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Abstract

e AIM: To assess the reproducibility of macular perfusion
parameters in non-proliferative diabetic retinopathy (NPDR)
patients measured by different examiners and two different
sweep modes of optical coherence tomography angiography
(OCTA).

o METHODS: Ninety-eight (98 eyes) patients with NPDR
were included in this study. All participates were performed
three times using Cirrus OCTA with Angiography 3x3 mm?
and 6x6 mm? sweep mode by two examiners. The macular
foveal avascular zone (FAZ) and vessel density (VD) in
the superficial retinal layer (SRL) were measured. The
reproducibility of the measurements was evaluated with
intraclass correlation coefficients (ICC) and coefficient of
variation (CoV).

e RESULTS: The intra-mode ICCs of Angiography 3x3 mm?
and 6x6 mm? sweep mode were 0.957 to 0.959 and 0.964
to 0.977, respectively; and the inter-mode ICCs were 0.962
to 0.970. The intra-examiner ICCs of macular perfusion
parameters were >0.950; and the inter-examiner ICCs were
0.928 to 0.969. All CoVs were <1.0%.

e CONCLUSION: Cirrus OCTA can measure macular
perfusion parameters in NPDR patients with excellent
reproducibility. The measurements of FAZ and VD in the SRL
determined by Angiography 3x3 mm?® and 6x6 mm? sweep
mode are highly consistent and both sweep modes are
suitable for macular perfusion parameters measurement.

o KEYWORDS: optical coherence tomography angiography;
macular perfusion parameters; reproducibility; non-
proliferative diabetic retinopathy
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INTRODUCTION

iabetic retinopathy (DR) is the most severe complication
D in diabetic eye diseases causing irreversible blindness'".
It is a worldwide problem and the leading cause of low vision
in the west”. In our country, the incidence rate of DR up
to 11.9%-43.1% among patients with diabetes mellitus®™.
One of the important factors of visual impairment in DR is

disruption of macular circulation'

. The capillary network in
the macular area forms an avascular area in the fovea: foveal
avascular zone (FAZ). Once FAZ is affected by the disease,
it will cause different degrees of vision loss. Therefore, early
monitoring and evaluation of FAZ status can provide objective
basis for the progress of prevention of DR, The introduction
of optical coherence tomography angiography (OCTA) has
enable in vivo structural and quantitative assessment of retina
and choroid blood perfusion™. In addition to FAZ, macular
perfusion parameters also included vessel density (VD) in
superficial retinal layer (SRL), which are followed closely
by change in DR patients’ conditions”"'”. OCTA can provide
two macular sweep modes: Angiography 3x3 mm’ and 6x6 mn’.
Generally, we used sweep mode for macular perfusion
parameters analysis is Angiography 6x6 mm’. In clinical work,
we often use Angiography 3x3 mm’ sweep modes according
to the needs of diagnosis or treatment. Compared to Angiography
6x6 mm’, 3x3 mm’ sweep mode has a higher resolution, which
allow us to better see the subtle blood perfusion in the macular

1]

area!'!l. Theoretically, it could increase accuracy and reliability

12531 have demonstrated

of measuring results. Many studies!
that OCTA can measure macular perfusion parameters with
excellent reproducibility in healthy people. At present, there
are few studies on the reproducibility or consistency of OCTA
in the measurements of perfusion parameters in macular area
of DR patient!". The purpose of our study was to evaluate the

reproducibility and consistency of intra- and inter-examiner,
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Table 1 Macular perfusion parameters measured by two examiners using angiography 3x3 mm’ sweep mode

. Measurements
Parameters Examiners P P
1 2 3
FAZ (mmz) A 0.38+0.11 0.39+0.17 0.39+0.20 0.939 0.847
B 0.38+0.23 0.38+0.15 0.39+0.19 0.928
VD (%) A 31.13+2.57 32.20+2.51 32.19+2.48 0.923 0.855
B 32.19+2.42 32.22+2.46 31.27+2.56 0.947

FAZ: Foveal avascular zone; VD: Vessel density. “Comparison of the three repeated measurements by each examiner;

b, . .
Comparison the mean value of measurements between two examiners.

and intra- and inter-sweep mode in assessment macular
perfusion parameters in patients with non-proliferative diabetic
retinopathy (NPDR) using OCTA.

SUBJECTS AND METHODS

Ethical Approval The entire experimental procedure followed
the tenets of the Declaration of Helsinki, and the mode was
approved by the Institutional Review Board of Tongji Hospital
Affiliated to Tongji University. Written informed consent was
obtained from all participants which were told potential risks
and benefits.

Participants A totally of 98 patients with NPDR referred
from the Department of Endocrinology of Tongji Hospital
were enrolled this study. Among them, 58 cases were male,
and 40 cases were female. All participates got routine
ophthalmic examination including best corrected visual acuity
(BCVA), slit lamp examination, intraocular pressure (IOP)
measurement using non-contact tonometer, medical optometry,
direct ophthalmoscopy, B-scan ultrasound, fluorescein fundus
angiography (FFA), and OCTA examination. The inclusion
criteria include: 1) patients were diagnosed with NPDR,
according to the international standard of diabetic retinopathy
stage based on the results of fundus photography, OCT and
FFA; 2) BCVA better than or equal to 0.5; 3) refractive degree
range is -3 to +3 D, binocular anisometropia less than 1.5 D;
4) intraocular pressure less than 21 mm Hg (1 mm Hg=0.133 kPa);
5) optical media transparency examined by slit lamp; 6)
eye position is parallel and normal foveal position; 7) the
image signal strength is greater than or equal to 6. Exclusion
criteria: 1) history of eye diseases such as age-related macular
degeneration, high myopia, glaucoma and so on; 2) previous
eye surgery or ocular trauma; 3) systemic diseases which may
affect the retina.

Optical Coherence Tomography Angiography Examination
All examination of macular perfusion parameters performed
by the two sophisticated ophthalmic technician using Cirrus
OCTA. Before each scanning, the pupil was dilated to 6 mm
with tropicamide 1% eye drops. OCTA scanning sequences
automatically identified macular zone, starting by scanning the
macular area with Angiography 3x3 mm® sweep mode. And
then, the macular area was scanned three times in Angiography
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6x6 mm’ sweep mode. All of the above procedures are
performed again by another technician. The average value of
the two examiners was selected as the result. OCTA software
system was used for image analysis: the SRL is defined as
10 um above the inner limiting membrane (ILM) to the inner
plexus layer (IPL). The FAZ and VD in the macular SRL was
calculated by OCTA software.

Statistic Analysis SPSS version 22.0 software (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis. All data
with normal distribution were expressed as mean+standard
deviation (SD). The macular perfusion parameters measured
between different examiners and different sweep modes were
compared by Student’s #-test. Reproducibility was assessed
with the coefficient of variation (CoV) and the intraclass
correlation coefficient (ICC) with 95% confidence interval
(CI). ICC greater than 0.80, 0.60 to 0.80 means medium, 0.41
to 0.60 means ordinary, 0.11 to 0.40 means lower, less than
0.10 means un-consistence! >

RESULTS

A total of 98 patients were enrolled in our study. Of these, 10
patients were excluded from the study group because their
OCTA images quality was substandard. So, the analyses in our
research were based on data from 88 subjects (51 males and
37 females). The age ranged from 24 to 57y (54.67+13.70y).
The IOP ranged from 11 to 20 mm Hg (13.3£3.7 mm Hg).
The spherical equivalent ranged from -3.00 to +3.00 D and
the mean axial length was 24.24 mm (from 22.19 to
24.27 mm). Considering that the axial length of eye could
affect the measurement of macular perfusion parameters, the
Littman and the modified Bennett formulae were using to
calculate the picture size'”. All data in the paper are obtained
after correction of the above formula.

FAZ and VD measured by the two examiners using
Angiography 3x3 mm’ sweep mode were displayed in Table 1.
Table 2 showed the mean values of macular perfusion
parameters measured by the two examiners using Angiography
6x6 mm’ sweep mode.

The intra-examiner ICC of the two examiners and the inter-
examiner ICC ranged between 0.963-0.977, 0.952-0.966 and
0.928-0.969, respectively (Table 3).
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Table 2 Macular perfusion parameters measured by two examiners using angiography 6x6 mm’ sweep mode

Measurements

Parameters Examiners P P
1 2 3
FAZ (mm’) A 0.41+0.19 0.42+0.21 0.41+0.22 0.944 0.868
B 0.41+£0.22 0.41+0.18 0.42+0.17 0.951
VD (%) A 31.87+£2.99 32.01+1.54 31.79+£2.46 0.932 0.848
B 32.03+£2.22 31.20+2.36 31.67+£2.51 0.926

FAZ: Foveal avascular zone; VD: Vessel density. “Comparison of the three repeated measurements by each examiner; "Comparison the mean

value of measurements between two examiners.

Table 3 Intra- and inter- examiner reproducibility of macular perfusion parameters measurements

Examiner A Examiner B Inter-examiner
Parameters ICC (95%CI) CoV (%) ICC (95%CI) CoV (%) ICC (95%CI) CoV (%)
FAZ (mm”) 0.963 (0.986-0.990) 0.54 0.966 (0.979-0.989) 0.49 0.969 (0.977-0.987) 0.51
VD (%) 0.977 (0.955-0.967) 0.71 0.952 (0.958-0.969) 0.69 0.928 (0.977-0.9870) 0.63

FAZ: Foveal avascular zone; VD: Vessel density; ICC: Intraclass correlation coefficient; CI: Confidence interval; CoV: Coefficients of variation.

Table 4 Macular perfusion parameters determined by two sweep modes

Measurements

Parameters Mode P P
1 2 3
FAZ (mm?) 3x3 mm’ 0.38+0.23 0.38+0.42 0.38+0.29 0.926 0.828
6x6 mm’ 0.40+0.33 0.41x0.23 0.41£0.11 0.937
VD (%) 3%3 mm’ 31.2143.55 32.22+3.68 32.29+4.52 0.907 0.801
6x6 mm’ 33.14+3.21 33.03+4.26 32.1345.20 0.911

FAZ: Foveal avascular zone; VD: Vessel density. “Comparison of the three repeated measurements by each mode; *Comparison the mean value

of measurements between two modes.

Table 5 Intra- and inter- mode reproducibility of macular perfusion parameters measurements

Angiography 3x3 mm’ Angiography 6x6 mm® Inter-mode
Parameters
ICC (95%CI) CoV (%) ICC (95%CI) CoV (%) ICC (95%CI) CoV (%)
FAZ (mm®) 0.957 (0.974-0.989) 0.52 0.977 (0.978-0.982) 0.50 0.970 (0.968-0.978) 0.59
VD (%) 0.959 (0.964-0.969) 0.69 0.964 (0.951-0.961) 0.66 0.962 (0.965-0.977) 0.63

FAZ: Foveal avascular zone; VD: Vessel density; ICC: Intraclass correlation coefficient; CI: Confidence interval; CoV: Coefficients of variation.

Mean values of macular perfusion parameters determined
by Angiography 3x3 mm” and 6x6 mm’ sweep mode was
displayed in Table 4.

The intra-mode ICC of the two modes and the inter-mode ICC
ranged between 0.957-0.959, 0.964-0.977 and 0.962-0.970,
respectively (Table 5).

DISCUSSION

DR is one of the most common and serious microvascular
complications of diabetes mellitus. The current theory holds
that capillaries will be blocked, lost or degenerated and other
pathological changes in ischemia and hypoxia of the retina.
The impaired capillary network and decreased VD in macular
area are the main causes of visual impairment caused by
DR. Through FFA, Bresnick et al''® found that the range
of FAZ of DR patients was expanded, and it is related to
the non-perfusion of capillary. Kim et al''” and Tam et al'"”
also demonstrated that as DR progressed, FAZ expanded
accordingly. Therefore, the measurement of changes in FAZ

is helpful for the early detection of DR and guidance for
the diagnosis and treatment of DR. Compared with FFA,
OCTA can more clearly observe the boundary of FFA and
the abnormality of retinal microvascular morphology™ =", Tt
can not only show the morphology and distribution of retinal
blood vessels noninvasively, but also distinguish superficial

and deep capillaries and analyze them quantitatively'’’.

124261 ysed OCTA to measure the macular

Some scholars
perfusion parameters in normal population, and found that
FAZ and VD had fine reproducibility, and there was good
consistency between the two sweep modes. Evaluation of
the reproducibility and consistency of macular perfusion
parameters under different sweep modes may be helpful for the
screening accuracy of OCTA in early DR,

In this study, we found that there was no significant different
of the three repeated measurements of macular perfusion
parameters by each examiner (all P>0.900). And the

difference of the macular perfusion parameters measured
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by the two examiners also shown no statistic significant
(P>0.05). All intra- and inter-examiner ICCs of macular
perfusion parameters ranged from 0.962 to 0.974, and the
CoVs were <1.0%. This suggests that OCTA measurements
are less affected by the examiner’s experience. The results
are consistent with previous research by other scholars. Wang

et al™

accessed the reproducibility of macular perfusion
parameters in 46 patients with mild NPDR. The ICCs were
between 0.909 and 0.956. Previous studies"*"” have shown
that OCTA has good reproducibility in measuring FAZ and
VD in macular area of normal population. The results of this
study further confirmed that OCTA had good reproducibility in
measuring the macular perfusion parameters in patients with
early DR. The main reasons for our analysis include: 1) Cirrus
OCTA’s own real-time tracking system: FastTrac™™ retinal
tracking system allows for accurate alignment and scanning
without the subject shaking or blinking; 2) Cirrus OCTA’s
OMAG (optical microangiography) algorithm, which can
synthesize the characteristics of amplitude signal and phase
signal, thus better retinal angiography can be obtained.

The results of consistency analysis of the two sweep modes
in this study show that nearly all intra- and inter- mode ICCs
were greater 0.90. Al-Sheikh et al™ found that two sweep
modes measured the ICCs of FAZ and VD were 0.992 and
0.997, 0.889 and 0.972, respectively. Dong et al™ and his
associates also concluded that the two sweep modes were
reliably consistent in measuring macular perfusion parameters.
There was no significant difference of the three repeated
measurements of macular perfusion parameters determined
by two modes, and the difference of the macular perfusion
parameters determined by each mode also showed no statistical
significance (all P>0.05). We are confident that the two sweep
modes show excellent consistency in measuring FAZ and VD.
The important thing to note here is, with the enlargement of
scanning range, the resolution of blood perfusion image will
decrease gradually. This also suggests that the sweep mode
should be selected purposely in clinical practice according to
the type of disease, the size of lesion range and the location of
lesion"”.

There are still some deficiencies in this study. In view of
the limited conditions, there is no comparative study with
other types of OCTA; Normal population and patients with
proliferative diabetic retinopathy (PDR) were not included
in this study; The blood perfusion parameters of choroid and
other retinal regions were not measured. In future studies, we
need to verify the results of scanning multiple retinal regions
in a larger sample of patients with different severity of DR.

In conclusion, we think that both sweep modes of Cirrus OCTA
can provide satisfactory reproducibility for macular perfusion
parameters measurements in patients with NPDR. And the
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results are barely affected by the examiner’s experience.

ACKNOWLEDGEMENTS

Foundations: Supported by National Natural Science

Foundation of China (N0.82070920); Major Clinical Research

Projects of the Three-Year Action Plan for Promoting Clinicial

Skills and Clinical Innovation in Municipal Hospitals (No.

SHDC2020CR1043B-010).

Conflicts of Interest: Qu S, None; Rong A, None; Niu YL,

None; Liu X, None; Zhang YS, None; Liu CY, None; Bi YL,

None.

REFERENCES

1 Ishibazawa A, Nagaoka T, Takahashi A, Omae T, Tani T, Sogawa K,
Yokota H, Yoshida A. Optical coherence tomography angiography
in diabetic retinopathy: a prospective pilot study. Am J Ophthalmol
2015;160(1):35-44.el.

2 Varma R, Bressler NM, Doan QV, Gleeson M, Danese M, Bower JK,
Selvin E, Dolan C, Fine J, Colman S, Turpcu A. Prevalence of and
risk factors for diabetic macular edema in the United States. JAMA
Ophthalmol 2014;132(11):1334.

3 Pang C, Jia LL, Jiang SF, Liu W, Hou XH, Zuo YH, Gu HL, Bao
YQ, Wu Q, Xiang KS, Gao X, Jia WP. Determination of diabetic
retinopathy prevalence and associated risk factors in Chinese diabetic
and pre-diabetic subjects: Shanghai diabetic complications study.
Diabetes Metab Res Rev 2012;28(3):276-283.

4 Wang FH, Liang YB, Peng XY, Wang JJ, Zhang F, Wei WB, Sun
LP, Friedman DS, Wang NL, Wong TY, Handan Eye Study Group.
Risk factors for diabetic retinopathy in a rural Chinese population
with type 2 diabetes: the Handan Eye Study. Acta Ophthalmol
2011;89(4):€336-¢343.

5 Xu J, Wei W, Yuan MX, et al. Prevalence and risk factors for diabetic
retinopathy: the Beijing communities diabetes study 6. Retina
2012;32:322-329.

6 Agrawal RP, Gothwal S, Tantia P, Agrawal R, Rijhwani P, Sirohi
P, Meel JK. Prevalence of rheumatological manifestations in
diabetic population from north-west India. J Assoc Physicians India
2014;62(9):788-792.

7 Khalid H, Schwartz R, Nicholson L, Huemer J, El-Bradey MH, Sim
DA, Patel PJ, Balaskas K, Hamilton RD, Keane PA, Rajendram
R. Widefield optical coherence tomography angiography for early
detection and objective evaluation of proliferative diabetic retinopathy.
Br J Ophthalmol 2021;105(1):118-123.

8 Sun ZH, Yang DW, Tang ZQ, Ng DS, Cheung CY. Optical coherence
tomography angiography in diabetic retinopathy: an updated review.
Eye(Lond) 2021;35(1):149-161.

9 Al-Sheikh M, Akil H, Pfau M, Sadda SR. Swept-source OCT
angiography imaging of the foveal avascular zone and macular
capillary network density in diabetic retinopathy. /nvest Ophthalmol
Vis Sci 2016;57(8):3907-3913.

10 Tarassoly K, Miraftabi A, Soltan Sanjari M, Parvaresh MM. The

relationship between foveal avascular zone area, vessel density,



Int J Ophthalmol, Vol.15, No.9, Sep.18, 2022
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

and cystoid changes in diabetic retinopathy: an optical coherence
tomography angiography study. Retina 2018;38(8):1613-1619.

11 Khalid H, Schwartz R, Nicholson L, Huemer J, El-Bradey MH, Sim
DA, Patel PJ, Balaskas K, Hamilton RD, Keane PA, Rajendram
R. Widefield optical coherence tomography angiography for early
detection and objective evaluation of proliferative diabetic retinopathy.
Br J Ophthalmol 2021;105(1):118-123.

12 Guo JX, She XJ, Liu XY, Sun XD. Repeatability and reproducibility
of foveal avascular zone area measurements using AngioPlex spectral
domain optical coherence tomography angiography in healthy
subjects. Ophthalmologica 2017;237(1):21-28.

13 Al-Sheikh M, Tepelus TC, Nazikyan T, Sadda SR. Repeatability of
automated vessel density measurements using optical coherence
tomography angiography. BrJ Ophthalmol 2017;101(4):449-452.

14 Mastropasqua R, Toto L, Mastropasqua A, Aloia R, De Nicola C,
Mattei PA, Di Marzio G, Di Nicola M, Di Antonio L. Foveal avascular
zone area and parafoveal vessel density measurements in different
stages of diabetic retinopathy by optical coherence tomography
angiography. Int J Ophthalmol 2017;10(10):1545-1551.

15 Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater
reliability. Psychol Bull 1979;86(2):420-428.

16 Kim DY, Fingler J, Zawadzki RJ, Park SS, Morse LS, Schwartz DM,
Fraser SE, Werner JS. Noninvasive imaging of the foveal avascular
zone with high-speed, phase-variance optical coherence tomography.
Invest Ophthalmol Vis Sci 2012;53(1):85-92.

17 Sampson DM, Gong PJ, An D, Menghini M, Hansen A, MacKey DA,
Sampson DD, Chen FK. Axial length variation impacts on superficial
retinal vessel density and foveal avascular zone area measurements
using optical coherence tomography angiography. Invest Ophthalmol
Vis Sci 2017;58(7):3065-3072.

18 Bresnick GH, Condit R, Syrjala S, Palta M, Groo A, Korth K.
Abnormalities of the foveal avascular zone in diabetic retinopathy.
Arch Ophthalmol 1984;102(9):1286-1293.

19 Tam J, Dhamdhere KP, Tiruveedhula P, Lujan BJ, Johnson RN,
Bearse MA Jr, Adams AJ, Roorda A. Subclinical capillary
changes in non-proliferative diabetic retinopathy. Optom Vis Sci
2012;89(5):E692-E703.

20 Savastano MC, Rispoli M, Lumbroso B, Di Antonio L, Mastropasqua
L, Virgili G, Savastano A, Bacherini D, Rizzo S. Fluorescein
angiography versus optical coherence tomography angiography: FA vs

OCTA Italian Study. Eur J Ophthalmol 2021;31(2):514-520.

21 Enders C, Baeuerle F, Lang GE, Dreyhaupt J, Lang GK, Loidl M,
Werner JU. Comparison between findings in optical coherence
tomography angiography and in fluorescein angiography in patients
with diabetic retinopathy. Ophthalmologica 2020;243(1):21-26.

22 Wei W, Chan S. Paying attention to the clinical application and image
interpretation in optical coherence tomography angiography. Zhonghua
Shiyan Yanke Zazhi 2017;35(10):865-870.

23 Tan BY, Chua J, Lin E, Cheng J, Gan A, Yao XW, Wong DWK,
Sabanayagam C, Wong D, Chan CM, Wong TY, Schmetterer L,
Tan GS. Quantitative microvascular analysis with wide-field optical
coherence tomography angiography in eyes with diabetic retinopathy.
JAMA Netw Open 2020;3(1):e1919469.

24 Fernandez-Vigo JI, Kudsieh B, Macarro-Merino A, Arriola-Villalobos
P, Martinez-de-la-Casa JM, Garcia-Feijoo J, Fernandez-Vigo JA.
Reproducibility of macular and optic nerve head vessel density
measurements by swept-source optical coherence tomography
angiography. Eur J Ophthalmol 2020;30(4):756-763.

25 Dong J, Jia YD, Wu Q, Zhang SH, Jia YL, Huang D, Wang XG.
Interchangeability and reliability of macular perfusion parameter
measurements using optical coherence tomography angiography. Br J
Ophthalmol 2017;101(11):1542-1549.

26 Parrulli S, Corvi F, Cozzi M, Monteduro D, Zicarelli F, Staurenghi
G. Microaneurysms visualisation using five different optical
coherence tomography angiography devices compared to fluorescein
angiography. Br J Ophthalmol 2021;105(4):526-530.

27 Cao D, Yang DW, Huang ZN, Zeng YK, Wang J, Hu YY, Zhang
L. Optical coherence tomography angiography discerns preclinical
diabetic retinopathy in eyes of patients with type 2 diabetes without
clinical diabetic retinopathy. Acta Diabetol 2018;55(5):469-477.

28 Chua J, Sim R, Tan B, Wong D, Yao X, Liu X, Ting DSW, Schmidl D,
Ang M, Garhofer G, Schmetterer L. Optical coherence tomography
angiography in diabetes and diabetic retinopathy. J Clin Med
2020;9(6):E1723.

29 Wang X, Zhao J, Li S, Du X. The consistency and reproducibility
of macular perfusion parameters in early diabetic retinopathy using
optical coherence tomography angiography. Zhonghua Yandibing
Zazhi 2018;34(4):323-327

30 Tey KY, Teo K, Tan ACS, Devarajan K, Tan BY, Tan J, Schmetterer
L, Ang M. Optical coherence tomography angiography in diabetic
retinopathy: a review of current applications. Eye Vis (Lond)
2019;6:37.

1487



