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<> Aim. To study the prevalence and topographical distribution of retinal exudation in eyes with retinal
arteriolar macroaneurysms (RAM) and in those with macular branch retinal vein occlusions (mBRVO).
Methods. The prevalence of optical coherence tomography (OCT) signs (different types of retinal hemor-
rhages and accumulation of fluid as well as hard and soft exudates) was evaluated in 28 eyes with RAM
(22 males, 6 females, mean age 66.0 + 9.9 years) versus 17 eyes with mBRVO (9 males, 7 females, mean
age 56.9 + 10.5 years). Topographical distribution of retinal exudation on OCT retinal maps was evaluated
in 7 RAM eyes (6 males, | female, mean age 66.0 + 11.7 years) and 8 mBRVO eyes (5 males, 3 females,
mean age 60.1 + 19.2 years). The measures were 1) position of the point of the maximum retinal thickness
in relation to the macular center and RAM, 2) difference between maximum retinal thickness in the macular
center and that at the site of RAM localization (surrogate control point in mBRVO eyes). Results. Soft exu-
dates and intraretinal fluid accumulation were mostly associated with mBRVO (p = 0.007 and p < 0.001,
respectively), while hard exudates were found almost exclusively in RAM eyes (p < 0.001). Central retinal
thickness in RAM eyes was lower than that of mBRVO eyes, 453.1 + 148.6 pm and 797.5 + 179.6 pm,
respectively (p = 0.001). The point of maximum retinal thickness was found at the site of RAM localiza-
tion in 8 out of 9 RAM cases (88.9%), and within the central subfield in 8 out of 8 mBRVO cases (100%).
The difference between maximum retinal thickness in the macular center and at the site of RAM localiza-
tion (surrogate control point in mBRVO eyes) was —77.9 + 174.1 pm and 148.3 + 100.4 pm for RAM and
mBRVO eyes, respectively (p < 0.001). Conclusions. Evaluation of exudative signs and their topographic
distribution based on OCT data may be used for differential diagnosis and laser treatment planning in RAM.

<> Keywords: retinal arteriolar macroaneurysm; branch retinal vein occlusion; macular edema; optical coherence
tomography.
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<> Ileab — W3yuuTh YaCTOTY BCTPEUAEMOCTH M TOMOTpaduuecKoe pacnpe/ieseHie KCCyIaTHBHbIX PH3HAa-
KOB peTHHAJIbHBIX apTePHOJISIPHBIX MakpoaHeBpram (PAM) B cpaBHeHHU € OKKJIIO3USIMU MAKYJISIDHBIX BETBEH
neHTpaabHoil Benbl cetuatku (MOBLIBC). Mamepuaa u memodot. Hacrory OKT-npusnakos (pasauunble
BHJIbl KDOBOUBJIUSAHUHI M aKKYMYJSLNH XKUAKOCTH, a TaKxKe TBEPJIble U MATHE 3KCCY/aThl) aHAJU3UPOBAJH
Ha rpynne u3 28 rnas ¢ PAM (22 myXuuHbl, 6 XKeHIHH, cpeaHuil BospacT — 66,0 + 9,9 rona) u rpynne
u3 17 rmaz ¢ MOBLBC (9 Mmy»KuuH, 7 xKeHIIUH, cpeaHnil Bogpact — 56,9 + 10,5 rona). Tonorpaduueckoe
pacripejeJsieHue 3KCCyaTUBHBIX IPU3HAKOB M0 JJAHHBIM ONTHYECKOH KOrepeHTHO! ToMOrpaduu oleHUBaIn
y naunenToB ¢ PAM (7 ryas, 6 My»KuuH 1 | »KeHlikHa, cpeannil Bogpact — 66,0 + 11,7 roga) v nauueHToB
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¢ MOBLIBC (8 rniaz, 5 my»kuuH, 3 KeHUUHbBI, cpeqHui Bo3pacT — 60,1 + 19,2 rona): 1) nosoxkeHue Touku
MaKCHMaJIbHOH TOJIIIMHBI CETUATKH OTHOCHTEJILHO 1leHTpa MakyJabl 1 PAM; 2) pasHocTb MakKCHMaJbHOM
TOJILHHbI CETUATKH B LIEHTPE MaKyJibl U B TOUKe JjioKajuzaiiuu PAM (cypporaTHoil KOHTPOJIbHOH TOUKe
y nauuentoB ¢ MOBLIBC). Pe3dyaomametr. MsArkuii skceyaT 1 MHTpapeTHHAIbHOE CKOMJIEHHE KUJIKOCTH
6b11 60diee Tunuunbl g MOBLIBC (p = 0,007 u p < 0,001 cooTBeTcTBEHHO), B TO BpeMs Kak TBEP/bII
skeeynat — st PAM (p < 0,001). Tosiiuba ceTyaTku B LEHTpe MaKyJibl y naiiieHToB ¢ PAM Gbljia MeHb-
uie, yem y nauentos ¢ MOBLIBC, — 453,1 + 148,6 u 797,5 + 179,6 MxMm cooTBeTcTBeHHO (p = 0,001).
Touka MakcHMaJIbHON TOJILMHBI CeTUaTKH y nanueHToB ¢ PAM coBnajasna c jsokanuzanueit PAM B 8 us
9 cayuaes (88,9 %), ay nauuentos ¢ MOBLIBC ¢ uentpanbubim noanosem B 8 us 8 cayuaes 100 %. Pas-
HULA TOJIHHBI CETYATKH B LEHTPe MaKyJ/bl U B MecTe jiokanusauun PAM (uin cypporaTHoil Touke jJis
MOBLBC) 6bista —77,9 + 174,1 u 148,3 + 100,4 mxm puist nauuentos ¢ PAM u MmOBLIBC cooTBeTCTBEHHO
(p < 0,001). 3akarouenue. Ananua KCCyIaTUBHBIX MPU3HAKOB W MX TONOrpaduuecKoro pacrpejeseHus
C MOMOIIbIO OTITHYECKOH KOTePEeHTHON ToMoTrpaduu MOXKET ObITh PUMEHEH Jiis AnddepeHiinaabHol 11a-
THOCTHKH H TIJIaHUPOBAHHUSA JlazepHOro JeueHuss PAM.

<> Karouesvie caoga: petrHajbHAs apTepHOJIsipPHAS MAKPOAHEBPH3Ma; OKKJII03HsI BETBH LIEHTPAJIbHOI BEHbI
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CeTHaTKH, MaKy.ﬂﬂprIﬁ OTéK; OrnTHYeCKast KorepeHtHas TOMOFpa(bHﬂ.

A retinal macroaneurysm is a local dilation of
the retinal vessel with the risk of local functional
decompensation of the vascular wall, manifested
by exudative and/or hemorrhagic complications [1].
Several conditions are associated with the deve-
lopment of macroaneurysms, including occlusion
of the of the central retinal vein branches (branch
retinal vein occlusion, BRVO) and Coats retini-
tis [2, 3]. However, macroaneurysms are most often
idiopathic in nature, developing in systemic arterial
hypertension [4]. In the latter case, the macroan-
eurysm is localized at the level of the arterial link
of the retinal vascular bed and is called a retinal
arterial macroaneurysm (RAM) [1, 4]. The clini-
cal significance of macroaneurysms is determined
mainly by exudation, which causes an accumulation
of intraretinal and subretinal fluid, and a RAM is
also associated with the risk of hemorrhagic com-
plications (preretinal, intraretinal, and subretinal
hemorrhages) [5].

In a significant proportion of cases, a RAM can
be diagnosed based on the ophthalmoscopic pattern
as local dilation of the secondary or tertiary branch
of the central retinal artery. However, fluorescein
angiography (FA), which allows the visualization
of macroaneurysms of any etiology and size, is the
most informative method in the diagnosis of RAMs
and macroaneurysms in general. Nevertheless, in
the presence of hemorrhagic complications (those
associated with RAMs and those with BRVO pat-
terns for secondary macroaneurysms), ophthalmo-
scopic and even FA identification could be difficult.
Additionally, FA involves a risk of adverse reactions
and is labor intensive and time consuming [7, 8].
Under these conditions, it seems rational to with-

draw from FA in favor of noninvasive diagnostic
methods based on optical coherence tomography
(OCT).

Another important problem associated with
RAMs is their differential diagnosis with BRVO,
since RAMs have a number of common symptoms
associated with BRVO (retinal edema and thicken-
ing at the center of the macula, hemorrhagic mani-
festations, and deposition of hard exudate). This re-
fers primarily to cases of RAMs with a hemorrhagic
component covering a macroaneurysm, in which it
is impossible to visualize the macroaneurysm even
with the aid of FA. In contrast, the differentiation
of such macroaneurysms is especially difficult in
the case of macular BRVO, in which disturbances
in the blood supply and associated changes (pri-
marily edema and hemorrhage), as in the case of
RAMs, are limited to the area within the vascular
arcades [9, 10].

Obviously, since the sources of exudation in
BRVO and RAM are completely different, the pat-
tern of distribution of exudative changes should also
vary. Although data on the topographic distribution
of exudative signs could improve the diagnosis (and,
probably, laser treatment planning), such data could
not be found in the available literature.

Based on the data above, this study aimed to
identify the characteristics of the frequency and topo-
graphic distribution of exudative signs of retinal mac-
roaneurysms to improve their differential diagnosis
with BRVO and laser treatment planning.

MATERIAL AND METHODS
This single-center, cross-sectional study enrolled
patients with idiopathic symptomatic RAM. The exclu-
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sion criteria were absence of complaints of decreased
vision; visual acuity >20/20; aneurysms located be-
yond the central vascular arcades; low transparency
of optical media, which impedes the performance of
OCT; and OCT signal strength <6/10.

At the time of inclusion, all patients underwent
standard ophthalmological examination, including
OCT, FA, and fundus photography. The best cor-
rected visual acuity (BCVA) was evaluated using the
Snellen chart and converted to LogMAR for analy-
sis. FA was performed using the F-10 scanning laser
ophthalmoscope (SLO) (Nidek, Japan), according to
a standard procedure with the intravenous adminis-
tration of 5 mL of 10% fluorescein sodium solution.
Fundus photography was performed using an SLO
included in the Navilas laser system.

Spectral OCT was performed using the Coper-
nicus REVO tomograph (Optopol, Poland) or RT-
Vue 100 (Optovue, USA). In performing OCT us-
ing Copernicus REVO, we used a 3D retinal scan
(7 x 7 mm, including 163 B-scans of 320 A-scans
each) located at the center of the macula and a line
scan (7 mm, 50 B-scans of 1024 A-scans each)
passing through the macroaneurysm. In perform-
ing OCT using RTVue 100, we used the Enhanced
Macular Map 5 retina thickness map (11 horizontal
and 11 vertical scans, 5 mm long; and 6 horizontal
and 6 vertical scans, 3 mm long with 0.5-mm incre-
ments, with a total of 19,496 points) and obtained the
background pseudo-SLO image using the protocol
3D-reference (132 B-scans with 512 A-scans each)
and additionally received a structural OCT image in
the projection of the macroaneurysm using the line
protocol.

The frequency of OCT signs of RAM was analyzed
in 28 patients, 28 eyes (22 men and 6 women, with
an average age of 66.0 + 9.9 years), using data from
the RTVue 100 and Copernicus REVO tomographs.
The control group included 16 patients with macular
BRVO (9 men and 7 women, with an average age of
56.9 + 10.5 years) examined using the Copernicus
REVO tomograph.

In all patients, in the 3D protocols, through a revi-
sion of all the B-scans included in them, the presence
of (1) preretinal hemorrhages, (2) intraretinal hemor-
rhages, (3) subretinal hemorrhages, (4) intraretinal
cystic fluid accumulation, (5) subfoveal accumulation
of fluid, and (6) hard exudate was evaluated.

The data obtained only with the Copernicus
REVO tomograph were used to analyze the topo-
graphic distribution of exudative signs of RAM on
OCT maps of the retinal thickness. The following
aspects were evaluated in patients with RAM: (1)

al
E

the position of the point of maximum retinal thick-
ness relative to the center of the macula and RAM,
and (2) the difference (magnitude) in the maxi-
mum thickness of the retina at the center of the
macula and the maximum thickness of the retina
at the point of RAM localization. The data of pa-
tients with RAM (7 patients, 7 eyes, 6 men, and
1 woman, with a mean age of 66.0 + 11.7 years)
were compared with the data obtained in patients
with macular BRVO (8 patients, 8 eyes) of similar
sex (5 men and 3 women) and age (average age of
60.1 + 19.2 years), which were obtained using the
Copernicus REVO tomograph. Macular BRVO was
defined as BRVO involving the macular center, with
a pronounced hemorrhagic component, but without
signs of impaired blood circulation outside the vas-
cular arcades. In patients with BRVO, the position
of the point of maximum retinal thickness relative
to the center of the macula was assessed, and the
magnitude of the retinal thickness was determined
as the difference between the maximum thickness
of the retina at the center of the macula and the
retinal thickness at the surrogate point of the maxi-
mum thickness of the retina at the virtual source
of exudation (defined as the maximum thickness
of the retina in the occlusion area at the distance
of two diameters of the optic disc from the center
of the macula) (Fig. 1).

The retinal thickness at the center of the macula
and the maximum thickness of the retina were mea-
sured in all patients.

Moreover, the presence and distribution of solid
exudate in the RAM or BRVO areas in color images
were evaluated.

In the statistical analysis, the MedCalc 18.4.1
software package (MedCalc Software, Belgium) was
used. The data were presented as the mean + stan-
dard deviation. To assess the statistical significance
of the differences in the frequency of exudative OCT
signs between the RAM and BRVO groups, a y? test
was used. To assess the statistical significance of dii-
ferences in the BCVA, the maximum thickness of the
retina at the point of RAM localization, the maximum
thickness of the retina at the center of the macula, and
the magnitude of the retinal thickness in patients with
RAM and BRVO, the Mann—Whitney test was used.
The results were considered statistically significant
at a P-value <0.05.

RESULTS

Twenty-eight eyes of 28 patients (22 men and
6 women, with a mean age of 66.0 + 9.9 years) with
symptomatic RAM did not show statistically sig-
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Fig. 1.
|

Representative example of evaluation of topographical distribution of retinal exudation in patients with retinal arteriolar
macroaneurysm (RAM) (a, ¢, e) and macular branch retinal vein occlusion (mBRVO) (b, d, f). The white and blue lines

represent positions of OCT cross-sectional scans crossing the macular center (¢, d) and the RAM (e) or the surrogate

control point in mBRVO eye (f)
Puc. 1.

Pernpe3eHTaTHBHbIN PUMeEpP OLEHKH TONMOrpaduuecKoro pacrnpeeieHnus KCCylaTHBHbIX M3MEHEHHIT CeTUATKH Y NallHeHTOB

! C pPeTHHAJIbHON apTepHaJsbHOI MaKpoaHeBpU3MOIi (a, ¢, €) U MaKyJsipHOH OKKJ/II031Hel BeTBEl LEeHTPasbHOI BEHbl CeTUaTKH
(b, d, f). benasi aunus otpaxaet nosoxenrne OKT-ckana uepes HeHTpP MaKyJbl (¢ U d), CHHSAS JMHUS — TOJIOXKEHHE CKa-
Ha uepe3 peTHHAJbHYIO apTepHalbHYI0 MAKPOAHEBPU3MY (€) U perpe3eHTAaTHBHYIO 30HY y MalUeHTa C OKKJI03Ueil BeTBeil

LeHTPaJIbHOM BeHbl ceTuatku (f)

nificant differences in visual acuity compared with
17 eyes of 16 patients (9 men and 7 women, with
an average age of 56.9 + 10.5 years) with BRVOs
of 0.6+ 0.27 LogMAR (average 0.3 according
to the Snellen chart) and 0.43 + 0.32 LogMAR
(average 0.45 according to the Snellen chart), re-
spectively (p = 0.18). The analysis of the frequency
of OCT signs of macroaneurysms is presented in
Table 1.

The retinal thickness at the center of the mac-
ula in patients with RAM was significantly less
than that in patients with BRVO (453.1 + 148.6
and 797.5 + 179.6 pm, respectively; p = 0.001)
(Fig. 2).

The retinal thickness at the RAM localization
and surrogate points in patients with BRVO did
not have significant differences (542.1 + 121.7 and
649.3 + 136.8 pm, respectively; p = 0.15).

The point of maximum retinal thickness in pa-
tients with RAM coincided with the localization of
RAM in 8 of 9 cases (88.9%). In one case of para-
foveal localization of RAM, the point of maximum
thickness coincided with the center of the macula.

In all patients with BRVO (8 eyes, 100%), the point
of maximum retinal thickness was localized within
the central subfield of the Early Treatment Diabetic
Retinopathy Study map (p < 0.001 compared to the
frequency of localization of the point of maximum
retinal thickness at the center of the macula in pa-
tients with RAM).

The magnitude of the retinal thickness at the
center of the macula and in RAM localization in
patients with RAM was significantly different from
the magnitude of the maximum thickness of the
retina at the center of the macula and the surro-
gate point in patients with BRVO (=77.9 + 174.1
and 148.3 + 100.4 pm, respectively; p < 0.001)
(Fig. 3).

In 7 of 9 patients (78%), a hard exudate was
observed, located perifocally to the macroaneurysm

(Fig. 4).

DISCUSSION

RAM must be differentiated from a large num-
ber of hereditary and acquired conditions, which may
have similar ophthalmoscopic and FA manifestations,

<> O®TANIbMOJIOTMYECKME BEAOMOCTH. 2019. T. 12. Ne 2

ISSN 1998-7102



ORIGINAL RESEARCHES / OPUTMHAJIbHBIE CTATbU

al
E

Table 1/ Tabnuua

Distribution of optical coherence tomography findings in eyes with retinal arteriolar macroaneurysms and macular branch retinal vein

occlusions

Pacnpenenenue npu3Hakos, 06HapyXeHHbIX Ha M306paXeHUsX ONTUYECKOI KOrepeHTHOI TOMOrpathuy, B rpynnax rnas ¢ PeTHHaNbHbIMMU
apTepUONSPHLIMM MaKpOaHEBPU3MaMM 1 MaKYNAPHBIMU OKKNIO3USMHU BETBEI LEHTPaNbHOM BEHbI CETYATKM

Features PAM (n = 28) 0BLBC (n=16)
RAM (1 = 28) BRVO (1 = 16) P
[pepeTuHansHoe KpoBous e
n D‘TVIH NbHOE KPOBOM3NUAHN 2(7%) 000%) 052
Preretinal hemorrhage
MHTpapeTMHaanoe KpOBOM3NMAHNE 25 (89 %) 15 (94 %) 0.28
Intraretinal hemorrhage
CybpeTuHanbHoe KpoBOM3NUAHNE
1% % 2
Subretinal hemorrhage 311 %) 00%) 0.28
n
HTpap.eTVIHaJ'Ib‘I-IOB (?KonneHme KNIOKOCTU 18 (64 %) 16 (100 %) 0,007
Intraretinal cystic fluid
Cy6peTuHanbHOE CKOMMEHWE XIAKOCTY 0 0
Subretinal fluid 12 (43 %) 9 (56 %) 0,53
TBBpObIiA 3Kccynar
22 (719 % 2 (13 % 1
Hard exudates (79 %) (13 %) < 0,00
Markuia akccynar
0 (0% 13 (81 % 0,001
Soft exudates (0 %) (61%) <

[Tpnmeyarme. PAM — peTuHansHaa apTepuanbHan Makpoaqespusma; OBLIBC — oKkNio3nA BETBE LEHTPANbHON BEHbI CETHATKY.
Note: RAM, retinal arterial macroaneurysm; BRVO, occlusion of the central retinal vein branches

1200 |
1100 |
1000 |-
900 t
800
700 |-
600 |
500 |
400 |
300
200

Central retinal thickness, um
TonwmHa cetyarkv B LieHTpe Makyrbl, MKM

PAM
RAM

OBLIBC
BRVO

Box-and-whiskers plot showing central retinal thick-
ness in eyes with retinal arteriolar macroaneurysms and
macular branch retinal vein occlusions: RAM — retinal
arteriolar macroaneurysm; BRVO — branch retinal vein

Fig. 2.

occlusion

Puc.2. TosuHa ceTyaTKM B 1LIEHTpPE MakyJsbl y MalHEHTOB
C peTHHAJbHLIMU aPTEPHOJISIPHBIMH MaKpOaHeBpH3Ma-
MH M MaKyJisipHbIMH OKKJIIO3USIMH BETBEH LEHTPaJbHOM
BeHbl ceTuaTku: PAM — pertunasbHasi aprepualsbHast
makpoaneBpuama; OBLIBC — okkiio3ust BeTBe# LeHT-
paJibHOH BEHbI CETYATKH

due to both the clinical presentation of the disease
and secondary aneurysm complications. Thus, an-
eurysms can be secondary to BRVO [2], diabetic
retinopathy [11], radiation retinopathy, and idiopa-

400 |
c 5= 300 f
2535 w0p
w £ O =2
css8 OF
g2
S 3%z -100
s£33
."DE o § 5 -200F
-300F 1
-400 |
PAM OBLUBC
RAM BRVO
Fig. 3. Box-and-whiskers plot showing difference of maximum
retinal thickness in the macular centerand control pointin
eyes with retinal arteriolar macroaneurysms and macular
branch retinal vein occlusions : RAM — retinal arteriolar
macroaneurysm; BRVO — branch retinal vein occlusion
Puc.3. PasHuua TOJIIMHBI CETYATKH B LIEHTPE MAKYJbl H Cyppo-

raTHOH KOHTPOJIBHOI TOUKe Y NaLMeHTOB C PeTHHAJIbHBIMH
apTepHUOJISIPHBIMU MaKPOAHeBPU3MAMH U MaKyJIsipHbIMHU
OKKJIIO3UAMHM  BeTBell LeHTpa/IbHOI BeHbl CeTYaTKH:
PAM — peTuHasbHAsi apTepHaJsbHasi MaKpoaHeBpPH3Ma;
OBLIBC — okksto31st BeTBeil LEHTPaJIbHON BEHbI CeT-
4aTKH

thic retinovasculitis (arteritis) [12]. Angiomatous pro-
cesses, namely, Coats retinitis [3], Hippel—Lindau
disease [13], and other retinal capillary angiomas,
can also resemble RAM. Moreover, pronounced
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Fig. 4.
B

Puc. 4.

Topographical distribution of retinal exudative findings in the leit eye of the patient with a retinal arteriolar macroaneu-
rysm (RAM). Retinal thickness map demonstrates an increase in retinal thickness from the macular center toward the
microaneurysm. Maximum retinal thickness within central subfield (black asterisk) is of 450 pm and maximum retinal
thickness at the RAM site (white asterisk) is of 525 pm. Color fundus photograph demonstrates centrifugal (from RAM
(black arrowhead)) distribution of hard exudates (whife arrowheads)

Tomorpacuieckoe pacrpejesicHie SKCCYIaTHBHBIX TPU3HAKOB y MAlMEHTa ¢ PeTHHAJIBHOH apTepua bHON MaKpOaHEBPH3-
Moil. Kapra ToJIL1HBl ceTuaTKU (@) AeMOHCTPUPYET yBesIHUeHHe TONIHHbl CETYATKH MO HAllPaBJIEHHIO OT LEHTPa MaKyJlbl
K PeTHHAJbHOH apTepHasbHON MaKpoaHeBpH3Me, MaKCHMAaJIbHAst TOJILIHHA CeTUaTKu (4épHas 38e3004KaA) B mpejesnax
LEeHTPaJIbHON 1030Hb — 450 MKM, MaKcHMaJibHas TOJIIHHA CeTYaTKH B 00J1aCTH PETHHAJIBHON apTepHaibHON MaKpo-
aHeBpU3Mbl (beaasd 3866300uka) — 525 mMkM. LIBeTHasi doTorpadus riasHoro aHa JAeMOHCTpUpYeT nepudokalbHOe Mo
OTHOILIEHHIO K PETHHAJbHOH apTepuasbHOH MakpoaHeBpHU3Me (4épHas cmpeaka) pacrpejeseHre TBEPIOro sKccynata

(6eavie cmpeaku) (b)

exudation associated with RAM can be interpreted
as diabetic macular edema or edema associated with
BRVO, and subretinal and preretinal hemorrhages
in the macula, typical of RAM, can be age-related
macular degeneration manifestations.

[t is the differential diagnosis between RAM and
BRVO that is potentially of the outmost clinical in-
terest and causes the greatest difficulties. First, the
spectrum of ophthalmoscopic and FA manifestations
in RAM and BRVO is almost similar, especially in
cases of macular BRVO, and each of these condi-
tions may be secondary to the other. Second, the di-
agnosis of diabetic retinopathy can be established
easily based on bilaterality and local prevalence of
changes on the fundus, and thus can be ruled out.
Finally, the prevalence of angiomatous conditions is
significantly less than that of venous occlusions [14],
and they usually do not have hemorrhagic compli-
cations.

Our study showed that the pattern of the distribu-
tion of exudative signs in RAM and macular BRVO
is significantly different, and this can be useful in
clinical practice, as, in some cases, when decid-
ing whether macular edema was caused by RAM
or BRVO (primarily the macular form), significant
difficulties arise. This relates primarily to cases
when the direct visualization of RAM is difficult or
impossible. It is easy to rule out RAM as the cause
of edema in patients with diabetic maculopathy,
which is primarily due to the identification of com-

mon signs of diabetic retinopathy. Furthermore, the
pattern of diabetic macular edema itself has charac-
teristic differences, which, even when localized, has
no connection with any separate vascular branch,
especially the arcade, as is found in patients with
BRVO and RAM. With BRVO, especially macular,
similar to RAM, the sharply asymmetric pattern of
edema shows a connection with one vascular ar-
cade or branch, as it is caused by local vascular
dysfunction, and therefore additional signs may also
be useful in the diagnosis and treatment planning
(primarily laser) of RAM. In this study, we identi-
fied several OCT signs of exudation, typical mainly
for RAM. First, the point of maximum thickness of
the retina in RAM tends to have an eccentric ar-
rangement and coincides with the RAM localization
area. Second, the retinal thickness at the center of
the macula is not maximal with respect to the rest
of the edema area. Another sign is the perifocal
distribution of the hard exudate. We suggest that
all these signs are due to the presence of a virtu-
ally point source of sufficiently intense exudation in
RAM, while in BRVO, although the exudation is
limited to the occlusion area, it is relatively diffuse
in nature and localized mainly in the area of the
terminal parafoveal vessels.

Despite the fact that the visual acuity in these
two cohorts did not differ significantly, the retina
at the center of the macula in patients with RAM
was still significantly thinner. This can be explained
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by a less pronounced tendency of accumulation of
intraretinal fluid in patients with RAM and a more
pronounced tendency of accumulation of subreti-
nal fluid in patients with macular BRVO. Although
these signs are relative, they can also help estab-
lishing an initial diagnosis in complicated cases.
In such case, attention should be paid to prereti-
nal and subretinal hemorrhages, which are not ob-
served in patients with BRVO, but are found in
several patients with RAM. Mild exudates were
one of the most reliable signs of BRVO, which are
not found in RAM. This seems natural, because if
the aneurysm was not a consequence of occlusion
and did not lead to it, there should be no ischemic
changes in the retina. In contrast, the signs of pro-
longed intense exudation, hard exudates, are more
typical for RAM.

The significance of the application of the OCT
differentiation algorithm in RAM and BRVO lies in
not only the differential diagnosis between RAM and
macular BRVO, which have similar ophthalmoscopic
presentation, but also the identification of secondary
macroaneurysms (possibly, large microaneurysms)
if combined with BRVO. This will also reduce the
need for FA in this cohort of patients and aid in
planning navigational laser coagulation, which has
been shown to be effective [15]. In this case, the
target of laser coagulation may be an eccentric
peak of thickening of the retina, presumably hiding
macroaneurysms. All these patterns can be extrapo-
lated to microaneurysms in diabetic retinopathy if
diffuse exudation is absent or poorly expressed.
There should, indeed, be no significant difference
in the pattern of the distribution of exudative signs
between one macroaneurysm and a group of micro-
aneurysms localized in a limited area and a single
relatively large microaneurysm.

CONCLUSION

In the present study, we revealed special aspects
of the topographic distribution of exudative signs of
RAM, in particular, the eccentricity of thickening of
the retina with a peak in the RAM region and the
distribution of the hard exudate that is perifocal with
respect to RAM. Moreover, the presence of the hard
exudate and the absence of soft exudates or a slight
accumulation of intraretinal fluid indicate the pres-
ence of a macroaneurysm compared with macular
BRVO. These signs not only contribute to the im-
provement of the differential diagnosis between RAM
and macular BRVO but could also form the basis for
laser treatment planning when the RAM cannot be
visualized directly.
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