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Abstract: Retinal arterial macroaneurysm (RAM) can be defined as an acquired round or fusiform
dilation of a retinal artery. RAMs frequently remain stable but, in some cases, can complicate
with macular exudation or hemorrhage, resulting in symptomatic disease. While a watch-and-wait
approach is the standard option in asymptomatic RAMs, there is no universal agreement regarding
treatment of symptomatic cases and randomized clinical trials are warranted. Anti-VEGF intravitreal
injections can reduce exudation, albeit multiple treatments may be necessary. Hence, laser treatment
may be a better choice to provide a durable control of symptoms while anti-VEGF therapy should be
preferred for lesions adjacent to the fovea. Indirect laser is recommended because there is a decreased
danger of RAM rupture and hemorrhage. Furthermore, subthreshold laser seems to be comparable
to conventional laser in terms of efficacy outcomes.
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1. Introduction

Retinal arterial macroaneurysm (RAM) can be defined as an acquired round or
fusiform dilation within the first three branches of the central retinal artery [1]. RAM
tends to develop at the site of an arteriolar bifurcation or arteriovenous crossing. The most
reported location is the superior-temporal quadrant albeit RAM can develop at the nasal
arteries and, more rarely, at the cilioretinal arteries or optic nerve head [1-6].

The epidemiology of RAM has been thoroughly analyzed by several studies, revealing
that they are strongly associated with female sex, systemic hypertension and atherosclerosis,
and branch retinal vein occlusion [2-9]. Although the exact pathophysiological mechanisms
leading to RAM development are not completely delineated, the most solid interpretation
is based on the chronic vessel damage due to atherosclerosis which could in turn lead to
progressive fibrotic degeneration of the vessel wall [3,4,6,7]. The reduced wall elasticity
combined with the elevated luminal pressure, due to systemic hypertension, would result
in the development of an arterial aneurysmal dilation. An alternative theory suggests that
emboli or even intra-arterial thrombosis could determine mechanical damages to the en-
dothelium or the adventitial leading to aneurysm formation and subsequent rupture [6,10].
It is worth mentioning that RAM can also occur in young patients, such as in Familial
Retinal Arterial Macroaneurysm (FRAM), a rare inherited disorder caused by recessive
variants in the Insulin-like Growth Factor Binding Protein 7 (IGFBP7) gene [11-14].

2. Clinical Presentation

RAMs frequently remain stable over time, with a natural history of thrombosis fol-
lowed by spontaneous involution [3]. However, they can exudate, thus causing macular
edema, and/or enlarge and subsequently rupture, resulting in extensive hemorrhages [15-17].
Therefore, the diagnosis can be made on routine examination when asymptomatic but
also in consequence of the occurrence of a sudden and painless loss of vision. The clinical
picture may vary according to the specific complication [6].
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RAM can be classified into quiescent and symptomatic, either exudative or hemor-
rhagic [18]. The latter group accounts for approximately two-thirds of all symptomatic
cases [19]. Hemorrhages related to RAM rupture can be further classified based on their
location: vitreous (10-23%), preretinal (31-57%), subinternal limiting membrane (22-53%),
intraretinal (26-52%) or subretinal (47-76%). Half of the cases present as multilevel hem-
orrhage, defined as occurring simultaneously in at least two locations [19,20]. Eyes with
vitreous, preretinal, or intraretinal hemorrhage tend to show a better visual prognosis than
those with exudation alone or subretinal hemorrhage [19].

3. Multimodal Imaging

Even though the simple biomicroscopic fundus examination allows the direct identi-
fication of RAM in most cases, the gold standard for the diagnosis of RAM is fluorescein
angiography (FA), in which a focal saccular or fusiform dilation shows rapid filling in
the arterial phase (Figure 1A,B). Dye leakage in the late phases of the study signals active
exudation (Figure 2). When a thick preretinal hemorrhage is present, an area of blocked
fluorescence around the aneurysm is observed. In those cases, indocyanine green angiogra-
phy (ICGA) is useful, due to the greater penetration of near-infrared wavelength [21-23].
Dye leakage can be found also on ICGA, suggesting damage to the arterial wall [6]. Optical
Coherence Tomography (OCT) scans taken at the level of a quiescent macroaneurysm
show a round hyperreflective wall with a hyporeflective lumen located in the inner retinal
layers, albeit the reflectivity of its innermost part can variable depending on whether the
aneurysmal sac is perfused or thrombosed (Figure 3). Moreover, OCT can easily unveil the
development of macular complications, such as exudation and hemorrhage, and occlusion
after laser treatment, usually detectable as homogeneous high reflectance [24,25]. It is
noteworthy that macular subretinal or intraretinal fluid can be due to the presence of RAM
located far away from the fovea [6]. Linearity without undulation of the retinal pigment ep-
ithelium on OCT allows a differential diagnosis with aneurysmal type 1 neovascularization,
which can show a hemorrhagic appearance similar to that of a ruptured RAM [17]. En-face
OCT may prove helpful in planning laser treatment, as it allows precise measurement
of RAM size in a coronal plane at a selected depth within the retina, assessment of its
relationship with extravasated fluid or blood, and demarcation of the external and internal
border of the wall on the basis of reflectivity differences [26]. OCT-Angiography has been
shown able to detect perfused RAMs, even if obscured by hemorrhage, without resorting
to dye injection (Figure 1C) [27-31]. However, its sensitivity is still limited to a predefined
range of flow speeds, so that lesions with a turbulent flow may go undetected [32]. More
recently, adaptive optics scanning light ophthalmoscope (AOSLO) helped to elucidate the
mechanisms of RAM formation and thrombosis in vivo [10,33].

Figure 1. Multimodal imaging in retinal arterial macroaneurysm. Round dilation of a temporal
branch central retinal artery near the fovea on color fundus photograph (A). Early-phase fluores-
cein angiography detects dye filling of the aneurysmal sac but not leakage (B). Optical Coherence
Tomography Angiography detects blood flow within the retinal arterial macroaneurysm (C).
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Figure 2. Exudative retinal arterial macroaneurysm. Rapid arterial filling of the aneurysmal sac on
early phase fluorescein angiography (A) and indocyanine green angiography (C). Perilesional dye
leakage is highlighted by late phase fluorescein angiography (B) and indocyanine green angiogra-
phy (D). Optical Coherence Tomography scan passing through the fovea and macroaneurysm detects
subfoveal and intraretinal exudation (E).
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Figure 3. Hemorrhagic retinal arterial macroaneurysm. Ultrawide-field imaging of a subinternal
limiting membrane hemorrhage secondary to a ruptured macroaneurysm on a superior-temporal
branch of the central retinal artery (A), showing a partially obliterated lesion on early phase fluorescein
angiography (C) and subsequent filling in late phases (D). At 2-month of follow-up, development
of subretinal hemorrhage and reduction of the subinternal limiting membrane hemorrhage can be
detected (B). Optical Coherence Tomography scans taken at baseline (E), 1-month (F), and 2-month
(G) follow-up confirm the reduction of the pre-existing hemorrhage and subsequent re-rupture
and hemorrhage.

4. Treatment
4.1. General Management

At present, there is no consensus regarding treatment indications in RAM and several
options are available: both laser and intravitreal (IV) pharmacologic therapy have been
proposed as effective therapeutic options for macular exudative phenomena caused by
RAM and also surgery may be needed in cases of extensive hemorrhage [5]. However,
about two-thirds of RAMs spontaneously close, and half of symptomatic patients show
vision improvement during observation [19]. Therefore, caution should be taken when
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considering to actively treat a patient with RAM while a watch and wait approach is the
standard option if the RAM is asymptomatic. Treatment should be reserved for exudative
or hemorrhagic RAMs, which can cause significant visual impairment if the central macula
is involved and progressive photoreceptor damage due to persistent subretinal /intraretinal
blood or fluid [16,34]. Anyhow, the visual prognosis of RAM is good regardless of the
injtial presentation and even after macular complications, if an individualized approach is
correctly undertaken [35].

4.2. Laser Treatment

The most commonly employed approach is conventional direct or indirect laser pho-
tocoagulation with a visible endpoint (threshold). Laser photocoagulation leads to RAM
closure in almost all cases (87-100%) and at least 1 line of visual acuity gain in almost
75% (65-80%) of patients, suggesting a preeminent role for laser in the treatment of RAM,
especially in hemorrhagic ones [19].

No consensus exists about laser modality and setting for the treatment of RAM.
Conventional direct photocoagulation using argon/KTP 532 nm green laser or 577 nm
yellow diode is generally effective in sealing the aneurysmal sac and resolving the exudative
manifestations. Large spots (500 pm) with long exposure time (500 ms), at the lowest power
necessary to create a light burn directly on the lesion are recommended [36].

However, since the aneurysm’s walls are already thin and weakened, direct laser
treatment may be burdened by some complications, including hemorrhage and branch
retinal artery occlusion [37]; therefore, indirect treatment is generally employed (using
100 pm spot diameter, 200 ms exposure, and 100-300 mW power) [36]. This approach
is focused on the incompetent retinal capillaries surrounding the RAM which display
significant dye leakage on FA and are responsible for exudative phenomena, while also
circumscribing the lesion with laser burns in order to confine the extent of hemorrhages in
case of rupture; it may also reduce blood flow to the aneurysmal sac through a photothermal
effect on vascular factors [36].

Another conventional laser therapy approach is navigated laser photocoagulation. The
currently commercially available navigated laser system (Navilas; OD-OS GmbH, Teltow,
Germany) incorporates a digital fundus camera (providing color fundus imaging, infrared
imaging, and fluorescein angiography) and a diode-pumped solid-state (532 or 577 nm)
laser. The system allows laser preplanning using multimodal imaging and retinal tracking
during treatment to stabilize the position of laser spots [38]. A small comparative study
on conventional direct photocoagulation for RAM proved that the navigated approach
has similar efficacy and safety compared to the standard one while requiring less energy
and number of burns [39]. Nevertheless, all kinds of threshold laser treatment may lead
to potential sequelae, including increased retinal exudation, enlargement of laser scar,
subretinal neovascularization and fibrosis, and vitreoretinal interface diseases [6].

A different approach can be pursued with the use of subthreshold laser treatment,
which has been developed to minimize the adverse aspects of conventional laser, by
reducing the duration of exposure and using a subvisible clinical endpoint (laser burn),
while obtaining a comparable outcome (Figure 4). The mechanisms by which it works
are not clearly understood but are probably related to the beneficial effects of sub-lethal
retinal hyperthermia and mediated by heat shock proteins. In a pilot study, Battaglia Parodi
et al. used an infrared diode laser (810 nm) with 125 pm spot diameter, 300 ms exposure
time, 15% duty cycle, and 1400 mW power to deliver laser spots on both the entire RAM
lesion and the surrounding area, with no free space in-between [40]. Subthreshold laser
treatment was capable to achieve anatomical and functional improvement [40], which
was subsequently demonstrated to be equivalent to conventional indirect treatment in
a randomized clinical trial [41]. Thus, subthreshold laser is safe and effective to treat
RAM with symptomatic macular involvement and it can also be used to safely treat RAMs
with associated vitreoretinal pathology, in which conventional laser treatment cannot be
considered an appropriate choice because of its potentially adverse thermal effects [42].
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Figure 4. Symptomatic retinal arterial macroaneurysm treated with subthreshold laser. Despite a
massive vitreous hemorrhage, dye leakage from a saccular arterial dilation on the inferior-temporal
major arterial division near the optic disk can be detected on lase-phase fluorescein angiography (A),
but only minimally on intermediate-phase indocyanine green angiography (B). Four months after
a single session of subthreshold micropulse laser treatment of the lesion, no aneurysmal dilation,
dye leakage or laser can be seen at the same location on fluorescein (C,D) or indocyanine green
angiography (E,F).

Laser hyaloidotomy and internal limiting membranotomy using Nd-YAG may be
used to quickly resolve hemorrhages settling under the hyaloid membrane and/or internal
limiting membrane which can be slow to resorb and cause macular scarring and epiretinal
membrane formation [43,44]. In contrast to conventional retinal photocoagulation, which
is performed using a beam with constant power (continuous mode), the laser is operated at
Q-switch mode so that every emission is composed of many short bursts with high peak
power. The energy level is set between 1.9-11.5 mJ and the beam is directed at the lower
margin of the hemorrhage, away from the fovea. Few openings are made until a stream of
blood to the vitreous cavity is seen. However, this procedure is controversial because of the
risk of macular damage and dense vitreous hemorrhage; moreover, hemorrhage recurrence
is not rare [36].
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4.3. Intravitreal Pharmacologic Therapy

The rationale for treating exudative RAMs using IV anti-vascular endothelial growth
factor (VEGF) antibodies relies on their ability to obtain tighter junctions between endothe-
lial cells of the aneurysmal sac, alongside remodeling the affected vessel wall and luminal
thrombosis [33]. Intravitreal bevacizumab for exudative complications of RAM was first
reported in 2009 [45]. Since then, there have been several studies on the use of anti-VEGF
agents (bevacizumab, ranibizumab, aflibercept, conbercept) for both hemorrhagic and
exudative complications of RAM [46—48]. Symptomatic RAM responds well to a limited
number of injections (1 to 3) [49-52]. In their landmark prospective study, Pichi et al. found
that three monthly bevacizumab injections led to aneurysm closure, resolution of macular
edema and hard exudates, and significant visual improvement in nearly all 38 treated
eyes [50]. However, as a single IV is often sufficient to achieve a complete RAM closure, it is
still questioned if all patients should receive a triple anti-VEGF injection in a standardized
manner or rather follow a pro re nata regimen [47].

Despite retrospective comparative studies highlighted no significant differences in the
final visual outcome between IV bevacizumab and mere observation, albeit the former likely
hastens the resolution of edema and hemorrhage [49,53], a recent meta-analysis reported
that anti-VEGF agents lead to RAM closure (93-100%) and visual acuity improvement
(74-100%) in a higher proportion of patients when compared to observation and even laser.
Interestingly, the visual prognosis of RAM treated with anti-VEGF was better in exudative
than in hemorrhagic ones [19].

It still holds that in complicated RAM cases due to recurrent macular edema or hemor-
rhage after multiple anti-VEGF injections, focal laser photocoagulation is generally needed
for sealing vessel leak and vision stabilization [54]. For that reason, combined protocols
with IV anti-VEGF and focal laser photocoagulation have been proposed and successfully
investigated [44,55,56]. One retrospective study suggested that combined therapy may lead
to a better functional and anatomical outcome than monotherapy [57], although further
studies are needed to determine which modality is the most safe and effective.

Regarding ruptured RAMs with hemorrhagic manifestations, anti-VEGF agents can
be considered a treatment option, although their natural course generally proceeds with
progressive resorption of the hemorrhage and fibrosis of the aneurysm to a restitutio ad
integrum [58], particularly in cases with foveal intraretinal hemorrhage that have a poor
visual prognosis and may be ineligible for laser treatment [53]. However, some authors
argued that anti-VEGEF in these patients has little rationale since hemorrhage from RAM,
unlike exudation, is generally a one-time event that leads to fibrosis and occlusion of the
lesion and visual loss due to subfoveal blood toxicity towards photoreceptors and retinal
pigment epithelium. Thus, early surgical evacuation of subfoveal blood may the best option
for these patients [51].

To our knowledge, IV corticosteroid use has been reported only in one patient affected
by FRAM [59] and in three affected by adult-onset Coats” disease [60]. In these cases,
persistent macular edema poorly responding to intravitreal ranibizumab and aflibercept
showed marked improvement after intravitreal dexamethasone implantation (Ozurdex®).

4.4. Surgical Treatment

The majority of vitreous hemorrhages secondary to RAM generally do not require
surgical intervention, with a natural history of resorption in 6 to 10 weeks. However, when
the etiology of the vitreous hemorrhage is unknown or it does not resolve, vitrectomy
should be considered [36,61]. This may not only accelerate vision improvement but also
enhance the detection of concomitant macular complications.

On the other hand, subretinal macular hemorrhage due to RAM rupture can damage
photoreceptors and lead to vision-threatening macular holes, if left untreated [62—65]. In-
deed, good visual outcomes have been accomplished with gas tamponade in conjunction
with the use of tissue plasminogen activator (tPA), with or without surgical drainage and/or
vitrectomy [35,66-74]. Perfluorocarbon gas is injected into the eye to physically displace
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the macular hemorrhage. Intravitreal or subretinal tPA may be used to aid spontaneous
blood clearing as well as surgical drainage. Unfortunately, vitreous hemorrhage and deteri-
oration of subretinal hemorrhage may occur as an immediate complication of gas injection
and intravitreal tPA for the treatment of subretinal hemorrhage secondary to a ruptured
RAM [75,76]. As a result, removal of extensive subretinal bleeding remains contentious.

5. Conclusions

While a watch-and-wait approach is the standard option in asymptomatic RAMs,
there is no universal agreement regarding treatment of symptomatic cases and randomized
clinical trials are warranted. Treatment should be reserved for exudative or hemorrhagic
RAMs. Anti-VEGF intravitreal injections can reduce exudation, albeit multiple treatments
may be necessary. Hence, laser treatment may be a better choice to provide a durable
control of symptoms while anti-VEGF therapy should be preferred for lesions adjacent
to the fovea. Indirect laser is recommended because there is a decreased danger of RAM
rupture and hemorrhage. Furthermore, subthreshold laser seems to be comparable to
conventional laser in terms of efficacy outcomes.
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