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To assess retinal pigment epithelium (RPE) tears in eyes which underwent pars plana vitrectomy 
(PPV) for submacular hemorrhage (SMH) secondary to age-related macular degeneration and to 
investigate the prognostic factors of visual outcomes. This study was a retrospective, observational 
case series that included 24 eyes of 24 patients who underwent PPV with subretinal tissue plasminogen 
activator and air for SMH. RPE tears were investigated using spectral-domain or swept-source optical 
coherence tomography images with raster scan, combined confocal scanning laser ophthalmoscope 
near-infrared images and color fundus photographs. Multiple regression analysis was performed to 
identify the predictors of visual outcome at month 3 and 6 after surgery. In 21 eyes out of 24 eyes 
(87.5%), RPE tear was detected in the posterior pole. Eight eyes (33.3%) had large RPE tears ( ≧ 1 disc 
diameter (DD)). Out of the 8 eyes, 5 eyes progressed fibrotic scars within 3 months despite successful 
SMH removal and showed decrease in their visual acuity (VA). The ratio of eyes with large RPE tears 
( ≧ 1DD) were significantly higher in eyes which had undergone anti-VEGF therapy within 3 months 
than in treatment-naïve eyes (71.4% vs. 25.0%, p = 0.048). The multiple regression analysis revealed 
that a small RPE tear (< 1DD) and treatment-naïve condition were associated with better VA at month 
3 and 6. SMH within 3 months after anti-VEGF therapy might be accompanied by a large RPE tear. 
An RPE tear which was smaller than 1DD and treatment-naïve condition were associated with better 
prognosis.
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Submacular hemorrhage (SMH) causes sudden visual loss in most patients with neovascular age-related macular 
degeneration (nAMD). If left untreated, the visual prognosis for SMH is poor. In a submacular surgery trial, 90% 
of patients had visual acuity worse than 20/200 after 2 years1. Thick SMH interferes with retinal function and 
causes severe visual impairment through several mechanisms including blood toxicity from iron, hemosiderin, 
and fibrin overlying photoreceptors; clot retraction that may sheer and damage photoreceptors; and physical 
separation of photoreceptors from the underlying retinal pigment epithelium (RPE) cells2,3.

As a surgical removal technique, pneumatic displacement combined with vitrectomy and subretinal tissue 
plasminogen activator (tPA) is favored for large SMH ( ≧ 4 disc diameter) and the results have shown successful 
SMH displacement4–9. Prompt surgery, younger age, smaller hemorrhages, treatment-naive condition and 
absence of SMH recurrence have been reported as prognostic factors for better visual outcomes10–12. In some 
cases, however, visual outcomes are unfavorable due to the development of fibrotic changes in the macular area 
regardless of these factors. SMH precipitates the development of fibrotic component following large RPE tears13. 
The assessment of RPE tears is essential in the context of fibrotic scar formation after successful removal of the 
hemorrhage. Detecting RPE tears within the SMH area is, however, challenging because subretinal hemorrhage 
hides RPE tears on fundus photographs and makes it difficult to follow RPE line on optical coherence tomography 
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(OCT). This may be one of the reasons why RPE tears in large SMH has not received much study. In this study, we 
investigated spectral-domain (SD) OCT or swept-source (SS) OCT images with raster scan, combined confocal 
scanning laser ophthalmoscope (cSLO) near-infrared images and color fundus photographs and detected RPE 
tears in SMH eyes with nAMD which underwent surgical removal. We also assessed the prognostic factors of 
better visual acuity for vitrectomy with subretinal tPA and air for SMH.

Methods
This study was a retrospective, observational case series that included 24 eyes of 24 patients at Toyama University 
Hospital. We treated them with 25-gauge pars plana vitrectomy with subretinal tPA for SMH involving the fovea 
secondary to nAMD between January 2013 and December 2022. The study was approved by the Institutional 
Review Board of the University of Toyama, and the procedures used conformed to the tenets of the Declaration 
of Helsinki. Informed consent was obtained from all individual participants included in the study.

All patients underwent comprehensive ophthalmologic examinations, including measurement of the decimal 
best-corrected visual acuity (BCVA), intraocular ressure, slit-lamp biomicroscopy, color fundus photography, 
and SD-OCT (RS-3000 Advance; NIDEK Co, Ltd, Aichi, Japan) or SS-OCT (DRI-OCT Toriton; Topcon Inc, 
Tokyo, Japan) in each visit. Hemorrhage thickness, the distance from the retinal pigment epithelium to the 
inner limiting membrane, was manually measured using the caliper function built into the linear measuring 
tool. Fluorescein angiography (FA) and indocyanine green angiography (ICGA) were performed in 13 eyes to 
determine the subtypes of nAMD. In 11 eyes, PCV was determined by OCT-based criteria; sub-RPE ring-like 
lesion, en face OCT complex elevation, and sharp-peaked pigment epithelial detachment14. All patients were 
interviewed about anticoagulant use and the medical records were reviewed for prior anti-VEGF treatment and 
a history of photodynamic therapy.

All eyes underwent a standard pars plana vitrectomy with three 25-gauge ports. A 41-gauge cannula 
was used to inject 0.1 ml (corresponding to 8000 IU) monteplase (Cleactor; Eisai Co, Tokyo, Japan) into the 
subretinal space, creating a local retinal detachment encompassing part of the blood clot. Before each operation, 
OCT images were examined to select the injection point. The monteplase was injected at the point where the 
subretinal hemorrhage was thick enough. A fluid-air exchange (approximately 70–80%) was performed. Patients 
were asked to adopt face-down position for at least one hour following surgery, and then to sit up. They were 
asked to sleep on the side where the most blood was located, either on the left or the right side of the fovea. In 
phakic patients with significant cataracts, the treatment was combined with cataract surgery.

Postoperatively, all patients were followed for at least 6 months (typically at 1week, then 1, 3, and 6 months). 
SD-OCT or SS-OCT were performed at each visit. We treated with anti-vascular endothelial growth factor 
(VEGF) agents according to the doctors’ discretion when there was persistence of neovascular activity defined 
as any signs of exudation or new macular hemorrhage.

RPE tears were identified using SD- or SS-OCT images with raster scan, cSLO near-infrared images and color 
fundus photographs. Fundus autofluorescence was obtained sporadically and was not included in the analysis. 
We divided RPE tears into 2 groups according to whether the greatest linear diameter of them were longer than 
1 disc diameter (DD) or not. On the images with adequate quality, the RPE tears were categorized based on the 
Sarraf ’s grading system; Grade 1 tears were defined as < 200 μm, Grade 2 tears were between 200 μm and 1 DD, 
Grade 3 tears were > 1DD, and Grade 4 tears were defined as Grade 3 tears that involved the center of the fovea15. 
To detect small RPE tears which were not as obvious as large ones and were less likely to expand after surgery, the 
OCT characteristics were carefully monitored for signs such as; tented up PED and/or irregular PED at the level 
of RPE15. To confirm that the RPE tears were not complications during the surgery, all operation videos were 
reviewed, and we verified that the locations of the RPE tears were at a distance from monteplase injection points.

The degree of blood displacement was determined with fundus photographs and graded as complete, partial 
or no displacement. Complete displacement was defined as no blood or only a scant amount of blood within 
1 DD of the foveal center; partial displacement was defined as blood under the fovea that obscured the retinal 
pigment epithelium but did not cause clinically visible elevation of the retina.

Statistical analysis
All statistical analyses were carried out using JMP statistical discovery software (version 17; SAS Institute, Cary, 
NC, USA). The decimal BCVA was converted to a logarithm of the minimum angle of resolution (logMAR) for 
statistical analysis. The changes of mean BCVA were evaluated with T-test. To compare the ratio of eyes with 
large RPE tears ( ≧ 1DD) between treatment-naïve eyes and the eyes which had undergone anti-VEGF treatment 
within 3 months, Pearson’s chi-square test was performed. The associations between the clinical characteristics 
and visual acuity at months 3 and 6 were evaluated using univariate analysis. The characteristics with P < 0.05 
in the univariate analysis were entered into the multiple regression analysis, and the selection of variables in the 
final model was performed by forward-backward stepwise selection method. Statistical significance was defined 
as P < 0.05.

Results
The characteristics of the 24 eyes of 24 patients are presented in Table 1. All patients were followed for a minimum 
of 6 months (mean ± SD, 44.8 ± 39.2 months). The mean age was 75.3 ± 7.9 years, and 14 patients (58%) were 
men. Six patients were taking anticoagulant medication (aspirin or other platelet inhibitor and/or warfarin). 
Surgery was performed an average of 5.4 ± 5.1 days after the onset of symptoms. Fourteen eyes (58.3%) were 
treatment naïve. Eight eyes (33.3%) had anti-VEGF treatment within 3 months before onset. One eye had anti-
VEGF therapy 4 months before onset and one eye had history of combination therapy using anti-VEGF and half-
time photodynamic therapy (PDT) 3 years before the onset. The hemorrhage was completely displaced from the 
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fovea in 22 eyes (91.7%) and partially displaced in 2 eyes (8.3%). Anti-VEGF therapies were performed for 10 
patients (41.7%) within 1 month after surgery. Eighteen patients (75%) underwent anti-VEGF therapy within 6 
months following surgery (Table 1).

RPE tears
RPE tears were found in 21 eyes (87.5%) before and/or after surgery; 3 eyes had obvious RPE tears before 
operation, 9 eyes had possible RPE tears preoperatively which were confirmed postoperatively, and RPE tears 
in 9 eyes were detected after the operation. Eight eyes (33.3%) were affected by large RPE tears which were 
larger than 1 DD. Five of the 8 eyes developed fibrotic scars in the macular area within 3 months after surgery 
(Fig. 1). Thirteen eyes out of 24 eyes (54.2%) had RPE tears which were smaller than 1DD, and none of the eyes 
developed subretinal fibrosis regardless of their locations (Fig. 2). Out of the 8 eyes which underwent anti-VEGF 
therapy within 3 months before onset, 5 eyes had RPE tears which were larger than 1DD and 2 eyes had grade 
2 RPE tears; RPE tear was undetectable in the posterior pole in 1 eye. The ratio of eyes with large RPE tears 
( ≧ 1DD) were significantly higher in eyes which had undergone anti-VEGF therapy within 3 months than in 
treatment-naïve eyes (71.4% vs. 25.0%, p = 0.048).

Visual acuity
The mean visual acuity (n = 24) was 1.09 ± 0.60 before surgery (baseline); 0.80 ± 0.54 at month 1 (p = 0.037); 
0.76 ± 0.70 at month 3 (p = 0.12); 0.80 ± 0.73 at month 6 (p = 0.19). In eight eyes with large RPE tear ( ≧ 1DD), 
the mean visual acuity did not show remarkable improvement after surgery; 1.28 ± 0.49 at baseline; 1.21 ± 0.49 
at month 1 (p = 0.86); 1.38 ± 0.49 at month 3 (p = 0.76); 1.49 ± 0.45 at month 6 (p = 0.38). On the other hand, in 
13 eyes with small RPE tears (< 1DD), the mean visual acuity improved significantly; 0.96 ± 0.46 at baseline; 
0.60 ± 0.46 at month 1 (p = 0.0033); 0.56 ± 0.62 at month 3 (p = 0.025); 0.56 ± 0.65 at month 6 (p = 0.039). In the 
13 eyes, 6 eyes had RPE tears within 1DD of the foveal center. The mean visual acuity in these eyes also showed 
remarkable improvement after surgery; 0.95 ± 0.26 at baseline; 0.69 ± 0.48 at month 1 (p = 0.19); 0.33 ± 0.29 at 

No. of eyes 24

Age, years 75.3 ± 7.9

Male 14 (58.0)

No. of patients taking anticoagulant medication 6 (25.0)

Duration between onset and surgery, days 5.4 ± 5.1

BCVA at baseline 1.09 ± 0.61

Pseudophakic 4 (16.7)

Maximum diameter of the SMH lesion, DD 6.6 ± 3.6

Foveal height of the SMH lesion, µm 481 ± 189

No. of eyes with inner retinal hemorrhage 7 (29.2)

Neovascular subtypes

 Type 1 MNV 1 (4.2)

 Type 3 MNV (RAP) 2 (8.3)

 PCV 21 (87.5)

Greatest linear diameter of RPE tear

 < 1 DD (grade1 / grade 2) 13 (6 / 7)

 ≧ 1DD (grade3 / grade 4) 8 (5 / 3)

Unknown / Undetectable 3

No. of eyes with RPE tear involving 1 DD of the foveal center 12

 Greatest linear diameter of RPE tear
6 / 6

 < 1DD / ≧ 1DD

No. of eyes with RPE tear not involving 1DD of the foveal center 9

 Greatest linear diameter of RPE tear
7 / 2

 < 1DD / ≧ 1DD

No. of treatment-naïve eyes 14 (58.3)

No. of eyes received anti-VEGF injections within 3 months before onset 8 (33.3)

Follow-up period before onset, months 9.4 ± 19.5

Follow-up period after the surgery, months 44.8 ± 39.2

No. of eyes received anti-VEGF injections within 1 month after the surgery 10 (41.7)

No. of eyes received anti-VEGF injections within 6 months after surgery 18 (75)

Table 1.  The characteristics of the included eyes. Data are presented as means ± SD or n (%); BCVA, best-
corrected visual acuity; DD, disc diameter; MNV, Macular neovascularization; PCV, polypoidal choroidal 
vasculopathy; RAP, retinal angiomatous proliferation; RPE, retinal pigment epithelium; VEGF, vascular 
endothelial growth factor.
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month 3 (p = 0.0078); 0.41 ± 0.36 at month 6 (p = 0.043) (Fig. 3). In the other 7 eyes, visual acuity significantly 
improved after surgery; 0.97 ± 0.58 at baseline; 0.53 ± 0.44 at month 1 (p = 0.0065); 0.45 ± 0.57 at month 3 
(p = 0.013); 0.38 ± 0.60 at month 6 (p = 0.008) (Fig. 3).

In the univariate analysis, BCVA at month 3 correlated with age (r = 0.48, p = 0.025), oral anticoagulant 
intake (r = 0.43, p = 0.048), duration between onset and surgery (r = 0.54, p = 0.012), size of the RPE tear ( ≧ 1DD) 
(r=-0.57, p = 0.011), location of the RPE tear (extended into 1 DD of the foveal center) (r=-0.45, p = 0.040), 
SMH recurrence within 3 months after surgery (r=-0.62, p = 0.0023) and treatment-naïve condition (r = 0.53, 
p = 0.012); in the multiple regression analysis, it correlated with size of the RPE tear ( ≧ 1DD) (β=-0.42, p = 0.020) 
and treatment-naïve condition (β = 0.38, p = 0.042)(Table  2). In the univariate analysis, BCVA at month 6 
correlated with age (r = 0.53, p = 0.011), duration between onset and surgery (r = 0.49, p = 0.023), size of the RPE 
tear ( ≧ 1DD) (r=-0.61, p = 0.0056), location of the RPE tear (extended into 1 DD of the foveal center) (r=-0.51, 
p = 0.026), SMH recurrence within 6 months after surgery (r=-0.46, p = 0.032) and treatment-naïve condition 
(r = 0.52, p = 0.014) ; in the multiple regression analysis, it was significantly associated with size of the RPE tear 
( ≧ 1DD) (β=-0.52, p = 0.0029) and treatment-naïve condition (β = 0.35, p = 0.047) (Table 3).

Postoperative complications
Postoperative complications were observed in 10 patients (41.7%) (Table 4). The most frequent complications 
were recurrent submacular hemorrhages (6 patients, 25.0%). Macular holes were found in 2 patients (8.3%), 
and a vitreous hemorrhage, a retinal detachment and a new formation of a grade 3 RPE tear at month 3 were 
observed in one patient each (4.2%).

Discussion
The present study revealed that RPE tears larger than 1 DD were one of the prognostic factors for poor visual 
acuity due to fibrotic scar formation despite successful SMH removal after surgery. Physicians should be mindful 
of the possible existence of large RPE tears within the hemorrhage area especially in eyes which have undergone 
anti-VEGF injections within 3 months. In eyes with small RPE tears, the visual prognosis was better regardless 
of the locations. Our study reconfirmed the importance of assessing RPE tears in SMH patients before and after 
surgery. Treatment-naïve condition was also associated with better visual prognosis.

There are two forces which are thought to be responsible for the formation of RPE tears: tractional forces from 
macular neovascularization (MNV) contraction and hydrostatic forces from the fluid in the RPE detachment16,17. 
The relative contribution of each force varies from eye to eye, resulting in different morphologic characteristics 
of the RPE tears. Previous studies revealed that tractional forces from MNV shrinkage occur in response to 
anti-VEGF therapy. In the present study, the ratio of eyes with large RPE tears ( ≧ 1DD) were significantly higher 

Fig. 1.  A 77-year-old male patient who underwent anti-VEGF therapy 12 days before SMH onset. (a and b), 
before surgery; (c and d), 8 days after surgery; (e and f), 3 months after surgery. (b and d), The OCT images 
show RPE tear (white double-headed arrow) which was larger than 1DD before surgery (c) and it expanded 
after surgery (b). (c), Fundus photograph shows successful removal of SMH and large RPE tear (arrowheads). 
(e and f), A fibrotic scar had developed within 3 months after surgery. Visual acuity decreased from 0.82 at 
baseline to 1.4 at month 3.
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in patients who had received ant-VEGF injections within 3 months than in patients who were treatment-naïve 
(71.4% vs. 25.0%, p = 0.048). This result indicates that tractional forces following anti-VEGF therapy were largely 
responsible for the large RPE tear formation. In addition, the large hemorrhage originating in MNV might 
also enlarge the RPE tear because it expands the pigment epithelial detachment (PED), which exerts a greater 
tangential stress on the RPE. A large hemorrhage also results in a smaller ratio of MNV size to PED size, which 
reportedly has greater tendency for tear development because tangential stress on the RPE is focused on a well-
defined compartment of PED lesions18,19. On the other hand, in treatment-naïve eyes, 9 eyes out of 13 eyes had 
small RPE tears (< 1DD). In those eyes, hydrostatic forces might have been more responsible for the RPE tear 
formation than tractional forces.

As the management for RPE tears secondary to anti-VEGF treatment in nAMD, additional anti-VEGF 
treatments are thought to stabilize or improve visual acuity with less progression of RPE tears, reducing fibrosis 
and lowering risk of a large disciform scar9–13,15–27,28. Sarraf D and colleagues reported that lower grade RPE tears 
have resulted in a better visual improvement with anti-VEGF therapy and are less likely to develop subretinal 
fibrosis or disciform scars15. In previous cases, patients were treated with anti-VEGF agents when there was a 
persistence or occurrence of neovascular activity. Thirteen eyes had RPE tears which were smaller than 1DD, and 
none of the eyes developed subretinal fibrosis; visual acuity improved in those cases except for one case which 
experienced repeated submacular bleeding. Our study was consistent with the previous reports and showed 
that proper anti-VEGF treatment enables eyes with small RPE tears (< 1DD) to improve visual function even 
if the tear was within 1DD of the foveal center owing to the avoidance of fibrotic scar formation. In large RPE 
tears ( ≧ 1DD), however, anti-VEGF therapy could barely suppress the spread of fibrotic scars; 5 of 8 eyes with 
large RPE tears ( ≧ 1DD) showed poor visual outcome following strong fibrotic scarring that emerged within 3 
months after surgery. New treatments for large RPE tears are key to prevent the progression of fibrosis.

Consistent with previous studies, treatment-naïve condition correlated with better visual outcome in the 
present study. Tingkun S and colleagues considered that treatment-naïve eyes were healthier and more resistant 
to damage from hemorrhage than eyes with history of anti-VEGF treatments10. Our study revealed that the ratio 
of eyes with large RPE tear ( ≧ 1DD) in treatment-naïve eyes was significantly lower than in eyes with anti-VEGF 
treatment within 3 months, which might be also the reason for the better prognosis in treatment-naïve eyes.

The retrospective nature and small sample size potentially limit the conclusions of this study. Further 
investigations with larger samples are warranted to confirm our observations. Assessing preoperative RPE tears 
was mainly performed using SD- or SS-OCT images with raster scan because hemorrhage hid the details of 

Fig. 2.  A 67-year-old male patient who was treatment-naïve. (a), before surgery; (b, c, and d), 3 weeks after 
surgery; (e and f), 3 months after surgery; (g and h), 6 months after surgery. (b, c) Fundus photograph and 
combined cSLO near-infrared image show grade 2 RPE tears (arrow heads). (d), The OCT image shows tented 
up PED at the level of RPE (white arrow). (d and f), The OCT images show an RPE tear (white double-headed 
arrow). (h), OCT image shows the attenuated RPE line (arrow) and the outer retina without fibrotic scar.

 

Scientific Reports |         (2025) 15:3606 5| https://doi.org/10.1038/s41598-025-88128-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Univariate 
analysis

Multiple 
regression 
analysis

r P β P

Age, years 0.48 0.025*

Sex -0.18 0.42

Oral anticoagulants 0.43 0.048*

Duration, days 0.54 0.012*

BCVA at baseline 0.22 0.32

Maximum diameter of the SMH lesion, DD 0.079 0.73

Foveal height of the SMH lesion, µm -0.20 0.36

Inner retinal hemorrhage 0.34 0.13

Greatest linear diameter of RPE tear ≧ 1DD -0.57 0.011* -0.43 0.016*

RPE tear that extended into 1 DD of the foveal center -0.45 0.040*

Blood displacement 0.16 0.16

SMH recurrence within 3 months -0.62 0.0023* -0.32 0.085

Anti-VEGF within 3 months after surgery -0.42 0.053

Treatment naive 0.53 0.012* 0.38 0.042*

Table 2.  Clinical characteristics associated with visual acuity at month 3. BCVA, best-corrected visual acuity; 
DD, disc diameter; RPE, retinal pigment epithelium.

 

Fig. 3.  Changes of mean values of logMAR in eyes with small RPE tears (< 1DD). The mean visual acuity 
improved in both groups. Solid line, eyes with RPE tears (< 1DD) which were within 1 DD of the foveal center 
(baseline, month 1, 3 and 6; 0.95 ± 0.26, 0.69 ± 0.48, 0.33 ± 0.29, 0.41 ± 0.36; p = 0.19, p = 0.078, p = 0.0043). 
Dotted line, eyes with RPE tears (< 1DD) which were not within 1DD of the foveal center. (Baseline, month 1, 3 
and 6; 0.97 ± 0.58, 0.53 ± 0.44, 0.45 ± 0.57, 0.38 ± 0.60; p = 0.0065, p = 0.013, p = 0.008)
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fundus photographs. The features of SMH also diminish OCT image quality and could cause an overestimation 
or an underestimation of the grade of RPE tears. Some limitations were intrinsic to the high percentage of PCV 
patients in this study (87.5%) because SMH is more common in PCV than other nAMD subtypes. The frequency 
of RPE tears can differ among nAMD subtypes. We also cannot deny the possibility; the RPE tears which we 
detected after surgery could have been progressed or occurred during the vitrectomy. Despite these limitations, 
we believe our findings indicate that careful study of the RPE tears that exist within the SMH area will lead to a 
better prediction of visual prognosis and better care for SMH patients in real-life clinical practice.

In conclusion, RPE tears which were larger than 1 DD caused poor visual outcomes due to fibrotic scar 
formation despite successful SMH removal. Large SMH within 3 months after anti-VEGF therapy might be 
accompanied by large RPE tears. With postoperative anti-VEGF therapy, small RPE tears had better visual 
prognosis regardless of their locations. Treatment-naïve condition was also associated with better visual 
prognosis.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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