
Ophthalmologica
Systematic Review

Ophthalmologica
DOI: 10.1159/000537939

Received: November 17, 2023
Accepted: February 16, 2024
Published online: March 29, 2024

Submacular Hemorrhage during Neovascular
Age-Related Macular Degeneration:
A Meta-Analysis andMeta-Regression
on the Use of tPA and Anti-VEGFs

Daniele Verittia Valentina Saraoa, b Deborah Martinuzzia Sara Menzioa

Paolo Lanzettaa, b

aDepartment of Medicine-Ophthalmology, University of Udine, Udine, Italy; bIstituto Europeo di Microchirurgia
Oculare – IEMO, Udine/Milan, Italy

Keywords
Age-related macular degeneration · Anti-vascular
endothelial growth factor · Pneumatic displacement ·
Submacular hemorrhage · Tissue plasminogen activator

Abstract
Background: Submacular hemorrhage (SMH) associated
with neovascular age-related macular degeneration
(nAMD) precipitates rapid visual decline and impacts
quality of life. Treatments vary, but combined recombi-
nant tissue plasminogen activator (tPA) and anti-vascular
endothelial growth factor (anti-VEGF) therapy has gained
prominence as a viable treatment option. Objectives: This
study aimed to evaluate the efficacy of the combination of
tPA and anti-VEGF. Methods: We conducted a systematic
review meta-analysis following PRISMA guidelines, fo-
cusing on studies examining tPA and anti-VEGF therapy in
SMH secondary to nAMD. Outcomes measured were
change in best-corrected visual acuity (BCVA) and success
rate of SMH displacement. Meta-regression assessed the
relative efficacy of intravitreal and subretinal delivery.
Results: Out of 257 initial reports, 22 studies involving 29
patient populations met inclusion criteria. Our analysis
showed significant improvement in BCVA and a high rate

of successful SMH displacement with combined tPA and
anti-VEGF therapy. No significant differences were found
between subretinal and intravitreal tPA administration.
Furthermore, when evaluating the effects of subretinal
versus intravitreal anti-VEGF administration in patients
treated with subretinal tPA, the results indicated similar
efficacy. Conclusions: Combined tPA and anti-VEGF
therapy is effective in managing SMH in nAMD pa-
tients, significantly improving visual acuity and SMH
displacement. The location of tPA and anti-VEGF delivery
did not significantly impact outcomes.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Submacular hemorrhage (SMH) represents a severe
and devastating complication in the context of neo-
vascular age-related macular degeneration (nAMD)
[1]. The presence of SMH results in a rapid decline in
visual acuity and significantly hampers the patient’s
quality of life [2]. Besides the direct cytotoxic effects on
the retina, SMH can also hinder effective delivery and
action of anti-VEGF therapy. A plethora of treatment
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modalities have been explored over the years, including
pneumatic displacement (PD), laser photocoagulation,
and surgical intervention [3]. However, a growing body
of evidence suggests that the combination of re-
combinant tissue plasminogen activator (tPA) and
anti-vascular endothelial growth factor (anti-VEGF)
agents may offer a synergistic approach in the man-
agement of this complex condition [4]. tPA is known
for its fibrinolytic properties, facilitating clot dissolu-
tion and thereby aiding in the displacement of sub-
macular blood [5]. On the other hand, anti-VEGF
agents act by inhibiting the angiogenic factors re-
sponsible for choroidal neovascularization, the un-
derlying etiology of nAMD [6]. This dual-action
strategy addresses both the causative and consequen-
tial aspects of the disease, offering a comprehensive
treatment approach. Despite the promise held by this
combined modality, there remains a paucity of robust,
aggregated data to definitively establish its efficacy
profile. The administration method – either a more

invasive pars plana vitrectomy (PPV) for subretinal
tPA administration or a less invasive intravitreal
approach – is still debated. The relative efficacy of these
strategies need further clarification, demanding more
systematic research. The choice between these ap-
proaches depends on various factors, including the size
and location of the SMH, patient’s overall health, and
the surgeon’s expertise. Our meta-analysis aims to
address this gap by systematically reviewing prospec-
tive and retrospective studies that have assessed the
combined use of tPA and anti-VEGF in the treatment
of SMH secondary to nAMD. Using a meta-regression
approach, we seek to answer the following clinically
pertinent questions:
1. Does combining tPA and anti-VEGF therapy benefit

patients with SMH due to nAMD?
2. Which is more effective: PPV for subretinal tPA ad-

ministration or a less invasive intravitreal approach?
3. If tPA is administered subretinally, should anti-

VEGFs be delivered in the same manner?

Fig. 1. Study selection flowchart.
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Methods

Search Strategy and Registration
This review,meta-analysis, andmeta-regression are compliant with

the PRISMA guidelines and are aligned with the tenets of the Dec-
laration of Helsinki [7]. Searches were executed on Ovid MEDLINE,

Embase, and Cochrane Library spanning the period of January 2006 to
September 2023. The primary keywords that guided this search in-
cluded submacular hemorrhage, sub-macular hemorrhage, SMH;
recombinant tissue plasminogen activator, rt-PA, rtPA, r-tPA, rTPA,
tPA; along with the terms anti-vascular endothelial growth factor, anti-
VEGF, ranibizumab, aflibercept, brolucizumab, and bevacizumab.

Table 1. Baseline characteristics of included populations

Author Publication
(year)

Eyes,
n

Country Age, mean
(SD), years

BCVA, mean
(SD), logMAR

tPA Anti-VEGF NOS

Arias [11] (1) 2010 7 Spain 79.6 (8.6) 1.44 (0.11) Intravitreal Intravitreal 5

Arias [11] (2) 2010 8 Spain 79.6 (8.6) 1.69 (0.001) Subretinal Intravitreal 5

Avci et al. [12] 2021 30 Turkey 73.3 (8.2) 2.11 (0.84) Subretinal Subretinal 5

Boichè et al. [13] 2019 26 France 78 (8) 2.4 (0.6) Subretinal Intravitreal 5

Boral et al. [14] 2023 62 India 64.1 (10.2) 2.09 (0.68) Subretinal Subretinal 5

Chakraborty et al. [15] 2022 3 India 71.7 (10.3) 1.23 (0.33) Intravitreal Intravitreal 4

de Silva et al. [16] 2016 8 UK 81 (4.3) 1.67 (0.47) Intravitreal Intravitreal 5

Erdogan et al. [17] 2020 9 Turkey 72.8 (10.2) 2.46 (0.64) Subretinal Intravitreal 5

Gabrielle et al. [18] (1) 2023 45 France 84.3 (8.3) 1.26 (0.46) Subretinal Intravitreal 7

Gabrielle et al. [18] (2) 2023 44 France 82.3 (8.0) 1.26 (0.44) Intravitreal Intravitreal 7

Grohmann et al. [19] (1) 2020 32 Germany 85.4 1.41 (0.48) Intravitreal Intravitreal 7

Grohmann et al. [19] (2) 2020 42 Germany 85.4 1.46 (0.54) Subretinal Intravitreal 7

Grohmann et al. [19] (3) 2020 11 Germany 85.4 1.63 (0.53) Intravitreal Intravitreal 7

Guthoff et al. [20] 2011 12 Germany 81.7 0.92 (0.89) Intravitreal Intravitreal 7

Iannetta et al. [21] 2021 25 Italy 81.3 (6.8) 1.81 (0.33) Subretinal Intravitreal 5

Iglicki et al. [22] (1) 2023 41 Argentina 80.5 (5.5) 0.65 (0.13) Subretinal Subretinal 7

Iglicki et al. [22] (2) 2023 41 Argentina 80.5 (5.5) 0.69 (0.96) Subretinal Subretinal 7

Iglicki et al. [22] (3) 2023 41 Argentina 80.5 (5.5) 0.74 (0.81) Subretinal Subretinal 7

Iglicki et al. [23] (4) 2022 41 Argentina 80.5 (5.5) 0.651 (0.134) Subretinal Subretinal 7

Iglicki et al. [23] (5) 2022 39 Argentina 80.3 (3.7) 0.749 (0.085) Subretinal Intravitreal 7

Kitagawa et al. [24] 2022 64 Japan 72 (10) 0.54 (0.38) Intravitreal Intravitreal 5

Kumar et al. [25] 2016 10 India 66.9 (7.3) 1.45 (0.3) Subretinal Subretinal 5

Lee et al. [26] 2016 25 South Korea 67.6 (8.9) 1.09 (0.77) Intravitreal Intravitreal 5

Limon et al. [27] 2023 8 Turkey 72.4 2.23 (0.14) Subretinal Subretinal 5

Ogata et al. [28] 2022 13 Japan 77.2 0.90 (0.12) Subretinal Subretinal 5

Patikulsila et al. [29] 2022 5 Thailand 62.6 (5.2) 1.78 (0.53) Subretinal Intravitreal 5

Ramesh et al. [30] 2022 6 India NA 1.46 (0.43) Subretinal Intravitreal 4

Rickman et al. [31] 2021 17 Germany 81.7 (5.2) 1.37 (0.39) Intravitreal Intravitreal 7

Treumer et al. [32] 2010 12 Germany 81.5 (5.4) 1.87 (0.89) Subretinal Subretinal 5

NOS represents the score of the methodological quality of the included studies according to the modified version (nine-star
scoring system). BCVA, best-corrected visual acuity; n, number; NA, not available; NOS, Newcastle-Ottawa Scale; SD, standard de-
viation; logMAR, logarithm of the minimum angle of resolution; tPA, tissue plasminogen activator; VEGF, vascular endothelial growth
factor.
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Eligibility Criteria
Articles underwent an initial screening based on titles and

abstracts, followed by a comprehensive full-text review. We
exclusively focused on studies exploring combined anti-VEGF
and tPA interventions for SMH in nAMD patients. Randomized
clinical trials and real-world prospective and retrospective
clinical studies were included. Only studies published in peer-
reviewed journals and in the English language were deemed
eligible. Studies which did not present the minimum required
data for effective effect size evaluation were excluded, as were
those presenting duplicated data. Reviewers (D.M. and S.M.)
worked independently to screen and select articles. Disparities
between reviewers’ decisions were adjudicated by a third
party (D.V.).

Data Extraction and Quality Assessment
Data were extracted and compiled using a standardized form.

This form encompassed key details such as the first author’s
name, publication year, country of origin, study design, number
of participants, and essential data on the study population (in-
cluding age, sex, SMH duration, baseline visual acuity, SMH size,
and specific intervention measures). The primary efficacy out-
come was change in best-corrected visual acuity (BCVA) from
baseline to 1 month (early outcomes) and 6 months (late out-
comes) post-intervention. For studies lacking 6-month data, the
BCVA outcome at the next closest follow-up timepoint was used
in the analysis. BCVA was reported using the logMAR scale.
Secondary measures were the incidence of successful SMH
displacement. The Newcastle-Ottawa Scale (NOS) was used to
assess the methodological quality and risk of bias of the included
studies [8].

Statistical Analyses
The primary objective of the present meta-analysis was to derive

a pooled estimate for effectiveness (defined as BCVA change from
baseline). When necessary, variables of interest were converted to
logMAR BCVA values [9]. Fixed-effects and random-effects models
were used to produce estimates. Heterogeneity was assessed using
the I2 statistic [10]. Publication bias was evaluated by Egger’s linear
regression and visualized with funnel plots. A meta-regression
analysis was subsequently conducted. Primary moderators were
pre-selected based on existing evidence. Moderators included in the
meta-regression were baseline BCVA, mean age at baseline, mean
SMH duration, and specific intervention measures, such as the
location of tPA and anti-VEGF administration.

Results

Study Selection and Characteristics
The initial search yielded 257 reports. After screening

titles and abstracts and removing duplicates, 66 poten-
tially relevant papers were identified. The full texts of
these articles were subsequently extracted and rigorously
assessed for eligibility. Ultimately, the final analysis in-
corporated 22 studies, which collectively described 29
diverse patient populations that met the inclusion criteria.
The flowchart outlining the selection process is presented
in Figure 1. Characteristics of the 29 populations selected
for statistical analysis are detailed in Table 1 [11–32]. Few
of these studies comprised multiple heterogeneous

Fig. 2. Forest plot of primary analysis illustrating changes in visual acuity at 1 month. Visual acuity measurements
are presented in logMAR.
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groups; for the purposes of this analysis, each group was
treated as a distinct population. Most of the included
studies were of an observational or real-life nature,
characterized by single-arm interventional designs and
retrospective chart reviews. Among the 22 studies, 1 was a
randomized clinical trial, 1 was a prospective cohort
study, and 20 were retrospective cohort studies. The
sample size across these studies varied considerably,
ranging from 3 to 64 eyes, with a total of 781 eyes
enrolled.

Primary Analysis: Efficacy of Combined tPA
Administration and VEGF Inhibition
To evaluate the clinical effectiveness of combined tPA

and anti-VEGF therapy in patients with SMH secondary
to nAMD, we performed three separate meta-analyses,
focusing on variations in follow-up durations, specifically
distinguishing between early and late outcomes, and the
rate of successful SMH displacement. Notable hetero-

geneity characterized the 1-month follow-up studies (I2 =
82.255%, p < 0.001), prompting the application of a
random-effects model. This model unveiled a significant
enhancement in BCVA, evidenced by a change of −0.379
logMAR (95% CI: −0.494; −0.265, p < 0.001) (shown in
Fig. 2). Similarly, a pronounced heterogeneity was de-
tected in the late follow-up findings (I2 = 92.638%, p <
0.001), leading to the adoption of another random-effects
model. This subsequent analysis marked a change
of −0.474 in logMAR (95% CI: −0.560; −0.389, p < 0.001)
(shown in Fig. 3). In evaluating long-term rates of suc-
cessful SMH displacement, a moderate heterogeneity was
observed (I2 = 58.997%, p < 0.001), warranting the
continued use of the random-effects model. This yielded a
success rate of 86% in SMH displacement (95% CI:
76–93%) (shown in Fig. 4). A leave-one-out sensitivity
analysis corroborated the robustness of these findings,
with no single study exerting a substantial impact on the
overall effect size. Collectively, these outcomes underline

Fig. 3. Primary analysis forest plot showing long-term visual acuity. Visual acuity is expressed in logMAR.
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that the combination of tPA and anti-VEGF therapy is
effective in improving the visual acuity of nAMD patients
with SMH.

Secondary Analysis
Comparing Subretinal to Intravitreal Treatment
Approaches
Utilizing meta-regression, we evaluated the effective-

ness of a surgical approach combining PPV with sub-
retinal tPA, PD, and anti-VEGF versus a minimally in-
vasive strategy employing intravitreal tPA, PD, and anti-
VEGF. At the one-month mark, the analysis yielded no
statistically significant difference (p = 0.173), albeit with a
slight inclination toward the surgical procedure, as evi-
denced by a −0.18 logMAR coefficient (95% CI: −0.43 to
+0.08) (shown in Fig. 5a). An extended analysis of long-
term outcomes mirrored these findings, recording no
substantial distinction (p = 0.976) (shown in Fig. 5b). The
success rate in SMH displacement was not significantly
different between the two techniques (p = 0.721).

Subretinal or Intravitreal Anti-VEGF?
We applied meta-regression to address an additional

critical clinical query: is subretinal anti-VEGF superior to
intravitreal anti-VEGF among patients undergoing subretinal

tPA and PPV? In an analysis of 498 eyes from 18 distinct
populations treated with subretinal tPA, no significant sta-
tistical difference was observed at both early (p = 0.6) and late
(p = 0.65) timepoints. The long-term coefficient was −0.06
logMAR (95%CI:−0.29 to +0.17) (shown in Fig. 6), indicating
a non-significant preference for intravitreal administration.

Other Moderators
Several additional moderators were examined for

potential influence on the outcomes. These included
proportion of female gender, baseline mean age, interval
to surgery, specific anti-VEGF drug administered, and the
type of gas employed for PD. None of these factors
demonstrated a significant impact on the study results.

Sensitivity Analysis and Risk of Bias
Funnel plot asymmetry was seen in the present meta-

analysis. Egger’s linear regression (intercept = −3.66, p <
0.001) and Begg’s rank correlation test (Kendall’s
τ = −0.276, p = 0.003) also suggest the existence of
publication bias. After imputing missing studies in the
funnel plot, adjustment of effect size for possible publi-
cation bias using the trim-and-fill correction results in
decreased, albeit still highly significant estimate of pooled
mean difference (adjusted = −0.36 logMAR; 95% CI:

Fig. 4. Forest plot of primary analysis illustrating the success rate of SMH displacement.
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(For legend see next page.)
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−0.44; −0.28; p < 0.0001). A “one-study-removed”
technique and a “cumulative meta-analysis” technique
were used to evaluate the potential influence of a small-
study effect. Both techniques express negative results.

Discussion

SMH is one of the most visually devastating ocular
conditions arising as a complication of nAMD. The acute
buildup of blood under the fovea leads to irreversible harm
to photoreceptors and retinal pigment epithelium cells,
frequently resulting in permanent vision loss if left untreated
[1]. The management of SMH secondary to nAMD remains
a clinically challenging scenario due to the lack of large,

controlled clinical trials evaluating optimal treatment ap-
proaches [10–31]. This meta-analysis strongly supports the
use of combined tPA and anti-VEGF therapy for SMH in
nAMD patients. The pooled analysis of 29 populations
demonstrated statistically significant improvements in
BCVA of 0.38 logMAR in the early term and 0.47 logMAR
in the long term. Additionally, we observed an 86% success
rate in displacing SMH. These findings align with prior
research advocating the synergistic benefits of thefibrinolytic
properties of tPA and the anti-angiogenic effects of VEGF
inhibitors in comprehensively managing SMH [4]. A key
finding is that the method of tPA delivery, whether sub-
retinal or intravitreal, did not significantly affect visual
outcomes. This finding aligns with earlier studies suggesting
that although subretinal delivery of tPA might be more

Fig. 5. Secondary analysis meta-regression showing the impact of tPA administration location on mean visual
acuity changes, differentiating between early (a) and late outcomes (b).

Fig. 6. Secondary analysis meta-regression showing regression of difference in mean visual acuity changes on
anti-VEGF administration location among patients that received subretinal tPA.
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targeted, it does not necessarily lead to higher success rates or
better visual outcomes compared to intravitreal adminis-
tration [29–31]. However, our aggregate data analysis was
unable to account for individual factors like hemorrhage size
and chronicity that may influence clinical decision-making.
For instance, a crucial aspect our study did not evaluate is the
size of the SMH, an element that existing literature un-
derscores as pivotal in therapeutic strategy selection.
Guidance from the Vision Academy’s consensus document
specifically recommends surgical intervention with sub-
retinal tPA administration and anti-VEGF injection pri-
marily for severe cases of SMH, with the decision being
based on factors such as the hemorrhage’s thickness and
location [33]. On this subject, a subanalysis of the STAR trial
showed the impact of SMH size and thickness on treatment
outcomes. Findings indicated no significant influence of
SMH size and thickness on the comparative effectiveness of
PPV with subretinal tPA, PD, and intravitreal ranibizumab
versus PDwith intravitreal tPA and ranibizumab, suggesting
that these morphological characteristics of SMH may not
dictate treatment choice [18]. In future, larger studies are
needed to better investigate whether hemorrhage severity
indicators can guide optimal patient selection for varied tPA
approaches. Among patients treated with subretinal tPA, the
site of anti-VEGF delivery also did not impact visual acuity
outcomes, though a non-significant inclination toward in-
travitreal injection was observed. Moreover, it should be
noted that the optimal dosage and volume of anti-VEGF
agents for subretinal delivery remains unclear, presenting an
avenue for future pharmacokinetic research.

Although beyond the objectives of this meta-analysis,
when determining the most suitable therapeutic choice, it is
judicious to also consider the safety profile of the two ap-
proaches. Regarding the incidence ranges of major com-
plications, patients treated with PPV and subretinal tPA
exhibited recurrent SMHs in 0–22%, vitreous hemorrhages
in 0–20%, and retinal detachments in 0–11.8%. Patients
receiving intravitreal tPA injection displayed recurrent
SMHs in 0–13.6%, vitreous hemorrhages in 0–25%, and
retinal detachments in 0–5% [4]. This huge variability in
complication rates underscores the critical need for a careful
evaluation of the risk-to-benefit ratio of each approach,
ensuring that therapeutic decisions are tailored to the in-
dividual patient’s circumstances.Within the context of safety
assessments, data from the randomized STAR trial merits
attention. In the PPV group treated with subretinal tPA,
adverse events were reported at a rate of 27%, encompassing
retinal detachment (9%), vitreous hemorrhage (11%), and
recurrent SMH (4%). Conversely, in the group receiving
intravitreal tPA injections and PD, the overall occurrence of
adverse events matched that of the PPV group at 27%, with

specific incidences of vitreous hemorrhage (11%) and re-
current SMH (14%); no cases of retinal detachment were
observed [18]. Beyond clinical outcomes, it is also crucial to
consider treatment effects on quality of life. Despite im-
provements in visual acuity and hemorrhagemanagement, it
has been shown that neither approach significantly enhances
quality of life over 6 months [18]. Limitations of this meta-
analysis include between-study heterogeneity, risks of eco-
logical fallacy wherein group-level associations may not
reflect individual-level relationships, and potential publica-
tion bias. Furthermore, while we recognize postoperative
positioning as a potential variable of interest that could
influence treatment outcomes, its integration into our meta-
analysis was impeded by the substantial variability in
postoperative positioning protocols across the studies in-
cluded, coupled with a lack of detailed, standardized in-
formation. Our findings highlight the need for large pro-
spective clinical trials using stringent inclusion criteria to
reduce variability. In this context, it is worth mentioning the
TIGER trial, designed to evaluate whether SMH surgery,
combined with subretinal tPA and intravitreal gas, provides
more benefit compared to VEGF inhibitors alone in treating
SMH due to neovascular AMD, with its outcomes eagerly
anticipated. Research endeavors of this nature are critical to
develop individualized treatment guidelines integrating
SMH morphological features and optimized, personalized
pharmacotherapeutic protocols [34]. This precision medi-
cine approach could lead to better visual outcomes for
patients with this severe nAMD complication. In summary,
ourfindings provide evidence supporting combined tPA and
anti-VEGF therapy for SMH management in nAMD pa-
tients. While no major difference was found between sur-
gical and intravitreal tPA approaches, individualized
decision-making integrating patient factors is recom-
mended. Further research should address limitations of
aggregate data analysis and optimize treatment protocols.
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