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Abstract

Purpose To highlight the influence of preocular and ocular vascular circulatory dynamics on the vascular density (VD) of
retinal capillary plexuses (RCPs) and choriocapillaris (CC) in patients with and without cardiovascular risk (CVR) factors.
Methods A retrospective observational study in patients with and without CVR factors (type 1 and 2 diabetes, arterial
hypertension, and hypercholesterolemia). Fluorescein (FA) and indocyanine (ICGA) angiography circulatory times were
arterial time (FA 57), start (FA, . r) and end (FA_, 4 p) of laminar flow, and arterial time (ICGA 1), respectively. OCT angi-
ography VDs were superficial (VDgp) and deep (VDpcp) RCPs and CC (VD) VDs. Correlation and regression analysis
were performed after adjusting for confounding factors.

Results 177 eyes of 177 patients (mean age: 65.2 +15.9 years, n=92 with and 85 without CVR) were included. VDgcp and
VDpp were significantly inversely correlated with FA zr, FA . r and FA, 4 r likewise VD with ICGA ,r. Correlations
were stronger in patients without CVR than with CVR. CVR, FA ;, FA .« r and FA 4 r Were more strongly correlated
with VDpp than VDgep. FA o1, FA o r and FA 4 p significantly impacted VDgep and VDpycp, likewise ICGA o impacted
VDpcp. VDpep was most strongly impacted by FA ,p and FA, ¢

Conclusion Ocular and pre-ocular circulatory dynamics significantly impacted RCPs and CC VDs, especially deep RCP.

Key messages

What is known

o Relationships between circulatory times from fluorescein and indocyanine angiography and the quantitative
analysis from OCT-angiography have not yet been clearly established.

What is new

® Vascular density of superficial and deep retinal capillary plexuses as well as choriocapillaris significantly
decrease under the influence of lengthening circulatory times.

® The effect of lengthening circulatory times on the decrease in vascular density was greater in the deep than the
superficial retinal capillary plexus.

® Our findings align with the three-dimensional retinal capillary modeling in which venous drainage for the entire
retinal microvasculature occurs essentially at the deep capillary plexus level.

Meeting presentation 46th Macula Society Annual Meeting in
Miami Beach, US, 2023.

Registration number Observational study approved by the Swiss
Ethics Committee (number: 2019-01615).

Extended author information available on the last page of the article
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Introduction

The retina is vascularized by two distinct vascular network
systems without anatomical connections under physiologi-
cal conditions. The retinal capillary network arises from the
central retinal artery and ensures the direct vascularization
of the inner retina. The retinal circulation is a terminal arte-
rial system devoid of anastomoses. The choroidal network
arises from the posterior ciliary arteries and ensures the
vascularization of outer retina and of the photoreceptors
indirectly, since there are no capillaries in the outer retina.

Retinal blood flow plays a crucial role in transporting
metabolic substances and oxygen to the retina through the
internal blood-retinal barrier, which selectively seals [1].
The maintenance of the inner retina's structure and function
relies on the finely tuned regulation of retinal flow. This flow
remains constant and self-regulated through mechanisms
involving a myogenic aspect, predominantly influenced by
the vascular endothelium, and a metabolic aspect associated
with the metabolic activities of neurons and glial cells [1].
Retinal ischemic microangiopathies linked to cardiovascular
risk factors, such as type 1 and 2 diabetes, arterial hyperten-
sion, and hypercholesterolemia, induce during their evolu-
tion alterations in neuronal function and retinal endothe-
lial cell structure, that disrupt the interactions of these two
metabolic pathways and lead to dysregulation of retinal flow.
Damages to retinal capillaries result in retinal ischemia and/
or alterations of the blood-retinal barrier [2].

Dye angiography and optical coherence tomography
angiography (OCT angiography) enable the investigation of
parameters inherent to the hemodynamics and the vascular
architecture of the human eye. Fluorescein (FA) and indo-
cyanine (ICGA) angiographies provide dynamic two-dimen-
sional, not depth resolved visualization of retinal and choroi-
dal vascular circulation with a wide field of view, however
limiting assessment of deeper retinal capillary layers [3,
4]. Dye angiography is invasive and time-consuming (up
to 30 min), incurring significant personnel costs. Adverse
effects of the dye include nausea, vomiting, urticaria, syn-
cope, and potentially severe complications affecting the res-
piratory or cardiac systems [5]. Indocyanine green dye is
contraindicated in pregnancy and kidney disease. Despite
these limitations, dye-based angiography remains valuable,
particularly for detecting vessel leakage or microaneurysms.

OCT angiography is a recent modality for non-invasive,
depth resolved, three-dimensional imaging of the retinal and
choroidal vasculature. It detects blood flow down to the cap-
illary level by analyzing decorrelation in signal between the
sequential cross-sectional images (B-Scans) captured precisely
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at the same location [6, 7]. Unlike traditional methods involv-
ing dye intravenous injection, OCT angiography utilizes the
motion of flowing blood cells as intrinsic contrast, rendering
it more convenient for routine clinical use [4, 8, 9]. Simulta-
neous analysis of structural and angiographic data allows for
precise localization of vessels on cross-sectional or en-face
images, producing volumetric structural and blood flow angi-
ography images within seconds with high spatial resolution.
This facilitates the visualization of distinct layers in the retina,
enabling automated segmentation to specific depths [6], and
provide quantitative (vascular density and perfusion metrics)
and qualitative analysis in various retinal vascular disorders
[9, 10]. Nevertheless, this imaging modality has some limita-
tions, such as its inability to offer precise quantitative informa-
tion on blood flow rate and velocity[10] despite the develop-
ment of various techniques [7, 11]. It offers a restricted field
of view [12], typically ranging from 22 mm to 12X 12 mm
depending on the device, albeit at the cost of resolution. The
use of montage techniques enables a wider field of view while
preserving improved resolution [12]. However, OCT angi-
ography fails to visualize vessel leakage or provide data on
vessel permeability. Moreover, this technique is susceptible to
artifacts such as blinks, movements, and ghosting of vessels.
It is limited by its capability to detect slowest detectable blood
flow, potentially missing the detection of extremely slow (e.g.,
microaneurysms or fibrotic choroidal neovascularization) or
excessively rapid flows. The detection of flow is constrained
within a specific dynamic range determined by the time inter-
val between sequential OCT B-scans.

Given that OCT angiography remains a relatively recent
technology, the potential association relationships between
circulatory times from dye-based angiography and the quan-
titative analysis from OCT-angiography have not yet been
clearly established. Therefore, the primary objective of this
study was to explore the extent to which circulatory dynamics
in the preocular and ocular regions, as observed by dye-based
angiography, impact the vascular density of retinal capillary
plexuses and choriocapillaris measured by OCT angiography
in patients with and without cardiovascular risk factors.

Methods
Study cohort

A single-center retrospective observational study, approved by
the Swiss Ethics Committee (approval number: 2019-01615),
was carried out from 2019 to 2022 in accordance with the
ethical principles of the Declaration of Helsinki. The patient
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cohort was selected from the RétinElysée database in Laus-
anne, Switzerland. Inclusion criteria comprised the require-
ment for both dye and OCT angiographies performed on the
same day, an OCT angiography quality index greater than
6, automatic segmentation correction performed by the OCT
angiography device software, and patients with a refractive
error within + 3.0 diopters. Exclusion criteria encompassed
patients with wet age-related macular degeneration, epireti-
nal membrane causing alterations in retinal vascular archi-
tecture, significant drusen causing a masking effect on the
OCT angiography choroidal slab and rendering it unanalyz-
able, and occlusion or stenosis exceeding 50% of the internal
carotid artery. The study cohort was further stratified into
two groups based on cardiovascular risk (CVR) factors. The
“CVR” group included patients diagnosed with at least one
of the microangiopathies like type 1 and 2 diabetes, arterial
hypertension, and/or hypercholesterolemia. The "no_CVR"
group consisted of patients without any microangiopathies.

Image processing and variable acquisitions

The demographics (age, gender), cardiovascular (blood pres-
sure measured on the day of angiographic examinations,
mean blood pressure BPmean _ systolic pressure +23>< disatolic pressure,
heart rate during angiography), and ophthalmological data
(best corrected visual acuity, refractive error, intraocular
pressure (mmHg), circulatory times from fluorescein and
indocyanine angiographies, capillary vascular density meas-
ured using OCT angiography) as well as patients' medical
histories, were collected from the RétinElysée database.

Retinal and choroidal circulatory times (arterial time:
FA ,r, start of laminar flow: FA, ;5 end of laminar flow:
FA.,q p)> and (arterial time: ICGA ;) were measured from
dynamic film data of early phases of fluorescein angiogra-
phy (FA, Spectralis OCT, Heidelberg Inc®) and indocya-
nine green angiography (ICGA, Spectralis OCT, Heidelberg
Inc®), respectively [13]. FA st and ICGA 5 were the times
to onset of retinal and choroidal arteriolar filling from fluo-
rescein and indocyanine angiography, respectively, FA, . g
the time to onset of early laminar flow in the veins objecti-
fied by the onset of the dye lining the venous wall leav-
ing an axial hypo fluorescent strip, and FA_ 4 , the time to
onset of complete venous filling. These times were manually
recorded post-dye injection.

OCT angiography (6.0 X 6.0 mm scan size; Optovue,
Angiovue®, RTVue XrPAR, version 2017.1.0.150) data
were utilized to extract measurements of vascular density of
superficial and deep capillary plexuses (VDgcp and VDpcp,
respectively) of the fovea and of the whole image. Raw cho-
roidal slabs obtained using OCT angiography were exported
to Fiji software, a derivative of ImageJ [14] for binariza-
tion and subsequent calculation of choriocapillaris vascu-
lar density (VD) (Fig. 1) [15]. The binarization process

FA 0:24.77 Mean (9)

ICG 0:25.06 Mean (3)

Fig.1 (1) OCT angiography and vascular density: la) Superficial
capillary plexus, 1b) deep capillary plexus, 1c) choriocapillaris, 1d)
choriocapillaris binarized image (FIJI software). (2) Fluorescein
angiography and circulatory times: 2a) arterial time, 2b) early lami-
nar flow and 2c) late laminar flow, and 2d) indocyanine angiography
and arterial time corresponding to the arrival of dye in the choroidal
plexus

employed intensity thresholding using Otsu's method, [15,
16] which assumes a bimodal distribution of pixel classes
to determine an optimal threshold for separating blood
flow signal (white pixels) from regions without blood flow
(black pixels) [14]. Binarized images were interpreted and
analyzed using the Vessel Analysis plugin in Fiji [17], ena-
bling the computation of choriocapillaris vascular density
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expressed as a percentage. This measurement was derived
by calculating the total vessel-occupied pixels divided by
the entire image's pixel count [15].

Statistical analyses

Statistical analyses were carried out on the overall patient
population and on the two distinct patient groups “no_CVR”
and “CVR” and performed after adjusting for age, gender
and angiogram quality index covariates. Continuous vari-
ables such as age, FA ,1, FA 1 m FA L p ICGA \1, VDg(p,
VDpcp and VD were expressed as means and standard
deviations (+ SD). Categorical variables such as gender
(female/male), CVR (yes/no) were expressed as frequencies
and percentages (%). The required sample size computed
was n="75 to test the influence of continuous variables on
another continuous variable in a simple regression analysis
with a type I error of 0.05, a type II error of 0.10, a power
of 90%, a coefficient of determination R2 conservatively
estimated at 0.2 in the absence of information from the lit-
erature, and an expected effect size conservatively estimated
at 0.33 in the range between a small effect size of 0.2 and a
medium effect size of 0.5. After adding 10% of the calcu-
lated sample size to compensate for any study issues, the
minimum sample size needed for each group was n=_84.

Statistical relationships of association between the
two variables vascular density and circulatory time were
assessed using Spearman’s correlation. Strength and direc-
tion of association were measured by the Spearman’s corre-
lation coefficient p. Regression models were implemented to
assess the preocular and ocular circulatory dynamics effects
on vascular density of retinal capillary plexuses and chorio-
capillaris. The goodness-of-fit measure of regression mod-
els was assessed by the R-squared (R?) metric calculation,
which represents the percentage of variance of the vascular
density variables that can be influenced by the circulation
time variables included in the model. Comparisons of the
strength of correlation coefficients Rho (p) and determina-
tion coefficients R were performed using Z statistic tests.

Data analyses were performed on a full analysis set using
multivariate regression imputation of missing data. A two-
tailed, False Discovery Rate (FDR) adjusted p-value of less
than 0.05 was considered statistically significant (SAS soft-
ware, version 9.4; SAS Institute, Carry, NC).

Results
Demographic synopsis
177 eyes of 177 patients with various eye pathologies (mean

age of 65.2+15.9 years) were included in the full analysis
set based on the inclusion and exclusion criteria. Ocular
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pathologies included dry age-related macular degeneration,
diabetes without or with minimal to moderate nonproliferative
diabetic retinopathy, macroaneurysms, macular epitheliopa-
thy, arterial and venous vascular occlusion, pachychoroid, and
central serous chorioretinopathy. “CVR” group included 92
eyes from 92 patients (51.98%; mean age: 69.2 + 13.7 years;
MJF ratio: 0.96), and “no_CVR” group, 85 eyes from 85
patients (48.02%; mean age: 60.7+17.1 years; M/F ratio:
1.07). 18 patients suffered from diabetes, 68 from hyperten-
sion and 26 from hypercholesterolemia. 71, 16 and 3 patients
had 1, 2 and 3 cardiovascular risk factors, respectively, and
2 without specification on the type of microangiopathy. Dia-
betic patients did not have diabetic retinopathy or had mini-
mal to moderate nonproliferative diabetic retinopathy. Among
patients with hypertension, 37 had high blood pressure with a
mean arterial pressure of 117,76 +7.07 mmHg. 11 eyes of 11
patients had some missing data. Data of circulatory times and
vascular densities are summarized (mean =+ SD) in Table 1.

Correlation analyses

In the overall population and in the “CVR" and “no_CVR”
patient groups, vascular densities VDgcp and VDpp from
OCT angiography were significantly inversely correlated
with circulatory times FA yr, FA i p and FA_ 4 g from flu-
orescein angiography likewise vascular density VD¢ from
OCT angiography was significantly inversely correlated with
circulatory time ICGA ,; from indocyanine angiography (p
<0; p<0.001, respectively), Table 1.

Comparisons of correlation coefficients showed that vascu-
lar densities were significantly more strongly correlated with
the circulatory times FA s and FA,; r than with the circula-
tory times FA, ; r and ICGA 41 (p <0.05 respectively). There
was no significant difference in strength of the correlation
coefficients between vascular densities and circulatory times
FA ,r and FA, . p (p>0.05 respectively, Table 2.

Inter-group comparisons (p) “CVR” versus “no_CVR"

The vascular densities VDgep, VDpp were more strongly
correlated with the circulatory times FA 1, FA . p and
FA_ 4.5 In the “no_CVR” group than in the “CVR” group
but the differences in strength of the correlation coefficients
were non-significant (p > 0.05, respectively). On the other
hand, vascular density VD was significantly more strongly
correlated with circulatory time ICGA 4t in the “no_CVR”
group than in the “CVR” group (p =0.047), Table 2.

Intra-group “CVR” (p) and intra-group “no_CVR"
comparisons (p)

The vascular density VDpp, compared to the vascular
density VDgp, was significantly more strongly correlated
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with circulatory times FA 1, FA,,q r and FA_ 4 ¢ (p <0.05,
respectively, and with a trend towards significance for
FA_,qF In the no_CVR group), Table 2. In the “CVR”
group, the vascular densities most strongly correlated with
circulatory times were significantly observed in diabetic
microangiopathy (p <0.05, respectively), Table 2.

Regression analyses (R.2)

In the overall population and in the “CVR" and “no_CVR”
patient groups, the circulatory times FA 1, FA, r and
FA. qr had a significant influence on the vascular densities
VDgcp and VDpp, likewise ICGA ,1 on VD (p <0.001,
respectively), Table 3, Fig. 2. Comparisons of determination
coefficients R? of regression models showed that the circula-
tory times FA ,; and FA,,; r had a significant greater impact
on the vascular densities than the circulatory times FA_, 4 ¢
and ICGA ,; (p <0.05, respectively). There was no signifi-
cant difference in value of the determination coefficients R?
between the impacts of circulatory times FA ,r and FA ¢ r
on vascular densities (p > 0.05 respectively), Table 4.

Circulatory times had a significant greater impact on vascu-
lar densities in the “no_CVR” group than in the “CVR” group
but the differences in value of the coefficients of determination
R? were non-significant (p>0.05, respectively), Table 4.

Circulatory times FA r, FA, . r and FA_ 4  had a sig-
nificantly greater impact on vascular density VDpp than
VDgep, (p<0.05, respectively), Table 4. In the “CVR”
group, the greatest impact of circulatory times on vascular
densities was significantly observed in diabetic microangi-
opathy (p <0.05, respectively), Table 4.

The effect of circulatory times on vascular densities was
relatively similar in both the full analysis set with miss-
ing data imputation and the set of complete-case analysis
in which FA 1 and FA_ ;  had the strongest influence on
vascular density VDpcp (p < 0.001; R? > 0.80, respectively).

Discussion

This study investigated the relationships between preocular
and ocular vascular circulatory dynamics and vascular den-
sity of retinal and choroidal vascular plexuses. The results
showed that vascular density of superficial and deep retinal
capillary plexuses and choriocapillaris, measured using OCT
angiography, was significantly inversely correlated with the
circulatory times from fluorescein and indocyanine angiog-
raphy. The strength of correlations observed between vas-
cular densities of retinal capillary plexuses and circulatory
times was not significantly different between patients with
and without cardiovascular risk factors. On the other hand,
there was a significant linear decorrelation between vascular
density of choriocapillaris and circulatory times in patients

Table 3 Regression analyses assessing the influence of pre-ocular and ocular circulatory dynamics on vascular density of retinal and choroidal capillary plexuses, in patients with and without

cardiovascular risk factors

Cohort

With CVR factors

Without CVR factors

Other microangiopathies

Diabetes

All

Regression analysis (R?, p-value)

Vascular densities

VDsgcp
R2

Vascular densities

VDSCP

Vascular densities

VDSCP

Vascular densities

VDscp

Vascular densities

VDscp

Circula-

tory

VDDCP
R?

VDDCP

R?

VDpcp

RrR2

VDpcp

R2

VDpcp

times

p**

p**

(CTs)
FAr

<0.001
<0.001
<0.001

0.859
0.814

<0.001
<0.001
<0.001

0.688
0.630
0.373

<0.001
<0.001
<0.001

0.798

<0.001
<0.001
<0.001

0.566
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Fig.2 Trendlines of vascular density of capillary plexuses, resulting from the linear regression models implemented from circulatory time data,

according to cardiovascular risk

with cardiovascular risk factors. Some studies showed that
the choriocapillaris flow features may follow a power law
distribution with implications for mechanisms of disease
progression [18]. Furthermore, vascular density of deep
retinal capillary plexus was significantly the most strongly

@ Springer

correlated with circulatory times, and specifically in diabetic
microangiopathy in patients with cardiovascular risk fac-
tors. The implemented regression models showed significant
changes in vascular density of the retinal and choroidal vas-
cular plexuses under the influence of ocular and preocular
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circulatory dynamics. Specifically, these analyses demon-
strated a significant decrease in vascular density of super-
ficial and deep retinal capillary plexuses as well as chorio-
capillaris under the influence of lengthening of circulatory
times, especially arterial time and start laminar flow time
measured by fluorescein angiography, without significant
differences between patients with and without cardiovascular
risk factors. Vascular density of deep retinal capillary plexus
was significantly the most strongly impacted by circulatory
times, and specifically in the diabetic microangiopathy in
patients with cardiovascular risk factors.

Thus, the results showed that the lengthening of circula-
tory times statistically influenced the decrease in vascular
density of capillary plexuses. However, this did not mean
that the lengthening of circulatory times was the cause of
the decrease in vascular density of the capillary plexuses.
Indeed, influence relationships resulting from regression
analyzes do not mean cause-and-effect relationships between
the variables circulatory time and vascular density. In addi-
tion, the informational value contained in these variables is
complex, especially since they can be dependent on other
variables or unlisted potential confounding factors. Indeed,
various confounding factors, such as age, gender, systemic,
cardiovascular diseases and cardiovascular risk factors,
medications such as vasodilators or medications that affect
kidney or liver function, genetic factors, hydration status
and lifestyle such as smoking, diet and exercise can affect
circulatory times and retinal and choroidal vascular density
by modifying blood circulation. Additional prospective
studies, using probabilistic Rothman's approach [19] and its
alternatives to explore in some detail the issue of assessing
the potential presence of synergism or antagonism in data
generated from cohort studies might refine the understand-
ing of circulatory dynamics' impact on capillary vascular
density. Deep learning neural networks-based clinical pre-
diction models using these multimodal ophthalmological
angiographic imaging data could contribute, more appro-
priately than multivariate regression models, to bring out
the underlying key pathophysiological processes involved
in retinal microangiopathies related to CVR factors. Indeed,
the results of our study showed a strong multicollinearity
between dye-based angiography and OCT angiography vari-
ables. This could then compromise the reliability and inter-
pretability of the results of multivariate linear regression
models since strong multicollinearity between the variables
can generate an inflation of the variance and standard error
of estimates of regression coefficients.

Exploration of retinal and choroidal circulatory dynam-
ics involves kinetic analysis of fluorescein and indocyanine
molecules, administered intravenously, acting as tracers on
angiograms. The kinetics of these tracers depend on their
molecular and luminescence characteristics as well as the
structural features of retinal and choroidal vasculature.

@ Springer

Sodium fluorescein, a molecule of low molecular weight of
376 kDa, predominantly remains intravascular in the retinal
capillaries due to the properties of the inner blood-retinal
barrier [20] through which neither bound (70% to serum pro-
teins) nor free fluorescein molecules can pass. In the chorio-
capillaris, unbound molecules escape into the extravascular
choroidal space through the choriocapillaris wall fenestra-
tions to the outer blood retinal barrier [20] of the retinal
pigment epithelium. While indocyanine green, a molecule
of 775 kDa molecular weight approximately 98% bound to
serum proteins, is mostly retained within both retinal capil-
laries and choriocapillaris [21]. Peak fluorescein lumines-
cence is 520-530 nm in the yellow—green light of spectrum,
and that of indocyanine, 830—835 nm in the near-infrared
(invisible). Infrared (invisible) light enables better penetra-
tion of ocular pigments and less scattering than visible light.
The differing molecular and luminescence characteristics of
fluorescein and indocyanine enable distinct assessments of
retinal and choroidal circulation, respectively. The angio-
gram comprises successive overlapping phases, including
pre-arterial (choroidal), arterial, capillary (early and late
arteriovenous), and venous phases, enabling the measure-
ment of filling times across these distinct vessels. It presents
an overlay of various capillary layers [4, 22-25], primarily
showcasing the superficial vascular plexus and the choroi-
dal signal, with limited visualization of the deep capillary
plexuses [4, 8, 26].

OCT angiography identifies three distinct macular reti-
nal capillary plexuses: the superficial capillary plexus in
the ganglion cell layer, the intermediate capillary plexus in
the inner plexiform layer and the internal edge of the inner
nuclear layer and the deep capillary plexus in the outer
plexiform layer and the external edge of the inner nuclear
layer [8, 22, 23, 25, 27]. The superficial and deep capillary
plexuses exhibit distinct structural and functional charac-
teristics, potentially accounting for variations in flow resist-
ance and perfusion [22, 28] which may have implications
in retinal vascular diseases. The superficial capillary plexus
comprises interconnected transverse capillaries linking
arterioles and venules [22, 25]. Conversely, the deep capil-
lary plexus is organized into polygonal units, in which the
capillaries converge radially toward a central capillary vor-
tex. These capillary vortex centers align along the path of
macular superficial venules, and drain into superficial ven-
ules through interconnected vertical anastomoses between
the superficial and deep capillary plexuses [8, 22, 24, 28,
29]. Choriocapillaris is array into a mosaic of independent
polygonal segments, each supplied at its center by a termi-
nal choroidal arteriole and drained by venules arranged on
the periphery of the segments, without anastomosis with
adjacent segments [30]. Imaging the choriocapillaris in vivo
remains challenging due to light scattering within the over-
lying tissue, especially the retinal pigment epithelium [30].
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Therefore, choriocapillaris density should be interpreted
critically [30, 31]. Our findings align with the recent stud-
ies [22, 25] that designed three-dimensional model depict-
ing certain structural and functional characteristics of retinal
capillaries in which venous drainage for the entire retinal
microvasculature occurs essentially at the deep capillary
plexus level via anastomotic capillary bridges directly con-
necting the three plexuses. Deep capillary plexus, consisted
of capillary units centered around collecting vortex venule,
drains directly into the superficial vessels.

The robustness of our study lies in the sample size, as well
as quantities and dye injection speeds standardized to ensure
the consistency and reproducibility of dye-based angiography
times. Nevertheless, our study may have some potential limi-
tations related to selection biases inherent in all retrospective
study designs, influence relationships resulting from regres-
sion analyses which do not constitute causality relationships,
non-automated although protocolized measurements of cir-
culatory times in dye angiography, unsharp demarcation in
determining the end of laminar flow in fluorescein angiogra-
phy, as well as to the potential confounders, such as refractive
error although minimized by the inclusion of patients with
refractive error limited to+ 3.0 diopters, or the fasting plasma
glucose [32] and hematocrit [33] unlisted, and errors in seg-
mentation and measurements of vascular density depend-
ent on the OCT angiogram quality index [34]. However, the
statistics were systematically performed after adjustment for
angiogram quality index. In addition, only OCT angiograms
with a quality index greater than 6 were included in the study
to minimize motion, projection, or segmentation artifacts.

Conclusion

The study highlighted how pre-ocular and ocular circula-
tory dynamics significantly affect vascular density in the
retinal capillary plexuses and choriocapillaris, especially in
deep retinal capillary plexuses, relevant for clinical research.
Additional prospective studies might refine the understand-
ing of circulatory dynamics' precise impact on capillary
vascular density.
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