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Purpose: By using optical coherence tomography angiography (OCTA), to evaluate diurnal

changes of the following parameters: vessel density in the peripapillary area (PP-VD) and in the

optic nerve head (ONH-VD); thickness of retinal nerve fibre layer (RNFL) and ganglion cell

complex (GCC).

Methods: All prospectively enrolled participants were imaged on the same day at 8 am and

7 pm by means of the XR Avanti device with AngioVue and AngioAnalytics software

(Optovue Inc., Fremont, CA, USA). Only eyes with correct automatic segmentation and

good-quality images (scan quality > 7/10) were included.

Results: Forty-six eyes from 28 patients with glaucoma, 53 from 31 patients with ocular

hypertension, and 62 from 38 controls were assessed. The mean measurements of all

parameters investigated were significantly different in the morning and in the evening values

in all three groups, with lower values in glaucomatous eyes (p<0.014). In control eyes, as

well as in eyes of patients with ocular hypertension and glaucoma the daily changes were

minimal and not statistically significant with means of +0.17%, −0.31% and −0.54% for

ONH-VD (p=0.83) and means of +0.2%, +0.1% and +0.29% for PP-VD (p=0.83), respec-

tively. Likewise, daily fluctuations in GCC and RNFL thickness were not significant in any

of the three groups, with means of +0.16 µm, +0.66 µm and −0.15 µm for GCC (p=0.58) and

means of +0.24 µm, +0.58 µm and −0.24 µm for ONH-RNFL (p=0.90), respectively.

Systemic hypertension, age, axial length, daily changes in intraocular pressure or scan

quality did not correlate with daily fluctuations of any of the parameters investigated (p>0.1).

Conclusion: Vessel density, GCC and RNFL were stable during daytime thus corroborating

the clinical relevance of OCTA regardless the time of acquisition.

Keywords: glaucoma, optical coherence tomography angiography, vessel density, daily

fluctuations, retinal fiber layer

Introduction
Glaucoma is a complex and multifactorial disease that involves loss of neural tissue,

activation of glial cells, tissue remodeling and changes in blood flow. There is mounting

evidence that vascular factors are involved, and ocular blood flow reduction probably

plays a role in the pathogenesis of the optic nerve neuropathy associatedwith glaucoma.1,2

In recent years the use of optical coherence tomography angiography (OCTA)

has become common in clinical practice, and it has exhibited good sensitivity and

Correspondence: Paolo Milani
Istituto Auxologico Italiano, Via Mercalli
30, Milan, Italy
Tel +39 2 3385840232
Fax +39 2 20422262
Email dottpaolomilani@hotmail.com

Clinical Ophthalmology Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Ophthalmology 2019:13 1823–1832 1823
DovePress © 2019 Bochicchio et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/

terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/OPTH.S214877

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-0409-6201
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


reproducibility in studies of retinal and papillary micro-

circulation without the intravenous injection of dye.

Commercially available OCTA devices use different

types of algorithms and technology and can yield elaborate

quantitative maps of vascular density (VD) and thickness

of the retinal area under investigation.3 It has been sug-

gested that tissue microvascular perfusion may be related

to VD as measured by OCTA. Some evidence of reduced

perfusion in the superficial optic nerve head (ONH) and

peripapillary retina of individuals with primary open-angle

glaucoma has been reported.4–8 However, quantitative

diurnal fluctuations have not been thoroughly investigated.

As with the blood perfusion of other vascular regions such

as the limbs, brain and digestive system9 it is likely that

ocular vascularization is affected by a circadian rhythm or

is variably influenced by several factors. Although these

effects may be temporary, understanding the alterations in

optic nerve perfusion and in thickness of retinal nerve fibre

layers (RNFL) or ganglionar cell complex (GCC) warrants

further investigation, and may help clarify the aspects of

glaucoma onset or progression.

The current study aimed to evaluate quantitative diurnal

fluctuations in peripapillary and ONH vessel density, and in

RNFL and GCC thickness in three groups: a group of

patients with glaucoma; a group of patients with ocular

hypertension; a control group. Relationships of these fluctua-

tions with intraocular pressure (IOP) changes, axial length,

systemic hypertension, and age were also investigated.

Methods
Study Population
Twenty-eight patients with glaucoma, 31 with ocular

hypertension without visual field deterioration, and 38

healthy controls were recruited prospectively from

January 2018 to November 2018 by the Department of

Ophthalmology of the IRCCS Auxologico Institute, Milan,

Italy. The study was approved by the relevant institutional

review board of the IRCSS Auxologico Institute and it was

conducted in accordance with the Declaration of Helsinki.

Informed written consent was acquired from each patient.

The following additional inclusion criteria were

applied in the glaucoma group: IOP ≥ 21 mmHg on

three consecutive visits prior to IOP-lowering topical treat-

ment, Repeatable glaucomatous visual field damage

defined as a glaucoma hemi field test (GHT) outside nor-

mal limits and a pattern standard deviation outside 95%

normal limits; glaucomatous visual field abnormalities

defined by a cluster of +3 adjacent points in the pattern

deviation plot with a probability of < 5% including at least

1 point with a probability < 1% in at least two repeatable

and consecutive standard automated perimetry tests.

The following additional inclusion criteria were

applied in the ocular hypertension group: IOP ≥ 21

mmHg on three consecutive visits prior to IOP-lowering

topical treatment, normal-appearing optic disc and intact

neuroretinal rim on clinical examination defined as a ver-

tical cup-to-disc ratio < 0.5 and a vertical cup disc ratio

asymmetry ≤ 0.2 with a minor vertical cup disc ratio ≤ 0.4,

at least two normal visual fields defined as a pattern

standard deviation within 95% confidence limits and a

GHT result within normal limits, and average and quadrant

RNFL thicknesses within respective confidence limits of

95% and 99%.

The control group consisted of individuals without

ocular hypertension, presenting the following characteris-

tics:: IOP < 21 mmHg without therapy, no history of

elevated IOP, normal-appearing optic disc and intact neu-

roretinal rim on clinical examination defined as a vertical

cup-to-disc ratio < 0.5 and a vertical cup disc ratio asym-

metry ≤ 0.2 with a minor vertical cup disc ratio ≤ 0.4,

normal visual fields defined as a pattern standard deviation

within 95% confidence limits and a GHT result within

normal limits, and average and quadrant RNFL thick-

nesses within respective confidence limits of 95%

and 99%.

The presence of systemic hypertension, cardiovascular

diseases, and other diseases was recorded but not consid-

ered as exclusion criteria in any group. On the contrary,

patients with diabetes were excluded.

Study Design And Imaging Acquisition
All study participants underwent a complete ophthalmolo-

gic examination including best-corrected visual acuity mea-

surement, slit-lamp biomicroscopy, IOP measurement with

Goldmann applanation tonometry at the same day at 8 a.m.

and 7 p.m., ultrasound pachymetry, gonioscopy, and dilated

fundus examination. The axial length was measured in

every eye using an IOL master 500 system (Carl Zeiss

Jena, Germany). Participants also underwent standard auto-

mated perimetry tests (24-2 Swedish Interactive Threshold

Algorithm; Humphrey Field Analyser II; Carl Zeiss

Meditec, Inc., Dublin, CA, USA) and OCTA. The OCTA

system used was the XR Avanti device with AngioVue and

AngioAnalytics (software version 2017.1.0.150, Optovue

Inc., Fremont, CA, USA), which enables visualization of

Bochicchio et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical Ophthalmology 2019:131824

http://www.dovepress.com
http://www.dovepress.com


the retinal and papillary circulation by means of a split-

spectrum amplitude decorrelation angiography algorithm.

The instrument has an A-scan rate of 70,000 per second,

using a light source centred on 840 nm.

The following three scan acquisition protocols were

used at 8 a.m. and 7 p.m.:

● The HD Angio Disc 4.5 x 4.5 micrometers acquisition

consists of two orthogonal OCTA volumes centered on

the ONH and containing 400x400 scans to perform

motion correction and minimize motion artifacts arising

from microsaccades and fixation changes. Vascularity

data are automatically converted to a VD map, where

VD is calculated as the percentage area occupied by

blood vessels. The percentage is provided and calculated

automatically for the whole enface image (W-VD), for

the optic disc only (ONH-VD) and for the peripapillary

region defined as a 750-μm-wide elliptical annulus

extending from the optic disc boundary (PP-VD) and

divided in the hemi-superior (PPHalfSup-VD) and hemi-

inferior (PPHalfInf-VD) sectors. Eight sub-sectors of the

peripapillary area are also calculated; the nasal-superior

(PPNS-VD), nasal-inferior (PPNI-VD), inferior-nasal

(PPIN-VD), inferior-temporal (PPIT-VD), temporal-

inferior (PPTI-VD), temporal-superior (PPTS-VD),

superior-temporal (PPST-VD) and superior-nasal

(PPSN-VD) sub-sectors. The map obtained refers to

the superficial capillary plexus of the ONH, which is

also known as radial peripapillary capillary segmenta-

tion. It extends from the ILM to the outer limit of the

RNFL and is composed of the vasculature of the RNFL

and GCC layer.
● The macula scanning protocol was used to measure the

GCC (i.e. the combined thickness of the RNFL, ganglion

cell layer, and IPL) thickness. The centre of the GCC

scan is automatically shifted 0.75 mm temporally to

improve sampling of the temporal periphery. The result-

ing map shows the averaged thickness in micrometres of

the whole W-GCC and of the hemi-superior (HalfSup-

GCC) and hemi-inferior sector (HalfInf-GCC).
● To measure the RNFL thickness the standard

glaucoma protocol was used with ONH map

acquisition. The map is centred on the ONH

along a circle of 3.45 mm in diameter and pro-

vides measurements in micrometres of RNFL for

the whole, averaged ONH (ONH-RNFL) and for

each of the 8 corresponding sub-sectors; the nasal-

superior (NU-RNFL), nasal-lower (NL-RNFL),

inferior-nasal (IN-RNFL), inferior-temporal (IT-

RNFL), temporal-lower (TL-RNFL), temporal-

upper (TU-RNFL), superior-temporal (ST-RNFL)

and superior-nasal (SN-RNFL) sub-sectors. The

hemi-superior (HalfSup-RNFL) and hemi-inferior

(HalfInf-RNFL) RNFL thicknesses are also calcu-

lated automatically.

Only eyes with correct automatic segmentation and disc mar-

gin location as controlled by the authors were included in the

study. Only good-quality images—defined by scans with scan

quality > 7/10 (and without artefacts)—were included.

Statistical Analysis
Continuous variables are reported as means and standard

deviations (SDs) or median and interquartile range (IQR)

if variables are not normally distribute; categorical vari-

ables are reported as frequencies and percentages. The chi

squared test was used to evaluate associations between

patient-level categorical variables (systemic hypertension

and sex) and group (healthy, ocular hypertension and

glaucoma); age effects were assessed via analysis of var-

iance (ANOVA); the change in intraocular pressure were

assessed using a repeated measure ANOVA and the scan

quality using the Kruskall-Wallis test

Three multivariate repeated measures ANOVA with an

unstructured covariance matrix were applied to evaluate

the differences in VD, GCC and RNFL thickness para-

meters means between groups accounting for the correla-

tion between measure on eyes within the same patients.

The response variables were the measurement of the ocu-

lar parameters in the morning, in the evening and the daily

change whereas the independent variables were the group,

systemic hypertension, age, axial length, daily changes in

intraocular pressure and the scan quality. Tukey’s post-hoc

test was applied to pairwise comparisons between groups

only for ocular parameter where a statistical difference

between groups was found. Given the large number of

tests performed, false discovery rate (FDR) adjustment

was applied to the ANOVA test to account for the inflation

of type I error due to multiple tests.

The analyses were performed using SAS (SAS Institute,

Cary, NC USA), all tests were two tailed, and a p-value

≤0.05 was considered statistically significant.

Results
Forty-six eyes from 28 patients with glaucoma (mean age

59.54 ± 7 years), 53 eyes from 31 patients with ocular
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hypertension (mean age 60 ± 7 years) and 62 eyes from 38

controls (mean age 57 ± 6 years) were included in this

study. Nineteen patients were excluded because of the poor

quality of the images. There were no significant differ-

ences in age, gender, axial length, best-corrected visual

acuity, refractive status or presence of systemic hyperten-

sion among the three groups (Table 1, p>0.14). There was

a significant difference pertaining to IOP (p<0.0001),

which did not change significantly throughout the day

(p=0.59). Forty-three eyes (26 patients) were taken topical

prostaglandins, 34 eyes (21 patients) topical betablockers,

17 eyes (10 patients) carbonic anhydrase inhibitors and 4

eyes (two patients) brimonidine.

The mean measurements of all the parameters investi-

gated were statistically different in the three groups in the

morning and in the evening (p<0.014, Table 2).

In control eyes, eyes with ocular hypertension and eyes

with glaucoma the percentages of daily changes were minimal

and not statistically significant, with respective means of

+0.12%, +0.34% and −0.25% for W-VD (Table 2,

FDR-adjusted p = 0.83); +0.17%, −0.31% and −0.54% for

ONH-VD (FDR-adjusted p = 0.83); +0.2%, +0.1% and

+0.29% for PP-VD (FDR-adjusted p = 0.83). Daily fluctua-

tions in GCC and RNFL thickness were not significant too in

any of the three groups, with respective means of +0.16 µm,

+0.66 µm and −0.15 µm for GCC (Table 2, FDR-adjusted

p = 0.58) and +0.24 µm, +0.58 µm and −0.24 µm for

ONH-RNFL (FDR-adjusted p = 0.91).

None of the parameter investigated changed signifi-

cantly in the group by group analysis or when the total

sample was considered (Table 3, p > 0.15).

In the group to group comparison, the post-hoc Tukey’s

tests showed a statistically significant difference for every

parameter investigated between eyes with glaucoma and con-

trol eyes or eyes with ocular hypertension (Table 4, p<0.008),

except for ONH-VD and NL-RNFL in the evening (p>0.08).

Comparisons between eyes with ocular hypertension and con-

trol eyes were not statistically significant (p>0.17).

Table 5 lists the regression coefficients and correspond-

ing standard errors with FDR-adjusted p values derived

from the multivariate model. Systemic hypertension, age,

axial length, daily changes in IOP and scan quality were

not significantly associated with daily fluctuations in VD,

RNFL or GCC (p>0.1).

Table 1 Demographic and Clinical Characteristics of the Patients Included in the Study

Variables Total Controls Hypertension Glaucoma p-value

N=97 161 eyes N=38 62 eyes N=31 53 eyes N=28 46 eyes

Gender, N (%)

Females 56 (57.73) 21 (55.26) 15 (48.39) 20 (71.43) 0.1867*

Males 41 (42.27) 17 (44.74) 16 (51.61) 8 (28.57)

Systemic hypertension, N (%)

No 76 (78.35) 29 (76.32) 27 (87.10) 20 (71.43) 0.3195*

Yes 21 (21.65) 9 (23.68) 4 (12.90) 8 (28.57)

Age, mean (SD) 58.73 (7.20) 57.10 (6.76) 60.00 (7.06) 59.54 (7.75) 0.1979^

Axial length, mean (SD) 23.70 (1.04) 23.73 (1.11) 23.44 (0.85) 23.95 (1.10) 0.9760°

Intraocular pressure (morning), mean (SD) 16.75 (3.32) 15.89 (2.51) 18.83 (3.67) 15.52 (3.13) <0.0001°

Intraocular pressure (evening), mean (SD) 15.28 (3.15) 14.68 (2.32) 17.30 (3.23) 13.75 (2.86) <0.0001°

Daily change in intraocular pressure, mean (SD) 1.47 (2.27) 1.21 (1.83) 1.53 (2.69) 1.76 (2.28) 0.5903°

Scan Quality (morning), median (IQR) 9 (8–9) 9 (8–9) 9 (8–9) 8 (8–9) 0.4203§

Scan Quality (evening), median (IQR) 9 (8–9) 9 (8–9) 9 (8–9) 8 (8–9) 0.4203§

BCVA, mean (SD 0.98 (0.07) 1.00 (0.02) 0.99 (0.04) 0.96 (0.11) 0.1485°

Refraction, mean (SD 0.00 (0.90) 0.06 (0.76) 0.00 (0.89) −0.09 (1.07) 0.423°

Notes: *P-values from χ2 test. ^p-values obtained from ANOVA test. °p-values obtained from repeated measure ANOVA. §Wilcoxon sum rank test.

Abbreviation: IQR, interquartile range.
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Discussion
This study provides insight into quantitative morphologi-

cal and vascular-derived characteristics determined by

means of OCTA imaging technology in a cohort of indi-

viduals homogeneous for age, gender, refractive status,

visual acuity, systemic hypertension. Vessel density, GCC

and RNFL proved to stay during the daytime, thus corro-

borating the clinical reliability of this technology in rou-

tine clinical practice.

Since eyes with glaucoma and with ocular hyperten-

sion were treated with topical medications, it is not sur-

prising there were significant differences among groups in

IOP measurements taken in the morning and in the eve-

ning (Table 1, P<0.0001), though there were no significant

daily changes (Table 1, P=0.59).

Consistently with previous reports,10–15 we found that

eyes with glaucoma exhibited RNFL, GCC and VD reduc-

tion in every sector of the peripapillary area investigated.

This reduction was statistically significant in the morning

and the evening in all three groups including every single

characteristic (Table 2, P<0.02). Similarly, when comparing

group to group, the means of all the parameters measured in

the morning and in the evening differed significantly

between eyes with glaucoma and eyes with ocular hyper-

tension and controls except ONH-VD and NL-RNFL in the

evening (Table 4, p<0.008). On the contrary, no significant

differences were registered between control eyes and eyes

affected by ocular hypertension (P>0.17, Table 4). In fact,

in the ocular hypertension group RNFL, GCC and VD were

slightly reduced, but not statistically significantly. This find-

ing is not concordant with several previous studies in which

significant reductions in RNFL, GCC and VD were consid-

ered to precede glaucoma development.7,15–18 Notably, we

included eyes with ocular hypertension that had not altera-

tion of the ONH and this may explain the discrepancy.

Vessel density is thought to be a reliable indicator of

microcirculation status, and it has been postulated that

vascular problems involving chronic impairment of ocu-

lar blood flow can lead to RNFL/GCC damage.19–21 The

increasing use of OCTA in clinical practice may clarify

the role of ocular blood flow in the pathogenesis of

several retinal diseases. Although several potential arte-

facts constitute a limitation of OCTA technology, its

reproducibility is considered good and intra-session

and inter-session coefficients ranging from 1.8% to

7.0% have been reported.22–24 However, diurnal VD

variations have not been thoroughly investigated to

date, in eyes with or without glaucoma. Mansouri et al

recently concluded that diurnal differences were rela-

tively small and not statistically significant, although

VD measurements of the whole peripapillary area,

including the ONH and the peripapillary area were

higher in the afternoon than in the morning in a sample

of 86 eyes from 43 glaucoma patients.19 Overall, these

findings are consistent with the current study in which

not only 46 eyes from 28 individuals with glaucoma, but

also the 53 eyes from 31 patients affected by ocular

hypertension, and the 62 eyes from 38 controls were

analysed too. The diurnal changes detected were mini-

mal in every area and in every group, and there were

no statistically significant differences in this respect

(Tables 2 and 3).

High-quality OCTA imaging is essential for interpret-

ing and monitoring VD. Mansouri et al found that changes

in scan quality and VD were significantly associated.19 On

the contrary, it is relevant that no statistical correlations

were detected in our series, probably because of the high

quality of scan acquisition (median 8–9, Table 1).

Table 3 The T-test Derived P-value Adjusted for Multiplicity Using

the False Discovery Rate (FDR) Method. Daily Fluctuations Were

Not Statistically Different in Any of the Parameters Investigated

within the Groups and in the Total Sample. Only main parameters

are indicated.

Control

eyes

Eyes with

ocular

hypertension

Eyes with

glaucoma

FDR

adjusted

p-value

FDR adjusted

p-value

FDR

adjusted

p-value

Vascular density

W-VD 0.7077 0.7907 0.9385

ONH-VD 0.7077 0.7907 0.9385

PP-VD 0.8377 0.7907 0.9385

PP Half Inf-VD 0.7077 0.8741 0.8146

PP Half Sup-VD 0.7077 0.8741 0.8146

GCC

W-GCC 0.7077 0.7823 0.8146

Half Inf-GCC 0.8347 0.7823 0.9385

Half Sup-GCC 0.7077 0.8905 0.9385

RNFL

ONH-RNFL 0.7077 0.8004 0.9385

Half Inf-RNFL 0.9415 0.7907 0.9385

Half Sup-RNFL 0.7077 0.8741 0.9385
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The main interesting finding of the study is that all the

parameters investigated were stable throughout the day in

all three groups despite the fact that physiological variations

in IOP, systemic pressure and choroidal blood flow were

reportedly typical.25 We can observe that in eyes with

glaucoma the VD in most of the sectors tend to be higher

in the evening, but this finding is not statistical significant.

Moreover, it is known that the choroidal thickness changes

during the day26,27 and that choroid has autonomic nerve

endings whereas the retina does not.28 Consistently, in the

study by Yanik et al, no daily fluctuations were found in

macular VD28 probably because the retinal circulation is not

an end artery region like the choriocapillary, but is orga-

nized in superficial and deep vascular plexuses. In addition,

given that VD is a validated value determined automatically

by a device which calculates the total area investigated/the

area occupied by vessels based on retina’s en face imaging,

the present study yielded some additional evidence that

retinal vessels are influenced by an autoregulatory system

in order to maintain stable vascularity that is independent of

other factors.28,29 Conversely, a number of previous studies

indicated abnormal ocular blood flow autoregulation in

glaucoma using different technologies such as color/laser

Doppler flowmetry.30,31 However, it should be noted that

OCTA can quantitively assess vessel calibre volume in the

area investigated, but not the amount of blood flow.

Moreover, all patients with glaucoma or ocular hyperten-

sion in the present study were on IOP-lowering topical

medications, known to normalize ocular blood flow.32

To the best of our knowledge there are few reports on

diurnal fluctuations in GCC and RNFL thickness deter-

mined by spectral domain optical coherence tomography

(SD-OCT). Using a different device, the Spectralis SD-

OCT (Heidelberg Engineering, Heidelberg, Germany)

Ashraf et al evidenced that in 21 healthy individuals

RNFL thickness was significantly greater in the morning

in nasal, inferior and inferonasal subfields, suggesting that

changes were due to real diurnal variations rather than

repeatability limitations of the device.33 On the contrary,

our findings suggest morphological stability of the RNFL

and GCC thickness in the eyes with and without glaucoma

during the day.

Table 4 Post-hoc tukey’s tests of the Group to Group Comparison. There Is a Statistically Significant Difference for Every Parameter

Investigated between Eyes with Glaucoma and Control Eyes or with Ocular Hypertension, except for ONH-VD in the Evening.

Comparisons between Eyes with Ocular Hypertension and Control Eyes Were Not Statistically Significant. Only main parameters are

indicated.

Variable Morning Evening

Glaucoma vs

Hypertension

Glaucoma vs

Controls

Hypertension vs

Controls

Glaucoma vs

Hypertension

Glaucoma vs

Controls

Hypertension vs

Controls

Tukey adjusted

p-value

Tukey

adjusted

p-value

Tukey adjusted

p-value

Tukey adjusted

p-value

Tukey

adjusted

p-value

Tukey adjusted

p-value

Vascular density

W-VD <0.0001 <0.0001 0.5536 <0.0001 <0.0001 0.5977

ONH-VD 0.0071 0.0059 0.6308 0.0821 0.0115 0.7432

PP-VD <0.0001 <0.0001 0.4448 <0.0001 <0.0001 0.6998

PPHInf-VD <0.0001 <0.0001 0.3844 <0.0001 <0.0001 0.6474

PPHSup-VD <0.0001 <0.0001 0.6330 <0.0001 <0.0001 0.8565

GCC

W-GCC <0.0001 <0.0001 0.8826 <0.0001 <0.0001 0.8494

HInf-GCC <0.0001 <0.0001 0.9138 <0.0001 <0.0001 0.8234

HSup-GCC <0.0001 <0.0001 0.8623 <0.0001 <0.0001 0.8384

RNFL

ONH-RNFL <0.0001 <0.0001 0.2935 <0.0001 <0.0001 0.1945

HInf-RNFL <0.0001 <0.0001 0.2295 <0.0001 <0.0001 0.1779

HSup-RNFL <0.0001 <0.0001 0.5173 <0.0001 <0.0001 0.3609
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The regression coefficient derived from the multivari-

ate model investigated the roles of systemic hypertension,

axial length and IOP changes. Interestingly, none of these

factors were shown to play a significant role (Table 5).

Although not statistically significant, increased age corre-

sponded with small increases in mean daily variation in

almost all of the parameters investigated, suggesting that

aging may affect the vascular autoregulatory system of

the eye.

The current study had some limitations, including the

intrinsic limit of OCTA technology and the lack of multi-

ple intra-session acquisitions. However, it is unique in that

it compared diurnal fluctuations in OCTA-determined

parameters and in more commonly used RNFL and GCC

thickness, in the same eye, with the same device in differ-

ent groups of patients. None of the parameters investigated

exhibited significant daily variation, which was indepen-

dent of age, IOP, systemic hypertension and axial length.

Overall, all the measurements were stable during the day,

thus corroborating the clinical relevance of OCTA regard-

less the time of acquisition.

Conclusion
On optical coherence tomography angiography we did not

find any diurnal fluctuations in peripapillary vessel density

and thickness of ganglion cell complex and retinal fiber

layer, when we compared healthy eyes with eyes of

patients with ocular hypertension and glaucoma.
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