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ABSTRACT 
Background: To analyze the academic characteristics, career trajectory, scholarly publications, and demographic background of 
the 100 most-cited authors in ophthalmic literature. 
Methods: In this observational cross-sectional study, a database containing every ophthalmology journal article from 1967 to 2018 
was built using Scopus journal article information. The 100 authors with the most citations were identified, along with a control 
group of authors with at least five publications. Information about each author, such as gender, institution, and educational 
degrees were found from online web searches. Intra- and inter-group analyses were performed to identify correlations that may 
lead to having a high level of impact in ophthalmology literature. 
Results: Of the 100 most-cited ophthalmologists, 56 practice in the United States (US) and only 12 are female. In an odds ratio 
(OR) analysis, highly-cited researchers more often lived in the US (OR, 2.97; P < 0.001), were male (OR, 2.4; P = 0.02), and graduated 
from an elite medical school (OR, 3.89; P = 0.02) and/or residency (OR, 3.67; P = 0.02), but were not from an undergraduate 
institution (P = 0.75). There was no difference in citation numbers between different ophthalmology subspecialties (P = 0.22) or 
advanced degrees (PhD, MPH in addition to MD). Women among the top-100-cited authors were more likely to author high impact 
journal articles (P < 0.05). 
Conclusions: Among highly-cited ophthalmologists, practicing in the US and attending a top medical school or residency program 
may provide training for a successful research career in ophthalmology. Additionally, top female ophthalmologists participate in 
more influential research. 
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INTRODUCTION 

The impact of a career in ophthalmic research is based on 
a series of decisions. These include selecting a medical 
school and residency program, choosing between 
academic and private practice, whether to pursue 
fellowship training and/or additional advanced degrees 
such as a Master of Public Health (MPH), Master of 

Business Administration (MBA), or Doctor of Philosophy 
(PhD). These options can be instrumental in facilitating a 
fruitful academic career [1-4]. Previous studies have 
described the characteristics of American ophthalmology 
residency program directors [1], department chairs [2], 
and clinician-scientists receiving National Institute of 
Health (NIH) grants [3]. Gershoni et al. investigated the 
impact of subspecialty choice on research productivity, 
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ABSTRACT
Background: Optical coherence tomography angiography (OCTA) is an advanced imaging modality that 
provides high resolution images at the level of different retinal layers. This study aime to evaluate choroidal 
neovascular membranes (CNVMs) secondary to age-related macular degeneration (AMD) quantitatively and 
qualitatively, according to their classification, morphological features, and flow areas, using OCTA.
Methods: In this descriptive, comparative, cross-sectional study, CNVMs were divided into 2 groups according 
to their classification as type 1 or type 2 neovascularization. Mixed CNVMs were excluded from the study. 
The size (mm2) and the flow area (mm2) of the CNVMs were calculated via OCTA and the presence of the 
perivascular halo and loop anastomoses were analyzed. The morphological appearance of the CNVMs were 
classified as: medusa, sea-fan, lacy-wheel, glomerular, dead tree, and mature vascular networks. 
Results: Of the 85 eyes assessed for eligibility, 45 eyes of 34 individuals with CNVM were enrolled in this 
retrospective study. Twenty-eight eyes had type 1 and 17 eyes had type 2 CNVMs. The mean size and flow area 
were greater in type 1 than in type 2 CNVMs (mean ± standard deviation [SD], 6.69 ± 4.54 and 3.61 ± 3.56 
mm2 versus 3.04 ± 1.98 and 1.77 ± 1.62 mm2; P = 0.044 and 0.046, respectively). Among the 22 eyes with type 1 
CNVMs and the 9 eyes with type 2 CNVMs, 31 eyes had exudative membranes. Among the eyes with exudative 
CNVMs, 22 eyes had a perivascular halo and 22 eyes had loop anastomoses; this was significantly more than 
in the non-exudative eyes (P = 0.042 and 0.041, respectively). The lacy-wheel (38.7%) and dead tree (71.4%) 
patterns were the most frequent morphological appearance of the CNVMs in the exudative and non-exudative 
membranes, respectively.
Conclusions: OCTA provides objective documantation about CNVMs. A perivascular dark halo around 
CNVMs could be a criterion to define exudative membranes activity.
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INTRODUCTION
Choroidal neovascular membranes (CNVMs) represent a serious pathology that cause blindness, mostly in older 
patients. Its main etiopathogenesis is angiogenesis [1]. The most common cause of CNVM in developed countries 

is age-related macular degeneration (AMD) [2]. There are 3 types of CNVMs according to the location of the 
neovascular complex. Type 1 is the most frequent type, where the neovascular complex is below the retinal pigment 
epithelium (RPE). In type 2 CNVM, the lesion is above the RPE. Both these types originate from the choroid 
[3]. In type 3 lesions, the neovascularization originates from the deep capillary plexus; and is classified clinically as 
retinal angiomatous proliferation or type 3 neovascularization, rather than as a CNVM [4, 5].

Optical coherence tomography angiography (OCTA) is an advanced imaging modality that provides high 
resolution images at the level of different retinal layers [6]. This segmental data allows easy classification of CNVMs. 
Moreover, OCTA provides qualitative data, including morphological pattern, presence of a perivascular halo, and 
loop anastomoses, as well as quantitative data, including flow area and the greatest linear dimension, on CNVMs 
[7-10]. 

In the present study we aimed to evaluate CNVMs secondary to AMD quantitatively and qualitatively, according 
to their classification, morphological features, and flow areas, using OCTA.

METHODS
Consecutive cases with CNVMs secondary to AMD, who were followed from December 2017 through September 
2019 at the Ulucanlar Eye Research and Education Hospital, Ankara, Turkey, were retrospectively evaluated. In 
this descriptive, comparative, cross-sectional study, all procedures were performed in accordance with the ethical 
standards of the institutional and/or national research committee and with the tenets of the 1964 Declaration 
of Helsinki and its later amendments, or comparable ethical standards. The study protocol was approved at the 
department level, and informed consent was obtained from all individual participants included in the study.

All study participants underwent complete ophthalmic examinations, including measurement of best corrected 
visual acuity according to a Snellen chart, evaluation of the anterior segment, intraocular pressure measurement 
with a Goldman applanation tonometer (Model AT 900 C/M; Haag-Streit, Köniz, Switzerland), and dilated 
fundus assessment with a +90 D lens (Volk Optical Inc, Mentor, OH, USA). Additionaly, the following imaging 
modalities were performed on the same day: spectral domain optical coherence tomography (SD-OCT) (Spectralis, 
Heidelberg Engineering Inc., Heidelberg, Germany), fundus fluorescein angiography (FFA) (Carl Zeiss Meditec, 
Dublin, CA, USA), and OCTA (Opto-Vue, Inc., Fremont, CA, USA). 

Treatment-naive patients with CNVMs secondary to AMD were included in this study. These patients were 
divided into 2 groups according to their CNVM classification: patients with type 1 CNVM, and patients with 
type 2 CNVM. The classification was performed according to the automated outer retinal segmentation and 
choriocapillaris segmentation via OCTA. The study was designed in 2 parts: the first part was a quantitative 
evaluation, and the second part was a qualitative evaluation. For quantitative evaluation, we measured the size 
(mm2) and the flow area (mm2) of type 1 and type 2 CNVMs, while for a qualitative evaluation, we assessed the 
morphological characteristics among exudative and non-exudative groups. Retinal edema, hemorrhage, exudates 
and/or RPE detachments on fundus examination, and intraretinal, subretinal, and/or sub-RPE fluid accumulation 
on SD-OCT were considered as signs of exudative membranes.

Patients with mixed CNVMs were excluded from the study. Other exclusion criteria were: a history of previous 
anti-vascular endothelial growth factor (anti-VEGF) therapy, patients with glaucomatous findings (including IOP 
> 20 millimeter of mercury, optic disc cupping, and optic disc haemorrhage), the presence of high myopia (> 6 
diopters), myopic CNVMs, history of previous photodynamic therapy, angioid streaks, macular telangiectasia, 
central serous chorioretinopathy, type 3 CNV lesions, mixed choroidal neovascular membrane, pachychoroid 
neovasculopathy, polypoidal choroidal vasculopathy, and idiopathic CNV. 

We performed OCT-A assessments as follows. Speckle noise removal and CNVM blood flow delineation were 
automatically performed while acquiring the OCTA image. CNVMs were evaluated quantitatively via the flow 
assessment tool of the OCTA device. The CNVM margins were selected manually by the observer and the device 
automatically calculated the size (mm2) and the flow area (mm2) of the CNVM (Figure 1). The morphological 
appearance of the CNVMs were classified as: medusa, sea-fan, lacy-wheel, glomerular, dead tree, and mature vascular 
networks. Medusa and sea-fan appearances were identified when the vessels branched in all directions from the 
center of the membrane (medusa) or from 1 side of the membrane (sea-fan) [11]. Lacy-wheel neovascularizations 
were described as well-circumscribed circular networks [12]. Dead tree or pruned vascular tree and mature vascular 
network patterns were identified as long, dilated, looped vessels without branching small capillary networks [13]. 
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Glomerular morphology was described as similar to a glomerula in a nephron, as suggested by the name. Moreover 
the presence of a perivascular halo (Figure 2) and loop anastomoses were evaluated  [14]. Patients (n = 9) with 
media opacity leading to low signal strength index (< 7) that obscured the view of the CNVM via OCTA were 
excluded from the study. 

Statistical analysis was performed using SPSS software for Windows, version 18.0 (SPSS Inc., Chicago, IL, USA). 
The normality of the data distribution was verified with the Kolmogorov–Smirnov test (P > 0.05). Categorical 
variables are shown as numbers; numerical variables are shown as mean and standard deviation (SD). Size and 
flow area measurements of CNVMs were compared between groups using the Mann‒Whitney test. Moreover, 
perivascular halo and loop anastomoses were compared between exudative and non-exudative CNVMs with the 
Mann‒Whitney test. A P value < 0.05 was considered statistically significant.

Figure 1. (A) A choroidal neovascular membrane (CNVM) was detected in the choriocapillaris segmentation of optical coherence tomography 
angiography. (B) The margins of the CNVM were selected manually by the observer and the device automatically calculated the size (mm2) and 
the flow area (mm2) of the membrane; which in this example was 1.215 mm2 and 0.708 mm2, respectively .

Figure 2. (A) The presence of a perivascular halo was evaluated in the choriocapillaris segmentation of optical coherence tomography 
angiography. (B) The color overlay image of the same patient.
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RESULTS
Of the 85 eyes assessed for eligibility, 45 eyes of 34 individuals (15 male, 19 female) with CNVM secondary to 
AMD were enrolled in the study. Figure 3 shows the flow diagram of subject eligibility. Table 1 summarizes the 
baseline demographic features in both groups. The mean ± SD of age was 71.40 ± 8.61 years (range: 51–84 years) 
for study participants overall. Twenty-eight eyes had type 1 CNVM (group 1) and 17 eyes had type 2 CNVM 
(group 2), with comparable baseline charateristics (Table 1).

In group 1, 22 eyes were in the active phase, 4 eyes were in the remission phase, and 2 eyes were in the 
quiescent phase. In group 2, 9 eyes were in the active phase, 6 eyes were in the remission phase, and 2 eyes 
were in the quiescent phase. Exudative membranes were present in 22 eyes with type 1 CNVMs and 9 eyes 
with type 2 CNVMs. Table 2 shows the qualitative and quantitative characteristics of study participants. 
Among the exudative CNVMs, 22 eyes had a perivascular halo, and 22 eyes had loop anastomoses; these 
numbers were significantly greater in exudative than in non-exudative CNVMs (P = 0.042, and 0.041 
respectively; Table 2). Moreover, all exudative type 2 CNVMs (100%, 9 eyes) had perivascular halo.

 

 

 

 

 

Assessed for eligibility (N = 85 eyes)  

Excluded (N = 40 eyes)  
• Polypoidal choroidal vasculopathy (N = 18 eyes)  
• Mixed choroidal neovascular membrane (N = 8 eyes)  
• Type 3 lesions (N =  6 eyes)  
• Myopic choroidal neovascularisation (N = 2 eyes)  
• Stage 5 macular telangiectasia, type 2A (N = 2 e yes)  
• Angioid streak (N = 2 eyes)  
• Pachychoroid neovasculopathy (N = 1 eye)  
• Idiopathic choroidal neovascularisation (N = 1)  

Group 1:Type 1 Choroidal neovascular membrane (N = 28 eyes)  Group 2: Type 2 Choroidal neovascular membrane (N = 17 eyes)  

45 eyes with choroidal neovascular membrane secondary 
to age related macular degeneration enrolled in the study  

 Figure 3. Flow diagram of patient eligibility.

Table 1. Baseline demographic characteristic features in both groups

Variable Eyes with type 1 CNVM
(n = 28)

Eyes with type 2 CNVM
(n = 17)

P -value

Age (y), Mean  ± SD 70.2 ± 5.1 72.3  ± 6.5 0.35*

Sex (M/F), n 8/10 7/9 0.39†

BCVA (decimal), Mean  ± SD 0.3  ± 0.21 0.35  ± 0.19 0.45‡

IOP (mmHg), Mean ± SD 17.5  ± 4.6 16.4  ± 4.2 0.51‡

Abbreviatons: n, number; y, years; SD, standard deviation; M: Male, F: Female, CNVM, Choroidal neovascular membrane; BCVA, best 
corrected visual acuity; IOP, intraocular pressure; mmHg, millimeter of mercury; * Independent samples t-test; †Chi-squared test; ‡Mann‒
Whitney U test.

Table 2. The qualitative and quantitative characteristics of study participants

Quantitative Features of Choroidal Neovascular membranes

Variable Type 1 CNVM
(n = 28 eyes)

Type 2 CNVM
(n = 17 eyes)

P- Value

Size (mm2) 6.69  ± 4.54 3.04  ± 1.98 0.044*

Flow area (mm2) 3.61  ± 3.56 1.77  ± 1.62 0.046*

Qualitative Features of Choroidal Neovascular Membranes

Variable Exudative membranes
(n = 31 eyes)

Non-exudative membranes
(n = 14 eyes)

P- Value

Perivascular Halo (+/-) 22/9 3/11 0.042*

Loop anastomoses (+/-) 22/9 2/12 0.041*
Abbreviations: CNVM, the choroidal neovascular membranes; n, number; mm2, square millimeter; +, presence of perivascular halo or loop 
anastomoses; -, absence of perivascular halo or loop anastomoses; *Mann Whitney test. P–value < 0.05 is shown in bold.
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The mean size and flow area were greater in type 1 than in type 2 CNVMs (mean ± SD, 6.69 ± 4.54 mm2 and 
3.61 ± 3.56 mm2 versus 3.04 ± 1.98 mm2 and 1.77 ± 1.62 mm2; P = 0.044 and 0.046, respectively) (Table 2).

The morphological appearance of the CNVMs were: 12 eyes with lacy-wheel (38.7%), 5 eyes with mature 
vascular network (16.1%), 5 eyes with medusa (16.1%), 4 eyes with glomerular (12.9%), 2 eyes with seafan 
(6.4%), and 3 eyes with an unidentifible pattern (9.6%) among the exudative group. In the non-exudative group, 
10 eyes had a dead tree (71.4%), 1 eye had a glomerular (7.1%), and 3 eyes had an unidentifiable pattern (21.4%) 
of CNVM.

DISCUSSION
Our study demonstrated that the flow area and size were significantly greater in type 2 than in type 1 CNVMs 
and significantly more eyes with exudative CNVMs than non-exudative CNVs had a perivascular dark halo and 
loop anastomoses. The most frequent morphological appearance of exudative and non-exudative CNVMs were 
lacy-wheel (38.7%) and dead tree (71.4%), respectively.

Jung et al. and Cohen et al. evaluated the incidence of CNVMs and they reported that the most frequent type 
was type 1 CNVMs, or occult membranes, based on FFA classification [3, 15]. Type 1 and type 2 lesions had 
different staining patterns, according the location of the membrane. SD-OCT also provides information about 
the location and the activation of quiescent neovascularizations [16]. In the present study, we evaluated CNVMs 
with multimodal imaging modalities, including FFA, SD-OCT, and OCTA, and most (28 eyes, 62%) had type 1 
lesions, which was as consistent with the current literature.

Zhao et al. compared the quantitative features of type 1 and type 2 CNVMs via OCTA and reported that 
type 2 lesions had a smaller flow area and smaller greatest linear dimension [17]. We obtained similar results. 
The mean size and flow area of the type 1 CNVMs were significantly greater than those of type 2 CNVMs. Type 
1 membranes are located below the RPE and they are mostly asymptomatic until they reach the neurosensory 
retina, which indicates a longer period of pathology. We hypothize that this asymptomatic period allows the 
membrane to become larger. However, in type 2 membranes, the pattern of spread is different. When the RPE 
is ruptured, the patient exhibits visual deterioration at an early stage. In type 2 CNVMs, the duration of the 
pathology and the length of time before it becomes symptomatic is shorter than in type 1 lesions [17].

Kuehlewein and colleagues used OCTA to analyze the morphology of type 1 CNVMs secondary to AMD 
and reported 2 morphological patterns: Medusa and Seafan [11]. El Ameen et al. evaluated type 2 CNVMs and 
reported that glomerulus-shaped and medusa-shaped membranes appear to be associated with type 2 CNVMs 

[14]. In contrast, of the 5 eyes with glomerulus- and the 5 eyes with medusa-shaped patterns in the present study, 
4 and 3, respectively, were type 1 CNVMs.

Miere et al. also used OCTA to assess the morphological features of subretinal fibrosis secondary to AMD 
and described 3 vascular patterns: pruned vascular tree, tangled network, and vascular loop [8]. Twenty-
six of 49 eyes (53.1%) with subretinal fibrosis had pruned vascular tree morphology and these eyes did not 
show any exudative symptoms via SD-OCT in the last 6 months [8]. Coscas and colleagues estimated 90.5% 
correspondance between dead tree membrane appearance on OCTA and not requiring treatement group on 
conventional multimodal imaging [18]. Moreover, Xu et al. reported 3 vascular patterns: mature, hypermature, 
and immature [19]. They concluded that a capillary fringe and immature appearance of the membrane were 
associated with CNVM doubling, while lesions with a dead tree appearance were not associated with CNVM 
growth [19]. Karacorlu and colleagues classified active lesions as having a well-defined or ill-defined membrane 
appearance and reported that long-filamentous membranes were associated with inactive lesions [7]. In the 
light of these findings, the dead tree membrane morphology and long-filamentous networks were proven to be 
associated with chronic inactive lesions [7, 8, 18, 19]. In the current study, consistent with the literature, 71.4% 
of the non-exudative eyes had a dead tree membrane morphology.

El Ameen et al. described a dark area around type 2 CNVMs in the choriocapillaris layer, based on OCTA, 
which corresponds to the dark ring surrounding the CNVM in the early frames of FFA and indocyanine green 
angiography, presenting a halo-like shape. They reported this perivascular dark halo in all type 2 CNVM patients 
[14]. Miere et al. reported 2 types of hyporeflective features, including a large flow void and perivascular dark 
halo around the CNVM in patients with subretinal fibrosis secondary to AMD. In the 49 eyes they evaluated, 
63% had a large flow void and 65% had a perivascular dark halo, but they concluded that these patterns did not 
differ between eyes with exudative or non-exudative CNVMs [8]. In our study, exudative and non-exudative 
CNVMs were analyzed qualitatively, and among the exudative CNVMs, 22 eyes (70.9%) had perivascular halo 
and 22 eyes (70.9%) had loop anastomoses. This was significantly different from the incidence in non-exudative 
CNVMs.
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The strengths of the study were the flow area calculations of the CNVMs that were performed automatically 
by the device and that all of the study participants were followed by the same retina specialist at a single tertiary 
referral center. However, there were some limitations to the study. First, patient cooperation is crucial for 
achieving good OCTA images. Images with a low signal strength index can affect quantitative measurements. 
While measuring the size of the CNVMs, the margins of the lesion were selected manually by the observer 
because the software of the device could not calculate the size automatically, and all the study participants were 
evaluated by only 1 observer who was not blinded to the study group. Another limitation of the study was that 
indocyanine green angiography imaging was not performed; only SD-OCT, FFA, and OCTA were used. Patients 
with polypoidal choroidal vasculopathy were diagnosed only based on OCTA and SD-OCT features [20]. The 
small sample size is another limitation of the study. Furthermore, we did not evaluate vessel density, fractal 
dimension, or lacunarity, other than the size and the flow area of the CNVMs. In future, stronger prospective 
studies should be conducted by increasing the sample size and evaluating the effect of anti-VEGF treatment on 
CNV morphology and size. 

CONCLUSIONS
OCTA allows clinicians to evaluate CNVMs qualitatively and quantitatively. It also provides objective 
documentation about the behaviors of these membranes. A perivascular dark halo around CNVMs observed by 
OCTA could be an activity criterion for exudative membranes.
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