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Morphological and vascular
evidence of glaucomatous damage
In myopic guinea pigs with scleral
crosslinking

Lei Guo¥?, Jun Tao?, Ziqi Guo3, Yang Tong?, Shichao Chen?, Xin Zhao? & Rui Hua***

Guinea pigs are often used as models for myopia studies. However, the imaging structure and
vasculature of the optic nerve head (ONH) in guinea pigs are tentative. This study investigated
morphological parameters and vascular characteristics of the ONH in guinea pigs with form
deprivation (FD) myopia before and after scleral crosslinking (CXL), using optical coherence
tomography (OCT) and OCT angiography (OCTA). Refractive error, axial length (AL), intraocular
pressure (IOP), and OCT-based structural parameters of the ONH were measured at baseline and

3 weeks after the FD + CXL procedure in guinea pigs. The 88 guinea pigs analysed in this study were
aged 3 (n=29), 4 (n=51), and 5 (n=8) weeks. The IOP, AL, average and vertical cup-to-disc ratio (C/D),
circumpapillary retinal nerve fibre layer, disc area, and cup volume increased at 3 weeks compared

to baseline values (all p<0.001). The refractive error and rim area decreased at 3 weeks compared to
baseline values (all p<0.001). After adjustment for age, IOP was correlated positively with average C/D
(p=0.039) and negatively with rim area (p=0.009). The severity of blood signal defects was positively
associated with the average C/D at 3 weeks (p=0.027). These findings may facilitate further research
on myopia using guinea pigs.

Abbreviations
ONH Optic nerve head
LC Lamina cribrosa

OCT Optical coherence tomography
OCTA OCT angiography

I0P High intraocular pressure

AL Axial length

FD Form deprivation

CXL Scleral crosslinking

cpRNFL  Circumpapillary retinal nerve fibre layer
C/D Cup-to-disc

CI Confidence intervals

In addition to glaucoma, guinea pigs have been increasingly used as models of myopia. In the pathogenesis of
myopia, the optic nerve head (ONH) is an important structure’. The guinea pig ONH is a histologically well-
organized, collagen-based lamina cribrosa (LC) that is more similar to the human LC than to the collagen-less
ONH of other rodents®. However, the imaging structure and vasculature of the ONH in guinea pigs have been
rarely reported.

Optical coherence tomography (OCT) and OCT angiography (OCTA) have been used to qualitatively and
quantitatively investigate the fundus of guinea pigs, respectively. In vivo morphometric imaging of the retina
and choroid in guinea pigs is based on OCT, with acceptable inter-observer reproducibility and intra-observer
repeatability®. Using in vivo OCT imaging, Jnawali et al.* measured the thicknesses of the choroid, outer retina,
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ganglion cell/nerve fibre layer, and retina to be 64.8+11.6 um, 72.4 £2.4 um, 59.2 4.5 pm, and 147.7 +5.8 um,
respectively, with a Bruch membrane opening area of 0.192 +0.023 mm? However, as a new non-invasive imaging
modality without dye, OCTA assesses the ONH vasculature qualitatively and quantitatively. Specifically, this
method correlates topography with the functional abnormalities observed in the visual field examination and
structural abnormalities identified on OCT®>.

Zhou et al., using OCTA, reported that scleral hypoxia is attenuated by increased choroidal blood perfusion
in guinea pigs, inhibiting the development of myopia®. Vessel density reduction on OCTA can aid in monitoring
the progression of advanced glaucoma®. Myopia progression is associated with a change in intraocular pressure
(IOP). Young Chinese people with high myopia tend to have greater IOP with a thicker central cornea’. Lowering
IOP inhibits axial length (AL) elongation in pathological myopia by inhibiting scleral fibroblast activation,
decreasing the scleral distending force to reduce scleral remodelling, and increasing choroidal blood perfusion
to reduce scleral hypoxia. However, no study has examined the relationship between the structural and vascular
features of the ONH of guinea pigs under high IOP.

Our group was the first to report the vascular and morphological parameters of the ONH in normal guinea
pigs at 3-4 weeks of age using in vivo OCT and OCTA imaging for qualitative and quantitative assessments,
respectively®. Inhibiting myopic progression and axial elongation in form deprivation (FD) increased IOP and
subsequent optic disc, anterior segment, and scleral changes induced by scleral crosslinking (CXL) of the guinea
pig’s eyes®. We investigated vascular and morphological characteristics of the ONH of guinea pigs with FD myopia
using OCT and OCTA before and after the CXL procedure to assess the relationship between ONH blood flow
signal patterns and its structural parameters and ONH ischemia and high IOP.

Methods

Animal model establishment

We selected the right eyes of 200—240 g tricolour guinea pigs without any ocular disease. The animal handling
and experimentation in the study adhered to the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research. All experimental protocols were approved by the Animal Care and Use Committee of the China
Medical University. This study followed the ARRIVE guidelines. All methods were performed in accordance
with the relevant guidelines and regulations. All guinea pigs underwent an FD + CXL procedure, as described
previously®. We used 29-gauge needles and 0.10 ml of 0.50% genipin (FUJIFILM Wako Pure Chemical Industries,
Osaka, Japan) for the subtenon injection, administered 3.0 mm behind the corneal limbus in the superotemporal
and inferonasal quadrants of the studied eyes. As a routine surgical procedure with postoperative antibiotics,
the study did not have humane endpoints.

In vivo measurements

Following a previous study®, we measured the following parameters at baseline and 3 weeks after the FD + CXL
procedure: refractive error (streak retinoscope, YZ-24, Suzhou Liuliu Vision Technology; Suzhou, China); IOP
(TONOLAB tonometer, Tiolat; Helsinki, Finland); ocular AL (the manual mode of A-mode ultrasound, Aviso,
Quantel Medical Inc., France); and the optic disc (spectral-domain OCT, SD-OCT, Cirrus HD 5000, Zeiss;
Germany) and its OCTA function under general anaesthesia by intraperitoneal injection of 1% luciferin sodium.
The analyzed parameters included the circumpapillary retinal nerve fibre layer (cpRNFL, um) thickness, average
cup-to-disc (C/D) ratio, vertical C/D ratio, disc area (mm?), rim area (mm?), and cup volume (mm?). OCT and
OCTA measurements were automated using built-in software.

OCTA and its parameters have been applied widely for assessing ONH ischemia. For example, during
deterioration in diabetic retinopathy, microvascular defects in the ONH may occur earlier than cpRNFL
thinning'. Moreover, glaucomatous eyes have a significantly lower thickness of cpRNFL and vascular density
of ONH compared with normal control eyes'’. This study is the first to investigate the blood flow signal patterns
of the guinea pig ONH to assess ONH ischemia under high IOP.

As we did not have a reference for the imaging and pathology, OCTA blood flow signal patterns within the
ONH regions were categorized into four levels based on our clinical experience. Level one (normal blood flow
signals) showed central peak blood signals and intact peripheral vascular rings. Level two (< 1/3rd blood flow
signal defect) showed a peripheral vascular ring defect of <1/3rd but with a central peak blood signal. Level
three (<2/3rd blood flow signal defect) showed peripheral vascular ring defects of < 2/3rd or loss of central peak
blood signal. Level four (>2/3rd blood flow signal defects) had more severe vascular defects than the other three
levels defined above (Fig. 1). These four levels were used to assess the severity of ONH ischemia. We aim for this
classification system to benefit further studies on guinea pigs.

The guinea pig eyes were excluded from the analysis of ONH ischemia if the OCTA was of poor imaging
quality or did not show normal blood flow signals. All measurements and blood flow signal patterns were
assessed by two investigators. The average values of all measurements were calculated. For disagreements, the
senior investigator made a final decision.

Statistical analyses

Data are presented as the mean + standard deviation. SPSS software (version 22.0; SPSS, Inc., Chicago, IL, USA)
was used for statistical analyses. Differences in refraction, IOP, AL, and OCT-based optic disc parameters between
baseline and 3 weeks were compared using the paired-sample ¢-test. Pearson correlation analysis was used to
investigate the relationship between age and all the other measurement parameters, along with changes in AL
and refractive error between baseline and 3 weeks. The factors influencing changes in IOP were evaluated using
the Pearson correlation and linear regression model to establish the corresponding equation; 95% confidence
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Figure 1. Blood flow signal patterns within the ONH regions on OCTA. (A) Findings for guinea pig #10 at
baseline: Level one (normal blood flow signal) shows a central peak blood signal (yellow arrow) and intact
peripheral vascular ring (red arrow). (B) Findings for guinea pig #10 at 3 weeks: Level one (normal blood flow
signal) shows a central peak blood signal (yellow arrow) and an intact peripheral vascular ring (red arrow).
(C) Findings for guinea pig #18 at 3 weeks: level two shows a peripheral vascular ring defect of <1/3rd (red
arrow) but with a central peak blood signal (yellow arrow). (D) Findings for guinea pig #8 at 3 weeks: level three
shows a peripheral vascular ring defect of <2/3rd (red arrow) with a normal central peak blood signal (yellow
arrow). (E) Findings for guinea pig #2 at 3 weeks: Level three does not show a central peak blood signal with

a peripheral vascular ring left (red arrow). (F) Findings for guinea pig #12 at 3 weeks: level four shows a blood
flow signal defect>2/3rd (red arrow). (G) Findings for guinea pig #21 at 3 weeks: level four indicates complete
loss of the blood flow signal.

intervals (CI) were also calculated. The factors influencing the severity of the blood signal defects were analyzed
using Pearson’s correlation. A value of p <0.05 was considered statistically significant.

Results

The 88 guinea pigs analyzed in this study were aged 3 (n=29), 4 (n=51), and 5 (n=8) weeks. The guinea pigs’
starting ages did not affect the measured parameters (all p>0.05). The refractive error decreased significantly
from 2.69+3.235 D at baseline to 1.01 +2.325 D at 3 weeks (t=9.680, p <0.001). The IOP increased significantly
from 18.85 +3.254 mmHg at baseline to 29.88 +3.999 mmHg at 3 weeks (t=24.804, p <0.001). The AL increased
significantly from 7.62+0.179 mm at baseline to 7.81 +£0.146 mm at 3 weeks (t=14.071, p<0.001; Table 1 and
Fig. 2). The mean decrement of refractive error at 3 weeks was —1.68 + 1.630 D, which correlated negatively with
the increment in AL (0.18 £0.123 mm, r= —0.784, p<0.001).

The average C/D ratio increased significantly from 0.38 +0.118 at baseline to 0.62+0.0690 at 3 weeks
(t=23.752, p<0.001). The vertical C/D ratio increased significantly from 0.39+0.130 at baseline to 0.62 +0.0669
at 3 weeks (+=19.807, p<0.001). The cpRNFL thickness increased significantly from 53.18 + 13.894 um at baseline
to 64.86 +24.446 um at 3 weeks (t=4.893, p <0.001). The rim area decreased significantly from 0.73 +£0.112 mm?

Parameters Baseline (0) 3 weeks (3) Significance Change (3-0)
Refractive error (diopter) 2.69+3.235 1.01+£2.325 t=9.680, p<0.001 - 1.68+1.630
IOP (mmHg) 18.85+3.254 29.88+3.999 t=24.804,p<0.001 | 11.02+4.169
AL (mm) 7.62+0.179 7.81+0.146 t=14.071,p<0.001 | 0.18+0.123
Average C/D 0.38+0.118 0.62+0.0690 | t=23.752,p<0.001 |0.24+0.0940
Vertical C/D 0.39+0.130 0.62+0.0669 |t=19.807, p<0.001 |0.23+£0.110
cpRNFL thickness (um) 53.18+13.894 | 64.86+24.446 |t=4.893,p<0.001 11.68+22.397
Rim area (mm?) 0.73+£0.112 0.55+£0.0955 | t=16.625,p<0.001 |-0.18+0.103
Disc area (mm?) 0.88+0.106 0.95+0.151 t=5.866, p<0.001 0.074+0.118
Cup volume (mm?) 0.028+0.0159 | 0.090+0.111 t=5.193, p<0.001 0.062+0.112

Table 1. Changes in all parameters between baseline and 3 weeks (n=288). IOP, intraocular pressure; AL, axial
length; C/D, cup-to-disc ratio; cpRNFL, circumpapillary retinal nerve fiber layer.
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Figure 2. General parameters of the 88 guinea pigs. (A) Refractive error decreased significantly from
2.69+3.235 D at baseline to 1.01 £2.325 D at 3 weeks (*p <0.001). (B) IOP increased significantly from
18.85+3.254 mmHg at baseline to 29.88 +3.999 mmHg at 3 weeks (*p <0.001). (C) Axial length increased
significantly from 7.62£0.179 mm at baseline to 7.81 +£0.146 mm at 3 weeks (*p <0.001).

at baseline to 0.55+0.0955 mm? at 3 weeks (t=16.625, p<0.001). The disc area increased significantly from
0.88+0.106 mm? at baseline to 0.95+0.151 mm? at 3 weeks (¢=5.866, p<0.001). The cup volume increased
significantly from 0.028 +0.0159 mm? at baseline to 0.090+0.111 mm? at 3 weeks (¢=5.193, p<0.001; Table 1
and Fig. 3).

The increase in IOP showed a positive relationship with the increase in average C/D (r=0.581, p<0.001),
vertical C/D (r=0.473, p<0.001), and cup volume (r=0.232, p=0.030); and a negative relationship with
increment in the rim area (r=-0.555, p <0.001). IOP was related positively to the average C/D (B=16.204,
t=2.103, p=0.039, 95% CI: 0.876-31.533) and negatively to the rim area (B= —12.149, t=2.689, p=0.009, 95%
CI:-21.138 to 3.160). Linear regression indicated the equation for calculating IOP change = 16.204 x (change in
average C/D) —12.149 x (change in rim area) + 3.752 (Table 2).

The 42 of 88 guinea pigs that underwent OCTA examinations of the ONH were aged 3 (n=17), 4 (n=19),
and 5 (n=6) weeks. At baseline, the eyes of 42 guinea pigs showed normal blood flow signals in the ONH region.
At 3 weeks, the eyes showed level 1 (n=3), 2 (n=11), 3 (n=16), and 4 (n=12) findings. The severity of the
blood signal defects (ONH ischemia) showed a positive relationship with the average C/D at 3 weeks (r=0.342,
p=0.027).
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Figure 3. Morphological parameters of the optic nerve head in all 88 guinea pigs. (A) Average C/D increased
significantly from 0.38 £0.118 at baseline to 0.62 +0.0690 at 3 weeks (*p <0.001). (B) Vertical C/D increased
significantly from 0.39£0.130 at baseline to 0.62+0.0669 at 3 weeks (*p<0.001). (C) cpRNFL thickness
increased significantly from 53.18 +13.894 pm at baseline to 64.86 +24.446 um at 3 weeks (*p<0.001). (D) Rim
area decreased significantly from 0.73 +0.112 mm? at baseline to 0.55+0.0955 mm? at 3 weeks (*p <0.001). (E)
Disc area increased significantly from 0.88 +0.106 mm? at baseline to 0.95+0.151 mm? at 3 weeks (*p <0.001).
(F) Cup volume increased significantly from 0.028+0.0159 mm? at baseline to 0.090+0.111 mm? at 3 weeks
(*p<0.001). C/D, cup-to-disc ratio; cpRNFL, circumpapillary retinal nerve fiber layer. Data are shown as

mean * standard deviation.
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Influencing parameters B B t P 95% CI
Constant 3.752 1.503 0.137 -1.214t08.718
Increment in average C/D 16.204 0.365 2.103 0.039 0.876 to 31.533
Increment in vertical C/D 0.271 0.007 0.047 0.963 —11.198 to 1.739
Increment in rim area -12.149 -0.299 2.689 0.009 —21.138 to 3.160
Increment in cup volume 5.953 0.159 1.850 0.068 —0.448 to 12.355
Age 0.206 0.030 0.344 0.732 — 986 to 1.398

Table 2. Factors influencing the increment in IOP. IOP, intraocular pressure; B, regression coefficient; B,
standardized regression coefficient; t, statistical value; p, statistical significance; CI, confidence interval; C/D,
cup-to-disc ratio.

Discussion

To the best of our knowledge, this study is the first to use OCT to study the relationship between morphological
and vascular glaucomatous changes driven by increased IOP due to FD and CXL in guinea pigs. We also
characterized four levels of ONH blood flow signal patterns using OCTA and analyzed their relationships with
morphological parameters. The ONH parameters in normal guinea pigs were previously quantified using both
OCT and OCTA; the analyses found no significant differences in the total number of junctions and endpoints,
total vessel length, average vessel area, and vascular density and diameter within the ONH region between 3-
and 4-week-old normal guinea pigs’. This study is a follow-up of previous research under high IOP conditions.

Three weeks after the FD + CXL procedure, the IOP and AL increased, along with a corresponding reduction
in the refractive error. This finding is consistent with the results of Wang et al., who reported that scleral CXL led
to less myopia and axial elongation; however, the procedure yielded outcomes comparable to those in untreated
control guinea pigs'% In addition, Mattson et al. found that IOP increased during intact globe expansion in the
eyes of rabbits with CXL'*. Moreover, a previous study showed that FD + CXL elevated IOP compared to FD or
CXL alone. This increase in IOP was time-dependent because of CXL-related scleral stiffness and post-scleral
vascular resistance® that was related to myopia development, high IOP, and glaucoma'*.

At baseline, the cpRNFL thickness, average and vertical C/D, disc area, rim area, and cup volume were
53.18+13.894 pum, 0.38 +£0.118 and 0.39+0.130, 0.88+0.106 mm?, 0.73+0.112 mm?, and 0.028 £0.0159 mm>,
respectively, consistent with previous data’. In addition to increased IOP, glaucomatous changes in the ONH
were observed quantitatively. The average and vertical C/D (0.24+0.0940 and 0.23+0.110), cpRNFL thickness
(11.68£22.397 um), disc area (0.074+0.118 mm?), and cup volume (0.062+0.112 mm?®) at 3 weeks after the
FD + CXL procedure increased significantly compared to baseline values. The rim area of the ONH significantly
decreased (- 0.18 +0.103 mm?).

Similarly, Kimball et al.'® found that scleral cross-linking by glyceraldehyde treatment in eyes showed greater
retinal ganglion cell axon loss due to elevated IOP compared with either buffer-injected or control eyes. They
reported experimental alterations in the sclera by crosslinking and increased susceptibility to retinal ganglion
cell damage in mice'®. The present study’s findings are consistent with clinical reports of human glaucoma!®'”.
For the first time, we summarized a relationship equation quantitatively describing structural changes in the
ONH and IOP. The equation provides a reference for further glaucomatous and myopic research based on the
guinea pig model.

In normal guinea pigs, the ONH total vessel length is positively affected by cpRNFL thickness and negatively
by IOP?. This study categorized the vascular patterns of the ONH into four levels to analyse the severity of ONH
ischemia. The analyses suggested that the severity of the blood signal defects had a positive relationship with
the average C/D ratio at 3 weeks. Rao et al. also reported that lower whole-enface disc vessel densities were
significantly associated with a faster decline in mean deviation'®. The starting age of CXL showed no significant
relationship with all parameters; thus, the results would not be influenced by age (3-5 weeks of age).

This study has limitations. First, OCTA images were not acquired from the eyes of some guinea pigs because
of poor imaging quality. Second, a control group without FD + CXL was not enrolled. Finally, the repeatability
of the OCT measurements was not analysed statistically, which may lead to the unreliability of our results. We
will address these limitations in future research.

In conclusion, this study is the first to describe the vascular characteristics of the ONH using OCTA; the
results are consistent with the morphological changes. Guinea pigs show glaucomatous changes caused by
increased IOP induced by FD and CXL. Further research should focus on glaucomatous damage in myopic
guinea pig models.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author upon
reasonable request.

Received: 13 February 2023; Accepted: 27 November 2023
Published online: 02 January 2024

Scientific Reports |

(2024) 14:298 | https://doi.org/10.1038/s41598-023-48461-2 nature portfolio



www.nature.com/scientificreports/

References

1. Xu, L., Wang, Y., Wang, S., Wang, Y. & Jonas, J. B. High myopia and glaucoma susceptibility: The Beijing Eye Study. Ophthalmology
114, 216-220 (2017).

2. Ostrin, L. A. & Wildsoet, C. E. Optic nerve head and intraocular pressure in the guinea pig eye. Exp. Eye Res. 146, 7-16 (2016).

3. Dong, L. et al. In vivo imaging of retina and choroid in guinea pigs. Front. Med. 8, 730494 (2021).

4. Jnawali, A., Beach, K. M. & Ostrin, L. A. In vivo imaging of the retina, choroid, and optic nerve head in guinea pigs. Curr. Eye Res.
43,1006-1018 (2018).

5. Rao, H. L. et al. Optical coherence tomography angiography in glaucoma. J. Glaucoma 29, 312-321 (2020).

6. Zhou, X. et al. Increased choroidal blood perfusion can inhibit form deprivation myopia in guinea pigs. Invest. Ophthalmol. Vis.
Sci. 61, 25 (2020).

7. Li, Z. et al. Distribution of intraocular pressure and related risk factors in a highly myopic Chinese population: An observational,
cross-sectional study. Clin. Exp. Optom. 104, 767-772 (2021).

8. Guo, L. et al. Scleral cross-linking in form-deprivation myopic guinea pig eyes leads to glaucomatous changes. Invest. Ophthalmol.
Vis. Sci. 63, 24 (2022).

9. Guo, L. et al. Morphological and vascular characteristics of the optic nerve head of normal guinea pigs. Sci. Rep. 12, 873 (2022).

10. Cao, D. et al. Optic nerve head perfusion changes preceding peripapillary retinal nerve fibre layer thinning in preclinical diabetic
retinopathy. Clin. Exp. Ophthalmol. 47, 219-225 (2019).

11. Hou, W. et al. Analysis of the optic nerve head microcirculation using optical coherence tomography angiography and the upstream
macrocirculation using color Doppler imaging in low-tension and high-tension glaucoma patients. Ophthalmic Res. 66, 579-589
(2022).

12. Wang, M. & Corpuz, C. C. Effects of scleral cross-linking using genipin on the process of form-deprivation myopia in the guinea
pig: A randomized controlled experimental study. BMC Ophthalmol. 15, 89 (2015).

13. Mattson, M. S. et al. An in vitro intact globe expansion method for evaluation of cross-linking treatments. Invest. Ophthalmol. Vis.
Sci. 51, 3120-3128 (2010).

14. Norman, R. E. et al. Finite element modeling of the human sclera: Influence on optic nerve head biomechanics and connections
with glaucoma. Exp. Eye Res. 93, 4-12 (2011).

15. Kimball, E. C. et al. Experimental scleral cross-linking increases glaucoma damage in a mouse model. Exp. Eye Res. 128, 129-140
(2014).

16. Tatham, A.J. & Medeiros, E. A. Detecting structural progression in glaucoma with optical coherence tomography. Ophthalmology
124, S57-S65 (2017).

17. Sung, K. R., Na, J. H. & Lee, Y. Glaucoma diagnostic capabilities of optic nerve head parameters as determined by Cirrus HD
optical coherence tomography. J. Glaucoma 21, 498-504 (2012).

18. Rao, H. L. et al. Optical coherence tomography angiography and visual field progression in primary angle closure glaucoma. J.
Glaucoma. 30, e61-e67 (2021).

Author contributions

L.G.,].T.,, and R.H. made substantial contributions to the conception and design, analysis, and interpretation of
data; R.H. drafted the article and revised it critically for important intellectual content; L.G., Y.T,, S.C.C., Z.Q.G,,
and X.Z. performed the experiments and acquired data; RH performed statistical analysis; all authors agreed to
submit the manuscript to the current journal; all authors gave final approval of the version to be published; and
all authors agreed to be accountable for all aspects of the work.

Funding
This study was funded by the Fund for Science and Technology Program of Shenyang City (No. 21-173-9-24).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024, corrected publication 2024

Scientific Reports |

(2024) 14:298 | https://doi.org/10.1038/s41598-023-48461-2 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Morphological and vascular evidence of glaucomatous damage in myopic guinea pigs with scleral crosslinking
	Methods
	Animal model establishment
	In vivo measurements
	Statistical analyses

	Results
	Discussion
	References


