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Abstract
Background OCTA was a new non-invasive technique to detect blood perfusion in several layers of retina. This study aimed to evaluate the
diagnostic advantages of OCTA circulatory parameters comparing with OCT structural parameters, and the diagnostic ability of the
parameters between patients with normal tension glaucoma (NTG) and intraocular pressure (IOP)>21 mmHg. Methods Four databases were
searched (Pubmed, Cochrane Library, Web of Science, and EMBASE) for articles published up to Dec 2018. Pooled area under the receiver
operating characteristic curve (AUROC) of OCTA and OCT parameters were used to perform the meta-analysis using Stata 15.0. The quality
of included studies was accessed using the QUADAS-2 tool. Results Nine studies were selected from initial 1491 articles, involving 886
patients and more than 1149 eyes. Whole enface image vessel density (wiVD) (disc scan), ganglion cell complex (GCC) thickness and
retinal nerve �ber layer (RNFL) showed the best AUROC, which was 0.93, 0.94 and 0.92. Then followed by peripapillary VD (0.84), inside disc
VD (0.84), wiVD (macular scan) (0.70), and parafoveal VD (0.65). Subgroup analysis showed AUROC of GCC and inside disc VD was 0.97
and 0.93 in the group with NTG, 0.92 and 0.77 in the group with IOP>21 mmHg. Conclusion Structural parameters (RNFL and GCC) are well-
behaved in diagnosing all types glaucoma. WiVD (disc scan) represents good diagnostic accuracy of glaucoma comparable to structural
parameters. Inside disc VD performed strong diagnostic ability for NTG patients.

Introduction
Glaucoma is the second cause of irreversible blindness worldwide. [1, 2] It affects more than 70 million people in the world and has been
predicted to be over 100 million in 2040. [1,3] However, glaucoma is undiagnosed in 90% affected people worldwide, and even in the
developed countries 50% is undiagnosed.[4]

Glaucoma is a multifactorial optic neuropathy which is characterized by the death of retinal ganglion cells in the inner retina and loss of
their axons in the optic nerve, thinning of the retinal nerve �ber layer (RNFL), cupping of the optic disc, and consequent visual �eld defects.
[5,6] The pathophysiology of glaucoma is still lack of fully understanding up to now. It was raised that intraocular pressure (IOP) was a
trigger of glaucomatous changes. However, nearly 25-50% of glaucoma patients did not have elevated IOP, which indicates there might be
other reasons leading to ganglion cells’ death.[7-12] One of the possible theory is the vascular etiology, which hypothesizes that vascular
dysregulation such as vascular insu�ciency plays an important role in the development and progression of glaucoma.[13-17]

Although the glaucomatous damage is irreversible, it could be prevented by early intervention. Therefore, an early diagnosis and close
follow-up of glaucomatous patients is of critical importance. [6] Optical coherence tomography (OCT) is a commonly used technology for
glaucoma diagnosis and monitoring of disease progression, which could provide high-resolution cross-sectional images of ocular tissues
such as optic nerve. It has been demonstrated that some OCT structural parameters like the thickness of RNFL and ganglion cell complex
(GCC) showed good diagnostic accuracy to differentiate glaucoma patients from normal ones. [18,19] Recently, a novel non-invasive
technique, optical coherence tomography angiography (OCTA) has been introduced, which is able to detect vessel density (VD) and blood
perfusion in various layers in the optic nerve head (ONH), peripapillary and macular area. [18] Numerous studies had reported the decrease of
vessel density in different retinal regions of glaucomatous patients using OCTA. However, in which vascular parameters had better
diagnostic ability for glaucoma and the comparison with the structural parameters, the results were varied due to many limitations. [11,19-26]

And little studies compared these parameters between glaucoma patients with normal IOP (normal tension glaucoma (NTG)) and those
with high IOP(>21mmHg).

In this study, we conducted a systematic review and meta-analysis to provide pooled estimates for the diagnostic ability of circulatory
measurements from OCTA(including the vascular measurements of optic disc area, such as whole enface image vessel density (wiVD) (disc
scan), peripapillary VD, inside disc VD, and those of macular area, such as parafoveal VD and wiVD (macular scan)) in glaucoma and
subtypes of glaucoma, and to compare with the structural measurements from OCT (including RNFL and GCC thickness).

Methods

Search Strategy
We conducted a systematic search through four databases, including Pubmed (up to Dec 2018), Cochrane Library (up to Dec 2018), Web of
Science (1900 to Dec 2018), EMBASE (1980 to Dec 2018), using the following search key terms: optical coherence tomography
angiography, vessel density, glaucoma, primary open-angle glaucoma, primary angle-closed glaucoma and normal tension glaucoma.
Search strategies are available in Additional �le 1. There were no language restrictions of all literatures. The literatures were managed and
duplicates were removed through Endnote X9 software.



Page 3/14

Two reviewers (QYN and JC) evaluated the retrieved articles after screening the titles and abstracts independently and excluded the ones
that were obviously irrelevant. And then full texts of the remaining articles were read to determine whether they contained information on the
topic of interest. References in the retrieved publications were checked for other pertinent studies.

Study Selection
The studies were included if they met the following criteria:

(1) The study was a cross-sectional study or cohort study.

(2) The study assessed the diagnostic accuracy of the OCTA and OCT parameters for glaucoma. The OCTA parameters included the wiVD
(disc scan), peripapillary VD, inside disc VD, wiVD (macular scan) and parafoveal VD. And structural parameters measured by OCT referred
to the thickness of RNFL or GCC.

(3) The study reported area under receiver operating characteristic curve (AUROC) statistics of the diagnostic parameters for glaucoma, and
standard error(SE) or 95% con�dence intervals(CI) of AUROC.

(4) The study recruited patients with any classi�cation of glaucoma, including NTG (IOP≤21 mmHg), primary open angle glaucoma (POAG)
and primary angel-closed glaucoma(PACG).

There are no limitations for the age or ethnic of participants. Studies would be removed if they are reviews, conference abstracts, letters or
case reports, considering the lack of enough information. When different studies have overlapping participants, we select the one with more
information.

Data Extraction and Study Quality Evaluation
Data for each eligible article were extracted as following by QYN and JC: (1) �rst author’s name, year of publication, country; (2) type of
OCTA system; (3) type of glaucoma; (4) design; (5) number of participants, number of eyes, age and gender; (6) AUROC (with SE or 95% CI).

The risk of bias and applicability of all included studies were assessed using the quality assessment of diagnostic accuracy studies, version
2(QUADAS-2), [25] which comprises four domains: patient selection, index test, reference standard, and �ow and timing. This was done by
QYN and JC independently and discrepancy were �nally resolved by senior author (JY).

Statistical Analysis
AUROC was frequently used to access diagnostic accuracy of OCTA and OCT parameters for glaucoma in recent studies. It’s a common
parameter that re�ects both the sensitivity and speci�city of a diagnostic test. It can be summarized over several studies when SE or CI are
provided and compared between different studies. [26] Therefore, AUROC was selected for meta-analysis instead of other metrics such as
sensitivity and speci�city in our study.

Statistical analysis was performed using Stata (version 15.0; Stata Corp; College Station, Texas). The measurements of AUROC from each
study were pooled into a weighted AUROC using the methods described by Zhou et al.[26] Statistical heterogeneity among included studies
was estimated by the I2,chi-square test(χ2), Cochran Q and Z-valuestatistics. Signi�cant heterogeneity was detected if p value was <0.05 or
I2 was > 50% and it supports the use of a random-effect model. Otherwise, a �xed-effect model was applied. Subgroup analysis would be
conducted when heterogeneity was detected. The stability of results was tested by sensitivity analysis as following methods: (1) change of
combination model, (2) removal of the article with the heaviest weight. Owing to the limited number of included articles, publication bias
was not assessed. [27]

Results

Selection and Characteristics of Eligible Studies
After initial search and removal of duplicates, 1491 records were found. 1357 articles were excluded as irrelevant after undergoing title and
abstract screening. The remaining 134 studies were evaluated with further full-text reading. 85 were excluded for inadequate parameters, 2
were editorial materials, 5 were conference abstracts, 27 were reviews, 6 lacked SE or CI of AUROC. Finally, 9 articles were included for meta-
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analysis. [28-36] The selection �ow was shown in Fig 1. The main characteristics of the studies were summarized in Table 1. The eligible 9
studies, including 2 cohort studies and 7 cross-sectional studies, involved 886 patients and more than 1149 eyes. The mean age of
glaucoma patients ranged from 53 to 72 years old, of control group was from 49 to 62 years old. One study was performed using Cirrus HD-
OCT (version 10.0.0.14618), the others was conducted by Optovue RTVue (AngioVue). One study recruited NTG patients, 2 selected PACG
patients, and 7 included POAG patients. Five studies were conducted in India, 1 in America, 1 in Japan, 1 in China, and 1 in Russia.

Study Quality Evaluation
Methodological quality of included studies was assessed by QUADAS-2 and the quality scores were provided in Fig 2. In general, the quality
of selected studies was high in terms of risk of bias and applicability. The main drawback was an unclear risk of bias in patient selection for
2 studies due to inadequate description of patient selection and exclusion methods, which was hard to be ascertained. Besides, 2 studies
only recruited subjects with standard automated perimetry (SAP) abnormal visual �elds, excluding preperimetric glaucoma patients.

Diagnostic Accuracy of circulatory measurements from OCTA and structural measurements
from OCT
The diagnostic accuracy of OCT and OCTA parameters was listed in Table 2. Overall, wiVD (disc scan), GCC thickness and RNFL thickness
showed the best AUROC of all parameters, which was 0.93 (95%CI: 0.90-0.95), 0.94 (95%CI: 0.92-0.97) and 0.92 (95%CI: 0.90-0.95),
respectively. It indicated that the diagnostic ability of wiVD (disc scan) was comparable to the OCT structural parameters (GCC and RNFL
thickness). Next were peripapillary VD of which AUROC was 0.84 (95%CI: 0.81-0.87), and inside disc VD of which AUROC was 0.84 (95%CI:
0.80-0.88). The diagnostic accuracy of wiVD (macular scan) (0.70 (95%CI: 0.65-0.76)) and parafoveal VD (0.65 (95%CI: 0.60-0.70)) were
lower than other parameters. A forest plot of diagnostic accuracy of OCT and OCTA parameters was shown in Fig 3a and Fig 3b,
respectively. Besides, for the vascular parameters from OCTA, the measurements from optic disc area (such as wiVD (disc scan),
peripapillary VD and inside disc VD) generally showed better diagnostic ability than those from macular area (such as wiVD (macular scan)
and parafoveal VD).

Heterogeneity Analysis And Subgroup Analysis

No signi�cant heterogeneity was found in RNFL thickness (I 2=0.00%, P=0.484), wiVD (disc scan) (I 2=11.80%, P=0.338), peripapillary VD (I
2=0.00%, P=0.717), wiVD (macular scan) ( I 2=0.00%, P=0.85), and parafoveal VD (I 2=0.00%, P=0.531). However, large heterogeneity was
found in GCC (I 2=53.00%, P=0.074) and inside disc VD (I 2=76.80%, P=0.002), respectively. Therefore, subgroup analysis was conducted for
inside disc VD and GCC according to the IOP: IOP ≤21 mmHg (NTG group) and IOP>21 mmHg (POAG and PACG).

Subgroup analysis showed that, for NTG group, AUROC of inside disc VD (0.93 (95%CI: 0.86-1.00)) was similar to that of GCC (0.97 (95%CI:
0.94-1.00)). For the high IOP (>21 mmHg) group, AUROC of GCC was 0.92 (95%CI: 0.89-0.95) and of inside disc VD was 0.77 (95%CI: 0.72-
0.82), indicating that GCC thickness had a much better diagnostic accuracy than inside disc VD for POAG and PACG. The results were
shown in Fig 4 and 5.

Sensitivity analysis and publication bias
Sensitivity analysis was performed by removing articles one at a time and detect the change of heterogeneity. For parafoveal VD,
peripapillary VD, RNFL, peripapillary wiVD, and wiVD (macular scan), there were no signi�cant changes with the methods described. As for
GCC and inside disc VD, the heterogeneity became mild after removing the study by Takeyama et al,[28] with I 2 decreasingfrom 50.00% to
0.00% and 76.80% to 0.00%, respectively. Since the included studies in the report was less than 10, publication bias was not accessed. [27]

Discussion
OCT has been one of the most important examination technologies in the diagnosis of glaucoma. With the development of OCTA, which
could additionally provide vascular perfusion information of retinal structures, there has been a dispute on which parameters: structural or
vascular parameters had better diagnostic ability for glaucoma for years.[37]

Previous studies suggested that OCT showed great diagnostic ability in all classi�cations of glaucoma by detecting peripapillary retinal
nerve �ber layer and the macular ganglion cell layer [19,20]. It has been indicated that a substantial number of retinal ganglion cells (RGC) in
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the inner retina died and their axons in the optic nerve lost in glaucoma patients, which results in the decrease of RNFL thickness [5]. Since
about 50% of all RGCs is in the macula, evaluating macular GCC using OCT becomes an effective method to assess RGC loss clinically.[38]

The diagnostic accuracy of GCC thickness was comparable to that of RNFL according to several studies.[39-41] However, it was pointed out
that there was a �oor effect of OCT in advanced glaucoma which might limit its clinical application with increasingly severity of the
disease. Rao et al. found that the peripapillary RNFL thickness showed little change in later stages of glaucoma, and the sensitivity of RNFL
was lower than that of peripapillary density conversely to the result of early stage. [21] OCTA allows noninvasive detection of retinal vessel
perfusion, which is closely related to glaucomatous severity.[42] Several studies had compared the diagnostic ability between OCT and OCTA
parameters. It was reported that AUROCs of peripapillary VD measurements were comparable to the corresponding RNFL thickness in both
POAG and PACG.[21,43] While Yarmohammadi et al. found that AUROC of peripapillary VD measurement was less than that of the RNFL
thickness (0.83 vs. 0.92), but of wiVD (0.94) was higher than RNFL thickness, though without signi�cant differences. [23] In present study, for
all kinds of glaucoma, we found only wiVD (disc scan) of OCTA exhibited similar diagnostic ability with structural parameters: GCC and
RNFL thickness. This may attribute to the advantage of a larger measurement area, compared to the peripapillary VD. Besides, it has been
showed that the reduced blood �ow in the ONH was related to the morphology changes of ONH and increasing defect of visual �eld[44],
which is vital to the diagnosis and progress of glaucoma, resulting in the high AUROC of wiVD (disc scan).

Besides, we found that circulatory measurements from optic disc area showed better diagnostic ability than those from macular area. There
were studies reporting that macula vessel density had signi�cantly lower diagnostic abilities in POAG than the peripapillary density.[34,36]

However, it was pointed out that macular super�cial vessel density had similar diagnostic accuracy to RNFL and GCC thickness for
differentiating between glaucomatous and healthy eyes in early stage of glaucoma.[45] One possible explanation may be that the retinal
vessels in macular area are the terminal of retinal branches. These vessels decrease signi�cantly during the early stage of glaucoma but
reach the �oor in the late stage of glaucoma. Considering that most of our included studies contains patients not only in the early stage, but
also with severe glaucoma, the pooled vascular measurements of macular area might be lower than that for early stage of glaucoma. It also
suggests that the macular vessel density is not a generally compatible parameter for all types or stages of glaucoma.

Subgroup analysis showed that for NTG group, GCC, inside disc VD, wiVD (disc scan) and RNFL performed strong diagnostic ability.
However, for the high IOP group, the diagnostic ability of inside disc VD was signi�cantly lower than the other three parameters. It might
indicate the different physiopathological mechanisms of ONH perfusion and structural changes in different types of glaucoma. Previous
study found that ONH VD had signi�cant correlation with baseline IOP in POAG.[34] This suggested that the vascular mechanisms
contributing to the pathogenesis of glaucoma are not IOP-independent. On the contrary, the IOP-independent factors may play a more
important role in the development of NTG, such as vascular factors which lead to the changes of inside disc vessel density. In 1858, von
Jaeger came up with the theory that the optic nerve damage was due to ischemia instead of mechanical compression of the optic nerve
�bers.[46] Several studies also showed that decreased blood supply could lead to the degeneration of ganglion cells in NTG but less involved
in the deterioration in glaucomatous patients with increased IOP.[47-50] The damage to optic nerves could be caused by chronic ischemia and
reperfusion.[51 ] However, it’s still not clear whether the VD change and insu�cient blood �ow is the cause or the consequence of optic nerve
changes and more experiments are needed.

There were several limitations in our meta-analysis that could not be ignored. Firstly, we only included nine studies to analyze the diagnostic
ability of OCTA parameters and consequently, the publication bias could not be accessed. Secondly, the differences between different OCTA
systems could not be avoided and it might bring about the measurement bias among different studies. Thirdly, there were limited numbers
of studies in the subgroup analyses. Studies reported different parameters such as GCC, RNFL, inside disc VD. Hence, we had to separate all
types of parameters and reduce the sample size of studies, which might decrease the stability of AUROC estimates. Finally, all studies were
performed when the patients were already diagnosed as glaucoma, which was different from the real clinical scenes when patients are not
differentiated.

Conclusions

OCT structural parameters like GCC and RNFL thickness are well-behaved in diagnosing all types of glaucoma. For circulatory
measurements of OCTA, wiVD (disc scan) represents good diagnostic accuracy of glaucoma, which is similar to that of GCC and RNFL
thickness. Inside disc VD performed a comparable diagnostic ability with structural parameters for glaucomatous patients with NTG.
Besides, vascular measurements from optic disc area represented better diagnostic capacity than that from macular area. However, studies
with larger sample and high quality estimating the function of OCTA in different classi�cations of glaucoma are still urgently warranted.

List Of Abbreviations
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RNFL: nerve �ber layer

IOP: intraocular pressure

OCT: Optical coherence tomography

GCC: ganglion cell complex

OCTA: optical coherence tomography angiography

VD: vessel density

ONH: optic nerve head

NTG: normal tension glaucoma

wiVD: whole enface image vessel density

AUROC: area under receiver operating characteristic curve

SE: standard error

CI: con�dence intervals

POAG: primary open angle glaucoma

PACG: primary angel-closed glaucoma

QUADAS-2: quality assessment of diagnostic accuracy studies, version 2

SAP: standard automated perimetry

RGC: retinal ganglion cells
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Table 1 Characteristics of the included studies in the meta-analysis
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Author Year Country OCTA Glaucoma  

Design

Number of
subjects

Number of
eyes

Mean age (year) Sex ratio M/F

case control case control case control Case Control

Takeyama, A et
al.

2018 Japan Optovue NTGa cohort
studies

28 25 28 25 53.7±12.2 49.3±10.0 13:15 14:11

Rao, H. L. et al. 2018 India Cirrus POAGb cross-
sectional

study

57 57 88 96 59.6 ±
11.8

55.2 ±
12.3

40:17 30:27

Rao, H. L. et al. 2017 India Optovue POAG/PACGc cross-
sectional

study

71 33 112 48 64.55 ±
15.02

52 ±
23.58

39:32 39:32

Chen, H. S. et
al.

2017 Taiwan Optovue POAG cross-
sectional

study

26 27 26 27 57 ± 13 57 ± 12 14:12 15:12

Yarmohammadi,
A. et al.

2016 America Optovue POAG cohort
studies

104 23 NAd NA 72.4 ±
41.39

53.5 ±
14.34

55:49 14:9

Rao, H. L. et al. 2017 India Optovue POAG cross-
sectional

study

76 46 97 66 65.83 ±
19.23

59.7 ±
21.05

41:35 25:21

Rao, H. L. et al. 2016 India Optovue POAG cross-
sectional

study

39 53 64 78 66 ±
30.85

58 ±
23.58

28:11 29:24

Rao, H. L. et al. 2017 India Optovue PACG cross-
sectional

study

46 50 65 77 62.0 ± 7.8 60.7 ± 8.3 25:21 27:23

Kurysheva, NI.
et al

2018 Russia Optovue POAG cross-
sectional

study

90 35 90 35 64.4 ± 6.7 62.4±5.5 NA NA

a. NTG: normal tension glaucoma
b. POAG: primary open angle glaucoma
c. PACG: primary angle-closed glaucoma
d. NA: not available

Table 2

 Comparison of parameters using the Pooled AUROC

  AUC 95%CI
Parafoveal VD 0.65 0.60-0.70
wiVD(macular scan)* 0.70 0.65-0.76
Inside disc VD** 0.84 0.80-0.88

IOP≤21 mmHg 0.93 0.87-1.00
IOP>21 mmHg 0.77 0.72-0.82

Peripapillary VD 0.84 0.81-0.87
wiVD (dosc scan) 0.93 0.90-0.95
RNFL*** 0.92 0.90-0.95
GCC**** 0.94 0.92-0.97

IOP≤21 mmHg 0.97 0.94-1.00
IOP>21 mmHg 0.92 0.89-0.95

*. wiVD: whole enface image vessel density

**. VD: vessel density

***. RNFL: retina nerve fiber layer

****. GCC: ganglion cell complex
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Figure 1

Flowchart of study selection.
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Figure 2

Methodological quality of the included studies using QUADAS-2 tool.

Figure 3

Diagnostic Accuracy of structural and vascular parameters in all glaucoma patients. Diagnostic Accuracy of OCT parameters . Diagnostic
Accuracy of OCTA parameters. *: Rao HL, Pradhan ZS, Weinreb RN, et al. Optical Coherence Tomography Angiography Vessel Density
Measurements in Eyes With Primary Open-Angle Glaucoma and Disc Hemorrhage. Journal of glaucoma 2017; 26:888-895. **: Rao HL,
Kadambi SV, Weinreb RN, et al. Diagnostic ability of peripapillary vessel density measurements of optical coherence tomography
angiography in primary open-angle and angle-closure glaucoma. The British journal of ophthalmology 2017; 101:1066-1070. ***: Rao HL,
Pradhan ZS, Weinreb RN, et al. Vessel Density and Structural Measurements of Optical Coherence Tomography in Primary Angle Closure
and Primary Angle Closure Glaucoma. American journal of ophthalmology 2017; 177:106-115.
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Figure 4

Diagnostic Accuracy of Ganglion Cell Complex for glaucoma patients in subgroup analysis. *: Rao HL, Pradhan ZS, Weinreb RN, et al.
Optical Coherence Tomography Angiography Vessel Density Measurements in Eyes With Primary Open-Angle Glaucoma and Disc
Hemorrhage. Journal of glaucoma 2017; 26:888-895. ***: Rao HL, Pradhan ZS, Weinreb RN, et al. Vessel Density and Structural
Measurements of Optical Coherence Tomography in Primary Angle Closure and Primary Angle Closure Glaucoma. American journal of
ophthalmology 2017; 177:106-115.
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Figure 5

Diagnostic Accuracy of Inside Disc Vessel Density for glaucoma patients in subgroup analysis. *: Rao HL, Pradhan ZS, Weinreb RN, et al.
Optical Coherence Tomography Angiography Vessel Density Measurements in Eyes With Primary Open-Angle Glaucoma and Disc
Hemorrhage. Journal of glaucoma 2017; 26:888-895. **: Rao HL, Kadambi SV, Weinreb RN, et al. Diagnostic ability of peripapillary vessel
density measurements of optical coherence tomography angiography in primary open-angle and angle-closure glaucoma. The British
journal of ophthalmology 2017; 101:1066-1070. ***: Rao HL, Pradhan ZS, Weinreb RN, et al. Vessel Density and Structural Measurements of
Optical Coherence Tomography in Primary Angle Closure and Primary Angle Closure Glaucoma. American journal of ophthalmology 2017;
177:106-115.
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