrared narrow-band beam to the eye and interfering with

the reference beam, and then mathematically processing.

These devices can generate images similar to histological

cross sections (B-scans), and some devices can also

generate a three-dimensional structure data set

(rectangular volume) of eye tissue by raster scanning [8,

9].

In mouse vision research, devices with fast acquisition

rate and wide acquisition range are commonly used.

Compared with clinical applications, ophthalmic research

has various requirements for equipment, diverse research

objects, low frequency of use, and limited research funds.

Small animal OCT needs to achieve the integration of

anterior segment and retinal function as much as possible

under the conditions of technical permission, and is

compatible with a variety of animal imaging. Ideally, a

high signal-to-noise ratio image should be obtained in a

single exposure, and the exposure time should be short

enough to reduce motion artifacts caused by eye

movement, heartbeat, respiration, and mouse movement.

However, since the data generated by the currently

available commercial equipment in a single short

exposure is relatively noisy, the image quality can be

improved by obtaining multiple exposures, followed by

image alignment and average processing. Digital

processing is further used to adjust direction, compensate

for uneven illumination, sharpen, and optimize brightness

and contrast to improve image appearance.

Process of operation

First, anesthetise the experimental subjects. Taking the

experimental sample of C57BL / 6 strain as an example,

inject 1.25 % tribromoethanol intraperitoneally at a dose

of 0.2 mL / 10 g. After anesthesia, add compound

topiramate eye drops to the eyes of the experimental

subjects for mydriasis.

Place the sample on the operating table, and align the eye

of the sample with the lens for Liner mode scanning. By

changing the scanning lens, adjusting the scanning

position and distance, the anterior segment or retinal

tomography image is completely and clearly presented on

the display. Perform the Volume mode scanning to obtain

a complete coronal plane (En-face). Click to save and

output to obtain the gray-scale cross-sectional images of

En-face and each vertical section on the surface. The

measurement software provided by the device can be used

to measure any line segment, angle and other parameters

on the anterior segment or retinal image.

Application summary

1.1 Application of anterior segment of eye

The change of corneal thickness is an important

manifestation factor of corneal diseases. Accurate

measurement of corneal thickness can be applied to the

diagnosis of diseases such as dry eye, keratitis and

glaucoma[10].OCT imaging equipment can quickly and

non-contact obtain high-resolution tomography of the

cornea, providing the possibility for accurate

measurement of corneal thickness [11]

Cornea is a transparent and slightly prominent discoid

membrane at the front end of the animal eyeball. It is thin

in the middle and thick in the edge, without any blood

vessels. Severe keratitis can induce neovascularization

[12, 13]. Taking C57BL / 6 mice as an example, in order

to collect clear and accurate corneal OCT images, small

animals need to be deeply anesthetized before collection

and fixed on the supporting mouse platform smoothly.
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Before shooting, confirm that there is no occlusion

between the cornea and the lens (such as mouse beard),

and the corneal surface is clean and free of debris. If

there are tears or other liquids on the surface of the

cornea, it should be wiped in time to keep clean. When

the corneal OCT tomographic image appears in the

software image, it is necessary to adjust the eye

orientation of the mouse by adjusting the supporting

mouse platform, so that the pupil position in the En-face

image is facing the lens, and the pupil position of the

tomographic image is in the middle position. Move the

mouse platform forward and backward, so that the cornea

in the tomographic image is at the focus position. The

cornea can clearly see the structure of each layer at the

focus position, as shown in Fig.1.

Figure.1Normal C57BL / 6 mouse corneal OCT standard image

A: Hierarchical labeling of corneal OCT images of normal C57BL/6 mice; B: Schematic diagram of corneal OCT

thickness measurement in normal C57BL/6 mice; C: Schematic representation of corneal OCT Angle measurement of

C57BL/6 mice (Angle 30°).

Corneal OCT mainly evaluates the thickness of the three

layers of epithelium + anterior elastic layer, stroma layer

and posterior elastic layer + endodermis. It is

recommended to use point-to-point measurement or

point-to-point overall corneal thickness measurement (i.e.,

single-point or multi-point thickness measurement at a

specific position of the cornea). The operator can select

the key positions on the cornea, such as the central,

peripheral or other specific points of the cornea, for

accurate thickness measurement). The thickness

stratification is shown in Figure 1A. Corneal OCT

measurements of adult C57BL / 6 mice are shown in
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Table 1. The thickness of the epithelial layer + anterior

elastic layer is 45.70 ± 1.74μm, the thickness of the

stroma layer is 68.60 ± 1.79μm, and the thickness of the

posterior elastic layer + endodermis is 7.10 ± 0.43μm.

The corneal OCT angle measurement diagram is shown

in Fig.1C, and the angle of the chamber angle is 30 °.
Table 1. Measurement of corneal OCT thickness in C57BL / 6 mice

Name Thickness (μm)

Epithelial layer + anterior elastic layer 45.70 ± 1.74

Stroma layer 68.60 ± 1.79

Posterior elastic layer + endodermis 7.10 ± 0.43

Table 2. Table of central corneal OCT thickness measurements for different animals

Species of animals Thickness (μm)

SD rat 154.10 ± 9.00

New Zealand white rabbits 11.72 ± 0.65

Rhesus monkey 489.17 ± 17.82

Pig 977.45 ± 34.15

The standard corneal OCT images of different species of

animals (zebrafish, C57BL/6 mice, SD rats, guinea pigs,

New Zealand white rabbits and pigs) are shown in Figure

2.

Figure 2. Standard corneal OCT images of different animal species

A：Zebrafish；B：C57BL/6 mice；C：SD rats；D：Guinea pigs；E：New Zealand white rabbits；F：Pigs.

Irregular images taken: The main manifestation is unclear corneal image
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structure. The reason may be that the animal is not well

anesthetized. During the image acquisition process, the

animal jitters to form a focus shift, resulting in defocus,

or the corneal surface is not clean enough to cause poor

imaging quality. Non-standard images are shown in

Figure 3.

Solution: Note that the degree of anesthesia of the animal

is deep anesthesia, change the anesthetic if necessary, and

use a wet cotton swab to gently wipe the corneal surface.

Figure 3. Non-standard corneal OCT images

1.2 Applications in the axis oculi

Axial length measurement is an important technique in

the field of ophthalmology, which is used to evaluate the

length of the eyeball, so as to help diagnose and treat

various ocular diseases, especially myopia, hyperopia and

other refractive errors [10, 14]. The earliest methods of

axial measurement include the use of A-scan ultrasound

biometry [15]. With the development of science and

technology, axial measurement technology is also in

constant progress and evolution. Small animal OCT

technology enables researchers to non-invasively observe

and measure the structure of small animal eyeballs,

including cornea, lens, vitreous and so on [16, 17]. This is

of great significance for understanding the biological

characteristics, development process and structural

changes related to eye diseases [18].

In summary, small animal OCT technology has important

application value in ophthalmology research and

medicine, which can provide valuable information and

support for axial biology, eye disease research and new

technology development.
1.2.1 Principle of operation

OCT uses the measured delay of light pulse scattering

and propagation inside the sample to form a high-

resolution image through processing to analyze the

internal microstructure of the sample without physical

contact, and can quickly and clearly obtain non-invasive

two-dimensional and three-dimensional images.
1.2.2 Operation processes

Before starting data collection, animals need to be

prepared to ensure stable experimental conditions and

animal safety. The following are some key steps (taking

OPTOPROBE brand equipment, model ISOCT as an

example):

(1) Preparation: Prepare the laboratory environment to

ensure that the operation area is clean and tidy, and avoid

possible light pollution and stray light affecting the

imaging quality. Check and calibrate the OCT equipment

to ensure that the equipment is working properly.
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Preparation of experimental animals, including the

selection of appropriate small animal models (such as

mice or rats) and preparation of animal anesthesia.

(2) Animal anesthesia and fixation: According to the type

and weight of animals, choose the appropriate method for

anesthesia. Taking the experimental sample of C57BL / 6

strain as an example, inject 1.25 % tribromoethanol

intraperitoneally at a dose of 0.2mL/10g[19]. Anesthesia

needs to be carried out under the guidance of

professionals to avoid animal injury. Fix the animal on

the supporting platform to prevent jitter during operation.

The shooting time should not be too long. During the

shooting process, normal saline or sodium hyaluronate

eye drops can be used to keep the animal 's ocular surface

wet, so as to avoid the animal 's corneal whitening caused

by too long shooting time and affect the anterior segment

shooting.

(3) Scanning parameter setting: Set appropriate scanning

parameters, including scanning speed and range, for

specific small animal models and imaging requirements.

Eye positioning and focusing: click on the ' preview '

button in the software, use the image preview function of

the OCT device to locate and focus on the eye area,

usually the center of the eye axis.

(4) Image acquisition: Click the ' OCT ' button to start

scanning, and the beam will gradually scan the entire

axial area to obtain a series of B-Scan images.

(5) Data storage: Click the ' SAVE ' button to save the

acquired image data in a computer or data storage device,

ensure data integrity and security.

(6) Data processing and analysis: Images were measured

using professional image processing software to obtain

axial length and parameters of other structures.

(7) Result presentation: The processed data and images

are used for research reports, papers or demonstrations.

(8) Cleaning and maintenance: After the operation is

completed, the equipment and operation area should be

cleaned in time to maintain the normal state of the

equipment. Maintain OCT equipment, including

calibration and maintenance, if necessary. Operators

should strictly follow the safety procedures when

performing small animal axial OCT operations to ensure

the well-being of animals and laboratory safety. The

specific details and steps in the operation process may

vary depending on the purpose of the experiment, the

type of equipment and the operator 's experience.

Shoot the OCT image that meets the requirements of the

specification: the image is clearly focused, no eyelashes

or eyelid occlusion, and the entire eyeball structure can

be completely displayed, so that the axial length can be

measured according to the image (Fig.4A ).
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Figure 4. Images of axial length obtained with ISOCT

A: Standard image of the axial length of a normal C57BL/6 mouse; B: non-standard images due to incomplete mydriasis

or without mydriasis; C: non-standard image shooting caused by eyeball orientation not facing the lens; D: irregular

images caused by occlusion; E: non-standard image shooting caused by not reaching the focus position; F: non-standard

image due to eye not in the scanning area; G: Irregular images caused by mydriasis or other fluids not being cleaned.

Table 3. Axial length values measured by OCT in different animals

Species of animals Axial length of eye (mm)

C57BL/6mice 2.98 ± 0.034

Adult SD rats 6.91 ± 0.44

New Zealand white rabbits 14.63 ± 0.19

Rhesus monkeys 20.32 ± 0.84

Guinea pigs

about 7.30 at birth

about 8.30 in 30 days

Up to 9.60 at 1 year of age

Non-standard axial OCT images taken:

1.The pupil is not dilated and the image fail to cover the

fundus (Fig.4B).

Solution: Use mydriatic eye drops to fully disperse the

pupil of the animal.

2.The eyeball orientation was not directly facing the lens

(Fig.4C).

Solution: It is recommended to use the cross scanning
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mode for alignment during acquisition.

3.Beard or eyelash occlusion in front of the eye (Fig.4D).

Solution: Use a wet cotton swab to gently wipe or use a

cotton swab dipped in a gel to wipe the eyelashes and

beard to one side.

4.Not reach the focus position (Fig.4E).

Solution: move the small animal test bench away from

the lens and adjust to the focus position.

5.The eyeball is not in the scanning area (Fig.4F).

Solution: by moving the small animal experiment

platform to move the X-axis, the image is moved to the

display area.

6.Eye surface mydriasis or other liquid is not clean (Fig.

4G).

Solution: use wet cotton swab to wipe the ocular surface

liquid clean; note that the degree of animal anesthesia is

deep anesthesia, change the anesthetic if necessary, and

use a wet cotton swab to gently wipe the corneal surface.
1.3. Applications in the retina

The retina is a nerve ending tissue and belongs to a part

of the central nervous system. From the histological point

of view, from outside to inside are retinal pigment

epithelium, photoreceptor layer, outer membrane, outer

nuclear layer, outer plexiform layer, inner nuclear layer,

inner plexiform layer, ganglion cell layer, nerve fiber

layer and inner limiting membrane [20, 21]. OCT uses

depth-resolved analysis of the spectral information

contained in the backscattered light returned by the

sample to distinguish different cell types. It can not only

visualize and track the complex dynamic changes in the

engineered tissue, but also study the longitudinal

development of the engineered tissue and cell dynamics,

such as migration, proliferation, separation, and cell-

material interactions [22]. The diameter of the flat mouse

retina is about 5 mm, the diameter of the normal retina is

about 20 mm, and the diameter of the human retina is

about 40 mm [18]. Taking C57BL / 6 mice as an example,

in order to collect clear and accurate retinal OCT images,

small animals need to be deeply anesthetized before

collection, and they should be stably fixed on the

supporting mouse platform. Before shooting, it is

necessary to confirm that there is no other debris between

the eyeball and the lens (such as mouse beard, etc.). After

cleaning, the mouse eyeball is in contact with the lens,

and the mouse eyeball orientation is adjusted by adjusting

the supporting mouse platform, so that the optic disc in

the En-face image is located in the center of the field of

vision. Move the mouse platform forward and backward,

so that the retina in the tomographic image is at the focus

position, and the structure of each layer of the retina can

be clearly seen. The image details are shown in Fig. 5A,

from which the layers and organizational structure can be

clearly observed.

For retinal OCT, it is recommended to use quantitative

analysis software (OCT Image Analysis) or other

software to delineate the area that you want to analyze,

and perform automatic stratification measurement of the

main structure of the retina, as shown in Figure 5B and

Table 4. Manual correction is recommended for areas

where the fault structure is not obvious due to disease.

The measurement range of retinal OCT thickness in

normal mice is shown in Table 4 (for reference). For

example, the thickness of nerve fiber layer is 18.40 ±

1.59 μm, that of ganglion cell layer-inner plexiform layer

is 49.30 ± 2.12 μm, the inner nuclear layer is 26.20 ±

1.09 μm, the outer plexiform layer is 14.20 ± 1.02 μm,

the outer nuclear layer is 56.10 ± 1.95 μm, the outer

membrane is 12.10 ± 1.06 μm, and the photoreceptor cell

layer is 40.60 ± 3.14 μm, the pigment epithelium is 13.00

± 2.81 μm.

Nonstandard images:

During the data collection process, the animal is not

anesthetized well, and the movement form a focus shift,

resulting in a loss of focus in the regional position. The

non-standard images of retinal OCT acquisition are

shown in Figure 5C. Solution: Pay attention to the degree

of animal anesthesia for deep anesthesia or replacement

of anesthetics.
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Figure.5 Pictures of retinal OCT collected by ISOCT instrument

A: Presentation of retinal OCT layers in normal C57BL/6 mice; B: Retinal OCT thickness measurement pattern of

normal C57BL/6 mice; C: Nonstandard retinal OCT images.

Table 4. Retinal OCT thickness measurements in normal C57BL/6 mice

Name Thickness（μm）

Nerve fiber layer 18.40 ± 1.59

Ganglion cell layer-inner plexiform layer 49.30 ± 2.12

Inner nuclear layer 26.20 ± 1.09

Outer plexiform layer 14.20 ± 1.02

Outer nuclear layer 56.10 ± 1.95

Membrana limitans externa 12.10 ± 1.06

Photoreceptor layer 40.60 ± 3.14

Pigment epithelium layer 13.00 ± 2.81

Table 5. Retinal OCT thickness measurements in normal 6-week-old SD rats

Name Thickness (μm)

Full thickness 190.79 ± 11.70

Inner limiting membrane to inner plexiform layer of retina 69.13 ± 4.25

Inner nuclear layer 26.69 ± 6.90

Outer nuclear layer to pigment epithelium layer 9.13 ± 12.48

The retinal OCT standard images of different species of

animals (zebrafish, C57BL / 6 mice, SD rats, BN rats,

guinea pigs, New Zealand white rabbits, pigs and rhesus

monkeys) are shown in Figure 6, which can clearly

observe the tissue structure of each layer of the retina.
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Figure 6. Standardized retinal OCT images of different animal species

A：zebrafish；B：C57BL/6mice；C：SD rats；D：BN rats；E：guinea pigs；F：New Zealand white rabbits；G：

pigs；H：rhesus monkeys.

PRINCIPLE OFOPTICALCOHERENCE TOMOGRAPHYANGIOGRAPHY

Principle

The technical principle of optical coherence tomography

angiography (OCTA) is mainly based on the concept that

in the static eyeball, the only moving structure of the

fundus is the blood cells flowing in the blood vessels[23,

24]. The same cross section of the sample is repeatedly

scanned (B-scan) using a near-infrared beam in the 1060

nm band. Through special calculation methods, such as

the decorrelation of signal amplitude, the comparison of

static and active structures is generated to obtain blood

flow signals. Based on this, the three-dimensional

reconstruction of the vascular structure is performed and

usually presented layer by layer in the form of coronal

plane (C-scan or En face), which can obtain the lesion

range of the anterior segment and fundus and evaluate the

hemodynamics of the anterior segment blood vessels and

retinal blood vessels[25, 26].
Operating procedure

First, anesthetize the experimental subjects. Take the

experimental sample of C57BL / 6 strain as an example,

inject 1.25 % tribromoethanol intraperitoneally at a dose

of 0.2 mL/10g. After anesthesia, drip compound

tropicamide into the eyes of the experimental subjects for

mydriasis.

Place the sample on the operating table, and align the eye

of the sample to the lens for Liner and Preview mode

scanning. By changing the scanning lens and adjusting

the scanning position and distance, a clear and complete

anterior segment or retinal fault and En-face image are

presented on the display. Then perform the OCTA mode
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scanning to obtain the three-dimensional original data of

the anterior segment or retina. The software provided by

the device can be used to reconstruct the three-

dimensional blood vessels of the original data, and the

En-face can be presented layer by layer to analyze and

evaluate the blood vessels of the anterior segment and the

retinal layers.

Application summary

2.1 Application of anterior segment

The iris is a visible colored part of the eye, in which the

pupil can adjust the amount of light in the eye by

changing the size. The iris has a rich blood supply, and

trauma can easily lead to intraocular hemorrhage [27, 28].

Brown iris contains more pigment, blue iris contains less

pigment. Taking C57BL / 6 mice as an example, in order

to obtain clear and non-impurity iris OCTA images, small

animals need to be deeply anesthetized before image

acquisition, and then fix their heads on the head fixator.

Before shooting, it is necessary to confirm that there is no

other debris between the cornea and the lens (such as

mouse beard). By adjusting the supporting mouse

platform to adjust the mouse eye orientation, the pupil

position of the iris in the En-face image is in the center of

the visual field. Move the mouse platform forward and

backward, so that the iris in the tomographic image can

obtain a clear image at the focus position. The details of

the image are shown in Figure 7A, from which you can

clearly observe the layer and clear network direction. The

arteries of the iris are located in the stroma and radiate

from the edge to the center of the iris, providing blood

supply to the iris. There is a thick vascular ring in the iris

root and anterior ciliary, which is called the iris artery

ring. The iris big ring emits radial branches from the

periphery of the iris to the center, and emits many small

branches at the pupil contraction wheel and changes the

direction to form a small ring of the iris artery.

Figure 7. Canonical and noncanonical images of iris OCTA in normal C57BL/6 mice

A: Standard OCTA diagram of iris; B: Non-standard OCTA diagram of iris.

Nonstandard images：

Due to the loss of focus caused by improper anesthesia or

fixation, there are too many mixed signals in the iris

OCTA image, which leads to inaccurate data analysis, as

shown in Fig.7B.

Solution: Pay attention to the degree of animal anesthesia

for deep anesthesia or replacement of anesthetics, and

tighten the mouse fixator.

2.2 Application in the retina

The retina of animal fundus contains two kinds of light-

sensitive cells (rod-shaped cells and cone-shaped cells).

Rod-shaped cells are highly sensitive to dark light and

can provide good peripheral vision and motion. Conical

cells are sensitive to sunlight and can provide good sense

of shape and color perception [20, 21]. There are

differences in the retinal vascular system between

humans and rodents. For example, there is no foveal

avascular zone (FAZ) due to the absence of fovea in

rodents. In addition, the number of vascular plexuses in
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the retina is not the same, and these vascular plexuses are

not entirely located in the same layer of retina. In

different regions of the human retina, we can find 1-4

vascular plexuses. In rodents, except for the outermost

retina, there are only two vascular plexuses. The vascular

structure of the retina is organized into three connected

nerve plexuses, which are superficial vascular plexus,

intermediate capillary plexus and deep capillary plexus

[29, 30]. In order to collect clear and accurate retinal

OCT images, and to perceive the color of normal C57BL

/ 6 mice, the small animals should be deeply anesthetized

before collecting the images, and they should be stably

fixed on the supporting mouse platform. Before shooting,

it is necessary to confirm that there is no other debris

between the eyeball and the lens (such as mouse beard) to

avoid signal loss. Adjust the eye orientation of the mouse

to make the optic disc position in the En-face image in

the center of the visual field. Move the mouse platform

forward and backward, so that the tomographic image is

moved to the focus, and the optic disc position is in the

middle position, and the structure of each layer of retina

can be clearly seen. The details of the image are shown in

Figure 8.

Figure 8. OCTA images of the retina of normal C57BL/6 mice

A: retina - color map; B: nerve fiber layer - grayscale image; C: inner plexiform layer - grayscale image; D: outer

plexiform layer - grayscale image; E: superficial choroids-grayscale image; F: Deep choroid -grayscale map.

Non-standard images:

Partial out-of-focus resulted in unclear retinal OCTA, and

the nonstandard images are shown in Fig.9.
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Figure 9. Non-standard OCTA images of retina and choroid

A: En-face image of retinal OCT; B; OCTA color map of retina; C: retinal OCT tomography; D: OCTA grayscale image;

E: Choroidal OCTA irregularity map. The image in the red box in the figure is not imaged clearly.

The application of retinal vein occlusion microvascular

abnormality model: Taking C57BL/6 mouse retinal vein

occlusion microvascular as an example, see Fig.10. The

position indicated by the red arrow on the 5-day color

map shows the state of filling the blood vessels near the

optic disc, and the blood vessels away from the optic disc

are in a state of vascular obstruction (Fig.10A). The

location indicated by the red arrow on the color map of

the 12-day occlusion shows that the blood vessels near

the optic disc are in an ischemic state, and the blood

vessels away from the optic disc disappear (Figure 10B).

Figure 10.Microvascular Changes in retinal vein occlusion in C57BL/6 mice

A: OCTA image of occlusion for 5 days; B: OCTA image of occlusion for 12 days.

E
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2.3 Application in the choroid

The choroid is a dark brown vascular layer, located

between the sclera and the retina, rich in blood vessels

and pigment granules, and provides nutrients for the

retina [31, 32]. In order to collect clear and accurate

choroidal OCT images, fix the small animals stably on

the supporting mouse platform to avoid jitter, and

confirm that there is no other debris between the eyeball

and the lens. Move the mouse platform back and forth to

move the tomographic image to the focus, and the optic

disc is located in the middle position, and the choroidal

structure could be clearly seen. The normal choroidal

OCTA image shows as E and F in Figure 11, E is the

grayscale image of the superficial choroid, and F is the

grayscale image of the deep choroid.

The standard OCTA images of the retina and choroid of

SD rats are shown in Fig.11, which can clearly observe

the layer and tissue structure.

Figure 11. OCTA of retina and choroid in SD rats

A: retina - color map; B: nerve fiber layer - gray scale; C: inner plexiform layer - grayscale image; D: outer plexiform

layer - grayscale image; E: superficial choroids-grayscale image; F: Deep choroid -grayscale map.

Non-standard images:

Choroidal OCTA is not clear due to foreign bodies on the cornea. The non-standard images are shown in Fig.12. The

images are unclear or missing a lot of information.

Figure 12. OCTA images of the retina and choroid in C57BL/6 mice, a model of choroidal neovascularization

A: retina - color map; B: nerve fiber layer - gray scale; C: inner plexiform layer - grayscale image; D: outer plexiform

layer - grayscale image; E: superficial choroids-grayscale image; F: Deep choroid -grayscale map.
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MATTERS NEEDINGATTENTION

The anesthetic effect of animals, body position and other

factors will directly affect the data collection and post-

processing. Therefore, in order to obtain accurate corneal

and retinal OCT / OCTA data, the following points

should be noted during measurement:

(1) Anesthesia: Ensure that small animals are properly

anesthetized before OCT/OCTA acquisition and provide a

comfortable environment. Attention should be paid to the

type, dose and action time of anesthetics to ensure the

welfare and safety of animals. It is recommended to use a

configured 1.25 % afodin (tribromoethanol) for

anesthesia.

(2) Pupil dilation: Use the pupil dilation agent to expand

the pupil of small animals to ensure sufficient light

entering the eyeball, so as to obtain clear tomographic

and microvascular images. It is recommended to use

compound tobecalamine eye drops for mydriasis for 1

minute.

(3) Fixation: Ensure that the eyeballs of small animals

remain stable during the acquisition process to reduce the

impact of eye movement on image quality. Use

appropriate fixation devices or brackets to fix the head of

small animals. It is recommended to use a specially

customized mouse platform with a bite stick.

(4) Temperature and humidity control: Maintain

appropriate temperature and humidity conditions to

ensure the stability of the physiological state of small

animals. Too high or too low temperature may affect the

image quality [33, 34]. It is recommended to add a

heating pad with a constant temperature of 37 °C.

(5) Tear film status: After anesthesia, the mice could not

close their eyes autonomously, and the tear film

evaporate. The lack of water in the cornea leads to the

disorder of lens circulation, causing lens opacity[35].

Artificial drip of artificial tears will affect the entire

optical path acquisition, resulting in local shadows in the

study area, which will directly affect the acquisition of

tomographic imaging and microvascular signals. It is

recommended to gently wipe with a cotton swab dipped

in normal saline in one direction before collecting

anterior segment OCT/OCTA to remove residual

mydriatic fluid or artificial tears.

(6) Collection adjustment: Because the position of the

anesthetized mice cannot be subjectively moved, the

deviation of the cornea will directly affect the accuracy of

the thickness measurement.

(7) Layering adjustment: Because of the disease, the

layered structure of cornea and retina is not clear. It is

recommended to use the cross-scan mode to evaluate the

transverse and longitudinal direction of the cornea, and

then perform different modes of scanning according to

the specific situation; manual subjective correction is

recommended for areas where the fault structure is not

obvious due to disease.
APPLICATION OF SCIENTIFIC RESEARCH PRACTICE

OCT / OCTA is a technology that uses the interference

principle of low coherent light to obtain the internal

structure information of biological tissues. It can provide

high-resolution, non-invasive and real-time tomographic

images and has been widely used in medical and

biological fields. In corneal research, OCT / OCTA

technology can be used to observe the thickness, shape

and curvature of the cornea in mice, so as to evaluate and

monitor various corneal disease models, such as corneal

transplantation, corneal defect or corneal infection. It can

also be used to detect changes in corneal function in mice,

such as corneal sensory nerve density or corneal

endothelial cell count. In retinal research, OCT / OCTA

technology can be used to observe the thickness,

morphology, layer and blood flow of the retina in mice,

so as to evaluate and monitor various retinal disease

models, such as macular degeneration[36], diabetic

retinopathy [37] or retinal ischemia-reperfusion[38]. OCT

/ OCTA technology has played an important role in the

study of mouse ophthalmology, providing scientists with



30 Advance in Medical Research

more information on the structure and function of mouse

intraocular tissues, and providing a valuable tool for the

establishment, evaluation and monitoring of mouse eye

disease models.

Compared with traditional fundus examination and

fundus photography, OCT / OCTA technology can

provide detailed information and structure of each layer

of the retina, such as nerve fiber layer, retinal ganglion

cell layer and vascular layer. OCT / OCTA can be used

for early screening, diagnosis and treatment evaluation of

retinal diseases, helping doctors or researchers to observe

and evaluate the structure and function of retinal blood

vessels. OCT / OCTA uses the principle of light wave

interference to generate high-resolution in vivo tissue

images by measuring the time and amplitude of reflected

light, providing detailed structural information for

doctors or researchers, and providing a more

comprehensive and accurate diagnostic basis for related

animal experiments.

LIMITATIONS

OCT technology has shown great potential in the

application of small animal ophthalmology, but there are

also some limitations. The following is an analysis of

these limitations:

(1) Differences in eyeball size and anatomical structure:

Small animals (such as mice and rats) have smaller

eyeball size, shorter axial length, and smaller pupils.

These anatomical differences make OCT imaging

challenging. Since the size of the mouse eye is about 1 / 8

of that of humans, but its numerical aperture (NA) is

more than twice that of humans, the effect of optical

aberrations on image quality increases with the increase

of NA, which hinders high-resolution imaging in mice.

Therefore, it is necessary to use dedicated small animal

OCT equipment, and may need to introduce an adaptive

optical system to correct aberrations to improve imaging

quality.

(2) Imaging depth limitation: The imaging depth of OCT

technology is affected by the light source penetration and

tissue scattering characteristics. For small animals,

because their eyeballs are small and the internal tissue

may be dense, this may limit the depth of OCT imaging.

This may affect the observation and diagnosis of the deep

structure of the fundus of small animals.

(3) Difficulty of image interpretation and diagnosis: OCT

images provide cross-sectional information of retina and

other tissues, but the interpretation and diagnosis of these

images require certain professional knowledge and

experience. For small animals, due to their anatomical

structure and physiological characteristics are different

from humans, more professional knowledge and skills

may be needed to accurately interpret OCT images and

make correct diagnosis.

(4) Cost and technical requirements: OCT technology

requires high-precision optical systems and complex

image processing algorithms, which leads to higher

equipment costs. In addition, the operation and

maintenance of OCT technology also requires a certain

technical level and professional knowledge. For small

animal research, this may increase the technical threshold

and cost of its application.

In summary, the limitations of OCT technology in small

animal applications mainly include eye size and

anatomical structure differences, imaging depth

limitations, image interpretation and diagnostic

difficulties, as well as cost and technical requirements.

However, with the continuous advancement of

technology and the development of special equipment,

these limitations are expected to be gradually overcome,

thus promoting the wider application of OCT technology

in small animal scientific research.

CONCLUSIONSAND PROSPECTS

The standardized use of OCT and OCTA in small animal ophthalmology is of great significance in research and
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practice. Using standardized OCT and OCTA data

acquisition methods and parameter settings can ensure

that the data obtained by different research units are

comparable. This helps to promote data sharing and

comparison between different studies and improve the

reliability and reproducibility of scientific research

results. The use of standardized acquisition methods can

reduce the variability of experimental operations, thereby

improving the consistency and stability of images. This

helps to obtain accurate and reliable results and reduce

errors and deviations. Normalization can also make it

easier for researchers to interpret and analyze OCT and

OCTA images. Consistent data collection methods help to

reduce interference factors and make the results easier to

understand and explain. Standardization can also improve

the reliability and trust of the research. When the data

collection and processing methods are consistent, the

research results will be more convincing and help to

enhance the scientific value of the research. In the study

of eye diseases in different animal models, standardized

collection methods can make it easier for researchers to

compare eye changes between different models. This

helps to diagnose the disease more accurately and

understand the similarities and differences between

different models. In drug development and treatment

monitoring, standardized OCT and OCTA methods can

more accurately evaluate drug efficacy and therapeutic

effect, and improve the credibility of research results.

Standardization can simplify the training process and

make it easier for new operators to master the operation

skills and processes of OCT and OCTA.

In summary, standardized animal ophthalmic OCT and

OCTA data acquisition methods and operating procedures

help to improve the consistency, reliability and

comparability of data, thus promoting the progress of

ophthalmic research and clinical practice.
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