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Macular edema (ME) is a common cause of a sudden or chronic decrease 
in visual acuity. It refers to accumulation of fluids within the retinal 
macular layers due to pathological disruption in the normal blood
barrier (BRB). To determine the agreemen
Optical 
Angiography (FFA) in detection of 
In a prospective, descriptive cross sectional study over a 6 month period 
at Makkah Eye Complex (MEC) Retina clinic, Diabetic Eye Clinic and 
Ophthalmic Investigation Department. Interpretation of OCTs and FFAs 
images was done 
OCT simultaneously to rule out ME. Of 252 eyes, 232 eyes (92.1%) had the 
finding of ME confirmed by both techniques. There were 8 eyes (3%) for 
which FFA showed dye leakage in the macular area and OCT sho
normal foveal contour and no intraretinal edema. For 12 eyes in the study 
(5%), OCT showed intraretinal and subretinal fluid, which was not detected 
by FFA. Both FFA and OCT are highly sensitive techniques and correlate 
well in detection of ME. However
performed alone they might miss existing subtle ME. 
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INTRODUCTION 
 
ME is a relatively common condition (Telander DG et 
al.,2010) in which there is

 
an abnormal 

within the retinal macular layers resulting in an increase 
in the retinal thickness. ME may be of cytotoxic or 
vasogenic origin (Bernardes and Cunha-Vaz, 2012)
due to many intraocular and systemic insults
al., 2004) which are implicated in BRB breakdown.
a leading cause of sudden or chronic visual loss
et al., 2012) in a variety of pathological conditions such 
as intraocular inflammation (Rotsos and Moschos, 
2008),diabetic retinopathy (Gonzalez, 2007) 
macular degeneration (Rotsos and Moschos, 2008
retinal vein occlusion (Turralde et al., 2006)
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Macular edema (ME) is a common cause of a sudden or chronic decrease 
in visual acuity. It refers to accumulation of fluids within the retinal 
macular layers due to pathological disruption in the normal blood
barrier (BRB). To determine the agreement and discrepancy between the 

ptical Coherence Tomography (OCT) and 
ngiography (FFA) in detection of Macular Edema (ME) of deferent causes. 

In a prospective, descriptive cross sectional study over a 6 month period 
at Makkah Eye Complex (MEC) Retina clinic, Diabetic Eye Clinic and 
Ophthalmic Investigation Department. Interpretation of OCTs and FFAs 
images was done for consecutive 252 eyes that had undergone FFA and 
OCT simultaneously to rule out ME. Of 252 eyes, 232 eyes (92.1%) had the 
finding of ME confirmed by both techniques. There were 8 eyes (3%) for 
which FFA showed dye leakage in the macular area and OCT sho
normal foveal contour and no intraretinal edema. For 12 eyes in the study 
(5%), OCT showed intraretinal and subretinal fluid, which was not detected 
by FFA. Both FFA and OCT are highly sensitive techniques and correlate 
well in detection of ME. However, there is a small chance that when 
performed alone they might miss existing subtle ME. 
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(Telander DG et 
an abnormal fluid retention 

resulting in an increase 
in the retinal thickness. ME may be of cytotoxic or 

Vaz, 2012), both 
many intraocular and systemic insults (Tranos et 

in BRB breakdown. ME is 
ause of sudden or chronic visual loss (Maalej 

in a variety of pathological conditions such 
(Rotsos and Moschos, 

(Gonzalez, 2007) age-related 
(Rotsos and Moschos, 2008), 
(Turralde et al., 2006), uveitis 

(Kozak,et al., 2008), Retinitis pigmentosa
2007), and hypertension (Basic and Clinical Science 
Course, 2010-2011), toxemia of pregnancy
1968), collagen vascular disease
post cataract surgery (Telander DG et al.,2010; A.12 
Henderson et al., 2007).  

 Objective assessment of the presence and 
measurements of ME can be obtained accurately by FFA 
and OCT (Maalej et al., 2012; Maalej et al., 2012; 
Kulkarni and Michael, 2012). FFA is an essential invasive 
sensitive imaging technique of identifying the presence of 
ME, but relatively of little information re
tomical distribution and the severity of the leak over time
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(5%), OCT showed intraretinal and subretinal fluid, which was not detected 
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Table 1. Distribution of subjects according to diagnoses 
 

Diagnoses No. Frequency 

DR 219 86.9 % 
ARMD 12 4.8 % 
CRVO 7 2.8 % 
Hypertensive retinopathy 5 2.0 % 
CSCR 4 1.6 % 
BRVO 2 0.8 % 
Uveitis 2 0.8 % 
DR+ BRVO 1 0.4 % 
Total 252 100.0 % 

 
 

Table 2. Age distribution of the study population 
 

Age group in years No. Frequency 

30-40 years 8 3.2 % 
40-50 years 47 18.7 % 
50-60 years 105 41.7 % 
60-70 years 78 31.0 % 
70-80 years 14 5.6 % 
 Total 252 100.0 % 

 
 

Table 3. FFA late phase 
 

Late phase leak No. of eyes Percentage % 

Late phase leak positive 240 95.2% (95%) 
Late phase leak negative 12 4.8% (5%) 
Total 252 100.0% 

 
 
 
(Ober et al., 2014). OCT is noninvasive imaging 
technique that provides a useful tool of diagnosing ME. 
Moreover gives accurate measurements of the retinal 
thickness and exact anatomical distribution and the 
severity of the leak over time. It also demonstrates the 
character of vitreoretinal interface regarding 
vitreomacular traction which plays a role in the formation 
of ME (Ober et al., 2014; Optical Coherence 
Tomography, 2013).  
 
 
MATERIALS AND METHODS 
 
Results of a consecutive two hundred fifty-two good-
quality OCT and FFA for patients referred to the 
Department of Ophthalmic Investigations by retina 
specialists at MEC, with a diagnosis or suspected ME 
due to deferent causes. All selected patients had 
simultaneously undergone both FFA and OCT, over a 6-
month period (September

1st
 2012 to March

1st
 2013) was 

included in this study. Clinical and personal information 
were obtained by direct patients and charts review. 
Exclusion criteria were determined by the poor quality 
images and uncooperative patient’s reactions. 

Ethical approval was obtained from Makkah Research 
Center (MRC). Informed consent was obtained from 

patients and they were reassured that their data will be 
kept in confidentiality. 
 
 
RESULTS 
 
Simultaneous, good-quality 252 FFA and OCT results of 
163 patients (89 bilateral) with ME of different etiological 
causes (Table 1) were computed. The mean age of the 
study group was 49 ± 12.1 years (32 to 78years) (Table 
2), 90 (55.21%) males and 73(44.79%) females. 

Detection of ME by FFA shown in the “late FFA 
phase” macular dye leakage in 240 eyes (95%) (Table 3), 
and failed to detect the edema in 12 patients (5%). While 
OCT detected ME in the form of intraretinal edema in 244 
(97%) eyes (Table 4), beside other useful features that 
indicate the presence of ME; as it showed disrupted 
central foveal contour in 72.6% of cases (Table 5), 
intraretinal cysts in 108 eyes (Table 6), subretinal fluid 
(SRF) in 31eyes (Table 7) and vitreomacular traction 
(VMT) in 26 eyes (Table 8). On the other hand the OCT 
failed to detect ME in 8 eyes (3%). All useful features 
were missed by FFA. It was found that most of the cases 
of discrepancy were found in diabetic ME, Aged related 
macular degeneration (ARMD) and central serous 
chorioretinopathy (CSCR). 
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Table 4. OCT intraretinal edema 
 

 Central foveal contour No. Percentage % 

Regular 244 96.8% (97%) 
Disrupted 8 3.2 % 
Total 252 100.0 % 

 
 

Table 5. OCT: Central foveal contour 
 

 Central foveal contour No. Percentage % 

Regular 69 27.4 % 
Disrupted 183 72.6 % 
Total 252 100.0 % 

 
 

Table 6. OCT: intraretinal cysts 
 

 Intraretinal cysts No. Percentage % 

Yes 108 42.9% 
No 144 57.1 % 
Total 252 100.0 % 

 
 

Table 7. OCT: Subretinal fluid 
 

Subretinal fluid No. Percentage % 

Yes 31 12.3% 
No 221 87.7 % 
Total 252 100.0 % 

 
 

Table 8. OCT: Vtreomacular Traction 
 

VMT No. Percentage % 

Yes 26 10.3% 
No 226 89.7% 
Total 252 100.0 % 

 
 
 

232 eyes (92.1%) had confirmation of the diagnosis of 
ME by both techniques. Sensitivity of OCT for ME was 
97% while that of FFA was 95%. Cross tabulation was 
done to determine the agreement between FFA and OCT 
(Table 10), κ for agreement reliability was 0.95.  

There were 8 eyes (3%) for which FFA showed dye 
leakage in the macular area and OCT showed normal 
foveal contour and normal thickness of the adjacent 
retina. For 12 eyes in the study (5%), OCT showed 
intraretinal as well as subretinal fluid, which was missed 
by FFA.  
  
 
DISCUSSION 
 
ME in its various forms can be considered as a common 
factor for the painless (Qazi, 2012) decrease of central 
vision in a wide variety of intraocular and systemic 
pathological conditions (Cho and Madu, 2009). Its 

accurate clinical assessment may be subjective and 
variable, so always should be correlated with the degree 
of loss of visual acuity (Kozak et al., 2008). Apart from an 
expert stereoscopic fundus biomicroscopy which is 
relatively insensitive for ME detection, another more 
precise and reliable diagnostic approaches to evaluate 
ME is done by OCT and FFA (Maalej et al., 2012; Maalej 
et al., 2012; Kulkarni and Michael, 2012; Qazi, 2012).

 

In the current study the sensitivity of OCT (97%) was 
slightly higher than that of FFA (95%). However, the 
agreement between the two was reasonably good, 
showing κ (The Kappa Statistic;

 
which is most often used 

to measure agreement between a binary variable
 
(Sim 

and Wright, 2005)) for agreement up to “0.95”. This in 
contrary with the low result of Augusto P J and his 
colleagues at São Paulo, Brazil; who found κ to be only 
“0.61”; which represents a fair agreement among the 
OCT and FFA groups However this low Augus-                  
to`s κ value can be explained by their  small  sample  size  
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Table 9. Detection of ME by FFA and OCT 
 

 Detection of ME  By FFA By OCT 
 No. % No. % 

Positive for ME 240 95% 244 97% 
Negative for ME 12 5% 8 3% 
 Total 252 100% 252 100% 

 
 

 
 

Figure 1. Detection of ME by FFA and OCT 

  
 

Table 10. FFA *OCT Cross tabulation 
 

Table (11) FFA * OCT  Cross tabulation Sensitivity CI 
  OCT Total Lower 

level 
Upper 
level Negative Positive 

FFA Positive Count 8 232 240 0.95 0.91 0.97 
% within 

FFA 
3.3% 96.7% 100.0% 

      
Negative Count 0 12 12 

% within 
FFA 

0.0% 100.0% 100.0% 

      
Total Count 8 244 252 

% within 
FFA 

3.2% 96.8% 100.0% 

 
 
 
(25eyes) and the ME type, as they examined only 
Cystoid ME after cataract surgery (Augusto et al., 2012). 

Igor Kozak and his team at Shiley Eye Center of 
University of California in San Diego (Kozak et al., 2008), 
who examined ME of various etiologies in a large sample 
size (1,272 eyes); found that the sensitivity of OCT for 
ME (96.1%) was slightly lower than that of FFA for ME 
(98.7%), however their κ value for agreement between 
OCT and FFA (0.90) represents very good agreement 
among the two grading groups (Kozak et al., 2008). In the 
above Igor Kozak`s results the supremacy of FFA over 
OCT was due to the use of time domain stratus OCT 
model (TD-OCT) which is less sensitive than the spectral 
domain OCT( SD-OCT) (Hunter et al., 2013) used in our 
current study.  

The discrepancy in the findings between OCT and 
FFA in detection of ME in the current study was 
demonstrated well by the positive late phase FFA 
macular dye leakage in 8 eyes (3%) in which OCT 
detected normal thickness and contour. Also in the 12 
eyes (5%) where OCT showed intraretinal as well as 
subretinal fluid, which was missed by FFA (Table 9). 
(Figure 1)  

The current results can be comparable in one side 
with the 3.86% that was detected by FFA and missed by 
OCT in San Diego study, and incomparable in another 
side with their 1.17% that were detected by OCT and 
missed by FFA in the same study (Augusto et al., 2012).  

The few missed cases by OCT in this study might 
have been the result of the subtle diffusion of dye in FFA  



 
 
 
 
that is not associated with retinal tissue changes 
especially after laser treatment. However Soliman et al 
(Augusto et al., 2012) found that early morphologic 
changes in diabetic ME may be seen better with                      
FFA than with OCT. In our study   FFA missed    
intraretinal fluid detected by OCT especially in cases 
associated with VMT; also subretinal fluid was missed by 
FFA in some cases. The later was a common observation 
in many previous studies (Kozak et al., 2008; 
Jittpoonkuson et al., 2010; Chhablani and Sudhalkar, 
2014). 
 
 
CONCLUSION

 

 
OCT and FFA are available highly sensitive imaging 
techniques for objective assessment, measurements              
and follow up of ME cases. However, there is a small 
chance that when performed alone they might                        
miss existing subtle ME. There is good agreement 
between the two techniques never the less; there’re 
some cases of discrepancy where both can               
occasionally miss ME. So advisable to be per-                   
formed simultaneously to rule out the severity and type of 
ME.  
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