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Abstract. The aim of the present study was to evaluate macular 
vascular density (MVD) variation after uneventful cataract 
surgery using optical coherence tomography angiography 
(OCTA) in patients with high myopia. Patients with cataracts 
scheduled for cataract surgery were divided into a high‑myopia 
group [spherical equivalent (SE)≤‑6.0 diopter (D) and axial 
length (AL)≥25 mm] and a low‑myopia group (SE>‑6.0 D and 
AL<25 mm). All patients were examined for MVD and retinal 
thickness (RT) with OCTA pre‑operatively and post‑opera‑
tively (1 day, 1 week, and 1 and 3 months after surgery). A total 
of 55 eyes from 44 patients were included. MVD and RT both 
changed after cataract surgery. The mean change in superfi‑
cial vascular density (SVD) in patients with high myopia was 
significantly lower than that in the low‑myopia group at the 
four post‑operative time‑points (all P<0.05). In addition, the 
RT of eyes with high myopia exhibited a different variation 
compared with that of the low‑myopia group. Significant 
correlations were identified between AL, RT, intraocular pres‑
sure and SVD after surgery. In conclusion, superficial retinal 
perfusion in patients with high myopia was significantly lower 
than that in low myopia patients, which may lead to complica‑
tions caused by poor perfusion.

Introduction

Age‑associated cataracts are the most common disease 
that causes blindness worldwide (1). The gradual decline in 

visual acuity (VA) affects the quality of life of the elderly. 
Phacoemulsification combined with intraocular lens implan‑
tation is an effective treatment method to improve VA (2). 
However, certain patients with cataracts experience a 
decrease in VA at different time‑points after surgery (3,4). 
For instance, Emeriewen et al (3) studied the decreased VA 
after cataract surgery caused by ischemic optic neuropathy 
and reported that hypertension, diabetes, cerebrovascular 
disease and high levels of lipids were systemic risk factors. 
It was reported that the best‑corrected visual acuity (BCVA) 
was positively correlated with macular flow density in patho‑
logical myopia, and that the macular vascular system was 
essential for visual function (5). With the extension of the 
ocular axis, certain structural changes occur in high myopia, 
including retinal and choroidal thickness thinning, optic disc 
atrophy and reduction of the retinal nerve fiber layer (RNFL) 
thickness (6). Fan et al (7) also indicated that macular vascular 
density (MVD) and ganglion cell complex thickness, which 
consists of the inner plexiform layer (IPL), ganglion cell 
layer (GCL) and nerve fiber layer, decreased with increasing 
myopia. In addition, Benavente‑Pérez et al (8) indicated that 
both retinal blood flow and blood vessel diameter decreased 
in high myopia based on Doppler ultrasound. However, 
whether uneventful cataract surgery is able to affect the 
perfusion of the macular area in high myopia has remained 
elusive.

Retinal blood flow may be observed by a variety of 
methods, including Doppler ultrasound and fundus fluorescein 
angiography (FFA). However, there are certain limitations 
to these clinical applications, since Doppler ultrasound may 
only visualize large vessels with low resolution  (9), while 
FFA is invasive and difficult to quantify (5). Optical coher‑
ence tomography angiography (OCTA) with split‑spectrum 
amplitude‑decorrelation angiography  (SSADA) is able to 
generate blood flow images of the retinal and choroidal vessels 
without contrast agents. This technique is non‑invasive, has no 
complications or adverse reactions and provides a high‑defi‑
nition, three‑dimensional image (10). More importantly, this 
technique is able to provide morphological information about 
retinal vessels and quantify vascular density (11).
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In the present study, OCTA was used to measure the MVD 
of cataracts and to assess the effects of uneventful cataract 
surgery on retinal perfusion in high myopia.

Materials and methods

Patients. The present study was a prospective observational 
study. Patients who were scheduled for cataract surgery 
at the Department of Ophthalmology of the 10th People's 
Hospital affiliated to Tongji University (Shanghai) were 
enrolled between May 2016 and March 2017. Outpatients with 
complaints of painless and gradual blurry vision in addition 
to lens opacity were diagnosed with cataracts after slit‑lamp 
examination. Lens opacification was scored after pupil dilation 
with the compound tropicamide using the Lens Opacification 
Classification System III (12). The nuclear opalescence (NO), 
nuclear color (NC), cortical cataract (C) and posterior subcap‑
sular cataract  (P) were used as references to classify lens 
opacities under the slit lamp. Patients with cataracts who were 
aged >50 years and scored ≥NO3‑NC3 or ≥C3 or ≥P3 were 
included. The exclusion criteria comprised glaucoma, cornea 
diseases, retinal vascular diseases, previous intraocular surgery, 
trauma and other pre‑existing ocular diseases affecting vision. 
Furthermore, patients with systematic diseases, including 
hypertension, diabetes, systemic cardiovascular diseases and 
hematological diseases were also excluded. All participants 
were divided into a high‑myopia group [group A; spherical 
equivalent (SE)≤‑6.0 D and axis length (AL)≥25 mm] or a 
low‑myopia group (group B; SE>‑6.0 D and AL<25 mm). 
Informed consent was obtained from all the participants and 
the study protocol was approved by the Clinical Research 
Ethical Committee of Shanghai 10th People's Hospital affili‑
ated to Tongji University (Shanghai, China).

Examinations. All patients underwent routine examinations prior 
to cataract surgery, including best‑corrected visual acuity (BCVA), 
intraocular pressure (IOP), refraction, corneal endothelial cell 
counting, corneal topography, examination with Intraocular 
Lenses Master (Carl Zeiss AG), fundus photography, OCTA and 
ophthalmoscopic examination with slit lamp. After the pre‑opera‑
tive dilation of the pupil with tropicamide, surgery was performed 
by the same skilled physician using Infinity (Alcon Laboratories). 
All patients were examined for MVD and retinal thickness (RT) 
with OCTA on the first day, and at 1 week, 1 and 3 months after 
surgery. All patients with high myopia were classified according 
to the classification of Curtin (13), including type I (posterior 
staphyloma), type II (macular staphyloma), type III (peripapillary 
staphyloma), type VI (combined staphyloma, types I and II) and 
type VII (combined staphyloma, types I and III).

All operations were performed by the same surgeon (FL) and 
the irrigation pressure (IP) was maintained at 80‑85 cm H2O 
during surgery. All participants underwent measurement of 
superficial vascular density (SVD) and deep vascular density 
(DVD) by a skilled technician prior to and after cataract 
surgery (1 day, 1 week, 1 and 3 months post‑operatively). 
Fundus vascular scanning was performed with an RTVue‑XR 
Avanti system (Optovue Inc.) with a wavelength of 840 nm 
(bandwidth of 50 nm) and an en‑face OCTA scan of 3x3 mm 
over the macula. The subjects were requested to stare at the 
blue sighting mark with blinking for at least 3 sec and the 

retinal stratified blood flow images were obtained by hori‑
zontal and vertical scans. Both the SVD [3 µm beneath the 
inner limiting membrane (ILM) to 16 µm beneath the IPL] 
and DVD (16 µm beneath the IPL to 71 µm beneath the IPL) 
were quantified (Fig. 1A and B). The segments included the 
fovea (1 mm circular area centered on the fovea) and parafovea 
(annulus with an outer diameter of 3 mm and an inner diameter 
of 1 mm centered on the fovea). The parafovea was divided 
into the superior‑hemi (SH), inferior‑hemi (IH), temporal (T), 
superior (S), nasal (N) and inferior (I) quadrants. The full 
RT (from the ILM to the retinal pigment epithelium) and the 
superficial RT (from the ILM to the IPL) were also evaluated. 
MVD and RT were automatically calculated using the built‑in 
software (AngioAnalytics) of the RTVue XR‑Avanti system. 
Poor‑quality images with a signal strength index of <40 and 
severe motion artifacts were excluded from the analysis.

Statistical analysis. Statistical analysis was performed with 
SPSS version 19.0 (IBM Corp.). Data were analyzed with the 
Kolmogorov‑Smirnov test to evaluate their normal distribu‑
tion. Pearson's χ2  test was performed to analyze gender 
differences. The data from pre‑operative and post‑operative 
measurements were analyzed by generalized estimating equa‑
tions (14) with Bonferroni corrections. Unpaired t‑test was 
used to analyze age, SE, AL, BCVA and IOP between the 
two groups. Pearson's correlation was used to further analyze 
the correlation between age, AL, RT, BCVA and MVD. P<0.05 
was considered to indicate a statistically significant difference.

Results

Demographic and ocular characteristics of patients. A total 
of 57 eyes from 46 patients were included in the present study. 
The surgeries of all subjects were successfully completed with 
no complications during the operation. In total, 2  patients 
(2  eyes) were excluded due to macular edema at 1  month 
following the operation. Eventually, 55 eyes from 44 patients 
were included in the study (16 males and 28 females, including 
12 patients with the two eyes examined), who had a mean age of 
66.37±5.47 years. There were 7 patients between 50 and 60 years 
of age, 27 patients between 60 to 70 years of age and 10 patients 
older than 70 years. A total of 24 eyes from 21 patients were 
included in group A, with a mean refraction of ‑10.80±5.04 D 
and an AL of 27.70±1.62 mm. In total, 31 eyes of 23 patients 
were in group B, with a mean refraction of ‑0.76±2.21 D and 
an AL of 23.22±0.95 mm. There was no significant differ‑
ence in sex (P=0.745) or age (P=0.08) between the two groups 
(Table I). In group A, 20 eyes were classified as type III, 2 eyes 
as type I and 1 eye each as types VI and VII (Table II). The 
mean pre‑operative value for BCVA (logMAR) was 0.51±0.41 
for group A and 0.23±0.22 for group B. The BCVA of groups A 
and B were determined to be 0.03±0.05 and 0.04±0.06 at 
3 months after surgery, respectively. The IOP of group A was 
16.56±3.79, 14.85±2.42, 13.17±0.42 and 13.38±1.86 mmHg 
at 1  day, 1  week, 1  month and 3  months post‑operatively, 
respectively. The IOP of group B was 16.36±3.16, 12.71±2.15, 
11.54±0.24 and 12.39±1.60 mmHg, respectively. Moreover, the 
IOP of high‑myopia patients was significantly higher than that 
of low‑myopia patients at 1 week (P=0.001), 1 month (P=0.001) 
and 3 months (P=0.034) after surgery (Table SI).
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MVD and RT and their variations after cataract surgery. The 
generalized estimating equations suggested that the SVD and 
DVD of the parafovea changed in group A (Wald χ2=13.65, 
P=0.008 and Wald χ2=37.12, P<0.001, respectively) and 
group  B (Wald χ2=58.82, P<0.001 and Wald χ2=19.71, 

P=0.001, respectively), with an increasing trend within a 
month and gradually decreasing at 3 months after cataract 
surgery (Table III). Of note, in group A, there was a significant 
decrease at 3 months in both SVD and DVD [48.59±0.82 
vs. 45.79±0.65 (P=0.005) and 57.69±0.65 vs. 51.46±1.25 

Figure 1. Determination of retinal vessels by optical coherence tomography angiography. (A) The horizontal (upper panel) and vertical (lower panel) scan of 
SVP. (B) The horizontal (upper panel) and vertical (lower panel) image of DVP. The parafovea of macular was divided into T, S, N, I quadrants. The green 
line indicates the line between SVP and DVP. The white arrow indicates the scan direction. SVP, superficial vascular plexus; DVP, deep vascular plexus; 
T, temporal; S, superior; N, nasal; I, inferior.

Table I. Demographic and ocular characteristics of patients in the two groups.

Characteristic	 High myopia (n=24)	 Low myopia (n=31)	 P‑value

Age (years)	 65.32±6.01	 67.66±4.59	 0.080a

Gender (male/female)	 9/15	 11/20	 0.740b

SE (diopters)	 ‑10.80±5.04	 ‑0.76±2.21	 0.001a

Axial length (mm)	 27.70±1.62	 23.22±0.95	 0.001a

BCVA (logMAR)	 0.51±0.41	 0.23±0.22	 0.002a

IOP (mmHg)	 15.19±2.61	 14.63±2.67	 0.438a

aUnpaired t‑test; bχ2 test. Values are expressed as the mean ± standard deviation or n. SE, spherical equivalent; BCVA, best‑corrected visual 
acuity; IOP, intraocular pressure.
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(P<0.001), respectively] compared with the measurements 
at 1 month after surgery, which was even slightly lower than 
that at the baseline (45.79±0.65 vs. 46.22±0.98; P>0.05). In 
group B, although the SVD and DVD decreased at 3 months 
after surgery, they were still significantly higher than the 
baseline values (P=0.001 and P=0.008, respectively; Fig. 2A). 
In the parafovea, the vascular density in different quadrants 
was consistent with the mean SVD in group A after surgery, 
including SH (Wald χ2=22.52, P<0.001), IH (Wald χ2=33.85, 
P<0.001), T  (Wald  χ2=34.19, P<0.001), S  (Wald χ2=15.62, 
P=0.004), N (Wald χ2=53.02, P<0.001) and I (Wald χ2=16.75, 
P=0.002). In group B, there was also a significant change in 
the different quadrants after surgery (all P<0.05; Table SII).

The whole RT of the fovea and parafovea also exhibited 
a different variation tendency over the four time‑points after 
surgery between group  A (Wald  χ2=15.31, P=0.004 and 
Wald χ2=50.22, P<0.001) and group B (Wald χ2=13.08, P=0.011 
and Wald χ2=31.54, P<0.001; Table III). In group A, the RT 
decreased on the first post‑operative day and then gradually 
increased within a month and decreased again at 3 months after 

surgery. However, the RT in group B increased constantly over 
the 3 months after surgery and had a smaller volatility than 
that of group A (Fig. 2B). In group A, the RT in the parafovea 
was significantly changed after surgery in SH (Wald χ2=12.75, 
P=0.013), S (Wald χ2=11.21, P=0.024) and N (Wald χ2=13.79, 
P=0.008), but not for IH (Wald χ2=7.55, P=0.11) T (Wald 
χ2=7.84, P=0.098) or I (Wald χ2=6.43, P=0.169). However, in 
group B, there was a significant difference in these quadrants 
(all P<0.05).

Changes in MVD within four post‑operative time‑points in 
the two groups. As presented in Table III, both the SVD and 
DVD of the two groups increased after surgery compared with 
those at the baseline. However, the SVD of group A exhibited 
a slight increase at 1 day, 1 week and 1 month post‑operatively 
(0.23, 4.43 and 5.06%, respectively) and a slight decrease at 
3 months (‑1.21%; all P>0.05), whereas a significant increase 
was obtained in group B at the four post‑operative time‑points 
(8.87, 12.15, 13.93 and 9.87%, respectively; all P<0.05). In 
addition, the mean changes in SVD were significantly different 

Table II. The number and axis length in patients with different types of high myopia.

Type	 Description	 n (%)	 Axis length (mm)

I	 Posterior staphyloma	   2   (8)	 29.56±0.07
II	 Macular staphyloma	   0	 /
III	 Peripapillary staphyloma	 20 (83)	 27.31±1.44
IV	 Nasal staphyloma	   0	 /
V	 Inferior staphyloma	   0	 /
VI	 Combined staphyloma, Types I and II	   1 (4)	 30.51
VII	 Combined staphyloma, types I and III	   1 (4)	 29.87

Table III. Macular vascular density and retinal thickness of two groups at baseline and 4 post‑operative time‑points.

A, High myopia (n=24)

Parameters	 Baseline	 1 day post‑op	 1 week post‑op	 1 month post‑op	 3 months post‑op	 Wald χ2	 P‑value

RT in fovea (mm)	 243.43±4.86	 241.58±5.34	 242.66±5.03	 250.08±5.08	 242.78±3.83	 15.31	 0.004
RT in parafovea (mm)	 298.17±3.35	 293.00±3.59	 296.57±3.74	 304.79±3.31	 300.29±2.85	 50.22	 <0.001
SVD (%)	 46.22±0.98	 46.34±1.01	 48.29±1.13	 48.59±0.82	 45.79±0.65	 13.65	 0.008
DVD (%)	 51.93±1.21	 54.56±1.24	 55.62±1.15	 57.69±0.65	 51.46±1.25	 37.12	 <0.001

B, Low myopia (n=31)							     

Parameters	 Baseline	 1 day post‑op	 1 week post‑op	 1 month post‑op	 3 months post‑op	 Wald χ2	 P‑value

RT in fovea (mm)	 248.75±5.61	 248.81±5.41	 249.52±5.04	 261.31±6.06	 263.55±2.02	 13.08	 0.011
RT in parafovea (mm)	 313.60±3.54	 314.47±3.61	 315.47±3.33	 324.92±3.29	 326.93±1.75	 31.54	 <0.001
SVD (%)	 46.30±0.73	 50.33±0.78	 51.84±0.72	 52.92±0.62	 50.91±0.68	 58.82	 <0.001
DVD (%)	 54.14±1.07	 57.31±0.60	 57.67±1.04	 59.22±0.71	 57.61±0.84	 19.71	 0.001

Comparison of data in two groups by generalized estimating equations. Values are expressed as the mean ± standard deviation. RT, retinal 
thickness; SVD, superficial vascular density; DVD, deep vascular density.
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between the two groups at 1 day, 1 week, 1 and 3 months 
post‑operatively (P=0.009, P=0.02, P=0.012 and P=0.001, 
respectively; Fig. 3A and Table IV). Furthermore, the differ‑
ence was mainly observed in the parafovea (SH, IH, T, S, N 
and I quadrants) but not in the fovea (P>0.05). However, the 
mean changes in DVD were not significantly different between 

the two groups at the four time‑points after cataract surgery 
(P=0.808, 0.962, 0.695 and 0.079, respectively; Fig. 3B and 
Table IV).

Correlation between age, BCVA, AL, RT, IOP and SVD. 
Pearson's correlation test revealed that the negative correlations 

Figure 2. Variation in macular vascular density (expressed as a percentage) and RT (mm) of groups A and B prior to and after surgery. (A) Macular vascular 
density. P<0.05 was determined for the following comparisons: A, 1 month post‑op vs. 3 months post‑op; b and e, baseline vs. 1 day post‑op, 1 week post‑op, 
1 month post‑op and 3 months post‑op; c, 1 day post‑op vs. 1 month post‑op; d, baseline vs. 1 month post‑op. (B) RT in fovea and parafovea. P<0.05 was 
determined for the following comparisons: a, 1 month post‑op vs. baseline and 1 week post‑op; b, 1 month post‑op vs. 1 week post‑op and 3 months post‑op; 
c, baseline vs. 1 day post‑op; d, 1 month post‑op vs. 1 day post‑op, 1 week post‑op respectively; e, 1 month post‑op vs. baseline, 1 day post‑op and 1 week 
post‑op; f, 3 months vs. baseline, 1 day post‑op and 1 week post‑op. The data were analyzed by generalized estimating equations with Bonferroni corrections. 
Groups: A, high myopia; B, low myopia. RT, retinal thickness; SVD, superficial vascular density; DVD, deep vascular density.

Figure 3. Mean change (%) in SVD and DVD at four time‑points after surgery in the two groups. (A) SVD and (B) DVD. *P<0.05. P‑values were calculated by 
generalized estimating equations. Groups: A, high myopia; B, low myopia. SVD, superficial vascular density; DVD, deep vascular density.

Table IV. Mean changes of macular vascular density (%) in parafovea in high myopia and low myopia groups.

	 Superficial vascular density	 Deep vascular density
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Time‑point	 High myopia	 Low myopia	 Wald χ2	 P‑value	 High myopia	 Low myopia	 Wald χ2	 P‑value

1 Day post‑op	 0.11±1.36	 4.11±0.69	 6.861	 0.009	 3.63±1.45	 3.21±0.90	 0.059	 0.808
1 Week post‑op	 2.05±1.23	 5.63±0.91	 5.428	 0.020	 3.68±1.64	 3.58±1.34	 0.002	 0.962
1 Month post‑op	 2.34±1.35	 6.45±0.91	 6.349	 0.012	 5.76±1.39	 5.03±1.22	 0.153	 0.695
3 Months post‑op	 ‑0.52±1.11	 4.57±1.02	 11.353	 0.001	 0.53±1.35	 3.51±1.01	 3.077	 0.079

Comparison of changes in superficial vascular density and deep vascular density between two groups by generalized estimating equations after 
surgery. Values are expressed as the mean ± standard deviation.
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between AL and SVD were more significant at 1 day, 1 week, 
and 1 and 3 months after surgery (r=‑0.494, P<0.001; r=‑0.470, 
P<0.001; r=‑0.394, P=0.003; and r=‑0.513, P<0.001, respec‑
tively) than those prior to surgery (r=‑0.123, P=0.368; Fig. 4). 
The superficial RT in the parafovea was positively correlated 
with the SVD after 1 day, 1 week and 1 month after surgery 
(r=0.298, P=0.024; r=0.261, P=0.050; and r=0.377, P=0.010, 
respectively; Fig. 5). Furthermore, the IOP was negatively 
correlated with the SVD at 1 month after surgery (r=‑0.355, 
P=0.01) while no association was determined at any other 
time‑point (P>0.05) (data not shown). However, age and BCVA 
were not correlated with SVD (P>0.05) (data not shown).

Discussion

Clinically, there have been certain reports of ischemic optic 
neuropathy occurring after cataract surgery and leading to a 

sudden decline in VA (3,4). Another study suggested that the 
macular vascular system was essential to visual function (5). 
In patients with high myopia, there are certain structural 
changes, including retinal and choroidal thickness thinning, 
optic disc atrophy and thinning of RNFL thickness. In addi‑
tion, the retinal blood flow and blood vessel diameter were 
indicated to be decreased in high‑myopia patients with Doppler 
ultrasound (8). A number of these studies used Doppler and 
FFA to detect retinal perfusion. However, Doppler is not able 
to sensitively measure the macular and peripapillary micro‑
circulation (5). Azizi et al (15) indicated that retinal vessel 
densitometry with Doppler may result in an erroneous eleva‑
tion in the detection of cataracts due to cataract‑induced light 
scatter. FFA is not able to differentiate the deep capillary from 
the radial peripapillary networks (16). In the present study, 
non‑invasive OCTA was used with the SSADA algorithm 
for imaging to quantify the MVD with high resolution and 

Figure 4. Correlation between axial length and superficial vascular density. (A) Baseline. (B) 1 day post‑op. (C) 1 week post‑op. (D) 1 month post‑op. 
(E) 3 months post‑op. The r value is the correlation coefficient. P‑values were calculated using Pearson's correlation.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  20:  258,  2020 7

three‑dimensional images. Good repeatability and reproduc‑
ibility were reported for this method (5). OCTA is able to 
reveal more details about larger blood vessels and capillary 
networks in the superficial and deep retinal layers (17). These 
powerful features of OCTA have enormous implications for 
understanding tissue perfusion in retinal vascular diseases, 
including retinal venous occlusion, age‑associated macular 
degeneration, idiopathic macular telangiectasia (18), diabetic 
retinopathy  (19) and primary open‑angle glaucoma  (20). 
However, the use of OCTA for dynamic observation of retinal 
perfusion prior to and after cataract surgery in high myopia 
has been scarcely reported previously.

Cataract surgery has been widely used in the clinic and 
certain post‑operative complications usually occur in the 
retina. For instance, one study indicated a subclinical increase 
in RT based on optical coherence tomography after phaco‑
emulsification (21). In addition, pseudophakic cystoid macular 
edema leading to a decrease in VA were commonly observed 

after cataract surgery (22). A positive correlation between 
retinal perfusion and RT was reported in healthy subjects (23). 
Previous studies suggested different results for pulsatile ocular 
blood flow (POBF) changes detected using an OBF analyzer 
after cataract surgery. Hilton et al  (24) suggested that the 
POBF was improved at 1 month following cataract surgery 
compared with that prior to surgery. However, Turk et al (25) 
determined that in normotensive eyes, cataract surgery did not 
affect ocular hemodynamics at 1 or 3 weeks post‑surgery.

The present study suggested that MVD and RT in the 
high‑ and low‑myopia groups changed after cataract surgery. 
A previous study reported changes in macular thickness and 
vessel density after uneventful cataract surgery. A 6‑month 
follow‑up study suggested that the average macular thick‑
ness exhibited the greatest increase at 1 month after cataract 
surgery and significantly decreased at 3 and 6 months after 
surgery (26). Zhao et al (27) determined that the MVD and 
thickness increased in patients with cataracts in the 3‑month 

Figure 5. Correlation between superficial vascular density and superficial retinal thickness in the parafovea. (A) Baseline. (B) 1 day post‑op. (C) 1 week post‑op. 
(D) 1 month post‑op. (E) 3 months post‑op. The r value is the correlation coefficient. P‑values were calculated by Pearson's correlation.
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follow‑up period after cataract surgery using OCTA, which 
was consistent with the results of the present study. Although 
the exact pathomechanism remains to be fully elucidated, 
the role of surgical trauma and the release of prostaglandins 
and blood retinal barrier disruption are likely causes  (21). 
According to Zhao et al (27), the reason may be the decrease 
in IOP, post‑operative inflammation or light exposure after 
cataract surgery. The present study also suggested that the 
IOP decreased at 3 months after surgery (1.81‑2.24 mmHg) 
compared with that of the baseline. Furthermore, the IOP 
exhibited a significantly positive correlation with SVD at the 
first post‑operative month, which may further demonstrate the 
influence of the IOP on the vessels. However, it was indicated 
that the vessel density and RT fluctuated more obviously in 
patients with high myopia than in normal patients after surgery. 
This result indicated that the macular function in patients with 
high myopia was more susceptible to the influence of surgery. 
It was hypothesized that thinner retinal and choroidal thick‑
ness, decreased vessel density and thinner RNFL thickness 
in patients with high myopia (6), as well as decreased vessel 
diameter (7), may be attributed to this variation. Of note, both 
SVD and DVD exhibited a sudden significant decrease at 
3 months after surgery in the high myopia group, which may 
indicate that the function of the retinal vessels of patients with 
high myopia was even worse than that of low myopia patients.

Although superficial vascular density increased after 
cataract surgery in both groups, the mean increase was 
lower in patients with high myopia than that in patients with 
low myopia. A possible reason may be the high IP used for 
maintaining IOP during surgery. One study suggested that a 
transient high IOP reduced the vessel diameters of the retina 
and optic disc in healthy rabbits and that the microcirculation 
gradually recovered to normal levels within 30 min after the 
high IOP was removed (28). The microcirculation perfusion 
was damaged when the IOP exceeded the autoregulatory 
capacity of the retinal vessels (29). In cataract surgery, the 
IP is maintained at a high level for a certain duration. IOP 
fluctuations during surgery caused by a high IP may affect 
retinal hemodynamics. Saygili et al (30) also demonstrated 
that increased IOP during cataract surgery decreased the flow 
velocity of the central retinal artery, which supplied the inner 
retinal layer with colorful Doppler and thereby affected the 
retinal perfusion. The present study indicated that the retinal 
vascular density was lower in the high myopia group than that 
in the low myopia group after surgery based on OCTA, which 
suggested that the retinal vascular perfusion was also lower in 
patients with high myopia than in patients with low myopia. 
A number of adverse factors in high myopia, including longer 
AL, reduced retinal and choroidal thickness, reduced RNFL 
thickness (6) and decreased vessel diameter (7), may affect the 
macular vascular system. The retinal vessels in patients with 
high myopia may be less able to tolerate the high IOP fluctua‑
tions during surgery that occur for a relatively long time. This 
eventually leads to insufficient self‑regulation and inadequate 
perfusion of superficial retinal vessels after cataract surgery. In 
addition, the post‑operative IOP of patients with high myopia 
was significantly higher than that of the low‑myopia group, 
and low myopia may also be the reason for lower vascular 
density after the operation. Furthermore, the SVD of eyes with 
high myopia was even lower at 3 months compared with that 

at baseline. This result also indicated that patients with high 
myopia may exhibit lower retinal perfusion over a period of 
time. This suggests that it may be necessary to monitor retinal 
perfusion in patients with high myopia after surgery in the 
long term, which has not been previously reported and further 
research is required to support this notion.

Furthermore, the present study indicated a negative correla‑
tion between AL and SVD, which was consistent with previous 
studies. Fan et al (7) recruited participants under 40 years 
of age with different refractive statuses, including a control 
group (AL=23.28 mm), a moderate group (AL=24.98 mm) 
and a high‑myopia group (AL=29.01 mm), and determined 
by using OCTA that the vascular density decreased in the 
macular region with a longer AL but not in the disc region. 
Lam et al  (31) demonstrated that the outer macular thick‑
ness decreased with a longer AL, while the central macular 
thickness increased with OCT in patients with myopia and 
pathologic myopia between 40 and 50 years of age. In addi‑
tion, the present study indicated that the correlation exhibited a 
dynamic and changing tendency after cataract surgery, which 
had not been mentioned in previous studies. A reason for the 
changes in relevance may be that the post‑operative inflam‑
mation induced by surgical trauma at different time‑points 
affected retinal perfusion.

In addition, the present study determined that vessel density 
and RT remained positively correlated after surgery. The SVD 
had a significant positive correlation with the superficial RT 
but not with the full RT of the parafovea at an early stage after 
surgery, which was also demonstrated by other studies. For 
instance, using OCTA, Yu et al (23) demonstrated that the 
inner RT (from the ILM to the inner nuclear layer) was posi‑
tively correlated with vascular density in both the macular and 
peripapillary areas in healthy subjects. Fan et al (7) indicated a 
positive correlation between MVD and GCL thickness, which 
was mainly supplied by superficial retinal vessels. Of note, 
the present study suggested that the correlation continued to 
change from mild to moderate after cataract surgery, which 
demonstrated that vascular density and RT may vary between 
different time‑points. It was assumed that the thinning of 
the RT resulted in decreased oxygen demand and the blood 
microcirculation may consequently be reduced (9). However, 
it is possible that the vessel density changed prior to RT, which 
requires further study.

Mo et al (5) also indicated that the BCVA was positively 
correlated with the macular flow density among patients with 
pathological myopia. However, in the present study, no signifi‑
cant correlation was obtained between BCVA and MVD, 
neither prior to nor after surgery. Patients with high myopia 
without pathological myopia were enrolled in the present study 
and 83% of the patients with high myopia were classified as 
having peripapillary staphyloma. The majority of patients 
with high myopia had no macular atrophy, which may explain 
the absence of a correlation between BCVA and MVD in 
the present study. Patients with severe cataracts and macular 
atrophy were excluded from the present study because it was 
observed that these patients did not cooperate well during 
the examination and the data measured using OCTA were 
unreliable.

There are certain limitations to the present study. First, 
the number of patients included was relatively small and a 
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future study with a larger sample size may provide further 
information about MVD variation after phacoemulsification. 
Furthermore, the density of the cataract may influence the 
accuracy of the measurements of vascular density and RT. 
Finally, additional types of high myopia should be included 
in further studies to examine the variation of retinal perfusion 
after cataract surgery in those patients.

In conclusion, superficial retinal perfusion was lower after 
phacoemulsification in patients with high myopia compared 
with that of patients with normal cataract, which exposed 
patients to the risk of experiencing complications that are 
caused by poor perfusion. Therefore, OCTA should be 
performed on post‑operative patients with high myopia who 
are at high risk of ischemia.
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