
O R I G I N A L  R E S E A R C H

Evaluation of the Effect of Acute Elevated 
Intraocular Pressure on Retinal and Choroidal 
Microvasculature in Diabetic Rats
Yao Yao , Yanni Yan, Wenbin Wei*, Qian Wang *

Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical University, Beijing, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Wenbin Wei; Qian Wang, Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical University, Beijing, People’s 
Republic of China, Email weiwenbintr@163.com; xiaoqian912@foxmail.com

Purpose: Understanding the dynamics of blood flow regulation in diabetic conditions is crucial for developing targeted interventions. 
This study aimed to investigate the impact of acute intraocular pressure (IOP) elevation on retinal and choroidal microvasculature in 
diabetic and control rats.
Methods: Male Sprague-Dawley rats were divided into two groups: diabetic and control. Acute IOP elevation was achieved through 
controlled perfusion pressure. Retinal and choroidal blood flow was measured using Swept-Source Optical Coherence Tomography 
Angiography (SS-OCT/OCTA).
Results: At baseline IOP levels, there were no statistically significant differences in perfusion area (PA) between the two groups in all 
regions of the retina and choroid. During acute IOP elevation, both diabetic and control rats experienced a significant reduction in 
retinal and choroidal blood flow perfusion. Diabetic rats manifested significantly higher (P<0.05) alterations in PA across nearly all 
retinal regions compared to the control group, barring specific sub-regions of the outer ring. Concerning choroidal PA, the diabetic 
group exhibited a more pronounced alteration than the control group across the entire 6-mm region and certain sub-regions of the outer 
ring.
Conclusion: Our results demonstrate a clear association between diabetes and impaired choroidal vascular autoregulation during 
acute IOP elevation. The observed reduction in retinal and choroidal microvasculature in diabetic rats points towards a compromised 
ability to maintain blood flow homeostasis under stress conditions.
Keywords: diabetes, retinal blood flow, choroidal perfusion, optical coherence tomography angiography, intraocular pressure, 
vascular autoregulation

Introduction
Diabetes is a major risk factor for a wide range of chronic diseases, including cardiovascular and cerebrovascular 
diseases and kidney disease, constituting a major global health concern.1,2 Diabetic retinopathy (DR) is the most common 
and serious complication of diabetes. Characterized by progressive damage to the microvasculature of the retina, diabetic 
retinopathy is a leading cause of vision impairment and blindness among working-age individuals.3–5 Once diabetes- 
related retinal microangiopathy including microaneurysms, hemorrhages, exudates, neovascularization, etc occurs, 
patients are unable to control its progression even with strict control of blood glucose levels.6,7 There is still a lack of 
effective control and treatment for early diabetic retinopathy.

Perfusion of the microvasculature in the posterior segments of the eye, including the retina and choroid, is critical for 
maintaining normal vision. Pericyte and endothelial cell apoptosis triggered by hyperglycemia further leads to capillary 
occlusion and ischemia, which is considered to be the main mechanism for the development of diabetic retinopathy.8–10 

Retinal microvascular changes such as microangiomas are also important clinical signs to observe the development and 
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progression of DR.11 Choroidal vascular dysfunction, though less studied than retinal changes, has been implicated in the 
pathogenesis of diabetic retinopathy. In diabetic eyes, choroidal capillaries show endothelial atrophy, laminar deposition 
and stenosis, and early changes in perfusion. These vascular structural and functional changes may appear earlier than in 
the retina.12,13 Given the choroid’s pivotal role in supporting retinal function, understanding its response to physiological 
stressors is of paramount importance. Therefore, mechanistic exploration of blood flow and microvascular alterations in 
the retina and choroid may be an important basis for early recognition and intervention in diabetic retinopathy. However, 
the specific mechanisms governing these hemodynamic changes, particularly in response to acute stressors such as 
elevated intraocular pressure (IOP), remain incompletely understood.

The vasculature of all tissues throughout the body has some degree of self-regulation. During fluctuations in perfusion 
pressure or changes in metabolic demand, the vascular bed is able to ensure homeostasis of the corresponding organ by 
regulating blood flow. The vasculature of the eye including retinal and choroidal microvasculature is also self-regulating, 
and its internal perfusion is influenced by intraocular pressure.14,15 In this context, our study aimed to elucidate the 
impact of acute IOP elevation on retinal and choroidal blood flow dynamics in diabetic rats compared with control rats. 
Acute IOP elevation, a scenario commonly encountered in various ocular conditions, including glaucoma, has been 
implicated in exacerbating vascular dysfunction and contributing to the progression of diabetic retinopathy. Investigating 
the vascular response to acute IOP elevation in diabetic subjects may unveil critical insights into the mechanisms 
underlying diabetic retinopathy’s vascular pathology.

Materials and Methods
Animal Preparation
Animal procedures adhered to the guidelines outlined in the Association for Research in Vision and Ophthalmology 
Statement for the Utilization of Animals in Ophthalmic and Vision Research. Ethical approval for the protocols was 
secured from the Institutional Animal Care and Use Committee of Capital Medical University. Adult white Sprague- 
Dawley (SD) rats (n = 20) were enlisted for this investigation, with ten allocated to the diabetic group and ten to the 
control group.

Eight-week-old male SD rats in the control group were provided with a normal chow diet (NCD), while those in the 
diabetic group received a high-fat diet (HFD, 60% fat) for an 8-week duration. After the 8-week HFD regimen, a singular 
dose of 25 mg/kg streptozotocin (STZ), dissolved in 10 mmol/l citrate buffer (pH 4.5), was intraperitoneally administered 
to the HFD-fed rats each day until they reached the random glucose level of diabetes. Random glucose levels were 
consistently monitored through tail capillary blood glucose measurements. Rats registering more than three random 
glucose measurements≥ 16.7 mmol/l (severe diabetic stage to observe the development of DR earlier)16 were classified as 
diabetic. Subsequently, to establish a persistent Type 2 Diabetes Mellitus (T2DM) complication rat model, T2DM rats 
continued to be fed an HFD in subsequent feeding phases.

The right eye of each subject underwent optical coherence tomography (OCT) examination. During imaging sessions, 
animals were initially anesthetized with 4% isoflurane mixed with normal air (21% O2) for 10 minutes, followed by 2% 
isoflurane for anesthesia maintenance. Pupil dilation was achieved with a 1% tropicamide ophthalmic solution. Body 
temperature was upheld at 38°C with a circulating warm water blanket. Prior to cannulation, 0.5% proparacaine 
hydrochloride was instilled for additional corneal anesthesia, and pupil dilation with 1% tropicamide facilitated OCT 
beam access to the posterior segment.

Unilateral elevation of IOP was achieved through cannulation of the anterior chamber using a 31-gauge needle 
shortened to 5 mm, connected to a reservoir filled with balanced salt solution. Intraocular pressure was gauged using an 
icare IC200 tonometer (iCare Finland Oy, Helsinki, Finland) and averaged over 5 consecutive measurements. IOP was 
raised from baseline to 80 mmHg, inducing obstruction of retinal and choroidal blood flow, after which it was restored to 
baseline. At both baseline and elevated IOP levels, a 20-second interval was observed to allow IOP stabilization before 
image acquisition. Frequent application of saline solution was employed to sustain corneal hydration and clarity 
throughout the experiment.
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Imaging Acquisition and Processing
OCT and optical coherence tomography angiography (OCTA) scans were executed at both baseline IOP and elevated IOP 
levels utilizing an SS-OCT/OCTA system (VG200D, SVision Imaging, Ltd., Guangzhou, China). The scanning proce
dures encompassed a 16mm OCT star-scan pattern, a 6mm × 6mm OCTA scan, and an 18mm × 18mm OCTA scan, all 
centered on the optic nerve head (ONH).

The SS-OCT/OCTA system featured a Swept-Source (SS) laser boasting a central wavelength of approximately 1050 
nm and a scan rate of 200,000 A-scans per second. Structural OCT imaging comprised 18 radial B-scans meticulously 
positioned around the ONH. Each B-scan, composed of 2048 A-scans, spanned 12 mm and was distinctly separated from 
adjacent lines by 20°. The machine’s built-in algorithm automatically executed segmentation of the retinal and choroidal 
layers. Angiography involved obtaining 3-dimensional volumetric data through a raster scan protocol of 512 continuous 
horizontal B-scans. Vascular images of the capillary plexus, spanning from the internal limiting membrane to the outer 
choroid, were presented automatically. All scans were categorized based on the Early Treatment Diabetic Retinopathy 
Study (ETDRS) map,17 centered on the ONH, delineating circles with diameters of 1, 3, and 6 mm and divided into 
superior, temporal, inferior and nasal regions (Figure 1A and B).

Reduced perfusion density (PD) indicate compromised blood flow, leading to ischemia, hypoxia, and microvascular 
damage, ultimately impairing retinal function.18 Superficial capillary plexus (SCP) plays a critical role in maintaining the 
health and function of retinal neurons, while deep capillary plexus (DCP) is crucial for supporting the metabolic demands 
of the retinal cells in the inner nuclear layer and outer plexiform layer.19,20 The segmentation of the SCP and DCP was 
set in the inner two-thirds and outer one-third border of GCIPL. In this study, PD of the SCP and DCP was automatically 
evaluated, while perfusion area (PA) of the full retina and full choroid was assessed. PA, denoted the total area of the 
perfused vascular network whereas PD represented the proportion of vascular perfusion area in the total measured area. 

Figure 1 OCT/OCTA images of the ocular fundus scanned at baseline intraocular pressure of the control group; S=superior, T=temporal, I=inferior, N=nasal The 6mm × 
6mm OCTA scan and 16mm OCT star-scan pattern was performed. (A) retinal blood flow of the optic nerve head; (B) the measuring region of the optic nerve head; (C) 
Choroidal blood flow of the optic nerve head; (D) OCT of the fundus showing the layers of the retina and choroid.

Diabetes, Metabolic Syndrome and Obesity 2025:18                                                                          https://doi.org/10.2147/DMSO.S493984                                                                                                                                                                                                                                                                                                                                                                                                    617

Yao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Mean PA and PD values of the microvasculature were computed using the built-in algorithm integrated into the OCTA 
tool.

Statistical Analysis
Statistical analyses were conducted using the IBM SPSS Statistics 27.0 software program (SPSS, version 27.0; IBM/ 
SPSS, Chicago, IL, USA) and GraphPad Prism 9.3.1 (GraphPad Software, San Diego, CA, USA). Unless stated 
otherwise, continuous variables are presented as the mean ± standard error or median (interquartile range, IQR). 
Comparisons of two samples were performed using the two-tailed Student’s t-test or Mann–Whitney u-test. Paired 
t-tests were used to compare data from the same eye at baseline and after IOP elevation, whereas unpaired t-tests were 
used for data from different groups.

Results
The SS-OCT/OCTA system represents an advanced imaging capability, offering a high level of detail in visualizing the 
retina from the ONH to the choroid under normal IOP conditions (Figure 1). The vascular perfusion undergoes notable 
transformations when confronted with a sudden increase in IOP. In Figure 2, we present a comprehensive array of OCT/ 
OCTA images derived from a normal rat exposed to elevated IOP levels (80 mmHg). Scrutinizing both the peripheral 
cross-sectional flow images surrounding the ONH and the en-face retinal image, we observe distinct alterations in the 
vascular framework. Although the intensity signal of retinal arteries and veins remains robust, there is a discernible 
reduction in the capillary network within the retinal layer at this heightened IOP threshold. Additionally, there is 

Figure 2 OCT/OCTA images of the ocular fundus scanned at elevated intraocular pressure in diabetic and control group. The 6mm × 6mm OCTA scan was performed. 
(A and B) images of control group, (C and D) images of diabetic group; (A–C) retinal blood flow of the optic nerve head; (B and D) OCT also showing blood flow of the 
retina and choroid.
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a significant impact on choroidal blood perfusion, characterized by a decrease in flow. In some instances, both retinal and 
choroidal perfusion experience a substantial decline in response to heightened IOP conditions.

Before modeling, the mean body weights of rats in the control and diabetic groups were 140.1 g and 141.5 g. After 
successful modeling, they were 402.6 g and 358.3 g respectively. The mean values of blood glucose in the control and 
diabetic rats after modeling were 7.2 mmol/L and 11.4 mmol/L, respectively.

At baseline IOP levels, the retinal and choroidal PA of the control and diabetic rats were distributed on the ETDRS 
ring centered on the optic disc as shown in Figure 3. The mean values of retinal PA were 22.72±1.22mm2 and 21.03 
±1.03mm2, and choroidal PA were 25.63±0.25mm2 and 25.02±0.68mm2 in the control and diabetic rats, respectively, in 
the 6mm zone at baseline level. The results of the independent samples t-test showed that there were no statistically 
significant differences in PA between the two groups in all regions of the retina and choroid. In addition we measured the 
PD of SCP and DCP. There remained no significant difference between the control and diabetic groups at baseline levels.

To compare the disparity in PA between the control and diabetic rats in each region pre and post IOP elevation, the 
findings revealed that subsequent to IOP elevation, diabetic rats manifested significantly higher (P<0.05) alterations in 
PA across nearly all retinal regions compared to the control cohort, barring specific sub-regions of the outer ring. 
Concerning choroidal PA, the diabetic cohort exhibited a more pronounced alteration than the control cohort across the 
entire 6-mm region and certain sub-regions of the outer ring (Table 1).

A comprehensive measurement of superficial and deep retinal vascular perfusion density values before and after IOP 
elevation was provided. Rats within the diabetic cohort exhibited a more substantial decreation in PD within the central 

Figure 3 Distribution of the perfusion area of retina and choroid in diabetic and control group at baseline.
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optic disc region and the inner and outer rings scattered across diverse retinal regions, spanning both the superficial and 
deep layers, in contrast to the control group (Table 2, Figure 4).

Discussion
The objective of this investigation was to scrutinize the early microvascular and hemodynamic variations in diabetic 
rodents, with or without initial diabetic retinopathy, by assessing alterations in retinal and choroidal blood flow under 
acute high IOP conditions. The outcomes of this inquiry revealed that fundus blood flow images acquired through SS- 
OCT/OCTA proficiently gauged the vascular density and perfusion density of the rat fundus. Upon contrasting the 
control and diabetic cohorts, discernible disparities emerged, with diabetic rats manifesting more substantial shifts in both 
retinal and choroidal microvasculature compared to their control counterparts during episodes of acute IOP elevation. 
This alteration manifested across the superficial, deep, and choroidal strata of the retina. However, the modifications in 
retinal blood flow appeared to be more marked and consequential when juxtaposed with the choroidal changes.

The SS-OCT/OCTA system employs an innovative overlay technique that enhances the identification of blood flow 
patterns across different layers of the posterior segment. By utilizing a semi-automated segmentation program, we 
precisely delineate the anterior boundaries of both the retina and choroid. In Figure 1, we showcase blood perfusion maps 
for both retinal and choroidal layers, utilizing a comprehensive color scheme to depict vessel locations in three- 
dimensional space. This approach allows for a more nuanced understanding of blood vessel networks within the 

Table 1 Comparison of the Variation of Retinal and Choroidal Perfusion Area Before and After the IOP 
Elevation Between Diabetic and Control Rats

Parameters Control Group, n=10 Diabetic Group, n=10 P value

Median IQR (Q1, Q3) Median IQR (Q1, Q3)

Retina, mm2 ONH 1mm-Diameter −0.01 −0.01, 0.06 0.14 0.12, 0.18 0.01a

ONH 3mm-Diameter 0.49 0.46, 0.50 2.68 2.61, 3.22 0.01a

ONH 6mm-Diameter 5.41 4.42, 6.62 11.88 10.92, 13.78 0.01a

Inner ring region 0.50 0.41, 0.51 2.50 2.49, 3.08 0.003a

Superior 0.19 −0.04, 0.24 0.60 0.56, 0.98 0.02a

Temporal 0.02 −0.04, 0.28 0.49 0.31, 0.82 0.05

Inferior 0.04 0.03, 0.35 0.74 0.59, 0.86 0.02a

Nasal 0.21 −0.07, 0.21 0.81 0.47, 0.84 0.02a

Outer ring region 4.92 3.96, 6.12 9.19 8.31, 10.56 0.01a

Superior 1.66 1.55, 2.03 2.34 2.19, 3.24 0.10
Temporal 0.56 0.46, 1.47 2.56 1.86, 2.97 0.03a

Inferior 1.60 1.55, 1.96 2.32 2.17, 3.56 0.15

Nasal 0.74 0.40, 1.02 2.09 0.67, 2.10 0.28
Choroid, mm2 ONH 1mm-Diameter 0.11 −0.15, 0.41 0.32 0.09, 0.56 0.42

ONH 3mm-Diameter 0.19 −0.01, 0.39 1.87 0.27, 2.71 0.15

ONH 6mm-Diameter 0.90 0.88, 1.18 11.41 9.37, 14.43 0.01a

Inner ring region 0.23 0.10, 0.60 1.96 0.83, 3.03 0.05

Superior −0.01 −0.22, 0.20 0.61 0.54, 0.98 0.04a

Temporal 0.14 −0.20, 0.29 0.60 0.47, 1.07 0.05
Inferior 0.11 0.01, 0.23 0.01 −0.39, 0.62 0.95

Nasal 0.00 −0.12, 0.51 0.73 −0.18, 0.76 0.48

Outer ring region 0.80 0.69, 0.91 11.14 7.51, 11.72 0.01a

Superior 0.39 0.13, 0.75 3.36 2.28, 3.94 0.02a

Temporal 0.58 −0.42, 0.88 2.76 1.78, 2.79 0.02a

Inferior 0.80 −0.87, 1.05 2.14 0.61, 3.21 0.15

Nasal 0.04 −1.38, 0.45 2.28 1.76, 3.48 0.02a

Notes: aP<0.05 Statistically significant. 
Abbreviation: IOP, intraocular pressure; ONH, optic nerve head.
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superficial and deeper layers of the retina and choroid. Nonetheless, it’s crucial to acknowledge the presence of projection 
tail artifacts stemming from blood perfusion in these layers, which may obscure genuine arteries and veins within the 
outer choroidal layer. This highlights the necessity for further refinement in future investigations to enhance the accuracy 
of interpretation.

The retinal PA in the 6mm zone showed a statistically significant decrease in the diabetic group compared to controls 
after IOP elevation. Consistent with previously reported results, a hyperglycemic state may trigger impairment of the 
autoregulatory function of retinal blood flow. Thereby, greater intraocular perfusion fluctuations occur during stressful 
states such as elevated intraocular pressure.21–23 The diminished retinal PA in diabetic rats, especially in the central 
region of the optic disc, underscores the vulnerability of the diabetic microvasculature to elevated IOP. Choroidal PA also 
exhibited significant changes in the diabetic group following IOP elevation, with a greater magnitude of change 
compared to the control group. These results align with studies reporting compromised choroidal circulation in diabetic 
individuals under stress conditions, emphasizing the potential susceptibility of the choroidal vasculature to elevated 
IOP.24,25 The changes in blood flow in both the choroid and retina in the acute high IOP state were more pronounced in 
the diabetic group. This may indicate that the homeostatic regulatory function of both retinal and choroidal vasculature is 
impaired to some extent in the hyperglycemic state. Hyperglycemia triggers a series of events, such as the production of 

Table 2 Comparison of the Variation of Retinal Perfusion Density Before and After the IOP 
Elevation Between Diabetic and Control Rats

Parameters Control Group, n=10 Diabetic Group, n=10 P value

Median IQR (Q1, Q3) Median IQR (Q1, Q3)

SCP, % ONH 1mm-Diameter 1.40 0.86, 1.88 1.86 1.69, 3.89 0.03a

ONH 3mm-Diameter 1.97 1.86, 3.09 3.24 3.07, 4.01 0.01a

ONH 6mm-Diameter 1.69 0.92, 2.76 2.70 2.26, 2.72 0.02a

Inner ring region 2.11 1.86, 3.30 3.44 3.22, 4.03 0.07
Superior 4.27 1.07, 4.68 1.64 1.48, 3.84 0.02a

Temporal 2.76 1.48, 3.02 3.58 3.15, 3.66 0.05

Inferior 1.73 0.50, 2.56 2.98 2.73, 5.27 0.91
Nasal 2.18 1.90, 2.96 4.82 3.86, 5.71 0.04a

Outer ring region 1.62 0.61, 2.63 2.25 2.00, 2.46 0.40

Superior 2.32 −0.97, 3.98 1.27 0.91, 2.13 0.84
Temporal 1.93 1.08, 2.06 2.12 2.11, 2.51 0.20

Inferior 1.11 0.87, 2.33 2.69 2.38, 4.00 0.08

Nasal 1.46 1.06, 2.13 2.01 0.94, 4.60 0.47
DCP, % ONH 1mm-Diameter 1.09 0.88, 1.90 1.72 1.14, 3.90 0.05

ONH 3mm-Diameter 1.31 0.75, 1.56 1.01 0.29, 1.37 0.01a

ONH 6mm-Diameter 1.19 0.43, 1.70 0.68 0.33, 1.01 0.02a

Inner ring region 1.24 0.73, 1.62 0.65 0.11, 1.39 0.16

Superior 1.56 1.36, 2.74 1.42 −0.17, 1.63 0.01a

Temporal 0.82 0.65, 2.14 1.02 −1.59, 1.16 0.07
Inferior 0.98 0.05, 1.08 0.97 0.43, 2.63 0.02a

Nasal 0.67 0.31, 1.97 0.30 −0.41, 1.24 0.10

Outer ring region 1.15 0.32, 1.72 0.55 0.35, 0.89 0.15
Superior 1.16 0.74, 1.21 0.89 −1.58, 1.49 0.50

Temporal 1.41 −0.47, 1.64 −0.45 −1.32, −0.07 0.15
Inferior 0.65 −0.75, 2.71 1.20 0.97, 1.46 0.77

Nasal 1.41 −0.04, 3.84 1.46 0.00, 3.48 0.96

Notes: aP<0.05 Statistically significant. 
Abbreviations: IOP, intraocular pressure; SCP, Superficial capillary plexus; DCP, Deep capillary plexus; ONH, optic nerve 
head; DR, diabetic retinopathy; IOP, intraocular pressure; SD, Sprague-Dawley; NCD, normal chow diet; HFD, high-fat diet; 
OCT, optical coherence tomography; OCTA, optical coherence tomography angiography; SS, Swept-Source; ONH, optic 
nerve head; ETDRS, Early Treatment Diabetic Retinopathy Study; SCP, superficial capillary plexus; DCP, deep capillary plexus; 
PD, perfusion density; PA, perfusion area; IQR, interquartile range.
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advanced glycation end products and nonenzymatic glycated proteins, that lead to vascular endothelial dysfunction. 
These events alter the structure and function of the extracellular matrix, basement membrane, and vessel wall, resulting 
in focal or generalized stiffness, stenosis, and arteriovenous stenosis of retinal vessels.26,27 Therefore, decreases in both 
PD and PA suggest early modifications of the microvascular network at the level of the SCP. These reductions observed 
in end-vessel density and perfusion may be associated with hyperglycemia-induced vascular damage including the polyol 
pathway, advanced glycation end products accumulation, the protein kinase C pathway and the hexosamine pathway.28,29 

The decrease in choroidal perfusion compared with the control group was not as significant as the retinal changes. This 
may be related to the lower susceptibility of the choroidal vascular bed to stress and its greater regulatory function.

The alterations in superficial and deep retinal vascular perfusion density further underscore the differential responses 
of retinal microvasculature in diabetic rats to increased IOP. Comparing our results with existing literature, the observed 
variations in PA and PD following IOP elevation are consistent with studies demonstrating the vulnerability of the 
diabetic retina to hemodynamic alterations induced by elevated IOP.30,31 The greater magnitude of changes in diabetic 
rats may be attributed to multiple factors. Firstly, diabetes is known to induce vascular dysfunction, leading to altered 
endothelial function and impaired autoregulation. The compromised ability of blood vessels to respond to changes in 
pressure could contribute to the exacerbated reduction in blood flow observed during acute IOP elevation. Secondly, the 
microvascular changes in the diabetic retina, such as capillary basement membrane thickening and pericyte loss, may 
further exacerbate the impairment in choroidal autoregulation.8,32,33 Autoregulation is an inherent ability of the vascular 
beds of tissues throughout the body to maintain tissue and organ homeostasis in response to fluctuations in perfusion 
pressure or changes in metabolic demand.34 These structural alterations can affect the vessel wall’s elasticity and 
responsiveness to pressure changes, leading to a more severe reduction in blood flow. The observed vessel occlusion 
in diabetic rats during acute IOP elevation raises concerns about the potential long-term consequences. Chronic ischemia 
resulting from repeated episodes of impaired blood flow regulation may contribute to the progression of diabetic 
retinopathy.

Zhi et al35 found a gradual decrease in the density of functional capillaries and a gradual decrease in the diameter of 
large vessels in normal rats during a gradual increase in IOP from 10 mmHg to 80 mmHg. At 100 mmHg, the vessels 
were almost completely occluded. This is consistent with the results of our study. Vascular perfusion of the choroid 
exhibits remarkable resilience to IOP elevation. During the early stages of IOP elevation, choroidal blood flow 
experiences minimal reduction or undergoes marginal alterations until the IOP reaches the threshold of its inherent self- 
regulatory mechanisms. In our investigation, notwithstanding the absence of gradient IOP measurements, we observed 
that choroidal blood flow exhibited less pronounced fluctuations compared to the retinal flow at equivalent IOP levels. 
While choroidal perfusion is usually thought to be affected solely by ocular perfusion pressure,36 other studies on both 

Figure 4 Distribution of the variation of perfusion density in diabetic and control groups.
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animals and humans have hinted a possible self-regulatory within the choroid.15,37 Our current data can also be construed 
as additional support for the concept of choroidal autoregulation.

Clinical studies and trials, such as the DCCT38 and UKPDS,39 have consistently shown that better glycemic control is 
associated with fewer microvascular complications, including those affecting the retina’s ability to regulate blood flow. 
Controlling blood glucose levels reduces the risk of hypoxia by improving blood flow and oxygen delivery to the retinal 
tissues,40 which is crucial under conditions of high IOP. Glycemic control reduces vascular resistance, enhancing the 
retina’s capacity to maintain proper perfusion under various pressure conditions.20 Tight glycemic control can improve 
autoregulatory responses, helping the retina manage blood flow more effectively even under increased IOP.19 Therefore, 
improving blood glucose control can enhance the retina’s capacity to regulate blood flow, especially under conditions of 
high intraocular pressure, by improving endothelial function, reducing vascular resistance, and enhancing autoregulatory 
mechanisms. These findings augment the mounting evidence suggesting that diabetic retinal and choroidal microvascu
lature exhibit distinct responses to heightened IOP, implying potential ramifications for the management of ocular 
complications in diabetic patients. In subsequent experiments, we can also measure changes in fundus vascular density 
and perfusion in treated diabetic rats at high IOP to further validate the effect of glycemic control.

It is essential to acknowledge certain constraints in our study, such as the utilization of an animal model and the 
absence of longitudinal data. The acute nature of IOP elevation in our experimental design may not entirely mirror the 
chronic and progressive alterations in intraocular dynamics associated with diabetic retinopathy. Future investigations 
incorporating a chronic model of IOP elevation or exploring the enduring effects of impaired choroidal autoregulation in 
diabetic rats would yield a more comprehensive comprehension of the underlying mechanisms. Moreover, intraocular 
perfusion pressure is not solely influenced by intraocular pressure but is intricately linked to systemic blood pressure. 
Supplementary measurements of intravascular pressure may enhance our understanding of the altered ocular hemody
namics in diabetic patients.

Conclusion
In conclusion, our study furnishes valuable insights into the impact of acute IOP elevation on retinal and choroidal 
microvasculature in diabetic rats. The observed impairment in choroidal vascular autoregulation implies an increased 
vulnerability to hemodynamic shifts in diabetic eyes. These findings underscore the significance of early detection and 
intervention strategies aimed at preserving vascular function in individuals with diabetes, potentially influencing the 
prevention and management of diabetic retinopathy. Subsequent research endeavors should delve into the molecular and 
cellular mechanisms underlying these vascular changes to identify novel therapeutic targets for sustaining retinal health 
in diabetes.
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