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Summary
In recent years, the study of the structural and functional state of the retina in patients 

with the hypertension stage of the I-IInd type with the usage of optical coherence tomography 
with angiography, is the subject of particular interest.

It was examined 54 patients with the I- II stage of hypertension, aged 35 to 62 years, who 
did not receive antihypertensive therapy. Visualization of retinal structures was performed using 
an optical coherence tomograph (RTVue XR Avanti OCTA (Optovue, Inc, with AngioVue Soft-
ware 2.0) with angiography function.

A decrease in visual acuity was found in 56.67% of patients with hypertension of the 
I stage, and – in 79.17% of patients with the II stage.

From the retinal arterioles it was detected an increase in their tone, especially among 
patients with hypertension of the II stage. On the part of capillaries, among patients of 
the main group, their tortuosity was noted – in 62.5% of patients with the II stage of AH, 
also in 54.17% of cases it was revealed a granular blood flow. Also among this group of 
patients, microaneurysms were revealed in a third of patients, areas of depletion were revealed 
in 41.67% of patients.

Among extravascular disorders, in patients with I-II degree AH, were revealed hemor-
rhages, retinal edema, thickening of the neuroepithelium and pleximorphic layer, smoothing 
of the foveolar fossa, edema of the macular area, also it was detected accumulation of fluid 
between the layers.

The study of the peripapillary zone of the retina revealed a significant thickening of 
the layer of nerve fibers in patients with the I stage of AH up to (176.4 ± 9,75) μm in 33.33% 
of people, under the II stage – to (190,24 ± 12,53) μm, in 54.17% of cases, against the index 
rules – (10 2.5 ± 6, 47) μm. In 12.5%   of cases, the RNFL index was significantly lower than the 
obtained norm – (93.78 ± 6.19) μm.

Currently, it is necessary to continue the study of the retina in patients with hypertension 
to determine the risks of damage caused to target organs and evaluate the effectiveness of pre-
scribed antihypertensive therapy.

Keywords: target organs, retina, fundus, visometry, vascular changes, non-contact  
angiography.
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1. Introduction

Currently, arterial hypertention is one of the leading problems of modern medicine, not 
only due to the wide spread of the disease among the population, but also the place that it occu-
pies in the structure of mortality and growth of disability.

The nature of the vascular bed changes – from the main blood vessels to the capillar-
ies at the arterial hypertension (AH) shows the clinical course of the disease, the effectiveness 
of antihypertensive therapy designed, and the risks of possible complications.

Stress integral formation of hypertension accompanied by mental disintegration, 
and neurohormonal somatovegetativnyh processes, with the entire range of stress-realiz-
ing and stress-limiting effects occur at the level of microcirculatory (ICR), cellular metabo-
lism (Park, 2016:36; Forouzanfar, 2017:2). This disturbance in microcirculatory line subtly 
reflects changes not only in hemodynamics, but the system homeostasis in general, the devel-
opment of compensatory or pathological reactions (Khaisheva, 2013:49; Hoppe, 2007: 25).

In recent years, of particular interest are studies of the retina as part of the "exposed" 
brain in patients with hypertension. From this perspective it is assumed that the processes that 
occur in the blood vessels and nerve ganglia retina is the reflection process along certain areas 
of the brain. Therefore explore spare condition in the retina – changes of its structures and func-
tions at the background of hypertension, a condition of its blood supply, will indirectly give the 
understanding of the features of intracranial blood flow in the basin a. ophthalmica, branches 
of the anterior and middle cerebral arteries, and it is also possible to detect certain functional 
changes in these parts of the brain at the background of a permanent increase of blood pressure.

The microcirculatory tract, is the place where the transport function of the cardio-
vascular system, is ultimately realized and transcapillary exchange takes place. The bulk of 
intravascular continuum, in the formation of high blood pressure, is formed in the MC system 
(Hussain, 2017:27). Therefore, the study of characteristics of microvascular hemodynamics 
and structure of the retina let us understand the early mechanisms of formation, features of 
the course and the risks of hypertension complications, as well as the effectiveness of pre-
scribed therapy. 

In this time ophtalmoscopic research is a mandatory element of the examination of 
patients with hypertension. At the same time we know that routine at ophtalmoscopic diagnos-
tic has some limitations and sometimes low diagnostic value, especially in the early stages of 
hypertension, under the study of ultra- structural characteristics of the retina. Early objectifica-
tion of the condition of blood vessels and nerve cells of the retina in arterial hypertension using 
a valid diagnostic equipment makes it possible to take a step forward and identify in a timely 
maner the risks and possible degree of early damage to target organs (Khaisheva, 2013:49; 
Jumar, 2018:11). Now there is a close connection between retinal and cerebral vascular bed and 
the identity of the ultrastructure of the walls retinal capillaries and capillary ultrastructure CNS. 
In 82% of cases, changes in the vessels of the retina and brain in patients with AH are similar 
(Chobanian, 2003:289). At the same time it is found that the nature of changes in retinal blood 
flow can act as a predictor of stroke, CHD (Schneider, 1993:24).

Therefore, in clinical practice study of the structural and functional condition of the 
retina, features its blood supply through the use of modern non-invasive methods, including 
optical coherence tomography is relevant, as it allows to detect early changes in the retina of the 
eye, which is especially important in the treatment of primary and asymptomatic manifestations 
of AH and to predict the risks of possible complications and the effectiveness of prescribed 
treatment.
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Objective: To investigate the structural and functional and condition of the retina hyper-
tension I-II stage using optical coherence tomography with angiographic function.

2. Materials and methods:

The study was based on data from 54 patients with hypertension I-II stage, aged 
35 to 62 years, who formed the main group.

The criterion for including the patients to the patient population was them being diag-
nosed with hypertension in accordance to MOH Ukraine № 384, 2012, amendments Ukrainian 
Heart Association for the prevention and treatment of hypertension (2014), guidelines for the 
conduct of hypertension European Society of Cardiology and the European Society for arterial 
hypertension (Triantafill, 2014:8; Jumar, 2018:11; Khaisheva, 2013:3). The severity of hyper-
tension was determined in I – II stage of the disease.

The study did not include patients with hypertension of III stage, with signs of chronic 
coronary heart disease, heart failure, cerebral circulatory disorders, chronic bronchopulmonary 
pathology, diabetes, kidney and peripheral artery disease, hypertensive neuropathy.

To the control group with practically healthy people were included 14 persons of the 
same age (44-56 years) who do not show any ophtalmopatological diseases.

Patients in both groups were examined in an public polyclinic number 3 Ministry of 
Ukraine, and ophthalmologic center "Optics of your City", Ivano-Frankivsk.

During the research, except for routine diagnostic methods – measurement of blood pres-
sure, ECG, visometry and blood pressure monitor it was used special ophthalmic techniques – 
visualization of the structures of the retina with optical coherent tomography and (RTVue XR 
Avanti OCTA (Optovue, Inc, with AngioVue Software 2.0) with real-time angiography function.

Use of small size OCT-angiograms (2 × 2 mm, 3 × 3 mm) allowed to get better visuali-
saton of small vasculature, retinal capillaries and choroidocapillaris, while images were more 
larger caliber and will Roux (6 × 6 mm, 8 × 8 mm) showing the condition of large vessels.

In addition, for the evaluation of images of macular and optic nerve fibers mode ONH 
was used. In order to determine the thickness of the layer of ganglion cell and the inner plexi-
form layer it was used complex mode angiography (Kotlyar, 2007:64; Lee, 2018:9; Jia, 2012:20).

Thus OCT-A was used for evaluating the condition of the superficial not only vessels 
and networks, but also the layer of nerve fibers, the layer of ganglion cells, the deepest vascular 
plexuses (vascular mesh inner nuclear layer of ) ofthe retina, each of which has an independent 
pathophysiological and practical significance (Park, 2016:11).

Moreover, the state of FAZ (foveal avascular zone), the densit of the macula and fove-
alar zone were also evalueted (Hussain, 2016:27; Yu, 2015:5).

Patients, who met the criteria in 10-14 days before the research, stopped taking hyperten-
sive therapy, which was prescribed before. If case of increasing of the blood pressure during this 
period, short-acting antihypertensive agents were precribed. Also, patients were not receiving 
assigned before antihypertensive agents, disaggregants, hipolipidemic and vasoactive drugs.

The research was performed in accordance to the requirements of the Helsinki Declara-
tion, all patients signed a voluntary information agreement in order to participate in.

For statistical processing of the data obtained during the study it was used a package of 
computer programs Microsoft Excel Started 2016, Statistica 10.0 (StatSoft Inc.). The criteria of 
Kolmogorov-Smirnova was used to check the hypothesis of adequet distribution. The signifi-
cance of quantitative difference was evaluated using Student's t-test for an independent sample. 
The difference was considered significant at p ˂0,05. 
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3. Results and their discussion

During the research it was found that the I st. AH was revealed in 30 patients, men 
and women – 12 and 18, respectively; 24 people were diagnosed with II st. AH, 9 men 
and 15 women, respectively. In patients with I st. AH systolic blood pressure (SBP) was 
148,4 ± 3,06 mm Hg, (DBP) – 74,4 ± 1,18 mm Hg. ; in patients with II st. hypertension SBP 
was 152,67 ± 2,16 mm Hg, DBP – 84,63 ± 1,78 mm Hg. Blood pressure among the control 
group was: CBP – 128.2 ± 1.86 mm Hg, DBP – 76.54 ± 0.69 mm Hg.

According to the performed visometry, visual acuity was significantly reduced among 
56.67% of patients with hypertension of the I degree and was up to 0.46 ± 0.04, among patients 
with II stage of arterial hypertension visual impairment was found in 79.17% of people in this 
group – 0.35 ± 0.06. In the control group, the index and visual acuity were – 0.86 ± 0.04. 

Ophthalmoscopic picture, according to OCT among patients of I-II stage of AH, was 
presented by the results of these vascular and perivascular research.

The detected vascular changes were common for patients with I-II stage of AH.
They included arterial and venous caliber irregularities, microaneurysms, vascular tortu-

osity, spasm and pulsation of arterioles, intermittent blood flow, areas of stasis, the presence of 
redness areas and depletion, the presence of collaterals.

Among extravascular disorders, that were found in patients with I-II stage of AH, single 
or multiple hemorrhage was noted, swelling of retinal thickening, neuroepithelium and plexy-
morhpic layer, so called the type of "cotton wool spot", which could even lead to irreversible 
loss of nerve fibers of retina, smoothed on art and foveolar pits, swelling of the macular area, 
accumulation of fluid between the layers cystic formations.
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Figure 1. presents the changes found in the retinal arterioles in patients  
with I-II stage hypertension

Thus, it was found that most often the retinal arterioles show an increase in their tone, 
especially among patients with hypertension of the II stage (66,67) %, against (46,67) % of the 
indicator obtained at East AH. Their tortuosity and the presence of microaneurysms were also 
often detected, uneven caliber of arterioles. In a small number of patients, vascular pulsation 
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was noted during the study, which is not observed in healthy people. The above changes were 
mostly found among patients with II stage of AH.
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Figure 2. The results of the study of the condition of the retinal capillaries  
in patients with I-II stage of AH

It was found that most changes in the capillaries of patients from the main group were 
recorded as they wriggle – in 62.5% in patients with the II stage of AH, also in 54.17% of 
cases there was a granular, intermittent blood flow. Also among this group of patients, a third 
of patients had microaneurysms, 41.67% of patients had areas of depletion (not reperfusion), 
which indicates ischemia. Moreover, among patients, the decrease in total MC was mostly 
observed in the paramacular area. In patients with I stage of AH, changes on the part of the 
retinal capillaries also took place, but were found much less frequently than in the group of 
patients with II stage of AH, except for the rate of continuous blood flow, which was higher and 
was observed in 53.33% of cases.

It should also be noted, that in some patients (n = 9) with the II stage of AH, it was 
detected isolated signs of stasis, which was not observed in the patients with the Ist stage of AH.

Regarding retinal veins, they also underwent significant changes, which are often com-
bined with each other and confirm the systemic and failures in hypertension (Table 1).

During ophthalmoscopy, half of the examined patients showed a dark shade 
of veins, their dilatation – from moderate to significant, often with tortuosity of the 
veins. The venous plethora, that was revealed at the same time, indicates that part of 
patients with the I-II stage of AH, face problems with blood flow, which leads to varicose 
veins, venules and the risk of stagnation with its subsequent consequences. In addition, in 
some patients with moderate dilatation and venous plethora, the collateral network was 
significantly manifested.
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In general, this indicates the progression of changes in the fundos, especially in paatients 
with the II stage of AH. In the control group of patients, against the background of normoten-
sion, there were only isolated cases of uneven venous caliber and moderate dilation. In the 
fundos, except for modified forms of vessels, in patients from the main group, were also found 
bleeding and white lesions, confirming the mechanisms of retinal involvement in the process of 
alteration and degenerative changes.

Table 1
Characteristics of the retinal veins among patients with hypertension I-II st.
Types of retinal 
vein disorders

Arterial hypertension (%) Control group  
(n = 1 4)Stage I (n =30) Stage II (n = 24)

Caliber unevenness 33.33 45.83 14.29
Wreegle 40, 0 66.67  
Moderate expansion 33.33 33.33 14.29
Saccular extension 10 29.17  
Sharp dilatation  25  
Pendulous blood flow 13.33 20.83  
Venous plethora 36.67 58.33  

 
During the study of the retina on the periphery were found retinal hemorrhages in the 

form of stripes, in the patients with I stage of AH -23.33%, and in 41.67% of patients with 
the II stage of hypertension. Hemorrhages along the vessels of nerve fibers, around the OD. 
were also detected in 6.67% and 20.83% of cases, respectively, in the patients with I and 
II stage of AH. Their formation is often associated with the loss of compactness nerve cells, 
hidden microaneurysms, diapedesis of erythrocytes microtrombosis against the background of 
increased blood pressure (Aznabayev, 2015:248; Chalam, 2016:11).

Also in some patients, there were revealed single hemorrhages in the outer plexiform 
layer on the background of relevant clinical symptoms.

Detected disorders of microcirculation, stagnation, tissue hypoxia, impaired permeabil-
ity of cell membranes may be the trigger for the development of edema of the layers in the mac-
ular area in hypertensive patients (Lavia, 2019:39; Schneider, 1993:24). During the study it 
would be established that such pathological changes were observed not only among patients 
with II st. of AH, but also among patients with I st. arterial hypertension (Table 2).

Table 2
Characteristics of retinal structural changes among patients with hypertension I-II

Types of structural retinal changes Arterial hypertension (%) 
I st. (n = 30) II st. (n = 24)

Retinal edema( peripapillary and macular areas) 30 54.17
Deformation of the foveolar contour (profile) 13.33 29.17
Smoothing of the foveolar fossa 20 58.33
Thickening of the layer of nerve fibers 10 54.17
Accumulation of fluid between the layers of the retina 13.33 41.67
Cystic formations (inner nuclear layer) 16.67 37.5
Cotton-shaped formations(plexiglass layer) 23.33 37.5
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Thus, according to OCT-A in 30% of patients with I st. of AH it was observed retinal 
edema, in patients with II st. of AH – it occurred in 54.17% of cases (Table 2).

In the peripapillary and paramacular zones, retinal cotton-like "exudates" of gray color of 
various sizes, without clear boundaries, were also observed. The appearance of cotton-shaped 
foci is associated with the occlusion of the microcirculatory tract in this area.

In addition, 3 patients with II AH marked swelling of the OD in the form of light smear-
ing, blurred edges.

The accumulation of fluid in the interlayer space in some patients with hypertension I-II 
can pose a threat to compression of blood vessels, ganglion cells.

Study of the condition of the peripapillary zone of the retina in patients with hyperten-
sion I-II found at on the fat spare nerve fiber layer (SNF – RNFL), during the first degree AH 
to (176.4 ± 9,75) μm in 33.33% of persons, against the norm – (102.5 ± 6,47) μm obtained in 
the control group (p˂0.05). In patients with II hypertension in 54.17% of the thickness and 
SNF Estates la (190,24 ± 12,53) μm, significantly dominating the norm among the remaining 
patients of this group in 12.5% of cases, the thickness SNF was significantly lower than the 
resulting rules – (93,78 ± 6,19) μm.

Hemorrhages detected during examination in some patients with hyper tension may 
obscure the macroaneurysm.

When examining patients with hypertension I-II. the decrease in the density of the mac-
ula at the level of the superficial and deep venous plexuses, as well as the deepening of the 
foveolar avascular zone was revealed in some of them.

Quantitative assessment of the macular and peripapillary vascular network using 
OCT angiography revealed a decrease in vascular density in some patients with hyper-
tension. Reduction of peripapillary and macular microcirculation in the retina in patients 
with hypertension, perfusion defects may precede structural changes in OD and visual 
field defects. In such a situation, the rate of loss of vascular density in the macular area 
may exceed the rate of loss of ganglion cells of the macular area (Aznabayev, 2015:248; 
Lumbroso, 2014:208).

Table 3. according to OCT-A presents the thickness of the individual layers of the 
retina. Thus, it was found that most often changes in the thickness of the retinal layers in 
the form of their significant thinning were found among patients with II st. AH in the upper 
and lower quadrants in the macular layers of nerve fibers, layers of ganglion cells, plexi-
morphic layer. 

At the same time, patients with I st., significant thinning of hypertension was 
observed only on the part of the ganglion cell layer. It was found that in some patients with 
II the disease, it was marked the thickening of the inner nuclear layer. Thus, studies of the 
characteristics of the retinal layers with the help of OCT-A indicate a certain relationship 
between the stages of hypertension and changes in visual function and the development 
of retinopathy.

Also attention was given to correlation links between the level spasm of arteriolar tor-
tuosity and reduction of their visual acuity (r = – 0,478; p <0.01), between wriggle with dough 
capillaries, blood flow and granular layer, the thickening of macular nerve retinal fibers 
(r = 0, 41 6; p <0,0 5).
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Table 3
The state of retinal layer thickness in patients with hypertension  

and in the control group ( μm )

Indicatorsof retinal 
layer thickness

Hypertension Control on thegroupI st. II st.
1 2 3

macular layer of nerve fibers:- 
upper quadrant- lower quadrant

11 9.4 ± 
12, 6692,51 ± 
8,86

1 02, 11 ± 7,16
р 1-2 ˃ 0, 5

86,51 ± 6,86 
р1-2˃0,5

123, 7 4 ± 10,36р1,2-
3˂0,05
112,61 ±7,14
р1,2-3˂0,05

layer of ganglion cells:- upper 
quadrant- lower quadrant

96, 17 ± 5.0690, 
26 ± 4.78

8 1, 45 ± 5.74р1-
2˂0.0577.22 ± 
6.11р1-2˂0.05

96.57 ± 6.73p2-
3˂0.0594.85 ± 6.12p2-
3˂0.05

inner plexiglass layer :- upper 
quadrant- lower quadrant

68, 36 ± 
3.9262.68 ± 4.16

66.42 ± 3.81р1-
2˃0.560.73 ± 
4.07р1-2˃0.5

77.38 ± 4.28р1,2-
3˂0,05 73,22± 
5,12р1,2-3˂0,05

inner nuclear layer- nasal 
quadrants

31.15 ± 1.67 35.69 ± 3.10p1-
2˃0.5

26.35 ± 2.78p1.2-
3˂0.05

Outer plexiglass layer- nasal 
quadrants

23.6 ± 2.43 27.12 ± 3.16p1-
2˃0.5

18.51 ± 1.84p1.2-
3˂0.05

4. Discussion

Despite the recommendations of the European Society of Cardiology and the European 
Society of Arterial Hypertension of 2003 (ESH / ESC, 2003) to the exclusion of the eye from the 
list of target organs, a report of the National Committee on prevention, diagnosis and treatment 
of high blood pressure USA (JNC7) retinopathy is recognized as one of the significant markers 
of target organ damage in hypertension. Based on the recommendations of JNC7, the presence 
of retinopathy may be the basis for initiating antihypertensive drug treatment, even in patients 
with first-degree hypertension who have no other target organ lesions (Chobanian, 2003:289; 
Plante, 2002:51; Schneider, 1993:24).

Currently, there is no consensus on the need for retinal examination in patients with 
hypertension to determine the degree of cardiovascular risk and assess the effectiveness of 
prescribed antihypertensive therapy. Although previous discussion cases took place before the 
advent of valid digital diagnostic technologies.

The existing temporary inconsistency in the definition of the eyes as the target organs, 
the need to study the state of the retina with hypertension, dictates the need for continued sci-
entific research in this direction.

We found that hypertensive retinopathy does not always correspond to the duration and 
severity of hypertension: so against the background of the first degree hypertension next to the 
picture of the normal fundus, in the rest of the patients there are lesions of the retinal structures, 
which do not exclude asymptomatic cerebral lesions.

The degree of microcirculation disorders in hypertension is one of the key markers that 
may indicate damage to target organs. It is a violation of the microcirculatory tract subtly reflect 
the early changes in the central hemodynamics, homeostasis, the development of compensatory 
or pathological reactions in the fluctuations of blood pressure (Hoppe, 2007:10).
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The method of OCT-A for diagnostic informativeness outweighs the results of other 
methods of capillaroscopy, including using injectable angiography. OCT-A allows to detect 
morphological and functional changes of the retina in the early stages of hypertension, to mon-
itor them, to monitor the course of the disease and the effectiveness of prescribed treatment. 
And also timely diagnose the risks of possible acute and chronic complications. 

The study confirmed the relationship between systemic hypertension, deterioration of 
the microcirculatory tract and the structural picture of the retinal layers on the background of 
decreased visual acuity. The most important issue is to assess the impact of prescribed antihy-
pertensive therapy on the microcirculatory tract, as a trigger link that provides the interaction 
of metabolic, neurohumoral, structural, endothelium-dependent and other factors affecting the 
reactivity of the vascular wall.

5. Conclusion

In the light of the achievements of modern technologies of eye examination in the treat-
ment of hypertension, the method of optical coherence tomography should be included in the 
mandatory screening diagnostic tests at the level of primary health care.

Simultaneous assessment of the structural and functional state of the retina using OCT-A 
allows you to get a better idea of   the degree and risks of target organs in hypertension, the 
risks of possible acute complications that occur in hypertension in a particular patient. Which 
contributes to a more accurate definition of the target blood pressure and improvement of ther-
apeutic tactics.

An important stage of the study is to study the effect of prescribed antihypertensive 
therapy on the morphofunctional state of the retina in patients with hypertension. The resulting 
positive dynamics of the detected retinal changes in hypertension – improvement of retinal 
microcirculation, neuroepithelium under the influence of prescribed antihypertensive treatment, 
may indirectly reflect the improvement of cerebral circulation, metabolic support of cerebral 
structures and generally confirms the correctness or incorrectness of choice.
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