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ABSTRACT

Background: Keratoconus is increasingly recognized as a condition that may affect not only corneal structure but also posterior
segment parameters. This study aimed to evaluate alterations in central macular, choroidal, and peripapillary retinal nerve fiber
layer thicknesses, as well as peripapillary vessel densities (VDs), in eyes with keratoconus using optical coherence tomography
(OCT) and OCT angiography (OCTA).

Methods: This two-center, matched, cross-sectional comparative observational study included eyes with keratoconus and healthy
control eyes. Participants underwent Scheimpflug corneal tomography (Pentacam HR) to assess central corneal thickness (CCT) and
keratometry; spectral-domain OCT (SD-OCT) for central macular thickness (CMT), choroidal thickness, and peripapillary retinal
nerve fiber layer thickness (RNFLT) measurements; and swept-source OCT angiography (SS-OCTA) to quantify peripapillary VD
centrally and across four quadrants at the superficial and deep capillary plexuses (pSCP, pDCP), the peripapillary choriocapillaris
(pCC), and the global radial peripapillary capillary plexus (nRPCP).

Results: Eighty-six eyes with keratoconus and 86 age-, sex-, axial-length-, and laterality-matched healthy controls (all P > 0.05) were
analyzed. The keratoconus group showed significantly more negative spherical equivalent, higher keratometry parameters, higher
astigmatism, and lower CCT, along with worse best-corrected distance visual acuity (all P < 0.001). Mean choroidal thickness was
significantly greater in eyes with keratoconus (P < 0.001), whereas CMT and global and sectoral RNFLT measures were comparable
(all P> 0.05). Central VD in the pSCP, pDCP, and pCC was significantly reduced (all P < 0.001), whereas global nRPCP VD was
comparable between groups (P > 0.05). Eyes with keratoconus additionally demonstrated significant regional VD differences across
several peripapillary sectors (all P <0.05).

Conclusions: Keratoconus was associated with significant microvascular and structural alterations extending beyond the cornea,
including reduced VDs in central peripapillary plexuses and increased choroidal thickness. These findings support a broader
pathophysiologic framework in which keratoconus involves not only anterior corneal remodeling but also measurable changes in
blood supply within the macular and lamina cribrosa regions. The significant regional VD differences further indicate potential
sectoral variation. Future longitudinal and multimodal imaging studies are warranted to clarify the temporal evolution, clinical

relevance, and prognostic utility of these microvascular changes in keratoconus.
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Structural and microvascular retinal changes in keratoconus
INTRODUCTION—
Keratoconus is a progressive ectatic disorder of the cornea characterized by irregularity and reduced density of stromal
collagen lamellae. Despite extensive investigation, its pathogenesis is not yet fully understood [1]. Associations between
keratoconus and systemic connective tissue disorders, especially mitral valve prolapse, Marfan syndrome, and Ehlers-Danlos
syndrome, are well documented [2]. Given that the extracellular collagen matrix is a structural component of the cornea,
sclera, lamina cribrosa, and retinal vasculature, it is plausible for keratoconus to coexist with or contribute to posterior segment
changes [3-9]. Studies have reported increased choroidal thickness [10-15] and reduced lamina cribrosa thickness [16] in eyes

with keratoconus.

Emerging evidence indicates that keratoconus is not solely a corneal disorder but may also encompass structural and
vascular alterations within the posterior segment [10-15]. Nevertheless, the extent and clinical relevance of these changes
remain insufficiently characterized. The development of optical coherence tomography (OCT) and OCT angiography (OCTA)
has enabled non-invasive, high-resolution assessment of macular and peripapillary microvasculature, offering new insights
into keratoconus-related changes of the lamina cribrosa and retinal vasculature [8, 9, 17, 18].

We aimed to investigate posterior segment involvement in this ectatic corneal disease based on the hypothesis that
keratoconus may represent a collagen-related disorder with vascular implications. In contrast to previous studies that
evaluated microvasculature [9, 17, 18], we evaluated a comprehensive set of parameters, including peripapillary superficial
and deep capillary plexuses as well as the choriocapillaris. Retinal nerve fiber layer thickness (RNFLT), macular and choroidal

thickness, and vascular density (VD) metrics were analyzed and compared with those of healthy control eyes.
METHODS

This two-center, matched, cross-sectional comparative observational study included eyes with keratoconus and healthy
control eyes evaluated at the Cornea Units of the Departments of Ophthalmology at Dokuz Eylul University Hospital
(Turkiye) and the University of Naples Federico II (Italy) between June 2022 and February 2025. The study protocol was
approved by the Dokuz Eylul University Ethics Committee (approval No. 2023/22-23). All procedures adhered to the ethical
principles of the Declaration of Helsinki and applicable local regulations. Informed consent was obtained from all participants;
for individuals aged 16 to 18 years, consent was additionally secured from a parent or legal guardian in accordance with
ethical requirements.

Keratoconus was diagnosed according to the Global Consensus on Keratoconus and Ectatic Diseases [19], requiring the
presence of abnormal posterior corneal elevation, an abnormal pattern of corneal thickness distribution, and non-
inflammatory corneal thinning. Characteristic anterior corneal steepening was also considered supportive of the diagnosis.
Exclusion criteria comprised age <15 years, a history of ocular surgery unrelated to keratoconus, spherical equivalent of
refractive error exceeding +20 diopters (D), systemic hypertension, migraine or other vasculopathies, ocular hypertension,
corneal opacities involving the visual axis, and OCT or OCTA images of insufficient quality due to artifacts. Healthy
individuals in the control group were selected to match the keratoconus cohort in age, sex, axial length, and laterality.
Additional exclusion criteria for the control group included history of ocular surgery, systemic vascular disorders such as
diabetes and hypertension, or other conditions known to affect the retinal or optic nerve microvasculature.

The clinical history of all participants, including demographic characteristics and the presence of systemic or additional
ocular disorders, was documented. Each individual underwent a comprehensive ophthalmic evaluation comprising best-
corrected distance visual acuity (BCDVA) assessment using a Snellen chart (Nidek Co., Ltd., Gamagori, Aichi, Japan) and
intraocular pressure (IOP) measurement with Goldmann applanation tonometry (AT-900; Haag-Streit AG) under slit-lamp
biomicroscopy (Haag-Streit BM 900; Haag-Streit AG, Bern, Switzerland). A detailed evaluation of the anterior and posterior
segments was performed using slit-lamp biomicroscopy.

All participants underwent Scheimpflug corneal tomography (Pentacam, Oculus GmbH, Wetzlar, Germany), macular
and optic nerve head imaging with spectral-domain OCT (SD-OCT; Spectralis®, Heidelberg Engineering, Heidelberg,
Germany) incorporating the 3D wide glaucoma module for peripapillary radial RNFLT assessment, and swept-source OCT
angiography (SS-OCTA; DRI OCT Triton Plus®, Topcon Corporation, Tokyo, Japan) using 6 x 6 mm scans for optic nerve head
microvascular measurements.

The Belin/Ambrosio Enhanced Ectasia Display (BAD) of the Scheimpflug imaging-based Pentacam system was used to
stage keratoconus, incorporating maximum keratometry, anterior and posterior elevation parameters, and tomographic
central corneal thickness (CCT). CCT, flat keratometry (K1), steep keratometry (K2), and astigmatism values obtained from
corneal tomography were compared between the study groups (Figure 1).

Central macular thickness (CMT), choroidal thickness, and peripapillary RNFLT were measured using SD-OCT imaging
and compared between the study groups. CMT and choroidal thickness were automatically quantified from radial macular
scans (Figures 2A, B). Global and sectoral (superior, nasal, inferior, and temporal) peripapillary RNFLT values were

automatically derived from the glaucoma scan protocol (Figure 2C).
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Figure 1. Pentacam Belin/Ambrosio Enhanced Ectasia Display (BAD) and topometric maps obtained using the
Scheimpflug imaging-based Pentacam system (Oculus GmbH, Wetzlar, Germany). Central corneal thickness, flat
keratometry (K1), and steep keratometry (K2) were extracted as key tomographic indices. Anterior and posterior curvature
maps, together with the Belin ABCD staging parameters, were used to characterize corneal geometry and to compare
tomographic features between keratoconus and control eyes.
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Figure 2. (A, B) Radial spectral-domain optical coherence tomography (SD-OCT; Spectralis®, Heidelberg Engineering,
Heidelberg, Germany) macular scans showing automated measurements of central macular thickness (CMT) and
subfoveal choroidal thickness (CT). (C) SD-OCT peripapillary glaucoma scan showing automated segmentation and
quantification of global and sectoral retinal nerve fiber layer thickness (RNFLT) across the superior, nasal, inferior, and
temporal quadrants.
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Figure 3. Peripapillary optical coherence tomography angiography (OCTA) report obtained using swept-source OCT (SS-OCTA;
DRI OCT Triton Plus®, Topcon Corporation, Tokyo, Japan), showing automated layer-specific segmentation of the superficial,
deep, outer retina, and choriocapillaris slabs. The panel includes en face angiograms for each vascular layer, the corresponding
structural B-scan with segmentation boundaries, a peripapillary vessel density map, and the color fundus image indicating the 6
X 6-mm scan area.

Peripapillary vessel densities (VD) of the superficial capillary plexus (pSCP), deep capillary plexus (pDCP), peripapillary
choriocapillaris (pCC), and global radial peripapillary capillary plexus (nRPCP) were quantified from 6 x 6-mm SS-OCTA
scans and compared between groups. Vascular plexus segmentation was performed using automated algorithms with manual
refinement when necessary. To assess localized microvascular defects, VD was computed for each layer (superficial, deep,
and choriocapillaris) within the superior, nasal, inferior, and temporal peripapillary sectors, in addition to calculating the
global nRPCP metric (Figure 3).

Statistical analyses were conducted using SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, NY, USA). Data
normality was assessed using the Shapiro-Wilk test. Quantitative variables were reported as mean (standard deviation [SD]),
and categorical variables as frequencies (percentages). Between-group comparisons of continuous variables were performed
using the independent samples t-test, while sex distribution was compared using the chi-square test. A two-tailed P-value <

0.05 was considered statistically significant.

RESULTS

A total of 86 eyes from 86 patients with keratoconus and 86 age-, sex-, axial-length-, and laterality-matched eyes from 86
healthy controls were included. Eyes with keratoconus were classified as stage 1 (n = 28, 32.55%), stage 2 (n = 28, 32.55%),
stage 3 (n =24, 27.90%), and stage 4 (n = 6, 6.99%). Among the 86 keratoconus eyes, 38 (44.18%) had previously undergone
corneal cross-linking. The mean spherical equivalent was significantly more negative and the mean BCDVA significantly
worse in the keratoconus group (both P <0.001). Mean IOP was significantly lower in the keratoconus group (P < 0.05). Mean
CCT was significantly lower, whereas mean keratometry values and astigmatism measurements were higher in eyes with
keratoconus (all P < 0.001). Comprehensive demographic and clinical characteristics of study participants are summarized in
Table 1.

Table 2 presents a comparison of all OCT- and OCTA-derived parameters between eyes with keratoconus and healthy
controls. Mean choroidal thickness was significantly greater in eyes with keratoconus (P < 0.001). In contrast, CMT and global
and sectoral peripapillary RNFLT values were comparable between groups (all P > 0.05) (Table 2).

Regarding mean VDs, the central VD of the pSCP, pDCP, and pCC was significantly reduced in eyes with keratoconus
compared with healthy eyes (all P < 0.05), whereas global nRPCP VD was comparable between groups (P = 0.295) (Table 2).
Eyes with keratoconus also showed significantly lower temporal VD in the pSCP, pDCP, and pCC and significantly higher
nasal VD in the pDCP and pCC and superior VD in the pSCP and pCC (all P <0.05). Nasal pSCP VD, superior pDCP VD, and
inferior VD in all three plexuses were comparable between groups (all P > 0.05) (Table 2).
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Table 1. Demographic and clinical data of study participants

Variable Keratoconus (n = 86 eye) Healthy controls (n =86 eye)  P-value
Age (y), Mean + SD 27.44 +8.37 27.44 +8.37 >0.99
Sex (Male / Female), n (%) 55 (63.95) / 31 (36.05) 55 (63.95) / 31 (36.05) >0.99
Laterality (OD / OS), n (%) 43 (50) / 43 (50) 43 (50) / 43 (50) >0.99
BCDVA (decimal), Mean + SD 0.65 +0.27 0.99+ 0.05 <0.001
SE (D), Mean + SD -3.83+3.73 -0.68 + 0.44 <0.001
IOP (mmHg), Mean = SD 13.85 £1.53 14.49 +1.44 0.005
AL (mm), Mean + SD 23.46 +0.95 23.46 +0.95 >0.99
Keratoconus stage, n (%)

Stage 1 28 (32.55) - -
Stage 2 28 (32.55)

Stage 3 24 (27.90)

Stage 4 6 (6.99)

CCT(um), Mean + SD 470.63 +49.55 540.79 £ 23.79 <0.001
K1 (D), Mean + SD 46.32 +4.75 42.53+1.11 <0.001
K2(D), Mean = SD 4890 +7.63 43.42+1.19 <0.001
Astigmatism(D), Mean * SD 3.05+1.74 0.89 +0.31 <0.001
History of CXL, n (%) 38 (44.18%) None

Abbreviations: n, number; y, years; SD, standard deviation; %, percentage; OD, right eye; OS, left eye; BCDVA, best-
corrected distance visual acuity; SE, spherical equivalent; D, diopters; IOP, intraocular pressure; mmHg, millimeter of
mercury; AL, axial length; mm, millimeters; CCT, central corneal thickness; um, micrometers; K1, flat keratometry value;
K2, steep keratometry value; CXL, corneal-cross-linking. Note: P-values < 0.05 are shown in bold; Spherical equivalent
was calculated by adding the spherical component of the refraction to half of the cylindrical component.

Table 2. Optical coherence tomography (OCT) and OCT angiography (OCTA) data in eyes with keratoconus and healthy
control eyes

Variable Keratoconus (n=86 eyes) = Healthy controls (n =86 eyes)  P-value
CMT (um), Mean + SD (Range) 227.36 +26.97 (135 to 261) 226.38 + 21.45 (210 to 288) 0.792
CT (um), Mean = SD (Range) 260.26 + 76.72 (148 to 343) 198.41 + 28.43 (167 to 249) <0.001
RNFLT Global (um), Mean = SD 101.01 +10.50 99.45 + 8.98 0.297
RNFLT Temporal (um), Mean + SD 75.45+11.51 7313 +12.84 0.214
RNFLT Temporal Inferior (um), Mean + SD 140.89 £17.98 142.96 £ 18.49 0.458
RNFLT Temporal Superior (um), Mean + SD | 133.07 +17.98 135.33 £15.61 0.380
RNFLT Nasal (um), Mean + SD 79.58 +21.97 74.75+17.34 0.111
RNFLT Nasal Inferior (um), Mean + SD 112.14 £19.29 113.02 £ 23.54 0.789
RNFLT Nasal Superior (um), Mean + SD 106.31 £ 19.82 108.36 + 17.50 0.473
pSCP VD, Mean * SD

Nasal 52.64 +4.60 51.37 +4.38 0.065
Temporal 48.98 +4.45 52.06 +3.87 <0.001
Superior 60.64 +3.77 59.17+3.15 0.006
Inferior 60.94 + 3.60 60.68 + 4.03 0.656
Central 41.84 + 8.66 46.86 +5.31 <0.001
pDCP VD, Mean * SD

Nasal 53.69 +4.38 51.17 +4.30 <0.001
Temporal 48.20+4.44 51.93 +3.90 <0.001
Superior 59.60 + 3.82 58.65+3.18 0.077
Inferior 60.25 +3.72 60.40 + 3.68 0.791
Central 44.42 + 6.68 50.54 +4.10 <0.001
pCC VD, Mean * SD

Nasal 53.72+4.73 51.19 £ 4.09 <0.001
Temporal 49.20 +4.74 52.08 +4.04 <0.001
Superior 60.90 + 3.64 59.32+3.22 0.003
Inferior 61.57 +3.18 60.76 +4.04 0.146
Central 43.05+7.64 46.49 +5.33 <0.001
Global nRPCP VD, Mean * SD 46.56 +5.93 47.38 +4.16 0.295

Abbreviations: n, number; CMT, central macular thickness; um, micrometer; SD, standard deviation; CT, central choroidal
thickness; RNFLT, retinal nerve fiber layer thickness; VD, vessel density; pSCP, peripapillary superficial capillary plexus;
pDCP, peripapillary deep capillary plexus; pCC, peripapillary choriocapillaris; nRPCP, nerve radial peripapillary
capillary plexus. Note: P-values < 0.05 are shown in bold.
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DISCUSSION

In this study, eyes with keratoconus exhibited thinner corneas, higher astigmatism, steeper keratometry values, and worse
BCDVA compared with healthy eyes. Macular thickness and global and sectoral peripapillary RNFLT were largely preserved.
Choroidal thickness was markedly increased in keratoconus, aligning with proposed choroidal involvement in ectatic disease.
Central VD across the pSCP, pDCP, and pCC was significantly reduced, whereas global nRPCP VD was comparable between
groups. A distinct pattern of significant regional microvascular alterations was also observed. These findings highlight multi-
layer structural and microvascular changes in keratoconus that extend beyond anterior corneal pathology.

Although the pathogenesis of keratoconus remains incompletely understood [1], the condition is recognized as a
progressive ectatic disorder marked by stromal collagen lamellar irregularity and thinning [1]. Emerging evidence
demonstrating comparable collagen composition in the cornea, sclera, and lamina cribrosa [3-6] has prompted the hypothesis
that keratoconus may exert effects across multiple ocular connective tissues due to shared biomechanical properties [7-9].
Consistent with this broader framework, prior studies have reported increased macular choroidal thickness [10-15] and
lamina cribrosa thinning [16] in keratoconus. In our study, keratoconus was associated with distinct microvascular and
structural alterations extending beyond the cornea, including reduced VDs in central peripapillary plexuses and increased
choroidal thickness; this suggests that keratoconus encompasses more extensive ocular involvement than previously
appreciated, with measurable perturbations in posterior segment perfusion and tissue architecture in addition to anterior
corneal deformation.

Structural and vascular changes in the macula and optic nerve head in eyes with keratoconus have just begun to be
investigated. The RNFLT, macular and choroidal thickness, and decreased VD compared to the control group confirm the
hypothesis that there are macular and peripapillary changes in keratoconus [8, 9, 17]. In our study, eyes with keratoconus had
a significantly thicker central choroidal thickness, comparable with previous studies [10-15]. On the other hand, CMT and
global and sectoral peripapillary RNFLT values were comparable between groups.

The macular and peripapillary tissue and microvasculature system are evaluated non-invasively with OCTA [8, 18].
Unlike other studies [8, 9, 17]in which the global capillary plexus of the macular superficial, deep, and choriocapillaris layers
and the peripapillary microvasculature were evaluated, ours assessed peripapillary microvasculature in separate layers of
superficial and deep capillary plexus, choriocapillaris, as well as the global peripapillary capillary plexus.

In eyes with keratoconus, the mean VD values for the pSCP, pDCP, and pCC were significantly lower in the temporal
regions. Nasal VD was significantly higher in the pDCP and pCC, and superior VD was significantly higher in the pSCP and
pCC. Moreover, central pSCP, pDCP, and pCC VD values were significantly lower in eyes with keratoconus compared with
healthy controls, whereas global nRPCP VD was comparable between groups. Another study showed less blood flow in the
central peripapillary region in eyes with keratoconus [9]. This supports the low VD in the central part of each layer, which we
found to be significant in eyes with keratoconus. Moreover, unlike the study that showed thinning of the RNFL in the temporal
quadrant [20], which along with the nRPCP VD is known to be the most common place to distinguish between healthy and
glaucomatous eyes, we did not detect thinning in the RNFL compared with the control group. Still, we found that the
peripapillary VD was significantly lower in every layer in the temporal quadrant.

Recent studies comparing the thickness of the sclera and lamina cribrosa have shown that keratoconus is not just a
corneal disease [16, 21]. The results of this study, similar to the studies investigatng and comparing vascular flows with OCT
and OCTA [8, 17, 18], concur that keratoconus may be a collagen tissue disease affecting the microvasculature and the blood
supply of the posterior segment. This finding highlights the need for future studies assessing whether keratoconus confers an
increased risk of age-related macular degeneration or ischemic disorders of the retina and optic nerve.

Our findings reinforce the growing evidence that keratoconus is not limited to anterior corneal pathology but also
involves posterior segment alterations detectable on OCT and OCTA. Consistent with prior reports, we observed significantly
increased choroidal thickness and reduced peripapillary vascular metrics in keratoconus, while macular and RNFL structure
remained largely preserved. These results align with and extend the structural-microvascular paradigm proposed in earlier
imaging-based studies [10-13]. Our observation of increased mean choroidal thickness corroborates the robust and
reproducible choroidal thickening reported by Akkaya et al. [10], Bilgin et al. [11], Gutierrez-Bonet et al. [12], and Pinheiro-
Costa et al. [13]. Subfoveal choroidal thickness in these studies [10, 12, 13] consistently exceeded control values with increases
of approximately 53 pm in Pinheiro-Costa et al. [13] and more than 100 um in Gutierrez-Bonet et al. [12]. Similarly to Akkaya
et al. [10], we found a thicker choroid despite heterogeneity in disease severity.

Bilgin et al. [11] reported no significant correlation between choroidal thickness and corneal thinning, whereas Pinheiro-
Costa et al. [13] found that subfoveal choroidal thickness correlated significantly with spherical equivalent and proposed that
choroidal thickening may reflect a global choroidal or inflammatory mechanism rather than a biomechanical response to
corneal changes [13]. We did not perform correlation or association analyses for these parameters in the current study, and
such relationships should be examined in future research.

Our results also align with SS-OCT findings by Gutierrez-Bonet et al. [12], who reported consistently increased macular
choroidal thickness in keratoconus, with values tending to normalize after age 45 [12]. Although our cohort was younger, our

data support their interpretation that keratoconus involves broader choroidal remodeling across the macular region. The
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absence of significant choroidal thickness differences between mild and severe keratoconus in Akkaya et al.’s study [10] and

between progressive and non-progressive cases in Pinheiro-Costa et al.’s study [14] further supports the notion that choroidal
thickness does not track disease stage and therefore may have limited prognostic utility. However, we did not perform stage-
based subgroup analyses in the present study, preventing direct comparison of our findings with theirs.

Beyond choroidal alterations, the present study provides new insights into peripapillary microvascular impairment in
keratoconus. Dogan et al. [17] reported reduced macular SCP and DCP VDs, as well as diminished radial peripapillary
capillary VD [17]. Our findings extend this work by localizing microvascular reductions to central peripapillary VDs across
the pSCP, pDCP, and pCC. We also observed significant regional differences, including lower temporal VD across the pSCP,
pDCP, and pCC, together with higher nasal VD in the pDCP and pCC and higher superior VD in the pSCP and pCC. These
comparative findings indicate that keratoconus is associated with reproducible choroidal thickening and emerging
peripapillary microvascular differences. The combined structural OCT and peripapillary OCTA data support a broader
posterior pole phenotype, indicating the need for longitudinal multimodal studies to determine whether these changes
precede, parallel, or follow corneal ectatic progression.

Our study provides novel evidence into the presence of significant peripapillary vascular alterations, increased central
choroidal thickness, and disrupted blood flow in the macular and lamina cribrosa regions in eyes with keratoconus. These
findings support the hypothesis that keratoconus extends beyond the cornea to involve posterior segment structures, possibly
as part of a broader collagen-related disorder. There are limitations to this study. First, only a small keratoconus cohort was
included due to the study's exploratory nature and the need to exclude many eyes due to poor image quality. Future studies
with a prospective design should confirm this association in larger cohorts and investigate associations with progression of
keratoconus. Second, an automated algorithm measured RNFLT and OCT parameters, while OCTA measurements were
performed manually. Considering the possibility of incorrect evaluation of lamina cribrosa measurements, they were not
included in the parameters. In that respect, this needs to be improved by using automatic segmentation in imaging and
obtaining the lamina cribrosa parameters in future studies. Future studies should likewise investigate the longitudinal

implications of these vascular changes and their potential role in keratoconus progression monitoring.

CONCLUSIONS

This study demonstrates that keratoconus is associated with distinct posterior segment alterations extending beyond its well-
recognized corneal manifestations. Eyes with keratoconus exhibited significantly increased choroidal thickness and reduced
central peripapillary VDs across the superficial, deep, and choriocapillaris plexuses, whereas global nRPCP VD was
comparable between groups. Macular and global and sectoral peripapillary RNFLT remained largely preserved. The
significant sectoral vascular differences further indicate region-specific microvascular variation. Our findings support a
broader pathophysiologic model in which keratoconus involves measurable perturbations of posterior segment perfusion and
tissue architecture in addition to anterior corneal deformation. Future longitudinal multimodal imaging studies are warranted
to clarify the temporal dynamics of these changes, assess their prognostic relevance, and determine whether posterior segment

biomarkers may contribute to risk stratification and disease monitoring in keratoconus.
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