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[Abstract] Objective To quantitatively evaluate retinal microvascular changes in patients with diabetic
retinopathy (DR) using optical coherence tomography angiography (OCTA), and to explore their association with blood-
retinal barrier (BRB) disruption. Methods A total of 208 patients with type 2 diabetes and DR underwent OCTA to
obtain microvascular parameters. Serum vascular endothelial growth factor (VEGF) and intercellular adhesion molecule 1
(ICAM-1) levels were measured. Correlations were analyzed, risk factors were identified using logistic regression, and
diagnostic efficacy was evaluated with ROC curves. Results The superficial capillary density (SCP-D) and deep capillary
density (DCP-D) of the 208 DR patients were (42.67 + 4.35)% and (47.89 + 5.02)%, respectively. The mean values for the
area, perimeter, and circularity index of the foveal avascular zone (FAZ) were (0.38 + 0.10) mm?, (2.04 + 0.28) mm, and
0.72 + 0.08, respectively. The mean area of the non-perfusion zone was (1.87 + 0.45) mm?> Among these patients, 121
(58.17%) cases had abnormal SCP-D (< 45%), 114 (56.25%) cases had abnormal DCP-D (< 50%), 88 (42.31%) cases had
abnormal FAZ area, 77 (37.02%) cases had abnormal FAZ perimeter, 69 (33.17%) cases had abnormal FAZ circularity
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index, and 142 (68.27%) cases had abnormal non-perfusion zone area. The FAZ area was positively correlated with VEGF
(r = 0.559, 95% CI: 0.457-0.661) and ICAM-1 (r = 0.411, 95% CI: 0.289-0.533). The FAZ circularity index, SCP-D, and
DCP-D were negatively correlated with VEGF and ICAM-1 (P < 0.05). The area of the non-perfusion zone was positively
correlated with both. Logistic regression showed that the duration of diabetes (odds ratio [OR] = 1.159, 95% CI: 1.060-
1.267) and VEGF (OR = 1.013, 95% CI: 1.005-1.022) were independent risk factors for severe retinal microvascular
changes (P < 0.05). Among the four OCTA assessment indicators, the area of the non-perfusion zone had the highest
predictive value, with an area under the curve (AUC) of 0.879 (95% CI: 0.820-0.938). Conclusion The OCTA

assessment indicators in DR patients are closely related to BRB-related markers. The area of the non-perfusion zone has

the highest predictive value for severe retinal microvascular changes in DR patients.
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Fig 1 OCTA image of a typical case

A, The 3 mm x 3 mm scan revealed diffuse hypoperfusion of the superficial
capillary plexus (SCP-D = 41%) and a sparse, fragmented vascular grid. B, The
3 mm x 3 mm scan showed a significant reduction in the density of the deep
capillary plexus (DCP-D = 46%), accompanied by microaneurysms (yellow
arrow). C, The 3 mm x 3 mm scan indicated that the area of the FAZ analysis
diagram expanded (0.42 mm?) and its shape was irregular (circular index [CI] =
0.68). D, The 6 mm x 6 mm scan revealed extensive areas of non-perfusion
(marked in red, with an area of 1.92 mm?), and the area of pericyte loss
overlapped significantly with the area of barrier disruption. Image quality: SSI =

8/10, double blind verification.
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Table1 Correlation analysis results between OCTA microvascular

parameters and serum BRB-related markers (r)

OCTA parameter VEGF ICAM-1
FAZ area 0.559" 0411
FAZ circularity index -0.392" ~0.425"
SCP-D -0.512" ~0.466
DCP-D ~0.447" -0379"
Non-perfusion area 0.559" 0.411”

FAZ: foveal avascular zone; SCP-D: superficial capillary density; DCP-D:
deep capillary density. n=208. "P<0.05 " P<00L

B BB PRI AL (OR=1.159, P=0.001) FIVEGF/K
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Table 2 Logistic regression analysis results

Variable B SE Wald y° P OR 95% CI
Age 0.023 0.017 1.829 0.176 1.023 0.990-1.057
Diabetes duration 0.148 0.046 10.361 0.001 1.159 1.060-1.267
Axial length 0.015 0.009 2.778 0.186 1.015 0.992-1.039
HbAlc 0.108 0.091 1.406 0.236 1.114 0.933-1.330
VEGF 0.013 0.004 11.077 <0.001 1.013 1.005-1.022
ICAM-1 0.005 0.003 2.329 0.127 1.005 0.998-1.013
IL-6 0.009 0.007 1.709 0.191 1.009 0.996-1.023
Constant —4.216 1.534 7.549 0.006 — —

HbA1lc: glycated hemoglobin; VEGF: vascular endothelial growth factor; ICAM-1: intercellular adhesion molecule 1; IL-6: interleukin 6; §: partial regression

coefficient; SE: standard error; OR: odds ratio.
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Table 3 Diagnostic performance of OCTA parameters for severe retinal microvascular alterations

Parameter Cut-off value Sensitivity Specificity AUC 95% CI Youden index
DCP-D 45.1% 83.12% 76.25 0.873 0.812 -0.933 0.5937
SCP-D 43.5% 78.57% 72.5 0.842 0.775 - 0.909 0.5110
FAZ area 0.4 mm? 70.13% 80 0.826 0.754 - 0.897 0.5013
Non-perfusion area 1.65 mm? 85.06% 78.75 0.879 0.820 - 0.938 0.6375

DCP-D: deep capillary density; SCP-D: superficial capillary density; FAZ: foveal avascular zone; AUC: area under the curve.
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Fig 2 ROC curve of diagnostic efficacy of OCTA parameters for severe

retinal microvascular changes
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