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Abstract
Purpose To compare visual improvements between initial intravitreal t-PA with gas injection before anti-vascular endo-
thelial growth factor (VEGF) and anti-VEGF injection monotherapy for submacular haemorrhage (SMH) associated with
age-related macular degeneration (AMD).
Methods We retrospectively reviewed medical records of naive patients treated with intravitreal t-PA with gas injection
before anti-VEGF (Group 1) or only with intravitreal anti-VEGF injection (Group 2) for SMH [disc area (DA) ≥ 2]
associated with AMD from two institutions. Both groups received 3 monthly loads of anti-VEGF injections followed by
injections as needed for AMD treatment. Changes in best-corrected visual acuity (BCVA, logMAR) between the initial visit
and after 6 months of treatment were compared between two groups.
Results A total of 82 patients were enroled. Of these, 32 patients and 50 patients were grouped in Groups 1 and 2,
respectively. The mean change in BCVA over 6 months for Group 1 was −0.52 ± 0.88, which was significantly larger (p=
0.044) than the mean change for Group 2 (−0.15 ± 0.58). We compared visual improvements between the two groups based
on the following SMH size categories: ≤5, >5, and ≤15, and >15 DA. When the SMH size was ≤5, or >5 and ≤15 DA, the
mean change in BCVA was larger for Group 1 than for Group 2, but this difference was not significant. When SMH size was
>15 DA, Group 1 patients exhibited a mean visual improvement of −0.79 ± 0.80, which was significantly greater (p=
0.029) than that of Group 2 (−0.06 ± 0.67).
Conclusions Patients that were primarily treated for SMH associated with AMD using t-PA and gas injection (followed by
anti-VEGF injection) exhibited better visual improvement than those treated with anti-VEGF monotherapy, especially in
patients exhibiting larger SMH sizes (>15 DA) at the initial visit.

Introduction

Submacular haemorrhage (SMH) is an uncommon compli-
cation of age-related macular degeneration (AMD) with a
poor visual prognosis [1, 2]. The poor prognosis is asso-
ciated with the toxicity of the SMH to the retina. SMHs can
create a barrier preventing nutrients and metabolic products
from moving between the retina and retinal pigment epi-
thelium, and iron from the blood can be toxic to the retina
[3, 4].

The treatments for SMH can be largely divided into
intravitreal injections and surgical treatments. Anti-vascular
endothelial growth factor (VEGF) and gas with or without
tissue plasminogen activators (t-PAs) can be used by the
intravitreal injection. The surgical treatment is the vitrect-
omy with multiple procedures such as the removal of
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choroidal neovascularization lesions, macular translocation,
subretinal t-PA injection, and SMH drainage [5].

Intravitreal injections are less invasive than vitrectomy
and can be used in out-patient clinics. Several methods of
intravitreal injection have been reported to show good
anatomical and functional results without surgery [6–12].

Some doctors use intravitreal anti-VEGF injection only
because it is much easier to perform compared to gas
injection. In addition, there may be concerns about com-
plications after gas injection, including vitreous haemor-
rhage, increase of intraocular pressure, retinal pigment
epithelial tearing, and retinal detachment [7, 8, 13–17].
Also, the prognosis of SMH patients is believed to be poor
regardless of treatment. However, an intravitreal gas injec-
tion with or without additional t-PA injection can reduce the
duration that the retina contacts subretinal clots, and early
removal of the SMH can reveal underlying diseases for
further investigation [5]. Each of these less invasive pro-
cedures has its own advantages and disadvantages; hence,
there is no standard treatment option for SMH in AMD
patients. In addition, there were few studies have analysed
the effect of initial pneumatic displacement with t-PA
before anti-VEGF injections compared to intravitreal anti-
VEGF injection monotherapy.

Thus, we investigated visual improvements after intra-
vitreal t-PA with gas injection (followed by anti-VEGF
injections) and anti-VEGF monotherapy for SMH asso-
ciated with AMD.

Methods

We retrospectively reviewed the medical records of naive
AMD patients with SMH who were treated with intravitreal
t-PA, gas injections, and intravitreal anti-VEGF injections
at two institutions. The patients at Kosin University Hos-
pital (Busan, South Korea) received intravitreal t-PA and
gas injections as initial treatments for SMH and those at
Chungnam National University Hospital (Daejeon, South
Korea) only received anti-VEGF injections. Our study
protocol was approved by the Institutional Review Board of
Kosin University Hospital (Kosin IRB No. 2019-05-025-
001) and this study adhered to the tenets of the Declaration
of Helsinki.

Naive AMD patients with SMH sizes ≥ 2 disc area (DA)
and with ages > 50 years were enroled in the study. Patients
with diabetic retinopathy, retina vessel occlusion, glau-
coma, uveitis, or trauma history, which might affect visual
acuity, were excluded. Cases with poor fundus visibility due
to anterior segment problems such as cornea opacity or
severe cataract were also excluded. In addition, patients
were excluded if their follow-up period was less than
6 months or if they had previous intraocular surgery other

than cataract surgery. Cases involving visual acuity affected
by complications of SMH and treatments for rhegmato-
genous retinal detachment (RRD) during the follow-up
period were also excluded.

The patients were diagnosed with AMD using fluor-
escein angiography (FA) and indocyanine green angio-
graphy (ICGA; HRA Spectralis; Heidelberg Engineering,
Heidelberg, Germany). If the SMH was too thick to define
the choroidal vascular abnormalities, FA/ICGA was per-
formed after reduction of the SMH.

From the medical records, data on age, sex, past medical
history (diabetes mellitus, hypertension, or anticoagulant
use), duration of symptoms, lens status, best-corrected
visual acuity (BCVA) at the initial visit and at 6 months of
follow-up, and the type of AMD were extracted. The SMH
size at the initial visit was measured based on the SMH size
using fundus photography.

If the patient was taking anticoagulants, they were told to
stop for a week when given consent before treatment.
Patients with cardiovascular disease (stroke, ischaemic heart
disease, etc.) were referred to the relevant department.

Procedure

At Chungnam National University Hospital, intravitreal
anti-VEGF injections were performed as an initial treat-
ment. After mydriasis (Mydrin-P®; Santen Pharmaceutical,
Osaka, Japan) and topical anaesthesia (0.5% Alcaine®;
Alcon, Fort Worth, TX, USA), half-potadine (5%) was
instilled on the conjunctival sac. After draping of the eyelid,
anti-VEGF was injected at 3.75 mm from the limbus in
phakic patients and at 3.25 mm in pseudophakic patients.
After injection, antibiotic eye drops were used for 1 week.
After 3 monthly loading injections, injections were carried
out as needed when subretinal fluid or pigment epithelial
detachment recurred or worsened. These patients were
grouped in the intravitreal anti-VEGF monotherapy group
(Group 2).

At Kosin University Hospital, after preparation similar to
that at Chungnam National University Hospital, 50 μg/0.05
mL t-PA (Actilyse®, Boehringer Ingelheim GmbH, Ingel-
heim am Rhein, Germany) was injected intravitreally in the
same way as the first injection. After 5 min, intravitreal gas
injection (0.3 mL of 100% C3F8 gas; Matheson Tri-Gas,
Montgomeryville, PA, USA) was performed, followed by
anterior chamber paracentesis to reduce the intraocular
pressure. The patients were then requested to assume a
prone position (facing downward) for 1–2 weeks, based on
the status of the SMH. One week later, anti-VEGF was
injected in a similar manner as at Chungnam National
University Hospital (three loading injections followed by
as-needed injections). These patients were grouped in
Group 1.
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Each physician selected between bevacizumab, ranibi-
zumab, and aflibercept as the anti-VEGF. Vitrectomy was
performed if breakthrough vitreous haemorrhage occurred
and combined cataract surgery was also performed in
phakic patients.

The main outcome was the BCVA in each group at the
initial visit and at 6 months after initial treatments, and
changes in BCVA between the initial visit and at 6 months
were compared between groups.

SPSS software for Windows (ver. 20.0; SPSS, Chicago,
IL, USA) was used for statistical analyses. For comparisons
of the mean values of continuous variables, an independent
t-test was performed. The chi-square test was used for
discontinuous variables, and the Mann–Whitney U test was
used for nonparametric comparisons of mean values.

Results

Baseline characteristics

A total of 82 patients were enroled—32 patients (Group 1)
were initially treated with initial intravitreal injections of t-PA
and gas before anti-VEGF injections and 50 patients (Group
2) were treated only with anti-VEGF injections. The baseline
characteristics of the patients are shown in Table 1. There
were no significant differences between the two groups except
for BCVA at the initial visit. The mean initial logarithm of the
minimum angle of resolution (logMAR) BCVA was 1.29 ±
0.63 for Group 1 and 1.00 ± 0.59 for Group 2, and these
values were significantly different (p= 0.040).

Anti-VEGF treatments for SMH

All patients were treated using one of the anti-VEGF agents
(bevacizumab, ranibizumab, or aflibercept). A total of 14
(43.8%), 8 (25.0%), and 10 (31.2%) patients in Group 1,
and 21 (42.0%), 19 (36.0%), and 10 (20.0%) patients in
Group 2 were treated with bevacizumab, ranibizumab, or
aflibercept, respectively. The mean numbers of bev-
acizumab, ranibizumab, and aflibercept injections were
4.00 ± 0.7, 3.6 ± 0.6, and 3.5 ± 0.5 for Group 1, and 3.4 ±
0.8, 3.5 ± 0.7, and 3.1 ± 0.3 for Group 2, respectively, and
did not differ significantly between groups (p= 0.114,
0.587, and 0.173, respectively).

Changes in BCVA after treatments

The mean logMAR BCVA at 6 months after initial treat-
ment did not differ significantly (p= 0.683) between Group
1 (0.76 ± 0.83) and Group 2 (0.84 ± 0.79). However, the
mean change in BCVA between the initial visit and at
6 months for Group 1 was −0.52 ± 0.88, which was

significantly greater (p= 0.044) than that for Group 2
(−0.15 ± 0.58)

We tried to analysis the effect of both treatments
according to the SMH size and compared visual improve-
ments between the two groups based on SMH size: ≤5, >5,
and ≤15, and >15 DA. When the SMH sizes were ≤5 DA
(n= 8, Group 1; n= 17, Group 2) or >5 and ≤15 DA (n=
15, Group 1; n= 16, Group 2), the mean changes in BCVA
were −0.57 ± 0.40 or −0.33 ± 1.09 for Group 1, respec-
tively, and −0.22 ± 0.42 or −0.18 ± 0.67 for Group 2,
respectively. These values did not differ significantly
between the two groups (p= 0.157 or 0.572, respectively).

Table 1 Baseline characteristics in intravitreal tissue plasminogen
activator and gas injection group (Group 1) and anti-vascular
endothelial growth factor injection group (Group 2) as an initial
treatment.

Group 1
(n= 32)

Group 2
(n= 50)

p value

Age 68.2 (±11.0) 72.9 (±10.4) 0.102i

Sex (n, %) 0.846j

Male 17 (56.2%) 30 (60.0%)

Female 14 (43.8%) 20 (40.0%)

DMa (n, %) 10 (31.3%) 10 (20.0%) 0.274j

HTNb (n, %) 15 (46.9%) 27 (54.0%) 0.695j

Anticoagulant (n, %) 7 (21.9%) 15 (30.0%) 0.710j

Aspirin 4 (12.5%) 11 (22.0%)

Clopidogrel 1 (3.1%) 2 (4.0%)

Warfarin 2 (6.3%) 2 (4.0%)

Symptom duration (days) 13.5 (±12.1) 12.2 (±10.3) 0.736i

Lens status (n, %) 0.497j

Phakic 24 (75.0%) 36 (72.0%)

Pseudophakic 8 (25.0%) 14 (28.0%)

BCVAc at initial visit
(logMAR)

1.29 (±0.63) 1.00 (±0.59) 0.040i*

SMHd size at initial visit
(disc area)

15.4 (±14.1) 14.2 (±12.4) 0.683i

Type of AMDe (n, %) 0.206j

CNVf 9 (28.1%) 23 (46.0%)

PCVg 23 (71.9%) 25 (50.0%)

RAPh 0 2 (4.0%)

aDiabetes mellitus.
bHypertension.
cBest-corrected visual acuity.
dSubmacular haemorrhage.
eAge-related macular degeneration.
fChoroidal neovascularization.
gPolypoidal choroidal vasculopathy.
hRetinal angiomatous proliferation.
iIndependent t-test.
jChi-square test.

*p < 0.050.
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When the SMH sizes were >15 DA (n= 9, Group 1; n=
17, Group 2), the mean visual improvement in Group 1 was
−0.79 ± 0.80, which was significantly greater (p= 0.029)
than that of Group 2 (−0.06 ± 0.67; Fig. 1). These results
were associated with early displacement of SMH from the
posterior pole of retina (Fig. 2).

Treatment complications

Vitreous haemorrhage occurred in 10 (31.2%) and 17 (34.0%)
patients in Groups 1 and 2, respectively, but proportions did
not differ significantly between groups (p= 0.844). Vitrect-
omy was necessary for six (18.7%) patients in Group 1 and
five (8.0%) patients in Group 2 (p= 0.137). Re-bleeding did
not occur for 6 months in both groups. There were one and

two cases of RPE tear involving fovea in Groups 1 and 2,
respectively (p= 0.837). One Group 1 patient (t-PA and gas
injections followed by anti-VEGF injections) and two Group
2 patients (only anti-VEGF injections) developed RRD and
needed vitrectomy with silicone oil injection. These RRD
cases were excluded from further analysis.

Discussion

SMH associated with AMD is rare but has a poor visual
prognosis if it remains untreated [4, 18, 19]. SMH can be
treated non-surgically (e.g., intravitreal injections) or sur-
gically (e.g., pars plana vitrectomy). Non-surgical treat-
ments, which include intravitreal gas injections with or
without t-PA injections plus intravitreal anti-VEGF injec-
tions, and anti-VEGF monotherapy, have led to favourable
improvement of visual acuity [6, 8, 11, 12, 19–25]. These
therapies, which are less invasive than vitrectomy, are
widely used in clinical practice. However, there are no
standard guidelines for treatment decisions; physicians
select treatment modalities according to their preferences.

We assumed that the pneumatic displacement of SMHmay
be helpful for visual improvement after treatment compared to
anti-VEGF monotherapy because the former reduces retinal
damage by limiting retinal exposure time to the toxic or
barrier effects of the haemorrhage [3, 4]. Although we could
not analyse the change of macular thickness or SMH thick-
ness due to difference of OCT machines in two institutions,
t-PA with gas injection treatment generally showed early
displacement of SMH from the posterior pole of retina
compared to anti-VEGF monotherapy group (Fig. 2). Thus,
we directly compared visual improvements between patients
that received initial intravitreal injections of t-PA and gas
before anti-VEGF injections (Group 1) and those that
received anti-VEGF monotherapy (Group 2). The mean

Fig. 1 Comparison of mean changes in BCVA from the baseline
between two treatment groups based on SMH size as follows: ≤5,
>5, and ≤15, and >15 DA. Group 1 patients received t-PA and gas
injections (followed by anti-VGF), whereas Group 2 patients only
received anti-VEGF injections. When the SMH sizes were >15 DA,
the mean visual improvement observed in Group 1 was significantly
greater than that of Group 2 (p= 0.029).

Fig. 2 The representative cases in Groups 1 and 2 with initial SMH
size > 15 disc area. A Optical coherence tomography (OCT) images at
Initial visit and 1 week after intravitreal t-PA and gas injection as an
initial treatment for submacular haemorrhage (SMH). In a week, SMH

successfully migrated to peripheral area from the foveal centre. B OCT
at initial visit and 1 month after anti-vascular endothelial growth factor
antibody injection. The SMH remained similar for 1 month.
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change in BCVA over 6 months for Group 1 was −0.52 ±
0.88, which was significantly larger than the mean change for
Group 2 (−0.15 ± 0.58) (p= 0.044). The early displacement
of SMH from posterior pole and reduction of the further
retinal damage by t-PA with gas injection as an initial treat-
ment may have resulted in better visual improvement com-
pared to only anti-VEGF injections. Re-bleeding or RPE tear
involving fovea during the follow-up period after treatments
may affect the final visual outcome. There were no cases with
re-bleeding in both groups. RPE tear occurred in Groups 1
and 2, respectively, but the difference was not significant.

There are few reports comparing visual improvements in
patients treated with pneumatic displacement with or with-
out t-PA and those treated with anti-VEGF injection
monotherapy. Cho et al. [26] reported that pneumatic dis-
placement treatment did not appear to benefit patients with
SMH. Changes in visual acuity and central macular thick-
ness (CMT) over 1 year were compared between patients
receiving ranibizumab injection monotherapy and gas (C3F8
or SF6) injections with additional ranibizumab, and no
significant differences were observed between the two
groups. However, the mean SMH sizes at the initial visit
were 8.9 ± 6.6 DA for patients receiving pneumatic dis-
placement with ranibizumab therapy and 7.5 ± 5.1 DA for
patients receiving ranibizumab monotherapy, which were
less than half of those measured in our study (15.5 ± 14.1
DA for Group 1 and 14.2 ± 12.4 DA for Group 2). In our
study, when SMH sizes were large, the visual improvement
was significantly greater in Group 1 than in Group 2.

Furthermore, Cho et al. [26] did not use t-PA. By con-
trast, Sacu et al. [27] reported significant differences in
visual improvement between patients receiving gas (SF6)
with t-PA injection therapy and those receiving bev-
acizumab monotherapy. Patients in the former group
exhibited significant visual improvement from baseline
values, whereas those receiving bevacizumab monotherapy
did not. However, this study only enroled a very small
number of patients, so a direct statistical comparison
between the two groups was not possible.

Shin et al. [28] reported that pneumatic displacement with
anti-VEGF therapy led to more rapid improvement of central
foveal thickness and BCVA within 1 month than anti-VEGF
monotherapy, but there were no differences at 6 months.
However, when subretinal haemorrhage thickness was more
than 450 μm, the visual outcome at 6 months was better in
patients receiving gas with anti-VEGF therapy. We observed
similar results in our study. If the SMH size is large, the central
portion of the SMH is also thicker. Thus, SMH volume is
associated with differences in visual improvement after pneu-
matic displacement therapy and anti-VEGF monotherapy.

To provide a basis for selecting treatment options according
to the initial SMH size, we compared visual improvements
between the two groups based on a SMH size classification.

When the SMH sizes were ≤5, or >5 and ≤15 DA, the mean
changes in BCVA did not differ significantly between the two
groups. Only when SMH sizes were >15 DA, the visual
improvement was significantly greater in Group 1 than in
Group 2. Thus, the effect of injections with t-PA and gas as an
initial treatment on visual improvement was more pronounced
and significant when the initial SMH sizes were >15 DA.

There were complications of vitreous haemorrhage after
both treatment modalities. The rate of vitreous haemorrhage
was similar in both groups and to values reported by pre-
vious studies. Although the percentage of severe vitreous
haemorrhages needing vitrectomy was higher in Group 1,
this difference was not significant between the two groups.
One patient treated with injections of t-PA and gas (3.0%)
and two patients treated with only anti-VEGF injections
(2.0%) developed RRD. These rates were comparable to
those reported by previous studies. Retinal detachment has
been reported as a complication of treatments after both
pneumatic displacement and intravitreal anti-VEGF injection
[6, 8, 22, 28, 29]. There were no other significant compli-
cations, including endophthalmitis or traumatic lens injury.

This study had some limitations. As a retrospective study
involving only two institutions, there were inherent limitations
in patient enrolment and grouping. In addition, due to the thick
SMH, which was often incorrectly measured, it was not pos-
sible to compare OCT parameters such as CMT between the
two groups. If we could get the CMT value, it would have
helped to explain the difference in vision improvement between
the two groups. Also, the number of patients was insufficient to
perform subgroup analysis. Therefore, a prospective study with
more patients is needed to confirm the results of the present
study. Despite its limitations, we consider that this study was
meaningful because we can recommend treatment modalities
according to initial SMH size, and there are no reports which
suggest clear guidelines until now.

In conclusion, injections of t-PA and gas as an initial
treatment for SMH associated with AMD led to better visual
improvement than anti-VEGF monotherapy, especially in
cases with larger SMH sizes at the initial visit. The larger
the SMH, the greater the visual improvement by t-PA and
gas injections with anti-VEGF injection. Based on the
results of the current study, t-PA and gas injections are
recommended in cases when SMH sizes are >15 DA.
Physicians should therefore consider the SMH size at the
initial visit when deciding the initial treatment.

Summary

What was known before

● Intravitreal injections (anti-VEGF or gas) without vitrect-
omy were reported as a good treatment option for SMH
associated with AMD. Although gas injection may reduce
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damage of inner retinal from blood and lead favourable
outcome, some doctors use anti-VEGF only because it is
much easier to perform compared to gas injection and there
may be concerns about complications after gas injection,
such as vitreous haemorrhage and RRD. Also, the
prognosis of SMH patients is believed to be poor regardless
of treatment. Until now, there were few studies that have
analysed the effect of initial pneumatic displacement with t-
PA before anti-VEGF injections compared to intravitreal
anti-VEGF injection monotherapy.

What this study adds

● In the current study, injections of gas and t-PA as an
initial treatment for SMH associated with AMD led to
better visual improvement than anti-VEGF monotherapy
in general. The larger the SMH, the greater the visual
improvement by t-PA and gas injections with anti-
VEGF injection. Based on the results of the current
study, t-PA and gas injections are recommended in cases
when SMH sizes are >15 DA.
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