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Abstract

Purpose: Optical coherence tomography angiography (OCT-A) is a newly developed technique to visualize retinal vasculature non-

invasively based on interferometry. Although OCT-A has been used clinically, its applications in small animal studies have been limited. This study is designed to develop and demonstrate the feasibility of a protocol for the use of an en-face OCT-based method to
visualize and quantify retinal microvasculature in mice that can be used for in vivo assessment of retina ischemia.

Methods: A customized algorithm was developed to extract angiographic profiles of the mouse retina from en-face OCT using an

unmodified Bioptigen Envisu R-Class OCT imaging system. En-face OCT images were collected in living animals and then compared
to images acquired following termination of blood flow to the retina. The images were processed with ImageJ using the raw file

importer. The vessel enhancement algorithm was developed based on a combination of local contrast enhancement, Laplacian of
Gaussian peak detection and background subtraction methods. For comparison, fluorescein angiography (FA) was performed using
Heidelberg Spectralis® HRA+OCT imaging system.

Results: By vessel enhancement algorithm, we successfully extracted retinal vasculature and quantified retinal vessel branch points,

vascular area and vessel lengths with AngioTool. While the retinal neuronal structure could be simultaneously identified and quantified using B-scan and volumetric OCT run in the annular scanning model, the retinal vasculature in OCT-A was dramatically diminished after the animals were sacrificed, indicating en-face OCT-A signal is a measure of the blood flow.

Conclusions: These studies indicate that a novel approach to extract angiographs from en-face OCT images by utilizing local struc-

ture enhancement can be used to provide depth-resolved retinal vasculature distributions. Simultaneous non-invasive analysis of
retinal vessels and neurons by OCT-A and OCT may provide a novel approach to characterize retinal ischemia accompanied by neurovascular coupling.
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Introduction
Optical coherence tomography (OCT) is a depth-resolved imaging technique based on interferometry [1, 2]. It is widely used in oph-

thalmology to non-invasively observe the retinal layers and morphology [3,4]. Most OCT systems are equipped with a programmable
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scanning module to customize the scan patterns over an area. A-Scan, the most basic form of OCT, is a depth profile of the light-wave’s
phase changes at a single point, where changes in the light scattering properties of various layers of retina can be used to define the

boundaries between retinal layers. With the B-scan parameters controlling the 2D scan area and density of A-scan, multidimensional (x,y,z
and time) OCT image can be acquired and processed for quantitative assessment of retina morphology and function. Depending on the

intended end use, the multidimensional images can be optimized by frame averaging to reduce noise, or by newer methods to capture the

temporal-dependent properties of signals. Volumetric OCT images are constructed from a collection of B-scans and optimized for different analysis methodologies. Three typical scan patterns of volumetric images have been developed for ophthalmic OCT imaging, including

rectangular scan, radial scan, and annular scan. Rectangular pattern is the most common one, either as a line scan (single B-scan), or consecutive scans forming a cube. Radial scan rotates the B-scan about a central point, capturing morphology at several angles. The annular
scan is a series of B-scans forming concentric rings, allowing the exclusion of features like the optic nerve head with a doughnut pattern,

and is useful to determine layer thickness. En-face OCT (also called C-scan), one of the less prevalent OCT visualization approaches, allows
for optical sectioning of the retina, providing capability for a depth-resolved “fundus like” visualization of the retina. The Recent development of high-speed scanning systems has made the practical implementation of en-face OCT feasible.

The intensity of OCT signal is highly influenced the presence of speckle caused by tissue heterogeneity and movement that is consid-

ered noise in most applications. Traditionally, averaging and other noise reduction methods are employed to reduce speckle noise and
improve image quality [5,6]. However, taking advantage of the facts that the contrast of the speckle pattern is enhanced by turbidity of

moving fluids such as blood as well aslight scattering caused by blood cells resulting in the presence of spatial-temporal flickers in images [7-9], OCT-angiography (OCT-A) techniques are developed by utilizing specialized scan parameters to extract vascular information

based on the spatial or temporal speckle patterns [10,11]. For example, decorrelation algorithms can detect the intensity of flicker within

blood flow by rapidly resampling the A-scan, and then creating an image of retinal vasculature based on the moving red blood cells within

retinal vessels [8]. Clinically, OCT-A is currently utilized to measure the changes of vascular networks and blood flow in patients with diabetic retinopathy, glaucoma, and age-related macular degeneration [8,12]. In this study, we developed a novel method to extract the 3D

angiograph data from the en-face imagines acquired by using a spectral domain OCT imaging system (Bioptigen R2200).The application
of this technique could potentially expand the use of OCT-A in small animal studies by providing a novel approach of image analysis thus
enabling the potential use of commercially available OCT systems for small animal use.

Methods
Animals

The experimental procedures and use of animals were performed in accordance with the Association of Research for Vision and Oph-

thalmology Statement for the Use of Animals in Ophthalmic and Vision Research, and all protocols were approved by the Institutional
Animal Care and Use Committee at the University of Texas Medical Branch. C57BL/6J mice were obtained from Jackson Laboratory (Bar

Harbor, ME) and maintained on a 12:12 light/dark cycle with food and water available ad libitum. In our study mouse retina was imaged
using OCT-A and fluorescein angiography before and after euthanasia.
Fluorescein angiography (FA)

Mice were anesthetized with a mixture of ketamine hydrochloride (100 mg/kg) and xylazine hydrochloride (10mg/kg) by intraperi-

toneal injection (i.p.). After corneas were topically anesthetized with 1 drop of proparacaine hydrochloride (Akorn, Lake Forest, IL) and

pupils were dilated with 1% tropicamide (Akorn), mice were positioned on an imaging platform of the Heidelberg Spectralis® HRA+OCT

imaging system specially designed for small animal imaging. Fluorescein Lite was injected (i.v., 20 mg/kg) and scanning laser ophthalmoscopy was performed to capture FA images.
High resolutionen-face OCT

Spectral Domain (SD)-OCT were used to non-invasively analyze retinal neuronal and vascular structure. After FA, mice were posi-

tioned on the imaging platform of the Spectral Domain Ophthalmic Imaging System (Envisu R2200, Bioptigen). An en-face scan consisting
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of 1000 B-scans in a rectangular pattern was performed, in which high resolution B-scans consist of 1000 A-scans with 1.4 μm resolution

and 1.4 mm width. The total scan time was 34 seconds, therefore, motion artifacts from normal heartbeat and breathing need to be compensated for using image registration [13]. Large movement or gasping under anesthesia results in an unusable image. The en-face OCT
was processed with ImageJ using the raw file importer. The B-scans were aligned with a rigid transformation registration algorithm that
compensated for motion artifacts. Images were then processed to enhance and identify retinal vessels.

To measure changes in retinal neuronal structure, radial and annular scans were performed. Retinal thickness maps and statistics

were obtained using Bioptigen’s report generator. The analysis included the ‘mouse report’ template, which uses techniques for automated segmentation of the retinal images to generate depth maps and statistical tables of each retinal layer at various depths [14].

Statistical Analysis

Data are presented as mean+ standard error of the mean. Statistical analysis was performed using Student’s t-test. Results were con-

sidered significant at P < 0.05.

Results

A-scan, B-scan and en-face OCT images of mouse retina
A single A-scan across the inner limiting membrane to choroid revealed the typical interferometric profile of retina (Figure 1A). High-

density scanning, 1000 single A-scans per B-scan provided sufficient resolution to distinguish layers of the retina (Figure 1B). The collected slices were reconstructed into a 3D-volume, which was resliced to generated en-face OCT (also called as C-scan) images of mouse

retina (Figure 1C and 1D). Frame averaging of 3 to 10 scans improves the signal to noise ratio but may average out and mask small anoma-

lies or the vasculature. The en-face view resolved retinal structures from the superficial layer into the choroid. Notably, in the superficial
layers (Figure 1C), both the vasculature and nerve fiber bundles were apparent. The vascular structure was partially visible in single cscan, however, could not be followed due to the 3D nature of the vessels. Averaging the c-scans into projections improved the visualization
of larger vessels although the details of the capillaries network were still unclear (Figure 1D).
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Figure 1: A-scan, B-scan and en-face OCT images of the mouse retina. (A) Representative line plot of a single A-scan. Two key
reference points A1 and B1 mark the internal limiting membrane and choroid, respectively. (B) A single representative B-scan
image showing retinal layers. The white arrow indicates the position of A-scan for (A). A1 and B1 mark the internal limiting
membrane and choroid, respectively. (C, D) En-face OCT (C-scan) images showing the superficial layer of the retina (C) and
3D construction of retina (D). Red line in the superficial retina (C) or red rectangle in the3D image of the retina (D) indicates
B-scan across the retina in (B).
Development of OCT-A to analyze retinal vascular structure
With a rapid high-density scanning, the Bioptigen system can detect speckle produced by retinal blood flow as increased spatial in-

tensity in the en-face view, in which the intensity of the vasculature in the inner retina was higher than surrounding tissue. Because the
capillaries are only partially captured within each individual slice they need to be extracted and mapped throughout the depth. Images

were then processed with local structure enhancement to identify tubular structures as vessels. The vessel enhancement algorithm was

based on a combination of local contrast enhancement, Laplacian of Gaussian peak detection and background subtraction methods. The
vasculature was extracted using peak detecting strategies similar to fundus vasculature tracing. Image slabs, series of c-scans, were depth
projected with color coding for the en-face visualization (Figure 2A, lower panel). The near isotropic resolution of en-face imaging pro-

vides the ability to see the microvasculature in 3D to check continuity. The image is a volume that can be digitally resliced, much like his-

tology sectioning, into an individual slice or a series of slices combined into thicker slabs. To visualize the volume in a 2D image, the depth
projection was generated as acolor-coded image to map how deep in the slab a structure is visible. Three consecutive 60 μm thick slabs

were depth projected to encompass the superficial vascular plexus (SVP), the intermediate vascular plexus (IVP) and the deep vascular
plexus (DVP). In retina of live animal (Figure 2A), the superficial layer includes both vasculature and nerve fibers. The IVP, mostly in the
inner plexiform layer, is composed of medium-sized vessels branching out and connecting to the deep vasculature. The distinct branching

pattern of the IVP provides reliable landmarks as they descend into the DVP located in the outer plexiform layer. The DVP slab consists
primarily of small capillaries and the lower portion of the medium-sized vessels. In SVP, large vessels were obvious but capillaries were

masked by the strong signals of nerve fibers. In IVP and DVP, the signals of nerve fibers disappeared, and capillary structure and network

were clearly identified, but larger vasculature in the superficial retina produced an attenuation effect known as shadowing [15], which
provides useful landmarks for angiography in the en-face OCT. In comparison with FA which is the standard approach to analyze retinal

vessels (Figure 2A, upper panel), OCT-A identified similar retinal vascular structure and pattern, especially those capillaries that are present in IVP and DVP.

With all OCT-A methodologies, blood flow acts as a contrast agent delineating vasculature. Therefore vasculature that has no blood flow

will have reduced signal, resulting in undetectable or discontinuous appearance. To further validate our OCT-A method as a tool to specifically detect retinal vasculature, we euthanized the mice to interrupt blood flow, and then performed OCT-A and FA analysis (Figure 2B).
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By comparing the live and post mortem retina from the same eye with the same focus, we limited the variables to identify what imaging

changes are blood flow-dependent. As expected, the lack of blood flow provided reduced contrast to differentiate the capillaries from the
background tissue. When blood flow was stopped, the diameter of the inner retinal arteries and veins as seen in OCT-A images was sig-

nificantly decreased. The thick walls of the large vessels were still visible due to the intact structural features scattering/reflecting light.
However, OCT-A intensity inside large vessels was significantly reduced, resulting in decreased resolution compared with that in the live
mice. Without blood flow, the walls of capillaries in the inner retina were too thin to scatter enough light to increase the contrast in OCT-A.

As a result, the deep vasculature disappeared and the intermediate vascular layer was fragmented after blood flow was stopped. Shadow-

ing effect of the superficial vasculature was minimized in retinas from euthanized mice as the decrease in vessel diameter is correlated
to a decrease in light attenuation and scattering. In contrast to OCT-A, retinal vasculature was clearly viewed by FA in spite of fluorescein

dye diffusion in retinas of euthanized mice due to the fact that because FA imaging is not dependent on continuous blood flow as well as
the presence of residual dye in the vascular space (Figure 2B, upper panel).

Figure 2: Fluorescein angiography (FA) and OCT-A analysis of retinal vasculature in live and euthanized mice. (A) FA with 55-degree wide-angle lens was performed in live mice to identify retinal vasculatures after injecting fluorescein sodium (20 mg/kg,
i.p.). Next, volumetric OCT was performed with the Bioptigen R2200 OCT imaging system and three layers of retinal vasculature
were built. Field of view in both FA and OCT-A images was shown. (B) After volumetric OCT was performed, mice were euthanized
with an overdose of anesthetic agent (200 mg/kg ketamine and 15 mg/kg xylazine, i.p.). FA and volumetric OCT were then performed. SVP: superficial vascular plexus; IVP: intermediate vascular plexus; DVP: deep vascular plexus.
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AngioTool (National Cancer Institute) is frequently utilized to quantitatively assess vessel morphometric and spatial parameters [16].

The projected OCT-A slabs were analyzed with AngioTool which automatically identified retinal vasculature (Figure 3A) and number of
branch points, vascular area, and vessel length were quantified (Figure 3B). The vessels in the retinas of live mice had sufficient contrast

to be isolated. In contrast, in the post mortem retinas, lack of blood flow and high noise levels prevented identification of capillaries. As
a result, contrast needed for the visualization of retinal vessel branch points, vascular areas, and vessel lengths was markedly reduced
(Figure 3B).

Figure 3: Analysis of retinal vasculature with AngioTool. (A) Retinal vessels in the OCT-A images from live and post-mortem mice
(left panels) were automatically picked up with AngioTool (right panels). (B) Vessel branch points, vascular area, and average
vessel length (total vessel length/ number of vessels) were quantified with AngioTool (n = 4). *P < 0.05 compared with live mice.
3D construction of retinal vascular structure
To improve visualization of the vasculature, angiography slabswere3D rendered with ImageJ (Figure 4). In the volume-rendered 3D

images of the deep capillary network, the loss of micro-vasculature was apparent post mortem retina. The shadows of the larger vessels
were less apparent as the diameter of superficial vessels was decreased without blood flow and pressure after mice were euthanized. Additional 360-degree video was included in supplemental data.
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Figure 4: OCT-A comparison of DVP slab of both live and post-mortem retinas rendered in 3D. In the retinas of live mice,
the capillary bed is visible and the shadows of the superficial vessels have clear and defined borders. In the post-mortem
retinas, there are few remnants of the vascular structure, and the attenuation shadows are narrowed or missing.
Analysis of retinal neuronal changes by OCT
To analyze retinal neuronal structure, a B-scan across central retina identified multiple layers in the neuronal retina (Figure 5A and

5B). In volumetric OCT images with annular scanning pattern, the thickness of retinal layers was determined (Figure 5C), which revealed
that thicknesses of the total retina, the outer plexiform layer (OPL) and the retinal pigment epithelium (RPE) were reduced in the post
mortem retinas (Figure 5D).

Figure 5: SD-OCT assessment of retinal neuronal structure. (A,B) En-face structural OCT with a green line corresponding to
the highly-sampled OCT B-scan in live (A) and post-mortem (B) mice. (C) Representative retinal B-scan showing segmentation of SD-OCT image taken in the annular scanning mode. The en-face projection of the superficial retina from the annular
scan forms a donut-shaped area centered at the optic disc. (D) The thickness of different retinal layers was analyzed using
Bioptigen’s report generator in live and post-mortem mice (n = 4). *P < 0.05 compared with live mice.
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Retinal vasculopathy is the key cause of vision loss and blindness in many retinal diseases such as diabetic retinopathy, age-related

macular degeneration, and retinopathy of prematurity. Fluorescein angiography (FA) and indocyanine green angiography (ICGA) are
the gold standards to diagnose vascular changes in these diseases [17], but have significant limitations. They are considered invasive
because a special dye needs to be injected into a vein to visualize retinal vessels. In addition, the resolution of retinal vessels is dramati-

cally reduced when there is vascular leakage, making it difficult to resolve detailed vessel structure in the leakage site; and FA and ICGA

have relatively short imaging time windows following dye injection [17]. Histological analysis of vascular beds provides higher resolution
[17,18]. Nevertheless, this technique uses fixed tissue and the detection and visualization of some of the vascular changes occurring in
vivo could be masked or lost during ex vivo tissue processing and labeling. The recent development of OCT-A technique overcomes several

limitations of the above current methods of vascular imaging. It can be performed to image and analyze retinal and choroid vessels in vivo,
non-invasively and longitudinally [1,7,17-19]. Moreover, OCT-A provides information for blood flow. In the past two years, OCT-A has been

actively utilized on studies aimed at determining retinal vascular changes in human patients suffering from age-related macular degeneration, diabetic retinopathy and vascular occlusion [7,17]. These studies have demonstrated many advantages of OCT-A in diagnosing

retinal vasculopathy over the conventional imaging methods. In addition, application of OCT-A to patients with glaucoma, which is classi-

fied as retinal neuropathy, reveals that reduction of vessel density by means of OCT-A occurs in glaucoma and can be used to distinguish

healthy subjects from glaucoma suspects and glaucoma patients [20]. With the clinical findings of late-stage changes, the en-face OCT-A is
a method adaptable to existing clinical systems.

In Pre-clinical studies, mouse models have been frequently used to understand disease pathophysiology and evaluate the effects of

drug therapy because of the large availability of transgenic lines and low costs. While OCT-A has been applied in clinical practice, there are

only a few studies that have reported the feasibility of OCT-A in mice by using custom-made OCT-A or adapting the optics of clinical OCT
for animal use [17-19]. The Bioptigen Envisu R-Class SD-OCT System is widely used in imaging retinal neuronal changes in small animals
due to its portability, high resolution, high speed and user-friendly image manipulation software [2,14,21-26], with specially designed

lens which compensate for the small pupil, high refractivity, and curvature of the rodent eye. This system has not been tested for OCT-A imaging demonstrating its ability for visualization 3D capillary network with high resolution in mice. Furthermore, no commercial products
are available specific for OCT-A analysis using this system. Here we provide the first evidence that the Bioptigen Envisu R-Class SD-OCT
System can be used for OCT-A imaging by extracting tubular structures from the volumetric scan through a combination of local contrast
enhancement, Laplacian of Gaussian peak detection and background subtraction methods. Our data clearly identify three vascular slabs

within the inner retina and vascular network identified by OCT. Moreover, we show that it is possible to quantify vascular network in OCT-

A images and improve visualization of the vasculature through volume-rendered 3D images. Since many vision research laboratories or
core-facilities have the Bioptigen Envisu R-Class SD-OCT System, our work would be beneficial for many researchers who need to perform
OCT-A to non-invasively measure vascular changes in conditions such as ischemic retinopathy.

Current OCT-A systems are based on using speckle-variance in time domain as contrast separating blood vessels from the static tis-

sue [1,17]. These systems provide high sensitivity and specificity for imaging vessels with flowing blood cells. Nonetheless, they require
specific and sophisticated software to perform repeated B-scans at the same location and calculate temporal speckle variance caused by

erythrocyte movement to create angiograms. In contrast, the en-face OCT-A method, evaluated in our study, extracts vascular information
from high-speed OCT volumetric scan through decorrelation angiography algorithm based on the spatial speckle patterns. Therefore, it

is not hardware specific and can potentially be used with various OCT equipment and software that are currently commercially available.

In summary, in this study, we demonstrated the viability of post-processing en-face OCT data to extract and analyze microvasculature

of mouse retina. Furthermore, our study suggests that by using our algorithm for vascular enhancement the Bioptigen Envisu R-Class
SD-OCT System, as well as other high-speed OCT with en-face view, can be used to conduct OCT-A analysis of retinal vasculature in mice
without modification of the imaging system. In addition, annular scan or radial scan can be performed simultaneously to determine and
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quantify neuronal changes in the retina. Thus, sequential non-invasive analysis of retinal vascular and neuronal changes in mouse models
can be obtained allowing for the study of retinal neurovascular coupling which is critically involved in many retinal diseases.

Conflict of Interest

The authors state that the manuscript has not been published previously. Copyright application of the software patch to conduct OCT-A

analysis is pending approval.

Financial Support

This work is supported by the National Institutes of Health grant EY022694, Retina Research Foundation and the John Sealy Memorial

Endowment Fund for Biomedical Research (W.Z.); and the UT Brain grant 366611 (M.M.).

Bibliography
1.

2.

3.
4.
5.

6.
7.
8.
9.

Gao SS., et al. “Optical Coherence Tomography Angiography”. Investigative Ophthalmology and Visual Science 57.9 (2016): 27-36.

Ferguson LR., et al. “Modified protocol for in vivo imaging of wild-type mouse retina with customized miniature spectral domain
optical coherence tomography (SD-OCT) device”. Biological Procedures Online 14 (2012): 9.

Ishikawa H., et al. “Macular segmentation with optical coherence tomography”. Investigative Ophthalmology and Visual Science 46.6

(2005): 2012-2017.

Tan O., et al. “Advanced Imaging for Glaucoma Study G: Mapping of macular substructures with optical coherence tomography for
glaucoma diagnosis”. Ophthalmology 115.6 (2008): 949-956.

Mayer MA., et al. “Wavelet denoising of multiframe optical coherence tomography data”. Biomed Optics Express 3.3 (2012): 572-589.
Pizurica A., et al. “Multiresolution Denoising for Optical Coherence Tomography: A Review and Evaluation”. Current Medical Imaging
Reviews 4 (2008): 270-284.

Chalam KV and Sambhav K. “Optical Coherence Tomography Angiography in Retinal Diseases”. Journal of Ophthalmic and Vision
Research 11.1 (2016): 84-92.

de Carlo TE., et al. “A review of optical coherence tomography angiography (OCTA)”. International Journal of Retina and Vitreous 1
(2015): 5.

Vinekar A., et al. “Monitoring neovascularization in aggressive posterior retinopathy of prematurity using optical coherence tomog-

raphy angiography”. Journal of AAPOS 20.3 (2016): 271-274.

10. Klawitter D., et al. “Speckle variance optical coherence tomography for imaging microcirculation”.

11. Mahmud MS., et al. “Review of speckle and phase variance optical coherence tomography to visualize microvascular networks”. Journal of Biomedical Optics 18.5 (2013): 50901.

12. Lau T., et al. “En-face optical coherence tomography in the diagnosis and management of age-related macular degeneration and polypoidal choroidal vasculopathy”. Indian Journal of Ophthalmology 63.5 (2015): 378-383.

13. Xiao M., et al. “OCT Image Stack Alignment: One More Important Preprocessing Step”.

Citation: Wenbo Zhang., et al. “OCT-Angiography for Non-Invasive Monitoring of Neuronal and Vascular Structure in Mouse Retina:
Implication for Characterization of Retinal Neurovascular Coupling”. EC Ophthalmology 5.3 (2017): 89-98.

OCT-Angiography for Non-Invasive Monitoring of Neuronal and Vascular Structure in Mouse Retina: Implication for
Characterization of Retinal Neurovascular Coupling
98

14. Ferguson LR., et al. “Retinal Thickness Normative Data in Wild-Type Mice Using Customized Miniature SD-OCT”. PLoS One 8.6 (2013):
e67265.

15. Girard MJ., et al. “Shadow removal and contrast enhancement in optical coherence tomography images of the human optic nerve
head”. Investigative Ophthalmology and Visual Science 52.10 (2011): 7738-7748.

16. Zudaire E., et al. “A computational tool for quantitative analysis of vascular networks”. PLoS One 6.11 (2011): e27385.

17. Park JR., et al. “Imaging Laser-Induced Choroidal Neovascularization in the Rodent Retina Using Optical Coherence Tomography Angiography”. Investigative Ophthalmology and Visual Science 57.9 (2016): 331-340.

18. Giannakaki-Zimmermann H., et al. “Optical Coherence Tomography Angiography in Mice: Comparison with Confocal Scanning Laser
Microscopy and Fluorescein Angiography”. Translational Vision Science and Technology 5.4 (2016): 11.

19. Alnawaiseh M., et al. “OCT angiography in the mouse: A novel evaluation method for vascular pathologies of the mouse retina”. Experimental Eye Research 145 (2016): 417-423.

20. Yarmohammadi A, et al. “Optical Coherence Tomography Angiography Vessel Density in Healthy, Glaucoma Suspect, and Glaucoma
Eyes”. Investigative Ophthalmology and Visual Science 57.9 (2016): 451-459.

21. Machalinska A., et al. “In vivo imaging of the mouse retina using high-resolution optical coherence tomography”. Klin Oczna 116.1
(2014): 11-15.

22. Chen J., et al. “Use of optical coherence tomography and electroretinography to evaluate retinal pathology in a mouse model of autoimmune uveitis”. PLoS One 8.5 (2013): e63904.

23. Ferguson LR., et al. “Retinal thickness measurement obtained with spectral domain optical coherence tomography assisted optical
biopsy accurately correlates with ex vivo histology”. PLoS One 9.10 (2014): e111203.

24. Song D., et al. “A murine RP1 missense mutation causes protein mislocalization and slowly progressive photoreceptor degeneration”.
American Journal of Pathology 184.10 (2014): 2721-2729.

25. Li Y., et al. “Mouse model of human RPE65 P25L hypomorph resembles wild type under normal light rearing but is fully resistant to
acute light damage”. Human Molecular Genetics 24.15 (2015): 4417-4428.

26. Yang Q., et al. “Microbead-induced ocular hypertensive mouse model for screening and testing of aqueous production suppressants
for glaucoma”. Investigative Ophthalmology and Visual Science 53.7 (2012): 3733-3741.

Volume 5 Issue 2 February 2017
© All rights reserved by Wenbo Zhang., et al.

Citation: Wenbo Zhang., et al. “OCT-Angiography for Non-Invasive Monitoring of Neuronal and Vascular Structure in Mouse Retina:
Implication for Characterization of Retinal Neurovascular Coupling”. EC Ophthalmology 5.3 (2017): 89-98.

