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Abstract
Purpose Symptomatic retinal arterial macroaneurysms (RAM)
are primarily investigated by fundus fluorescein angiography
after presenting with visual disturbance. The natural history
includes spontaneous regression and occasionally occlusion
of the arteriole distal to the aneurysm. RAM may be managed
conservatively. Interventional treatment options include focal
argon laser photocoagulation, Nd:YAG laser hyaloidotomy,
and pars plana vitrectomy. The purpose of this study was to
elicit the rates of distal vessel occlusion and aneurysm throm-
bosis in RAM at presentation, and their relevance to the treat-
ment of RAM. Furthermore, visual outcomes were examined.
Methods Retrospective review of cases of RAM presenting to
a tertiary ophthalmology care centre was accomplished in a
university teaching hospital. The angiographic features, treat-
ment indications, and visual outcomes in patients with RAM
were recorded. Angiographic features noted were distal vessel
patency and aneurysm thrombosis at presentation.
Results Ten patients with RAMwere identified. Ninety percent
had an angiographically patent distal arteriole, with 40% show-
ing spontaneous thrombosis of the aneurysm sac at presenta-
tion. Patients presenting with a spontaneously thrombosed
RAM were managed conservatively, those with flow within
the aneurysm wall were treated with focal laser, and those with
subhyaloid haemorrhage underwent Nd:YAG laser
hyaloidotomy. LogMAR visual acuity improved from 0.3
(±0) at presentation to 0.15 (±0.1) in the conservative group,

and from 0.78 (±0.23) to 0.24 (±0.18) in those who underwent
one intervention. One patient lost vision after multiple RAM.
Conclusion Thrombosis within the aneurysm wall is an im-
portant feature in deciding to treat RAM, and selective use of
interventions improves vision in affected patients.
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Introduction

Retinal arterial macroaneurysms (RAM) are an acquired ab-
normality of the retinal vasculature. They comprise a dilata-
tion or outpouching of a major retinal arteriole. The term ret-
inal arterial macroaneurysm was first described in 1973 to
distinguish these aneurysms from those found in retinal veins
and capillaries [1].

RAM are an isolated phenomenon in two thirds of cases,
and occur in conjunction with retinal venous obstruction in
one third [2]. Ten percent of cases are bilateral [1]. Risk factors
for the development of a RAM include female sex, retinal vein
occlusion, and hypertension [2, 3]. RAM are rare, with a re-
ported prevalence of 1 in 4500 people [4]. They are usually
asymptomatic until acute haemorrhage and/or exudation af-
fect the macula [1]. RAM have been subdivided into two
subgroups- haemorrhagic and exudative [5]. Haemorrhagic
RAM are associated with systemic hypertension while exuda-
tive RAM are more frequently associated with retinal vein
o c c l u s i o n s . RAM a r e mo s t c ommon l y f o u n d
superotemporally (53 %), followed by the inferotemporally
(38 %), inferonasally (5 %), and superonasally (4 %) [5].

The most common clinical features of symptomatic RAM
are retinal haemorrhage (81%) and exudate (70 %) [2]. RAM-
associated retinal haemorrhage may be preretinal, intraretinal,
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or subretinal [3]. Acute multilevel haemorrhage surrounding a
white or yellow spot should arouse suspicion for RAM. Less
commonly, vitreous haemorrhage (30 %) is observed [2].

RAM have a characteristic saccular or fusiform
hyperfluorescence on fundus fluorescein angiogram (FFA)
[6]. Fusiform RAM are described as filling rapidly in early
phases of the angiogram, with saccular RAM showing mini-
mal early filling [7]. The latter fill in middle to late phases,
with heterogenous hyperfluorescence possibly due to
intraluminal clot. Data on the rate of aneurysm thrombosis
and the patency of distal vasculature at presentation is sparse.
To date, it has not been determined if this is of clinical signif-
icance. One study of 44 RAM showed that at least 48 % dem-
onstrated fine capillary changes, including capillary closure,
both adjacent and distal to the RAM [7]. Spectral domain
optical coherence tomography (OCT) has been used to further
delineate the morphologic characteristics of RAM [8]. Hypo-
reflectivity was noted within the aneurysm in all the cases
examined at presentation, likely representing patent blood
flow. This was in contrast with the hyper-reflectivity found
on thrombosis of the aneurysm after photocoagulation. It is
unclear if these RAMwere exclusively fusiform- given that is
the more common subtype associated with a patent lumen,
without thrombosis at presentation.

Symptomatic RAM associated with haemorrhage may re-
solve spontaneously with improvement in visual acuity, par-
ticularly if the bleeding is in the inner retinal layers [9]. The
natural history of RAM is described as frequent spontaneous
regression and improvement in visual acuity [2, 10]. However,
identifying those which are more likely to regress spontane-
ously is a challenge. Therefore, a number of factors must be
considered before deciding to treat symptomatic RAM- the
deficit in visual acuity, location of haemorrhage (the retinal
layer(s) involved), and involvement of macula. This study
also proposes the inclusion of specific angiographic features
of the RAM in the decision to treat. Treatment options include
argon laser photocoagulation of the RAM [11–13], Nd:YAG
laser hyaloidotomy for subhyaloid haemorrhage, [14, 15] and
pars plana vitrectomy (PPV) for vitreous haemorrhage [16].
Studies are emerging advocating the use of intravitreal anti-
VEGF (vascular endothelial growth factor) in selected cases
of RAM, e.g., foveal involvement [17, 18].

Common findings observed on resolution include kinking
of the vessel at the site of the RAM, arteriolar constriction
proximal to the RAM, arterial sheathing distal to the RAM
and arteriolar occlusion distal to the RAM [12, 19]. Higher
rates of vessel occlusion occur after direct aneurysmal laser
(16 %) as opposed to perianeurysmal laser exclusively (0 %)
[2]. Spontaneous occlusion of the distal arteriole occurs in 4–
25 % [2, 20, 21].

Risk factors for poorer visual outcome include foveal exu-
dation or subfoveal haemorrhage [22, 23]. No long term visual
benefit has been shown where no treatment was compared to

laser photocoagulation [10]. Visual prognosis of submacular
haemorrhage due to ruptured RAM is poor, but that of macular
oedema, preretinal haemorrhage, or vitreous haemorrhage is
relatively good [24].

The aims of this study are to describe the angiographic
features, treatment indications, and visual outcomes in a case
series of patients with RAM. We propose the inclusion of
angiographic patency of RAM in the decision to treat RAM.

Methods

A retrospective analysis of all patients with a diagnosis of
RAM presenting to the ophthalmology department of a tertia-
ry referral hospital from 2003 to 2013 was carried out.
Medical records were reviewed and the following details re-
corded: age, sex, past medical and ophthalmic history, pre-
senting complaint, Snellen best corrected visual acuity
(BCVA) at presentation, affected eye and retinal quadrant,
characteristics of haemorrhage and retinal layers affected,
FFA appearance, intervention, and final BCVA. Snellen VA
has been converted to the LogMAR equivalent for ease of
analysis. Results are expressed as the mean ± standard devia-
tion. Statistical significance is determined as P<0.05, as cal-
culated by the paired Student’s t-test.

Results

A total of ten patients were identified. The mean age at presen-
tation was 71.1 years (±9 years). Ninety percent were female,
60% had a previous diagnosis of hypertension, and 80% of the
RAMwere in the left eye. Nine patients had one RAM, and one
patient developed five RAM over 5 years. The patient with
multiple RAM underwent systemic investigations, which were
normal (including assessment for Von Hippel Lindau). Nine
patients (90 %) presented with blurred vision, and the other
RAM was noted during diabetic retinopathy screening. Most
were superotemporal to the disc (90%), with a minority located
inferonasally (10 %). The average distance of the RAM from
the optic nerve was 2.9 disc diameters (+/− 1.2). All patients
were investigated with FFA. OCT was not available in this
ophthalmology department throughout the duration of the
study, and as a result is not included in the analysis.

Angiographic findings

FFAwas available for review in all cases. Macular oedema was
evident in 50 % of patients. Nine patients had retinal haemor-
rhage, categorised as preretinal (40 %), intraretinal (80 %), and
subretinal (60%). There was trilaminar haemorrhage in 30% of
cases (Fig. 1a). All RAMwere saccular. Forty percent had flow
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in the aneurysm wall while 60 % had thrombosed at presenta-
tion. Thrombosis within the RAM wall bore no correlation to
the presence or absence of macular oedema. There was patent
arterial flow in the vessel distal to the RAM in 90 % at presen-
tation (Fig. 1b and c). The only patient who had an occluded
artery distal to the RAM had an exudative type RAM as well as
a thrombosed RAM at presentation. They were managed con-
servatively with hypertension control. Regarding RAM sub-
type, 10 % of cases were purely exudative, and 90 %
haemorrhagic with or without macular exudation.

Interventions

Sixty percent of patients underwent an interventional
procedure- two underwent posterior laser hyaloidotomy
(Fig. 1a and b), and four underwent focal peri-aneurysm laser
(Fig. 1c and d). One patient who had peri-aneurysmal laser
subsequently required vitrectomy. She developed multiple se-
quential RAM and non-resolving vitreous haemorrhage
(Fig. 1e and f). The indications for intervening were
premacular subhyaloid haemorrhage and/or patent flow with-
in the aneurysm wall. Macular oedema was not an absolute
indication for intervention; hypertension control alone was
sufficient to resolve macula oedema without other interven-
tion in one case. As mentioned above, not all patients with
macular oedema had non-thrombosed RAM.

Visual acuity

BCVA in the group managed conservatively (n=4) was 0.3
(±0) at presentation, improving to 0.15 (±0.1) at final follow-
up (p=0.06). In the group who had one intervention (n=5),
BCVAwas 0.78 (±0.23) at presentation improving significant-
ly to 0.24 (±0.18) at final measurement (p=0.003). When the
treatment groups are subdivided, patients who underwent
hyaloidotomy alone improved from 0.75 (±0.25) to 0.10
(±0.10). Those who had photocoagulation alone improved
from 0.80 (±0.2) to 0.5 (±0.3). The patient with multiple
RAM underwent five procedures, and BCVAwas 0.0 at pre-
sentation, and 1.7 at follow-up. The mean gain in visual acuity
was 0.15 (±0.1) in those without intervention, and 0.54
(±0.27) in those who had one intervention. The patient who
had >1 intervention lost vision (+1.7) due to macular scarring.

Discussion

RAM are rare, precluding large studies on management and
outcomes. We identified ten affected patients managed in the
ophthalmology unit of a tertiary referral hospital in Ireland.
Consistent with other studies [2, 3], the majority of patients in
this series were female (90 %), and had a history of hyperten-
sion (60 %). The majority of RAMwere haemorrhagic (90 %).
This conforms with previous studies linking the association
between hypertension and haemorrhagic RAM [7]. All cases
were unilateral, differing from reported bilaterality in 10 % [1].
The majority of RAMwere in the left eye. There is no predom-
inant laterality reported in RAM, and this cannot be explained.
Ninety percent presented with blurred vision, consistent with
other studies [7]. Conclusions drawn from this study are limited
to symptomatic RAM. The assumptionmade is that asymptom-
atic RAM are likely under-represented in studies, as they go

Fig. 1 Angiographic findings in patients affected by RAM at
presentation, and follow-up. a FFA at presentation demonstrating
trilaminar haemorrhage. b FFA 1 month after Nd:YAG hyaloidotomy
demonstrating resolution of the premacular haemorrhage, thrombosis of
the aneurysm wall, and a patent distal arteriole. c FFA at presentation
demonstrating flow within the aneurysm wall of a superotemporal
RAM, and a patent distal arteriole. d FFA 1 year after focal argon laser
demonstrating thrombosis of the aneurysm and a patent distal arteriole.
There is some additional intraretinal haemorrhage inferior to the macula,
and arteriovenous nipping, related to hypertensive retinopathy. e FFA at
presentation demonstrating a RAM superotemporal to the fovea with
hyperfluorscence in a saccular aneurysm wall and patent distal arteriole.
f FFA 8 months after focal laser demonstrating thrombosis of the
aneurysm wall and a patent distal arteriole. There is a second RAM
superior to the original RAM
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undiagnosed in many cases unless ophthalmic examination or
retinal imaging is performed for another reason.

The majority of RAM were superotemporal (90 %). The
average distance of the haemorrhagic RAM in the series from
the optic disc was 2.9 disc diameters- this contrasts with previ-
ous reports of an average distance of 1.5 disc diameters [7].
Fifty percent had macular oedema compared to 30 % [2] and
77 % [22] in other studies. BCVA improved from 0.3 to 0.14
(±0.1) in those managed conservatively (p=0.06), and from
0.78 (±0.23) to 0.24 (±0.18) in those with one intervention
(p=0.003). The interventional group had a worse mean pre-
senting BCVA and final BCVA, but achieved a higher mean
gain in vision. This is in contrast with previous groups who did
not find a difference in final BCVA after intervention [25].
Sixty percent of patients had an interventional procedure, all
of whom had haemorrhagic RAM subtype. The indication to
intervene was premacular subhyaloid haemorrhage, and/or pat-
ent flow within the aneurysm wall (non-thrombosed RAM lu-
men). Non-thrombosed RAM represented 40 % of the cases
presented. Patent flow within the aneurysm wall represents the
possibility of further leakage whether as fresh haemorrhage, or
peri-aneursymal retinal oedema. This is delineated by the fact
that aneurysm thrombosis can be observed after photocoagula-
tion: it is a desired endpoint of treatment [26]. The rate of RAM
thrombosis at presentation is unreported in any of the published
series, and to date is an overlooked aspect of the FFA. It is
interesting to note that macular oedema was not exclusive to
non-thrombosed RAM. Arteriolar occlusion is reported to oc-
cur in between 4 and 25 % of RAM spontaneously, and in an
additional 16 % of cases following RAM laser photocoagula-
tion [2, 21]. This compares with the series presented, which had
a spontaneously occluded distal arteriole in 10 %.

In our experience visual acuity in patients presenting with
RAM can be improved with assessment and control of sys-
temic risk factors, and by utilising the angiographic features
on presentation to choose the most appropriate intervention.
Sixty percent of RAM presented were thrombosed at presen-
tation, representing a higher likelihood of recovery without
intervention. Perianeurysm argon laser to angiographically
patent RAM can improve visual acuity, while Nd:YAG laser
posterior laser hyaloidotomy should be considered when
premacular subhyaloid haemorrhage is present.
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