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Purpose: To investigate clinical and multimodal imaging characteristics of chorioretinal hemorrhages that undergo yellow-white
transformation, focusing on optical coherence tomography (OCT) reflectivity and fundus autofluorescence (FAF).

Patients and Methods: Sixty-five eyes with acute hemorrhage due to polypoidal choroidal vasculopathy (n=30), ruptured retinal
arterial macroaneurysm (n=30), or retinal vein occlusion (n=5), which were followed monthly until resolution or transformation at
Kyoto University Hospital between 2015 and 2016, were retrospectively reviewed. Lesion depth was classified on OCT as preretinal,
subinternal limiting membrane, intraretinal, subretinal, or subretinal pigment epithelium. Reflectivity and FAF intensity were normal-
ized against internal references and compared between red and yellow-white lesions.

Results: Yellow-white transformation occurred most frequently in subretinal hemorrhages (18/47; 38.3%) and never within the neural
retina. The mean time to transformation was 30—40 days. Compared with red lesions, yellow-white lesions showed significantly higher
OCT reflectivity (1.15 + 0.33 vs 0.71 + 0.29) and higher FAF intensity (1.13 + 0.46 vs —0.01 £ 0.24; both P < 0.001).
Conclusion: Yellow-white transformation reflects structural and biochemical remodeling occurring outside the sensory retina, most
often in the subretinal compartment. The consistent OCT and FAF signatures likely reflect accumulation of hemoglobin degradation
products or phagocyte-derived material, and may assist in distinguishing hemorrhagic remodeling from other clinically white-
appearing fundus lesions.
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Introduction

Hemorrhagic lesions are a common manifestation of chorioretinal disease and are typically observed as red lesions on
ophthalmoscopy.' > However, in some cases, they gradually change color from red to yellow-white.*> Such changes
have previously been described using terms such as “dehemoglobinized”,*’ “organized”,® or “devitalized blood”,’
however, these expressions remain descriptive and lack precise clinicopathological correlations. The mechanisms under-
lying this color transformation, its anatomical predilection within the retinal and choroidal layers, and its clinical
significance remain to be fully elucidated.

Advances in multimodal retinal imaging, particularly non-invasive optical coherence tomography (OCT) and fundus
autofluorescence (FAF), now enable high-resolution characterization of the structural and biochemical properties of
hemorrhagic lesions in vivo.'®'? FAF’s biochemical sensitivity combined with OCT’s structural detail is particularly
suited for studying hemorrhagic remodeling. Therefore, the systematic evaluation of lesions that undergo yellow-white
transformation may provide new insights into the remodeling process of extravasated blood and its interaction with
retinal tissue. Furthermore, distinguishing these transformations from fibrosis and other pathological white lesions is
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clinically essential for accurate diagnosis and management. It may also provide prognostic information regarding the
chronicity and remodeling stage of chorioretinal hemorrhage.

This study aimed to investigate the clinical and imaging characteristics of yellow-white hemorrhagic lesions
associated with various chorioretinal diseases, focusing on their temporal course, anatomical distribution, OCT reflec-
tivity, and FAF properties compared with red hemorrhagic lesions.

Materials and Methods

Patients

The Institutional Review Board of Kyoto University Graduate School of Medicine (Kyoto, Japan) (approval number:
0532) approved this retrospective observational study, and it adhered to the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all participants. We reviewed consecutive patients who presented to Kyoto
University Hospital between January 2015 and December 2016 with acute-onset red chorioretinal hemorrhagic lesions
detected on color fundus photography. Eligible cases were those with hemorrhages secondary to polypoidal choroidal
vasculopathy (PCV), ruptured retinal arterial macroaneurysm (RAM), or retinal vein occlusion (RVO). Only treatment-
naive patients at the onset of hemorrhage were included, and the eyes were required to be followed up monthly until the
hemorrhage had completely resolved or transformed into a yellow-white lesion and ultimately disappeared on color
fundus photography. Eyes that required pars plana vitrectomy during follow-up were excluded. Eyes with other
chorioretinal or retinal vascular diseases, inferior posterior staphyloma, pit-macular syndrome, uveitis, scleritis, ocular
hypertension > 21 mmHg or hypotension < 5 mmHg, or a history of intraocular surgery other than uncomplicated
cataract surgery were also excluded. Additional exclusion criteria included keratoconus, high myopia (spherical equiva-
lent < —6.0 D), hyperopia (> +4.0 D), astigmatism (> +3.0 D), pregnancy, and poor-quality OCT images (signal strength
index < 5) due to unstable fixation, eye movement, or media opacity.

At baseline, all patients underwent a comprehensive ophthalmic evaluation that included refraction, best-corrected
visual acuity (BCVA) measured using a 5-m Landolt C chart, intraocular pressure, axial length, slit-lamp biomicro-
scopy, color fundus photography, OCT, and FAF. Follow-up examinations were performed monthly and included color
fundus photography, OCT, and FAF. Refractive error was measured with an autorefractor (ARK-530A; NIDEK,
Gamagori, Japan), and the spherical equivalent was calculated as the spherical power plus half of the cylindrical
power. Axial length was measured using an optical biometer (IOLMaster 700; Carl Zeiss Meditec, Dublin, CA, USA).
Color fundus photographs were obtained using a fundus camera (TRC-50LX; Topcon, Tokyo, Japan), and spectral-
domain OCT and FAF images were acquired using the Spectralis HRA+OCT system (Heidelberg Engineering,
Heidelberg, Germany).

Classification of Hemorrhagic Lesions

To determine the depth of the hemorrhagic lesions, a horizontal OCT B-scan within the 30° x 30° macular cube that
traversed the widest horizontal diameter of each lesion was selected. Based on this scan, the lesions were classified into
five categories: preretinal (anterior to the internal limiting membrane [ILM]), sub-ILM (between the ILM and the inner
border of the retinal nerve fiber layer [RNFL]), intraretinal (between the RNFL and the outer retina), subretinal (between
the outer retina and the retinal pigment epithelium [RPE]), and sub-RPE (beneath the RPE).

Quantification of Hemorrhagic Lesion Reflectivity on OCT

For quantitative assessment, the reflectivity of each lesion was measured according to previously published methods,'* '
with the vitreous body and RNFL used as internal references (Figure 1). The vitreous body was defined as reference level
0 and RNFL as reference level 1, based on their mean reflectivity. The normalized reflectivity of a lesion was calculated
as follows: (lesion reflectivity — vitreous body reflectivity)/(RNFL reflectivity — vitreous body reflectivity). All measure-
ments were independently performed by two masked retinal specialists (TT and SK), and any discrepancies were

resolved by consensus with a third senior grader (YM).
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Figure | Evaluation of optical coherence tomography (OCT) reflectivity in hemorrhagic lesions. (A) A horizontal OCT B-scan within the 30° x 30° macular cube that
traversed the widest horizontal diameter of each hemorrhagic lesion was selected. (B) The reflectivity of the lesion surface was measured. The mean reflectivities of the
vitreous body and retinal nerve fiber layer (RNFL) in each image were used as internal references, with the vitreous body defined as level 0 and the RNFL as level 1.

Quantification of Hemorrhagic Lesion Intensity on Fundus Autofluorescence

FAF images were analyzed to compare the autofluorescence characteristics between red and yellow-white lesions
(Figure 2). The optic disc, which exhibits minimal autofluorescence,'’ was defined as reference level 0, and the normal
extrafoveal retina, located > 3 mm from the fovea and free of vessels or hemorrhage, was defined as reference level 1.
For each lesion, three circular regions of interest with a diameter of 200 um were randomly placed within the
hemorrhage, and the mean intensity values were recorded. Reference intensities were also obtained from the optic disc

Measured area of the hemorrhagic lesion

Optic disc

Normal extrafoveal retina

Intensity of the hemorrhagic lesion — Intensity of the optic disc

Normalized hemorrhagic lesion intensity= —— 8% — —— —— 2> ————————————— —————————
9 Y Intensity of the normal extrafoveal retina — Intensity of the optic disc

Figure 2 Evaluation of fundus autofluorescence (FAF) intensity in hemorrhagic lesions. (A) An FAF image was obtained within the 30° x 30° area centered on the fovea. (B)
For each lesion, the mean intensity of three randomly placed circular regions of interest (diameter, 200 um) was measured. The mean intensity of the optic disc and five
randomly selected regions in the normal extrafoveal retina (located >3 mm from the fovea and free of vessels or hemorrhage) were also measured. The optic disc was
defined as level 0 and the extrafoveal retina as level I.
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Table | Characteristics of Patients with Red Hemorrhagic Lesions

Number of Patients (Men/VWomen) 65 (32/33)
Diagnosis (PCV/RAM/RVO) 30/30/5

At the initial visit

Age (range, years) 74.1 £ 8.2 (53-95)

BCVA in logMAR (range, Snellen equivalent) | 0.51 + 0.51 (20/2000-20/17)
At the final visit
BCVA in logMAR (range, Snellen equivalent) | 0.32 + 0.41 (20/1000-20/13)

Notes: Data are presented as the mean * standard deviation, unless otherwise indicated.
Abbreviations: PCV, polypoidal choroidal vasculopathy; RAM, retinal arterial microaneur-
ysm; RVO, retinal vein occlusion; BCVA, best-corrected visual acuity; logMAR, logarithm of
minimum angle of the resolution.

and five randomly selected regions in the extrafoveal retina. The normalized FAF intensity of each lesion was calculated
as follows: (lesion intensity — disc intensity)/(extrafoveal retinal intensity — disc intensity).

Statistical Analysis

Images were quantitatively analyzed using ImagelJ software (version 1.51, National Institutes of Health, Bethesda, MD,
USA). All statistical analyses were performed using JMP Pro version 16.0 (SAS Institute Inc., Cary, NC, USA). Data are
presented as mean + standard deviation: BCVA was converted to the logarithm of the minimum angle of resolution
(logMAR). Paired comparisons between red and yellow-white hemorrhagic lesions were performed using the Wilcoxon
signed-rank test. A two-tailed P-value < 0.05 was considered statistically significant.

Results

Sixty-five eyes of 65 patients (32 men and 33 women; mean age 74.1 + 8.2 years) with acute red hemorrhagic lesions
were analyzed (Table 1). The cohort included 30 eyes with PCV, 30 with RAM, and 5 with RVO. Based on OCT
classification, hemorrhages were located in the preretinal, sub-ILM, intraretinal, subretinal, and sub-RPE spaces in 7, 17,
40, 47, and 24 eyes, respectively. All hemorrhagic lesions resolved within 3 months, either by complete absorption or by
transformation into yellow-white lesions.

The clinical course differed according to hemorrhage depth (Figure 3). Subretinal hemorrhages most frequently
transformed into yellow-white lesions (18/47 eyes, 38.3%), whereas intraretinal hemorrhages resolved exclusively by
absorption without transformation.

Quantitative image analysis demonstrated consistent changes after transformation. On OCT, lesion reflectivity was
significantly higher in yellow-white lesions than in red lesions (1.15 £ 0.33 vs 0.71 + 0.29; P < 0.001; Figure 4).
Similarly, on FAF, normalized lesion intensity increased significantly after transformation (—0.01 £ 0.24 vs. 1.13 + 0.46;
P < 0.001; Figure 5).

Discussion

This study aimed to characterize the yellow-white transformation of chorioretinal hemorrhages using OCT and FAF. We
observed that this transformation was confined to sites outside the sensory retina, most frequently in the subretinal space,
and was generally accompanied by increases in OCT reflectivity and FAF hyperautofluorescence. These findings indicate
that the yellow-white appearance of hemorrhagic lesions may reflect underlying structural and biochemical changes
rather than mere ophthalmoscopic color perception.

Although previous studies used descriptive terms such as “dehemoglobinized” or “organized” hemorrhage, the
precise mechanisms remain uncertain. In the present series, intraretinal hemorrhages resolved solely by absorption
without yellow-white transformation, suggesting that the local environment influences this process. More efficient
clearance mechanisms, potentially facilitated by closer proximity to the retinal vasculature, may prevent the accumula-
tion of hemoglobin degradation products that lead to yellow-white changes. Compartments such as the subretinal and
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Figure 3 Transformation rate of hemorrhagic lesions according to depth. Proportion of red hemorrhagic lesions that transformed into yellow-white lesions stratified by
OCT depth classification. Subretinal hemorrhages showed the highest transformation rate (18/47 eyes, 38.3%), whereas intraretinal hemorrhages resolved exclusively by
absorption without transformation. Preretinal, sub-ILM, and sub-RPE hemorrhages demonstrated lower transformation rates.

Abbreviations: OCT, optical coherence tomography; ILM, internal limiting membrane; RPE, retinal pigment epithelium.

Normalized hemorrhagic lesion reflectivity: 0.87

Normalized hemorrhagic lesion reflectivity: 1.34

Figure 4 Representative case showing changes in optical coherence tomography (OCT) reflectivity after transformation of a hemorrhagic lesion. (A and B) Color fundus
photograph and OCT image of a red hemorrhagic lesion at baseline. The normalized lesion reflectivity was 0.87. (C and D) Follow-up images of the same eye after
transformation to a yellow-white lesion. The normalized lesion reflectivity increased to 1.34. These findings illustrate the significant increase in OCT reflectivity
accompanying the transformation from a red hemorrhagic lesion to a yellow-white lesion.
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Hemorrhagic lesion autofluorescence intensity: -0.19

Hemorrhagic lesion autofluorescence intensity: 1.99

Figure 5 Representative cases showing changes in fundus autofluorescence (FAF) intensity after transformation of a hemorrhagic lesion. (A and B) Color fundus
photograph and FAF image of a red hemorrhagic lesion at baseline. The normalized lesion autofluorescence intensity was —0.19. (C and D) Follow-up images of
a different case after transformation into a yellow-white lesion. The autofluorescence intensity of the normalized lesion increased to 1.99. These findings demonstrate
the marked increase in the FAF signal accompanying the transformation from a red hemorrhagic lesion to a yellow-white lesion.

sub-RPE spaces may provide conditions that allow blood to accumulate, undergo gradual degradation, and interact with
resident phagocytic cells. Experimental studies have demonstrated macrophage uptake of subretinal erythrocytes begin-
ning approximately 2 weeks after hemorrhage,'® a timeline that is broadly consistent with our clinical observation of
transformation within approximately 1 month. The accompanying increase in the FAF signal may be explained by
hemoglobin degradation products or lipid-laden macrophages, both of which have been reported to exhibit
autofluorescence.'*%°

Clinically, white fundus lesions are generally expected to appear hyperautofluorescent. However, this is not always
the case; cotton-wool spots and fibrotic scars, for example, often demonstrate hypoautoﬂuorescence.21’22 Therefore, the
relatively consistent hyperautofluorescence observed in the present cohort may represent a characteristic—though not
exclusive—feature of hemorrhagic remodeling. Recognition of this pattern may assist in distinguishing evolving
hemorrhagic lesions from other white-appearing abnormalities of the fundus. Furthermore, as these imaging changes
indicate chronicity, they may provide valuable guidance in determining the optimal timing for acute-phase interventions,
such as anti-VEGF therapy.

Some limitations of this study merit further consideration. First, the retrospective design and the exclusion of eyes
requiring vitrectomy may have introduced selection bias, potentially limiting the external validity of the findings. Second,

although the overall cohort included 65 eyes, the sample size was modest and unevenly distributed across disease entities,
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with a particularly small number of RVO cases. This limited statistical power precluded reliable disease-specific
subgroup analyses and may have reduced the ability to detect subtle but clinically relevant differences.

Nevertheless, importantly, this study was not designed to compare hemorrhagic characteristics among different
diseases, but to evaluate layer-specific color transformation of chorioretinal hemorrhages using multimodal imaging.
From this perspective, the consistent OCT and FAF findings observed across retinal layers support the internal validity of
the results. Future prospective studies with larger and more balanced cohorts are needed to confirm these findings and
further explore disease-specific differences.

Although the optic disc was used as a reference region for fundus autofluorescence due to its generally low
autofluorescence signal, pathological changes of the optic nerve head could have potentially influenced the reference
values. Future studies should therefore explore alternative reference regions to further validate this approach.
Nonetheless, the internally consistent findings across multimodal imaging modalities support the robustness of the
present results.

Conclusion

In summary, the yellow-white transformation of chorioretinal hemorrhage appears to reflect a sequence of structural and
biochemical changes occurring outside the sensory retina, most often in the subretinal compartment. This process was
generally accompanied by increased OCT reflectivity and FAF hyperautofluorescence, features that are not uniformly
shared by other white-appearing fundus lesions. Awareness of this pattern may be clinically useful for differentiating
hemorrhagic lesions in evolution and may provide further insight into the remodeling of extravasated blood in
chorioretinal disease.
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