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INTRODUCTION 

Choroidal neovascularization (CNV) is the development 

of new, damaging blood vessels that grow beneath the 

retina in choroid and break through the barrier between 

the choroid and retina. When they leak in the retina, they 

cause vision loss. The choroidal neovascularisation is a 

manifestation of the diseases affecting choroid, Bruch's 

membrane and retinal pigment epithelium (RPE). CNV 

originates from the choroid and is located initially within 

the layers of Bruch's membrane; subsequently it may 

penetrate the RPE and grow under neurosensory retina. 

CNV may occur as an idiopathic entity or in association 

with number of pathological conditions like age-related 

macular degeneration (AMD), ocular histoplasmosis, 

pathologic myopia, angiod streaks, choroidal tears and in 

certain tumours and inflammatory diseases of choroid 

and retina. It can cause severe visual loss due to leakage, 
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ABSTRACT 

 

Background: The study was conducted to evaluate the role of fundus fluorescein angiography (FFA) and spectral 

domain-optical coherence tomography (SD-OCT) in choroidal neo-vascularisation (CNV). 

Methods: This was a hospital based prospective study carried out in the post-graduate department of ophthalmology, 

SKIMS medical college, Bemina, Srinagar, Jammu and Kashmir. All patients diagnosed with CNV fulfilling the 

criteria during the study period w.e.f. October 2018 to March 2020 were enrolled. Visual acuity and pinhole test using 

Snellen’s chart for literate and E chart for illiterate patient, slit lamp biomicroscope for anterior segment examination, 

ophthalmoscopy, including stereoscopic examination of the posterior pole, 90D examination of the fundus, Intra-

ocular pressure measurement, FFA and SD-OCT was done in these patients. 

Results: Diagnostic accuracy of OCT was observed with a sensitivity 79.1% (95% confidence interval (CI): 67.3-

90.7), specificity 84.3% (95% CI: 74.5-92.9), positive and negative predictive values 78.7% and 85.4%, respectively, 

(95% CI: 65.5-95.6) and (74.8-93.4) and diagnostic accuracy of FFA was observed with a sensitivity 81.4% (95% 

confidence interval (CI): 70.6-93.5), specificity 82.31% (95% CI: 71.9-89.3), positive and negative predictive values 

79.9% and 83.7%, respectively, (95% CI: 68.8-92.9) and (70.3-91.2). 

Conclusions: FFA is the gold standard procedure for screening ARMD and detection of dry ARMD, but OCT is 

more specific diagnostic tool in detecting early subretinal neovascular membrane and also to assess the extent, 

location and activity of the neovascular membranes. This study concludes that SDOCT is highly sensitive for 

identifying AMD, CNV, and CNV activity and due to its non-invasive nature with no adverse effects and less time 

consuming can be used as 1st line of diagnostic modality and FFA be reserved for cases where SD-OCT is not helpful. 
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haemorrhage and scar tissue formation damaging the 

photoreceptors and the RPE. 

Risk factors 

Age 50 and older, risk grows with age. This is because 

wet AMD accounts for most patients with CNV. People 

with risk factors for different eye diseases or who have an 

eye injury may develop CNV at a younger age. AMD is a 

multi-factorial syndrome with different causative factors 

damaging the macula and results in a common 

manifestation that we recognize clinically as AMD. Risk 

factors implicated in clinical and laboratory studies 

include drusen, photic injury, antioxidant and 

vitamin/mineral deficiency.1-4 Neovascular type of AMD 

characterized by CNV occurs in older patients who are 

more likely to show evidence of non-specific 

cardiovascular problems.5-7 Hypertension and smoking 

are associated with development of neovascular AMD as 

well as with recurrence of CNV following laser 

photocoagulation.8 

The frequency of developing neovascular maculopathy in 

the second eye ranges between 12% and 34%.6,7 Using 

Kaplan-Meir life table analysis, Strahlman et al have 

calculated a cumulative risk of 4%, 10% and 17% at 12, 

24 and 36 months, respectively.8 In the macular 

photocoagulation study (MPS) 128 fellow eyes developed 

CNV with a 5-year cumulative incidence rate of 28% and 

an estimated average annual incidence rate of 6% per 

year.9 

If untreated, these neovascular processes may evolve into 

a hypertrophic, fibrotic, disciform scar. Retina overlying 

the scar loses its normal outer retinal architecture, which 

can lead to severe, permanent central vision loss. So, the 

early diagnosis and treatment is a key tool for saving 

patient’s vision. Various methods for diagnosing CNV 

are fluorescein angiography, where CNV may be 

described as classic or occult. Two other tests that help 

identify the condition include indocyanine green 

angiography and OCT.10 

To diagnose CNV special imaging of eye are taken. 

These images are taken using fluorescein angiography 

(FA) and OCT. 

During FA, a fluorescein dye is injected into a vein in the 

arm. The dye travels throughout the body, including eyes. 

FA captures images of retinal blood vessels as the dye 

passes through them. The dye highlights abnormal areas, 

showing ophthalmologist whether there is CNV. Optic 

coherence tomography (OCT) scanning creates a cross 

section imagine of retina. This image helps 

ophthalmologist detect abnormal blood vessels. 

The FFA images are classified into the following 

groups:11-15 1. Classic CNV, subdivided into 100% 

classic, classic without occult, predominantly classic with 

occult, or minimally classic with occult, 2. Occult CNV, 

subdivided as late leak of undetermined origin or 

vascularised PED. Retinal angiomatous proliferation 

(RAP) was also included, 3. Serous PED-early area 

definition with increasing hyper-fluorescence and 4. Non-

CNV-which could be defined as: a. Dry AMD, 

drusen/atrophy and b. Other diagnosis-for example, 

retinal vein occlusion (RVO), macular hole, etc. 

The OCTs were classified as to whether there was an 

AMD lesion (defined by (1), (2), or (3) below), and 

further, to try to define the type of lesion with the aid of 

the following features:16-19 1. Classic CNV-a subretinal 

band corresponding to the retinal pigment epithelium 

(RPE) and choriocapillaris which is thickened and 

disrupted, typically a fusiform or “cigar” shape 

with/without intraretinal / subretinal fluid (SRF), 2. 

Occult CNV-a less well defined band than classic CNV 

but appears to be more sub-RPE with more 

disorganisation of the retina and subretinal and/or 

intraretinal fluid (cystoid), 3. Serous PED-dome-shaped 

elevation of the reflective band corresponding to the RPE 

with an area of low reflectivity underneath, 4. Non-CNV: 

a. Dry AMD, drusen/atrophy-thinning of the retinal layer 

with reduced reflectivity of the RPE but increased 

reflectivity of the choroidal layer and b. Other diagnosis-

for example, epiretinal membrane (ERM), macular hole. 

Treatment of CNV may vary depending on the 

underlying disease. Treatment includes anti-VEGF drugs, 

thermal laser treatment or photodynamic therapy (PDT). 

Depending on the progress of disease, patient may 

receive one or more of these treatments. Another recent 

and most accepted modality of treatment is intra-vitreal 

anti-VEGFs, these target vascular endothelial growth 

factor or VEGF, that causes growth of abnormal blood 

vessels. Blocking VEGF reduces the growth of CNV, 

slows their leakage, helps to slow vision loss and in some 

cases improves vision. 

Aim of the study 

This study was done to evaluate the role of FFA and SD-

OCT in CNV. 

METHODS  

This was a hospital based prospective study carried out in 

the post-graduate department of ophthalmology, SKIMS 

medical college Bemina, Srinagar, Jammu and Kashmir. 

All patients diagnosed with CNV fulfilling the inclusion 

and exclusion criteria during the study period w.e.f. 

October 2018 to March 2020 were enrolled.  

Inclusion criteria  

All patients attending the ophthalmology OPD or 

admitted in the ophthalmology ward clinically diagnosed 

with CNV were included in the study. 
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Exclusion criteria 

Patients with history of any retinal surgeries, laser 

treatment or photocoagulation therapy, retinal/choroidal 

detachment or manifestations of retinal trauma, intra-

vitreal pharmacological intervention such as intra-vitreal 

anti-VEGF. Patients with hypersensitivity to fluorescein 

dye, renal insufficiency, pregnant women, 

immunocompromised status patients and patients with 

other vascular disorders of retina including retinopathy of 

prematurity were excluded from the study. 

All the patients went through a standard examination 

protocol including: 1. Detailed history, 2. Systemic 

examination, 3. Visual acuity and pinhole test using 

Snellen’s chart for literate and E chart for illiterate 

patient, 4. Slit lamp biomicroscope for anterior segment 

examination, 5. Ophthalmoscopy, including stereoscopic 

examination of the posterior pole, 6. 90D examination of 

the fundus, 7. Intra-ocular pressure measurement, 8. FFA 

using Carl Zeiss Meditec AG retinophotograph and 9. 

SD-OCT using Zeiss Cirrus HD-OCT. 

The recorded data was compiled and entered in a 

spreadsheet (Microsoft excel) and then exported to data 

editor of SPSS Version 20.0 (SPSS Inc., Chicago, 

Illinois, USA). Continuous variables were expressed as 

Mean ± SD and categorical variables were summarized as 

frequencies and percentages. 

RESULTS 

The 114 eyes of 62 patients were included in the study. 

Age distribution 

Out of 62 patients, 28 (45.2%) belonged to age group of 

71-80 years followed by 26 (41.9%) patients who were 

aged 61-70 years. There were only 8 (12.9%) patients 

<60 years of age. The mean age the study patient was 

67.8+8.91 years with the youngest one being 53 years 

and the eldest one 78 years of age (Figure 1). 

 

Figure 1: Age distribution of study patients. 

Gender distribution 

Males outnumbered females viz. 37 (59.7%) versus 25 

(40.3%) (Figure 2). 

 

Figure 2: Gender distribution of study patients. 

Presenting complaints of study patients 

The 58 (93.5%) patients presented with defective vision, 

followed by defective vision + metamorphopsia in 3 

(4.8%) and defective vision + micropsia in 1 (1.6%) 

patient (Table 1). 

Table 1: Presenting complaints of study patients. 

Complaints No. of patients Percentage (%) 

Defective vision 58 93.5 

Defective vision + 

metamorphosia 
3 4.8 

Defective vision + 

micropsia 
1 1.6 

Total 62 100 

Laterality of disease in study patients 

Out of 62 patients, 52 (83.9%) had bilateral eye 

involvement while as only 10 (16.1%) patients had 

unilateral eye involvement (Figure 3). 

 

Figure 3: Laterality of disease in study patients. 
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Visual acuity 

On Snellen chart, 12 (10.5%) patients had BCVA of 

6/12-6/24 followed by 6/24-6/36 in 32 (28.1%), 6/60-

1/60 in 40 (35.1%), CF 1-6 m in 20 (17.5%) and 10 

(8.8%) had HM, PL, PR (Table 2). 

Table 2: Best corrected visual acuity in study eyes. 

Visual acuity No. of patients Percentage (%) 

6/12-6/24 12 10.5 

6/24-6/36 32 28.1 

6/60-1/60 40 35.1 

CF 1-6 m 20 17.5 

HM, PL, PR 10 8.8 

Total 114 100 

Findings on ophthalmoscopy, slit lamp/90D 

examination and fundus photography in study eyes 

Out of total 114 eyes studied, hyperpigmentation in 

macular area was found in all eyes followed by drusen’s 

in 91 (79.8%), haemorrhage in 13 (11.4%), macular 

oedema in 9 (7.9%), geographic atrophy in 7 (6.1%) 

patients and cataract in 3 (2.6%) patients (Table 3). 

Table 3: Findings on ophthalmoscopy, slit lamp/90D 

examination and fundus photography in study eyes. 

Findings No. of eyes Percentage (%) 

Hyperpigmentation 

in macular area 
114 100 

Drusens 91 79.8 

Hemorrhage 13 11.4 

Macular oedema 9 7.9 

Geographic atrophy 7 6.1 

Cataract  3 2.6 

FFA findings of study eyes 

Out of classic CNVM, 29 (25.4%) in were pure classic, 

23 (20.2%) had predominant CNVM and 11 (9.6%) 

minimal CNVM. Late leak occult CNVM was observed 

in 17 (14.9%), RAP in 1 (0.9%), serous PED in 2 (1.8%). 

Drusen in patients with no CNVM in 13 (11.4%) and 

atrophy in 4 (3.5%) eyes (Figure 4). 

OCT findings of study eyes 

Classic CNVM was seen in 65 (57%) eyes, occult CNVM 

in 19 (16.7%) eyes, serous PED in 21 (18.4%) eyes, no 

CNVM (drusen/atrophy/cataract) in 9 (7.9%) eyes. There 

was no view on OCT 3 patients with cataract (Figure 5). 

Diagnostic accuracy of OCT and FFA in diagnosis of 

CNVM 

Diagnostic accuracy of OCT was observed with a 

sensitivity 79.1% (95% confidence interval (CI): 67.3-

90.7), specificity 84.3% (95% CI: 74.5-92.9), positive 

and negative predictive values 78.7% and 85.4%, 

respectively, (95% CI: 65.5-95.6) and (74.8-93.4) and 

that of FFA was observed with a sensitivity 81.4% (95% 

confidence interval (CI): 70.6-93.5), specificity 82.31% 

(95% CI: 71.9-89.3), positive and negative predictive 

values 79.9% and 83.7%, respectively, (95% CI: 68.8-

92.9) and (70.3-91.2) (Table 4 and 5). 

 

Figure 4: FFA findings of study eyes. 

 

Figure 5: OCT findings of study eyes. 
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Table 4: Diagnostic accuracy of OCT in diagnosis of 

CNVM. 

Parameters Value 
95% confidence 

interval 

Sensitivity 79.1 67.3-90.7 

Specificity 84.3 74.5-92.8 

Positive 

predicted value 
78.7 65.9-90.6 

Negative 

predicted value 
85.4 74.8-93.4 

Table 5: Diagnostic accuracy of FFA in diagnosis of 

CNVM. 

Parameters Value 
95% confidence 

interval 

Sensitivity 81.4 70.6-93.5 

Specificity 82.1 71.9-89.3 

PPV 79.9 68.8-92.9 

NPV 83.7 70.3-91.2 

DISCUSSION 

Conventional FFA is widely used to study retinal and 

choroidal vasculopathies but has limitations due to 

invasiveness and dye-related side effects notably nausea, 

vomiting and allergic reactions. OCT, on the other hand, 

is fast and non-invasive, and has emerged as an 

alternative to FFA to detect and monitor CNV. However, 

OCT cannot replace traditional angiography as 

hyperreflectivity of RPE, hemorrhage and drusens have 

similar signals on OCT and FFA distinguishes between 

these lesions reasonably well.20 

In our study, out of 62 patients, 87% were in their 5th to 

7th decade of life with a mean age of 67.8±8.91 years. 

Males outnumbered females viz. 37 (59.7%) versus 25 

(4.3%). There were 62.9% smokers in our study. 

Chhablani et al conducted a study on a total 80 eyes of 57 

subjects in which 32 were males and 25 females with a 

median age of 50 years ranging from 16-85 years.21 The 

youngest and the oldest patient in our study were 55 and 

90 years old respectively (mean=72.6±8.2 years). The 

highest number of patients were seen in the age group of 

71-80 years (41.54%) followed by 61-70 years (35.38%), 

clearly in accordance with the establishment of the 

disease being a predicament of the elderly.22,23 

In our study, 58 (93.5%) patients presenting with 

defective vision, followed by defective vision and 

metamorphopsia in 3 (4.8%) and defective vision and 

micropsia in 1 (1.6%) patient. In a study done by 

Balasubramaniam et al the most common symptom was 

defective vision accounting for 92%.24 The 4% of the 

individuals with disciform scar had scotoma and 12% of 

the patients with CNVM had metamorphopsia by 

Amsler’s grid evaluation Ryan et al.25 Symptoms of our 

study are also compared with the study done by Querishi 

et al where the common symptom was defective vision 

followed by metamorphopsia and scotoma.26 

Out of 62 patients, 52 (83.9%) had bilateral eye 

involvement while as only 10 (16.1%) patients had 

unilateral eye involvement. These results are consistent 

with the study done by Balasubramaniam et al where 

88% of the individuals had bilateral representation which 

is also similar to the study done by Querishi et al where 

74% patients had bilateral presentation.24,26 This proves 

that the disease is almost bilateral. 

Sandhu et al conducted a study on 131 eyes of 118 

patients. The main diagnoses on FFA were 56 CNVs with 

a classic component and 25 occult CNVs.27 Three serous 

PEDs, 26 eyes with drusen/atrophy, and 21 other 

diagnoses: normal (six), RVO (three), cystoid macular 

oedema (CMO) (two), ERM (two).  

In our study in FFA out of classic CNVM, 29 (25.4%) in 

were pure classic, 23 (20.2%) had predominant CNVM 

and 11 (9.6%) minimal CNVM. Late leak occult CNVM 

was observed in 17 (14.9%), RAP in 1 (0.9%), serous 

PED in 2 (1.8%). Drusen in patients with no CNVM in 

13 (11.4%) and atrophy in 4 (3.5%) eyes. On OCT classic 

CNVM was seen in 65 (57%) eyes, occult CNVM in 19 

(16.7%) eyes, serous PED in 21 (18.4%) eyes, no CNVM 

(drusen/atrophy/cataract) in 9 (7.9%) eyes. There was no 

view on OCT in 3 patients with cataract.   

In our study, OCT showed sensitivity of 79.1% (95% 

confidence interval (CI): 67.3-90.7) and specificity 

84.3% (95% CI: 74.5-92.9), with positive and negative 

predictive values 78.7% and 85.4%, respectively, (95% 

CI: 65.5-95.6) and (74.8-93.4]. Similar results were 

obtained by Mathew et al where SDOCT showed high 

sensitivity (85.7-98.3%) and specificity (84.2-100%).28 

The study done by Nikolopoulou et al reported that 

OCTA had sensitivity of 88% and specificity of 90%.29 

Another study by Shaimov et al reported sensitivity and 

specificity of OCTA to be 89.2% and 93.3%, 

respectively.30 These results were also consistent with our 

study. 

There are few limitations to our study. The sample size 

being one of them and the auto-focus of SD-OCT needed 

manual adjustments in some cases. 

CONCLUSION 

Though, FFA is the gold standard procedure for 

screening ARMD and detection of dry ARMD, but OCT 

is more specific diagnostic tool in detecting early 

subretinal neovascular membrane and also to assess the 

extent, location and activity of the neovascular 

membranes. It is concluded that SD-OCT is highly 

sensitive for identifying AMD, CNV, and CNV activity 

and due to its non-invasive nature with no adverse effects 

and less time consuming can be used as a first line of 
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diagnostic modality and FFA be reserved for cases where 

SD-OCT is not helpful. 
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