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Abstract

¢ AIM. To examine differences in etiology, risk factors,
gender, and acute-phase manifestations of retinal artery
occlusion ( RAO ) patients in different age groups,
highlighting age-related heterogeneity.

¢ METHODS ; This retrospective comparative cohort study
enrolled patients with RAO. Patients were divided into
<50 y group and =50 y group. Etiological classification
was based on modified TOAST criteria. Comparisons
assessed the prevalence of risk factors, etiological
distribution, sex ratio, and, in cases of acute central
retinal artery occlusion ( CRAO), fundus characteristics
and visual outcomes.

e RESULTS: This study included a total of 145 RAO
patients, which were divided into two groups based on
age: <50 y group (15 females and 13 males) with the
mean age of 36.64+9.72 y, and =50 y group (38 females
and 79 males) with the mean age of 63.50 £ 9. 54 vy.
Hypertension (46.4% vs 85.5%) and diabetes (3.6% vs
27.4%) were less prevalent in <50 y group (both P<0.001).
The <50 y group was characterized predominantly by
stroke of other determined etiology( SOE, 35.7% vs 2.6%,
P<0.001), whereas the =50 y group was dominated by
small artery occlusion ( SAO, 35.9%) and large artery
atherosclerosis (LAA, 31.6%), the incidence rates were
significantly higher in the =50 y group than in the <50 y
group (both P<0.001). Females were more frequently
represented in <50 y group (53.6% vs 32.5%, P=0.039).
Multivariable analysis demonstrated that LAA was
independently linked to older age and SOE to younger
age. Boxcarring occurred exclusively in =50 y patients
[39.5% (17/43)vs 0, P=0.011].

¢ CONCLUSION:; The RAO patients< 50 y predominantly
present with non - atherosclerotic causes and a higher
proportion of females, whereas patients=50 y are mainly
affected by atherosclerosis driven etiologies and show
signs of reduced vascular compensatory capacity. These
findings indicate that age - related differences in RAO
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should be taken into account when determining etiologic
evaluation and management strategies.

o KEYWORDS: retinal artery occlusion;
etiology; hypertension; atherosclerosis
DOI:10.3980/j.issn.1672-5123.2026.10.03

risk factors;

Citation ; Huang CJ, Yuan HH, Xu HY, et al. Comparative study
on clinical characteristics of patients with retinal artery occlusion in
different age groups. Guoji Yanke Zazhi (Int Eye Sci), 2026,
26(10) :1690-1697.

INTRODUCTION
R etinal artery occlusion (RAO) is a category of retinal
vascular diseases that may visual

cause severe

impairment, occurring mainly in the elderly population'".

Approximately 10% of cases involve younger patients'> ; in
this subgroup, the etiologic spectrum is broader and includes
a higher proportion of nontraditional causes such as
cardioembolism (CE) , inherited or acquired hypercoagulable
states, and vasculitis"”. Accurate identification of the etiology
is critically important for treatment decisions and prognostic
evaluation; however, for a long time, etiological diagnosis of
RAO has lacked a unified standardized system, leading to
inconsistent classifications and limited comparability of
research data. In recent years, the ischemic stroke etiological
classification Trial of Org 10172 in Acute Stroke Treatment
(TOAST) has been introduced into RAO-related studies'®’
providing a reference tool for systematic etiological assessment.

RAO  closely

pathophysiological mechanisms, and both conditions share
-6]

resembles  ischemic  stroke in  its

similar risk factors and etiological profiles””™ . Therefore,
applying the TOAST framework for etiological classification of
RAO s
systematically compared RAO patients in different age groups

appropriate.  Currently, few studies have
using a standardized classification system. This study aims to
apply TOAST classification to compare differences in etiologic
composition, risk factors, and clinical characteristics between
RAO patients aged <50 y and those aged =50 y, to clarify
the age-related heterogeneity of RAO and provide a reference
for individualized diagnosis and treatment.

PARTICIPANTS AND METHODS

Ethical Approval This study was approved by the
Institutional Review Board of the hospital under study number
2024-LYD 405 -01 and adhered to the principles of the
Declaration of Helsinki. Informed consent was waived because
of the retrospective and anonymous nature of this study.
Participants
included all patients diagnosed with RAO at the Second
Affiliated Hospital of Army Medical University between
January 1, 2022, and September 30, 2024. Patients were

divided into two groups based on age: <50 y group (n=28)

This retrospective comparative cohort study

and =50 y group (n=117), allowing for comparison of
etiological characteristics, clinical features, and outcomes
between age groups.

Examination underwent  a

Auxiliary Patients

Tel ;. 029-82245172 85205906 Email : ij0.2000 @ 163.com
comprehensive  medical and  ophthalmic  history and
examination. Investigations were conducted based on

associated history and clinical findings. These included
hemogram with vasculitis screening profile ( anti ds — DNA
antibody, ANA, ¢=ANCA, p—ANCA) , homocysteine levels,
antiphospholipid antibody,

antibody,  anticardiolipin

coagulation profile ( prothrombin time, activated partial
thromboplastin time, bleeding time, clotting time, protein C
and S levels), syphilis serology, human immunodeficiency
virus ( HIV) , electrocardiogram, and computed tomography
( CT )/magnetic (' MRI )/magnetic
resonance angiography (MRA) brain scans as needed.

Risk Factors

hypertension and diabetes mellitus. The definitions of risk

resonance imaging

Conventional vascular risk factors included

factors in this study were as follows: hypertension ( systolic
blood pressure of 140 mmHg or diastolic blood pressure of
90 mmHg in the chronic stage or pre —stroke treatment with
anti — hypertensive medication ) , diabetes mellitus ( fasting
blood glucose concentration of 7.0 mmol/L, casual blood
glucose concentration of 11.1 mmol/L, positive 75 g oral
glucose tolerance test result, or glycated hemoglobin Alc
of 6.5% on 2 different days

hospitalization or in the chronic stage, or pre=RAO treatment

concentration during
with antidiabetic medication) .

Etiological Analysis Currently, RAO is widely recognized
as a type of stroke'®’. Therefore, this study classified RAO
according to the TOAST etiological classification for acute
stroke. The TOAST etiological classification includes'” ; large
artery atherosclerosis (LAA) , small artery occlusion (SAO)
CE, stroke of other determined etiology (SOE) , and stroke of
undetermined etiology ( SUE). According to TOAST criteria,
CE is defined as an embolic event originating from the heart,
which can be divided into high—risk sources and medium-risk
sources. Among them, artificial heart valves ( including
bioprosthetic and mechanical valves) are classified as high-
risk CE. The diagnosis of LAA is based on finding vascular
occlusive lesions ( such as vascular stenosis degree >50%,
ulcer formation, or complete vascular occlusion ). The
diagnosis of SAO is based on cranial MRI showing lacunar
infarction and the absence of clinical manifestations involving
other nervous system impairments.

When the RAO subtype does not meet the criteria for CE,
LAA, or SAO, and another confirmed underlying cause is
identified, it is classified as SOE. SOE encompasses a range
of specific causes, which can be categorized into three groups
based on their origin[g]; vascular diseases ( vasculitis,
multiple arterial thrombosis, and other vascular causes ),
hematological diseases ( protein S deficiency, polycythemia,
and leukemia) , and other rare causes (including iatrogenic,
glaucoma, and pregnancy). Among these, iatrogenic causes
are defined as those occurring after vitrectomy or cosmetic
surgery.

TOAST classification was adjudicated by a single senior
neurologist with expertise in cerebrovascular diseases, based

on comprehensive review of all available clinical, imaging,
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and laboratory data.

Exploratory Subgroup: Isolated RAO with Vascular Risk
Factors To explore the potential burden of small vessel
pathology in RAO patients, we defined an exploratory
subgroup—isolated RAO  with vascular risk factors
(iRAOVRF) —based on the following criteria; 1) confirmed
central or branch RAO by fundoscopy; 2 ) absence of
neurological symptoms; 3 ) presence of hypertension or
diabetes mellitus; 4) exclusion of ipsilateral large artery
stenosis =50% ( by carotid ultrasound/computed tomography
angiography ) and high/mediumrisk cardioembolic sources ( by
electrocardiography and echocardiography ) ; 5) no evidence
of other determined etiologies (e.g., vasculitis, dissection,
hypercoagulable states ); 6) either no MRI evidence of
lacunar infarction or MRI not performed.

The rationale for this subgroup stems from the anatomical and
pathological continuity between the retinal central artery and
cerebral perforating arteries—both originate from the internal
carotid system and share similar responses to vascular risk

7% This exploratory subgroup does not alter the

factors
primary TOAST based classification; in the main analysis, all
iIRAOVRF patients remain categorized as SUE per strict
TOAST criteria'”’. The iRAOVRF subgroup is presented
separately in secondary analyses to capture the full spectrum
of potential small vessel pathology and to generate hypotheses
for future prospective studies.

Clinical Characteristics and Visual Prognosis of CRAO
with Onset Time Less Than 7 d This study retrospectively
analyzed patients with acute central retinal artery occlusion
(CRAO) with onset time <7 d and systematically compared
the fundus photographic features, visual prognosis, and
retrobulbar vascular ultrasound blood flow parameters of the
healthy eye between patients under 50 years old and those 50
years old or older. Eligible patients were selected based on
inclusion criteria, which required diagnosis of acute CRAO
with onset time <7 d confirmed by fundus color photography,
and exclusion criteria ( combined with other retinal vascular
diseases, severe refractive media opacity, previous ocular
surgery history ). The core observation index was boxcarring
('segmental blood flow) , defined as the “carriage-like” blood
flow stagnation phenomenon within the retinal vessels' " .

This  study

hemodynamics in acute CRAO with onset time <7 d. Using

retrospectively — analyzed the  retrobulbar
the American GE Logiq7 color Doppler ultrasound diagnostic
device, with a probe frequency of 7.5 MHz, a sample volume
of 1 mm, and an angle between the ultrasound beam and
blood flow direction less than 30°, the peak systolic velocity
(PSV), end diastolic velocity (EDV ), and resistive index
(RI) of the ophthalmic artery (OA), central retinal artery
(CRA), and short posterior ciliary arteries were measured,
respectively. Sampling of OA was located 15-20 mm behind
the globe, CRA 3—5 mm posterior to the optic disc, and the
short posterior ciliary arteries were measured at the nasal/
temporal side of the posterior pole. Continuous recordings were

made for 4-6 fluctuation cycles, and clear images were selected
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for measurement and calculation. The detected data were
processed by computer and displayed in printed spectral images.
Statistical Analysis Descriptive statistics were reported as
mean * standard deviation for continuous variables and as
percentages  for  categorical  variables.  Background
characteristics were compared between adults<50 y and adults
=50 y by Mann — Whitney U test, Pearson’s Chi— squared
test, or Fisher’s exact test as appropriate. The frequencies of
embolic sources or uncommon causes between adults <50y
and adults =50 y were tested by Fisher’s exact test. Age—
dependent changes in ocular blood flow indices [ OA—RI and
posterior ciliary artery ( PCA) — RI ] were assessed using
Spearman’s rank correlation.

Because certain subgroups had few events, Firth’s penalized
likelihood logistic regression was used to produce stable
estimates. The models were adjusted for hypertension,
diabetes, hyperglycemia, and male sex. Age was retained as a
categorical variable (<50 y vs =50 y) to be consistent with
the primary study design. Odds ratios ( ORs) with 95%CI and
two—sided P values were reported.

All analyses were performed using IBM SPSS software
(version 22.0, Chicago, IL, United States). All tests were
two — sided, and a P value of < 0. 05 was considered
statistically significant.
RESULTS

General Comparison This study included a total of 145
patients with acute RAO, and divided into two groups: those
under 50 years old were classified as <50 y group (n=28),
and those 50 years old or older were classified as the =50 y
group (n=117). The average age of the <50 y group was
36.64+9.72 y (range 14-47 y), with females accounting for
53.6% (15/28); the average age of the =50 y group was
63.50+9.54 y (range 50-89 y), with a significantly lower
proportion of females ( 32. 5%, 38/117; P= 0. 039).
Regarding traditional cardiovascular risk factors, the
prevalence of diabetes in the <50 y group (3.6%, 1/28) was
significantly lower than that in the =50 y group (27.4%,
32/117; P = 0.005 ), and the prevalence of hypertension
(46.4% , 13/28) was also significantly lower than that in the
=50y group (85.5%, 100/117;P=0.000) and intraocular
pressure at presentation ( <50 y group 12.75+5.72 mmHg s
>50 y group 12.54+4.47 mmHg, P=0.857). Carotid imaging
was performed in 75.0% of patients <50 y and 90.6% of
patients =50 y ( P=0.332). MRI noncompletion rates were
42.8% and 34.2% , respectively (P=0.39; Table 1).
Thrombophilia screening was not performed in 17. 9% of
patients<50 y and 12.8% of patients =50 y (P =0.358).
Among patients without screening, the majority had alternative
confirmed etiologies (LAA, CE, SOE) that determined their
TOAST classification independently. Only 1.4% of the cohort
(n=2) lacked both screening and an alternative etiology;
these were classified as SUE in the primary analysis.
Analysis of Causes  Etiological analysis based on the
modified TOAST classification showed a significant difference

in the distribution of causes between the < 5 0 y group
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Table 1 Baseline characteristics
Parameters <50 y group (n=28) =50y group (n=117) ‘P

Age (y, X£S, range)

Sex,n (%)

Female 15(53.6)"

Male 13(46.4)
Laterality ,n (%)

Right 17(60.7)

Left 11(39.3)
IOP at presentation(X%S, mmHg) 12.75+5.72
Vascular risk factors,n (%)

Diabetes 1(3.6)"

Hypertension 13(46.4)"
Imaging modality,n (%)

MRI not performed 12(42.8)

Carotid imaging performed 21(75)
Thrombophilia screening not performed 5(17.9)

36.64+9.72 (14-47)

63.50+9.54 (50-89)

0.039
38(32.5)
79(67.5)

0.866
69(59.0)
48(41.0)
12.54+4.47 0.857
32(27.4) 0.005
100(85.5) 0.000
40(34.2) 0.39
106(90.6) 0.332
15(12.8) 0.358

IOP :Intraocular pressure; MRI: Magnetic resonance imaging. "P<0.05 indicates a statistically significant difference between groups.

(n=28) and the =50 y group (n=117). The proportion of
SOE in the <50 y group was significantly higher than that in
the =50 y group [35.7% (10/28)ws 2.6% (3/117); P<
0.001), while LAA was significantly more common in the
=50y group [31.6% (37/117)wvs 3.6% (1/28); P =
0.001]. SAO was also more common in the =50 y group
[35.9% (42/117)vs 14.3% (4/28); P=0.033). There was
no statistically significant difference in CE (high risk+medium
risk ) between the two groups [ <50 y group 10.7% (3/28)wvs
=50y group 3.4% (4/117); P=0.131), and the difference
in cryptogenic etiology between groups also not
statistically significant [ <50 y group 35.7% (10/28) uws
=50 y group 26.5% (31/117); P=0.330; Table 2].

Among the 14-39 age group, no cases of SAO were identified
in this cohort (0/12). The proportion increased to 25%
(4/16) in the 40-49 age group, 29.8% (14/47) in the 50—
59 age group, 38.5%(15/39) in the 60-69 age group, and
41.9% (13/31) in patients aged 70 y and older. In patients
aged 50 y and above, both hypertension (85.1% —90.3%)
and SAO (29.2% —41.9%) were common, reflecting the

typical age—related burden of vascular risk factors and small

was

vessel disease in this population ( Figure 1).
The iRAOVRF
prevalence between age groups (21.4% ws 22.2%; P =

exploratory subgroup showed similar
0.927). When analyzed together as a small vessel pathology
spectrum ( SAO + iRAOVRF ), the combined proportion
remained significantly different between groups (35.7% uws
58.1%; P=0.037)
Multivariable Analysis To assess whether the observed
agerelated etiologic differences were independent of traditional
vascular risk factors, we performed Firth logistic regression
adjusting for hypertension, diabetes, hyperlipidemia, and
male sex. Key findings are summarized below.

After multivariable adjustment , LAA and SOE remained

Table 2 Etiological subtypes of RAO in <50 y versus =50 y

patients n (%)
. <50y group =50y group
Etiology
(n=28) (n=117)

Cardioembolism 3(10.7) 4(3.4) 0.131
High—-risk sources 2(7.1) 2(1.7)
Medium-risk sources 1(3.6) 2(1.7)
Large—artery atherosclerosis 1(3.6) 37(31.6) 0.001
Small artery occlusion 4(14.3) 42(35.9) 0.033
Other determined etiologies 10(35.7) 3(2.6) <0.001
Cryptogenic etiology 10(35.7) 31(26.5)  0.330

RAO: Retinal artery occlusion.

[ 114-39y [140-49y [[]50-59y [_160-69y [170-89y

1001
90.3%
85.1% ]
—82.1%
80
S 62.5%
2 60
C
()
©
S 40/ 132 |28 41.9%
& 404 38.5%
29.8%
25% 10 25%
20+ 13
14| |15
3 4
Hypertension SAO
Figure 1 Hypertension prevalence and SAO incidence across

age strata SAQO: Small artery occlusion.

associated with age group: =50 y was associated with lower
LAA risk (OR =10.127, P =0.005), while <50 y was
associated with SOE (OR=15.15, P<0.001). In contrast,
the age effect on SAO was attenuated and no longer significant

after adjustment ( OR = 0. 608, P = 0.399), whereas
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hypertension was associated with SAO ( OR = 11.953, P<
0.001) , suggesting that the age—related difference in SAO may
be largely explained by the higher prevalence of hypertension
in older patients. Hypertension showed a negative association
with SOE (OR = 0.15, P = 0.010), while diabetes,
hyperglycemia, and male sex were not significantly associated
with any outcome. This negative association may reflect that
hypertensive patients are more likely to be classified into other
etiologic categories (e. g., SAO, LAA) rather than SOE.
Given the limited number of events, such as only one LAA
case in the <50 y group and a total of 13 SOE events, some
estimates lacked precision, as reflected by wide confidence
intervals. These findings should therefore be interpreted with
caution and warrant validation in larger prospective cohorts.

Among the 35.7% (10/28) SOE
cases diagnosed in the <50 y group, the causes showed high

Analysis of Rare Causes

heterogeneity. latrogenic factors accounted for the highest
proportion ( 2/10 ), including 2 cases of perioperative
complications; followed by pregnancy — related diseases
(1/10 ), manifested as pregnancy — induced hypertension
complicated with RAO. Vascular diseases accounted for
3 cases (2 cases of vasculitis, 1 case of multiple arterial
thrombosis ) , and hematologic diseases also accounted for
3 cases (1 case each of protein S deficiency, polycythemia
vera, and leukemia). Notably, 1 case of ischemia secondary
to glaucoma was also included in this category (Table 3).
Distribution of Diagnostic Types in the Two Groups
CRAO was the main subtype in both groups, accounting for
64.3% (18/28) in the <50 y group and 82.9% (97/117) in
the =50 y group. Branch retinal artery occlusion ( BRAO)
had a higher incidence in the <50 y group [21.4% (6/28)uvs
10.3% (12/117) in the =50 y group ], while the proportion
of CRAO combined with central retinal vein occlusion
(CRVO) was 14.3% (4/28) and 6.8% (8/117),
respectively. According to the Chi—square test, the overall
difference in subtype distribution among the three groups was
not statistically significant ( P = 0. 218 ), as detailed in
Table 4.

Fundus Features and Visual Prognosis in Acute CRAO
In this cohort of acute CRAO patients with onset within 7 d
(13 vs 43 eyes) , we evaluated the age-related differences in
fundus findings. This study found that boxcarring has a
significant age—dependent characteristic ; it is only seen in the
=50y group [39.5% (17/43)] and completely absent in
the <50 y group (0/10; P=0.011), suggesting that this sign
may be related to age—associated vascular sclerosis or chronic
ischemia. Cherry red spots (<50 y group 70.0% vs =50 y
group 83.7%, P =0.318), optic disc edema (70.0% uvs
58.1%, P=10.490), cotton wool spots (10.0% vs 30.2%,
P=0.258), and retinal hemorrhage (40.0% vs 23.3%, P=
0.279) showed no intergroup differences, indicating that
ischemic signs are core clinical

these acute retinal

manifestations of CRAO and are unrelated to age (Table 5).
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Table 3 Frequency of uncommon causes in <50 y group
n (%)

SOE subtype <50 y group(n=28)

Other vascular cause 3(10.7)
Vasculitis 2(7.1)
Multiple arterial emboli 1(3.6)

Hematologic disease 3(10.8)
Protein S deficiency 1(3.6)
Polycythemia 1(3.6)
Leukaemia 1(3.6)

Other disease 4(14.3)
Tatrogenic 2(7.1)
Glaucoma 1(3.6)
Pregnancy 1(3.6)

SOE ; Stroke of other determined etiology.

Table 4 Distribution of RAO subtypes in groups n (%)
<50 y group =50y group
Type P
(n=28) (n=117)
CRAO 18(64.3) 97(82.9)
BRAO 6(21.4) 12(10.3)
CRAO with CRVO 4(14.3) 8(6.8) 0.218

RAO: Retinal artery occlusion; CRVO: Central retinal vein

occlusion; BRVO: Branch retinal vein occlusion.

The analysis of visual prognosis showed no statistically
significant difference in initial visual acuity ( LogMAR 2.0+
1.1 vs 2.2+0.8, P=0.326) and final visual acuity (1.7+1.0
vs 1.9+£0.9, P=0.441) between groups (Table 5).
Age—Related Hemodynamic Changes in the Healthy Eye
of Acute CRAO We analyzed the retrobulbar hemodynamic
parameters in the healthy eye of 55 patients with acute CRAO
(onset <7 d) to assess their correlation with age.RI of OA
significantly increases with age (r=0.38, P=0.023) ; the RI
of the posterior ciliary artery also shows a positive correlation
with age (r=0.32, P=0.046). Notably, the blood flow
parameters ( PSV, EDV, and RI) of CRA are not
significantly associated with age (all P>0.05; Figure 2).
Characteristics of Patients Under 40 y Descriptive
analysis of the 12 patients under 40 y of age revealed a diverse
etiological spectrum. SOE accounted for 50.0% (n=6), with

causes including protein S deficiency, post—vitrectomy status,
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leukemia — associated hyperviscosity, herpes virus — related
optic perineuritis, early pregnancy, and glaucoma. No cases
of definite cerebral SAO were observed among the 8 patients
who completed MRI. Due to the small sample size, no

statistical comparisons were performed.

DISCUSSION
Atherosclerotic risk factors are well established as major
contributors to  RAO. In our young RAO cohort, the

prevalence of hypertension (46.4%) and diabetes (3.6%)
aligned closely with previously reported data (41.4% and
5.6% , respectively) "’ | supporting the representativeness of
our study population. More importantly, significant age —
related differences emerged: hypertension (46.4% vs 85.5%)
and diabetes (3.6% vs 27.4% ) were markedly less common
in the <50 y group than in the =50 y group (both P<0.05).
This divergence in risk factor burden was directly mirrored in
the etiologic spectrum. The <50 y group was characterized
predominantly by SOE (35.7%) and SAO (14.3%). In
contrast, the =50 y group exhibited a clear atherosclerosis
dominant pattern, with LAA (29.1%) and SAO (35.9%)
together accounting for the majority of cases. These findings
suggest that the higher prevalence of traditional cardiovascular
risk factors in older RAO patients is closely associated with
the predominance of atherosclerotic etiologies in this age
group.

In RAO patients <50 y, SAO was observed only in those aged
40-49 y (18.8%) , consistent with a previous study reporting
higher SAO risk in patients aged 45-50 y compared with those
under 45 y in cerebral infarction'”’. However, multivariable
analysis revealed that this agerelated pattern was largely
explained by hypertension: after adjusting for hypertension,
the association between age and SAO was no longer significant
(OR=0.608, P=0.399), whereas hypertension remained a
strong independent predictor ( OR = 11.953, P <0.001).
These findings suggest that the increased risk of SAO during
middle age is driven primarily by the accumulation of
rather  than itself. Therefore ,

hypertension age

hypertension , a modifiable risk factor , deserves particular

y=0.6880+0.0013"x
R’=0.0775 .

0.901

0.851

0.801

0.751

OAof RI
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attention in the prevention and management of SAO in RAO
patients.

In patients with RAO, the proportion of those with SOE is
significantly higher in the <50 y group than in the =50 y
group. This significant difference strongly suggests that the
spectrum of causes in RAO patients <50 y is fundamentally
highlighting the

important clinical value of conducting more in — depth and

different from that in patients = 50 vy,

systematic etiological studies in the younger population. In the
subgroup analysis of SOE in the younger group, vasculitis is
the primary cause, accounting for 30%, which is highly
consistent with the reported  28% the
literature*’ . Additionally, we observed causes such as

. [14] . [15]
polycythemia' ™', leukemia ",

[16

previously in
and protein S deficiency
syndrome' '’ among the SOE patients <50 y . These findings
collectively indicate that compared to patients = 50 y whose
RAO is mainly attributed to atherosclerotic thrombosis, the
pathogenesis in RAO patients <50 y , especially those lacking
traditional vascular risk factors, requires more attention to
non— atherosclerotic pathways, including embolic diseases,

hypercoagulable states, or inflammatory diseases.

Table 5 Age —based differences in clinical signs and visual
outcomes of acute CRAO

PCAof RI

Parameters <50 y group =50y group

(n=10) (n=43)
Cherry red spot, 7(70.0) 36(83.7) 0.318
n (%)
Boxcarring,n (%) 0 17(39.5) 0.011
Optic disk edema, 7(70.0) 25(58.1) 0.490
n (%)
Retinal hemorrhage , 4(40.0) 10(23.3) 0.279
Cotton wool spots, 1(10) 13(30.2) 0.258
Initial visit vision 2.0x1.1 2.2+0.8 0.326
(x%S, LogMAR)
Visual prognosis 1.7+1.0 1.9+£0.9 0.441

(X£s, LogMAR)

CRVO: Central retinal vein occlusion.

y=0.6168+0.0015"x

0.9571 R%=0.0627
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Figure 2 Correlation between RI of OA and PCA and age A: OA-RI shows a significant positive correlation with age (linear regression
equation: y=0.00013x+0.6880; R*>=0.0775, P=0.023); B: PCA-RI shows a positive correlation trend with age ( linear
regression equation; y=0.0015x+0.6168; R*>=0.0627, P=0.046). OA: Ophthalmic artery; PCA: Posterior ciliary artery. RI:

Resistive index.
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This study found that the proportion of females in the RAO
patients <50 y was significantly higher than that of males. This
gender distribution characteristic contrasts sharply with the
male — dominated pattern commonly observed in large RAO

registry studies' .

The possible mechanism behind this
difference involves hormonal factors. Pregnancy has been
definitively confirmed to significantly increase the risk of
thromboembolism in women of childbearing age " | and its
underlying pathophysiological basis may lie in the synergistic
effect of progesterone — induced hypercoagulable state and
endothelial dysfunction associated with estrogen fluctuations,
jointly  promoting  thrombosis.  Given  the  inherent
thromboembolic susceptibility of women of childbearing age,
patent foramen ovale (PFO) as a potential source of embolism
theoretically may contribute more to the onset of RAO in
young women than in men "', Furthermore, several RAO-
related specific etiologies, such as autoimmune diseases
(e.g., Sjpgren’s syndrome™') and cardiac myxoma ™' | are
themselves predominantly distributed in the female population.
Therefore, for women of childbearing age with RAO who lack
traditional vascular risk factors ( such as hypertension,
diabetes, heavy smoking) , systematic targeted evaluation is

should include: 1 )

comprehensive coagulation function screening ( with emphasis

strongly  recommended.  This
on antiphospholipid antibodies, protein C/S activity, etc.) ;
2) exclusion of cardiogenic embolic sources ( transesophageal
echocardiography is recommended ); and 3 ) testing of
relevant immunological markers.

Boxcarring ( segmental blood flow) is a characteristic fundus
sign in the acute phase of CRAO, reflecting severe retinal
edema and intraretinal blood flow stasis, and is closely
associated with poor visual prognosis''"*7*'. This study found
that the incidence of boxcarring in CRAO patients =50 y was
significantly higher than that in the <50 y group. Further
research revealed the wunderlying vascular physiological
mechanism; in the unaffected eye of acute CRAO patients, RI
of OA and PCA were both significantly positively correlated
with age. This elevated RI indicates increased perfusion
resistance in the distal vascular bed, whose pathophysiological
basis may be related to age—associated decline in arterial wall
compliance and increased arteriosclerosis. Therefore, the
appearance of boxcarring not only marks severe retinal
ischemia/edema but its significant age—dependent distribution
more profoundly reflects the pathological process of systemic

higher

incidence of boxcarring in patients =50 y directly manifests

arterial elasticity deterioration with aging. The
their reduced compliance of the ophthalmic arterial system and
increased blood flow resistance, making severe blood flow
stasis and retinal microcirculation collapse more likely to occur
in the acute CRAO state.

Based on the significant differences revealed by this study in
the etiological spectrum and risk factor burden among age
groups, we propose an age—stratified diagnostic and treatment
strategy for patients with RAO: for RAO patients under 50
years old, it is recommended to prioritize systematic screening

for SOE causes, especially for those lacking traditional risk
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factors such as hypertension and diabetes. The screening
should focus on; 1) evaluation of hypercoagulable states
(‘antiphospholipid antibody profile, protein C/S/antithrombin
I activity, coagulation factor gene mutations, etc.); 2)
embolic source investigation ( transesophageal
echocardiography to detect cardiogenic sources or patent
foramen ovale, carotid ultrasound, etc.); 3) detection of
inflammation/vasculitis  indicators ( such as ANCA,
inflammatory markers, vascular imaging) .

For RAO patients over the age of 50 since atherosclerotic
causes (SAO+LAA) dominate absolutely in this group and
traditional cardiovascular risk factors ( hypertension 85.5%,
diabetes 27.4% ) are highly prevalent, the focus of diagnosis
and treatment should shift to a comprehensive systemic
atherosclerosis assessment and management. This includes;
1) strict control of cardiovascular risk factors ( blood pressure
lowering, glucose lowering, lipid regulation, smoking
cessation) ; 2) assessment of systemic atherosclerotic burden
( carotid/intracranial artery imaging, coronary artery risk
evaluation) ; 3) initiation or optimization of guideline—based
secondary preventive antithrombotic therapy ( such as
antiplatelet or anticoagulant treatment ).

This study has several limitations. First, the single — center
retrospective design resulted in a relatively small sample size
of RAO patients <50 y, limiting statistical power for certain
rare etiologic subtypes and precluding meaningful subgroup
analysis of patients under 40 y. Second, some diagnostic data
(e.g., specific vascular imaging, complete laboratory tests)
were missing from electronic medical records, which may
affect the accuracy of etiologic classification. Third, the study
did not include genetic susceptibility markers, oxidative stress
indicators, or detailed lifestyle factors ( e. g., abdominal
obesity, exercise, alcohol consumption, dietary structure )
that may play important roles in RAO pathogenesis,
particularly in patients <50 y.

Future research should focus on: 1) multicenter prospective
cohort studies with larger samples to validate our findings,
particularly regarding the etiological characteristics of RAO in
patients under 40 y and the unique profile observed in young
women, as well as the effectiveness of stratified treatment
strategies; 2) deeper exploration of molecular mechanisms
underlying early—onset and specific etiologic types, including
genetics, epigenetics, inflammatory pathways, and thrombotic
tendencies; 3 ) assessment of lifestyle factors and novel
biomarkers in predicting RAO risk and guiding individualized
collection

intervention under more comprehensive data

systems.
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