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 Background: The aim of this retrospective study was to evaluate the role of wide-field fluorescein angiography (WF-FA) in 
the diagnosis and management of retinal vein occlusion (RVO) at a single center in Poland.

 Material/Methods: This study included 106 patients (112 eyes) diagnosed with RVO (102 eyes) or impending RVO (10 eyes) (54% 
women and 46% men, aged 26 to 86 years). The medical records of the participants were reviewed in search 
of documentation on ocular and systemic diseases. Results of FA of central and peripheral retina and optical 
coherence tomography (OCT) scans, which had been used to establish treatment indications, were analyzed. 
WF-FA was performed with Spectralis HRA+OCT or Optos Tx200.

 Results: Actual RVO was found in 102 eyes. Of those cases, 46.1% were CRVO (central retinal vein occlusion), 40.2% 
branch retinal vein occlusion, 11.8% small tributary vein occlusion, and 1.9% hemispheric retinal vein occlusion. 
Neovascularization on an optic disc, neovascularization elsewhere, and veno-venous collateral vessels were ob-
served in 32.3%, 17.4%, and 41.2% of the eyes, respectively. Peripheral ischemic zones were present in 59.8% 
of the eyes, in 20.6% of which, ischemia was not observed in the posterior pole. Dye leaks limited to peripher-
al vessels, peripheral vascular amputations, and central macular edema in OCT were observed in 17.6%, 43.1%, 
and 63.7% of the eyes, respectively. Retinal laser photocoagulation was conducted on 73.5% of the eyes.

 Conclusions: Decision-making about management of patients with RVO should be done after physical examination and anal-
ysis of central and peripheral retina FA. In 20.6% of patients, assessment of the peripheral retina resulted in a 
change in treatment. The first changes suggestive of progression of thrombotic disease to the ischemic form 
appeared on the periphery in images from WF-FA.
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Background

Systemic diseases that involve arteries and/or veins may be 
associated with autoimmune, infectious, atherosclerotic or 
age-related degenerative factors. They are termed diseases of 
civilization and, because they can afflict multiple organs and 
systems, management requires a multidisciplinary approach. 
Retinal vein occlusion (RVO), which is one of the most com-
mon vascular complications of systemic diseases, affects the 
eye and causes sudden, painless vision loss [1].

Based on localization, RVO is classified as central retinal vein 
occlusion (CRVO), hemispheric retinal vein occlusion (HRVO) 
affecting the lower or upper vertical hemisphere, or branch ret-
inal vein occlusion (BRVO) that involves 1 or more large vein 
branches or their smaller local tributaries (venules).

In 2008, according to Rogers et al., 16.4 million people world-
wide aged 30 years and older had RVO in at least 1 eye; 2.5 
million were affected by CRVO and 13.9 million by BRVO [2]. 
Klein et al. estimated the incidence of RVO in developed coun-
tries at 5.2 per 1000 and of CRVO at 0.8 per 1000 [3]. In 2015, 
according to Song et al., the global prevalences of RVO, BRVO, 
and CRVO in people aged 30 to 89 years were 0.77%, 0.64%, 
and 0.13%, equivalent to an overall 28.06 million, 23.38 million, 
and 4.67 million affected people, respectively [4]. It is estimated 
that 0.7% of patients are aged 49 to 60 years and 4.6% are older 
than age 80 [2], which suggests that older age is a risk factor [5].

RVO, defined as retinal artery occlusion due to emboli and 
anterior ischemic optic neuropathy, is an ocular complication 
of arterial hypertension [6]. Apart from older age and arteri-
al hypertension, the risk factors for it include atherosclero-
sis, hyperlipidemia, diabetes mellitus, congenital or acquired 
thrombophilia, malignancy, renal insufficiency, smoking, use of 
hormonal contraception, obesity, sarcoidosis, thyroid-associat-
ed orbitopathy, Wegener’s granulomatosis, Goodpasture syn-
drome, and homocysteinemia [5,7,8]. Ocular factors predis-
posing to RVO include optic disc drusen, elevated intraocular 
pressure, glaucoma, and short axial length [5,9].

RVO occurs as a result of vasculitis, which causes damage to 
vascular endothelium. Enhanced platelet aggregation and dis-
seminated intravascular coagulation ultimately lead to venous 
occlusion, which prevents blood from draining out of the reti-
na. In the early stage of RVO, ophthalmoscopy of the involved 
retina reveals signs of damage to the veins and their increased 
permeability, such as dilated tortuous veins associated with 
flame-shaped retinal hemorrhages and/or cotton-wool spots or 
macular and optic disc edema. The course, management, and 
prognosis of a patient’s ultimate visual acuity depend on the 
diameter of the area of occlusion and its location (with or with-
out macular involvement) and type (ischemic vs. non-ischemic).

Fluorescein angiography (FA) and optical coherence tomogra-
phy angiography (OCTA) are the imaging studies used to visu-
alize areas of the retina deprived of capillary circulation (non-
perfusion areas).

Current clinical guidelines recommend use of OCTA for assess-
ment of retinal edema, ischemia, neovascularization, and hem-
orrhage [10]. Currently, OCTA is used in clinical practice to vi-
sualize the macular region and there is a need to target wider 
fields of view [11]. Several studies have shown the utility of 
OCTA for examining the periphery of the retina; however, only 
FA can reveal wide areas of ischemia in that location [12,13].

FA was first used in 1961 by Novotny and Alvis [14]. Since the 
1980s, it has been commonly used in clinical practice for di-
agnosis of retinal vascular disorders including RVO. Standard 
FA scans are taken using a 30º or 50º lens, which enables vi-
sualization of the posterior pole (a fovea-centered circle equal 
to 5 optic disc diameters), but in retinal vascular disorders, 
the evaluation must include large areas of the periphery. At 
present, with advances in technology such as wide-field an-
giography (WFA), it is possible to image the retinal periphery 
up to the ora serrata. WFA systems available include Optos 
Tx200, a scanning laser ophthalmoscope (a single image cap-
tures up to 200° or 82% of the retina) and Spectralis HRA+OCT 
(Heidelberg Retina Angiograph+Optical Coherence Tomography), 
a laser scanning instrument with a 102° lens (a single image 
captures the posterior pole with the periphery up to the level 
of the vortex veins). Both systems can capture a view of the 
entire retina up to the ora serrata (4 images with the patient 
instructed to look up, down, sideways and toward the nose) 
when the patient cooperates with the examiner and the posi-
tion of gaze is suitably adjusted.

Numerous studies have shown that wide-field FA (WF-FA) 
is valuable for diagnosis of retinal venous occlusion, given 
the range of the peripheral retina that it reveals [10,15–17]. 
Therefore, the aims of this retrospective study were to eval-
uate the role of WF-FA in the diagnosis and management of 
RVO at a single center in Poland.

Material and Methods

The retrospective study included 106 patients (112 eyes, as 
in 6 patients, both eyes were affected) who were admitted to 
the Department of Ophthalmology at the Infant Jesus Clinical 
Hospital in Warsaw from 2014 to 2020, in whom either actual 
or impending RVO was diagnosed by ophthalmoscopy and FA.

The study group included 58 women (54%) and 48 men (46%) aged 
26 to 86 years (mean ages 65 and 63, respectively). Four patients 
were younger than age 40 and 10 were older than age 80 years.
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Participants’ medical records were reviewed with a special 
focus on ocular and systemic comorbidities considered risk 
factors for ocular thrombosis, any exposure to anticoagulant 
therapy, history of FA studies, and optical coherence tomog-
raphy (OCT) findings of presence or absence of cystoid mac-
ular edema (CME). Ophthalmic treatments were analyzed, in-
cluding the types, and in the case of laser photocoagulation 
the target therapeutic area, and the recorded indications for 
particular therapy guided by FA and OCT findings.

Patients were included in the analysis if they had at least 1 FA 
study of the retinal periphery. The studies were performed with 
the Spectralis HRA+OCT system using 55º and 102° lenses. In 
some patients, studies with the Optos Tx200 also were per-
formed. FA was performed using 5 mL of 10% sodium fluores-
cein solution. The following were assessed: the vessel involved 
(CRVO, HRVO, BRVO or a smaller tributary vein); the presence 
or absence of ischemia, new vessels on the optic disc (NVD) 
or new vessels elsewhere (NVE) and veno-venous (VV) anas-
tomoses (collateral circulation); and especially the presence 
of avascular zones, amputated vessels, and vascular leakage 
in the far periphery.

All of the procedures included in the present analysis were 
performed were in accordance with the ethical standards of 
the Bioethics Committee of the Medical University of Warsaw.

Results

Impending RVO was found in 8.9% (10) of the 112 eyes stud-
ied, in 7 women and 3 men. Systemic treatment with low-mo-
lecular-weight heparin (LMWH) at a dose of 1 mg/kg was in-
stituted, and during the observation period, the condition did 
not progress to full-blown thrombosis and eventually resolved. 
Patients with clinical outcome were not included in the sub-
sequent analysis.

RVO developed in 102 of the 112 eyes, CRVO in 46.1%, BRVO 
in 40.2%, a small tributary vein (venule) occlusion in 11.8%, 
and HRVO in 1.9% (Table 1).

In 47 patients with CRVO, FA of the posterior pole detected a 
non-ischemic occlusion in 76.6% of the eyes and an ischemic 
occlusion in 21.3%. In 1 patient (2.1%), the initial FA did not 
reveal ischemia, but avascular zones representing ischemia 
were noted on a subsequent FA (Table 2).

BRVO was found in 40.2% of the eyes. The superior tempo-
ral branch was involved in 58.3% of all patients with BRVO 
and the inferior temporal branch was involved in 36.6%; in a 
single patient, the inferior nasal branch was occluded, and in 
another patient, 2 sites were affected: the inferior temporal 

branch and the large branch draining the area above the op-
tic disc. Information on the location of occlusion, its type, and 
the percentage of patients affected is presented in Table 3.

In 11.8% of the eyes (12/102), a venule was occluded, a small 
tributary of either the superior (75%; 9/12) or inferior (25%; 
3/12) temporal branch. In 66.7% of the eyes (8/12), the occlu-
sion was ischemic and in 33.3% (4/12), it was non-ischemic.

HRVO was diagnosed in 2 patients (1.9%), another patient had 
a non-ischemic superior HRVO, and a third patient had an in-
ferior HRVO (initially non-ischemic, but a subsequent FA con-
firmed the conversion to ischemia).

Neovascularization of the optic disc (NVD) was found in 32.3% 
of all the eyes (33/102), 42.5% of the eyes with CRVO (20/47), 
29.3% of the eyes with BRVO (12/41), and 50% of the eyes 
(1/2) with HRVO, but in no case of a small tributary vein (ven-
ule) occlusion (Table 4).

Peripheral retinal neovascularization (NVE) was seen in 17.4% 
of all the eyes (15/102), 14.9% of the eyes with CRVO (7/47), 
and 19.5% of the eyes with BRVO (8/41) (Table 4).

VV anastomoses (collaterals) were seen in 41.2% of all the eyes 
(42/102) and in 79.6% of the patients with BRVO (32/41), 56.2% 

Occlusion localization 
Number of 
patients

Percentage of 
the total

CRVO 47 46.1%

BRVO 41 40.2%

A small tributary vein (venule) 12 11.8%

HRVO 2 1.9%

Total 102 100.0%

Table 1.  Number and percentage of patients with retinal vein 
occlusion in a specific location (vein trunk, vein branch, 
small tributary vein (venule), hemisphere).

CRVO
Number of 
patients

Percentage of 
the total

Non-ischemic 36 76.6%

Ischemic 10 21.3%

Non-ischemic converting to 
the ischemic type

1 2.1%

Total 47 100.0%

Table 2.  Number and percentage of patients with ischemic and 
non-ischemic central retinal vein occlusion.
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of superior temporal branch occlusions (18/32), 37.5% of infe-
rior temporal branch occlusions (12/32), 3.1% of inferior nasal 
branch occlusions (1/32), and in the single case of occlusions 
involving the inferior temporal branch and the branch above 
the optic disc (3.1%; 1/32). Collaterals were also observed in 
100% of the eyes with HRVO (2/2) and 66.7% of the eyes with 
a venule occlusion (8/12). No veno-venous anastomoses were 
found in any of the eyes with CRVO (Table 4).

Peripheral retinal ischemia was found in 59.8% of all the eyes 
(61/102), including 51.1% of the eyes with CRVO (24/47), 82.9% 
with BRVO (34/41), 50% with HRVO (1/2), and 16.7% of the 
eyes with a venule occlusion (2/12) (Table 4).

In a number of cases, among the 61 eyes with avascular areas 
identified by FA in the periphery (20.6% of all eyes, 21/102), there 
was no ischemia in the posterior pole. This finding was more 
frequent in CRVO (34.0% of eyes; 16/47) than in BRVO (12.2%; 
5/41). In those patients, FA that visualized the posterior pole up 
to an angle of 30º to 50º initially revealed a non-ischemic occlu-
sion. On further analysis, those cases were classified accordingly. 
However, the classification should be changed when alterations 
in the retinal periphery best visualized by WF-FA are taken into 
consideration. In 4.9% of the 102 eyes, the occlusion at first was 
non-ischemic, but further FA studies revealed avascular areas in 
the posterior pole (a single patient each with CRVO, HRVO, and 

BRVO localization (a total of 41 patients) Type	of	occlusion,	number	and	percentage	of	patients	affected

Superior temporal branch (24/41 patients, 58.3%) Ischemic (8/24, 75%)
Non-ischemic (5/24, 20.8%)
Non-ischemic ® ischemic (1/24, 4.2%)

Inferior temporal branch (15/41, 36.6%) Ischemic (6/15, 40%)
Non-ischemic (7/15, 46.7%)
Non-ischemic ® ischemic (2/15, 13.3%)

Inferior nasal branch (1/41, 2.4%) Ischemic

Superior nasal branch (0/41, 0%)

Inferior temporal branch and large branch above the optic disc 
(1/41, 2.4%)

Ischemic

Table 3.  Branch retinal vein occlusion. Involvement of specific retinal vein branches, and number and percentage of patients with 
ischemic and non-ischemic occlusions.

Fundus pathology 
(number and percentage of 

patients)

CRVO 
(number and 

percentage of patients)

BRVO 
(number and 

percentage of patients)

HRVO 
(number and 

percentage of patients)

Venule occlusion 
(number and 

percentage of patients)

NVD – new vessels on the optic 
disc
(33/102, 32.3%)

20/47
42.5%

12/41
29.3%

1/2
50%

0/12
0%

NVE – new vessels elsewhere 
(15/102, 17.4%)

7/47
14.9%

8/41
19.5%

0/2
0%

0/12
0%

Veno-venous anastomoses 
(42/102, 41.2%)

0/47
0%

32/41
79.6%

2/2
100%

8/12
66.7%

Areas of peripheral ischemia
(61/102, 59.8%)

24/47
51.1%

34/41
82.9%

1/2
50%

2/12
16.7%

Cystoid macular edema (CME)
(65/102, 63.7%) 

36/47
76.6%

24/41
58.5%

1/2
50%

4/12
33.3%

Laser retinal photocoagulation 
(LPR)
(75/102, 73.5%)

38/47
80.9%

30/41
73.2%

1/2
50%

6/12
50%

Table 4.  Number and percentage of patients with specific fundal pathologies identified by fluorescein angiography and optical 
coherence tomography, and the use of laser retinal photocoagulation (LRP) in central retinal vein, branch retinal, hemispheric 
retinal vein, and venule occlusion.
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BRVO). In all of those patients, areas of ischemia in the far pe-
riphery were observed on the first FA evaluation.

Amputated peripheral vessels associated with avascular zones 
in the periphery were visualized by WF-FA in 43.1% of all the 
eyes (44/102).

Increased permeability is evidence of damage to vein walls 
in the course of thrombosis and the amount of dye leakage 
is proportional to the degree of vascular injury. Dye diffusion 
from veins damaged by a thrombus is usually observed in the 
posterior pole. In our study, in 17.6% of the eyes (18/102), dye 
leakage was seen exclusively in the far peripheral retina, from 
the vessels close to the ora serrata, but there was no leakage 
in the posterior pole. In that group, dye leakage was observed 
in 90.6% of the eyes (16/18) with an ischemic venous occlu-
sion, a single eye with a non-ischemic venous occlusion, and 
a single eye with an initially non-ischemic occlusion with a 
zone of ischemia subsequently identified in the posterior pole.

Optic coherence tomography revealed cystic macular edema 
in 63.7% of all the eyes, including 76.6% with CRVO, 58.5% 
with BRVO, 50% with HRVO, and 33.3% of the eyes with a ven-
ule occlusion (Table 4).

Choice of therapy was guided by the FA and OCT findings and 
the degree of visual impairment. Overall, laser retinal photo-
coagulation (LRP) was performed in 73.5% of cases (80.9% in 
the eyes with CRVO, 73.2% with BRVO, and 50% with HRVO 
and venule occlusion [Table 4]). In cases of ischemic occlusion, 
LRP was done to the whole area of capillary nonperfusion. Pan 
photocoagulation was performed in all the eyes with CRVO 
and in a single case, transcorneal cryotherapy also was used.

LRP was applied to the areas of thrombosis in all eyes with 
ischemic occlusion in the posterior pole (pan photocoagula-
tion); all eyes with areas of ischemia in the retinal periphery 
but no macular ischemia (peripheral retinal photocoagulation); 
and in some patients with non-ischemic occlusion as an ad-
junct treatment for CME. The use of LRP was guided by visu-
al acuity and an unsatisfactory response of the retina to oth-
er treatments (macular grid photocoagulation).

Patients with CME confirmed by OCT or FA received standard 
treatments approved for this indication. An anti-vascular en-
dothelial growth factor (VEGF) agent was used in 36.9% of the 
eyes (24/65), micropulse laser therapy in 27.7% (18/65), and a 
dexamethasone intravitreal implant (Ozurdex) in 7.7% of the 
eyes (5/65). Most patients had combination therapy (anti-VEGF 
intravitreal injections and micropulse laser treatment), which 
was frequently repeated, depending on the condition of the 
retina and its response to treatment.

Of the patients, 43.4% (46/106) were on systemic anticoag-
ulants prescribed by their primary care physicians or cardiol-
ogists after consultation with an ophthalmologist. Choice of 
treatment was guided by a patient’s health status and any co-
morbidities and included LMWH at therapeutic doses, aceno-
coumarin (vitamin K antagonist), acetylsalicylic acid, and su-
lodexide. The systemic diseases reported by patients, some of 
which were risk factors for thrombosis, were arterial hyper-
tension in 70.8% (75/106); ischemic heart disease in 17.9% 
(19/106), including a history of myocardial infarction in 11 pa-
tients and arrhythmia in 10.4% (11/106); thyroid disorders and 
diabetes mellitus in 18.9% (20/106); a history of cerebrovas-
cular accident in 10.4% (11/106); renal insufficiency in 8.5% 
(9/106); cancer in 15.1% (16/106); and venous thromboem-
bolic disease outside the eye in 7.5% (8/106). Confirmed co-
agulopathies were relatively rare (2.8%; 3/106). Ocular co-
morbidities included glaucoma in 23.6% of patients (25/106) 
and single cases of age-related macular degeneration, cata-
ract, high myopia, and retinal detachment. Two patients had 
optic disc drusen.

Discussion

Populations around the world are aging rapidly, with conse-
quent increases in the prevalence of diseases of civilization 
and their complications affecting the eye. RVO is the second 
most common cause of visual impairment from vascular dis-
eases after diabetic retinopathy [5,18]. Proper control of arte-
rial blood pressure, lipid levels, and glycemia, as well as main-
taining body weight within normal range and recommended 
levels of physical activity, may prevent many lifestyle diseases 
or at least reduce the risk of their development. Importantly, 
health care professionals caring for patients at risk of throm-
bosis should instruct them to check their vision regularly. In 
some cases of ocular fundus thrombosis, when the macular 
region is not involved, patients are not aware of any deterio-
ration of visual acuity. Prompt diagnosis supported by FA and 
use of appropriate local and systemic treatments offer a chance 
to avoid vision-threatening complications.

Age is a risk factor for vascular diseases [5]. In the present se-
ries of patients, the mean age was 60 years and only 4 were 
younger than age 40 years. According to Kolar, RVO is more 
frequent in men than in women [5], but we did not confirm 
that in our study, which had a female-to-male ratio of 1.13: 1, 
similar to observations by Rogers et al. [2].

Apart from the modifiable and non-modifiable risk factors for ve-
nous thrombosis listed previously, some local ocular conditions, 
such as glaucoma, may increase the risk of RVO [5]. More than 
one-fourth (26.6%) of patients with RVO in the present study 
were undergoing treatment for glaucoma. Drusen of the optic 
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disc are another ocular pathology that may increase the risk of 
RVO [19,20], as these deposits often mechanically compress the 
blood vessels, resulting in occlusion. We found drusen in only 2 
patients: a 28-year-old woman and a 60-year-old man (Figure 1).

The ophthalmoscopic appearance of RVO is characteristic, but 
in diagnostically doubtful cases FA, could be helpful. Despite 
its drawbacks (the test is invasive and relatively expensive) 
and the advent of newer diagnostic tools, FA remains the cri-
terion standard for the detection of retinal vascular diseas-
es including RVO. With standard FA, which provides a 30° to 
50° view of the retina, avascular zones and areas of ischemia 
and the presence and activity of pathological vascular prolif-
erations and VV collaterals can be visualized. FA can be used 
to identify the site of vein occlusion, assess vascular perfu-
sion (blood flow rate), and visualize dye stasis and its leakage 
through the vessel wall, reflecting the degree of damage to the 
involved vein. With advances in technology, new digital sys-
tems have been introduced, such as a scanning laser ophthal-
moscope and wide-field retinal imaging devices like the Optos 
Tx200 or Spectralis HRA+OCT, which employ a 102° lens that 
facilitates evaluation of the far retinal periphery. Wide-field im-
aging of the retinal periphery has considerably enhanced the 
diagnosis of retinal disorders by enabling visualization of the 
blood supply in areas that are unreachable with OCT imaging.

In cases of RVO, FA provides crucial information about whether 
an occlusion is ischemic (Figure 2) or non-ischemic (Figure 3), 
guiding future decisions about choice of therapy and frequency 
of follow-up visits. Until recently, FA was the only test available 
for differentiating between ischemic and non-ischemic occlu-
sion. OCTA, which was introduced in 2014, visualizes areas of 
retinal ischemia and is faster and less expensive than FA. More 
importantly, it is noninvasive, making OCTA safer for patients, 
but it can only be used to visualize the posterior pole [11].

From our observations, peripheral ischemia was found in as 
many as 59.8% of the eyes with RVO, but in a fifth of those 
(20.6%), there was no ischemia in the posterior pole. Avascular 
zones were found in the periphery alone and were best visu-
alized by WF- FA. When peripheral ischemia was revealed, a 
change in therapy was required and when laser photocoagu-
lation (LPR) was to be performed, another therapeutic target 
area for photocoagulation was selected. In 43.1% of the eyes, 
amputated peripheral vessels were seen coexisting with avas-
cular zones, visualized solely on the retinal periphery angio-
grams (Figures 1C, 4). These findings confirm the importance 
of thoroughly evaluating the retinal periphery, which also has 
been emphasized by several authors [15,17].

In 4.9% of all the eyes, non-ischemic RVO was initially visual-
ized in the posterior pole and it subsequently converted to the 
ischemic type. According to the Central Vein Occlusion Study 
Group, 15% of eyes with perfusion convert to ischemia in the 
first 4 months of follow-up and an additional 19% of eyes in the 
next 32 months (a total of 34% after 3 years [21]). These find-
ings differ from our observations, which is likely to be due to the 
study design – a retrospective observational study in the pres-
ent case vs. a prospective cohort study reported by the Central 
Vein Occlusion Study Group – and the fact that some patients in 
our series had only a single FA during the period of the analysis.

In the present study, nonperfusion of the retinal periphery had 
already been seen on initial WF-FA in all the patients with a 
non-ischemic occlusion that converted to ischemia. This finding 
could strongly suggest that the presence of peripheral avas-
cular zones increases the risk of development of ischemia in 
the posterior pole. Accordingly, in eyes with areas of nonper-
fusion in the peripheral retina, follow-up should be more fre-
quent and more aggressive treatment should be instituted.

A B C

Figure 1.  Optic disc drusen. (A) Autofluorescence from drusen on the optic disc. (B) Occlusion of the vein trunk without features of 
ischemia in the posterior pole (the same eye). (C) Extensive avascular zones in the peripheral temporal retina (the same eye).
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FA also visualizes vascular proliferation. Pathological new ves-
sels are localized mostly in the posterior pole, on the optic disc, 
and at large vascular arches (Figure 5). In the eyes with CRVO 
and HRVO, the incidence of new vessels on the disc (NVD) was 
equal, meaning that a large area of the retina was involved. The 
presence of neovascularization in the anterior chamber angle 
strongly predicts the development of secondary neovascular 
glaucoma, which we observed in 3 eyes with CRVO. According 

to the literature, neovascular glaucoma can develop in 23% 
to 60% of eyes with CRVO within 12 to 15 months [22]. FA is 
the only test that can be used to assess neovascular activity 
by visualizing dye leakage through the damaged vessel wall. 
A larger leak reflects enhanced vascular permeability, which in 

Figure 2.  Ischemic occlusion with avascular zones in the 
posterior pole.

Figure 4.  Non-ischemic occlusion in the posterior pole with 
extensive avascular zones and amputated vessels in 
the peripheral temporal retina. Dye leakage on the 
optic disc and cystoid macular edema (after laser 
photocoagulation).

Figure 3.  Non-ischemic occlusion. Dye leakage from the 
damaged veins and on the optic disc, but no avascular 
zones visualized in the posterior pole.

Figure 5.  Occlusion of the vein trunk with new vessels on 
the disc and cystoid macular edema (after laser 
photocoagulation).
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turn is an indicator of neovascular activity. In some patients in 
the present study who had NVD/NVE on ophthalmoscopy, FA 
did not reveal any dye leakage, that is, neovascular activity on 
the disc or elsewhere. In such cases, LRP was not performed, 
but those patients remained under observation.

FA has a very important role in localizing VV anastomoses 
(Figure 6). Collaterals were present in the eyes with BRVO, but 
not in the eyes with CRVO; the involved vessels were mostly 
in the upper and lower temporal branches (58.3% and 37.3%) 
and the nasal branches were rarely affected. The anatomical 
course of VV collaterals and dye leakage through their walls 
are evaluated on FA. In some patients with collaterals, FA does 
not reveal any dye diffusion through the collateral wall, that 
is, the vessel wall is normal, which indicates normal develop-
ment of protective mechanisms that prevent retinal ischemia 
and is a favorable prognostic factor [23].

FA is a dynamic study. A continuous sequence of images is cap-
tured with it and particular phases of the study are assessed. 
When a vein trunk or branch is occluded, the rate of blood flow 
through the involved vein, or perfusion, is assessed and hence, 
the degree of the vein damage. Occlusion is also demonstrated by 
prolonged dye retention until the late phases of the angiogram, 
when leakage through the damaged wall is visible (Figure 7).

FA is the only study that can be used to visualize dye leak-
age and leaks that are solely seen in the retinal periphery can 
be demonstrated on WF-FA (Figure 8). In the patients in the 

present study, 17.6% of WF-FAs detected dye leaks in the far 
periphery alone, but not in the posterior pole. These chang-
es were seen in 90.6% of the eyes with a non-ischemic occlu-
sion, which we think suggests the beginning of conversion of 
a non-ischemic occlusion to an ischemic type.

CME is the most common complication of RVO, which results 
in deterioration of visual acuity. According to the literature, 
CME may develop in 73% of eyes with ischemic CRVO and 

Figure 6.  Ischemic occlusion of the inferior temporal bone with 
the development of collateral circulation. Veno-venous 
anastomoses are visible on the nasal and temporal 
sides of the macula.

Figure 8.  Occlusion of the inferior temporal branch with dye 
leakage in the peripheral retina.

Figure 7.  Occlusion of the inferior temporal branch with dye 
leakage in the tributaries of the entire occluded vein.
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in 30% of eyes with BRVO and non-ischemic CRVO [5,22]. It 
was diagnosed in 63.7% of the eyes in the present study. OCT 
is the imaging study of choice for assessing and monitoring 
CME (Figure 9) [10], but FA is considered a valuable adjunct.

Imaging findings, especially FA of the periphery and OCT, guide 
decisions on the choice of therapy. Currently, intravitreal an-
ti-VEGF agents are first-line therapy for RVO, especially when 
CME is present [10]. Intravitreal corticosteroids and micro-
pulse laser treatment are used less frequently [24]. However, 
LPR remains the most common treatment because it is effec-
tive, accessible, and affordable [25].

FA, especially the wide-field modality, is used to confirm wheth-
er LPR should be used. LPR is indicated mainly for ischemic 

Figure 9.  Optical coherence tomography scan of cystoid macular edema in the course of non-ischemic trunk occlusion.

A B

Figure 10.  Ischemic occlusion of the inferior nasal branch. (A) Before laser photocoagulation. (B) After laser photocoagulation, the 
impact of photocoagulation is seen in the far retinal periphery.

occlusion, especially of the vein trunk, as there is a risk of neo-
vascularization in the anterior chamber angle, which results in 
development of neovascular glaucoma. LPR is also performed 
in cases of non-ischemic occlusion, with neovascular activi-
ty on the disc and elsewhere. LPR can be used as an adjunct 
treatment for CME and visual acuity of 0.1 to 0.5, preferably in 
combination with an anti-VEGF agent [26]. WF-FA is performed 
to identify therapeutic target areas for photocoagulation. In 
patients in the present study, LPR was performed on 80.9% of 
the eyes with CRVO, 73.2% with BRVO, 50% with HRVO, and in 
a single case of venule occlusion. Figure 10 shows an ischemic 
branch occlusion before (Figure 10A) and after (Figure 10B) 
LPR treatment. Most occlusive lesions are found in the poste-
rior pole, but before any decisions concerning their manage-
ment are made, it is necessary to evaluate the periphery. The 
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present authors, like Nagiel et al., believe that peripheral reti-
nal angiography should be the standard-of-care imaging mo-
dality for retinal vascular disease. Visualization of the avascu-
lar peripheral areas and amputated vessels guides the choice 
of appropriate management and identifies therapeutic target 
areas for LPR [16].

Conclusions

In RVO, decisions concerning management, choice of treat-
ment modality, and the extent of therapy should be made in-
dividually after an ophthalmic examination, including a visual 
acuity test and ophthalmic imaging. FA is the most important 

of these studies, especially its wide-field modality, which en-
ables evaluation of the peripheral retina. We observed that af-
ter visualization and evaluation of peripheral vascular chang-
es, another therapy was instituted in 20.6% of patients. Also, 
vascular changes suggestive of conversion of a non-ischemic 
occlusion to the ischemic type are first seen in the periphery 
and require more frequent follow-up visits and more aggres-
sive treatment. Evaluation of the peripheral retina should be 
recognized as the standard of care for diagnosing and moni-
toring retinal vascular disease including RVO.
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