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Abstract

Purpose: To investigate alterations in choroidal structure, including changes in choroidal microvasculature and thickness, in patients
with hypertensive retinopathy (HR) of Grades I-Il.

Methods: This retrospective study included 110 eyes from 63 patients with HR and 56 eyes from 30 healthy controls. The mean choroidal
vascularity index (CVI), choroidal stromal index (CSI), and subfoveal choroidal thickness (SFCT) were assessed using enhanced depth
imaging optical coherence tomography.

Results: Lower CVI and SFCT values were associated with higher HR grades (p<0.001 and p=0.001, respectively). The mean luminal area
was significantly lower in both the Grade Il and Grade Ill HR groups than in the controls (p<0.008 and p<0.001, respectively). Although
the CSI was significantly higher in the Grade Il and Grade Ill HR groups than in the controls (p<0.009 and p<0.002, respectively), the
stromal area (SA) did not differ between groups. After adjusting for relevant confounders, age, axial length, and diastolic blood pressure
(DBP) were determined to be negatively associated with the CVI in individuals with HR (all, p<0.05).

Conclusion: A lower CVI and choroidal thickness were associated with higher-grade HR; however, the SA was similar between groups.
Greater HR severity can lead to more profound disruptions in choroidal structure due to the enhanced severity of choroidal microvascular
damage, and elevated DBP can exacerbate damage to the choroidal microvasculature.
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ypertension is a risk factor for several chronic diseases

with high morbidity and mortality rates, and chronic
blood pressure elevation may lead to renal, cardiac, cerebral,
and retinal end-organ damage.['l Hypertensive retinopathy
(HR) is a prevalent complication of hypertension, the
incidence of which has been shown toincrease inaccordance
with the severity of the condition.lZl Furthermore, the risk
of cardiovascular and cerebrovascular events increases
as HR progresses.l3! Fortunately, the transparent media of
the eyeball facilitates the detection of HR through direct

observation,[! providing potential insights into vascular
disease in different parts of the body.[>©!

The potential connection between hypertension and the
formation of choroidal lesions has led to various studies
investigating choroidal vascular anomalies induced
by blood pressure elevation. Elevated blood pressure
damages the vascular beds of the choroid, and the
resulting autoregulatory dysfunction compromises the
integrity of choroidal blood flow, thereby increasing the
sensitivity to high perfusion pressures.”] The resulting
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choroidal ischemia and hyperperfusion could be major
contributors  to  hypertensive  chorioretinopathy.®!
Therefore, prior studies investigating choroidal alterations
in patients with HR have focused on systolic blood pressure
(SBP) and diastolic blood pressure (DBP), along with the
other parameters that may contribute to such changes,
including the age of the patient, intraocular pressure, and
axial length.[®-11]

Inmost cases, HRis asymptomaticandis diagnosed through
fundoscopic examination. Numerous categorization
methods have been developed to evaluate HR severity; still,
the Keith—-Wagener-Barker (KWB) grading system is the
most frequently employed.['2] Enhanced depth imaging
optical coherence tomography (EDI-OCT) facilitates rapid,
non-invasive, quantitative analysis of the choroid in vivo.
Although the choroidal thickness in HR tends to decrease
from Grade 1 to Grade 3 based on the KWB grading system,
one study showed that the change was not statistically
significant.’l Another study that investigated superficial
and deep retinal microvascular alterations reported that
both the vessel and perfusion densities tended to diminish
as HR progressed,l'3] and several groups have suggested
that the deep retinal capillary plexus is especially
susceptible to ischemia and oxidative injury.['3-12] The
choroidal vascularity index (CVI) has been proposed as an
independent surrogate measure of choroidal health based
on the assessment of the luminal and vascular components
of the choroid['6]; however, no studies conducted to date
have evaluated how the luminal and vascular components
of the choroid change according to HR severity.

In the present study, to advance the understanding of the
pathophysiological processes underlying the choroidal
alterations observed in HR by comparing the choroidal
thickness, CVI, and choroidal stromal index (CSI) between
healthy controls and patients with HR of Grades | to lll. The
relationships between choroidal parameters and several
factors, including age, intraocular pressure, axial length,
SBP, and DBP, were also investigated.

Materials and Methods

This retrospective study was conducted in adherence with
the Declaration of Helsinki and received approval from a
local ethics committee (January 08, 2024, No: E-22686390-
050.99-36935). The charts of all participants were examined
retrospectively.

Patients were eligible for inclusion if they were diagnosed

with hypertension and HR and underwent EDI-OCT for
both eyes during the 2-year period from November

2021 to November 2023. This study included 110 eyes of
63 patients with HR and 56 eyes of 30 healthy controls.
Essential hypertension was diagnosed based on a seated
SBP of >140 mmHg and/or a DBP of >90 mmHg across a
minimum of three measures.['7]

All patients with hypertension and healthy controls
underwent regular ocular examinations and EDI-OCT
(software version 6.3.3.0, Heidelberg Engineering Inc.,
Heidelberg, Germany) by an experienced clinician.
Before the acquisition of the OCT scans, the HR stage
was assessed through fundus examinations conducted
by the same clinician based on the KWB grading system,
which categorizes the degree of retinal damage into the
following four grades: Grade | (arterial narrowing); Grade
Il (arteriovenous crossings); Grade Il (hemorrhages and
exudates); and Grade IV (papilledema).[8]

Participants exhibiting the following characteristics were
excluded: Axial length <22.0 or >25.0 mm; myopia or
hyperopia exceeding 5 diopters; a history of chronic ocular
diseases, such as glaucoma and uveitis; a history of diabetes,
chronic kidney disease, cardiovascular events, and other
known systemic diseases; prior ocular surgery; macular
edema; chorioretinal or corneal disorders; and the presence
of cataracts that compromised the image quality. The
sex- and age-matched control group comprised patients
visiting the ophthalmology clinic for regular examinations.
All subjects underwent thorough eye examinations, and
their medical histories were extensively reviewed. Several
patients involved in the study received antihypertensive
medications, including monotherapy with angiotensin-
converting enzyme inhibitors/angiotensin  receptor
blockers, calcium channel blockers, or combination
therapy. Goldmann applanation tonometry was conducted
to assess intraocular pressure. Central corneal thickness
and axial length were assessed by optical biometry (AL-
Scan, Nidek Co. Ltd., Gamagori, Japan).

Assessment of Choroidal Parameters

All measurements were performed using OCT following
the administration of 0.5% tropicamide for mydriasis. To
guarantee data quality, only measures with a signal level of
6 or above were utilized. The device utilized its EDI mode
together with high-definition single-line and seven-line raster
techniques to evaluate choroidal thickness. The subfoveal
choroidal thickness (SFCT) was calculated by measuring the
vertical distance from the inner surface of the choroidal-scleral
junction to the hyper-reflective line of Bruch’s membrane.

The CVI was computed using image binarization,
employing the methods established previously, with
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modifications outlined.'%20] The study was performed
using ImageJ software (version 1.47; National Institutes of
Health, Bethesda, MD, USA), which is publicly accessible and
extensively utilized for image processing. The preliminary
stage was transforming the OCT B-scan into an 8-bit
image with the default parameters. Niblack’s autolocal
thresholding technique was utilized to differentiate
between the luminal area (LA) and stromal areas (SA).
The total choroidal area (TCA) was manually defined
through the polygon selection tool, with the upper margin
established by Bruch’s membrane and the lower margin
matching to the choroid-scleral interface (Fig. 1). This
investigation utilized the whole length of the OCT B-scan.
Consequently, the CVI was determined as the LA/TCA
ratio. The ratio of the SA to the TCA was designated as the
CSI. To avoid diurnal variations, all OCT assessments were
conducted between 9:00 and 11:00 a.m. in a temperature-
regulated room (maintained between 24°C and 27°C).

Binarization and identification of the luminal and stromal areas of
the choroid. (a) The EDI-OCT scans were binarized to determine
the total choroidal area with the superior boundary set at the
Bruch’s membrane and the inferior boundary set at the choroid-
scleral junction; (b) The image was downgraded to 8-bit, and Ni-
black auto local threshold was applied; (c) Color threshold was
used to select the luminal area. EDI-OCT: Enhanced depth imag-
ing optical coherence tomography.

Fig. 1.
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Statistical Analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) (version 26.0; SPSS
Inc., Chicago, IL, USA). Descriptive data are presented
as either means + standard deviations or as ratios, if
appropriate. The Kolmogorov-Smirnov test was used to
analyze the data distribution for each variable. Student’s
t-tests were used for comparisons between two groups,
whereas analysis of variance or Chi-square tests were
conducted for intergroup comparisons of the four groups.
Subsequent to the univariate linear regression analysis,
multivariate linear regression was performed with CVI and
SFCT as dependent variables and intraocular pressure,
age, axial length, spherical equivalent, central corneal
thickness, and systolic and DBPs as independent variables
to adjust for potential confounders. P<0.05 was considered
statistically significant.

Results

Acomparisonoftheclinicalanddemographiccharacteristics
between the patients with HR, categorized according to
the grade, and the healthy controls is demonstrated in
Table 1. No statistically significant variance was observed
in the distribution of antihypertensive treatment among
the three groups.

Table 2 presents a comparison of the variables between
the eyes of patients with different HR stages and these
of the controls. The average CVI was significantly lower
in both the Grade | and Grade Il HR groups than in the
controls (p<0.003 and p<0.001, respectively); however, no
significant difference in the mean CVI was found between
the Grade | and Grade Il HR groups. The CVI was lower in
the Grade lll HR group compared to that in all other groups
(all p<0.05). Moreover, the average LA was significantly
lower in both the Grade Il and Grade Il HR groups than in
the controls (p<0.008 and p<0.001, respectively). The CSI
was significantly higher in the Grade Il and Grade Il HR
groups than it was in the controls (p<0.009 and p<0.002,
respectively); however, the SA did not differ significantly
between groups (all p>0.05). The SFCT was significantly
lower in the Grade Il and Grade Ill HR groups than in the
controls (p<0.005 and p<0.001, respectively).

As shown in Figure 2, lower CVI and SFCT values were
associated with a higher HR grade (p<0.001 and p=0.001,
respectively). Multivariate linear regression analysis was
conducted to identify potential variables influencing the CVI.
After adjusting for relevant confounders, age, axial length,
and DBP were negatively associated with the CVI in patients
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Table 1. Demographics and clinical characteristics of participants

Number of participants Grade 1 HR Grade 2 HR Grade 3 HR Controls p
16 29 18 30

Age (years) 44.3+6.6 49.3+5.4 45.5+7.3 46.8+6.1 0.06*
Gender (m/f) 10/6 16/13 11/7 18/12 0.960%
Body mass index (kg/m?2) 23.4+1.7 23.6+1.9 23.3+2.0 22.6+1.4 0.197*
Present or previous smoker, n (%) 5(31) 11(37) 10 (55) 8 (26) 0.232¥
Anti-hypertensive treatment (%) 12 (75) 20 (69) 11(61) - 0.682¥
Systolic pressure (mmHG) 128.3+5.3 139.5+8.0 147.8+9.0 121.4+5.1 <0.001*
Diastolic pressure (mmHG) 78.6+5.5 82.5+7.0 94.7+10.4 76.3+2.4 <0.001*
Duration (years) 1.71£1.07 4.35+2.77 4.47+2.59 - 0.001*

HR: Hypertensive retinopathy. Data are given as meanzstandard deviation. Values indicated in bold are statistically significant with P<0.05. *Analysis of variance test, ¥Chi-square test

Table 2. Comparisons of ocular parameters of the study participants

Number of eyes Controls Grade 1HR Grade 2 HR Grade 3 HR
56 30 44 36

IOP (mm HG) 16.3+4.3 17.4%£4.0 16.5+4.2 17.2+3.9
AL (mm) 23.3+2.2 22.7+2.6 23.5+2.2 22.8+2.5
SE (diopters) —0.97+0.60 —1.26+0.69 -1.01£0.59 -1.17£0.64
CCT (um) 544.8+38.6 541.8+46.7 539.5+43.7 538.7+47.3
SFCT (um) 310.1£33.8 296.8+38.7 289.7+36.02 279.6+41.32
CVI (%) 0.60+0.03 0.58+0.042 0.57+0.032 0.55+0.0423b¢
CSI (%) 0.40+0.04 0.42+0.05 0.43£0.042 0.45+0.062
TCA (mm?) 0.67+0.10 0.65%+0.16 0.63%+0.13 0.61+0.15
LA (mm?2) 0.40+0.03 0.37+0.08 0.36+0.072 0.33+0.082
SA (mm2) 0.27+0.03 0.28+0.04 0.27+0.03 0.28+0.04

HR: Hypertensive retinopathy; IOP: Intraocular pressure; SE: Spherical equivalent; AL: Ocular axial length; CCT: Central corneal thickness; SFCT: Subfoveal choroidal thickness; CVI:
Choroidal vascularity index; CSl: Choroidal stromal index; TCA: Total choroidal area; LA: Luminal area; SA: Stromal area. Data are given as meanzstandard deviation. The Student t-test

was used to compare two groups. 2Statistically significant in comparison to controls (p<0.05). PStatistically significant in comparison to grade 1 HR (p<0.05). Statistically significant

in comparison to grade 2 HR (p<0.05)
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Fig.2. Decreased choroidal vascularity index and subfoveal choroidal thickness were associated with a
higher grade of hypertensive retinopathy (P<0.001, P=0.001, respectively). Choroidal metrics were

plotted against the grade of hypertensive retinopathy
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Table 3. Univariate and multivariate analysis for CVI in eyes with HR

Univariate analysis

Multivariate analysis

Independent variables

B 95% Cl p B 95% Cl p
Age -0.308 -0.310,-0.036 0.014 -0.272 -0.286,-0.020 0.025
BMI 0.144 ~0.219,0.794 0.261 0.068 ~0.339,0.612 0.567
SE (diopters) 0.165 ~0.515,2.438 0.198 0.021 -1.291,1.537 0.862
AL ~0.350 -0.929,-0.174 0.005 -0.297 -0.853,-0.084 0.018
loP -0.014 -0.244,0218 0.910 -0.034 -0.252,0.191 0.784
ccT 0.017 -0.020,0.023 0.893 0.036 ~0.017,0.024 0.761
SBP -0.170 ~0.149,0.029 0.184 -0.057 -0.113,0.073 0.666
DBP -0.292 -0.200,-0.018 0.020 -0.281 -0.201,-0.009 0.033

HR: Hypertensive retinopathy; BMI: Body mass index; IOP: Intraocular pressure; SE: Spherical equivalent; AL: Ocular axial length; CCT: Central corneal thickness; CVI: Choroidal

vascularity index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Cl: Confidence interval. Values indicated in bold are statistically significant with p<0.05

Table 4. Univariate and multivariate analysis for SFCT in eyes with HR

Univariate analysis
Independent variables

Multivariate analysis

B 95% Cl p B 95% Cl p
Age -0.385 ~3.641,-0.871 0.002 -0.341 -3.360,-0.638 0.005
BMI 0.147 ~2.204,8.340 0.249 0.055 -3.717,5.996 0.640
SE (diopters) 0.188 -3.831,26.773 0.139 0.042 ~11.898, 16.990 0.725
AL -0.382 ~10.141,-2.380 0.002 -0.309 -8.991,-1.135 0.013
fo)2 ~0.005 ~2.454,2.358 0.968 -0.029 —2.541,1.991 0.809
ccT -0.039 -0.263,0.193 0.759 -0.009 -0.216,0.200 0.939
SBP -0.099 ~1.304,0.574 0.440 0.010 -0.913,0.987 0.938
DBP -0.224 ~1.840,0.099 0.078 -0.250 ~1.956,0.011 0.052

HR: Hypertensive retinopathy; BMI: Body mass index; IOP: Intraocular pressure; SE: Spherical equivalent; AL: Ocular axial length; CCT: Central corneal thickness; SFCT: Subfoveal
choroidal thickness; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Cl: Confidence interval. Values indicated in bold are statistically significant with p<0.05

with HR (p=0.025, p=0.018, and p=0.033, respectively; Table 3).
In addition, the SFCT was negatively associated with both age
and axial length (p=0.005 and p=0.013, respectively; Table 4).

Discussion

The present study revealed that a lower CVI and choroidal
thickness were associated with HR of a higher grade. The
LA significantly diminished as the severity of HR increased;
however, TCA and SA were similar between the groups.
Collectively, these findings suggest that as the severity of
HR increases, progressive choroidal microvascular damage
can disrupt the choroidal structure through morphological
alterations. Furthermore, DBP, age, and axial length were
negatively associated with choroidal vascularity.

Systemic hypertension is associated with several ocular
disorders, and increased arterial blood pressure reduces

choroidal blood flow, thereby elevating intraocular
pressure; such changes have been shown to be linked
with retinal microvascular abnormalities.[2-23] Choroidal
arteriolar narrowing and the subsequent fibrinoid necrosis
that occursin the choroidal arterioles can lead to segmental
infarction of the choriocapillaris, and this pathology may
result in a decrease in choroidal thickness.l2*] However,
variable outcomes have been observed in cases involving
severe hypertension with concomitant HR. It was reported
that an initial choroidal thickening in patients with HR
and malignant hypertension; however, subsequent
thinning was observed as the blood pressure stabilized
as a result of treatment.[2] Shao et al.[%! showed that the
choroidal thickness was 187.04+78.80 um in patients with
hypertension without HR, while the thickness was much
higher in those with Grade 1 HR at 289.11+100.87 um.
They also reported that as the severity of HR increased,
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the thickness tended to decrease, although it did not
reach statistical significance, at 286.10+111.07 um and
280.28+92.39 um in those with Grade Il and Grade llI
HR, respectively. In the present study, a lower SFCT was
associated with HR of a higher degree, with the Grade Il
and Grade Il HR groups exhibiting significantly lower SFCT
values compared to that in the controls. In addition, we also
evaluated the associations between choroidal structural
parameters, including CVI, CSI, and LA, and HR severity in
this study.

A common conception is that choroidal ischemic
alterations and hypoperfusion are the primary constituents
driving the pathology of hypertensive chorioretinopathy.
[7] Angiographic findings have indicated that Elschnig
spots signify areas of localized infarction and ischemia of
the choriocapillaris and choroidal arterioles.[26! While the
retinal vascular damage induced by HR is comparatively
well understood, there are limited findings regarding the
impact of HR on choroidal microvessels.[lZ While a study
reported a lower choroidal vascularity in the HR group
than the control group,!?l no studies have reported on
alterations associated with HR severity. In the present
study, the mean CVI value diminished significantly as the
HR grade increased. Patients with Grade Il and Grade llI
HR exhibited a lower mean LA compared to that in the
controls. Furthermore, although the CSI was significantly
higher in those with Grade Il and Grade Il HR than in
the controls, the SA did not differ significantly between
the groups. Collectively, these findings are indicative of
a thinner choroid in patients with HR due to damage to
choroidal microvascular vessels.

Liu et all'3 identified initial pathological alterations
occurring in the eyes of patients with HR, which were
characterized by deep focal retinal capillary sparseness and
retinal arch abnormalities. Moreover, they demonstrated
that the deep vascular densities tended to decrease
as the severity of HR increased. Furthermore, Saito et
all27! reported that choroidal thickness and blood flow
velocity increased during the acute phase of hypertensive
chorioretinopathy. It was suggested that choroidal
hyperperfusion may contribute to the pathology of
hypertensive chorioretinopathy. Furthermore, these results
indicate changes in microvascular blood flow in both the
retina and choroid in HR patients.

There are many reports of CVI and choroidal structural
changes related to hypertension, and these changes
have also been associated with vascular diseases in other
parts of the body, including the heart, brain, and kidneys,

linked to hypertension-related end-organ damage.[28-30]
To minimize confounding, we excluded participants with
chronic kidney disease, heart failure, and other systemic
conditions known to influence choroidal parameters. DBP,
age, and axial length were found to be negatively associated
with the CVI after adjusting for potential confounders in
the present study. Another group reported a link between
SBP and DBP with retinal arteriolar narrowing,3" and
elevated SBP was shown to be an independent variable
that correlated with a reduction in the artery-to-vein ratio.
(1] Moreover, higher visual acuity was reported following
treatment-induced blood pressure stabilization in patients
with HR and concomitant malignant hypertension.[25]
In addition, previous studies had reported that choroidal
thickness and CVI are affected by age and axial length.
[91032] |n the present study, an association was revealed
between age and the CVI and SFCT, consistent with a
previous histological study that revealed that choroidal
thinning correlated with ageing and was related to the loss
of small- and medium-sized blood vessels.!33!

Present study has some limitations. Due to the
retrospective nature of the study, it was not possible to
examine longitudinal changes in choroidal vasculature
during follow-up and with respect to alterations in
blood pressure. Moreover, although the distribution of
antihypertensive medications did not differ significantly
between hypertensive subgroups, we did not record
dose, duration, or the exact time interval between the last
antihypertensive dose and OCT imaging. This is relevant
because antihypertensive therapy and drug administration
timing may affect choroidal vascular parameters.34:33]
Furthermore, the binarization of a single horizontal OCT
slice across the fovea could only provide CVI information
particular to that section of the choroid; further insights
could be gained by examining the wider macular region.
Finally, the relationship between the OCT parameters and
clinical indicators, including cotton-wool spots, retinal
hemorrhages, and exudates, was not evaluated, and further
studies are required to assess those relationships.

Conclusion

Ultimately, the findings of this study demonstrate that a
lower CVI and choroidal thickness were associated with
greater HR severity. The mean LA was significantly lower in
the Grade 2 and Grade 3 HR groups compared to thatin the
controls; however, there was no significant difference in the
SA. As HR progresses and becomes more severe, choroidal
structural impairments may accumulate due to the
exacerbation of damage to the choroidal microvasculature.
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Moreover, DBP, age, and axial length were confirmed to be
negatively associated with choroidal vascularity. Additional
longitudinal studies will be necessary to investigate
alterations in these choroidal indicators during disease
progression.
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