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Abstract
Purpose: This systematic review aims to evaluate and synthesize the existing 
literature on the interventions used for submacular haemorrhage (SMH), high-
lighting the controversies and differences in clinical practice.
Method: A systematic review was conducted following the PRISMA guidelines. 
A comprehensive search was performed across multiple databases, including 
MEDLINE, EMBASE and Cochrane Library, to identify studies on SMH 
treatment. Inclusion criteria encompassed randomized controlled trials, cohort 
studies and case series that focused on different therapeutic interventions. Data 
on functional outcomes, efficacy and safety of the interventions were extracted 
and analysed.
Results: The review included 150 studies, of which 38 were included in the 
network meta-analysis. The analysis of best corrected visual acuity (BCVA) 
Included 26 studies, 20 interventions and 2125 eyes. Heterogeneity was moder-
ate (I2 = 28.9%). Non-vitrectomy therapies showed better BCVA outcomes and 
fewer complications (e.g. retinal detachment, vitreous haemorrhage), while 
vitrectomy-based treatments achieved better anatomical results. According to 
P-score ranking, “Observation” had the highest probability of being most ef-
fective for BCVA (P-score = 0.8051), followed by anti-VEGF monotherapy and 
non-vitrectomy combinations. However, this result should be interpreted cau-
tiously, as the “Observation” group was based on only two studies (26 eyes) with 
clinical heterogeneity. No publication bias was detected (Egger's test p = 0.582).
Conclusions: There is no consensus on a standard evidence-based treatment for 
SMH. Minimally invasive strategies are promising, but factors such as timing, 
lesion size and anti-VEGF use remain critical. Further large-scale randomised 
trials are needed to define optimal management.
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1  |   INTRODUCTION

Submacular haemorrhage (SMH), particularly associ-
ated with neovascular age-related macular degeneration 
(n-AMD) haemorrhage, retinal arterial macroaneurysms 
(RAM), blunt trauma, myopia and idiopathic polypoi-
dal choroidal vasculopathy (PCV), represents a signifi-
cant clinical challenge due to its potentially devastating 
effects on vision and the lack of a standardized treat-
ment protocol (Ohji, 2024). The primary goal across all 
treatment modalities is the rapid displacement of subma-
cular blood to prevent photoreceptor damage (Chhatwal 
et al., 2023).

Current treatment options for SMH include phar-
macological and surgical approaches. Pharmacological 
therapies involve the use of anti-vascular endothelial 
growth factor (anti-VEGF) agents and recombinant tis-
sue plasminogen activator (rtPA). Pneumatic displace-
ment (PD) is another widely used technique, which 
consists of injecting expansile intravitreal gases—such 
as perfluoropropane (C3F8) or sulfur hexafluoride 
(SF6)—combined with appropriate patient positioning 
to displace the haemorrhage away from the fovea. Other 
treatments, such as pars plana vitrectomy (PPV), may be 
performed either alone or in combination with subret-
inal or intravitreal administration of rtPA, gas or anti-
VEGF agents. Each method has shown varying degrees 
of success; however, functional outcomes remain gener-
ally unsatisfactory, and the optimal treatment strategy is 
still under debate (Mun et al., 2022).

The variability in treatment outcomes can be at-
tributed to several factors, including the duration 
and size of the haemorrhage, as well as the presence 
of underlying conditions such as choroidal neovas-
cularization (CNV). Early intervention appears to be 
critical, as studies have demonstrated that delays in 
treatment can result in irreversible retinal damage and 
poorer visual prognosis. It appears that, regardless of 
the treatment method, the effectiveness of interven-
tion decreases as the duration of SMH increases. After 
2–3 weeks, the potential benefits of treatment become 
uncertain (Chhatwal et al., 2023).

The administration of rtPA, either intravitreally or 
subretinally, combined with gas tamponade, has shown 
promise in displacing submacular blood and poten-
tially improving visual outcomes (Veritti et  al.,  2024). 
However, even these minimally invasive approach tech-
niques may also carry risks, including retinal toxicity 
(especially over 100 μg of rtPA), a retinal tear or detach-
ment, vitreous haemorrhage (VH) and recurrent subma-
cular haemorrhage. Surgical treatment with PPV and 
adjuncts has been reported to provide greater visual gain 
and is more appropriate for pre-existing VH and massive 
SMH (Zhao et al., 2023). However, the procedure is more 
complex and may also bring potential complications. In 
addition, the visual prognosis, especially in more diffi-
cult cases or larger SMHs, remains guarded even with 
surgical treatment.

Despite advancements in techniques and combi-
nations of therapies, no single approach has been 
universally accepted or standardised for managing 
SMH, underscoring the need for further research 

and consensus in clinical practice. This review aims 
to systematically evaluate and synthesise the exist-
ing literature on SMH interventions, focusing on the 
controversies and differences in clinical practices to 
highlight areas needing further research and potential 
standardisation.

2  |   M ETHODS

A comprehensive search was conducted across mul-
tiple databases, including MEDLINE, EMBASE and 
Cochrane Library, to identify relevant studies on 
the treatment of SMH. Combinations of the follow-
ing search with Medical Subject Headings (MeSH) 
terms were used to identify potentially relevant ar-
ticles: ‘submacular hemorrhage (or haemorrhage)’, 
‘neovascular age-related macular degeneration’, 
‘polypoidal choroidal vasculopathy’, ‘pneumatic dis-
placement’, ‘pars plana vitrectomy’, ‘recombinant 
tissue plasminogen activator’, ‘Gas and submacular 
hemorrhage’, ‘Intraretinal recombinant tissue plas-
minogen activator and and/or intravitreal anti-VEGF 
injections subretinal or submacular haemorrhage’, 
‘macular surgery and submacular hemorrhage’ and 
‘anti-VEGF’. The search included articles published 
from 2004 up to June 2024. The reference lists from 
retrieved articles were examined for additional ci-
tations. The findings of the systematic review were 
reported in accordance with the PRISMA guide-
lines (Page et al., 2021). Study protocol was recorded 
in PROSPERO (CRD42024587330). (Pastor-Idoate 
et al., 2024).

2.1  |  Inclusion and exclusion criteria

To be included in the combined analysis of clinical out-
comes, the articles needed to satisfy the following inclu-
sion criteria:

•	 Primary research studies with original comparative 
data with more than one treatment group published in 
peer-reviewed journals.

•	 Studies with well-defined clinical characteristics iden-
tifying SMH in the context of n-AMD, RAM, blunt 
trauma, myopia and idiopathic PCV.

•	 Studies describing treatment interventions in suffi-
cient detail to be grouped with other studies using the 
same intervention.

Non-English language articles, review articles, editorials 
or case reports with fewer than 5 patients were excluded. 
Additionally, studies that did not provide specific data on 
SMH or did not report on visual or anatomical outcomes 
were omitted from the analysis.

2.2  |  Data extraction

Data from the included studies were extracted indepen-
dently by two reviewers (SPI and LJH). The searches 
for titles and abstracts were executed electronically, 
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and records were managed by Microsoft Excel soft-
ware. Data extracted the following information for 
each publication:

•	 Study design and characteristics.
•	 Sample size and patient demographics.
•	 Type of disease: n-AMD, RAM, blunt trauma, myopia 

and idiopathic PCV.
•	 Type of SMH: subretinal or sub-RPE.
•	 Time to intervention and duration of follow-up.
•	 Type and details of the intervention(s): Intravitreal 

injections of anti-VEGF agents such as bevacizumab 
(1.25 mg/0.05 mL), ranibizumab (0.5 mg/0.05 mL) or af-
libercept (2 mg); rt-PA administered subretinally or in-
travitreally in doses ranging from 10 to 100 μg/0.1 mL; 
gas tamponade using SF6, C3F8 or C2F6; PPV using 
23G or 25G systems; and photodynamic therapy (PDT) 
with verteporfin followed by 689 nm laser application.

•	 Additional treatments.
•	 Outcomes related to best corrected visual acuity 

(BCVA) and anatomical improvements (central retinal 
thickness (CRT) and percentage of SHM resolution).

•	 Complications and adverse events.

2.3  |  Quality assessment

The quality of the included studies was assessed by 
two independent reviewers using GRADE (Grading 
of Recommendations, Assessment, Development and 
Evaluations) (Guyatt et  al.,  2008). This tool makes it 
possible to classify the levels of evidence with high, 
moderate, low and very low certainty. The criteria used 
for this classification are based on the risk of bias, im-
precision, inconsistency, indirect data collection and 
publication bias. Discrepancies in quality assessments 
were resolved through discussion and consensus be-
tween the reviewers.

2.4  |  Data synthesis

A narrative synthesis of the results was conducted due to 
the heterogeneity of the included studies. The combined 
analysis of BCVA outcomes, expressed in LogMAR 
units, was performed by aggregating studies that used 
the most common outcome metrics, such as a gain of 2 
lines of vision, and weighting them based on the size of 
each study.

Where possible, the median visual acuity (VA) was 
used to account for the uncertainty regarding an ap-
propriate numerical allocation for counting fingers 
vision, light perception (LP), and no light perception 
vision. When the mean VA had to be used, we assigned 
2.1 for counting fingers vision, 2.4 for hand motions, 
2.7 for LP and 3.0 for no LP, where each increment 
represents a doubling of the visual angle. The primary 
outcomes analysed were the degree of displacement or 
regression of the SMH from the fovea and changes in 
BCVA after treatment, while the secondary outcomes 
included: duration of symptoms and haemorrhage size, 
anatomical improvements (CRT), adjuvant therapies 

(anti-VEGF injections), and the incidence of complica-
tions particularly with recurrent SMH, VH and other 
complications.

2.5  |  Data analysis

Direct and indirect comparisons of the different ther-
apeutic alternatives were analysed by means of a fre-
quentist network meta-analysis. All outcome variables 
were collected, and the mean difference between the 
last measurement taken and the measurement at di-
agnosis was calculated, where necessary. The effect 
size of the different comparisons was calculated using 
a standardized mean difference. The different thera-
peutic alternatives were compared with no interven-
tion through observation of the patients. Cochrane's 
Q and Higgins' and Thompson's I2 statistic were used 
to assess study heterogeneity and network consistency. 
Direct and indirect comparisons could be ascertained 
by creating network plots. In addition, multiple paral-
lelism and average path length were obtained and in-
terpreted as proposed (König et  al.,  2013). The effect 
sizes of the different comparisons were calculated. 
The ranking of the effectiveness of the different treat-
ments was assessed by means of a P-score, similar to 
the SUCRA score (Rücker & Schwarzer,  2015). It is 
important to note that the P-score is based solely on 
the point estimates and their standard errors, and does 
not incorporate sample size, clinical heterogeneity or 
study quality. Therefore, P-score-based rankings may 
favour interventions that are not statistically inferior 
to others, even if they are supported by limited or het-
erogeneous evidence (Riley et  al.,  2017). The validity 
of the results was analysed using different approaches. 
On the one hand, heat plots were created to analyse the 
overall inconsistency of the network and to find out 
which studies contributed the most to it. On the other 
hand, network consistency was assessed by comparing 
direct and indirect estimates and the p-value derived 
from this comparison. Finally, comparison-adjusted 
publication bias analysis was assessed using Egger's 
test and the funnel plot. All analyses were performed 
with the meta, dmetar and netmeta (Harrer et al., n.d.) 
packages in R Core Team (2021).

3  |   RESU LTS

3.1  |  Selection of relevant studies

A total of 150 studies were included in the final analysis, 
collecting data from 9884 eyes from a total of 6433 pa-
tients. Figure 1 summarises the detailed flow diagram of 
the study identification process.

For the network meta-analysis, 38 articles (Barayev 
et  al.,  2024; Bell et  al.,  2017; Boral et  al.,  2023; Cakir 
et al., 2010; Caporossi et al., 2022; Cho et al., 2015, 2020; 
Fang et  al.,  2009; Fassbender et  al.,  2016; Fujikawa 
et al., 2013; Gabrielle et al., 2023; Grohmann et al., 2020; 
Gujral et  al.,  2019; Guthoff et  al.,  2011; Hesgaard 
et  al.,  2012; Inoue et  al.,  2022; Jeong et  al.,  2020; 
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Kang et  al.,  2018; Kishikova et  al.,  2021; Kitahashi 
et al., 2014; Lee et al., 2021; Mayer et al., 2013; Mizutani 
et  al.,  2011; Mun et  al.,  2022; Nourinia et  al.,  2010; 
Papavasileiou et  al.,  2013; Rickmann et  al.,  2021; 
Rishi et al., 2012; Sandhu et al., 2010; Shin et al., 2015; 
Sniatecki et  al.,  2021; Szeto et  al.,  2024; Thompson & 
Sjaarda, 2005; Tiosano et al., 2023; Tranos et al., 2021; 
Yang et al., 2005; Ye et al., 2023) were selected that re-
ported on any of the variables of interest. A total of 
2121 eyes were included, in which 21 different treat-
ments were applied as shown in Figure  2. In terms of 
BCVA, 26 studies (Boral et al., 2023; Cakir et al., 2010; 
Caporossi et al., 2022; Cho et al., 2015, 2020; Fassbender 
et al., 2016; Fujikawa et al., 2013; Gabrielle et al., 2023; 
Grohmann et al.,  2020; Guthoff et al.,  2011; Hesgaard 
et al., 2012; Inoue et al., 2022; Jeong et al., 2020; Kang 
et al., 2018; Kishikova et al., 2021; Kitahashi et al., 2014; 
Lee et  al.,  2021; Mayer et  al.,  2013; Mun et  al.,  2022; 
Nourinia et  al.,  2010; Papavasileiou et  al.,  2013; 
Rickmann et al., 2021; Rishi et al., 2012; Shin et al., 2015; 
Szeto et al., 2024; Ye et al., 2023) were collected in which 
1546 eyes were included in which 21 different treatments 
were applied allowing for 43 direct comparisons with 22 
numbers of designs. For the resolution of SMH, 15 stud-
ies (Boral et al., 2023; Cakir et al., 2010; Fang et al., 2009; 
Gujral et al., 2019; Inoue et al., 2022; Jeong et al., 2020; 
Kishikova et  al.,  2021; Kitahashi et  al.,  2014; Mayer 
et  al.,  2013; Rickmann et  al.,  2021; Rishi et  al.,  2012; 
Szeto et al., 2024; Tiosano et al., 2023; Tranos et al., 2021; 

F I G U R E  1   Flow chart diagram.

F I G U R E  2   Network diagram comparing medical and surgical treatments for SMH (a, BCVA; b, SMH resolution; c, RD; d, VH; e, 
recurrent SMH). The thickness of the vectors shows the number of comparisons made between the different therapies. The ‘observation’ 
group includes only two studies (26 eyes), one of which permitted rescue vitrectomy in 38% of cases and the other included patients with 
macroaneurysms. This heterogeneous nature limits its classification as a pure observation arm. AM, amniotic membrane; AntiVEGF, anti-
vascular endothelial growth factor; ARCPGT, autologous retinal pigmentary retinal pigment epithelium-choroid patch graft transplantations; 
IVit, intravitreal injection; PD, pneumatic displacement; PPV, pars plana vitrectomy; PTD, photodynamic therapy; RD, retinal detachment; 
rtPA, recombinant tissue plasminogen activator; SRet, subretinal; VH, vitreous haemorrhage.
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Ye et  al.,  2023) were obtained in which 12 treatments 
were evaluated in 745 eyes with 14 numbers of designs 
for 25 direct comparisons of interventions. Adverse 
events included in the network meta-analysis, based on 
data availability, were retinal detachment (RD), VH, 
and SMH recurrence. RD was reported in 24 studies, 
involving 1532 eyes, with 37 head-to-head compari-
sons across 20 treatments and 22 numbers of designs 
(Barayev et al., 2024; Bell et al., 2017; Boral et al., 2023; 
Caporossi et al.,  2022; Fujikawa et al.,  2013; Gabrielle 
et al., 2023; Grohmann et al., 2020; Guthoff et al., 2011; 
Inoue et  al.,  2022; Jeong et  al.,  2020; Kishikova 
et  al.,  2021; Kitahashi et  al.,  2014; Lee et  al.,  2021; 
Mun et al., 2022; Papavasileiou et al., 2013; Rickmann 
et al., 2021; Rishi et al., 2012; Sandhu et al., 2010; Shin 
et  al.,  2015; Sniatecki et  al.,  2021; Szeto et  al.,  2024; 
Thompson & Sjaarda,  2005; Tranos et  al.,  2021; Yang 
et  al.,  2005). VH was reported in 18 studies, covering 
1121 eyes, with 24 comparisons between 15 treatments 
and 16 numbers of designs (Barzelay et  al.,  2024; Bell 
et al., 2017; Boral et al., 2023; Caporossi et al., 2022; Cho 
et al.,  2015; Gabrielle et al.,  2023; Guthoff et al.,  2011; 
Inoue et al., 2022; Kitahashi et al., 2014; Lee et al., 2021; 
Mayer et al., 2013; Mizutani et al., 2011; Rishi et al., 2012; 
Sandhu et al., 2010; Shin et al., 2015; Sniatecki et al., 2021; 
Szeto et  al.,  2024; Yang et  al.,  2005). SMH recurrence 
was reported in 13 studies, involving 954 eyes, with 19 
comparisons between 13 treatments and 11 numbers 
of designs (Barzelay et al., 2024; Bell et al., 2017; Boral 
et al., 2023; Fujikawa et al., 2013; Gabrielle et al., 2023; 
Inoue et  al.,  2022; Kang et  al.,  2018; Lee et  al.,  2021; 

Rickmann et al., 2021; Shin et al., 2015; Szeto et al., 2024; 
Thompson & Sjaarda, 2005; Yang et al., 2005).

To reduce clinical heterogeneity and enhance the in-
terpretability of the findings, a separate network meta-
analysis was conducted focusing exclusively on studies 
involving patients with n-AMD. This subgroup was se-
lected because n-AMD was the only aetiology with a suf-
ficient number of studies and treatment arms to allow for 
robust and clinically meaningful comparisons. A total 
of 19 studies (Barayev et al., 2024; Barzelay et al., 2024; 
Caporossi et  al.,  2022; Fang et  al.,  2009; Fassbender 
et al., 2016; Gabrielle et al., 2023; Grohmann et al., 2020; 
Guthoff et  al.,  2011; Hesgaard et  al.,  2012; Jeong 
et  al.,  2020; Kishikova et  al.,  2021; Mayer et  al.,  2013; 
Mun et  al.,  2022; Nourinia et  al.,  2010; Rickmann 
et  al.,  2021; Sandhu et  al.,  2010; Sniatecki et  al.,  2021; 
Thompson & Sjaarda,  2005; Tranos et  al.,  2021) were 
included in this n-AMD-specific analysis, comprising 
1107 eyes. Figure 3 illustrates the network plot of treat-
ment comparisons included in this subanalysis, show-
ing the direct and indirect connections between the 
evaluated interventions.

For the n-AMD-focused sub-analysis, BCVA out-
comes were reported across 12 studies (Caporossi 
et al., 2022; Fassbender et al., 2016; Gabrielle et al., 2023; 
Grohmann et  al.,  2020; Guthoff et  al.,  2011; Hesgaard 
et  al.,  2012; Jeong et  al.,  2020; Kishikova et  al.,  2021; 
Mayer et al., 2013; Mun et al., 2022; Nourinia et al., 2010; 
Rickmann et al., 2021), encompassing a total of 712 eyes. 
These studies evaluated 15 distinct treatment strate-
gies, enabling 21 direct comparisons across 12 different 

F I G U R E  3   Network diagram comparing medical and surgical treatments for SMH secondary to AMD (a, BCVA; b, SMH resolution; 
c, RD; d, VH; e, recurrent SMH). The thickness of the vectors shows the number of comparisons made between the different therapies. 
The ‘observation’ group includes only one study (21 eyes), which permitted rescue vitrectomy in 38% of cases. This heterogeneous nature 
limits its classification as a pure observation arm. AM, amniotic membrane; AntiVEGF, anti-vascular endothelial growth factor; ARCPGT, 
autologous retinal pigmentary retinal pigment epithelium–choroid patch graft transplantations; IVit, intravitreal injection; PD, pneumatic 
displacement; PPV, pars plana vitrectomy; PTD, photodynamic therapy; RD, retinal detachment; rtPA, recombinant tissue plasminogen 
activator; SRet, subretinal; VH, vitreous haemorrhage.
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numbers of designs. Regarding SMH resolution, data 
from 6 studies (Fang et  al.,  2009; Jeong et  al.,  2020; 
Kishikova et  al.,  2021; Mayer et  al.,  2013; Rickmann 
et al., 2021; Tranos et al., 2021) involving 250 eyes were 
included, assessing 8 treatment options across 6 numbers 
of designs and yielding 12 direct treatment comparisons.

In terms of safety outcomes, the n-AMD-focused net-
work meta-analysis incorporated data on RD, VH, and 
SMH recurrence where available. RD was reported in 
13 studies (Barayev et  al.,  2024; Caporossi et  al.,  2022; 
Gabrielle et  al.,  2023; Grohmann et  al.,  2020; Guthoff 
et al., 2011; Jeong et al., 2020; Kishikova et al., 2021; Mun 
et al., 2022; Rickmann et al., 2021; Sandhu et al., 2010; 
Sniatecki et  al.,  2021; Thompson & Sjaarda,  2005; 
Tranos et  al.,  2021) involving 864 eyes, allowing for 20 
direct comparisons among 15 treatments across 12 num-
bers of designs. VH was reported in 7 studies (Barzelay 
et al., 2024; Caporossi et al., 2022; Gabrielle et al., 2023; 
Guthoff et  al.,  2011; Mayer et  al.,  2013; Sandhu 
et al., 2010; Sniatecki et al., 2021) with a combined sam-
ple of 374 eyes, providing 7 head-to-head comparisons 
among 8 treatments from 7 numbers of designs. SMH re-
currence was evaluated in 4 studies (Barzelay et al., 2024; 
Gabrielle et al., 2023; Rickmann et al., 2021; Thompson 
& Sjaarda, 2005), including 325 eyes, across 5 treatments 
and 4 direct comparisons from 4 different numbers of 
designs.

3.2  |  Quality assessment and risk of bias

Therapies other than vitrectomy included observation 
(Cho et  al.,  2020; Mun et  al.,  2022); intravitreal 
injection of antiVEGF (Cho et  al.,  2013, 2020; 
Dimopoulos et  al.,  2015; Hosokawa et  al.,  2024; 
Iacono et al., 2014; Jain et al., 2013; Jeong et al., 2020; 
Kim et  al.,  2014, 2018, 2020; Kim, Cho, et  al.,  2015; 
Kim, Kim, et  al.,  2015; Kimura et  al.,  2022; Lee 
et  al.,  2021; Maruyama-Inoue et  al.,  2023; Matsuo 
et al., 2021; Mehta et al., 2022; Mun et al., 2022; Sacu 
et al., 2009; Shienbaum et al., 2013; Shin et al., 2015; 
Sniatecki et  al.,  2021; Stifter et  al.,  2007; Ueda-
Arakawa et al.,  2012; Wang et al.,  2024); intravitreal 
injection of rtPA and gas (Araújo et al., 2016; Barayev 
et  al.,  2024; Barzelay et  al.,  2024; Bell et  al.,  2017; 
Cakir et al., 2010; Chen et al., 2007; Chew et al., 2022; 
Fang et  al.,  2009; Fassbender et  al.,  2016; Fujikawa 
et al., 2013; Gabrielle et al., 2023; Gujral et al., 2019; 
Guthoff et  al.,  2011; Handwerger et  al.,  2001; 
Hattenbach et  al.,  2001; Hesse et  al.,  2000; Kabakcı 
et  al.,  2021; Karamitsos et  al.,  2020; Kishikova 
et al., 2021; Kung et al., 2010; Lim et al., 2020; Maggio 
et al., 2020; Mayer et al., 2013; McAllister et al., 2010; 
Mizutani et al., 2011; Mozaffarieh et al., 2006; Muqit 
& Ghanchi, 2008; Nourinia et al., 2010; Ratanasukon 
& Kittantong,  2005; Rishi et  al.,  2012; Schulze 
& Hesse,  2002; Sobolewska et  al.,  2014; Tiosano 
et  al.,  2023; Tranos et  al.,  2021; Tsai et  al.,  2003; 
Tsymanava & Uhlig,  2012; Wu et  al.,  2011; Wu & 
Sheu,  2005; Yang et  al.,  2005); intravitreal injection 
of antiVEGF and gas (Abdelkader et  al.,  2016; Cho 
et al.,  2015; Hesgaard et al.,  2012; Jeong et al.,  2020; 

Kabakcı et  al.,  2021; Kang et  al.,  2018; Kimura 
et al., 2022; Kitahashi et al., 2014; Mayer et al., 2013; 
Shin et  al.,  2015, 2016; Wakabayashi et  al.,  2023); 
PD (Abdelkader et  al.,  2016; Bae et  al.,  2016; Cakir 
et al., 2010; Fang et al., 2009; Fassbender et al., 2016; 
Fujikawa et al., 2013; Gopalakrishan et al., 2007; Gujral 
et  al.,  2019; Inoue et  al.,  2022; Kimura et  al.,  2018; 
Kitahashi et  al.,  2014; Lee et  al.,  2020; Lincoff 
et al., 2008; Matsuo et al., 2021; Mizutani et al., 2011; 
Mun et al., 2022; Rishi et al., 2012; Ron et al., 2007; Ura 
et al., 2022); intravitreal injection of rtPA, antiVEGF 
and gas (Bardak et  al.,  2018; de Jong et  al.,  2016; de 
Silva & Bindra, 2016; Grohmann et al., 2020; Guthoff 
et  al.,  2011; Karamitsos et  al.,  2020; Kitagawa 
et  al.,  2016, 2022; Lee et  al.,  2016, 2020, 2021; Lin 
et al., 2016; Meyer et al., 2008; Nourinia et al., 2010; 
Papavasileiou et al., 2013; Sacu et al., 2009); intravitreal 
injection of rtPA (Tsymanava & Uhlig,  2012); and 
the combination of PD and PDT (Chan et al., 2005). 
In the studies included in these therapies, n-AMD 
was reported to be the most frequent aetiology. 
The patients in these studies were mostly men, with 
a mean age of 72 years and a mean of 11 days had 
elapsed between symptom onset and intervention. No 
postoperative complications were reported in 78.79% 
of patients. In vitrectomy-based treatments, PPV 
was combined with intravitreal injection of rtPA and 
gas (Hillenkamp et  al.,  2010; Sniatecki et  al.,  2021); 
with intravitreal injection of rtPA together with 
antiVEGF and gas (Arias & Monés, 2010; Grohmann 
et al., 2020); with subretinal injection of rtPA together 
with gas and antiVEGF (Ali Said et  al.,  2021; Avcı 
et al., 2021; Barayev et al., 2024; Barzelay et al., 2024; 
Bell et al., 2017; Boiché et al., 2019; Boral et al., 2023; 
Caporossi et  al.,  2022; Chang et  al.,  2014; de Jong 
et  al.,  2016; Dewilde et  al.,  2014; Doi et  al.,  2020; 
Erdogan et  al.,  2020; Fassbender et  al.,  2016; Fine 
et al.,  2010; Fleissig et al.,  2017; Fukuda et al.,  2022; 
Gabrielle et  al.,  2023; Gok et  al.,  2017; González-
López et  al.,  2016; Grohmann et  al.,  2020; Gujral 
et al., 2019; Haupert et al., 2001; Helaiwa et al., 2020; 
Hillenkamp et  al.,  2010; Hirashima et  al.,  2015; 
Iannetta et  al.,  2021; Iglicki et  al.,  2023, 2024; Inoue 
et  al.,  2015; Jeong et  al.,  2020; Juncal et  al.,  2018; 
Kabakcı et  al.,  2021; Kadonosono et  al.,  2015; 
Kamei & Tano,  2009; Kawakami et  al.,  2021; Khan 
et al., 2017; Kimura et al., 2015, 2017, 2022; Kishikova 
et  al.,  2021; Kumar et  al.,  2016; Limon et  al.,  2023; 
Lin et  al.,  2016; Miki et  al.,  2023; Moisseiev 
et  al.,  2014; Mun et  al.,  2022; Ogata et  al.,  2022; 
Olivier et  al.,  2004; Ozkaya et  al.,  2018; Patikulsila 
et  al.,  2022; Pierre et  al.,  2021; Plemel et  al.,  2019; 
Rickmann et  al.,  2021; Rishi et  al.,  2012; Sandhu 
et al., 2010; Sharma et al., 2018; Shi et al., 2024; Singh 
et al., 2006; Sniatecki et al., 2021; Sonmez et al., 2012; 
Szeto et  al.,  2024; Thompson & Sjaarda,  2005; 
Tiosano et  al.,  2023; Tranos et  al.,  2021; Treumer 
et al., 2010, 2012, 2017; van Zeeburg et al., 2013; Waizel 
et  al.,  2016; Wilkins et  al.,  2020; Wu et  al.,  2023; Ye 
et  al.,  2023); with removal of SMH and gas (Boral 
et  al.,  2023; Caporossi et  al.,  2022; Han et  al.,  2013; 
Thompson & Sjaarda, 2005; Wei et al., 2015); and with 
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subretinal injection of physiological saline solution 
and gas (Handa et  al.,  2023). Similarly, the most 
frequent aetiology was n-AMD. The patients included 
were mostly women, with a mean age close to 76 years. 
The mean time from symptom onset to surgery was 
10.79 days. No postoperative complications were 
reported in 64.01% of patients. All these data can be 
consulted in Tables 1–3.

Table S1 shows a qualitative summary of all the stud-
ies included in the systematic review. The countries with 
the highest number of studies published on this topic 
were Japan (16.67%), Germany (11.33%) and the USA 
(10%). Most studies were retrospective case series. The 
levels of evidence measured by GRADE showed that 
37.33% of the included studies had a very low level of cer-
tainty, 54.67% had a low level of certainty, and 8% had a 
moderate-high level of certainty.

3.3  |  Overall results of network meta-analysis

The overall results of the network meta-analysis re-
vealed differences in the effectiveness of the various 
interventions for SMH. Given the clinical heterogene-
ity across studies, a detailed overview of the specific 
characteristics of each intervention is essential for con-
textualising the findings. Table  4 provides a compre-
hensive synthesis of the clinical data associated with 
each included study.

The primary BCVA results in terms of logMAR at the 
end of follow-up are shown in Figure 4a. The I2 estimator 
for the random-effects model showed moderate hetero-
geneity across studies (I2: 28.9% [95% CI: 0.0%—61.7%]). 
In addition, consistency within the different treatment 
comparison designs showed no significant evidence of 
heterogeneity (p = 0.4396). On the other hand, network 
consistency showed a slight tendency towards incon-
sistency, although it was not statistically significant 
(p = 0.1140). None of the treatments tested proved to be 
more effective than observation. Estimates where the 
proportion of direct evidence for each network estimate 
is <60% show that the mean path length was greater than 
two (Figure S1). Direct and indirect comparisons of ef-
fect estimates for each of the interventions are shown in 
Table S2.

The results concerning the comparison of the differ-
ent therapies for the resolution of SMH are reflected in 
Figure 4c. The I2 estimator for the random effects model 
showed high heterogeneity between studies (I2: 90.7% 
[95% CI: 85.0%–94.2%]). In addition, the network in-
consistency between the different study designs was re-
markable (p < 0.0001). The therapeutic combination of 
vitrectomy, subretinal rtPA and antiVEGF was superior 
in the resolution of SMH compared to antiVEGF mono-
therapy with a RR 3.0636 (95% CI: 1.0348–9.0700). Direct 
and indirect comparisons of effect estimates for each of 
the interventions are shown in Table S3. Estimates where 
the proportion of direct evidence for each network esti-
mate is <0%, the mean path length was greater than two 
(Figure S2).

Comparisons of the different therapies for reported 
adverse events are shown in Figure 4b,d,e. Regarding the 

risk of RD, all therapies presented a statistically non-
significant risk compared to observation. However, the 
heterogeneity of studies with the same design and network 
inconsistency was significant (p < 0.0001). Furthermore, 
comparisons in which the direct evidence is <20%, the 
mean path length was greater than two (Figure S3). The 
risk of VH as an adverse event was significant for PD 
(RR: 6.6044 [95% CI: 3.1116–14.0181]) or more invasive 
procedures such as isolated vitrectomy (RR: 6.8029 
[95% CI: 2.2660–20.4229]) or combined with: intravitreal 
rtPA (RR: 9.0649 [95% CI: 2.1806–37.6840]), subretinal 
rtPA and anti-VEGF injection (RR: 4.8707 [95% CI: 
1.6159–14.6816]), or subretinal rtPA and anti-VEGF in-
jection with PD (RR: 3.9031 [95% CI: 1.4381–10.5933]); 
all compared to anti-VEGF monotherapy. Heterogeneity 
between the same designs and between studies was high 
(I2 = 98.2% [95% CI: 97.6%–98.7%]). Estimates in which 
the proportion of direct evidence for each network esti-
mate was <60%, the mean path length was greater than 
two (Figure S4). SMH recurrence showed no statistically 
significant differences between the different therapies 
and anti-VEGF monotherapy. Network inconsistency 
and heterogeneity between studies was high (I2 = 99.2% 
[95% CI: 98.9%–99.4%]). Estimates in which the pro-
portion of direct evidence for each network estimate 
was zero, the mean path length was greater than two 
(Figure S5). All direct and indirect comparisons can be 
found in Tables S4–S6. The inconsistency of the direct 
and indirect estimates can be analysed in the forest plots 
of the Figures S6–S10.

Figure 5a presents the primary outcomes for BCVA in 
logMAR for the n-AMD sub-analysis at the end of fol-
low-up. The heterogeneity across the network was min-
imal (I2 = 0%), and the design-by-treatment inconsistency 
test was not significant (Q = 0.09, df = 2, p = 0.96). Overall, 
no treatment demonstrated statistically significant superi-
ority over observation in the network estimates. The find-
ings related to the effectiveness for resolving SMH for the 
n-AMD sub-analysis are illustrated in Figure 5c. Notably, 
the treatment combination of PPV with subretinal injec-
tion of rtPA and PD demonstrated significantly better 
outcomes than Anti-VEGF, with a RR of 1.31 (95% CI: 
1.07–1.61, p = 0.01), suggesting superior visual outcomes. 
In contrast, the addition of Anti-VEGF to this same regi-
men did not confer additional benefit (RR = 1.39, 95% CI: 
0.93–2.07, p = 0.11). As part of the n-AMD sub-analysis, 
Figure 5b,d,e illustrate the comparisons between different 
therapies in relation to reported adverse events. In terms 
of RD risk, none of the treatments showed a statistically 
significant difference when compared to observation. 
Anti-VEGF monotherapy demonstrated a relative risk 
of 0.1280 (95% CI: 0.0137–1.1928), with a p-value of 0.071. 
However, there was notable heterogeneity among studies 
(I2: 99.7%) with similar designs, and the network analysis 
revealed significant inconsistency (p < 0.0001). The risk of 
VH as an adverse event was significant for PD associated 
with intravitreal injection of rtPA and anti-VEGF, RR of 
13.15 (95% CI: 8.84–19.54). Also, the combination of PPV 
and subretinal injection of rtPA and anti-VEGF showed 
significant risk of VH, RR of 13.15 (95% CI: 8.66–19.96). 
Conversely, PPV with amniotic membrane (AM) im-
plantation demonstrated a significantly lower risk than 
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anti-VEGF monotherapy, with an RR of 0.37 (95% CI: 
0.25–0.55; p < 0.0001). However, given the limited number of 
comparisons involving this treatment, these results should 
be interpreted with caution. SMH recurrence showed sta-
tistically significant differences between treatment pairs. 
For instance, the combination of PD with intravitreal in-
jection of rtPA showed a markedly superior outcome com-
pared to vitrectomy, with a RR of 7.89 (95% CI: 6.42–9.70; 
p < 0.0001). Similarly, PD associated with intravitreal in-
jection of anti-VEGF and rtPA was also highly effective, 
with an RR of 5.46 (95% CI: 4.26–7.00; p < 0.0001). Among 
the vitrectomy-based interventions, PPV associated with 
subretinal injection of rtPA and PD demonstrated a strong 
effect with an RR of 5.25 (95% CI: 4.51–6.11; p < 0.0001). 
The more complex combination of PPV with subretinal in-
jection of rtPA, intravitreal injection of anti-VEGF and PD 
also showed a statistically significant benefit, with an RR 
of 2.10 (95% CI: 1.69–2.61; p < 0.0001). However, given the 
limited number of comparisons involving this treatment, 
these results should be interpreted with caution.

3.4  |  P score

The ranking of treatments assessed by P-score can be 
found in Figure  6. The interventions that showed the 
greatest benefit for BCVA were observation (P score: 
0.8051), antiVEGF intravitreal injection (P score: 
0.7588), vitrectomy together with subretinal injection 

of rtPA and antiVEGF (P score: 0.7508) and PD with 
antiVEGF intravitreal injection (P score: 0.7124). The 
interventions showing the least benefit were the com-
bined therapy of PD with antiVEGF and PDT (P score: 
0.2028), vitrectomy together with subretinal injection of 
rtPA (P score: 0.1304) and autologous retinal pigment 
epithelium patch graft transplantation together with 
choroid (P score: 0.1077). The anatomic outcomes as-
sessed by SMH resolution are in favour of more inva-
sive therapies. Among these, PPV in combination with 
subretinal rtPA and antiVEGF (P score: 0.8917), vitrec-
tomy alone (P score: 0.6643) or with other combinations 
stand out.

Therapies associated with the lowest risk of RD were 
PPV in combination with AM and silicone oil (P-score: 
0.9955), followed by PPV in combination with subretinal 
rtPA (P-score: 0.8330). Among non-vitrectomy options, 
antiVEGF monotherapy and the combination of PD and 
antiVEGF also showed favourable safety profiles, with 
P-scores of 0.8186 and 0.7792, respectively. Regarding 
VH, the therapies with the lowest associated risk were 
PPV in combination with subretinal rtPA with PD and 
intravitreal injection of antiVEGF (P-score: 0.8473), fol-
lowed by PD in combination with intravitreal injection 
of antiVEGF and rtPA (P-score: 0.8013) and antiVEGF 
monotherapy (P-score: 0.7970). The combination of PD 
and antiVEGF also ranked favourably (P-score: 0.7269). 
However, those therapies that showed lower risk of recur-
rent SMH were PD in combination with rtPA (P score: 

F I G U R E  4   Forest plot summering the effects of different interventions. (a) Standardized mean differences of BCVA comparing 
interventions with observation. (b) Relative risk of RD comparing interventions with observation. (c) Relative risk of SMH resolution 
comparing interventions with antiVEGF therapy. (d) Relative risk of VH comparing interventions with antiVEGF therapy. (e) Relative risk 
of recurrent SMH comparing interventions with antiVEGF therapy. The ‘observation’ group includes only two studies (26 eyes), one of which 
permitted rescue vitrectomy in 38% of cases and the other included patients with macroaneurysms. This heterogeneous nature limits its 
classification as a pure observation arm. AM, amniotic membrane; AntiVEGF, anti-vascular endothelial growth factor; ARCPGT, autologous 
retinal pigmentary retinal pigment epithelium-choroid patch graft transplantations; BCVA, best corrected visual acuity; IVit, intravitreal 
injection; PD, pneumatic displacement; PPV, pars plana vitrectomy; PTD, photodynamic therapy; RD, retinal detachment; rtPA, recombinant 
tissue plasminogen activator; SMD, standardized mean difference; SRet, subretinal; VH, vitreous hemorraghe; 95% CI, 95% confidence 
interval.
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0.8177), PD in combination with rtPA and antiVEGF (P 
score: 0.7786) and PD (P score: 0.7320).

The ranking of treatments according to their effectiveness 
in improving BCVA for the n-AMD sub-analysis is presented 
in Figure 7. The highest P-scores were observed for PD as-
sociated with antiVEGF (0.8545), PD alone (0.8115), and the 
combination of PD with injection of antiVEGF and rtPA 
(0.6707). In contrast, the lowest P-scores were associated with 
more complex or invasive combinations such as the combina-
tion of PPV with intravitreal injection of rtPA (0.1817). When 
evaluating anatomical outcomes based on SMH resolution, 
more invasive surgical approaches appeared to be more ef-
fective. The highest P-scores were observed for PPV associ-
ated with subretinal injection of rtPA, intravitreal injection 
of antiVEGF and PD (0.9088), and the combination of PPV 
with subretinal injection of rtPA and PD (0.8919), indicating 
strong performance in resolving SMH. While PD associated 
with intravitreal injection of rtPA (0.2224) and PD alone 
(0.0000) ranked lowest in this outcome domain. In terms of 
RD, the therapies associated with the lowest risk were PD as-
sociated with antiVEGF (P-score: 0.7408), the combination 
of PPV with rtPA and PD (0.7283), and antiVEGF monother-
apy (0.7223), all showing favourable safety profiles. In con-
trast, more complex combinations such as PPV associated 
with subretinal injection of rtPA and intravitreal injection of 
antiVEGF (0.1107) and the combination of PD with intravit-
real injection of rtPA and antiVEGF (0.4322) ranked lower, 
suggesting a higher associated risk. For VH, the safest inter-
vention was PPV with AM implantation (P-score: 1.0000). 
The lowest P-scores were seen with the combination of PD 
and intravitreal injection of antiVEGF and rtPA and PPV 

associated with subretinal injection of rtPA and intravitreal 
injection of antiVEGF (both 0.0714), indicating a higher risk 
of haemorrhagic complications. Regarding SMH recur-
rence, PPV alone ranked highest (P-score: 1.0000), suggest-
ing the lowest recurrence risk. PD-based approaches such as 
PD associated with intravitreal injection of antiVEGF and 
rtPA (0.3368) and PD associated with intravitreal injection of 
rtPA (0.0004) ranked lower, indicating a higher likelihood of 
recurrence in these cases.

3.5  |  Assessment of network validity and 
publication bias

The validity of the results was evaluated through the 
net heat plot, which allows us to know the designs that 
favour the inconsistency of the network. These data 
can be found in the Figures S11–S15. The comparison-
adjusted funnel plot showed that there was no publica-
tion bias in the designs of the different interventions for 
BCVA (p = 0.1516), resolution of SMH (p = 0.7504), VH 
(p = 0.8796) and recurrent SMH (p = 0.3284). However, 
the RD results did show publication bias between the de-
signs of the different interventions (p = 0.0197). All fun-
nel plots are available in Figures S16–S20.

4  |   DISCUSSION

Effective management of SMH up to date remains con-
troversial; multiple studies have been performed with 

F I G U R E  5   Forest plot summering the effects of different interventions for SMH secondary to AMD. (a) Standardized mean differences 
of BCVA comparing interventions with observation. (b) Relative risk of RD comparing interventions with observation. (c) Relative risk of 
SMH resolution comparing interventions with antiVEGF therapy. (d) Relative risk of VH comparing interventions with antiVEGF therapy. 
(e) Relative risk of recurrent SMH comparing interventions with antiVEGF therapy. The ‘observation’ group includes only one study (21 eyes), 
which permitted rescue vitrectomy in 38% of cases. This heterogeneous nature limits its classification as a pure observation arm. AM, amniotic 
membrane; AntiVEGF, anti-vascular endothelial growth factor; ARCPGT, autologous retinal pigmentary retinal pigment epithelium-choroid 
patch graft transplantations; BCVA, best corrected visual acuity; IVit, intravitreal injection; PD, pneumatic displacement; PPV, pars plana 
vitrectomy; PTD, photodynamic therapy; RD, retinal detachment; rtPA, recombinant tissue plasminogen activator; SMD, standardized mean 
difference; SRet, subretinal; VH, vitreous hemorraghe; 95% CI, 95% confidence interval.
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F I G U R E  6   Ranking of treatments according to efficacy (a, BCVA; b, SMH resolution) and security (c, retinal detachment; d, vitreous 
hemorrage; e, recurrent SMH) for SMH treatment via P-score. The ‘observation’ group includes only two studies (26 eyes), one of which 
permitted rescue vitrectomy in 38% of cases and the other included patients with macroaneurysms. This heterogeneous nature limits its 
classification as a pure observation arm. P-score-based rankings should be interpreted with caution, as they do not adjust for sample size, 
quality, or clinical heterogeneity. AM, amniotic membrane; AntiVEGF, anti-vascular endothelial growth factor; ARCPGT, autologous 
retinal pigmentary retinal pigment epithelium-choroid patch graft transplantations; IVit, intravitreal injection; PD, pneumatic displacement; 
PPV, pars plana vitrectomy; PTD, photodynamic therapy; RD, retinal detachment; rtPA, recombinant tissue plasminogen activator; SRet, 
subretinal; VH, vitreous hemorraghe.

F I G U R E  7   Ranking of treatments according to efficacy (a, BCVA; b, SMH resolution) and security (c, retinal detachment; d, vitreous 
hemorrage; e, recurrent SMH) for SMH secondary to n-AMD treatment via P-score. The ‘observation’ group includes only one study (21 eyes), 
which permitted rescue vitrectomy in 38% of cases. This heterogeneous nature limits its classification as a pure observation arm. P-score-based 
rankings should be interpreted with caution, as they do not adjust for sample size, quality, or clinical heterogeneity. AM, amniotic membrane; 
AntiVEGF, anti-vascular endothelial growth factor; ARCPGT, autologous retinal pigmentary retinal pigment epithelium-choroid patch graft 
transplantations; IVit, intravitreal injection; PD, pneumatic displacement; PPV, pars plana vitrectomy; PTD, photodynamic therapy; RD, 
retinal detachment; rtPA, recombinant tissue plasminogen activator; SRet, subretinal; VH, vitreous haemorrhage.
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several levels of complexity using isolated or mixed forms 
of treatment. Even so, few prospective trials exist com-
pared to retrospective ones (Confalonieri et  al.,  2024; 
Hattenbach et al., 2020). The present systematic review 
and network-meta-analysis findings offer a clearer com-
prehension of the treatment efficacy, suggesting that con-
servative methods have better outcomes. However, great 
heterogeneity is present between studies, in addition 
to inconsistency between direct and indirect estimates 
across several outcomes. Nevertheless, interpretation 
should be cautious due to the network's structural limi-
tations and lack of multi-arm or looping studies. Future 
research including direct comparisons among all key in-
terventions within the same trial would strengthen the 
confidence in these findings.

While prior meta-analysis reported variable evidence 
regarding the outcomes presented here, this is the first 
comprehensive synthesis that includes conservative, 
medical and surgical approaches for SMH management. 
Across both the overall analysis and the n-AMD-specific 
sub-analysis, the findings demonstrated a preference for 
non-vitrectomy approaches over vitrectomy-based inter-
ventions in terms of BCVA outcomes. These results re-
vealed low to moderate overall heterogeneity (I2: 28.29%) 
between studies, with minimal heterogeneity within 
treatment designs and a non-significant trend towards 
network inconsistency, possibly due to varied study 
methodologies, population characteristics, sample sizes 
and potential biases. In our analysis, the ‘Observation’ 
group comprised only two studies, totalling 26 eyes. 
Notably, one of these studies included patients with 
retinal macroaneurysms, while the other permitted sal-
vage vitrectomy in 38% of cases. These factors under-
mine the classification of this group as representing true 
‘pure observation’. Consequently, the findings related to 
the ‘Observation’ group should be interpreted with cau-
tion due to the limited sample size and marked clinical 
heterogeneity. Moreover, the studies that included an 
observation arm did not report statistically significant 
differences in outcomes when compared to other treat-
ment strategies (Mun et al., 2022). We presented a ranking 
of treatments as well, based on direct and indirect results 
regarding SMH resolution favouring invasive therapies, 
and evaluating the risk of complications. To the best of 
our knowledge, this network meta-analysis is the first of 
its kind in the management of SMH. It highlights a mean 
path length greater than two across outcomes, indicat-
ing increased uncertainty in effect estimates—likely due 
to variations in study populations, methodologies and 
treatment effects across indirect comparisons. Future re-
search involving direct head-to-head comparisons of key 
SMH treatments could enhance the reliability of these 
findings and reduce dependence on extended indirect 
evidence.

In assessing SMH resolution between treatments, we 
found a clear positive effect towards mixed interventions 
against anti-VEGF alone, with high heterogeneity be-
tween studies and a great network inconsistency between 
the different study designs. Specifically, the combination 
of vitrectomy, rtPA and anti-VEGF was statistically 
superior. These findings are strongly aligned with the 
results reported by Veritti et  al.  (2024), who observed 

significant improvements in BCVA at both 1-month 
and 6-month follow-ups following the administration 
of combined tPA and anti-VEGF therapy. Similarly, He 
and collaborators  (2023) found a significant improve-
ment in BCVA at 1, 3 and 6 months, with a statistically 
significant reduction in foveal thickness with the com-
bination therapy of anti-VEGF and rtPA. Conversely, 
Shaheen et  al.  (2024) compared anti-VEGFs against a 
surgical approach, finding no significant difference be-
tween groups; additionally, their surgical studies showed 
a low level of certainty of evidence and low reliability of 
evidence. All these studies described reported persistent 
moderate to high heterogeneity between trials.

Adverse events derived from SMH management are 
reported at different rates of frequency; the common-
est reported are RD, VH and the recurrence of the 
SMH (Boral et al., 2023; Confalonieri et al., 2024; Szeto 
et  al.,  2024). While others have been described as hy-
phema (Boral et al., 2023; Szeto et al., 2024; Thompson & 
Sjaarda, 2005), rise in intraocular pressure (Kishikova 
et al., 2021), retinal tears/breaks (Lee et al., 2021; Shin 
et al., 2015; Tranos et al., 2021), macular holes (Rickmann 
et al., 2021), cataracts (Kishikova et al., 2021; Sniatecki 
et  al.,  2021; Thompson & Sjaarda,  2005), macular 
neovascularization (Caporossi et  al.,  2022), vitreous 
opacity (Fujikawa et  al.,  2013) and hypotonia (Boral 
et  al.,  2023). When assessing complications, RD risk 
appears to be lower with anti-VEGF monotherapy or 
when anti-VEGF is combined with PD or PPV and sub-
retinal injection of rtPA and PD. Furthermore, compli-
cations such as VH were more commonly associated 
with isolated vitrectomy, and especially with complex 
PPV-based combinations, including the use of rtPA and 
AM implantation. In terms of SMH recurrence, PD-
based therapies, especially when combined with rtPA 
and/or anti-VEGF, showed a lower risk of submacular 
rebleeding. Other studies reporting on SMH complica-
tion risks, such as Shaheen et al. (2024), similarly found 
significant inconsistencies and thus focused on overall 
incidence rates, indicating lower rates of RD, cataracts 
and proliferative vitreoretinopathy with anti-VEGF 
compared to surgical approaches. He et al.  (2023) ob-
served complication rates ranging from 2.4% to 20% 
when comparing tPA combined with anti-VEGF to 
other treatments. Giansanti et  al. emphasised the 
higher incidence of RD and cataracts requiring surgery 
with submacular procedures. Confalonieri et al. (2024) 
documented complication rates but did not analyse in-
cidence or risk systematically.

Our study has some limitations. First, the high 
heterogeneity of the included articles should be inter-
preted with caution. Inconsistency in the representation 
of some data could affect the validity and interpreta-
tion of the results of some studies. These may have in-
curred a reporting bias. In addition, this heterogeneity 
has also been detected by other authors before (Veritti 
et  al.,  2024). On the other hand, most of the studies 
had a retrospective methodological design. This could 
have led to limitations in data collection and analysis. 
Another limitation encountered is the surgeon's pref-
erence in the choice of procedure due to the lack of 
consensus to date. In addition, the low incidence of the 
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disease makes it difficult to develop randomised clini-
cal trials with large sample sizes. Regarding the meth-
odological limitations of this study, we declare that 
we were unable to contact the authors of the included 
papers to obtain additional data of interest that could 
not be taken into account. Furthermore, we also did not 
explore the articles published in the grey literature. The 
search equation may not have been sufficiently sensitive 
and specific. This limitation was demonstrated by the 
fact that the pooled search showed several studies that 
had not been considered in the initial literature search. 
Finally, data on RAM- and trauma-related SMH were 
clearly limited in both quantity and clinical consistency, 
precluding robust subgroup analyses. As for PCV, al-
though moderately represented in some treatment arms, 
the total number of studies exclusively assessing this 
aetiology did not allow for a connected and analysable 
PCV-specific network. Therefore, only n-AMD was se-
lected for a specific network analysis.

The strengths of this review include the need to de-
velop consensus guidelines for the therapeutic approach 
to SMH. To enhance the interpretability of the findings, 
we conducted a subanalysis based on aetiology, specifi-
cally focusing on n-AMD, in an effort to homogenise the 
study populations and reduce clinical heterogeneity. In 
addition, consideration of the patient's baseline VA and 
the size of the SMH are potential confounders that should 
be taken into account in the design of future studies. 
This stratified approach aims to provide more tailored 
insights for clinical decision-making in n-AMD-related 
SMH. Furthermore, the complications associated with 
each therapeutic approach should be further studied to 
determine the risk–benefit of each intervention.

There is currently no consensus regarding evidence-
based standard treatment for SMH, although there is 
a trend towards minimally invasive approaches. While 
some surgical interventions demonstrate potential ben-
efits, the lack of consensus and standardised protocols 
remains a challenge. Regardless of the choice of the pri-
mary treatment approach, factors such as the time to 
treatment, size of the lesion, and accompanying intravit-
real treatment with VEGF inhibitors seem to be decisive 
for the functional outcome. Further large-scale, ran-
domised controlled trials are essential to establish opti-
mal treatment guidelines and improve patient outcomes.
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