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Abstract
The aim of this study was to investigate the changes of retinal vessel density (VD) and choriocapillary blood flow area (CBFA) inmacula
after an acute intraocular pressure (IOP) elevation observed using optical coherence tomography angiography.
This was a prospective comparative study of subjects with narrow anterior chamber angles who underwent laser peripheral

iridotomies (LPIs). The IOP was measured before and 1 hour after the LPI. The retinal VDs and CBFAs of the macula were measured
using optical coherence tomography angiography at the baseline and 1 hour after the LPI.
A total of 88 eyes of 88 individuals were enrolled in our study, and 70 eyes of 70 individuals finally completed the study with a mean

IOP rise of 10.2±7.5 mm Hg after the LPI. The VDs and areas of foveal avascular zone of all of the subjects did not differ significantly
between the measurements obtained at the baseline and 1 hour after the LPI (P> .05). However, there were statistically significant
differences in the CBFAs at the baseline and 1 hour after the LPI (P< .05). Based on the magnitude of the rise in the IOP, we divided
the subjects into three groups: group A= IOP rise � 10 mm Hg, group B=10 mm Hg< IOP rise �20 mm Hg, and group C= IOP
rise>20mmHg. The VDs of themacula measured at the baseline were significantly different from themeasurements obtained 1 hour
after the LPI in group C in either the superficial retinal layer or deep retinal layer (P< .05). Compared with baseline, the CBFAs
measured at 1 hour after the LPI were decreased in group B and group C (P< .05).
In these subjects with narrow antenior chamber, the blood flow in macula began to be affected with the acute IOP rise greater than

10 mm Hg. It was confirmed that the retina and choroid showed some different ability to regulate its blood flow in response to
changes in IOP.

Abbreviations: CBFA = choriocapillary blood flow area, FAZ = foveal avascular zone, IOP = intraocular pressure, LPI = laser
peripheral iridotomy, MVDd = deep layer of macular vessel density, MVDs = superficial layer of macular vessel density, OCTA =
optical coherence tomography angiography, VD = vessel density.
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1. Introduction

Glaucoma is 1 of the most common irreversible blinding diseases
in the world. Although its pathogenesis has not been fully
elucidated, intraocular pressure (IOP) rise is the most important
factor contributing to glaucomatous damage.[1] Mechanical
compression associated with IOP elevation and disturbance of
ocular blood circulation are the 2 main causes of glaucomatous
injury.[2,3] Studies[4–6] found that macular and papillary
microvasculature reduced in the eyes with glaucoma, but it
remains to be determined whether these changes were directly
result of IOP-elevating.
The blood supply in front of the lamina cribrosa in the optic

nerve head mainly comes from the choroid of which thickness is
considered to be 1 of the causes of primary angle closure
glaucoma.[7,8] Consequently, the relationship between glaucoma
and choroid has been widely concerned.[9] In the early research,
the choroidal abnormalities of glaucoma patients were studied by
histological methods in vitro.[10] While the measurement of
choroid in vitro can not show the real situation in vivo due to the
influence of perfusion pressure and a variety of vasoactive
substances in choroidal vessels.[10]

With the development of technology, OCT angiography
(OCTA) based on split-spectrum amplitude-decorrelation
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angiography has been widely used in ophthalmology and it can
accurately measure the blood flow of retinal and choroidal
capillaries in only a few seconds. The stability and repeatability of
using OCTA to measure the retinal blood flow have been widely
demonstrated.[11–13]

In this study, we used OCTA to assess whether there were
changes in the retinal vessel densities and choroidal capillary
blood flow areas of macular region in patients with an acute IOP
rise after undergoing a laser peripheral iridotomy (LPI).

2. Methods and materials

2.1. Participants

A consecutive series of patients with narrow anterior chamber
angles who underwent LPIs and exhibited IOP elevations
afterwards were prospectively recruited from September 2018
to June 2019, at the First People’s Hospital of Huzhou, Zhejiang
Province, China. All participants underwent comprehensive
ophthalmic examinations, which included assessments of best-
corrected visual acuity, non contact IOP measurement, ultra-
sound biomicroscopy, a refraction test, slit-lamp biomicroscopy,
gonioscopy, fundus examination. The Ethical Review Committee
of the First People’s Hospital of Huzhou approved the study and
confirmed its adherence to the provisions of the Declaration of
Helsinki for research involving human subjects.
The inclusion criteria were eyes with narrow anterior chamber

angles without occlusion, IOP �21 mm Hg at the baseline,
transparent refractive media, no medication, no retinal diseases,
no optic nerve diseases, no diabetes, no ocular trauma, and
OCTA images of sufficient quality (a signal strength index higher
than 55 and accurate retinal stratification).

2.2. Methods of operation and examination

The device used to perform the LPIs was an Nd: YAG laser (Ellex
Medical, Adelaide, South Australia) with the following param-
eters: wavelength=1,064nm, energy=6–12 MJ, and spot
diameter=30 um. Preoperatively, proparacaine hydrochloride
eye drops were given once for the topical anesthesia, and an
Abraham contact lens was placed in the conjunctival sac. An
upper temporal or upper nasal iris treatment site was selected, the
single pulse mode was used, and the slit lamp brightness was
increased to shrink the pupil. After the LPI, tobramycin and
dexamethasone eye drops were applied three times (once every
10 minutes), and then four times a day for 1 week.
Figure 1. Optical coherence tomography angiography image of the ma
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At the baseline and 1 hour after the LPI, the IOP was measured
using noncontact tonometry (CT-60; Topcon Ltd., Tokyo,
Japan). All of the IOP measurements were taken three times,
and the mean value of the three measurements was used for
the statistical analysis. Shortly after measuring the IOP, the
vasculature of the macula was visualized using OCTA. If the IOP
was greater than 30 mm Hg, it was decreased with medication
immediately following the examination.
The RTVue XR OCTA system (ReVue software, version

2017.1.1.155; Optovue Inc., Fremont, CA) with the Angio
Retina mode (6�6mm) was used to measure macular blood
flow. In order to evaluate the capillary blood flow of retina and
choroid in macular region, we measured the vessel density (VD)
of the superficial retinal layer, which extended from approxi-
mately 3mm below the inner limiting membrane to 15mm below
the inner plexiform layer, the VD of the deep retinal layer, which
extended from 15mm below the inner plexiform layer to 70mm
below the inner plexiform layer, and the choriocapillary blood
flow area (CBFA) of the choroidal capillary layer, which extended
from approximately 30mm to 60mm below the retinal pigment
epithelium (Fig. 1). The CBFA of the circular area with a diameter
of 1.5mm in the macula was selected for data analysis. In
addition, we measured the area of foveal avascular zone (FAZ)
automatically at the baseline and 1 hour after LPI.

3. Statistical analysis

The statistical analysis was performed using the Statistical
Package for the Social Sciences (version 17; SPSS Inc., Chicago,
IL). The measurements taken at the baseline and after the
LPI were compared using the paired Student t test. Pearson
correlation analysis was used to analyze the correlation between
IOP elevation and changes of CBFA, FAZ. All of the measure-
ments were described as the mean± standard error. A P value of
less than .05 was considered to be statistically significant.
4. Results

A total of 88 eyes of 88 individuals were enrolled in our study, of
which 18 eyes of 18 individuals were excluded due to offset
deviations or poor imaging signals (signal strength index lower
than 55). Signal strength index pre and post LPI was no statistical
difference. Finally, 70 eyes completed our study, including 27
males (27 eyes) and 43 females (43 eyes), with a mean age of 58.2
±5.1 years old (range=48–74 years). The IOP rose from 15.0±
cular region from superficial retinal layer to choroidal capillary layer.



Table 2

General information from the 3 patient groups (group A= IOP
increase�10mmHg, group B=10mmHg< IOP increase� 20mm
Hg, and group C= IOP increase>20 mm Hg).

Group A Group B Group C

Number of cases 35 eyes 22 eyes 13 eyes
Gender 14 males, 21 females 8 males, 14 females 5 males, 8 females
Age 59.6±5.8 yr old 56.0±4.5 yr old 58.1±3.0 yr old
IOP increase 4.0±1.6 mm Hg 12.7±2.8 mm Hg 23.0±2.7 mm Hg

IOP= intraocular pressure.
The age and IOP values are given as the mean± standard error.

Table 1

The retinal vessel densities, choriocapillary blood flow areas and
foveal avascular zone in macular region at the baseline and one
hour after the laser peripheral iridotomy (LPI) in all of the study
subjects.

Baseline After LPI P value

MVDs 47.1±4.0% 46.8±3.9% .094
MVDd 51.6±3.9% 51.4±3.6% .062
CBFA 4.49±0.13 mm2 4.43±0.15 mm2 .000
FAZ 0.389±0.089 mm2 0.386±0.082 mm2 .360

CBFA= choriocapillary blood flow area, FAZ= foveal avascular zone, LPI = laser peripheral iridotomy,
MVDs= superficial layer of macular vessel density, MVDd=deep layer of macular vessel density.
The values are given as the mean± standard error %.
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4.2 mmHg to 25.3±10.1 mmHg, with a mean rise of 10.2±7.5
mm Hg.
The VDs and areas of FAZ of all of the subjects did not differ

significantly between the measurements obtained at the baseline
and 1 hour after the LPI (superficial layer of macular VD
[MVDs]=47.1±4.0% versus 46.8±3.9%, P= .094; deep layer
of macular VD [MVDd]=51.6±3.9% versus 51.4±3.6%,
P= .062; FAZ=0.389±0.089mm2 versus 0.386±0.082mm2,
P= .360). However, there were statistically significant differences
in the C at the baseline and 1 hour after the LPI (CBFA=4.49±
0.13mm2 versus 4.43±0.15mm2, P= .000 (Table 1).
According to the magnitude of rise in the IOP, we divided the

subjects into three groups: group A= IOP rise�10mmHg, group
B=10 mm Hg< IOP rise � 20 mmHg, and group C= IOP rise>
20 mm Hg. There were 35 eyes in group A, with a mean IOP rise
of 4.0±1.6 mm Hg, there were 22 eyes in group B, with a mean
IOP rise of 12.7±2.8 mmHg, and there were 13 eyes in group C,
with a mean IOP rise of 23.0±2.7 mm Hg (Table 2). Except for
the IOP, there was no difference in age and sex composition
among the 3 groups. (Table 2)
The MVD measured at the baseline were not significantly

different from the measurements obtained 1 hour after the LPI in
group A or group B in either the superficial retinal layer or deep
retinal layer (MVDs=45.2±4.6% versus 45.3±4.4%, p=0.504
and 49.2±1.9% versus 49.1±2.1%, P= .812, respectively;
MVDd=50.1±4.3% versus 50.3±4.0%, P= .367 and 53.9±
2.9% versus 53.6±2.4%, P= .146, respectively). However, there
were significant differences between the values in group C
(MVDs=49.0±2.1% versus 46.8±3.0%, p=0.009; MVDd=
52.0±2.6% versus 50.7±2.9%, P= .008) (Table 3, Fig. 2).
The CBFA that measured at the baseline and 1 hour after the

LPI were no statistically significant difference in group A (CBFA
=4.47±0.16mm2 versus 4.46±0.14mm2, P= .563), but there

were significant differences in group B and groupC (CBFA=4.49
±0.12mm2 versus 4.42±0.14mm2, P= .005 and 4.53±0.09
Table 3

The vessel density of the macular region (MVD) at the baseline and on
groups (group A= IOP increase �10 mm Hg, group B=10 mm Hg< IO

Group A Group

Baseline After LPI P value Baseline

MVDs 45.2±4.6 45.3±4.4 .504 49.2±1.9
MVDd 50.1±4.3 50.3±4.0 .367 53.9±2.9

The values are given as the mean± standard error %.
MVDs= superficial layer MVD, MVDd=deep layer MVD.
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mm2 versus 4.34±0.16mm2, P= .001, respectively) (Table 4,
Fig. 3). The FAZ measurements taken at the baseline and 1 hour
after the LPI didn’t differ in the 3 groups (FAZ=0.388±0.087
mm2 versus 0.384±0.081mm2, P= .388; 0.384±0.095mm2

versus0.378±0.081mm2, P= .416; 0.404±0.092mm2

versus0.408±0.088mm2P= .526) (Table 4, Fig. 3).
The pearson correlation analysis showed that there was a

significant negative correlation between IOP elevation and changes
of CBFA (r= -0.613, P= .000), and there was no correlation
between IOP elevation and changes of FAZ (r=0.087, P= .473)
(Fig. 4).

5. Discussion

The results of our study suggest that either the retinal VD or the
choroidal capillary blood flow in macula as measured by OCTA
in these patients with narrow antenior chamber did not change
markedly while acute IOP increased less than 10 mmhg after LPI,
but when the IOP rise was more than 10 mm Hg the choroidal
capillary blood flow decreased significantly, once the IOP
elevation was more than 20 mm Hg the retinal VD also
significantly reduced. In addition, the data supports the
hypothesis that microcirculation in macular region has autor-
egulatory capacity during changes in IOP within a certain
range.[3,14]

It has been shown that reducing the IOP increases the ocular
perfusion pressure, which enhances ocular blood flow. Recent
studies using OCTA have demonstrated a reduced retinal blood
flow in glaucoma cases compared to control cases[5,6,15] and
an improved retinal microvasculature after IOP lowering in
glaucomatous eyes.[16,17] However, it is not clear whether an
acute elevated IOP has an immediate effect on retinal and
choroidal blood flow. To our knowledge, there are few researches
in this field at present. Animal experiments have shown that with
a sharp increase in the IOP, the retinal blood flow decreases
significantly.[18,19] However, Zhang et al found that healthy eyes
with acute and physiological IOP elevations of 10 mm Hg or
e hour after the laser peripheral iridotomy (LPI) in the three patient
P increase �20 mm Hg, and group C= IOP increase>20 mm Hg).

B Group C

After LPI P value Baseline After LPI P value

49.1±2.1 .812 49.0±2.1 46.8±3.0 .009
53.6±2.4 .146 52.0±2.6 50.7±2.9 .008

http://www.md-journal.com


Figure 2. Images of the vessel densities measured before and one hour after the laser peripheral iridotomy (LPI). A: Measurements of the superficial retinal layer at
the baseline; B: Measurements of the superficial retinal layer at one hour after LPI; C: Measurements of the deep retinal layer at the baseline; D: Measurements of the
deep retinal layer at 1 h after the LPI.
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15 mm Hg for 2 hours did not show significant changes in the
capillary VD in either the ONH or macula, as examined using
OCTA.[20] Our findings indicate that the autoregulatory
mechanisms of microcirculation of retina and choroid in macula
would be destroyed once IOP is elevated to a critical level,
especially in choroidal capillaries. Compared with retinal blood
flow in macula, perhaps choroidal capillaries have a worse
autoregulatory on the change of IOP, which is in good agreement
with findings of Polska et al,[21] whose study indicated that the
choroid regulated its blood flow worse during changes in IOP.
Our results may be relevant with regard to the discussion of
ocular blood flow in glaucoma and important in linking the
pressure theory with the vascular theory of glaucoma etiology.
Although the damage caused by glaucoma at the retinal level is

mainly manifested in the inner layer of the retina, such as the
thinning of the retinal nerve fiber layer and the loss of ganglion
cells, studies have found that the outer layer of the retina in
glaucoma patients is also affected, such as the edema and loss of
photoreceptor cells, which may be due to the decrease of
choroidal blood flow ischemia in glaucoma patients.[22] Accord-
ing to our study, CCFA in macula decreased with the increase of
IOP more than 10mmHg. However, the result is in different with
Table 4

The areas of choriocapillary blood flow and foveal avascular zone o
peripheral iridotomy (LPI) in the 3 patient groups (groupA= IOP increas
group C= IOP increase>20 mm Hg).

Group A Group B

Baseline After LPI P value Baseline

CBFA 4.47±0.16 4.46±0.14 .563 4.49±0.12
FAZ 0.388±0.087 0.384±0.081 .388 0.384±0.095

The values are given as the mean± standard error mm2.
CBFA= choriocapillary blood flow area; FAZ= foveal avascular zone, LPI = laser peripheral iridotomy.
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the fingings of animal experiment by Zhi et al,[23] who showed
choroidal perfusion in optic nerve head did not appear to be
affected until 60 mm Hg in rats using optical microangiography,
above which further reductions developed exponentially. It
should be noted that the results of this study are only obtained in
animal experiments, it is necessary to carry out further studies in
human body. Additionally, our study is needed to elucidate
whether our findings may also be true for optic nerve head blood
flow. Besides, our research demonstrated that there was no
significant change in FAZ before and after LPI, which may be
attributed to the short time and limited range of IOP rise.
Several limitations should be addressed. First, the study

included only patients with narrow anterior chamber angles, and
we do not know whether the results can be generalized to any
other individuals. Second, the VD and CCFA observed by OCTA
is not exactly equal to blood flow, while blood flow is slightly
damaged, OCTA may not be able to detect it. Third, whether
blood flow in other parts of the retina and choroid reacts in a
similar way remains unknown. Fourth, the limited number of
samples in this study, especially in the cases with IOP increases
greater than 20 mmHg after the LPI, may have had an impact on
the outcomes. Further work should be applied.
f the macular region at the baseline and one hour after the laser
e� 10mmHg, group B=10mmHg< IOP increase� 20mmHg, and

Group C

After LPI P value Baseline After LPI P value

4.42±0.14 .005 4.53±0.09 4.34±0.16 .001
0.378±0.081 .416 0.404±0.092 0.408±0.088 .526



Figure 4. Images of the correlation of intraocular pressure (IOP) elevation with changes of choriocapillary blood flow (CBFA) and foveal avascular zone (FAZ).

Figure 3. Images of areas of choriocapillary blood flow and foveal avascular zone. A) Preoperative image of the choriocapillary blood flow area; B) Postoperative
image of the choriocapillary blood flow area; C, D): The corresponding B-scan images of A, B. E: Preoperative image of the foveal avascular zone; F) Postoperative
image of foveal avascular zone.
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In conclusion, the present study demonstrated that the macular
blood flow in these subjects with narrow antenior chamber began
to be affected with the acute IOP rise greater than 10 mm Hg. It
was confirmed that the retina and choroid showed some different
ability to regulate its blood flow in response to changes in
IOP. Compared to the retina, the choroid has a poor regulatory
ability.
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