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Abstract

Background: To explore the efficacy of observation, laser photocoagulation, and anti-VEGF in the management of
retinal arterial macroaneurysm (RAM).

Methods: We retrospectively included patients diagnosed with RAM at the Peking Union Medical College Hospi-
tal (PUMCH) from 2003 to 2021, and comprehensively reviewed cases documented in the literature from multiple
databases (PROSPERO protocol CRD42022310417). Patients were categorized into 3 groups: the observation group,
anti-VEGF group, and laser photocoagulation group. LogMAR visual acuity (VA) and central retinal thickness (CMT) at
the end of the follow-up were analyzed.

Results: A total of 14 patients from the PUMCH and 210 patients from the literature review were included. VA and
CMT in patients who underwent observation, laser photocoagulation, and anti-VEGF therapies were significantly
improved from baseline (p <0.05), with changes in LogMAR VA improved by -0.34 +0.68,-0.17 +-0.58, and -0.45 +0.62
and changes in CMT improved by -148.26 +138.99 um, -185.61 4 130.37 um, and -287.45 4+ 171.87 um, respectively.
Subgroup analysis revealed that anti-VEGF therapy was used in patients with worse VA than patients who underwent
laser photocoagulation (p=0.010), but achieved better improvement in VA than the laser photocoagulation group

(p =0.049). Patients treated with anti-VEGF also had thicker CMT than the observation group (p =0.013), and experi-
enced better changes in CMT than the observation, as well as laser photocoagulation groups (p=0.005; p=0.047).

Conclusion: Observation, anti-VEGF, and laser photocoagulation are effective therapeutic methods for the manage-
ment of RAM, and anti-VEGF therapy is intended to better improve patients with severe VA and CMT.

Keywords: Retinal arterial macroaneurysm, Management, Clinical characteristics, Visual acuity, Central retinal
thickness

Background

Retinal arterial macroaneurysm (RAM) refers to the
localized fusiform or saccular dilatation of a retinal arte-
rial vessel within the first three bifurcations, which was
first described by Robertson in 1973 [1]. The prevalence
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of RAM ranges from 0.01% to 0.07%, which means that
it is rare and easily misdiagnosed [2, 3]. RAM rupture
with retinal hemorrhage, exudation, edema, or vitreous
hemorrhage can sometimes cause severe vision loss. If
the macula is involved, impaired vision can occur. Active
RAM is classified into hemorrhagic or exudative types
depending on whether hemorrhage or exudates are the
major factor, measure more than 1 disc diameter and are
responsible for visual loss [4].
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Currently, there are no standard treatment guidelines
for RAM. The proposed management options for RAM
include observation, laser photocoagulation, anti-VEGF
therapy, and surgical operations. Previous studies [5-7]
suggested that in most cases, RAM is self-healing, and
nonsurgical management is often considered to be the
preferred treatment for RAM, as it does not depend on
technical limitation. However, the results of different
modes of management of RAM vary.

The aim of this study was to retrospectively analyze the
nonsurgical clinical management of RAM and to evaluate
the circumstances under which observation, laser photo-
coagulation, and anti-VEGF therapy should be used.

Method

Ethical compliance

This retrospective study was approved by the Institu-
tional Review Board of Peking Union Medical College
Hospital and conducted following the tenets of the Dec-
laration of Helsinki. Written informed consent was pro-
vided to each patient before examination.

Patient selection

Patients who underwent angiography at Peking Union
Medical College Hospital (PUMCH) from May 2003 to
January 2021 were retrospectively, consecutively selected.
All patients were informed in detail of the purpose of the
study and the complications of RAM management, and
all signed an informed consent form before examination.
RAM with (1) cyst-like or fusiform retinal aneurysm-like
expansion observed on the fundus photograph, (2) local
arterial expansion found by fundus fluorescein angiog-
raphy (FFA) or indocyanine green angiography (ICGA),
(3) patients underwent observation, laser photocoagula-
tion, or anti-VEGF therapy, and (4) at least one follow-up
with VA and OCT were recorded. Patients were excluded
from this study if they (1) had other retinal diseases aside
from RAM or (2) had undergone any ophthalmic man-
agement within the previous 6 months.

We searched PubMed, EMBASE, the Cochrane Central
Register of Controlled Trials, the Cochrane Database of
Systematic Reviews, CNKI (China National Knowledge
Infrastructure), Web of Science, and the clinicaltrials.
gov website from inception to Jan 1st, 2022, without lan-
guage restrictions. The selected keywords were “retinal
arterial macroaneurysm’, “observation’, “anti-VEGF’, and
“laser photocoagulation”, among others. The inclusion
requirements for articles were (1) Participant: patient
diagnosed with RAM; (2) Intervention: observation, or
a single session of laser photocoagulation, or anti-VEGF
was conducted; (3) Comparison: at least one comparison
existed in the study; (4) Outcomes: articles with sufficient
and detailed data, including the description of individual
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primary VA, final VA; and/or primary CMT, final CMT.
(5) Study type: comparative studies, including retrospec-
tive comparative studies and prospective studies. The
following were the exclusion criteria: (1) RAM accom-
panied by other serious fundus diseases, such as Coats’
disease and vasculitis. (2) Cases that could not be accu-
rately diagnosed. The detailed search strategy is shown in
Additional file 1. The protocol for this systematic review
is registered with PROSPERO CRD42022310417.

Data extraction and statistical analysis

For RAM patients from the PUMCH, clinical character-
istics and multimodal fundus imaging, including FFA,
ICGA, and optical coherence tomography (OCT) of the
disease, were analyzed. For included patients from the
literature, the name of the author, year of publication,
study design, and outcomes were extracted from each
study. The primary outcomes were (1) VA [visual acu-
ity was converted to the logarithm of minimum angle of
resolution (logMAR) units for statistical analyses] from
baseline to the last follow-up; (2) CMT detected by OCT
from baseline to the last follow-up.

Continuous or discrete variables are presented as the
means and standard deviations or counts (%). Compari-
sons of paired or unpaired data were made using Khi-2,
Fisher or Wilcoxon for quantitative variables, and the
paired or unpaired Student’s t test for normally distrib-
uted data, while nonparametric Wilcoxon Signed Ranks
and Mann—Whitney U test were used for nonnor-
mal data. One-way analysis of variance (ANOVA) test
accompanied by LSD post hoc analysis or multigroup
chi-square tests combined with Bonferroni post hoc
correction were used for continuous or categorical vari-
ables among different treatments of PUMCH patients.
Head-to-head studies were separately compared in the
combined analysis of different treatment comparisons
with pairwise comparison in case of large heterogeneity
among studies. A p value<0.05 was considered statisti-
cally significant. All statistical analyses were performed
by SPSS 26.0 (SPSS Inc.; Chicago, IL, USA) or GraphPad
Prism 8.0 (GraphPad Software Inc., San Diego, CA, USA)
software.

Results

Cases in Peking Union Medical College Hospital

A total of 14 patients diagnosed with RAM were
included. Table 1 summarizes the characteris-
tics of RAM patients from the PUMCH. Among
them, 11 were women (78.5%); the average age was
71.6 £ 6.5 years old. Ten patients had systemic hyper-
tension under medical control. All the cases exhibited
monocular single RAM with round or fusiform shape.
Aneurysms were located in the temporal artery in 13
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Table 1 Characteristics of RAM patients from PUMCH

Observation (n=15) Laser Anti-VEGF (n=15) O.vsL.? O.vsA.?2 L.vs A2

:’nhzt‘%coagulatlon p p p

Age(y) 68.20+6.38 71.50+6.46 7520+6.22 0454 0.109 0403
Sex(F) 2 4 5 0.501 0.501 1.000
Eye (OS) 5 2 2 0.501 0.501 1.000
Hypertension 4 2 2 1.000 1.000 1.000
Diabetes 2 0 2 1.000 1.000 1.000
Complication (Exudative) 2 4 1 0.501 1.000 0.143
No past treatment 4 4 5 1.000 1.000 1.000
Preretinal hemorrhage 1 0 4 1.000 0618 0.143
Macular hard exudates 2 2 0 1.000 1.000 0.501
Distance from fovea 3098.80+1712.84 2690.75+ 87444 1541.4£1202.00 0.658 0.094 0.228
Duration of symptoms 360+£2.19 1.50+0.58 220£2.16 0.125 0.265 0.591
Interval(m) 7404513 2.75+£1.50 520+3.96 0.110 0401 0379
Initial LogMAR VA (meanVAin  0.18+0.20 (0.16) 0.584+0.33 (0.26) 1.1640.78 (0.07) 0.278 0.012%* 0.119
decimal)
Initial CMT (um) 2604048998 3775048525 490.20£210.50 0.254 0.029** 0.271

VA Visual acuity, CMT, Central macular thickness
@ O Observation, L Laser photocoagulation, A Anti-VEGF treatment
" P<0.05

cases, accounting for 92.8%; 10 cases were located in
the supratemporal artery. Aneurysms were located in
the main trunk and 1% and 2" branches in 3, 7, and 4
cases, accounting for 21.4%, 50.0%, and 28.5%, respec-
tively. Of all the cases, 7 cases had different degrees
of retinal hemorrhage (50.0%). Hemorrhage or edema
involved the macula in 6 eyes. Among the included
patients, 5 patients received observation, 4 patients
received direct laser photocoagulation (around 532 nm
green laser, about 200um in the diameter of the light
spot around and/or direct to the aneurysm, 100—-300
mW for laser power, 0.2 ~0.3 s for laser duration, and
level III for laser response), and 5 patients underwent
anti-VEGF therapy. All patients in laser photocoagula-
tion or anti-VEGF group had not been previous treat
by either anti-VEGF or laser photocoagulation thera-
pies. One patient in the observation group had been
treated with laser 4 months ago. No complications,
such as vitreous hemorrhage, aneurysm rupture, were
observed after laser or anti-VEGF treatment.

Among these patients, 4 of 5 patients in the obser-
vation group had improved or remained the same VA,
while all patients in laser photocoagulation group
and anti-VEGF group were improved or remained
unchanged VA; the CMT of all patients in PUMCH
were decreased to varying degrees. Figure 1 provided
examples of different treatments of RAM in PUMCH.

Analysis of management of 224 RAM cases

Initially, 492 records were identified through database
searching, and 3 additional records were identified
using other sources. After excluding 478 records by
screening the titles and abstracts, a total of 17 manu-
scripts were fully examined (see Fig. 2). We ultimately
included 9 studies for combined analysis (see Table 2).
Of the included studies, 7 studies compared the effi-
cacy of observation and laser photocoagulation, 1 study
compared observation and anti-VEGF treatment, and 1
study included observation, anti-VEGEF, and laser pho-
tocoagulation. Two studies reported the ratio of RAM
patients who combined with diabetes mellitus (4.7% and
12.9%).

For VA, the primary logMAR VA in the observation
group, laser group, and anti-VEGF group were 0.82 + 0.75,
0.74 = 0.66, and 1.06 + 0.63, respectively. The changes
in -0.34 £ 0.68(p=0.002), -0.17 + 0.58(p = 0.004), and
-045 £ 0.62(p < 0.001). For CMT, the three groups were
383.87 + 176.91 pm, 434.33 £+ 118.59 um, and 526.35 +
187.18 um, respectively, and changes in CMT improved by
-148.26 +£138.99 um(p <0.05), -185.61 +130.37 um(p < 0.05),
and -287.45+171.87 um(p <0.05) (see Fig. 3).

We performed a subgroup analysis by combining the
comparison groups in each study and balancing the
interval (m) in each group. For the baseline characteris-
tics of each comparison, the initial VA in each group was
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Fig. 1 Examples of different managements of RAM in the PUMCH. A A 72-year-old female was diagnosed with RAM, with a VA of 0.5 (LogMAR) and
CMT of 232 um. After 1 month of observation, her final VA was 0.5 (LogMAR), and her CMT dropped to 191 pm. B A 74-year-old female patient had
a VA of 0.2 (LogMAR) and CMT of 304 um. She underwent laser photocoagulation directly to the RAM lesion and achieved a final VA of 0.2 and a
CMT of 289 um. C A 75-year-old female was diagnosed with RAM with a VA classified using Finger Count (2.3 of LogMAR) and CMT of 735 um. After
4 months of anti-VEGF therapy, her VA improved to 1.3 (LogMAR) and CMT to 239 um

balanced, except in the comparison of the laser photo-
coagulation group and anti-VEGF group. The changes
between the initial and final VA between subgroups are
shown in Table 3. For the comparison of observation
and laser photocoagulation, a total of 192 patients from
9 studies were included. No significant difference was
found in this subgroup. For the comparison in the sub-
group of observation and anti-VEGEF, 42 patients from 3
studies were included. The initial CMT and changes in
CMT were significantly different in this group (»p=0.013;
p=0.005). For the comparison subgroup of laser photo-
coagulation and anti-VEGEF, significant differences were
shown in comparison to the initial VA, and there were
changes in VA and CMT (p=0.01; p=0.05; p=0.05).
More exudative RAM was used in laser photocoagulation
than anti-VEGF therapy.

Discussion

Our study presented one of the largest cohorts concern-
ing the nonsurgical management of RAM patients. The
changes in VA and CMT of RAM were explored for var-
ied treatment options. The overall visual prognosis of

RAM was good. We found that observation, laser pho-
tocoagulation and anti-VEGF drug treatment can sig-
nificantly improve vision and CMT. Anti-VEGF therapy
was used in patients with worse VA than patients who
underwent laser photocoagulation, but achieved bet-
ter improvement in VA than the laser photocoagulation
group. Patients treated with anti-VEGF also had thicker
CMT than the observation group, and experienced bet-
ter changes in CMT than the observation, as well as laser
photocoagulation groups. These results may be explained
by the features of the three treatments.

Considering the observation method, its effectiveness
is due to the self-healing and potential for spontaneous
recovery of RAM. In most cases, the course of RAM is
benign, and its stages can be summarized as formation,
enlargement, thrombosis, fibrosis, and spontaneous invo-
lution [7]. In our study, for most cases in the observation
group from the PUMCH, RAM was considered to be in
stable condition, when VA was greater than 20/32 (0.2,
LogMAR) and CMT was lower than 250 pm; thus, obser-
vation was applied to these patients, and they gained sig-
nificant vision improvement. However, some RAM may
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Records identified through
database searching

Additional records identified
through other sources

(n=492) (n=3)

L !

Records after duplicates removed
(n=278)

A 4

Records screened

Not relevant with RAM (n=170)
Not relevant with observation, laser
photocoagulation, or anti-VEGF
treatment (n=28)

A 4

(n=278)

A 4

Full-text articles assessed for
eligibility by intervention,

Animal/ in vitro study (n=1)
Review or meta analysis (n=7)

Other unoriginal study(Letter,

comment, case-report) (n=55)

Record excluded by title and abstract:

Full-text articles excluded:

population and outcomes

> Insufficient data for combined

(n=17)

analysis (n=8)

A4

synthesis (n=9)

Studies included in quantitative

[ Included ’[ Eligibility ]‘ Screening ][Identification

Fig. 2 Flowchart of selection process in the comparison of compared studies of RAM non-surgical treatment

rupture during the enlargement period, which is respon-
sible for hemorrhagic or exudative complications. The
existence of hemorrhage or subretinal fluid may lead to
progressive photoreceptor damage, with consequent
irreversible visual impairment [8]. Therefore, although
observation is the most conservative method for RAM
management, it may not be a safe method when there
is a risk for RAM rupture or RAM with severe hemor-
rhage and exudates. Therefore, some recommendations
should be given to patients for observation: (1) Regular
follow-up (usually once every 3 months) with examina-
tions mainly include visual acuity, fundus examination
and OCT examination; (2) Symptom monitoring, seeking
medical advice in time when occurring symptoms such
as shadow fluttering; (3) Transfer to community doctors
or other ophthalmic specialists in order that the patient’s
condition can be monitored; (4) Assessing systemic dis-
eases: macroaneurysms are sometimes related to hyper-
tension, hyperlipidemia or other underlying systemic
diseases, so patient should see internal medicine doctors.

Laser photocoagulation is the most common therapeu-
tic method for RAM treatment [9, 10]. The laser can be
applied either directly or indirectly to the RAM site. Direct
laser treatment has been shown to decrease the duration of
the lesion, as the laser can be absorbed by the retinal pig-
ment epithelium and the underlying pigmented choroid,

resulting in a temperature increase in the adjacent retina
that reduces the release of angiogenic factors and inflam-
matory cytokines [11]. Indirect photocoagulation treatment
around a RAM can reduce the oxygen consumption of the
retina, consecutively lessen the blood flow in the RAM,
and reduce exudation from abnormal surrounding capil-
laries [12]. Although RAM are sometimes located far from
the macula, hemorrhage and exudation may involve the
macular zone and impair vision. Laser photocoagulation
may inactivate RAM, help absorb hemorrhage, and improve
vision. In RAM cases from the PUMCH, laser therapy was
mainly used to exude RAM, which was mostly located in
the temporal vessels. At present, there are many studies on
the advantages and disadvantages of lasers compared with
observations with various results. Koinzer et al. [13] found
that the mean visual acuity of the observation or laser group
for RAM did not improve significantly from baseline to the
end of long-term follow-up. Battaglia et al. [10] performed a
randomized controlled study and concluded that laser pho-
tocoagulation and observation had similar efficacy in the
treatment of ruptured RAM in terms of visual gain. There-
fore, in our hospital, the decision for laser treatment is gen-
erally conservative, mainly considering (1) exudative RAMs,
(2) the aneurysm located at a certain distance from the
macular area (about 2000um or more), (3) mild to moderate
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Table 2 Characteristics of included studies

Study Year N  Sex(Female, %) Meanage Treatment N  Exudative Mean Baseline LogMARVA Baseline CMT (um)
RAM (%) Interval (mean VA in decimal)
(m)
Palestine 1982 31 22(71) 68.0 Observation 25  18(72) 354 0.6340.71(0.23) NA
Laser 6 6(100) 36.1 0.48+0.07 (0.33) NA
Abdel 1986 21 15(71) 68.7 Observation 10 4(40) 235 0.73+£049(0.19) NA
Laser 11 9(82) 388 0.92+£0.75(0.12) NA
Brown 1994 42 NA 70.0 Observation 26 24(92) 395 1.08+0.91 (0.08) NA
Laser 16 13(81) 429 1.08+0.71 (0.08) NA
Moosavi 2006 10  6(60) 710 Observation 9 5(56) 42 0.6940.86 (0.2) NA
81.0 Laser 1 1(100) 4 1(0.1) NA
Tsujikawa 2009 13 10(77) 74.3 Observation 2 2(100) 8 04140.16 (0.39) 418.001145.66
Laser 11 6(55) 18 0.50£0.27 (0.32) 438.55+130.33
Cho 2013 23 19(82) 710 Observation 12 2(17) 10.5 1.364+0.72 (0.04) 367.00+105.68
Anti-VEGF 11 4(36) 1.2 0.86£0.56 (0.14) 466.731+128.86
Koinzer 2015 31 22(71) 754 Observation 16 1(6) 313 0.48+0.40 (0.33) NA
Laser 15 6(40) 37.2 0.55+0.37 (0.28) NA
Meyer 2015 27 22(81) 76.5 Observation 14 7(50) 21.8 0.79£059(0.16) NA
Laser 13 0(0) 251 14+0.70(0.72) NA
Cahuzac 2016 12 10(83) 751 Observation 5 1(20) 7.7 1.36+£0.92 (0.04) 561.60£269.72
Laser 3 3(100) 77 0.50+0.17 (0.32) 494.67 £108.09
Anti-VEGF 4 4(100) 7.7 1.50+£042 (0.03) 735.50£184.21
PUMCH 2022 14 11(79) 716 Observation 5 2(40) 9 0.18+£0.20 (0.66) 260.40489.98
Laser 4 4(100) 2.75 0.58+0.33 (0.26) 377.50485.25
Anti-VEGF 5 1(20) 56 1.16+0.78 (0.07) 490.204+210.50
Total 224 NA 724+£89 Observation 124 66(53) 27 0.82£0.75 (0.14) 389.58+£175.27
Laser 80  48(60) 246 0.74+0.66 (0.18) 407.50+103.03
Anti-VEGF 20  9(45) 89 1£0.63(0.07) 500.744+177.76
CMT Central macular thickness, NA Not applicable, VA Visual acuity
== Observation E=2 Laser B3 Anti-VEGF B3 Observation B Laser EBS1 Anti-VEGE
* * * * *
2.5 |  — 800 - I 1 [ 1 1
2.0 - - oa 700 ’
3 b . T _ 600 ‘
< 1.5 E
S 3 500+ .
é 1.0 E 400 . . .
< s © 300- A % [ 1
] 200 . ' é
0.0------- 1 L...}]...4....7 - ZERE PEPRSPP et 100-
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Fig. 3 Efficacy of different RAM management. A Primary VA (logMAR) changes. B CMT (um) changes
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Table 3 Subgroup analysis of observation, laser photocoagulation, and anti-VEGF management of RAM

Observatio (n=124) Laser Anti-VEGF (n=20) O.vs O.vs L.vs
Photocoagulatio L2[n(0.)=112, A.2[n(0.)=22, A.2[n(L)=7n(A)=9]
(n=280) n(L.)=80] n(L.)= 20]
14 14 14
Interval (m) 26214274 3043+£335 943+£1.35 0.190 0.800 0.343
Exudative (%) 66(53.2) 48(60.0) 9(45) 0.116 0.863 0.001**
Initial LogMAR VA 0.824+0.75 0.794+0.60 1.064+0.63 0.132 0.949 0.010%*
(mean VA in decimal)  (0.15) 0.16) (0.09)
A\VA -0.34+£0.68 -0.17+£0.58 -045+062 0918 0.733 0.049**
Initial CMT (um) 383.874+176.91 43433+£11859 52635418718 0.192 0.013** 0.088
/A\CMT () -148.26+ 13899 -185.61+130.37 -28745+171.87 0.261 0.005%* 0.047%*

CMT Central macular thickness, VA Visual acuity, O Observation, L Laser photocoagulation, A Anti-VEGF treatment

@ Head-to-head comparison studies of subgroups
" P<0.05

macular edema presented in OCT, and (4) no serious pre-
retinal hemorrhage that blocks the RAM.

However, laser therapy has some complications,
including the risk of a vitreous hemorrhage, vessel occlu-
sion, secondary choroidal neovascularization and RAM
recurrence. Laser photocoagulation itself can cause RAM
rupture and hemorrhage, consequently affecting vision;
in addition, laser photocoagulation can cause scars
and impair the visual field [14]. Therefore, in choosing
whether to use laser treatment, the location of the RAM
should be considered, as well as the retinal thickness and
visual acuity.

Anti-VEGF drugs have been successfully used to treat
RAM in recent years, leading to a decrease in macular
edema, although the treatment of RAM with anti-VEGF
drugs still belongs to off-label uses [15, 16]. The mech-
anism of this curative effect is not known but can be
hypothesized as follows: (1) VEGF inhibitors can inhibit
angiogenesis caused by retinal ischemia in the pathogen-
esis of RAM, reduce the vascular permeability of VEGE,
and decrease RAM hemorrhage and exudation [17]. (2)
VEGEF inhibitors reduce nitric oxide produced by vascu-
lar endothelial cells and promote vasoconstriction, which
helps occlude aneurysms and dissolve hemorrhage and
exudation. (3) VEGF inhibitors can disrupt the balance
between coagulation and fibrinolysis in the cascade reac-
tion of blood coagulation, dissolve focal embolic dam-
age and promote the clearing of subretinal hemorrhage.
Pichi et al. [18] reported using intravitreal bevacizumab
injections for the treatment of RAM in a prospective
uncontrolled study of 37 patients. The researchers found
that patients treated with three monthly injections had
better visual results. However, Cho et al. [16] found no
difference in VA or CMT improvement between intravit-
real bevacizumab therapy and observation alone at final
follow-up in another retrospective series of 23 patients.

They believed the number of eyes included was too small
for statistical analysis, but they found a more rapid VA
improvement and resolution of macular edema in the
bevacizumab-treated group than in the group that took
a natural course.

There are no treatment guidelines for RAM. The choice
of whether to apply anti-VEGF therapy or laser therapy
is controversial in the literature. Cahuzac et al. [19] com-
pared patients receiving these two treatments and found
that all patients with subretinal hemorrhage treated
with anti-VEGF presented with modest VA gain. They
recommended anti-VEGF treatment in patients with
serous retinal detachment because it is a safe, techno-
logically mature procedure that enhances visual recov-
ery, although there is a lack of evidence on its long-term
effectiveness. In our study, subgroup analysis showed that
patients treated with anti-VEGF drugs had lower baseline
VA and higher CMT. These patients were characterized
by severe development of RAM, which is distinguished
by obvious hemorrhage and edema, resulting in a sig-
nificant decline in vision. For these patients, observation
and laser photocoagulation may not directly eliminate
subretinal hemorrhage or macular edema. VEGF inhibi-
tors can further reduce macular edema and hemorrhage
by reducing the retinal ischemia and leakage caused by
RAM rupture to reduce CMT and enhance VA. There-
fore, the evidence from our study shows that anti-VEGF
drugs are suitable for patients with low baseline vision
and high CMT and achieve significant improvements in
vision and retinal anatomy.

This study has several limitations. First, RAM is a rare
disease, and a limited number of patients was included in
the study; therefore, a literature data analysis was added
to supplement the patient data, which helped to prevent
insufficient results caused by a lack of robust data. Sec-
ond, this study is a retrospective study. Only controlled
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studies with sufficient data were included in the study.
For studies with missing data or without treatment com-
parisons, confounding factors were considered to exist,
so they were not included. Besides, selection bias may
occur, such as loss of patient with good visual acuity, or
patients with severe treatment complications who cannot
perform post-treatment OCT. Third, most prescription
of treatment method in this study was made on special-
ists’ decision, and different preferences from special-
ists may affect the study result. Forth, the baseline data
of different treatment groups included in the study were
not balanced; therefore, the therapeutic effects of obser-
vation, laser, and anti-VEGF drugs could not be directly
obtained. More data support is needed for detailed sub-
group evaluation. Besides, the activity of RAM was
assessed by OCT, which is not as accurate as assessed by
FFA, which may have some influence in the result.

In conclusion, observation, laser photocoagulation and
anti-VEGF therapy are all effective management methods
for RAM. Laser photocoagulation is an effective treat-
ment for exudative RAM. Anti-VEGF therapy is intended
to better improve patients with severe VA and CMT. All
management strategies should consider the unique needs
of each patient.
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