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Abstract
● AIM: To compare the optic nerve head (ONH) perfusion 
in both eyes of unilateral idiopathic macular hole (IMH) 
with normal control group by using optical coherence 
tomography angiography (OCTA) and investigate its 
correlationship with the macular blood perfusion.
● METHODS: We performed a prospective and cross-
sectional study that included 19 patients with full-thickness 
unilateral IMH and 24 age- and sex-matched controls. All 
participants received OCTA test. The ONH perfusion was 
evaluated by the regions of peripapillary and whole en 
face (the sum of peripapillary and optic disc). The potential 
correlationship between ONH and parafovea were implied. 
All the data were performed using the nonparametric test.
● RESULTS: The mean values of ONH presented that 
normal control >IMH >unaffected eyes. A statistical 
variation was found between three groups in the region 
of temporal (P=0.007). Vessel density notablely decreased 
on the layers of superficial, deep and choroid of parafovea 
region in IMH group. The correlative coefficients showed
that respectively whole en face and deep retina: r=0.528, 
peripapillary and deep retina: r=0.525, whole en face and 
choriocapillaries: r=0.569, peripapillary and choriocapillaries: 
r=0.504.
● CONCLUSION: Our study demonstrate a reduced ONH 
vessel density in both eyes of IMH patients and the vessel 
density of ONH in IMH eyes are positively correlated with 

both the retina capillary and choriocapillary in parafoveal. 
The reduction of vessel densities may indicate the 
hypoperfusion in IMH eyes.
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INTRODUCTION

F ull-thickness macular hole (MH) is a full layers defect of 
the neutral retina in the foveal region from the internal 

limiting membrane (ILM) to the retinal pigment epithelium 
(RPE). Some epidemiological data showed that in the cases 
of patient with full-thickness MH, the proportion of idiopathic 
macular hole (IMH) patients accounts for 87.1%[1]. IMH 
leads to central visual loss and it is widely accepted that 
its formation is caused by the tangential contraction on the 
fovea area from the premacular cortical vitreous[2-3]. Some 
supporters believe that full-thickness MH is primarily caused 
by vitreomacular traction (VMT) or it as a direct result of 
pathologic characteristics other than VMT[4]. However not 
all patients with VMT will suffer from MH and MH can also 
develop in eyes where there is no possibility of VMT[5-6]. 
Therefore, we propose that there may be some other reasons 
which play parts in the formation of IMH.
Some studies point out that risk factors for IMH include 
age, vitreofoveal traction, axial length, hormonal influences, 
intrinsic pigment epithelium diseases, and so on[1,7-10]. It 
has been shown that the macular thickness decreases with 
increasing age which should make the retina more susceptible 
to MH in relatively aged individuals[11]. Meanwhile, epidemiologic 
studies show that bilateral IMHs occurred in 11.7% of MH 
patients[9] and the estimate risk of the fellow eyes developing 
an MH is 12.0% at 5y and 16.9% at 10y[12]. The increased 
incidence of fellow eyes reveals that it is likely that unilateral 
MH patients are more susceptible to develop bilateral MH. We 
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suspect that some general factors lead to disease susceptibility.
According to prior researches, the choroidal thickness in 
unilateral IMH eyes decreased dramatically compared with 
that of normal people[13-14] and the authors suspected that the 
decreased choroidal thickness might be associated with the 
blood flow and perfusion of the choriocapillaries in IMH 
patients. Aras et al[15] discovered that the foveolar choroidal 
blood flow of IMH patients was significantly lower than 
that of normal individuals and suggested that quantitative 
measurement of foveolar choroidal blood flow may be 
helpful to identify the subjects who have increased risk of 
development of IMH. Ahn et al[16] found that vascular density 
of choriocapillaris in surgically closed MH was lower than 
that of normal controls and suggested that the variation of 
choriocapillaris blood flow was involved in the pathogenesis 
of MH. This begs the question of whether the hypoperfusion 
compared with the normal people is a partial or a systematic 
indicator and whether there is hypoperfusion phenomenon on 
optic nerve head (ONH).
To explore microvascular alterations related to systemic and 
ocular diseases, noninvasive techniques for ocular blood flow 
assessment are of crucial importance. The recent development 
of optical coherence tomography angiography (OCTA) with 
split-spectrum amplitude decorrelation angiography (SSADA) 
offers a good basis for quantitative angiography of the ONH 
microcirculation and shows good reliability for the observation 
of retinal blood flow density in the region of the macula[17-18]. 
As a non-invasive technology, OCTA can readily visualize all 
layers of the retinal vasculature without dye injection[19].
In our study, by using OCTA we first aimed to explore the 
perfusion status of the ONH in IMH patients and compare 
the differences of the ONH blood flow status in both eyes of 
unilateral IMH with normal control eyes and then investigate 
its correlationship with the macular perfusion by using OCTA.
SUBJECTS AND METHODS
Study Population  This study was conducted in the Beijing 
Tongren Hospital, Capital Medical University. The research 
protocols were approved by the Institutional Review Board 
at Beijing Tongren Hospital, Capital Medical University and 
carried out in accordance with the tenets of the Declaration 
of Helsinki. Written informed consent was obtained from all 
testing participants of the study. Patients with one eye diagnosed 
as having idiopathic full-thickness MH and unaffected fellow 
eyes were recruited. The diagnosis was confirmed by using 
the spectral-domain optical coherence tomography (SD-OCT) 
system (Cirrus, Carl Zeiss Meditec AG, Jena, Germany), as 
well as intraoperative observation. A healthy age-matched 
subject was enrolled as control. All participants underwent 
routine eye examination including best-corrected visual 
acuities (BCVA), color fundus photography, OCT, axial length 
(Carl Zeiss Meditec AG, Jena, Germany), and intraocular 

pressure (IOP) (Full Auto Tonometer TX-F Canon).
Inclusion criteria for normal eyes were as follows: 1) BCVA 
better than 0.9; 2) IOP less than 22 mm Hg; 3) axial length 
less than 26 mm; 4) no ocular diseases history (excepting mild 
ocular surface diseases such as conjunctivitis); 5) no systemic 
diseases; 6) symmetric ONH between left and right eyes.
Exclusion criteria for all eyes were as follows: 1) axial length 
more than 26 mm; 2) age younger than 30y or older than 80y; 
3) refractive error greater than -6.00 diopter (D) IOP more than 
22 mm Hg; 4) other eye diseases, including glaucoma, uveitis, 
retinal disease history, retina surgery or laser treatment, ocular 
trauma or tumor, poor image quality due to media opacity, or 
unstable eye fixation; 5) one eye from each participant was 
imaged and analyzed.
Peripapillary and Parafoveal Perfusion Measurements 
Using Optical Coherence Tomography Angiography  
OCTA scans were obtained by the spectral domain system 
RTVue-XR Avanti (Optovue, Inc., software V.2015.100.0.33). 
This device had an A-scan rate of 70 kHz per second, and 
B-san frame rate of 200 per second using a 840 nm light 
source with a bandwidth of 45 nm. A 3 mm×3 mm scanning 
area centered on the parafoveal area and a 4.5 mm×4.5 mm 
scanning area centered on the optic disc. The volumetric 
scans were processed by the split-spectrum amplitude-
decorrelation angiography (SSADA) algorithma[20]. SSADA 
analyzed the decorrelation of signal amplitude and created 
a contrast between static and non-static tissue, so that the 
blood flow could be visualized. The blood flow and vessel 
density were analyzed by using the built-in Optovue software 
(Optovue, Inc., software V.2015.100.0.33). The fluctuation 
amplitude caused by blood flow was distinguished from the 
static signal which was defined as a positive pixel. The vessel 
density (blood volume per unit of time) was calculated by the 
proportion of pixel over the threshold of a specific region.
The peripapillary region was defined as a 700 µm wide 
elliptical annulus expanding from the optic disc boundary. 
Overall size of the peripapillary region and the optic disc 
named as whole en face. The peripapillary region once again 
was divided into six parts: nasal, inferior nasal, inferior 
temporal, superior nasal, superior temporal and temporal 
(Figure 1A). The vessel density was defined as the percentage 
area occupied by the large vessels and microvasculature in 
the radial peripapillary capillary (RPC) region from ILM to 
nerve fibers layers (NFL), ranged from ILM to 100 µm below 
(Figure 1B). The parafoveal perfusion was measured by a 
masking procedure. The masking overlay consisted of an 
annulus, defined by an inner radius of 0.3 mm and an outer 
radius of 1.25 mm (Figure 1C). The superficial layer of the 
parafoveal area was defined as being from the ILM with a 
downward offset of 3 µm to the inner plexiform layer (IPL) 
with a downward offset of 15 µm (Figure 1D). The deep layer 
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of the parafoveal area was defined as being from the IPL 
with a downward offset of 15-70 µm and the retina capillary 
network was seated in this layer (Figure 1E). The outer layer of 
the parafoveal area was defined as being from the IPL with a 
downward offset of 70 µm to the RPE with a downward offset 
of 30 µm (Figure 1F). The choroid part of the parafoveal area 
was defined as being from the RPE reference with a downward 
offset of 30-60 µm and the choriocapillaris was seated in this 
layer (Figure 1G). The peripapillary vessel density was defined 
as the proportion of the total area occupied by vessels. All 
images were taken by the same trained examiner and poor-
quality images with a signal strength index less than 40 were 
excluded from the analysis.
Statistical Analysis  Statistical analysis was performed using 
a statistical software program (SPSS for Mac, version 22; 
IBM/SPSS, Chicago, Illinois, USA). Data was shown as 
mean±SD. Statistical comparisons on baseline, the parafoveal 
purfusion and optic disc perfusion, were performed using the 
nonparametric Mann-Whitney U test to analyze the differences 
between normal group and IMH group. All blood flow density-
related parameters were being adjusted by Friedman tests 
compared between IMH eyes and unaffected eyes. All the 

parameters between the three groups were used by Kruskal-
Wallis test. Spearman’s rank correlations were using to 
evaluate the vessel density between ONH and parafoveal. All 
the tests had a significance level of 5%.
RESULTS
Study Population  Peripapillary and parafoveal retinal 
perfusion were studied in 24 normal eyes and 19 IMH eyes 
that met the inclusion and exclusion criteria. The mean age 
and standard deviation was 62.11±4.64y for IMH patients and 
59.79±4.06y for healthy controls. There was no statistically 
significant difference of gender, age, IOP, or axial length in the 
normal and IMH patients (Table 1).
Comparison of Optic Nerve Head and Parafoveal Blood 
Flow Density Between Idiopathic Macular Hole Eyes, 
Unaffected Fellow Eyes, and Normal Control  The comparison 
of ONH flow density between IMH eyes, unaffected fellow 
eyes, and normal control eyes was shown in Table 2. The mean 
value of the whole en face flow density was 56.55±1.83 in 
healthy controls, 55.81±3.79 in the IMH group and 54.40±3.44 

in the unaffected fellow group. The peripapillary flow density 
was 63.10±2.29 in healthy controls, 61.82±3.75 in the IMH 
group and 60.86±4.21 in the unaffected fellow group. The data 

Figure 1 ONH and parafoveal perfusion was measured by OCTA of the emmetropic eye  A: The peripapillary region was defined as a 700 µm 
wide elliptical annulus expanding from the optic disc boundary. Overall size of the peripapillary region and the optic disc named as whole en 
face and the peripapillary region was divided into six parts; B: The boundaries used for segmentation of the RPC region were indicated by the 
red and blue lines (from ILM to NFL, ranged from ILM to 100 µm below); C: The parafoveal region (by an inner radius of 0.3 mm and an outer 
radius of 1.25 mm); D: The superficial layer in macular and parafoveal region (from the ILM with a downward offset of 3 µm to the IPL with 
a downward offset of 15 µm); E: The deep layer in macular and parafoveal region (from the IPL with a downward offset of 15-70 µm); F: The 
outer layer in macular and parafoveal region (from the IPL with a downward offset of 70 µm to the RPE with a downward offset of 30 µm); G: 
The choroid layer in macular and parafoveal region (from the RPE reference with a downward offset of 30-60 µm). 
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presented that normal control >IMH > unaffected fellow eyes. 
A statistical difference was found among the three groups in 
the regions of temporal (P=0.007). Between IMH unaffected 
fellow eyes and normal control eyes, the region of temporal 
(P=0.002) represented the magnificent statistical difference.
Typical examples of parafoveal and macular retinal angiograms 
for IMH group showed notable decreased blood flow density 
except the layer of outer retina. The mean parafoveal vessel 
density in IMH group was significantly lower than the normal 
control group except for the layer of outer retina (superficial 
retina P=0.001, deep retina P=0.001 and choroid P<0.001). 
The mean parafoveal vessel density in unaffected fellow 
eyes was significantly lower than the normal control group 
except for the layer of outer retina (superficial retina P<0.001, 
deep retina P=0.001). Although there was no significant 
statistical discrepancy in the layer of choroid between IMH 
and unaffected fellow groups, we could also see the choroid 
retina both in IMH and unaffected fellow eyes were lower 
than healthy controls. A statistical difference was found among 
three groups in all the layers (P<0.001) (Table 2).
Correlation Between Optic Nerve Head and Parafoveal  In 
IMH eyes, univariate regression analysis using the Spearman’s 

rank test was used to analyze the correlation between the 
regions of blood flow density measurements on ONH and on 
the different layers of parafoveal. The correlation coefficient 
showed that whole en face and peripapillary flow density were 
correlated with parafoveal choriocapillary blood flow density 
(whole en face: r=0.528, P=0.020 and peripapillary: r=0.525, 
P=0.021 respectively). Meanwhile the whole en face and 
peripapillary flow density also were correlated with deep retina 
perfusion (whole en face: r=0.569, P=0.011 and peripapillary: 
r=0.504, P=0.028 respectively) (Figure 2; Table 3).
DISCUSSION
In spite of the theory by Gass[2] that the formation of MH 
is caught by proliferation of Müller cells above the fovea 
and VMT, some studies suggest the possibility that a focal 
retinal degenerative process might also play a role in the 
pathogenesison of IMH in the apparent absence of cortical 
vitreous[5-6]. In addition, some studies lay attention to the 
choroidal thickness and blood flow of choroid beneath macular 
in MH patients[13-14,16]. In this study, we reported the first use 
of OCTA to quantify ONH blood in IMH. We found that the 
mean values presented that normal control >IMH >unaffected 
fellow eyes in whole en face and peripapillary regions. A 

Table 1 Characteristics of normal and IMH subjects
Characteristics Normal IMH Pa

Patients, female 24, 16 19, 17 0.082
Eyes 24 19
Age (y) 59.79±4.06 (55-69) 62.11±4.64 (54-69) 0.066
IOP (mm Hg) 13±3 15±3 0.186
Axial length (mm) 23.19±1.13 23.27±0.75 0.557

Numbers displayed are mean±population standard deviation; aMann-Whitney U test.

Table 2 ONH and parafoveal blood flow density of the three groups (normal group, IMH group, and unaffected fellow group)   mean±SD

Variables Normal (A) 
(n=24)

IMH (B) 
(n=19)

Unaffected 
fellow (C) 

(n=19)

P

A vs Ba A vs Ca B vs Cb A vs B
 vs Cc

RPC vessel density (%)

  Whole en face (ONH ) 56.55±1.83 55.81±3.79 54.40±3.44 0.788 0.048 0.053 0.137

  Peripapillary  63.10±2.29 61.82±3.75 60.86±4.21 0.310 0.074 0.277 0.208

  Nasal 60.10±2.88 59.69±3.89 58.38±6.00 0.533 0.517 0.243 0.743

  Inferior nasal 63.94±3.76 63.73±5.20 62.31±4.37 0.696 0.092 0.136 0.240

  Inferior tempoal 66.73±3.06 63.84±6.03 64.97±4.98 0.096 0.171 0.546 0.179

  Superior nasal 61.44±2.84 61.91±3.90 61.75±5.39 0.340 0.533 0.904 0.645

  Superior temporal 65.40±4.49 64.81±5.16 62.51±4.68 0.826 0.030 0.084 0.124

  Temporal 65.39±2.81 61.17±4.86 60.07±4.40 0.050 0.002 0.295 0.007

Parafoveal perfusion vessel density (%)

  Superficial retina 55.02±8.212 42.21±14.47 40.11±13.79 0.001 <0.001 0.376 <0.001

  Deep retina 43.21±10.72 20.16±10.42 27.68±15.52 0.001 0.001 0.085 <0.001

  Outer retina 10.83±3.31 12.84±2.89 16.21±4.32 0.037 <0.001 0.005 <0.001

  Choroid 93.31±3.14 84.11±12.07 92.89±4.12 <0.001 0.882 0.001 <0.001
aCalculated by Mann-Whitney U test; bCalculated by Friedman test; cCalculated by Kruskal-Wallis test.
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statistical difference also was found among three groups in 
the temporal region of ONH (P=0.007). Both eyes’ perfusion 
of IMH patients on the layers of superficial retina, deep 
retina and choroid were lower than that of normal control. As 
there was little blood flow on the layer of outer retina (from 
the IPL with a downward offset of 70 µm to the RPE with a 
downward offset of 30 µm) and the measurement results were 
relatively small, we did not focus on the layer of outer retina. 
Furthermore, there was a correlationship of the ONH flow 
density with the retina capillary network and choriocapillaris 
blood flow density in parafoveal.
The main source of blood supply to the orbit is the ophthalmic 
artery, and its major branches is the central retinal artery 
which comes from the posterior ciliary arteries. There are 
three main source of blood flow supply the ONH: RPC in the 
superficial layer of the ONH (nerve fiber layer on the surface 
of the optic disc) by the central retinal artery circulation which 
shares many characteristics with the retinal circulation; deeper 
layers (prelaminar tissue) by the peripapillary choroid or short 
posterior ciliary arteries; and lamina cribrosa by the posterior 
ciliary artery[21-23]. The posterior pole of the eye is nourished 
by two independent vascular beds. The inner retina and middle 
layer of the retina including the retinal ganglion cells are 
supplied by the retinal circulation with oxygen and nutrients. 
The outer retina including the photoreceptors was supplied 
by the choroidal circulation. As our previous study reported 

that compared with the normal eyes the choroidal perfusion 
beneath the macular and parafoveal significantly decreased, 
while no difference was found between unaffected fellow eyes 
and the healthy control eyes by using examination technique 
of OCTA[24]. We also found that typical examples of parafoveal 
and macular retinal angiograms for IMH group showed notable 
decreasing perfusion except the layer of outer retina in this 
study. Meanwhile, we found that the perfusion in the layers 
of deep retina and choroid in both eyes of IMH patients were 
lower than those of normal people. Some studies have found 
that in the parafoveal region, eyes after MH surgery have a 
tendency to have lower superficial and deep capillary plexuses’ 
density than in the control group[25-26]. Our study found that this 
state already had existed before the operation.
Many studies have shown that blood flow of ONH were 
reduced in patients with glaucoma, myopia, central retinal 
artery occlusion, multiple sclerosis[27-35]. In IMH patients, 
we also found there was a decreasing of ONH blood flow 
density which was in the both eyes of IMH patients, especially 
in the unaffected eyes. Because of the limited sample size 
and resulting limited power, the deficiency of statistical 
significance might be caused by a type II error. However, 
rather than relying on a P value, it was important to consider 
the magnitude of the association. We speculated that the 
blood flow in IMH eyes were lower than those of the normal 
people and the hypoperfusion of the retina might lead to the 

Table 3 Spearman correlation coefficients matrix on ONH vessel density and parafoveal perfusion vessel density

Variables Superficial retina (r, P) Deep retina (r, P) Outer retina (r, P) Choroid retina (r, P)

Whole en face 0.468, 0.043a 0.569, 0.011a 0.306, 0.203 0.528, 0.020a

Peripapillary 0.348, 0.144 0.504, 0.028a 0.263, 0.276 0.525, 0.021a

Nasal 0.417, 0.076 0.654, 0.002a 0.536, 0.018 0.647, 0.003a

Inferior nasal 0.295, 0.220 0.446, 0.056 0.294, 0.221 0.574, 0.010a

Inferior tempoal 0.210, 0.388 0.295, 0.220 0.175, 0.473 0.341, 0.153

Superior nasal 0.460, 0.048a 0.507, 0.027a -0.097, 0.693 0.275, 0.254

Superior temporal 0.003, 0.991 0.126, 0.606 0.226, 0.353 0.369, 0.120

Temporal 0.397, 0.092 0.377, 0.112 0.029, 0.905 0.293, 0.223
aStatistically significant correlation (P<0.05).

Figure 2 Correlation of ONH vessel density with parafoveal perfusion vessel density (using Spearman’s rank correlations P<0.05)  A: 
Whole en face and parafoveal deep: r=0.569, P=0.011; B: Whole en face and parafoveal choriod: r=0.528, P=0.020; C: Peripapillary and 
parafoveal deep: r=0.504, P =0.028; D: Peripapillary and parafoveal choriod: r=0.525, P=0.021.
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susceptibility to the VMT. Since retinal microvasculature 
provided a window for detecting changes in microvasculature 
relating to the development of cardiovascular diseases such 
as arterial hypertension or coronary heart disease[36], the 
decreased blood flow on ONH and parafovea might reflect the 
ocular hypoperfusion, and possibly even indicate the condition 
of ocular flow and systemic circulation .
A statistical difference was found between IMH unaffected 
fellow eyes with normal controlled eyes in the temporal 
region of ONH. As the posterior pole retina mainly nourished 
by the temporal branch of central retinal artery, it indirectly 
demonstrated the decreased blood flow in the retina, especially in 
the region of macular in the unaffected eyes of the MH patients. 
The perfusion of ONH in IMH eyes slightly elevated compared 
with those of the unaffected eyes. In some investigations of 
retinal hemodynamics, the regulation of retinal blood flow acts 
in response to the change of physiology[37-38]. Some studies 
showed that by increasing capacitance of blood vessels, ocular 
blood flow on ONH could be efficiently improved, as a result 
to potentially decrease the resistance of increased IOP[39]. 
Along with the broken of the harmonious condition in IMH 
eyes, we speculated that the autoregulation play a role in IMH 
eyes. But further studies are needed on the exact pathological 
process.
Wang et al[40] found that in normal people higher density of 
retina capillary network was associated with younger age 
and choriocapillaries density with examination technique of 
OCTA. We could deduce that compared with young people, 
older persons may have lower density of retina capillary 
and choriocapillaries. In our study, compared with the age-
matched normal quinquagenarian and elderly people (the age of 
55-69y), the decreasing density of the ONH and parafoveal in 
MH patients might indicate that the older persons are more 
vulnerable to MH, simultaneously with the hypoperfusion of 
the eyes. We also discovered that the decresing ONH blood 
flow density was positively correlated with the deep retina and 
parafoveal choroidal blood flow density in MH patients. This 
might further reflect the ocular hypoperfusion in MH eyes. 
Due to the patients all got full-thickness MH, we did not know 
whether the blood flow played an important decisive factor in 
the formation of MH played an important decisive factor aside 
from VMT or just physiological changes followed by retinal 
defect and traction in the development of disease, but we still 
regard pushing the improvement of ocular blood flow might be 
a significantly effective intervention in the process of IMH.
Our study has its limitations, including its small sample size 
and the limitation of accurate value of the algorithm to analyze 
blood vessel parameters with OCTA. Therefore, further studies 
are needed to help elucidate the relationship between the 
ocular blood flow parameters and pathology of IMH. As the 
technology of OCTA improves the accuracy of blood flow 

measurement, we expect to expand the sample size for further 
research. 
In conclusion, our study revealed the decreased blood flow 
density of ONH in IMH and its positive correlation with 
parafoveal decreased blood flow density by using OCTA. Our 
study further revealed the relationship between the ocular 
blood flow and the pathology of IMH. The reduction of vessel 
densities may indicate the hypoperfusion in IMH eyes.
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