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Abstract

Purpose To analyze the vascular morphology
changes after consumption of Ginkgo biloba in
healthy volunteers by optical coherence tomography
angiography (OCTA).

Methods Sixty healthy volunteers without systemic
and ocular disease were included in this prospective
pilot study. After receiving the informed consent of
the volunteers, Ginkgo biloba extract (120 mg oral
capsule) was administered to sixty volunteers for 4
weeks, once a day in the morning. The main outcome
measures were the difference between before and after
four-week of consumption in best-corrected visual
acuity (BCVA), retinal nerve fiber layer (RNFL) and
subfoveal choroidal thickness (sfCT) with optical
coherence tomography; whole, foveal, parafoveal and
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perifoveal regions’ superior and deep macular vascu-
lar plexus vessel density, foveal avascular zone area
(FAZ), FAZ perimeter (PERIM), vessel density in a
300 um wide region around FAZ (FD-300), choroidal
and outer retinal flow area, radial peripapillary cap-
illary (RPC) vascular density of whole, inside the disc,
peripapillary and four quadrants with OCTA.

Results  The study group consisted of sixty eyes of 32
women and 28 men with a mean age of
20.57 £+ 1.16 years. In post-consumption measure-
ments, peripapillary and superior, inferior, temporal
quadrant RPC vascular density (%) was statistically
significantly higher than pre-consumption measure-
ments (p 0.020, p 0.021, p 0.008 and p 0.014,
respectively). No significant difference was observed
for BCVA, sfCT, other macular or RPC vascular
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density and flow area OCTA parameters between
measurements.

Conclusion Four-week consumption of Ginkgo
biloba leads to vascular morphological changes in
RPC. Further clinical studies are needed to demon-
strate its use and effects/benefits in glaucoma, optic
neuropathy and other diseases affecting the optic
nerve.

Keywords Ginkgo biloba - Optic nerve head -
OCTA - RPC - Microvascular morphology

Abbreviations

GBE Ginkgo biloba extract

FAZ Foveal avascular zone area

OCTA  Optical coherence tomography
angiography

(0) Intraocular pressure

OPP Ocular perfusion pressure

AL Axial length

BCVA  Best-corrected visual acuity

RNFL  Retinal nerve fiber layer

sfCT Subfoveal choroidal thickness
SD- Spectral-domain optical coherence
OCT tomography

PERIM Foveal avascular zone area perimeter
FD- Vessel density in a 300 um wide region
300 around the foveal avascular zone

RPC Radial peripapillary capillary

Introduction

The maidenhair tree, known as Ginkgo biloba, has
grown in popularity by spreading to Europe and other
parts of the world after it was discovered in the Far
East. In this section, there is a single class (Ginkgoop-
sida), a single order within the class (Ginkgoales), a
single family within the order (Ginkgoaceae), a single
genus within the family (Ginkgo), a single species
within the genus (Ginkgo biloba) [1]. The extract of
ginkgo leaves is increasingly used in the pharmaceu-
tical field. Ginkgo biloba extract (GBE) consists of
flavonoids, terpene lactones and other organic acids
[2]. Flavonoids have anti-oxidative, anti-inflamma-
tory, anti-carcinogenic and anti-mutagenic properties

@ Springer

coupled with their capability to modulate key cellular
enzyme function [3].

GBE is used in the treatment of vascular diseases
such as peripheral vascular disease and cerebrovascu-
lar insufficiency due to its positive effect on blood
circulation [4—6]. Despite many clinical controversies,
many pieces of evidence have been shown to support
its use as adjuvant therapy in patients with dementia,
vascular cognitive impairment and schizophrenia
[1, 5, 6]. There is a limited number of publications
in the literature regarding its usefulness for ocular and
especially peripapillary blood flow, but there is no
complete consensus [7-9].

With optical coherence tomography angiography
(OCTA) technology, quantitative morphological
imaging of the vascular system at the retinal and
choroid levels is possible at high speed and quality
without using any invasive procedure [10—13]. With
this technology, macular superficial and deep plexus
microvascular density, foveal avascular zone (FAZ)
features, choriocapillaris flow areas and optic nerve
head vascular morphology can be measured quantita-
tively [14—16]. Therefore, the possible morphological
effects of GBE consumption on the retina and optic
nerve head vascular morphology have become
evaluable.

In this study, we aimed to investigate the retinal and
optic nerve head vascular morphological effects of
GBE in healthy volunteers using optical coherence
tomography angiography (OCTA).

Material and methods

Sixty-four healthy volunteers without systemic and
ocular disease were included in this prospective pilot
study. All procedures were performed by following
the tenets of the declaration of Helsinki. Institutional
review board approval was obtained from the local
ethics committee (2011-KAEK-2) (Approval Code:
2020/3-120).

The following inclusion criteria were applied: (1)
healthy volunteers between the ages of 18-30 years,
(2) spherical refraction between — 2.0 and + 2.0
diopters and (3) 20 < axial length (AL) < 24 mm.
The following exclusion criteria were applied: (1) the
history of using any kind of nutritional supplements,
including GBE, in the past month, (2) the history of
using any kind of drug in the past month, (3) smoking
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or alcohol use history in the past month, (4) failure to
intake GBE capsules orally every morning for four
weeks, (5) opacity on the cornea or lens in the anterior
segment that prevents imaging, (6) having any
systemic or ocular disease and (7) having a history
of undergone any ocular surgery.

Whole volunteers underwent complete ophthalmo-
logical examination including a review of medical
history, detection of the best-corrected visual acuities
(BCVA), ocular movement and pupillary reflex
examination, anterior segment examination using
slit-lamp biomicroscopy, intraocular pressure (IOP)
measurement by Goldmann applanation tonometry
and dilated fundus examination using slit-lamp
biomicroscopy.

After receiving the informed consent of the volun-
teers, GBE (120 mg, oral capsule) was administered to
sixty volunteers for four weeks, once a day in the
morning. The 120 mg GBE commercial capsule
contained 27% ginkgo flavone glycosides and 6.8%
terpene lactones. The main outcome measures were

the difference between before and after four-week of
consumption in BCVA, retinal nerve fiber layer
(RNFL) and subfoveal choroidal thickness (sfCT)
using spectral-domain optical coherence tomography
(SD-OCT, Spectralis, Heidelberg Engineering, Inc.,
Heidelberg, Germany); whole, foveal, parafoveal and
perifoveal regions’ superior and deep macular vascu-
lar plexus vessel density, foveal avascular zone area
(FAZ), FAZ perimeter (PERIM), vessel density in a
300 um wide region around FAZ (FD-300), choroidal
and outer retinal flow area, radial peripapillary cap-
illary (RPC) vascular density of whole, inside the disc,
peripapillary and four quadrants using OCTA.
OCTA scans were taken with RTVue XR Avanti
AngioVue OCTA (Optovue, Fremont, CA). OCTA
scans were achieved by using a spectral-domain
system with software AngioVue OCTA, version
2018.0.0.18. Central macular 6 x 6 mm scans were
achieved using the AngioVue Imaging System
Optovue RTVue XR 100 Avanti with software
(Fig. 1). OCTA measurements were made accordingly
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Fig. 1 En-face and cross-sectional images of superficial and deep vascular plexus, outer retina and choriocapillaris by optical
coherence tomography angiography display (RTVue XR Avanti with the AngioVue, Optovue, Fremont, CA)
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Fig. 2 En-face and cross-sectional images of the optic nerve
head; visualization of RPC and RNFL by optical coherence
tomography angiography (RTVue XR Avanti with the

to the Early Treatment Diabetic Retinopathy Study
grid, containing 3 concentric rings with diameters of 1,
3 and 6 mm to split the macula into foveal, parafoveal
and perifoveal regions. The outer retinal and choroidal
flow area of the 2.97 mm central macular circle
diameter was determined with flow area circle mode in
the software. The FAZ, PERIM and FD-300 were also
obtained in the FAZ mode of the software by the
OCTA. OCTA optical disc imaging was performed in
Angio Disc OCTA mode with 4.5 x 4.5 mm, and
RNFL and RPC values were obtained (Fig. 2). All
scans were performed with the quality index of > 7/
10 to ensure accurate segmentation and adequate
image quality. Poor-quality scans were excluded from
this study. AL measurement was performed with AL-
Scan (Nidek CO., Gamagori, Japan). The sfCT was
defined as the distance from the hyperreflective line of
the outermost retinal pigment epithelium to the
innermost hyperreflective line of the choroidoscleral
junction. The sfCT was performed semi-automatically
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AngioVue, Optovue, Fremont, CA) (RPC Radial peripapillary
capillary network, RNFL Retinal nerve fiber layer)

measurement with an enhanced depth image mode of
SD-OCT. Only the right eyes were included in the
study. Blood pressure was noted on the participant file
before and after four-week of GBE consumption.
Ocular perfusion pressure (OPP) was calculated
according to the formula: OPP = 2/3 [diastolic blood
pressure + 1/3 (systolic blood pressure—diastolic
blood pressure)-IOP [17]]. Axial length measurement
was performed with AL-Scan (Nidek CO., Gamagori,
Japan). OCTA and OCT analyses were performed in
follow-up mode to aimed to minimize the errors
between consecutive analyses. All measurements
were made before and after four-week of consumption
and then compared statistically with each other. All
scans and measurements were performed by the same
researcher at the same time of the day (between 9:00
A.M. and 10:00 A.M.) after at least 8 h starvation
period to avoid diurnal fluctuations.
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Statistical analysis

Statistical analysis was performed using SPSS soft-
ware, version 22.0 (IBM SPSS, Chicago, IL, USA).
Descriptive statistical methods (mean, standard devi-
ation) were used in the evaluation of the data. The
categorical variables were analyzed using the Chi-
square test. All parameters were analyzed for distri-
bution by the Shapiro—Wilk test for normality analy-
sis. The variations in parameters were tested for
significance using the Wilcoxon signed ranks test in
the abnormal distribution and paired sample t test in
the normal distribution for consecutive measurements.
The evaluations were made at the 95% confidence
interval, and the p-values of less than 0.05 were a
statistically significant difference.

Results

After the inclusion and exclusion criteria were taken
into account, the 2 participants were excluded from the
study because they could not take the GBE capsule
regularly in the morning every day, one participant left
this study with own demand, and one participant
excluded for the consumption of energy drinks in the
study period. Consequently, the study group consisted
of 60 eyes consisting of 32 women and 28 men with an
average age of 20.57 £ 1.16 years. The demographic
data of the study group are shown in Table 1. Only the
right eyes of patients were included in the study. No
complications or side effects were observed/reported
in the four-week of consumption.

Table 1 Demographics of the study group

Study group

(n:60)
Age (year 20.57 £ 1.16
(mean + SD)
Male/female ratio 28:32
BMI (kg/m?) 21.83 £ 141
(mean + SD)
Axial length (mm) 22.09 £ 1.73
(mean £ SD)

BMI Body mass index

Results from the study group are summarized in
Table 2. In post-consumption measurements, peripap-
illary and superior, inferior, temporal quadrant RPC
vascular density (%) was statistically significantly
higher than pre-consumption measurements (p:0.020,
p:0.021, p:0.008 and p:0.014, respectively) (Fig. 3).
No significant difference was observed for BCVA,
systolic and diastolic blood pressure, sfCT, other
macular or RPC vascular density and flow area OCTA
parameters between measurements.

Discussion

In this study, using the OCTA in healthy volunteers,
four-week consumption of GBE was observed to
increase the RPC vascular density in peripapillary and
superior, inferior, temporal quadrant regions. There
was no significant change in other retinal or optic
nerve head vascular density or flow parameters.

GBE contains more than sixty bioactive composi-
tions, approximately thirty of which are found
nowhere else in world nature [18, 19]. These include
flavone glycosides, ginkgolides and bilobalide, proan-
thocyanidins and numerous other compounds [19].
Flavonoids can dilate blood vessels by increasing the
release of endothelium-derived relaxing factor and
prostacyclin, especially prostaglandin 12, from vascu-
lar endothelial cells, and decrease blood viscosity by
antagonizing the platelet-activating factor [20]. Also,
flavonoid glycosides and terpene lactones act as
antioxidants by scavenging free radicals [21, 22]. In
many animal studies, ginkgo’s neuroprotective and
antioxidant effects have been shown in the brain and
eye [9, 23, 24]. Lu et al. [24] showed in their animal
study that GBE has protective effects on several
pharmacological targets in the progress of diabetic
cataracts and is a remedy for the prevention of diabetic
cataracts. There are a limited number of clinical
studies on the effects of GBE on the optic nerve head
and retina. Park et al. [7] showed that GBE adminis-
tration appears to have a desirable effect on ocular
blood flow in normal-tension glaucoma (NTG)
patients and suggested that it is a beneficial systemic
treatment for NTG patients. Quaranta et al. [18]
showed that GBE administration appears to improve
preexisting visual field damage in some patients with
NTG. Similar results were reported by Ha et al. [25].
Lee et al. [26] showed that GBE slowed the
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Table 2 Comparisons and results of pre-consumption and after four-week of GBE consumption measurements (GBE Ginkgo biloba

extract)

Parameters Pre-consumption of GBE After four-week of GBE consumption p value
BCVA (LogMAR) 0.000 % 0.00 (0.000, 0.000-0.000) 0.000 % 0.00 (0.000, 0.000-0.000) 1.000"
IOP (mm-Hg) 12.96 £+ 2.36 (12, 11-15) 12.76 + 2.01 (12, 11-14) 0.133*
Systolic blood pressure (mm-Hg) 113.28 £ 6.99 (111, 110-120) 113.33 + 6.69 (110, 110-120) 0.729°
Diastolic blood pressure (mm-Hg) 72.67 £+ 5.40 (70, 70-80) 71.83 + 5.96 (70, 70-78.75) 0.250°
Calculated ocular perfusion pressure (mm-Hg) 44.27 + 3.64 4421 £ 3.51 0.899"
Quality index of OCTA images (x/10) 8.75 &+ 0.51 (9.00, 9.00-9.00) 8.73 £ 0.52 (9.00, 9.00-9.00) 0.833"
Superior whole vascular density (%) 52.06 £ 2.10 (52.00, 51.10-53.20) 51.92 £ 2.65 (51.80, 50.30-53.20) 0.238°
Superior foveal vascular density (%) 22.67 £ 7.23 (22.30, 15.80- 28.80) 22.83 £ 8.99 (21.60, 16.70-28.90) 0.624°
Superior parafoveal vascular density (%) 5447 £+ 2.70 53.69 + 3.24 0.056°
Superior perifoveal vascular density (%) 52.58 £ 2.23 (52.40, 51.50-54.40) 57.17 £ 6.43 (58.60, 54.60-61.80) 0.321*
Deep whole vascular density (%) 55.84 £+ 5.91 (57.00, 54.00-60.30) 55.89 £ 5.58 (56.30, 53.00-60.40) 0.734%
Deep foveal vascular density (%) 41.16 £ 7.56 (42.30, 34.30-47.70) 40.68 + 7.68 (40.70, 35.00-45.30) 0.383%
Deep parafoveal vascular density (%) 56.98 £ 8.11 (58.90, 55.30-61.20) 58.26 £ 4.71 (59.30, 54.80-62.00) 0.589%
Deep perifoveal vascular density (%) 57.17 £+ 6.43 (58.60, 54.60—61.80) 57.30 £ 6.09 (58.20, 54.20- 62.00) 0.821°
FAZ (mm?) 0.256 + 0.100 0.257 + 0.098 0.949°
PERIM (mm) 1.92 &+ 0.39 1.93 £+ 0.41 0.451°
FD-300 (%) 56.90 £ 2.84 (56.96, 54.81-58.18) 56.16 £ 3.66 (56.34, 53.60-59.20) 0.157*
Outer retinal flow area (%) 8.29 + 1.87 8.75 + 1.91 0.106°
Choriocapillaris flow area (%) 20.88 £ 2.27 (20.32, 19.98-20.56) 20.19 £ 1.79 (20.26, 19.86-20.69) 0.868"
sfCT (um) 310.40 £ 41.24 312.33 £+ 37.08 0.501°
RPC density whole image (%) 48.40 + 2.25 48.81 +2.24 0.127°
RPC density inside disc (%) 53.41 £+ 4.09 53.58 £+ 3.99 0.676"
RPC density peripapillary (%) 49.92 + 2.65 50.75 £ 2.59 0.020°
RPC density superior quadrant (%) 50.60 £ 3.28 51.67 £ 3.97 0.021°
RPC density inferior quadrant (%) 49.78 + 3.70 51.09 £ 3.75 0.008°
RPC density temporal quadrant (%) 52.87 £ 3.13 53.74 £+ 2.89 0.014°
RPC density nasal quadrant (%) 4748 + 3.66 48.10 &+ 3.01 0.085"
Global RNFL (pm) 112.67 £ 8.44 112.64 + 8.23 0.875"
RNFL superior quadrant (pum) 133.95 £ 11.76 134.09 + 11.74 0.646°
RNFL inferior quadrant (um) 141.38 £ 14.03 141.58 £ 13.47 0.572°
RNFL temporal quadrant (pm) 77.63 +9.93 78.17 £ 9.94 0.060°
RNFL nasal quadrant (pum) 98.95 £+ 13.31 98.38 £+ 13.11 0.090°

Mean =+ standard deviation results were given in table (additionally, median, 25th and 75th percentiles were given in parenthesis for
nonparametric test results). p < 0.05 was considered statistically different in 95% confidence interval

*Wilcoxon signed ranks test

®Paired sample t test results

BCVA Best-corrected visual acuity, /OP Intraocular pressure, OCTA Optical coherence tomography angiography, FAZ Foveal
avascular zone, PERIM foveal avascular zone perimeter in mm, FD-300: vessel density 300 pm from the fovea, sfCT Subfoveal
choroidal thickness, RPC Radial peripapillary capillary network and RNFL Retinal nerve fiber layer

progression of visual field damage in patients with
NTG. Although controversial, ginkgo is recom-
mended as an additional neuroprotective supportive
therapy in glaucoma patients [27, 28]. In the study of
Park et al. [7], they found increased blood velocity
associated with GBE in the peripapillary area. Simi-
larly, in this study, although we could not measure
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flow in the optic nerve head region due to the lack of
OCTA device feature, the increase in retinal vascular
density indirectly can be attributed to the increase in
blood flow. The absence of macular vascular change,
only a peripapillary change, may strengthen the
relationship with blood flow. Furthermore, the optic
nerve head may be the target of the antioxidant effect.
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Fig. 3 Distribution of peripapillary RPC, superior, temporal and inferior quadrant RPC vascular density, with before and after four-
week GBE consumption (RPC Radial peripapillary capillary network, GBE Ginkgo biloba extract)

The exact explanation for these effects is unclear, but
it may be related to endothelial-associated cytokine
release and antioxidant effects.

The blood supply and circulation of the head and
surroundings of the optic nerve are quite complicated.
This circulation is roughly as follows: Firstly, radial
peripapillary capillaries are located in the anterior
(with centrifugal perfusion from the central retinal
artery); in the continuation of this, secondly, by the
prelaminar network (composed of peripapillary chor-
oid vessels arising from the short posterior ciliary
arteries); thirdly, behind this network lies the laminar
vascularization composed of short posterior ciliary
arteries; lastly, the retrolaminar vascularization layer
(composed of anastomoses of the short posterior
ciliary arteries and vessels of the pia mater) is located
in the most posterior position [29]. Although there are
a limited number of studies on the effects of GBE in
long-term use, 80 mg, orally, twice a day for four
weeks GBE treatment affects the peripapillary blood
flow, volume, and velocity in normal-tension glau-
coma patients [7]. They found an increase in both flow,
volume and velocity was detected in the peripapillary
region. In our study, we found an increase in RPC
vascular density in the peripapillary region. Wimp-
issinger et al. [8] reported a single dose of 240 mg
GBE affects the optic nerve head blood flow signif-
icantly increased in response to Ginkgo biloba but
does not influence the ocular blood flow to a relevant
degree in healthy volunteers. Conversely, long term
use of GBE has been reported to increase ocular blood
flow and velocity in primary open-angle glaucoma
patients [30]. In our study, no significant change in
calculated OPP and IOP was detected in four-week
GBE use. This situation may indicate that the short-
time changes [8] in systemic blood pressure and
intraocular pressure of GBE return to normal limits

with long-term use. Although blood pressure, volume
and velocity are related, long-term use of GBE may
affect only ocular blood flow velocity. The fact that the
movement of red blood cells is measured with the
OCTA device may support this situation. However, it
should be kept in mind that these effects can be
explained by the fact that GBE has potent antioxidant
effects [21, 22].

Within the participants in this study, no one has
ocular or systemic adverse events related to the use of
GBE for four weeks.

The main strengths of this study are that itincluded a
cohort of healthy participants who received regularly
four-week consumption and apart from OCTA mea-
surements, the fact that sfCT and RNFL were also
measured. This article is the first prospective OCTA
study on the effect of GBE on retinal and optic nerve
head vascular morphology in healthy volunteers. To
the best of our knowledge, there have not been any
previously reported studies on this method and subject.

The limitations of the study are that the study was
conducted only on healthy volunteers, the absence of a
placebo control group, and demonstrated the relatively
short-term effects of four-week of GBE consumption.
Results may vary in longer consumption duration,
follow-up periods and patients with diseases associ-
ated with optic disc involvement. Thus, appropriate
further studies are needed to confirm (or not) these
results.

In conclusion, this study showed that the four-week
consumption of GBE leads to an increase in peripap-
illary and superior, inferior, temporal quadrant RPC
vascular density in healthy volunteers. The concept to
be investigated carefully is the possible neuroprotec-
tive action of GBE in optic neuropathies associated
with peripapillary atrophy. It is necessary to investi-
gate possible beneficial use in diseases with
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peripapillary loss or atrophy, also unexpected effects
that may occur in neovascular conditions such as
peripapillary choroidal neovascular. Further studies
are needed.

Acknowledgements None.

Author contributions All authors attest that they meet the
current ICMIJE criteria for authorship. All authors made
substantial contributions to conception and design, acquisition
of data or analysis and interpretation of data, took part in
drafting the article or revising it critically for important
intellectual content, gave final approval of the version to be
published and agree to be accountable for all aspects of the
work.

Funding No financial or funding support was received for this
research. All authors certify that they have no affiliations with or
involvement in any organization with any financial interest or
non-financial interest in the subject matter or materials
discussed in this article.

Data availability Dataset not available due to ethical
restrictions: Due to the nature of this research, participants of
this study did not agree for their personal data to be shared
publicly, so dataset is not available.

Compliance with ethical standards

Conflict of interest The authors report no conflict of interest
for this research. The authors alone are responsible for the
content and writing of this article.

Ethical approval Institutional review board approval was
obtained from the local ethics committee (2011-KAEK-2)
(Approval Code: 2020/3-120, including publishing and
participating).

References

1. Dziwenka M, Coppock RW (2016) Ginkgo biloba. In:
Nutraceuticals. Elsevier. p. 681-91

2. DeFeudis F, Drieu K (2005) Ginkgo biloba extract (EGb
761) and CNS functions basic studies and clinical applica-
tions. Curr Drug Targets 1(1):25-58

3. Panche AN, Diwan AD, Chandra SR (2016) Flavonoids: an
overview. J Nutr Sci 29(5):e47

4. Kleijnen J, Knipschild P (1992) Ginkgo biloba for cerebral
insufficiency. Br J Clin Pharmacol 34(4):352-358

5. JanBen IM, Sturtz S, Skipka G, Zentner A, Garrido MV,
Busse R (2010) Ginkgo biloba in alzheimer’s disease: a
systematic review. Wien Med Wochenschr
160(21-22):539-546

6. Weinmann S, Roll S, Schwarzbach C, Vauth C, Willich SN
(2010) Effects of Ginkgo biloba in dementia: systematic
review and meta-analysis. BMC Geriatr 10(1):14

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Park JW, Kwon HJ, Chung WS, Kim CY, Seong GJ (2011)

Short-term effects of Ginkgo biloba extract on peripapillary
retinal blood flow in normal tension glaucoma. Korean J
Ophthalmol 25(5):323-328

. Wimpissinger B, Berisha F, Garhoefer G, Polak K, Sch-

metterer L (2007) Influence of Ginkgo biloba on ocular
blood flow. Acta Ophthalmol Scand 85(4):445-449

. MaK, XuL, Zhang H, Zhang S, Pu M, Jonas JB (2010) The

effect of ginkgo biloba on the rat retinal ganglion cell sur-
vival in the optic nerve crush model. Acta Ophthalmol
88(5):553-557

Akil H, Falavarjani K, Sadda S, Sadun A (2017) Optical
coherence tomography angiography of the optic disc; an
overview. J Ophthalmic Vis Res 12(1):98

Bojikian KD, Chen PP, Wen JC (2019) Optical coherence
tomography angiography in glaucoma. Curr Opin Oph-
thalmol 30(2):110-116

Coffey AM, Hutton EK, Combe L, Bhindi P, Gertig D,
Constable PA (2020) Optical coherence tomography
angiography in primary eye care. Clin Exp Optom.
Hamada M, Ohkoshi K, Inagaki K, Ebihara N, Murakami A
(2018) Visualization of microaneurysms using optical
coherence tomography angiography: comparison of OCTA
en face, OCT B-scan, OCT en face, FA, and IA images. Jpn
J Ophthalmol 62(2):168-175

Mo S, Krawitz B, Efstathiadis E, Geyman L, Weitz R, Chui
TY, Carroll J, Dubra A, Rosen RB (2016) Imaging foveal
microvasculature: Optical coherence tomography angiog-
raphy versus adaptive optics scanning light ophthalmoscope
fluorescein angiography. Investig Ophthalmol Vis Sci
57(9):0CT130-140

Moghimi S, Hou H, Rao H, Weinreb RN (2019) Optical
coherence tomography angiography and glaucoma: a brief
review. Asia Pac J Ophthalmol (Phila) 8:115-125

Tan B, ChuaJ, Lin E, Cheng J, Gan A, Yao X, Wong DWK,
Sabanayagam C, Wong D, Chan CM, Wong TY, Sch-
metterer L, Tan GS (2020) Quantitative microvascular
analysis with wide-field optical coherence tomography
angiography in eyes with diabetic retinopathy. JAMA Netw
open 3(1):e1919469

Robinson F, Riva CE, Grunwald JE, Petrig BL, Sinclair SH
(1986) Retinal blood flow autoregulation in response to an
acute increase in blood pressure. Invest Ophthalmol Vis Sci
27:722-726

Quaranta L, Bettelli S, Uva MG, Semeraro F, Turano R,
Gandolfo E (2003) Effect of Ginkgo biloba extract on pre-
existing visual field damage in normal tension glaucoma.
Ophthalmol 110(2):359-362

Singh B, Kaur P, Gopichand SRD, Ahuja PS (2008) Biology
and chemistry of Ginkgo biloba. Fitoter 79(6):401-418
Koltringer P, Langsteger W, Klima G, Reisecker F, Eber O
(1993) Hemorheologic effects of ginkgo biloba extract EGb
761. Dose-dependent effect of EGb 761 on microcirculation
and viscoelasticity of blood. Fortschr Med 111(10):170-172
Achete De Souza G, De Marqui SV, Matias JN, Guiguer EL,
Barbalho SM (2020) Effects of Ginkgo biloba on diseases
related to oxidative stress. Planta Med 86:376-386
LiuQ,JinZ,XuZ, YangH,LiL,LiG,LiF, Gu S, Zong S,
Zhou J, Cao L, Wang Z, Xiao W (2019) Antioxidant effects
of ginkgolides and bilobalide against cerebral ischemia



Int Ophthalmol (2021) 41:1053-1061

1061

23.

24.

25.

26.

27.

injury by activating the Akt/Nrf2 pathway in vitro and
in vivo. Cell Stress Chaperones 24(2):441-452
Schindowski K, Leutner S, Kressmann S, Eckert A, Miiller
WE (2001) Age-related increase of oxidative stress-induced
apoptosis in mice prevention by Ginkgo biloba extract
(EGb761). J Neurol 248(9):969-978

Lu Q, Yang T, Zhang M, Du L, Liu L, Zhang N, Guo H,
Zhang F, Hu G, Yin X (2014) Preventative effects of ginkgo
biloba extract (EGb761) on high glucose-cultured opacity of
rat lens. Phyther Res 28(5):767-773

Ha SJ, Rho SH (2003) The effects of oral Ginkgo Biloba
extract on visual field change in patients with NTG.
J Korean Ophthalmol Soc 44(9):2047-2057

Lee J, Sohn SW, Kee C (2013) Effect of Ginkgo biloba
extract on visual field progression in normal tension glau-
coma. J Glaucoma 22(9):780-784

Labkovich M, Jacobs EB, Bhargava S, Pasquale LR, Ritch
R (2020) Ginkgo Biloba extract in ophthalmic and systemic
disease, with a focus on normal-tension Glaucoma. Asia Pac
J Ophthalmol (Phila) 9(3):215-225

28.

29.

30.

Sacca SC, Corazza P, Gandolfi S, Ferrari D, Sukkar S, lorio
EL, Traverso CE (2019) Substances of interest that support
glaucoma therapy. Nutr 11(2):239

Cerda-Ibafiez M, Duch-Samper A, Clemente-Tomas R,
Torrecillas-Picazo R, Del Rio NR, Manfreda-Dominguez L
(2017) Correlation between ischemic retinal accidents and
radial peripapillary capillaries in the optic nerve using
optical coherence tomographic angiography: observations
in 6 patients. Ophthalmol Eye Dis
17(9):1179172117702889

Boles Carenini A, Zocca E, Tempo E, Garofalo G, Amico V,
Cro M, Giuffrida S (2004) Effects of Ginkgo biloba extract
(GBE) on ocular blood flow in primary open angle glau-
coma patients. Invest Ophthalmol Vis Sci 45(13):4443

Publisher’s Note Springer Nature remains neutral with

regard to jurisdictional

claims in published maps and

institutional affiliations.

@ Springer



	Ginkgo Biloba affects microvascular morphology: a prospective optical coherence tomography angiography pilot study
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Material and methods
	Statistical analysis

	Results
	Discussion
	Author contributions
	Data availability
	References




