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Abstract

Objectives: To evaluate the age-related etiological spectrum and visual outcomes of patients presenting with sponta-
neous vitreous hemorrhage (VH) at a tertiary eye emergency department.

Methods: This single-center retrospective cohort study reviewed the medical records of 55,107 patients who presented
to a tertiary referral hospital between January 2018 and December 2024. A total of 804 eyes of 804 patients with a first
episode of spontaneous vitreous hemorrhage and at least 12 months of follow-up were included. Etiology was deter-
mined by clinical examination, imaging methods, and diagnostic pars plana vitrectomy (PPV) when required. Patients were
categorized into pediatric (<I8 years), adult (18-65 years), and elderly (>65 years) groups. Best-corrected visual acuity
(BCVA) at presentation and at |2-month follow-up was analyzed. Visual outcomes were compared between the early (<3
months) and delayed (>3 months) vitrectomy groups.

Results: The incidence of spontaneous VH among emergency presentations was |.46%. Male patients constituted
60.57% of the cohort. Retinopathy of prematurity was the most common etiology in pediatric patients, whereas prolifer-
ative diabetic retinopathy predominated in the adult and elderly groups. Mean BCVA improved from 1.54+0.63 logMAR at
presentation to 0.38+0.39 logMAR at |2 months (p<0.001). Significant visual improvement was observed in all age groups
(p<0.001). Diagnostic PPV was performed in 27% of eyes. Visual gain was greater in the early vitrectomy group than in
the delayed vitrectomy group (0.58+0.25 vs 0.44+0.3| logMAR; p=0.02).

Conclusion: The etiological spectrum of spontaneous VH varies according to age. Significant visual improvement can be
achieved with appropriate medical and surgical treatment. Early PPV in selected cases may provide superior visual recov-

ery compared with delayed intervention.
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Introduction

Vitreous hemorrhage (VH) is a common and potentially vi-
sion-threatening condition that leads to sudden vision loss
and is characterized by the accumulation of blood in the vit-
reous cavity (1). The reported incidence of spontaneous VH
varies across populations and geographic regions. Lindgren

et al. reported an annual incidence of approximately 7 cas-
es per 100,000 individuals, whereas Wang et al. reported a
substantially higher incidence of 4.8 cases per 10,000 per-
son-years in a population-based study conducted in Taiwan
(2,3). VH has a wide range of etiologies, with the prevalence
of underlying causes differing according to the characteris-
tics of the study population. The most common etiologies
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consistently include proliferative diabetic retinopathy (PDR),
posterior vitreous detachment (PVD) with or without an
associated retinal tear, and ocular trauma, which together
account for approximately 59-88.5% of all cases (4). Less
frequent causes include various retinal vascular and system-
ic conditions, including retinal vein occlusion (RVO), retinal
vasculitis, proliferative sickle cell retinopathy, retinal arterial
macroaneurysm rupture, and Valsalva retinopathy (5-8). In
rarer instances, VH may occur secondary to subarachnoid
hemorrhage (Terson syndrome), inherited or developmental
retinal disorders such as X-linked retinoschisis, retinopathy
of prematurity (ROP), and familial exudative vitreoretinop-
athy (FEVR), as well as inflammatory conditions, blood dy-
scrasias, coagulation disorders, and neovascular age-related
macular degeneration. Epidemiological data show that VH is
more prevalent with increasing age, exhibits a male predom-
inance, and may be linked to the use of anticoagulants (2).

Clinically, VH typically presents with sudden, painless vi-
sual impairment ranging from mild visual haze to severe vi-
sion loss (9,10). From a pathophysiological perspective, VH
most commonly results from either mechanical disruption of
normal retinal vessels or hemorrhage from fragile pathologi-
cal neovascular structures extending into the vitreous cavity.
Thus, VH represents a terminal common pathway for several
ocular disorders, each with significantly different prognostic
and therapeutic implications.

Although the etiological spectrum of VH is well docu-
mented, research specifically addressing patients presenting
to eye emergency departments is limited, especially in tertia-
ry referral centers. In the acute setting, extensive VH often
obstructs sufficient fundus visibility, hindering timely etiolog-
ical assessment and treatment decisions. The distribution of
underlying causes and associated visual outcomes may differ
substantially among emergency presentations. Therefore,
the present study aimed to evaluate the etiological spectrum
and visual outcomes of patients presenting with sponta-
neous VH to a tertiary referral hospital. By analyzing a large,
single-center retrospective cohort, we sought to identify the
most common underlying diagnoses and assess changes in
visual acuity following medical and surgical management.

Methods

Study Design and Participants

For this retrospective cohort study, the medical records
of 55,107 patients who presented to the Emergency De-
partment of Beyoglu Eye Training and Research Hospital
between January 2018 and December 2024 were reviewed.
Among these patients, 804 eyes of 804 patients who were
referred to the Retina Department with a diagnosis of VH
and followed for at least one year were included in the
study. The study protocol was approved by the University of

Health Sciences Taksim Training and Research Hospital Eth-
ics Committee (decision number: 97; date: January 7, 2026)
and was conducted in accordance with the principles of the
Declaration of Helsinki.

Patients were included if they (l) presented with a first
episode of spontaneous VH and (2) had a minimum follow-up
of 12 months. Patients were excluded if they had (1) a histo-
ry of ocular or head trauma; (2) corneal pathology that could
affect best-corrected visual acuity; (3) a history of glaucoma;
(4) a previous history of VH; (5) iatrogenic or postoperative
VH, including eyes with prior vitreoretinal surgery and/or
previous retinal laser photocoagulation; or (6) inadequate
medical records to determine key variables or outcomes.

At each visit, all measurements and imaging evaluations
were performed by experienced ophthalmologists. The oph-
thalmologic examination included slit-lamp biomicroscopy,
measurement of best-corrected visual acuity (BCVA) using a
Snellen chart, intraocular pressure (IOP, mmHg) assessment
by Goldmann applanation tonometry, and dilated fundus
evaluation using a 90-diopter lens. When the fundus could
not be adequately visualized due to dense VH, B-scan ultra-
sonography (E-Z Scan AB5500+, X9Ware LLC, USA) was
performed to evaluate the posterior segment, including the
presence of retinal detachment or retinal tears. Orbital and/
or cranial imaging was obtained when clinically indicated to
evaluate suspected associated orbital or intracranial pathol-
ogy. When the cause of VH could not be ascertained using
imaging techniques and the hemorrhage persisted during
follow-up, 23-gauge pars plana vitrectomy (PPV) was per-
formed for both diagnostic and therapeutic purposes. All
vitreoretinal procedures were performed by experienced
retina specialists. For subgroup analysis, PPV timing was cat-
egorized as early (<3 months) or delayed (>3 months). As
reported in the literature, there is no universally accepted
temporal definition for early versus late PPV in VH(I). Dif-
ferent thresholds, such as 3 or 6 months, have been used in
previous studies (I 1-13).

Given the age-dependent differences in VH etiology, pa-
tients were categorized into three age groups for analysis:
pediatric (<I8 years), adult (1865 years), and elderly (>65
years). Objective refraction (D) was measured using an au-
tomated refractometer (Canon RK-F2, USA). Additional
imaging modalities, such as optical coherence tomography
(OCT; Heidelberg Spectralis, Germany), fundus fluorescein
angiography (FA) and indocyanine green angiography (ICGA;
Heidelberg Engineering, Heidelberg, Germany), and swept-
source optical coherence tomography angiography (OCTA;
DRI Triton, Topcon, Japan), were obtained as clinically indi-
cated after clearance of the VH to determine the underly-
ing etiology. OCT was primarily used for macular structural
evaluation and detection of macular edema and epiretinal
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membrane (ERM), OCTA for assessment of macular neo-
vascularization (MNV), FA for evaluation of retinal vascular
abnormalities such as RVO and PDR, and ICGA particular-
ly for characterization of polypoidal choroidal vasculopathy
and other choroidal vascular pathologies. According to the
identified diagnosis, appropriate treatments, including intrav-
itreal anti-VEGF injections and laser photocoagulation, were
administered.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics,
version 26.0 (IBM Corp., Armonk, NY, USA). The distribu-
tion of continuous variables was assessed using the Shapiro—
Wilk test, together with evaluation of skewness and kurtosis
values (14). Continuous data are reported as meantstandard
deviation, whereas categorical variables are expressed as fre-
quencies and percentages. Visual acuity measurements ob-
tained using the Snellen chart were converted to logarithm
of the minimum angle of resolution (logMAR) units for statis-
tical analysis. Changes between presentation and |2-month
follow-up measurements were analyzed using paired-sam-
ples t-tests for normally distributed variables and Wilcox-
on signed-rank tests for variables with non-normal distribu-
tions. Comparisons between two independent groups were
conducted using the independent-samples t-test for normal-
ly distributed variables and the Mann—Whitney U test for
non-normally distributed variables. Comparisons involving
more than two independent groups were performed using
one-way analysis of variance (ANOVA) for normally distrib-
uted variables and the Kruskal-Wallis test for non-normally
distributed variables. When appropriate, post hoc analyses
were conducted with Bonferroni correction. Categorical
data were evaluated using the chi-square test. A p-value less
than 0.05 was considered statistically significant.

Results

A total of 804 eyes of 804 patients with spontaneous VH
were included in the final analysis. The incidence of sponta-
neous VH among emergency department presentations was
1.46%. Of the entire cohort, 487 patients (60.57%) were
male and 317 (39.43%) were female. Male predominance
was observed across all age groups, with males representing
62.96% of the pediatric group, 59.16% of the adult group,
and 61.49% of the elderly group. Table | shows the etiolog-
ical distribution of all eyes, with PDR identified as the lead-
ing cause. The etiological spectrum was further investigated
based on age group stratification. In patients under |8 years
of age, the most common cause was ROP (Table 2). In both
the adult (18-65 years) and elderly (>65 years) groups, PDR
was the predominant etiology (Tables 3 and 4).

The mean age of the study population was 65.47+14.08
(5-89) years. The mean age was 14.83+3.06 (5-17) years

Table |. Etiological distribution of spontaneous vitreous hemorrhage
(n=804 eyes)

Etiology n %
Proliferative diabetic retinopathy 409 50.87
Retinal detachment 105 13.06
Retinal vein occlusion 83 10.32
:::;::‘I n::t; / acute posterior vitreous 70 8.7l
Hypertensive retinopathy 37 4.60
Retinal arterial macroaneurysm rupture 24 2.99
Polypoidal choroidal vasculopathy 9 1.12
Neovascular age-related macular degeneration 7 0.87
Endogenous endophthalmitis 7 0.87
Retinopathy of prematurity 7 0.87
Valsalva retinopathy 6 0.75
Familial exudative vitreoretinopathy 4 0.50
Retinal vasculitis 4 0.50
Retinal arteriovenous malformation 2 0.25
Sickle cell retinopathy | 0.12
Idiopathic 29 3.6l
Total 804 100.00

in the pediatric group, 57.41£6.93 (19-64) years in the
adult group, and 74.59+5.84 (66—89) years in the elderly
group. Oral anticoagulant use was documented in 87 adults
(26.13%) and 181 elderly patients (40.77%). Diagnostic PPV
was performed in 217 eyes (27%) in which the etiology of
VH could not be determined by initial fundus examination
and B-scan ultrasonography and in which the hemorrhage
failed to resolve during follow-up. The mean interval from
initial diagnosis to PPV was 3.47+1.72 (1-6) months. In cases

Table 2. Etiological distribution of spontaneous vitreous hemorrhage
(<18 years) (n=27 eyes)

Etiology n %
Retinopathy of prematurity 7 25.93
Familial exudative vitreoretinopathy 3 [0l
Retinal tear / acute posterior vitreous detachment 3 Il
Proliferative diabetic retinopathy 2 741
Retinal detachment 2 741
Endogenous endophthalmitis 2 74|
Valsalva retinopathy 2 741
Retinal vasculitis | 3.70
Retinal arteriovenous malformation | 3.70
Idiopathic 4 14.81
Total 27 100.00
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Table 3. Etiological distribution of spontaneous vitreous hemorrhage
(18 - 65 years) (n=333 eyes)

Etiology n %
Proliferative diabetic retinopathy 167 50.15
Retinal detachment 51 15.32
;]R:tt;:ilr;:r;/ acute posterior vitreous 28 8.4]
Retinal vein occlusion 26 7.8l
Hypertensive retinopathy 15 4.50
Retinal arterial macroaneurysm rupture 13 3.90
Polypoidal choroidal vasculopathy 6 1.80
Valsalva retinopathy 4 1.20
Neovascular age-related macular degeneration 2 0.60
Endogenous endophthalmitis 2 0.60
Retinal vasculitis 3 0.90
Familial exudative vitreoretinopathy | 0.30
Retinal arteriovenous malformation | 0.30
Sickle cell retinopathy | 0.30
Idiopathic 13 3.90
Total 333 100.00

in which VH resolved during follow-up, appropriate patients
underwent laser photocoagulation and/or intravitreal an-
ti-VEGF injections based on the underlying etiology.

In all patients, mean BCVA was 1.54+0.63 logMAR at pre-
sentation and improved to 0.38£0.39 logMAR at |12 months
(p<0.001). In the pediatric group, mean BCVA at presen-
tation was |.12+£0.43 logMAR and improved to 0.44+0.37
logMAR at 12 months (p<0.001). In the adult group, mean
BCVA improved from [.21£0.45 logMAR at presentation to

Table 4. Etiological distribution of spontaneous vitreous hemorrhage
(>65 years) (n=444 eyes)

Etiology n %
Proliferative diabetic retinopathy 240 54.05
Retinal detachment 52 11.71
Retinal vein occlusion 57 12.84
:::;:iln:ee:;/ acute posterior vitreous 39 878
Hypertensive retinopathy 22 4.95
Retinal arterial macroaneurysm rupture I 2.48
Polypoidal choroidal vasculopathy 3 0.68
Neovascular age-related macular degeneration 5 I.13
Endogenous endophthalmitis 3 0.68
Idiopathic 12 2.70
Total 444 100.00

0.37+0.41 logMAR at the 12-month follow-up (p<0.001I).
In the elderly group, mean BCVA was 1.8210.63 logMAR
at presentation and improved to 0.39+0.37 logMAR at 12
months (p<0.001). No significant difference in IOP was found
between presentation and the |2-month follow-up in all pa-
tients or among age subgroups (p>0.05 for all). Among the
217 eyes that underwent PPV, early vitrectomy (<3 months)
was performed in 80 eyes (36.87%), whereas delayed vitrec-
tomy (>3 months) was performed in 137 eyes (63.13%). The
mean BCVA gain (AlogMAR) was significantly greater in the
early vitrectomy group than in the delayed vitrectomy group
(0.58+0.25 vs 0.44+0.31, p=0.02).

In the pediatric group, ERM developed in 2 eyes (7.4%)
during follow-up. In the adult group, during the 12-month
follow-up, 36 of 167 eyes with PDR (21.6%) required intra-
vitreal treatment for macular edema, including anti-VEGF
agents or dexamethasone implants. Additionally, intravitreal
anti-VEGF injection was required in 4 of 6 eyes with polypoi-
dal choroidal vasculopathy (PCV) (66.7%) and in | of 2 eyes
with neovascular age-related macular degeneration (nAMD)
(50%) due to MNYV activity. In the elderly group, during the
I2-month follow-up, 63 of 240 eyes with PDR (26.3%) and 14
of 57 eyes with RVO (24.6%) required intravitreal treatment
for macular edema, including anti-VEGF agents or dexameth-
asone implants. Additionally, intravitreal anti-VEGF injection
was required in | of 3 eyes with PCV (33.3%) and in 4 of 5
eyes with nAMD (80.0%) due to MNV activity.

Discussion

In this large single-center retrospective cohort, we evaluated
the etiological spectrum and visual outcomes of spontaneous
VH presenting to a tertiary eye emergency department. This
study provides real-world data on the distribution of under-
lying causes across different age groups.

Previous epidemiological studies have described a male
predominance in spontaneous VH. Otabor-Olubor et al.
found that 73% of patients presenting with VH in a tertiary
hospital setting were male, corresponding to a male-to-fe-
male ratio of 1:0.37 (15). In a large population-based study
from Taiwan, Wang et al. demonstrated a higher incidence of
VH in males than in females and identified male sex as an in-
dependent risk factor (2). Sativada et al. found a pronounced
male predominance in VH, with males comprising 76.19% of
their study population (16). In line with previous reports, a
male predominance was also observed in our study. Previous
studies have indicated that male sex is a risk factor for the
development of ROP (17-19). The male predominance in
the pediatric VH subgroup may be attributed to the preva-
lence of ROP as the primary cause.

The etiological spectrum of VH is known to vary ac-
cording to patient age and underlying systemic conditions.
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Previous literature has shown that PDR, PVD-related retinal
breaks, and ocular trauma are the leading causes of VH, col-
lectively encompassing the majority of cases in most studies
(10). In particular, PDR has been repeatedly reported as the
leading etiology of spontaneous VH (2,3,15). Consistent with
these reports, PDR was the leading cause of VH in both the
adult and elderly subgroups in our cohort. This finding likely
reflects the high burden of diabetes-related microvascular
disease in older populations and underscores the continued
role of PDR as a principal cause of vision-threatening VH in
real-world clinical practice.

Visual acuity outcomes represent the most clinically rele-
vant endpoint in VH, as final vision largely depends on both
the underlying etiology and the timeliness of intervention.
Previous studies have reported significant visual improve-
ment following appropriate medical or surgical management
of spontaneous VH (20,21). In our study, BCVA improved
significantly from presentation to |2-month follow-up in all
patients, as well as across all age subgroups, indicating that
substantial visual recovery can be achieved. Notably, elderly
patients presented with worse baseline vision, yet demon-
strated comparable visual gains after treatment. These
findings indicate that prompt etiological identification and
customized interventions, such as laser photocoagulation,
intravitreal anti-VEGF injection, and PPV when necessary,
facilitate significant visual rehabilitation in spontaneous VH.

The optimal timing of PPV in spontaneous VH remains
a subject of ongoing debate, particularly in eyes in which
the underlying etiology cannot be promptly identified or
VH fails to clear spontaneously. Previous studies have
suggested that early vitrectomy may facilitate faster visu-
al rehabilitation, reduce the risk of secondary complica-
tions, and allow earlier treatment of the primary retinal
pathology (13,22). Nevertheless, controversy remains
concerning the optimal timing for surgical intervention
in VH. A systematic review reported that no clear con-
sensus exists on the optimal timing of PPV for VH (1).
Fassbender et al. reported significant visual improvement
in both early and delayed vitrectomy groups, with no sig-
nificant difference in visual outcomes between the two
approaches in PDR-associated VH (23). In our study, early
vitrectomy was associated with significantly greater visual
gain than delayed surgery. This finding may be attributed
to the adverse effects of prolonged VH, which can result
in retinal toxicity from hemoglobin degradation products,
secondary vitreoretinal traction, ERM formation, and de-
layed intervention for the underlying pathology. Despite
the greater visual gain observed with early PPV, the pro-
portion of patients undergoing delayed PPV was higher
in our study. In routine clinical practice, delayed PPV may
be preferred in selected cases to allow the possibility of

spontaneous clearance of VH and to improve visualization
of the underlying retinal pathology before surgery. In addi-
tion, factors such as surgical scheduling, clinical workload
in high-volume referral centers, patient comorbidities,
and the severity of visual impairment may also influence
the timing of surgery in real-world settings.

This study has several limitations. First, the retrospective
design may introduce both selection bias and information
bias inherent to observational studies and may limit control
over potential confounding variables. Second, some etiolog-
ical subgroups, particularly pediatric cases and rare causes
of VH, included relatively small numbers of patients, which
may have reduced the statistical power for subgroup anal-
yses. Third, due to the real-world nature of the study, the
timing of PPV was determined according to the individual
clinical judgment of the treating retina specialists rather than
a predefined standardized protocol, which may introduce
potential selection bias and confounding when comparing
early and delayed PPV groups.

In conclusion, this large real-world cohort shows that
the etiological spectrum of spontaneous VH presenting to
a tertiary eye hospital emergency department varies sub-
stantially by age group, with ROP predominating in pedi-
atric patients and PDR as the leading cause in adult and
elderly populations. Significant visual improvement can be
achieved following appropriate medical and surgical man-
agement. Moreover, our findings suggest that early PPV in
selected cases of persistent VH may provide superior visual
recovery compared with delayed intervention. These re-
sults emphasize the importance of timely etiological assess-
ment and individualized treatment strategies in optimizing
visual outcomes in spontaneous VH.
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