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RESUME 
Background. The study of the parameters of optical coherence tomography with angiography (OCTA) broadens the 

understanding of the state of hemodynamics for the early detection of vascular disorders of the organ of vision in 

atherosclerosis (AS). 

Purpose. To study the parameters of OCTA with changes in the organ of vision against the background of AS. 

Material and methods. 26 patients (41 eyes) with changes in the organ of vision in AS. The age contingent of 

patients ranged from 32 to 78 years, the average age was 47.5 ± 2.0 g, of which 10 were women, 16 men. Depending on 

the damage to target organs, all patients were conditionally divided into 2 groups: group I (19 eyes) included patients 

without damage, and group II (22 eyes) consisted of patients with target organs damage. 

Results. The registration of OCTA in patients of group I, a decrease in the density of capillaries of the superficial 

vascular network was 15% and amounted to 45.21 ± 2.62% (p <0.05), of the deep vascular plexus by 19%, which 

amounted to 45.89 ± 2 , 71% (p <0.05). In the macular region, the area of the hypoperfused retina was 1.07 ± 0.14 mm2 

(p <0.05). In the region of the optic nerve disc, areas of hypoperfusion were noted in the superficial layers in 7 eyes and 

in the deep layers in 4 eyes. Analysis of OCTA in patients of group II revealed a sharp decrease (by 48%) in the density of 

capillaries in both the superficial and deep vascular plexuses of the retina, which amounted to 33.91 ± 3.01% (p <0.05); 

33.65 ± 2.89% (p <0.05), respectively. In the macular region, the area of the non-perfused retina was 2.19 ± 0.21 mm2 (p 

<0.05). In the area of the optic nerve disc, areas of nonperfusion were noted both in the surface layers and in the deep 

layers in 4 eyes. 

Conclusion. The use of OCTA allows to detect changes in hemoperfusion in all layers of the retina and optic 

nerve in the early stages of AS development, which will allow early diagnosis and monitoring of the disease. 

KEY WORDS: optical coherence tomography with angiography, ischemic diseases, organ of vision, 

atherosclerosis, hemoperfusion, vascular plexuses, retina and optic nerve. 

 

 
INTRODUCTION 

In recent years, atherosclerosis (AS) is 
considered to be a pathological process that most 
often affects the elderly and senile, but there is a 
tendency to “rejuvenate” the disease [1, 2].  

Disruption of blood patency along the aperture 
and venous vascular bed leads to ischemic changes 
not only in the posterior, but also in the anterior 
segment of the eyeball with the development of 
secondary dystrophies [4, 5, 6]. At the same time, 
ophthalmic manifestations may be the only predictors 
of the development of acute circulatory disorders of 

the brain and heart. Therefore, early detection of 
disturbances in the hemocirculation of acute 
respiratory infections is an important task that will 
prevent the development of formidable diseases that 
threaten the patient's life. 

In ophthalmology, methods for evaluating the 
hemodynamics of the eyeball have been widely used 
in recent years.one of the highly informative, easily 
accessible and non-invasive methods is optical 
coherence tomography with angiography mode 
(OCT-angiography (OCTA)). This method is 
characterized by calculating changes in the amplitude 
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of optical rays reflected from tissues. The method is 
based on measuring the degree of amplitude 
decorrelation at a certain point in the optical B-scan 
when performing several consecutive b-scans (split-
spectrum amplitude-decorrelation angiography-
SSADA), which is the result of changes in the 
characteristics of scattering and absorption of the 
beam at a particular scanning point over time. 

The study of OCTA parameters expands the 
understanding of the state of the vascular network of 
the retina, optic nerve and choroid, which contributes 
to a detailed study of hemodynamics for early 
detection of vascular disorders of the organ of vision 
at AS without the introduction of dye [1-3]. 

Purpose of research. To study the parameters 
of optical coherence tomography with angiography 
for changes in the visual organ against the 
background of atherosclerosis. 

MATERIAL AND METHODS 
A total of 26 patients (41 eyes) with changes 

in organ of vision at AS were examined. The age 
group of patients ranged from 32 to 78 years, while 
the average age was 47.5±2.0 g, of which 10 were 
women and 16 were men. The criterion for inclusion 
of patients in this study, according to the 
recommendations of WHO experts, was: the presence 
of dyslipidemia (increased levels of total cholesterol, 
triglycerides, lipoproteins), increased body mass 
index, smoking index, the ratio of the waist and hip 
circumferences, as well as AS (echographically, 
angiographically or coronarographically proven) 
damage to the vessels of the target organs. The 
exclusion criteria from this study were: the presence 
of diabetes mellitus, diseases of the organ of vision, 
acute disturbance of cerebral circulation, malignant 
and autoimmune diseases. 

The diagnosis, as well as damage to target 
organs in atherosclerosis, was established by 
cardiologists, neurologists and angiosurgeons. 

For scientific research, the approval of the 
Ethical Commission for Medical Research of the 
Ethical and Pharmaceutical Committee of the 
Republic of Uzbekistan was received in accordance 
with the Helsinki Declaration of the World Medical 
Association. Also, for inclusion in the research work, 
voluntary informed consent of the patients was 
obtained. 

Depending on the damage to the target organs 
(brain and heart), all patients were conditionally 
divided into 2 groups: the first group (19 eyes) 
included patients without target organ damage, and 
the second group (22 eyes) consisted of patients with 
organ damage - targets. 

All patients underwent a comprehensive 
examination, including a study of central visual 
acuity, kinetic and computer static perimetry, 
tonometry, gonioscopy, biomicroscopy, fundus 
ophthalmoscopy, ultrasound dopplerography of the 
vessels of the eye and brachiocephalic trunk.  

For multimodal assessment of the 
(morphological and hemodynamic) parameters of 
optic nerve head and the retina, all patients were 
examined on the optic nerve head region (ONH 
protocol) and the macular region (RNFL, GCC) on 
an optical coherent tomograph with the TOPCON 
Triton plus angiography function (Ver. 10.13) (Swept 
Source OCT).  

Scanning was carried out at a speed of 
100,000 scans per 1 second. This mode allows you to 
receive OKTA-grams in the following sizes: 3 × 3, 
4.5 × 4.5, 6 × 6 and 7.5 × 7.5 mm with a resolution of 
304 × 304 pixels. The retina scans were 
automatically segmented into “superficial”, “deep” 
layers of the inner retina; outer retina and 
choriocapillary layer.  

A statistical analysis of the data was carried 
out using the software package Statistica 6.0. The 
mean value (M), standard deviation (s) were 
determined. To compare the variational series, the 
Mann – Whitney, Wilcoxon, and Z-criteria were 
used. The critical significance level was 5% (p 
<0.05).  

 
RESULTS AND DISCUSSION 

In the study of visual acuity, the indicators 
were within normal values and amounted to a 
maximum correction of 0.87 ± 0.18 (p <0.05) with an 
average correction, intraocular pressure within 17.41 
± 0.21 mm Hg (p <0.05). When examining the visual 
fields in 6 eyes, relative scotomas were determined, 
in 5 eyes a concentric narrowing, 8 eyes without 
pathological changes in the visual fields. 

When recording computer perimetric data, a 
decrease in retinal photosensitivity was noted - MD -
2.51 ± 0.11 dB, PSD 3.59 ± 0.09 dB (p <0.05), 
relative scotomas were observed, an increase in the 
blind spot area while maintaining high acuity view. 

A study on an optical coherence tomograph 
revealed a thickening of the layer of retinal nerve 
fibers (RNFL) of the upper and lower segments in 11 
eyes, a thinning of the neuroretinal girdle (NRG) in 7 
eyes, and a thinning of the para- and perifocal region 
in 8 eyes. 

When registering OCTA in patients of the first 
group, there was a decrease in the density of 
capillaries of the superficial layer - the superficial 
vascular network by 15% and amounted to 45.21 ± 
2.62% (p <0.05), of the deep layer - of the deep 
vascular network by 19%, which 45.89 ± 2.71% (p 
<0.05). In the macular region, the area of the 
hypoperfused retina was 1.07 ± 0.14 mm2 (p <0.05). 
In area optic nerve head, hypoperfusion sites were 
noted in the superficial layers on 7 eyes, in the deep 
layers on 4 eyes (Fig. 1-see Appendix). 

During ophthalmodopplerography, 
hemodynamically insignificant asymmetry of blood 
circulation was registered spasm of the ophthalmic 
artery (OA), Central retinal artery (CRA) and 
posterior short ciliary arteries (PSCA), the resistivity 
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index (RI) was within normal values and amounted to 
(OA, CRA, PSCA) – 0.69; 0.65; 0.60 (respectively) 
(p<0.05). The condition of collateral blood 
circulation in the superficial temporal artery (STA) 
was within normal values. 

In the study of patients of the second group, 
indicators of visual acuity with maximum correction 
were within 0.07 ± 0.002 (p <0.05), intraocular 
pressure within 21.31 ± 0.09 mm Hg (p <0.05). With 
kinetic perimetry, absolute scotomas were 
determined on 7 eyes, concentric narrowing on 7 
eyes, and sectoral loss of visual fields on 8 eyes. The 
category of these patients showed a steady decrease 
in both central, peripheral and peripheral vision. 

A study of the photosensitivity of the retina on 
computer perimetry recorded its decrease and 
amounted to - MD -13.11 ± 0.42 dB, PSD 7.81 ± 
0.21 dB (p <0.05). Also, a decrease in the 
photosensitivity of the paired eye was observed in 
patients of this group while maintaining high visual 
acuity.   

The next category of patients showed changes 
in the parameters of OCT in the form of an increase 
in the area of the NRG (14 eyes) and a thickening of 
the RNFL in the peripapillary zone. The presence of 
areas of high neuroretinal edema (12 eyes) was also 
recorded here. High cystic edema of the macular area 
was registered in 9 eyes, which were subsequently 
recommended anti-VEGF therapy. 

The analysis of OCTA in patients of the 
second group with damage to target organs revealed a 
sharp decrease (by 48%) in the density of capillaries 
in both the superficial –S and deep –D vascular 
plexuses of the retina, which amounted to 33.91 ± 
3.01% (p <0.05); 33.65 ± 2.89% (p <0.05), 
respectively. In the macular region, the area of the 
non-perfused retina was 2.19 ± 0.21 mm2 (p <0.05) 
(Fig. 2 see Appendix). In the area of the optic disc, 
areas of nonperfusion were noted both in the surface 
layers and in the deep layers in 4 eyes. 

During dopplerography, hemodynamically 
significant asymmetry of blood circulation 
parameters in the main vessels of the eye and 
extranial parts of brachiocephalic material was 
registered. Thus, the stability index of eye vessels 
was increased and amounted to RI (OA, CRA, 
PSCA) - 0.74; 0.71; 0.69 (respectively) (p<0.05). 
When studying the consistency of collateral blood 
circulation in STA, a decrease in hemodynamic 
parameters was registered (39.14 2, 2.19 cm/S 
(p<0.05)) and an increase in the stability index (RI 
STA-0.72), which predicted an unfavorable course of 
the ischemic process [5]. 

In addition, in patients with target organ 
damage, a concomitant pathology was revealed in the 
form of grade I - II arterial hypertension (9 patients), 
chronic brain ischemia (7 patients), coronary heart 
disease (5 patients), which was not observed in 
patients without organ damage - targets. 

To date, there are few works in the literature 
on the use of OCTA in vascular pathology of organ 
of vision [2, 9, 12, 13]. Thus, the authors used the 
OCTA method for occlusion of the retinal veins, 
where they revealed the least perfusion in the 
ischemic type of occlusion of the retinal veins. There 
was a difference in perfusion indices with ischemic 
and non-ischemic types only with a scan area of 3 × 3 
mm. The authors, in addition to hypoperfusion in 
both the superficial and deep vascular network, 
observed the presence of microaneurysms and 
telangiectasias in the examined patients [12]. This 
proves that OCTA allows detecting perfusion 
disorders in all vascular layers of the central zone of 
the retina, as well as microvascular abnormalities in 
patients with retinal vein occlusion. 

Gendelman I. and co-authors found an 
increase in blood flow deficit in choriocapillaries 
with its increase closer to the macular area in patients 
with diabetic retinopathy [13]. 

The authors of [16] note the high sensitivity 
(89.2%) and specificity (93.3%) of OCTA in 
detecting types of neovascularization of age-related 
macular degeneration, where the newly formed 
vessels are located under the pigment epithelium with 
a latent form of chronic neovascularization and 
classical with localization of the neovascular 
complex above pigmented epithelium. 

 
CONCLUSION 

 This study revealed hemoperfusion disorders 
in all layers of the retina and optic nerve head in the 
early stages of the development of the AS process, 
when the target organs were not yet involved. This 
condition demonstrates the possibility of using the 
OCTA method for early identification of 
atherosclerosis in the early stages of the disease, 
which will prevent the disability of the population 
and prevent deaths. 

With the generalization of atherosclerosis and 
damage to target organs, the use of OCTA allows 
monitoring of the ischemic process, which 
contributes to a more adequate management of 
patients with hemodynamic impairment of organ of 
vision in AS. 
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Fig. 1. Optical coherence tomography with angiography of a patient of the 1st group 

(without damage to target organs) A - E. A - OCT in redless mode, visualized thinning of the 

foveal region (scan area 6 × 6 mm), B - visualized of thinning of the neuroretinal girdle of 

the peripapillary region, C , G - recorded hypoperfusion of the foveal region of the 

superficial (B) and deep (G) vascular plexuses (scanning area 3 × 3 mm), D, E - recorded 

hypoperfusion of the optic nerve region of the superficial (D) and deep (E) vascular plexuses 

(scanning area 3 × 3 m). 
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Fig. 2. Optical coherence tomography with angiography of a patient of group 2 (with damage 

to target organs) A - G. A, B - OCT in redless mode, a sharp thinning of the parafoveal and perif 

oveal region, as well as the choriocapillary layer (scan area 6 × 6 mm) is visualized , B, D - the 

thinning of the neuroretinal girdle and retinal nerve layer of the peripapillary region , a significant 

decrease in the thickness of the complex of retinal ganglion cells in the central zone (scan area 6 × 

6 mm) are visualized.       
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