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Abstract 

Optical coherence tomography angiography (OCTA) is a non-invasive, fast and new fundus examination 

without contrast agent, which can conduct three-dimensional reconstruction of fundus vascular structure by 

identifying the blood flow movement of retina and choroid, and present the images of fundus vessels layer by 

layer in the coronary plane. The central retinal artery is a branch of the internal carotid artery, and the internal 

carotid artery is the main blood supply artery of the intracranial blood vessels. OCTA examination can observe 

the retinal artery, and can be early detection method of cerebral small vessel diseases (CSVD) when patients are 

asymptomatic. At present, the diagnosis of CSVD mainly relies on the imaging results of brain MRI, but at this 

time there are already pathological changes of blood vessels. Therefore, OCTA can be used for the early 

diagnosis of CSVD, which is helpful for the early intervention and treatment of CSVD. 

Keywords: Optical coherence tomography angiography (OCTA); Cerebral small vessel diseases (CSVD); 

Fundus blood vessels; Early diagnosis 

 

Introduction of OCTA Examination 

Optical Coherence Tomography (OCT) is considered an important milestone in the ophthalmic examination. It 

enables conduct 3D imaging of eye structures such as the cornea, Ganglion Cells (GCL), macula or optic disc, 

and can measure the size of the optic disc and the thickness of the retinal layers [1]. Since 2006, a new 

examination of OCT Angiography (OCTA) has been added to the OCT examination, which is a non-invasive 

examination that can visualize fundus blood flow [2]. OCTA is a new non-invasive fundus image examination, 

which can identify retinal blood flow movement information with high resolution, and present retinal 

microvascular circulation in living tissue [3]. Fundus angiography can be generated within several seconds, 

mailto:gengy2004@126.com


www.megajournalofcasereports.com 
2 

which can visualize retinal capillaries based on the movement contrast of circulating blood cells. So it is widely 

used in the diagnosis of retinal diseases [4]. The only moving structures in the fundus are the blood cells. 

Repeated scanning (B-scan) of the same cross-section, through special calculation methods, to generate a 

contrast between static and active structures, so as to obtain blood flow signals, based on which three-

dimensional vascular structure reconstruction [5]. 

Compared with Fluoresce in Angiography (FA) and Indocyanine Green Angiography (ICGA), OCTA does not 

require contrast agent, is cheaper, and has faster imaging speed. It has significant advantages and is more 

acceptable for patients [6]. Cerebral Small Vessel Diseases (CSVD) can be classified according to MRI images 

into: White Matter Hyperintensity (WMH), Enlarged Perivascular Space (ePVS), lacunar infarction, subcortical 

infarction, cerebral microbleeds, and cerebral atrophy. The prevalence of CSVD in older adults (over 65 years) 

is estimated to be 87%, about 25-50% of ischemic strokes was related with CSVD, and may lead to cognitive 

decline (vascular dementia), depression, abnormal gait, movement disturbance, dysphagia, and urinary 

incontinence [7]. Therefore, early screening of CSVD is very important to avoid the occurrence of ischemic 

stroke and its poor prognosis. The retina and brain have the same embryological origin [8]. And the central 

retinal blood vessel originates from the Internal Carotid Artery (ICA), which is a branch of the intracranial 

artery. OCTA parameters included focal a vascular zone area (FAZ), Retinal Nerve Fiber Layer thickness 

(RNFL), retinal surface capillary plexus, deep retinal capillary plexus, and Radial Peripapillary Capillary (RPC) 

density. Some studies have shown that the Radial Peripapillary Capillary (RPC) density is negatively correlated 

with the White Matter Hyperintensity (WMH) and the severity of the perivascular space [9]. There are also 

studies showing that RPC density is associated with CSVD [8]. In this article, we introduce the advantages and 

disadvantages of OCTA, as well as its imaging characteristics. In addition to the application in ophthalmology, 

it also applies in other neurological diseases. More importantly, it is feasible for early diagnosis of CSVD. 

 

Advantages of OCTA 

Fluorescein Angiography (FA) and Indocyanine Green Angiography (ICGA) are both commonly used in 

diagnosis in Ophthalmology department, but they are both invasive tests that require intravenous dye and 

imaging for up to 10-30 minutes [10]. Moreover, the above two examinations have disadvantages such as 

invasiveness, relatively expensive, time-consuming, dye leakage, and difficulty in locating the depth of the 

lesion [11]. However, they are still the gold standard for the diagnosis of choroidal and retinal 

neovascularization (CNV) [12]. On the other hand, Optical Coherence Tomography Angiography (OCTA) is a 

non-invasive technique that can obtain fundus angiographic information without the use of dyes. And multiple 

layers of information can be obtained. OCTA can visualize individual vascular plexuses from the Inner Limiting 

Membrane (ILM) to the choroid, as well as the retina, outer retina, chorionic vessels, or other regions of interest 

[13]. Angiography of the retina by OCTA inspection is shown in Figure 1. 



www.megajournalofcasereports.com 
3 

 

Figure 1: Retinal blood vessel in fundus. A: fundus blood vessel by OCTA, B: blood vessel map by 

ophthalmoscope. 

 

There are several OCTA devices around the world. In the United States and Europe, Carl Zeiss Meditec 

(AngioPlexTM) and Optovue (AngioVueTM) have both received FDA and European approval for the clinical 

use of SD-OCT technology [14]. Now I take AngioPlexTM as an example to introduce the content of different 

layer of OCTA imaging, as shown in Figure 2. 
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Figure 2: The en-face of retina by OCTA. A: Vitreoretinal interface (300 um below ILM to ILM), B: 

Superficial retina (ILM to IPL), C: deep retina (IPL to OPL, D: Avascular zone (OPL to EZ, E: Choroidal 

capillaries, F: Choroid. 

 

The Blood Supply of Retina 

We can observe the vascular density and perfusion of the retina through the non-invasive examination of Optical 

Coherence Tomography Angiography (OCTA). So why can we know the condition of intracranial blood vessels 

by observing the retinal blood condition? This starts with the origin of retinal blood vessels [15]. The central 

retinal artery penetrates into the center of the optic nerve at 10-12 mm behind the eyeball, travels forward to the 

optic nerve head, and is divided into superior nasal, inferior nasal, superior temporal, and inferior temporal 

arteries to nourish different layers of retinal tissue. Moreover, the central retinal artery is a terminal artery 

without collateral anastomosis, the blockage of the central retinal artery can cause retinal ischemia in the 

corresponding area, resulting in loss of function. The central retinal artery originates from the ophthalmic artery, 

and the ophthalmic artery is the main branch of the C7 segment of the Internal Carotid Artery (ICA). A few 

variants originate from Middle Cerebral Artery (MCA). The bilateral Internal Carotid Arteries (ICA) originate 
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from the common carotid arteries and supply 2/3 of the brain. The other 1/3 is supplied by the vertebral-basilar 

artery. The retinal vascular blood supply of the human eye can be divided into four layers from the anterior 

border of the retina to the posterior axis position, namely the Superficial Capillary Plexus (SCP), the 

Intermediate Capillary Plexus (ICP), the Deep Capillary Plexus (DCP) and Radial Capillary Plexus (RPC) [16]. 

Each individual capillary plexus has specific morphological characteristics [17]. The vessels in each plexus are 

closely connected, but these interconnected vessels are sparse. Currently, OCTA is nuclearized by OCT B-scan 

and can replace Fluorescein Angiography (FA) in most cases [18]. The different layers of OCTA are shown in 

Figure 3. 

 

 

Figure 3: The cross-sectional view of the retina under OCTA, which can be divided into neuroepithelial layer, 

pigment epithelial and choriocapillary layer. 

 

Current Clinical Application of OCTA 

Optical Coherence Tomography Angiography (OCTA) has been widely used in Ophthalmology, such as 

Diabetic Retinopathy (DR), age-related macular degeneration, glaucoma, etc. [19]. Diabetic retinopathy is 

typically characterized by micro-angiomas, intraretinal hemorrhages, intraretinal microvascular abnormalities, 

hard exudates, and neovascularization. The gold standard imaging technique for assessing macular perfusion is 

Fluorescein Angiography (FA), which is able to show leaky microaneurysms and non-perfused capillaries [20]. 

However, it only produces two-dimensional images, especially when the dye leaks, where the fluorescent 

signals of the surface and deep capillary networks overlap and are difficult to distinguish [21]. In this context, 

OCTA is a useful imaging technique for assessing retinal vessels in different capillary networks. OCTA also has 

huge potential applications in neurological diseases. At present, many studies have shown that many 

neurological diseases have pathological changes in the retina and optic nerve. Such as neurodegenerative 

diseases, Multiple Sclerosis (MS), migraine, etc [1]. The main risk factors for neurodegenerative diseases are 

old age and cardiovascular disease [22]. There is increasing evidence that a decline in capillary number and 

density with age is observed in both humans and rodents. Common ophthalmic signs and symptoms of 

Alzheimer's Disease (AD) are visual field changes and decreased vision [23]. Additionally, other retinal 

changes, such as changes in macular RNFL thickness, have been associated with early changes in AD patients 

[24]. Multiple Sclerosis (MS) is a chronic demyelinating inflammatory disease. At autopsy, 99% of patients had 

evidence of demyelination within the optic nerve [25]. Optic neuritis occurs in 25% of patients and about 50% 

patients will suffer from it during disease progression [26]. Visual impairment is also common in Parkinson's 

Disease (PD) patients, which is related to the reduction of dopamine, and the severity of PD is related to the 
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thickness of retinal nerve fiber layer near the optic papilla. In migraine, RNFL thickness was reduced, especially 

in migraine patients with aura [27]. 

 

Introduction of Cerebral Small Vessel Diseases (CSVD) 

Cerebral Small Vessel Disease (CSVD) refers to a series of clinical, imaging, and pathological syndromes 

caused by various etiologies affecting cerebral arterioles and their distal branches, arterioles, capillaries, 

venules, and venules [28]. It may develop in the early stages of the disease for many years because it remains 

asymptomatic [29]. Anatomically, small vessels include arterioles (100-400 um) and their distal branches (less 

than 200 um), capillaries, and venule diseases. At present, it is believed that CSVD mainly refers to cerebral 

arteriole, and the diameter of the diseased blood vessel is 50-400 um. The central retinal artery is also small 

blood vessel, and its diameter is about 160 um [30]. Common causes of CSVD include arteriosclerosis, Cerebral 

Amyloid Angiopathy (CAA), hereditary small vessel disease, inflammatory and immune-mediated small vessel 

disease, and venous collagen disease [31]. Including 25% of ischemic stroke and 45% of dementia may be 

related to CSVD [32]. Among them, arteriosclerosis and Cerebral Amyloid Angiopathy (CAA) is the most 

common [33]. According to Standards for Reporting Vascular changes on Neuroimaging (STRIVE), CSVD can 

be classified according to MRI images as: White Matter Hyperintensity (WMH), Enlarged Perivascular Space 

(EPVS), lacunar infarcts, subcortical infarcts, cerebral microbleeds, and cerebral atrophy [34]. The MRI 

classification of cerebral small vessel disease is shown in Figure 4. 

 

Figure 4: Several classifications of cerebral Small Vessel Disease (CSVD) on MRI images, A: subcortical 

infarction, B: White Matter Hyperintensity (WMH), C: cerebral microhemorrhage, D: lacunar infarction, E: 

brain atrophy, F: Enlarged Perivascular Space (ePVS). 
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Brain atrophy is a condition in which neurons and the connections between them are lost, which leads to a 

decrease in brain volume [35]. The consequences of the disease manifest in cognitive and neurological 

problems. Brain atrophy affects specific regions of brain tissue, manifested by corresponding dysfunction in 

associated areas of the brain. A reduction in brain tissue volume is associated with cognitive decline [36]. White 

Matter Hyperintensities (WMH) were introduced by Hachinski, Potter, and Merskey in 1987 for bilateral 

periventricular hypodense white matter areas seen on CT images, and periventricular and subcortical white 

matter in T2-weighted and FLAIR images on MRI high signal. Histologically, axonal atrophy was observed 

along with reduction in the number of myelin sheaths. This may be due to insufficient blood supply of the deep 

white matter due to vascular pathology [37]. Makedonov et al. [38] reported that WMHs were less perfused than 

normal white matter as assessed by SPECT and MRI. CMBs appear as small, oval or round hypointense lesions 

on T2 sequences in the brain, due to the degenerative state of small blood vessels and the subsequent breakdown 

of hemoglobin released from erythrocytes [39]. Cerebral Perivascular Space (cPVS), also known as V-R space 

(VRS). Enlarged Perivascular Space (ePVS) is also one of the imaging manifestations of CSVD. It manifests as 

well-circumscribed round, oval, linear, and tubular structures on brain MRI, consistent with the course of 

perforating vessels. ePVS is easily confused with lacunar infarction. Lacunar infarction is hyperintensity in 

acute phase and hypointensity in chronic phase on DWI image sequence, while ePVS is on the contrary [40]. 

Recent Subcortical Infarction (RSSI), often presenting as acute-onset specific compartment syndrome, the 

classic 5 syndromes include pure sensory stroke, pure motor hemiplegia, ataxic hemiparesis, dysarthria-hand 

Clumsy syndrome and sensorimotor stroke, and they generally have a good prognosis [41]. Lacunar infarcts, 

typically small cavities in brain tissue that remain after removal of necrotic tissue from subcortical infarcts, are 

caused by occlusion of small perforated arteries, and they account for approximately 20% of ischemic strokes 

[31]. 

 

The Early Diagnostic Value of OCTA in Cerebral Small Vessel Diseases (CSVD) 

Because the central retinal artery is a continuation of the Internal Carotid Artery (ICA), which is part of the 

intracranial artery, and the central retinal artery belong to small blood vessel. By observing the central retinal 

artery, we can directly observe the small intracranial arteries and provide a window forusto diagnosis cerebral 

small vessel disease (CSVD) [42]. The retinal vessel is a potential marker of cerebrovascular disease because it 

shares same origin with the intracranial blood circulation [43]. Both the retina and brain exhibit microvascular 

disease in the context of vascular risk factors such as diabetes and hypertension. Diabetic retinopathy, for 

example, is characterized by microaneurysms and flame spot hemorrhages in non-proliferative retinopathy. In 

proliferative diabetic retinopathy, it is characterized by the growth of new blood vessels and edema of retinal 

tissue [44]. In hypertensive retinopathy, it is characterized by narrowing of arterioles and altered light reflection 

in the center of arterioles (copper wire and silver wire arterioles). Late hypertensive retinopathy resembles non-

proliferative diabetic retinopathy as well as focal retinal ischemia, which causes retinal whitening (cotton hair 

spots) [45]. 

 

Conclusion 

Because our cranial cavity is a closed structure, it is difficult to obtain pathological specimens. At present, the 

diagnosis of cerebral small vessel disease depends on clinical and MRI imaging manifestations, such as White 
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Matter Hyperintensity (WMH), Enlarged Perivascular Space (ePVS), lacunar infarcts, subcortical infarcts, 

cerebral microbleeds, and cerebral atrophy. Fundus structures are regarded as the only window to observe 

intracranial conditions, such as papilledema in patients with intracranial hypertension. Optical Coherence 

Tomography Angiography (OCTA) is a convenient and non-invasive ophthalmic examination, through which 

we can observe the retinal artery and its branches. Both the retinal artery and the intracranial artery originate 

from intracranial artery. We can directly display the small cerebral vessels by observing the retinal artery, which 

provides a basis for early diagnosis of Cerebral Small Vessel Disease (CSVD) before appearance of clinical 

symptoms and radiographic changes. 
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