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Abstract
Objective: To determine the association of structural and vascular parameters using
optical coherence tomography (OCT) angiography (-A), in patients diagnosed with
primary congenital glaucoma (PCG).
Material and methods: 40 patients diagnosed with PCG were recruited (only one
eye per patient was included). All study participants underwent a comprehensive
ophthalmologic examination. Peripapillary and macular vascular measurements
were obtained using Angioplex TM OCTA with a 4.5x4.5mm optic nerve head scan and
6x6mm macular scan. Structural parameters were collected: circumpapillary Retinal
nerve fiber layer (cpRNFL) thickness (global and quadrants), ganglion cell-inner
plexiform layer complex (GCL+IPL) thickness (average, minimum and sectors), rim
area, average and vertical cup to disc (C/D) ratio and cup volume.
Results: Global peripapillary values were: Mean flux index (FI) was 0.39 (0.05), mean
perfusion density (pPD) was 42.57 (4.56) %, cpRNFL was 78.65 (22.50) microns,
average c/p ratio (0.59 (0.18) and global GCL+IPL thickness was 71.71 (14.81)
microns and minimum GCL+IPL thickness was 64.18 (18.63) microns. Statistical
correlation was found between peripapillary structural, vascular and morphologic
parameters (all p<0.023).
Conclusion: OCTA measurements could offer useful and objective measurement of
damage in early and severe congenital glaucoma, complementary to that offered by
OCT.
Resumen
Objetivo: Determinar la asociación entre los parámetros estructruales y vasculares
usando la angiografia (angio-) con tomografía de coherencia óptica (OCT), en
pacientes diagnosticados de glaucoma congénito primario (GCP).
Material y métodos: se incluyeron un total de 40 pacientes diagnosticados de
GCP (un ojo por paciente). Se realizó una exploración oftalmológica completa. Se
recogieron todas las mediciones obtenidas mediante la Angio-OCT Angioplex TM ,
a nivel peripapilar con un scan de 4,5x4,5mm y a nivel macular de 6x6mm. Y se
recogieron los siguientes parámetros estructurales: grosor global y por cuadrantes
de la capa de fibras nerviosas peripapilar (cpRNFL), grosor promedio y mínimo del
complejo de células ganglionares+plexiforme interna (GCL+IPL), área del anillo,
relación copa-disco promedio y por sectores y volúmen de la copa.
Resultados: los valores globales peripapilares fueron: el FI medio fue 0,39 (0,05),
la densidad de perfusión media (pPD) fue 42,57 (4,56) %, la cpRNFL global
promedio fue 78,65 (22,50) microns, el ratio C/D fue 0,59 (0,18) y el grosor global
de GCL+IPL fue 71,71 (14,81) miras. Se encontró una correlación estadística entre
los parámetros vasculares y estructurales (todos p<0,023).
Conclusion: Angio-OCT ofrece información objetiva del daño secundario al glaucoma,
complementaria a la que ofrece OCT.
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INTRODUCTION
The recent development of Optical Coherence
Tomography Angiography (OCTA) offers in vivo
information of the retinal and choroidal microvasculature in different regions (1). This non-invasive
technique, using contrast imaging, allow us to
obtain a quantitative assessment of the optic nerve
head (ONH), peripapillary and macular microvascularity (2). It has been reported that glaucoma
patients present a decrease of these vascular
parameters (3).
Previous studies reported that OCTA optic nerve
head (ONH) vessel density measurements are
associated with the severity of glaucoma and a
strong correlation has been demonstrated between
structural and vascular parameters. Indeed, lower
ONH perfusion has also been related to a thinner
macular ganglion cell complex and lower macular
vessel density in adults with glaucoma (4,5).
In normal children (6), OCTA parameters were
reported in several articles. However poor information is available about the peripapillary and macular
microvasculature in the literature in childhood
glaucoma.
Primary Congenital Glaucoma (PCG) is a rare
disease but it is an important cause of vision loss in
children. The diagnosis of PCG is based on clinical
criteria. However, in the last years the introduction of new devices such as optical coherence
tomography (OCT), has proved to be useful for
the management of paediatric glaucoma (7) as it
provides objective retinal nerve fiber layer (RNFL)
thickness and ganglion cell complex measurements (1). Recently, reduced peripapillary vascular
parameters were reported in juvenile glaucoma
using OCTA (8), however no information about
changes on retinal micro vascularity were reported
in PCG.
This study was designed to determine the association of structural and vascular parameters using
Cirrus OCT and OCTA, in patients diagnosed with
primary congenital glaucoma.

40 children diagnosed with PCG were recruited.
Diagnostic criteria for PCG according to the
Childhood Glaucoma Research Network classification are (9): IOP > 22 mmHg, clinical sings of
glaucoma such as enlarged corneal diameter, Haab’s
striae and glaucomatous appearance of the optic nerve
head. Those included eyes had sufficient visual acuity
for fixation, BCVA equal or higher than 0.05, good
ocular media transparency and no other previous
ocular surgery excepting glaucoma surgeries. The
presence of nystagmus or leukoma was an exclusion
criterion.
All study participants underwent a comprehensive ophthalmologic examination by a single
experienced examiner (LMF).The ophthalmic exam
included: best-corrected visual acuity (BCVA)
using decimal Snellen scale, and refractive state
expressed as spherical equivalent (SE; cycloplegic
refraction), intraocular pressure using the portable
version of the Goldmann tonometer (Perkins,....),
dilated fundus examination including cup-to-disc
ratio determined by the same examiner (LMF),
OCT and OCTA measurements using Cirrus OCT
(HD-OCT 5000; Carl Zeiss Meditec, Inc., Dublin,
CA, USA).
When both eyes were eligible, only one eye was
randomly selected (using a randomization web www.
randomization.com).

OCTA measurements
SD-OCT Cirrus ((Cirrus, HD-OCT 5000; Carl Zeiss
Meditec, Inc., Dublin, CA, USA) was used to acquire
macular and peripapillary scans. (11). The device´s
software Angioplex TM (version 10.0, Carl Zeiss
Meditec) includes the algorithm “optical microangiography” (OMAG). This software with FDA
approval, offers automatic measurements of vascular
parameters in the superficial retinal plexus.
All scans were performed using eye- tracking, by
the same operator (LMF) with pupil dilation in a
dark room on the same day as the other tests. Only
good-quality scans with a signal strength index (SSI)
>8 were included.
Figure 1 shows the scan areas and the segmentations.

MATERIAL AND METHODS

Study participant
Observational and cross-sectional study. A total of
40 patients diagnosed with PCG were recruited.
This study protocol adhered to the tenets of
the Declaration of Helsinki and was approved
by the Ethics Committee of the Hospital (a
National Reference Centre for infant glaucoma).
All participants aged 18 years or older, signed
a written informed consent and it was obtained
from the parents or legal guardians of participants younger than this age (all children gave
their verbal consent to participate in our study).

Peripapillary scans (4.5x4.5mm) were performed
for each patient, centred on the optic nerve.
Automatically, Angioplex TM analyse the superficial microvasculature located between an inner
circle with a radius of 2mm and an outer circle
with a 4.50 mm radius both centred on the ONH,
divided on four quadrants: superior, inferior,
temporal and nasal. Two peripapillary parameters were recorded: peripapillary perfusion
density (pPD) and flux index (FI) for the global
and quadrants (superior, temporal, inferior and
nasal). pPD (the total area of perfused radial
peripapillary capillary vasculature per unit
area, %); and FI (a parameter between 0 and 1
representing the average decorrelation signal, no
units) (figure 1.a.).
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FIGURE 1 A.

FIGURE 1 B.

FIGURE 1 C.

FIGURE 1 D.

Figure 1. 1 Angiography slabs of the optic nerve head 4.5x4.5mm scan showing the radial peripapillary capillary (1a) and
superficial angiography slabs of the 6×6 mm macular scan (1.b) obtained using OCT Cirrus 5000 (1.b) in a PCG eye. Representative OCT scans of cpRNFL thickness (1.c) and macular GCL+IPL analisis (1.d) in a PCG eye.

Macular scans (6x6mm) centred on the fovea were
obtained for each PCG patient. And Angioplex TM
automatically calculate 2 macular parameters:
macular vascular density (the total length of blood
vessel from the skeletonized image to the total area,
mVD, mm 1 ); and macular perfusion density (the

total area of perfused vasculature per unit area,
mPD, %).
The macular scan is subdivided into the Early
Treatment of Diabetic Retinopathy Study (ETDRS)
map: central circle (cC) within the 1-mm central
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circle centred on the fovea, an inner circle (iC) from
1 to 3 mm, an outer circle (oC) from 3 to 6 mm and
a whole circle (w) (Figure 1.b). All mPD and macular
VD measurements (global and circles) were collected.
And foveal avascular zone (FAZ) was analysed: FAZ
area (the macular foveal area without blood flow
signal, mm2 ), the FAZ perimeter (mm), and the
acicularity index (the measured perimeter of FAZ-tothe perimeter of projected circle ratio with the same
area as the FAZ, AI; from 0 to 1).

OCT measurements
The images of Macular and peripapillary 6x6
mm scans were acquired with the same instrument SD-OCT (Cirrus, HD-OCT 5000; Carl Zeiss
Meditec, Inc.) to get optic nerve head measurements: circumpapillary Retinal nerve feber layer
(cpRNFL) thickness (average and quadrants
superior, nasal, inferior and temporal), disc
area (mm 2 ), rim area (mm 2 ), average C/D ratio
and vertical C/D ratio (figure 1.c); and macular
measurements: average ganglion cell layer and
inner plexiform layer (GCL+IPL) thickness,
minimum GCL+IPL thickness and superior,
superior nasal, superior temporal, inferior,
inferior nasal and inferior temporal GCL+IPL
thickness (figure 1.d).

Statistical analysis
Statistical analyses were performed using SPSS
software (version 20.0; SPSS, Inc., Chicago, IL,
USA). Descriptive statistics were used to calculate
mean and median of the different demographic
and clinical parameters. Pearson correlation
test was performed to determine the correlation
between structural and functional parameters and
significance was taken as p<0.05.

RESULTS
The study population consisted of 40 PCG patients
(median age 11 (9-14.75) years). A total of 51
children with PCG were examined however only
40 were finally included in the study group due to
poor quality of exams or impossibility to complete
OCTA and/or OCT scans.
Demographic and clinical characteristics of the
study population are described in table 1. The
clinical characteristics of the PCG group were:
mean IOP 16.56 (3.87) mmHg (range 7-26 mmHg)
and mean number of hypotensive ocular medications used 0.78 (0.67). All eyes required glaucoma
surgeries and mean glaucoma surgeries per eye
were 1.53 (1.21): in 17 eyes, at least one goniotomy
was performed (median number of goniotomies per eye was 1.8 (P25-P75= 1.3-2.6). 12 eyes
required at least one trabeculectomy (median
number of trabeculectomies per eye was 1.2 (P25-

P75=1-2) and 3 eyes required the implantation of
an Ahmed valve.
Table 2 shows all peripapillary OCT and OCT-A
measurements. Mean pPD was 42.57 (4.56)
% and flux index was 0.39 (0.05). pPD and FI
measurements were lower in vertical quadrants than
horizontal quadrants (superior pPD=39.06(8.98)
% ,inferior pPD=40.39 (5.66)%, superior FI=0.38
(0.05) and inferior FI=0.38 (0.06). the highest pPD
and FI values were obtained in the temporal quadrant
(pPD=46.48 (3.92) % and FI=0.40(0.06).
Average cpRNFL thickness was 78.65 (22.50)
microns. cpRNFL thickness in inferior quadrant
was lower (92.45 (33.94) microns) than cpRNFL
thickness in superior quadrant (93.17 (32.53)
microns).
All macular OCT and OCT-A measurements are
shown in table 3. W-VD was 16.85 (1.92) mm-1 and wmPD was 41.43 (4.91) %. As expected, lower values
for both parameters were found in the central-circle
due to FAZ area is included in this measurement (FAZ
area= 0.21 (0.09) mm2). Higher values were found
for outer circle for both parameters (oC-mPD=42.42
(5.43) % and oC-VD=17.08 (2.10) mm-1). Average
GCL+IPL thickness was (71.71 (14.81) microns and
minimum GCL+IPL thickness was 64.18 (18.63)
microns.
Table 4 represents the correlation between OCT and
OCT-A measurements. FI showed a correlation with
structural measurements: average cpRNFL thickness
(r=0.707;p<0.001), average GCL+IPL thickness
(r=0.568;p<0.001) and minimum GCL+IPL thickness
(r=0.521;p=0.001); and with morphologic measurements: rim area (r=0.704;p<0.001), average C/D ratio
(r=-0.645;p<0.001), vertical C/D ratio (-0.703;p<0.001),
cup volume (r=-0.455;p=0.004). pPD showed a correlation with structural measurements: average cpRNFL
thickness (r=0.722;p<0.001), average GCL+IPL
thickness (r=0.510;p=0.001) and minimum GCL+IPL
thickness (r=0.417;p=0.001); and with morphologic
measurements: rim area (r=0.652;p<0.001), average
C/D ratio (r=-0.554;p<0.001), vertical C/D ratio
(-0.632;p<0.001), cup volume (r=-0.368;p=0.023).
Statistically significant correlation was found between
peripapillary structural and vascular parameters
in quadrants: Superior RNFL thickness showed a
positive correl tion with superior FI (r=0.685;p<0.001)
and superior pPD (r=0.582;p<0.001); Inferior RNFL
thickness showed a positive correlation with inferior FI
(r=0.659;p<0.001) and inferior pPD (r=0.740;p<0.001);
temporal RNFL thickness showed a positive correlation with temporal FI (r=0.512;p=0.010) and
temporal pPD (r=0.663;p<0.001); And nasal RNFL
thickness showed a positive correlation with nasal FI
(r=0.537;p=0.001) and nasal pPD (r=0.461;p=0.005).
Indeed, vascular macular measurements showed
a strong correlation with macular structural
parameters: GCL+IPL thickness with mVD
(r=0.478; p=0.004) and mPD (r=0.477; p=0.004).
No correlation was detected between FAZ area
and structural macular measurements.
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Table 1. Demographic and ocular characteristics of the patients diagnosed with primary congenital
glaucoma (PCG) included in the study.
PCG (n=40)
Mean (SD)1
Median (P25-P75)2

(range: minimum- maximum)

Age (years)

11 (9-14.75)2

4-24

Female/male

21/19

-

Right/left eyes

21/19

IOP (mmHg)

16.56 (3.87)

BCVA (decimal Snellen scale)

0.65(0.32)

SE (Diopters)

-1.75 (-5.50-0.87)

Cup to disk ratio

0.55 (0.30)

7-26

1

0.05-1.2

1

1

2

-15 – 12
0.1-0.9

SD: standard deviation; BCVA; best corrected visual acuity; SE: spherical equivalent; IOP: intraocular pressure.

Table 2. Structural and vascular peripapillary measurements obtained by OCT-A and OCT.
PCG group(n=40)
Mean (SD)
OCT-A measurements
Global data
pPD (pPD) (%)

42.57 (4.56)

FI

0.39 (0.05)

Quadrant data
Superior pPD (%)

39.06 (8.98)

Superior-FI

0.38 (0.05)

Temporal-pPD (%)

46.48 (3.92)

Temporal-FI

0.40 (0.06)

Inferior-pPI (%)

40.39 (5.66)

Inferior-FI

0.38 (0.06)

Nasal-pPD (%)

42.54 (3.59)

Nasal-FI

0.39 (0.06)

OCT measurements
Disc area (mm2)

1.75 (0.32)

Rim area (mm )

1.76 (0.32)

Average C/D ratio

0.59 (0.18)

Vertical C/D ratio

0.56 (0.18)

cpRNFL thickness

78.65 (22.50)

Superior RNFL thickness

93.17 (32.53)

Temporal RNFL thickness

62.40 (19.41)

Inferior RNFL thickness

92.45 (33.94)

Nasal RNFL thickness

66.75 (17.14)

2

OCT-A: ocular coherence tomography angiography; OCT: ocular coherence tomography; PCG: primary congenital glaucoma;
pPD: peripapillary perfusion density; FI: flux index; C/D: cup to disc; RNFL: retinal nerve fiber layers; cpRNFL: circumpapillary RNFL.
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Table 3. Structural and vascular macular measurements obtained by OCT-A and OCT Cirrus.
PCG (n=40)
Mean (SD)
OCT-A parameters
Vascular density (VD) (mm-1)
cC-VD

9.01 (3.21)

iC- VD

17.11 (1.74)

oC-VD

17.08 (2.10)

w- VD

16.85 (1.92)

Macular Perfusion density (mPD) (%)
cC-mPD

19.94 (7.65)

iC-mPD

40.94 (4.45)

oC-mPD

42.53 (5.48)

w- mPD

41.43 (4.91)

Foveal avascular zone (FAZ)
FAZ area (mm2)

0.21 (0.09)

FAZ perimeter (mm)

1.91 (0 .52)

AI

0.69 (0.09)

OCT parameters (microns)
Average GCL+IPL thickness

71.71 (14.81)

Minimum GCL+IPL thickness

64.18 (18.63)

Superior GCL+IPL thickness

71.73 (14.62)

Superior-nasal GCL+IPL sector

74.89 (16.31)

Superior-temporal GCL+IPL sector

70.44 (16.26)

Inferior GCL+IPL sector

70.13 (15.64)

Inferior-nasal GCL+IPL sector

72.26 (15.15)

Inferior-temporal GCL+IPL sector

71.28 (16.25)

OCT-A: ocular coherence tomography angiography; OCT: ocular coherence tomography; PCG: primary congenital glaucoma;
GCL+IPL = ganglion cell layer+inner plexiform layer; cC: central circle; iC: inner circle; oC: outer circle; w: full macular value;
mPD: macular perfusion density; VD: vascular density; FAZ: foveal avascular zone. AI: the acircularity index.
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Table 4. Correlation of the main retinal OCT-A parameters with structural and functional tests in glaucomatous eyes.
FI quadrant

Temporal
FI quadrant

Global pPD

Inferior
pPD
quadrant

0.090

0.175

0.018

0.180

0.090

P=0.477

P=0.597

P=0.315

P=0.917

P=0.279

P=0.597

0.704

0.687

0.706

0.776

0.537

0.652

0.706

P<0.001

P<0.001

P<0.001

P<0.001

P=0.001

P<0.001

P<0.001

Average
C/D ratio

-0.645

-0.628

-0.663

-0.702

-0.501

-0.554

-0.663

P<0.001

P<0.001

P<0.001

P<0..001

P=0.002

P<0.001

P<0.001

Vertical
C/D ratio

-0.703

-0.688

-0.727

-0.748

-0.586

-0.632

-0.727

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

<0.001

P<0.001

Average
cpRNFL

0.707

0.706p

0.752

0.694

0.694

0.722

0.752

P<0.001

<0.001

P<0.001

P<0.001

P<0.001

p<0.001

P<0.001

Cup
volume

-0.455

-0.449

-0.497

-0.525

-0.373

-0.368

-0.531

P=0.004

P=0.005

P=0.002

P=0.001

P=0.025

P=0.023

P=0.001

Superior
RNFL
thickness

0.686

0.685

0.660

0.681

0.681

0.703

0.679

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

<0.001

P<0.001

Inferior
RNFL
thickness

0.669p

0.665

0.659

0.667

0.645

0.664

0.740

<0.001

P<0.001

P<0.001

P<0.001

P<0.001

<0.001

P<0.001

Nasal
RNFL
thickness

0.542

0.542

0.577

0.537

0.498

0.498

0.571

P<0.001

P<0.001

P<0.001

P=0.001

P=0.002

P=0.001

P<0.001

Temporal
RNFL
thickness

0.477

0.485

0.471

0.432

0.512

0.561

0.527

P=0.002

P=0.002

P=003

P=0.010

P=0.001

p<0.001

P=0.001

Average
GCL+IPL
thickness

0.568

r=0.593

0.535

0.574

0.509

0.510

0.579

P<0.001

P<0.001

P=0.001

P<0.001

P=0.002

P=0.001

P<0.001

Minimun
GCL+IPL
thickness

0.521

r=0.532

0.485

0.533

0.462

0.417

0.507

P=0.001

P=0.001

P=0.003

P=0.001

P=0.005

P=0.011

P=0.002

Disc area

Rim area

Global FI

Superior FI

Inferior FI
quadrant

Nasal

0.140

0.119

P=0.403

OCT-A: ocular coherence tomography angiography; OCT: ocular coherence tomography; PCG: primary congenital glaucoma;
GCL+IPL = ganglion cell layer+inner plexiform layer; cC: central circle; iC: inner circle; oC: outer circle; w: full macular value;
mPD: macular perfusion density; VD: vascular density; FAZ: foveal avascular zone. AI: the acircularity index.
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Nasal pPD
quadrant

Temporal
pPD
quadrant

w-mVD

w-mPD

FAZ area

FAZ
perimeter

AI

0.080

0.118

0.166

0.190

-0.024

-0.031

0.241

P=0.648

P=0.495

P=349

P=0.281

P=0.891

P=0.860

P=0.170

0.692

0.497

0.394

0.377

-0.096

-0.023

0.241

P<0.001

P=0.002

P=0.021

P=0.028

P=0.593

P=0.895

P=0.170

-0.678

-0.384

-0.288

-0.252

0.088

-0.012

-0.134

P<0.001

p=0.021

P=0.099

P=0.151

P=0.619

P=0.944

P=0.451

-0.714

-0.471

-0.338

-0.295

0.135

0.050

-0.090

P<0.001

P=0.004

P0.050

P=0.091

P=0.446

P=0.781

P=0.614

0.535

0.731

0.511

0.482

0.027

0.103

0.139

P=0.001

P<0.001

P=0.002

P=0.004

P=0.881

P=0.564

P=0.435

-0.471

-0.251

-0.337

-0.297

0.001

-0.080

-0.230

P=0.012

0.004

P=0.139

P=0.051

P=0.088

P=0.994

P=0.654

P=0.190

0.582

0.489

0.735

0.410

0.389

-0.008

0.042

0.063

P=0.003

P<0.001

P=0.016

P=0.023

P=0.966

P=0.816

P=0.723

0.544

0.631

0.537

0.508

0.044

0.101

0.217

P=0.001

P<0.001

P=0.001

P=0.002

P=0.804

P=0.569

P=0.218

0.461

0.442

0.360

0.342

-0.179

-0.084

0.037

P=0.005

P=0.007

P=0.037

P=0.048

P=0.311

P=0.635

P=0.837

0.284

0.663

0.435

0.406

0.226

0.308

0.117

P=0.098

P<0.001

P=0.010

P=0.017

P=0.199

P=0.076

P=0.508

0.517

0.500

0.478

0.477

0.143

0.054

0.390

P=0.002

P=0.002

P=0.004

P=0.004

P=0.419

P=0.762

P=0.023

0.470

0.351

0.559

0.548

0.079

-0.004

0.342

P=0.005

P=0.038

P=0.001

P=0.001

P=0.657

P=980

P=0.048

Superior pPD
quadrant
0.231
P=0.164
0.572
P<0.001
-0.480
P=0.002
-0.5
P=0.00103
0.623
P<0.001
-0.405

P<0.001
0.564
P<0.001
0.423
P=0.008
0.545
P<0.001
0.416
P=0.012
0.339
P=0.043
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DISCUSION
Multiple studies have confirmed the reductions
in microvasculature in peripapillary, macular and
whole image scans using OCTA in adult glaucoma
and the association between severity of glaucoma and
vascular damage has been reported (10,11). Changes
in peripapillary and macular vascular parameters
were reported to have a strongly positive correlation with structural parameters (GCC thickness and
RNFL thickness) and a negative correlation with the
severity of glaucoma, which mean the more severe
the glaucoma was, the lower vascular parameters
were (12).
In this study, all peripapillary and macular vascular
parameters in the superficial plexus were measured
in patients with PCG using Angioplex TM . Recently,
Garcia-Perez et al (6) described normal values for
all vascular parameters using Angioplex TM, and
in comparison, our results show a reduction of all
vascular parameters (peripapillary and macular
measurements) affecting to all quadrants, in PCG
patients. And remarkably, a higher reduction of
peripapillary vascular measurements (FI and pPD)
was observed in vertical quadrants. These results
support the idea of previous studies in children with
PCG, suggesting that glaucoma damage in PCG
children could differ from that produced in adults,
typically with a global loss of ganglion cell complex
thickness and circumpapillary RNFL thickness that
was particularly marked in the superior and inferior
quadrants (7,13).
As in POAG, our results showed a strongly positive
correlation between structural and vascular parameters, FI and pPD with cpRNFL thickness in PCG.
Indeed, stronger correlation between peripapillary
vascular measurements (FI and pPD) and cpRNFL
thicknesses was found in superior and inferior
quadrants. This finding is consistent with previous
studies, showing that these sectors are the most
vulnerable sectors to glaucomatous damage (14).
And in concordance, also other criteria of severity
of PCG such as average C/D ratio, vertical C/D ratio
or cup volume, showed negative correlation with
vascular measurements (15).
The relationship between vascular and structural
parameters has been reported in other studies in
adult glaucoma patients. Yarmohamadi et al. (16)
reported that the quadratic model provides a better
fit for the relationship between vessel density, RNFL
thickness and MD than the linear model. And a
different behaviour was described in the relationship between structure and vascularization through
the stages of severity of glaucoma. Song et al. (17)
showed that the relationship is more linear in
the early stage of glaucoma. Indeed, in advanced
glaucoma (>20db) the decrease in pfVD is almost
linear (18).
This suggest that OCTA measurements may offer
some advantages for detecting damage of glaucoma,
first, in early glaucoma. OCTA measurements may
have a potential role in monitoring visual function

in eyes with onset glaucoma especially for those
who cannot perform a good quality visual field.
Supporting this conclusion, Akil et al. (19) reported
that the pVD could differentiate early glaucoma from
pre-perimetric glaucoma and normal eyes. And,
peripapillary VD showed higher diagnostic capacity
for detecting functional damage in early glaucoma,
even more than cpRNFL thickness (20,21). cpRNFL
thickness reaches its baseline level or floor effect
before peripapillary vascular parameters (5,21).
So, in advanced glaucoma vascularization function
allow a better monitoring of the visual function than
cpRNFL or GCC thickness (21).
Despite this, the relationship between functional
and vascular parameters remain unclear in PCG. In
adults, Holló G et al. (11) found that pVD significantly correlated with the corresponding Visual
field in glaucomatous eyes, and Kwon JM et al. (20)
(reported a significantly correlation between pVD
and visual field loss in central field, suggesting that
glaucomatous eyes with central field affectation
tended to have vulnerable vasculature. New lines of
investigation are needed to determine the association between visual field loss and vascular changes
in PCG.
The main limitation of our study was, first, the
number of cases. PCG is a rare disease and in several
cases, it is associated with an opacity of the ocular
media, poor fixation or poor vision so those cases are
excluded. Indeed, those young patients presents lack
of cooperation so very early paediatric ages cannot
be considered to be included. As a consequence, a
selection bias towards eyes with less severe glaucoma
exists. Second, due to the cross-sectional design of
the study, to evaluate the impact of other interfering
factors such as ocular hypotensive eye drops on
vascular measurements is not possible. In this line,
longitudinal studies investigating the temporal
sequence of OCTA changes would be interesting
to address whether those changes are cause or
consequence of ONH damage in glaucoma. Third,
the possible effect of AL on OCTA measurements was
not considered. AL could artefact our results because
the magnification effect has been demonstrated for
OCT thickness measurements, however some authors
reported no correlation between vascular parameters
and AL (22).
To conclude, these results highlight the association between the severity of glaucoma and
vascular damage in congenital glaucoma. In the
clinical practice, OCTA could offer the opportunity to measure vascular parameters and could be
a useful tool to determine quantifiable changes on
vascular loss specially in early and severe cases of
glaucoma.
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