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Objective: This study aimed to investigate the correlation between subretinal fluid (SRF) and subretinal hyperreflective material
(SHRM) with visual prognosis in neovascular age related macular degeneration (nAMD).

Methods: A retrospective analysis was conducted on 60 nAMD patients diagnosed at our ophthalmology department from
March 2017 to December 2024. All patients received intravitreal anti-vascular endothelial growth factor (VEGF) injections monthly
for the first 3 months, followed by pro re nata (PRN) treatment for the subsequent 9 months. Quantitative measurements of SRF and
SHRM (height and width on OCT) were collected, along with patient demographics, best corrected visual acuity (BCVA), and central
foveal thickness (CMT).

Results: After 12 months of treatment, BCVA, CMT, and SRF parameters significantly improved (P < 0.05). The visual improvement
group showed superior reductions in SRF and SHRM height compared to the nonimprovement group (P < 0.05). Greater baseline SRF
thickness (>180 pm) was significantly associated with better final visual acuity (P = 0.034), while baseline SHRM presence correlated
with worse final BCVA and CMT (P < 0.05). These findings indicate that SRF serves as a favorable prognostic indicator, whereas
SHRM is a key predictor of poor visual outcomes (P = 0.001).

Discussion: SRF and SHRM morphological features are linked to nAMD treatment response. SRF thickness positively correlates
with visual improvement, serving as a prognostic indicator. Persistent SHRM, however, is associated with fibrotic components that
may impair retinal function, making it a key parameter for poor outcomes. These findings align with prior studies, highlighting the
importance of quantitative SRF and SHRM assessment in predicting treatment response.

Conclusion: SRF and SHRM are clinically significant biomarkers in nAMD treatment, effectively predicting visual prognosis and
guiding individualized therapeutic strategies. Their quantitative evaluation may aid in optimizing treatment tolerance strategies and
improving real world clinical outcomes.

Keywords: neovascular age related macular degeneration, subretinal fluid, subretinal hyperreflective material

Introduction

Neovascular age related macular degeneration (nAMD) is one of the leading causes of blindness globally, with its
incidence significantly increasing with age, posing a major public health challenge worldwide.' Although intravitreal
anti-vascular endothelial growth factor (VEGF) injections effectively inhibit neovascularization, there is a notable
discrepancy between clinical efficacy and randomized controlled trial outcomes, highlighting the need for more reliable
biomarkers to guide individualized treatment strategies.’

Optical coherence tomography (OCT) technology has identified multiple imaging features associated with nAMD,
among which subretinal hyperreflective material (SHRM) and subretinal fluid (SRF) serve as clinically significant
biomarkers.> SRF is characterized as an exudate between the outer boundary of the photoreceptors and the inner
boundary of the retinal pigment epithelium (RPE), representing the most common fluid localization in type 1 macular
neovascularization.* The clinical implications of SRF remain controversial. The CATT study revealed>® that eyes with
foveal SRF at 5 year follow up exhibited significantly better visual outcomes. A post hoc analysis of the VIEW trial
demonstrated’® that nAMD patients with baseline SRF had higher average best corrected visual acuity (BCVA) at
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baseline and during anti-VEGF treatment compared to those without SRF. However, Sadda et al contested the protective
role of SRF, emphasizing that in the HARBOR study,* patients with persistent SRF achieved favorable visual results
due to continuous treatment throughout the study period.

SHRM is defined as an abnormal deposit between the outer layer of the neuroepithelium and the inner layer of the
pigment epithelium, with highly heterogeneous composition potentially including exudates, fibrin, and other
components.'” The CATT study® showed that SHRM was detected in 77% of nAMD patients, with 54% remaining
persistent after 2 years of treatment, suggesting its involvement in disease chronicity. As a key indicator of chronicity,
SHRM’s well demarcated hyperreflective features are significantly associated with an increased risk of retinal scarring.'!
During anti-VEGF therapy, the proportion of fibrotic components in SHRM may gradually increase, leading to reduced
treatment responsiveness. This phenomenon not only reflects structural changes in the retina but may also impair retinal
function through physical barriers and toxic effects.'?

This study aims to address a critical knowledge gap regarding the quantitative prognostic significance of SRF and
SHRM in real world anti-VEGF treated populations, where current clinical practice is limited by a lack of consensus on
how these biomarkers interact to influence visual outcomes and disease progression. It is important to note that SRF
differs fundamentally from intraretinal fluid (IRF) and pigment epithelial detachment (PED) in both biological implica-
tions and prognostic value: SRF primarily reflects exudative processes between the photoreceptors and the RPE, whereas
IRF and PED involve distinct anatomical layers and pathophysiological mechanisms. This study specifically focuses on
SRF and SHRM, rather than IRF, to more precisely elucidate their roles in the pathogenesis of neovascular nAMD.

The potentially protective role of SRF may be attributed to its nature as a transient exudate, which can be absorbed or
stabilized through anti-VEGF therapy, thereby preserving retinal architecture. In contrast, the adverse impact of SHRM is
likely due to its composition of fibrin and other fibrotic components, which may form a physical barrier that impairs
photoreceptor function and promotes chronic inflammation. These findings have important implications for contemporary
treatment paradigms, such as treat and extend or fluid tolerant strategies. A deeper understanding of the prognostic roles
of SRF and SHRM may enable clinicians to tailor anti-VEGF therapy more precisely, ultimately improving visual
outcomes and reducing treatment burden in patients with nAMD.

Materials and Methods

A retrospective analysis was conducted on 60 patients diagnosed with nAMD at our ophthalmology department from
March 2017 to December 2024. Among the subjects, 38 were male (63%) and 22 were female (37%), with ages ranging
from 53 to 92 years (mean age: 75.10 + 1.70 years). The diagnosis of nAMD was based on ophthalmic examinations
including fundoscopy, OCT, and fluorescein fundus angiography (FFA). All cases exhibited neovascularization, and
patients with comorbid diabetic retinopathy, high myopia, or other systemic diseases that could interfere with retinal
evaluation were excluded. Only eyes with a minimum follow up duration of 12 months were included. All enrolled eyes
received intravitreal anti-VEGF injections at a frequency of once per month for the initial 3 months, followed by pro re
nata (PRN) treatment for the subsequent 9 months.

General demographic data of all included patients were collected, including age, gender, type of AMD, and number of
injections administered. Baseline and endpoint examinations (12 months post treatment) were conducted, encompassing
BCVA assessments and imaging data obtained via fundus color photography (Topcon, Japan; Optos, UK), spectral
domain OCT (SD-OCT; Heidelberg Engineering, Germany), and fluorescein fundus angiography (FFA, Carl Zeiss
Meditec, Germany). Adverse events such as endophthalmitis, elevated intraocular pressure, anterior chamber inflamma-
tion, and rebleeding were also recorded.

SD-OCT scan the area centered on the macula with a 6x6 mm? range. Central foveal retinal thickness (CMT) was
measured manually using built in software on OCT linear scans, quantifying the vertical distance between the inner
limiting membrane (ILM) and the RPE (Figure 1). SRF was defined as a hypo reflective area between the outer boundary
of the photoreceptors and the inner boundary of the RPE on OCT linear scans. SRF height was measured as the vertical
distance from the highest point of SRF to the RPE, while SRF width was determined as the farthest distance between the
two ends of SRF on the same interface (Figure 1). SHRM was defined as a hyper reflective area above the RPE on OCT
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Figure | Presents the measurement methods for CMT, SRF, and SHRM. In (A), the green line indicates the measurement of CMT, the yellow and red lines represent the
width and height measurements of SRF, respectively. In (B), the yellow and red lines represent the width and height measurements of SHRM, respectively.

scans. SHRM height was measured as the vertical distance from the highest point of SHRM to the RPE, and SHRM
width was measured as the farthest distance between the two ends of SHRM on the same interface (Figure 1).

Using the international logarithmic visual acuity chart, patients were categorized into two groups based on compar-
isons between baseline and endpoint BCVA: the visual improvement group (>1 line improvement in BCVA, comprising
42 eyes) and the nonimprovement group (>1 line decline or no improvement in BCVA, comprising 18 eyes). The changes
in BCVA, CMT, SRF width and height, and SHRM width and height between the two groups before and after treatment
were analyzed and compared.

Patients were stratified into two groups based on baseline SRF thickness: Group 1 (SRF thickness <180 um, 38 cases)
and Group 2 (SRF thickness >180 pum, 22 cases), with their effects on baseline and endpoint BCVA assessed.

Patients were further grouped based on the presence or absence of SHRM at baseline and endpoint to evaluate its
impact on baseline and endpoint BCVA.

All imaging results and measurements were independently evaluated by two senior ophthalmologists using a double
blind method (k=0.85). Standardized deidentified images were employed, with patient identifiers, medical history, and
treatment information concealed. No clinical discussions were conducted prior to evaluation, and any discrepancies were
resolved by a third party expert.

This study was approved by the Ethics Committee of Beijing Friendship Hospital and implemented under institutional
guidance (2022-P2-308-01). As a retrospective study, it utilized preexisting medical records obtained during clinical
practice, with deidentified data extracted via a clinical big data platform. Given the complete anonymization of data,
rendering individual participants untraceable, and the absence of any personal privacy or commercial interests, all
participants’ privacy and confidentiality were strictly protected. Based on these ethical considerations, informed consent
was waived for this study. The principles of the Declaration of Helsinki were followed.

Statistical analyses were performed using SPSS 27.0 software. Continuous data are presented as mean + standard
deviation. Normally distributed continuous data between groups were compared using the #-test, while nonnormally
distributed data were compared using the Mann—Whitney U-test. Categorical data are expressed as percentages (%), and
comparisons between groups were made using the y’-test or Fisher’s exact test. The significance level was set at o = 0.05.
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Results

A total of 60 nAMD patients (60 eyes) were enrolled, including 38 males (38 eyes) and 22 females (22 eyes). Among
them, 34 cases (57%) were classified as type 1 nAMD, and 26 cases (43%) as type 2 nAMD. The average number of
injections administered was 4.96 + 1.70. No adverse events such as endophthalmitis, elevated intraocular pressure, or
anterior chamber inflammation were observed in any patient.

Comparisons between baseline and endpoint examinations (12 months post treatment) revealed statistically significant
differences in BCVA, CMT, and the width and height of SRF (P = 0.017, P = 0.001, P < 0.001, P = 0.003, respectively)
(Table 1).

Patients were stratified into two groups based on BCVA improvement: the BCVA improvement group (42 cases) and
the nonimprovement group (18 cases). No statistically significant differences were observed between the two groups in
terms of gender, age, type of nAMD, or number of injections administered (P = 0.310, P = 0.120, P = 0.823, P = 0.947,
respectively). Similarly, no significant differences were found in baseline BCVA, CMT, SRF width and height, or SHRM
width and height (P = 0.059, P = 0.521, P = 0.757, P = 0.289, P = 0.413, P = 0.549, respectively). However, endpoint
examinations demonstrated statistically significant differences between the two groups in BCVA, CMT, SRF height, and
SHRM width and height (P = 0.003, P = 0.018, P = 0.003, P = 0.017, P = 0.004, respectively) (Table 2).

Table I Comparison of Clinical Parameters at Baseline and Endpoint in
All Enrolled Patients

Clinical Parameters | Baseline Endpoint P
BCVA (logMAR) 0.27 £ 0.18 0.32 £ 0.21 0.017
CMT (um) 477.35 £ 165.47 393.18 + 132.38 0.001
SRF width (um) 2446.82 + 1828.76 | 1492.19 £+ 1390.70 | <0.001
SRF height (um) 152.82 + 127.25 88.93 + 99.05 0.003
SHRM width (um) 1236.14 + 1463.76 | 1105.67 = 1346.68 | 0.525
SHRM height (um) 126.07 = 144.92 93.35 £ 112,90 0.070

Note: BCVA is presented as the logarithm of the minimum angle of resolution (logMAR),
where lower values indicate better vision. Bold text indicates statistically significant P-values
(P < 0.05).

Abbreviations: BCVA, best corrected visual acuity; CMT, central macular thickness; SRF,
subretinal fluid; SHRM, subretinal hyperreflective material.

Table 2 Baseline and Endpoint Clinical Parameters by BCVA Improvement Status

Clinical Parameters Improvement Group | Nonimprovement Group | P
(n = 42) (n=18)
Gender Male 38 (63%) 25 (59.52%) 13 (72.22%) 0.310
Female 22 (37%) 17 (40.48%) 5 (27.28%)
Age Mean * SD 76.33 £ 9.79 7222 £ 9.27 0.120
nAMD Type | 34 (57%) 23 (54.76%) I (61.11%) 0.823
Type 2 26 (43%) 19 (45.24%) 7 (38.89%)
Number of injections 5.07 £ 1.552 4.89 + 2.06 0.947
Mean + SD
BCVA, baseline (logMAR) 0.24 £ 0.15 0.34 £ 0.20 0.059
CMT, baseline (um) 505.17 + 187.35 451.06 + 134.52 0.521
SRF width, baseline (um) 2649.98 + 1976.19 2297.00 + 1481.11 0.757
SRF height, baseline (um) 170.79 + 142.48 125.17 + 142.47 0.289
SHRM width, baseline (um) 1264.76 + 1527.49 963.33 £ 1272.62 0413
SHRM height, baseline (um) 126.19 + 154.50 104.78 = 118.05 0.549
BCVA, endpoint (logMAR) 041 +0.27 0.20 £ 0.15 0.003
(Continued)
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Table 2 (Continued).

Clinical Parameters Improvement Group | Nonimprovement Group | P
(n=42) (n=18)

CMT, endpoint (um) 368.17 £ 129.71 453.11 £ 109.37 0.018

SRF width, endpoint (um) 1413.98 + 1453.21 1671.56 = 1191.735 0.511

SRF height, endpoint (um) 64.55 + 68.55 145.33 + 129.61 0.003

SHRM width, endpoint (um) | 805.71 £ 1113.95 1689.56 + 1594.62 0.017

SHRM height, endpoint (um) | 63.19 *+ 84.75 151.78 + 140.99 0.004

Note: Abbreviations as in Table |. Bold text indicates statistically significant P-values (P < 0.05).

Table 3 Comparison of Visual Acuity Between Groups Stratified by Baseline
SRF Thickness

Groups by Baseline SRF Thickness | Baseline BCVA | Endpoint BCVA

Groups | (€180 pm) (n=38) 0.27 £ 0.19 0.29 + 0.21
Groups 2 (>180 pm) (n=22) 0.28 + 0.15 0.45 + 0.31
P 0.776 0.034

Note: Abbreviations as in Table |. Bold text indicates statistically significant P-values (P < 0.05).

Patients were further divided into two groups based on baseline SRF thickness: Group 1 (SRF thickness <180 pm, n = 38)
and Group 2 (SRF thickness >180 um, n =22). No statistically significant difference was observed in baseline BCVA between
the two groups (P = 0.776), but endpoint BCVA exhibited a significant difference (P = 0.034). Patients in Group 2 (SRF
thickness >180 um) demonstrated significantly better endpoint BCVA (0.45 + 0.31) compared to Group 1 (SRF thickness
<180 pm), suggesting a positive correlation between SRF thickness and visual improvement. Analysis of covariance
(ANCOVA) confirmed a statistically significant association between SRF and visual prognosis (P = 0.001) (Table 3).

Patients were categorized into two groups based on the presence or absence of baseline SHRM: the baseline SHRM group
(31 cases) and the baseline non-SHRM group (29 cases). Comparisons between the two groups revealed statistically
significant differences in gender, age, and baseline BCVA (P = 0.039, P = 0.002, P = 0.008, respectively), with patients in
the baseline SHRM group exhibiting lower baseline BCVA. Endpoint examinations showed statistically significant differ-
ences between the two groups in endpoint BCVA, CMT, and SRF height (P =0.037, P =0.010, P = 0.030, respectively), with
patients in the baseline non-SHRM group achieving significantly better endpoint BCVA. ANCOVA analysis confirmed
a statistically significant association between SHRM and visual prognosis (P = 0.001) (Table 4).

Table 4 Comparative Analysis of Clinical Parameters Stratified by Baseline SHRM Status

Clinical Parameters Baseline SHRM Group (n=31) | Baseline Non-SHRM Group (n=29) | P
Gender Male 38 (63.33%) 16 (51.61%) 22 (75.86%) 0.039
Female 22 (36.67%) |5 (48.39%) 7 (24.14%)
Age Mean * SD 78.68 + 9.42 71.28 +8.70 0.002
nAMD Type | 34 (57%) 16 (54.76%) 18 (61.11%) 0.370
Type 2 26 (43%) |5 (45.24%) Il (38.89%)
BCVA, baseline (logMAR) 0.21 £0.17 0.34 £ 0.15 0.008
CMT, baseline (um) 502.13 + 160.24 473.75 £ 189.17 0.312
SRF width, baseline (um) 2552.84 + 1817.96 2534.72 + 1888.19 0.742
SRF height, baseline (um) 164.29 + 136.97 149.41 £ 114.61 0.497
SHRM width, baseline (um) 2272.90 + 1250.80 0.00 £ 0.00 <0.001
SHRM height, baseline (um) | 231.81 + 117.80 0.00 + 0.00 <0.001
(Continued)
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Table 4 (Continued).

Clinical Parameters Baseline SHRM Group (n=31) | Baseline Non-SHRM Group (n=29) | P
BCVA, endpoint (logMAR) 0.28 + 0.20 0.42 +0.30 0.037
CMT, endpoint (um) 43429 + 135.35 350.21 + 108.33 0.010
SRF width, endpoint (um) 1766.97 + 1530.88 1196.52 + 1139.87 0.109
SRF height, endpoint (um) 115.03 + 121.18 60.72 + 52.01 0.030
SHRM width, endpoint (um) | 1697.45 + 1451.93 401.07 £ 744.57 <0.001
SHRM height, endpoint (um) | 142.10 + 120.54 33.83 + 65.40 <0.001

Notes: Abbreviations as in Table |. Zero values for SHRM width or height indicate absence of detectable SHRM on SD-OCT at the
corresponding time point. Bold text indicates statistically significant P-values (P < 0.05).

Discussion

nAMD is characterized by choroidal neovascularization in the macular region as its core pathological mechanism, often
accompanied by retinal exudation, hemorrhage, edema, and scar formation, ultimately leading to irreversible vision
impairment.” Intravitreal injection of anti-VEGF agents, as the current first line therapeutic strategy, effectively inhibits
neovascularization and reduces fluid leakage. However, clinical data indicate that only 30%—40% of patients achieve
significant vision improvement.'® This limitation underscores the critical importance of exploring novel biomarkers to
optimize clinical management strategies.

Advancements in OCT technology have established retinal intraretinal fluid (IRF), pigment epithelial detachment
(PED), SRF, and SHRM as key biomarkers in nAMD.'* The accumulation of SRF directly compromises retinal structural
integrity, impairing photoreceptor function and consequently affecting BCVA. Clinical observations suggest that the
presence of SRF is associated with an increased risk of vision decline, while its absorption following anti-VEGF therapy
can effectively restore the macular microenvironment, promote retinal layer apposition, and thereby improve or stabilize
visual outcomes. This mechanism has been validated in multiple clinical trials.”"'> For instance, baseline SRF presence
exhibits a negative correlation with post treatment vision improvement, and its absorption extent serves as a pivotal
indicator for evaluating therapeutic response and prognosis. However, the CATT study™® revealed that eyes with foveal
SRF at 5 year follow up demonstrated significantly better visual outcomes, though this advantage disappeared after
adjusting for IRF, SHRM, and large CNV. The VIEW 2 trial”® further confirmed that patients with baseline SRF had
higher baseline visual acuity, and the prognostic value of SRF depends on its cooccurrence with IRF or PED. The

prospective design of the FLUID trial'®'”

innovatively demonstrated that a permissive treatment strategy allowing SRF
thickness up to 200 pm maintained efficacy while significantly reducing injection frequency (40% fewer injections at 24
months). Compared to IRF, SRF presence is typically associated with superior visual outcomes and lower atrophy rates,
prompting clinicians to reconsider its biological significance in nAMD.'®'? Intriguingly, our study found that the
endpoint BCVA in the SRF > 180 um group was significantly better than that in the SRF < 180 pm group, suggesting
a positive correlation between SRF thickness and vision improvement. This aligns with the findings of the VIEW study.
SRF may facilitate functional recovery by preserving photoreceptor structural integrity. Our results indicate a statistically
significant association between SRF and visual prognosis, supporting the use of SRF thickness as a predictive biomarker
for treatment efficacy. However, the limited sample size and short follow up duration in this study constrain further
investigations into SRF or residual SRF.

SHRM comprises diverse components, primarily including fibrous tissue, neovascularization, and exudates (eg,
subretinal hyperreflective exudate, SHE). FFA and OCT are pivotal diagnostic tools for differentiating these
components.>'® The impact of these components on retinal structure and their responsiveness to anti-VEGF therapy
vary significantly. Clinical observations indicate that neovascular SHRM is particularly sensitive to anti-VEGF
treatment.'®!'! While the exact composition of exudates remains unclear, existing studies hypothesize that SHE represents
an avascular SHRM associated with active neovascularization. These exudates typically regress with effective anti-VEGF
therapy, potentially originating from fibrin deposition.’ Notably, the CATT study demonstrated™ that SHRM is an
independent predictor of the worst visual prognosis, highlighting its clinical value in forecasting AMD outcomes.
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Accurate identification and classification of SHRM components via advanced imaging techniques such as FFA and OCT
can provide reliable guidance for individualized treatment strategies, thereby improving visual prognosis. In our study,
nAMD patients with better visual outcomes exhibited significantly smaller SHRM width and height compared to those
without improvement. This may be attributed to the association between persistent SHRM and increased risk of retinal
scar atrophy. This finding corroborates the CATT study conclusions. During anti-VEGF therapy, as fluid components are
absorbed and reduced, SHRM volume gradually decreases, while the proportion of fibrotic components relatively
increases,”® leading to diminished therapeutic responsiveness. It is well established that the barrier between the retinal
neuroepithelium and RPE disrupts tissue metabolism and nutrient exchange, damaging photoreceptors. Therefore, SHRM
located at this site may exert toxic effects on photoreceptors, further disrupting the ellipsoid zone (EZ) and causing vision
impairment.?' Scholars have proposed that the contact between SHRM and photoreceptors, along with the barrier it
creates between photoreceptors and RPE, plays a role in the association between SHRM and poor visual prognosis.*
Additionally, Ehlers et al reported that as early as week 4 of anti-VEGF therapy, EZ integrity and SHRM volume in
nAMD eyes showed improvement, with EZ integrity and SHRM volume serving as predictors of post treatment visual
outcomes,23 consistent with our observations.

Conclusion

This study demonstrates that in the clinical management of nAMD, treatment regimen adjustments should incorporate
quantitative imaging biomarkers such as SRF and SHRM. Our findings show that greater baseline SRF thickness
(>180 um) is associated with better visual outcomes, suggesting a potential structural buffering or physiological role
for SRF within certain limits, which supports a strategy of “limited tolerance of SRF” in anti-VEGF therapy. However, it
is important to emphasize that the 180 um threshold is exploratory and cohort specific, requiring validation in multi-
center, large sample prospective studies. In contrast, the presence and persistence of SHRM are clearly associated with
poor visual prognosis, likely due to its fibrotic components forming a physical barrier and promoting chronic inflamma-
tion. The conclusions primarily reflect the overall prognostic value of SHRM, as its heterogeneity (eg, composition,
location) was not assessed in stratified analyses.

The conclusions of this study are tempered by several limitations, including its single center, retrospective design and
relatively small sample size, which constrain causal inference and generalizability. Additionally, the reliance on linear
rather than volumetric measurements for SRF and SHRM may limit sensitivity in detecting subtle morphological
changes. Future research should address these limitations by expanding the sample size, adopting prospective designs,
and incorporating volumetric indices. Subsequent investigations should also further differentiate the clinical implications
of various SHRM subtypes and SRF characteristics (eg, coexistence with IRF or PED) and integrate molecular analyses
with advanced multimodal imaging to refine individualized treatment strategies and improve long term visual outcomes
for patients with nAMD.
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