ORIGINAL ARTICLE

OCT ANGIOGRAPHY AND DOPPLER ULTRASOUND
IN HYPERTENSION GLAUCOMA
Lešták J.1, Fůs M.1, Benda A.1, Bartošová L.1, Marešová K.2
Department of Ophthalmology, JL Faculty of biomedical
engineering, Czech Technical University in Prague, Czech Republic
2
Department of Ophthalmology Faculty of Medicine Palacký
University and University Hospital in Olomouc, Czech Republic

1

The authors declare that the compilation and theme of this specialist
study and its publication are not in a conflict of interest, and that they
are not supported by any pharmaceutical firm.
The authors declare that this study has not been submitted to any other
magazine or published elsewhere.
Received: 16 December 2020
Accepted: 1 February 2021
Available on-line: 15 June 2021

doc. MUDr. Ján Lešták, CSc., MSc.,
MBA, LLA, DBA, FEBO, FAOG
Oční klinika JL Fakulty
biomedicínského inženýrství
ČVUT v Praze
V Hůrkách 1296/10
158 00 Praha 5 – Nové Butovice
E-mail: lestak@seznam.cz

SUMMARY

Aims: The main aim of this work was to find out if there is a correlation between vessel density (VD) and results of measured perfusion values in
ophthalmic artery and in central retinal artery of the same eye in a group with hypertension glaucoma (HTG).
Materials and methods: The file included 20 patients with HTG, thereof 13 women of average age 68.7 years (49–80 years) and 7 men of average age
58.4 years (27–81 years). Criteria for inclusion in the study: visual acuity 1,0 with possible correction less than ±3 diopters, approximately the same
changes in visual fields in every patient, intraocular pressure (IOP) less than 18 mmHg, no other ocular or neurological diseases. VD was measured by
Avanti RTVue XR by Optovue firm, perfusion parameters were measured using Doppler ultrasound with Affinity 70G machine by Philips firm. The peak
systolic velocity (PSV) and end diastolic velocity (EDV) and resistance index (RI) were measured both in ophthalmic artery (AO) and in central retinal
artery (CRA). Visual field (VF) was examined by quick threshold glaucoma program by Medmont M 700 machine. The sum of sensitivities in apostilbs
(abs) was evaluated in the range 0–22 degrees of visual field. The results of sensitivities in visual field were compared to VD and perfusion parameters
in CRA and AO of the same eye.
Results: Pearson’s correlation coefficient (p = 0,05) was used to assess the dependency between chosen parameters. By comparing VF and VD from
measured areas, strong correlation (r = 0.64, resp. 0.65) was revealed. It was then proved that VD (WI-VDs) correlates with RICRA weakly (r = -0.35) and
moderately strongly (WI-VDa r = -0.4, PP-VDs r = -0.43 and PP-VDa r = -0.45). This means that with increasing resistance index in CRA the density in VD
decreases. The other correlations between VD and perfusion parameters (PSV and EDV) in CRA and AO were not significant.
Conclusion: Measured values showed that the vascular component of VD has a huge impact on the changes in visual fields in HTG. Weak to moderate influence
exists between VD and RI in CRA. OCTA has proven to be more suitable than Doppler ultrasound for determining the condition of blood circulation in the eye.
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INTRODUCTION

MATERIALS AND METHODS

In hypertension glaucoma (HTG), where the main role
is played by high intraocular pressure (IOP), the ganglion
cells of the retina are damaged and later the whole visual
tract is damaged [1,2,3,4].
About 50 years ago, local ophthalmologists considered
that blood flow in the eye can play a role in morphological changes in HTG [5,6,7].
It is widely known from the recent literature that the
ophthalmic artery (AO) and central retinal artery (CRA)
are altered in glaucoma [8,9].
Therefore, the aim of this study was also to determine
whether there is a dependency between vessel density
(VD) and perfusion parameters in the CRA and AO in hypertension glaucoma.

The cohort included 20 patients with HTG, specifically
13 women with an average age of 68.7 years (49–80 years) and 7 men with an average age of 58.4 years (27–81
years). Criteria for inclusion in the study: visual acuity 1.0
with possible correction less than ±3 dioptres, approximately the same changes in the visual fields in each patient, intraocular pressure (IOP) less than 18 mmHg, no
other ocular or neurological diseases. VD was measured
using Avanti RTVue XR from the Optovue firm. We assessed the values of VD in the whole image (WI) and also
peripapillary (PP). Then in both cases all vessels (VDa) and
small vessels (VDs).
The perfusion parameters were measured using Doppler ultrasound (CDI) with an Affinity 70G machine from
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the Philips firm with 5–12 MHz sound. Peak systolic velocity (PSV), end diastolic velocity (EDV) and resistance
index (RI) were measured both in the ophthalmic artery
(AO) and in the central retinal artery (CRA). The visual field
was examined using a fast threshold glaucoma program
by a Medmont M 700 machine. The sum of sensitivities
in apostilbs (abs) was evaluated within the range 0–22
degrees of the visual field (the values ranged within an
interval of 1900 and 2212 abs). The results of sensitivities
in the visual field were compared to the VD and perfusion
parameters of the CRA and AO of the same eye. A Pearson’s correlation coefficient (p = 0.05) was used to assess
the dependency between the chosen parameters.

RESULTS
The measured values showed that the vascular component of VD has the main impact on changes in the visual
filed.
We further demonstrated that VD correlates with
RICRA weakly WI-VDs (r = -0.35) and moderately strongly
WI-VDa (r = -0.4), PP-VDs (r = -0.43) and PP-VDa (r = -0.45).
This means that with an increasing resistance index in
the CRA, VD decreases. The other correlations between
VD and perfusion parameters (PSV and EDV) in the CRA
and AO were not significant.

There was also a weak negative relationship between
the visual field and resistance index in the CRA and AO.
This table shows the average values of the measured
parameters and correlation coefficient.

DISCUSSION
In our previous work, in which we conducted a similar measurement in normal tension glaucoma (NTG), we
discovered an indirect moderate correlation between VD
and PSVOA. Other correlations between VD and perfusion parameters were not significant [10].
We pointed out the differences between NTG and HTG
in other works [11.12]. We were interested in whether certain changes between HTG and NTG would be detectable
even in evaluation of blood circulation in the eye.
The most frequently used method for determining
the condition of blood circulation in clinical conditions
is colour Doppler imaging (CDI). It is used for evaluating
the velocity of blood flow in the eye vessels and also for
determination of their resistance index. A higher value
of resistance the index means higher vascular resistance,
which indicates a circulatory disorder.
Compared to OCTA, CDI is an older method and has
been used in ophthalmology since the end of the last
century. Vascular dysregulation leads to unstable blood

Table 1. Pearson’s correlation coefficient at level of significance p <0.05. The last line shows the average values of the measured parameters
PEARSON’S CORRELATION COEFFICIENT
EDVCRA

RI-AO

RI-CRA

0,09

0,15

-0,31

-0,39

0,18

0,23

0,14

-0,24

-0,45

0,00

0,18

0,21

0,11

-0,23

-0,43

0,99

0,07

0,21

0,24

0,09

-0,19

-0,40

0,99

1,00

0,05

0,23

0,20

0,06

-0,15

-0,35

0,00

0,07

0,05

1,00

0,42

0,73

0,24

-0,09

0,08

0,18

0,18

0,21

0,23

0,42

1,00

0,17

0,30

0,12

0,14

0,09

0,23

0,21

0,24

0,20

0,73

0,17

1,00

0,48

-0,71

-0,41

EDV-CRA

0,15

0,14

0,11

0,09

0,06

0,24

0,30

0,48

1,00

-0,46

-0,41

RI-AO

-0,31

-0,24

-0,23

-0,19

-0,15

-0,09

0,12

-0,71

-0,46

1,00

0,67

RI-CRA

-0,39

-0,45

-0,43

-0,40

-0,35

0,08

0,14

-0,41

-0,41

0,67

1,00

AVE

2022,48

55,08

48,96

52,81

46,49

40,11

14,27

9,82

4,17

0,76

0,73

SD +/-

154,30

5,08

5,15

4,35

4,31

12,83

4,17

4,30

2,31

0,07

0,09

VF asb

PP-VDa

PP-VDs

WI-VDa

WI-VDs

PSV-AO PSV-CRA EDV-AO

VF asb

1,00

0,65

0,64

0,65

0,64

-0,24

-0,08

PP-VDa

0,65

1,00

0,99

0,97

0,97

0,01

PP-VDs

0,64

0,99

1,00

0,95

0,97

WI-VDa

0,65

0,97

0,95

1,00

WI-VDs

0,64

0,97

0,97

PSV-AO

-0,24

0,01

PSV-CRA

-0,08

EDV-AO

AVE – average, PP-VDa – vessel density of all vessels peripapillary, PP-VDs – vessel density of small vessels peripapillary, WI-VDa – vessel density of all vessels
in whole image, WI-VDs – vessel density of small vessels in whole image, PSV – peak systolic velocity, EDV – end diastolic velocity, RI – resistance index, CRA
– central retinal artery, AO – ophthalmic artery (R = 0.00–0.19 very weak, 0.20–0.39 weak, 0.40–0.59 moderate, 0.60–0.79 strong, 0.80–1.00 very strong)
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flow in the eye, resulting in ischemia and damage to the
optic nerve [13.14].
OCT angiography can be considered a relatively new,
non-invasive and reproducible diagnostic method. The
results of studies point to its high potential to become
an integral component in the diagnosis of glaucoma [15].
The method offers the possibility of examining the parameters PPVDa (vessel density of all vessels peripapillary), PPVDs (vessel density of small vessels peripapillary),
WIVDa (vessel density of all vessels in the whole image),
WIVDs (vessel density of small vessels in the whole image) and RNFL in the area of the optic nerve papilla.
In glaucoma research, the examination of the perfusion
parameters of retinal microcirculation in the peripapillary
area has a larger validity than in the macular area [16].
Several authors have dealt with the relationships of VD
in various studies of HTG. They have all determined that
the more advanced glaucoma is, the more VD decreases
[17,18,19,20,21,22]. In addition, the value of IOP plays a
significant role in the value of VD. Holló registered that
VD increases when there is reduction of IOP in young patients with high IOP [23]. Conversely, after an increase to
over 20 mmHg, the density of macular and peripapillary
vessels is significantly decreased [24].
There is a small number of works comparing OCTA with
CDI in HTG.
In our cohort we have demonstrated that VD correlates with RICRA weakly WI-VDs (r = -0.39) and moderately
strongly WI-VDs (r = -0.4), PP-VDs (r = -0.43) and PP-VDa
(r = -0.45). This means that with an increasing resistance

index in the CRA, VD decreases.
Deokule et al. investigated the correlation between
changes in visual fields and perfusion parameters with
the help of CDI. They demonstrated that peripapillary
perfusion parameters do not correlate with changes in
the perimeter [25].
In this study also, we demonstrated a strong relationship between VD and changes in visual fields, but no relationship between changes in visual fields and perfusion
parameters was identified by CDI.
In our previous study, in which we compared VD with
RNFL in altitudinal halves of retina in HTG, we found a
moderate correlation (in upper halves of the retina r =
0.5, in lower halves of the retina r = 0.51). This is a significant discovery, because alteration of VD subsequently
leads to damage in the RNFL, and thereby to changes in
visual fields [26]. Yarmohammadi et al. also reached a similar conclusion about damage to the RNFL and VD in
unilateral glaucoma [27].

CONCLUSION
Our results demonstrated that blood circulation in the
eye in HTG has a huge impact on changes in visual fields. A
weak negative relationship was demonstrated between the
visual field and resistance index in the CRA and AO. Perfusion parameters in the CRA and AO do not have this impact.
The resistance index in the CRA had a weak to moderate relationship with VD. OCTA is better than Doppler ultrasound
in examining the condition of blood circulation in the eye.
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