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Purpose: To evaluate the agreement between conventional fundus photography (CFP) and multicolor fundus imaging (MFI) for the 
detection of lesions of diabetic retinopathy (DR) and retinal vein occlusion (RVO).
Methods: Cross-sectional analysis of eyes with DR or RVO who underwent CFP and MFI. All images were independently analyzed 
by two observers (O1 and O2), and the evaluated lesions were classified as “present” or “absent”. Then, a paired comparison between 
both exams of the same eye was performed, to assess which made it easier to detect the lesions.
Results: Considering DR, the agreement was substantial for cotton wool spots and photocoagulation scars for both observers (O1: 
κ=0.75 and κ=0.67; O2: κ=0.71 and κ=0.64, respectively) and for hard exudates for O1 (κ=0.80). These lesions were detected more 
frequently on MFI. Regarding RVO, the agreement was considered substantial for venous sheathing by O1 (κ=0.64) and moderate for 
optociliary shunts by O2 (κ=0.60). Optociliary shunts were detected more frequently in CPF by both observers and venous sheathing 
on MFI by O1. For microaneurysms, retinal hemorrhages, retinal neovascularization, and proliferative membranes, in DR, and retinal 
hemorrhages, venous engorgement, and retinal neovascularization in RVO, the agreement was almost perfect (κ>0.82). In the paired 
analysis, both observers considered that, in DR, microaneurysms and retinal hemorrhages were easier to detect on CFP and that retinal 
neovascularization, cotton wool spots, and photocoagulation scars were easier to identify on MFI. Regarding RVO, optocilliary shunts 
were easier to identify on CFP and venous engorgement on MFI.
Conclusion: The agreement of MFI and CFP was substantial to almost perfect for most lesions. MFI seems better to detect cotton 
wool spots and photocoagulations scars in DR and venous sheathing in RVO. Optocilliary shunts seem easier to detect on CFP.
Keywords: diabetic retinopathy, retinal vein occlusion, multicolor, color fundus photography

Introduction
Diabetic retinopathy (DR) is a common microvascular complication of diabetes and one of the leading causes of 
blindness worldwide.1 On turn, retinal vein occlusions (RVO) are a heterogeneous group of disorders that encompass 
branch retinal vein occlusion, central retinal vein occlusion and hemiretinal vein occlusion, and represent the second 
leading cause of retinal vascular blindness, following DR.2

Retinal imaging is a key part in the ophthalmologic evaluation, treatment, and follow-up of patients with retinal disease. 
Color fundus photography (CFP) became available for clinical practice in the 1950s and provides fundus images identical to 
the fundoscopic findings.3,4 Over the years, there have been many enhancements to this type of camera, such as wide- and 
ultra-field views, stereoscopic photography, and non-mydriatic options.5–7 The scanning laser ophthalmoscope (SLO), on the 
other side, was introduced in the 1980s, providing an alternative method for acquiring fundus images. SLO devices use 
a single point of laser light at specific wavelengths, which is scanned across the retina in a series of parallel horizontal lines. 
Since only a small part of the eye fundus is illuminated at each time, the effects of light scatter are reduced, allowing these 
devices to produce images with higher contrast than conventional fundus cameras.4 Confocal SLO, additionally, allows image 

Clinical Ophthalmology 2023:17 2515–2524                                                                  2515
© 2023 Castro et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 11 April 2023
Accepted: 18 July 2023
Published: 23 August 2023

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-7707-7861
http://orcid.org/0000-0001-6487-7950
http://orcid.org/0000-0002-5607-3212
http://orcid.org/0000-0003-4842-8623
http://orcid.org/0000-0003-2319-105X
http://orcid.org/0000-0002-8629-1288
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


acquisition at different planes and higher contrast due to suppression of scattered light.3 The multicolor mode developed by 
Heidelberg Engineering® uses the confocal SLO system to capture three reflectance images (blue, green and infrared). Due to 
the different depth of penetration of the different wavelengths it is possible to obtain details at different layers of the retina.3 

The infrared laser (815 nm) offers a better visualization of the deeper levels, such as the retinal pigment epithelium and the 
choroid, the green wavelength (518 nm) offers a better visualization of the intraretinal features, such as blood vessels, 
hemorrhages, and exudates, and the blue wavelength (486 nm) is better to detect changes in the superficial layers, such as the 
vitreoretinal interface and the retinal nerve fiber layer.8

Ophthalmic imaging modalities have an increasingly important role in the screening, diagnosis, and monitoring of 
retinal diseases. Currently, the gold standard photography method for the detection of DR is the CFP.9–11 Regarding, 
RVO, The EURETINA guidelines do not specify which image method is more appropriate for documentation and 
follow-up or retinal lesions.12 The Royal College of Ophthalmologistshas suggested that CFP should be performed as 
part of the baseline evaluation, and the American Academy of Ophthalmology also recommends that fundus photography 
should be performed.13,14 However, advantages and disadvantages of CFP and MFI are not stated.9–12,14

As many patients undergo fundus imaging in clinical practice, our purpose was to evaluate the degree of agreement 
between CFP and MFI for detection of lesions, in eyes with DR or RVO.

Methods
This study is a cross-sectional analysis of consecutive eyes with DR or RVO scheduled for angiography, submitted to CFP and 
MFI, between January 1 and March 31, 2021, in Centro Hospitalar Universitário de Santo António, Portugal. Both exams of 
the same eye were performed on the same day, by the same experienced operator, after pupil dilation. All stages of DR and all 
types of RVO (central vein occlusion, branch vein occlusion or hemiretinal vein occlusion) were included. Eyes with other 
retinal pathologies besides DR or RVO or in which proper pupil dilation was not possible were not included. Images in which 
media transparency precluded clear visualization of the details of the optic disc, macula or vascular arcades, either on CFP or 
MFI, were excluded. Spherical equivalent or history of previous retinal treatments (eg, panretinal photocoagulation) were not 
used as exclusion criteria. All images were centered in the macula and included the optic disc.

This study was performed in accordance with the tenets of the Declaration of Helsinki. Ethical approval was obtained from 
the local Institutional Review Board (Departamento de Ensino, Formação e Investigação, Centro Hospitalar Universitário de 
Santo António) and all participants gave written informed consent after explanation of the study protocol and purpose.

CFP was performed using the Topcon TRC-50DX® digital fundus camera (Topcon Positioning Systems, Inc, Tokyo, 
Japan) to capture images with a 50° field of view. MFI was performed using the Spectralis HRA+OCT Heidelberg 
Engineering® platform (Heidelberg Engineering, Inc, Heidelberg, Germany, version 1.10.4.0) to capture images with 
a 55° field of view. Infrared, blue reflectance, and green reflectance monochromatic images were not used for analysis. 
Images were then saved in the same computer as JPG files with the same resolution and, due to the different field of view 
between the two image methods, they were cropped to the same dimensions using the retinal vasculature to identify 
corresponding points. All images were evaluated by the two observers in the same computer, in the same room with the 
same light conditions, with screen settings standardized to the highest possible resolution.

The following lesions were considered in DR: microaneurysms, retinal hemorrhages, cotton wool spots, hard exudates, 
retinal neovascularization, fibrovascular proliferative membranes, and photocoagulation scars. In RVO we considered retinal 
hemorrhages, venous engorgement, venous sheathing, retinal neovascularization, and optociliary shunts. Macular edema was 
not evaluated because its assessment in fundus images is very dependent on the pattern and extent of the edema and optical 
coherence tomography is the preferred method for its evaluation and follow-up. In this study we opted to evaluate and compare 
each individual lesion, rather than the stage of disease, to understand the differences that can be expected in each lesion 
between exams and if any exam is superior in the detection of a particular lesion.

Two distinct analyses were performed. At first, all images (both CFP and MFI) were anonymized, and an independent 
and blind analysis was carried out by two experienced medical retina specialists (Observer 1 [O1] and Observer 2 [O2]), 
and lesions were classified as “present” or “absent”. In this step the number of each type of lesion was not considered, 
only its presence. Both observers started by analyzing half of the CFP images and half of the MFI images. After 2 weeks, 
the same observers analyzed the remaining images. CFP and MFI of the same eye were never analyzed at the same time. 
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In a second phase, in cases in which the same lesions were previously identified in both exams of the same eye, a paired 
comparison was performed, and each observer subjectively classified the lesions as “equally detectable in both exams”, 
“easier to identify on CFP”, or “easier to identify on MFI”. In this step the observers took into consideration the number 
of lesions identified in each exam (eg, how many microaneurysms identified in each exam), the clarity of visualization of 
each lesion, and the degree of attention that was necessary to identify the lesions in each exam. None of the observers 
participated in the image selection or in the anonymization procedure.

Statistical analysis was performed using IBM® SPSS® Statistics version 26. Categorical variables are summarized as 
relative frequencies. The degree of agreement between observers and between exams was assessed with a Cohen’s Kappa 
Coefficient (κ). Cohen’s Kappa values between 0.41 and 0.60 indicate moderate agreement, between 0.61 and 0.80 indicate 
substantial agreement, and from 0.81 to 1.00 indicate almost perfect agreement.15 Cohen’s Kappa values are presented with 
the respective 95% confidence interval (CI). Statistical significance was defined as a p value inferior to 0.05.

Results
Diabetic Retinopathy
We included 123 eyes of 62 patients with DR. Due to low definition of the details of the optic disc and vascular arcades, 
eight eyes (seven patients) were excluded. A total of 115 eyes of 61 patients (mean age 62.6 ± 11.1 years old, 57.4% 
females) were analyzed. The frequencies of each lesion reported by O1 and O2 are summarized in Table 1. The 
agreement between CFP and MFI for O1 was almost perfect for microaneurysms (κ=0.96), retinal hemorrhages 
(κ=0.93), retinal neovascularization (κ=1.00), and fibrovascular proliferative membranes (κ=1.00), and substantial for 
cotton wool spots (κ=0.75), hard exudates (κ=0.80), and photocoagulation scars (κ=0.67). For O2 the agreement was 
almost perfect for microaneurysms (κ=0.87), retinal hemorrhages (κ=0.92), retinal neovascularization (κ=0.82), hard 
exudates (κ=0.86), and fibrovascular proliferative membranes (κ=0.91), and substantial for cotton wool spots (κ=0.71) 
and photocoagulation scars (κ=0.64). The agreement analysis is detailed in Table 2. Figure 1 shows the paired MFI and 
CFP of an eye with DR. Considering lesions with only substantial agreement by at least one of the observers, cotton wool 
spots were detected more frequently on MFI by both observers (O1: 17.4% vs 11.3%; O2: 17.4% vs 10.4%), as well as 
photocoagulation scars (O1: 54.8% vs 38.3%; O2: 52.2% vs 35.7%) and hard exudates (O1: 44.3% vs 38.3%; O2: 45.2% 
vs 40.0%). The agreement between observers was almost perfect for all lesions (κ>0.82).

Regarding the paired analysis, O1 considered that in 23.3% and 23.2% of cases microaneurysms and retinal 
hemorrhages, respectively, were easier to detect on CFP, that in 71.4% of cases retinal neovascularization was easier 
to identify on MFI, in 84.6% of cases cotton wool spots were more evident on MFI, and that in 29.5% of cases 
photocoagulation scars were present on both exams they were more evident on MFI. O2 considered that in 40.3% and 
37.7% of cases microaneurysms and hemorrhages, respectively, were easier to identify on CFP, that in 60.0% of cases 

Table 1 Frequency of Detection of Retinal Lesions in Diabetic Retinopathy

Diabetic Retinopathy

MFI CFP

O1 O2 O1 O2

Microaneurysms 73 (63.5%) 68 (59.1%) 75 (65.2%) 73 (36.5%)

Hemorrhages 85 (73.9%) 79 (68.7%) 82 (71.3%) 79 (68.7%)

Cotton wool spots 20 (17.4%) 20 (17.4%) 13 (11.3%) 12 (10.4%)

Hard exudates 51 (44.3%) 52 (45.2%) 44 (38.3%) 46 (40.0%)

Retinal neovascularization 7 (6.1%) 7 (6.1%) 7 (6.1%) 5 (4.3%)

Photocoagulation scars 63 (54.8%) 60 (52.2%) 44 (38.3%) 41 (35.7%)

Proliferative fibrovascular membranes 6 (5.2%) 6 (5.2%) 6 (5.2%) 5 (4.3%)
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retinal neovascularization was more evident on MFI, in 66.7% of cases cotton wool spots were easier to detect on MFI, 
and in 47.5% of cases photocoagulation scars were easier to detect on MFI. Detailed paired data is available in Table 3.

Retinal Vein Occlusion
Regarding RVO, 35 eyes (33 patients) were included, but two eyes (two patients) were excluded due to the presence of vitreous 
hemorrhage that precluded good visualization of the optic disc and vascular arcades. A total of 33 eyes of 31 patients (mean age 
64.6 ± 13.2 years old, 51.6% females) were then analyzed. The reported frequencies of each lesion are summarized in Table 4. 
For O1 the agreement was almost perfect for retinal hemorrhages (κ=0.92), retinal neovascularization (κ=1.00), venous 
engorgement (κ=0.86), and optociliary shunts (κ=0.91) and substantial for venous sheathing (κ=0.64). For O2 the agreement 
was almost perfect for retinal hemorrhages (κ=0.84), retinal neovascularization (κ=1.00), venous engorgement (κ=1.00), and 
venous sheathing (κ=1.00), and moderate for optociliary shunts (κ=0.60). The agreement analysis is detailed in Table 5. 

Table 2 Agreement of Lesion Detection Between Color Fundus Photography and Multicolor Fundus Imaging for Diabetic Retinopathy

Diabetic Retinopathy

O1 O2

Cohen’s Kappa Degree of 
Agreement

Cohen’s Kappa Degree of 
Agreement

Microaneurysms κ=0.96, 95% CI [0.91–1.01], 

p<0.001

Almost perfect κ=0.87, 95% CI [0.78–0.96], 

p<0.001

Almost perfect

Hemorrhages κ=0.93, 95% CI [0.86–1.01], 

p<0.001

Almost perfect κ=0.92, 95% CI [0.84–1.00], 

p<0.001

Almost perfect

Cotton wool spots κ=0.75, CI 95% [0.58–0.92], 

p<0.001

Substantial κ=0.71, 95% CI [0.53–0.90], 

p<0.001

Substantial

Hard exudates κ=0.80, 95% CI [0.69–0.91], 

p<0.001

Substantial κ=0.86, 95% CI [0.76–0.95], 

p<0.001

Almost perfect

Retinal neovascularization κ=1.00, p<0.001 Almost perfect κ=0.82, 95% CI [0.59–1.06], 

p<0.001

Almost perfect

Photocoagulation scars κ=0.67, 95% CI [0.55–0.80], 

p<0.001

Substantial κ=0.64, 95% CI [0.51–0.77], 

p<0.001

Substantial

Proliferative fibrovascular 
membranes

κ=1.00, p<0.001 Almost perfect κ=0.91, 95% CI [0.72–1.09], 

p<0.001

Almost perfect

Figure 1 MFI and CFP of a patient with diabetic retinopathy. The white arrow shows an example of hemorrhages and microaneurysms that are more clearly visible and 
delineated on CFP. 
Abbreviations: MFI, Multicolor fundus imaging; CPF, Color fundus photography.
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Table 3 Paired Comparison of Lesions Detected in Both Exams of the Same Eye of Patients with Diabetic Retinopathy

Diabetic Retinopathy

O1 O2

Easier on CFP Easier on MFI Total Easier on CFP Easier on MFI Total

Microaneurysms 17 (23.3%) 2 (2.7%) 73 27 (40.3%) 1 (1.5%) 67

Hemorrhages 19 (23.2%) 5 (6.1%) 82 29 (37.7%) 2 (2.6%) 77

Cotton wool spots 0 (0.0%) 11 (84.6%) 13 2 (16.7%) 8 (66.7%) 12

Hard exudates 2 (4.8%) 1 (2.4%) 42 2 (4.4%) 2 (4.4%) 45

Retinal neovascularization 1 (14.3%) 5 (71.4%) 7 1 (20.0%) 3 (60.0%) 5

Photocoagulation scars 1 (2.3%) 13 (29.5%) 44 1 (2.5%) 19 (47.5%) 40

Proliferative fibrovascular membranes 0 (0.0%) 2 (33.3%) 6 0 (0.0%) 2 (40.0%) 5

Table 4 Frequency of Detection of Retinal Lesions in Retinal Vein Occlusion

Retinal Vein Occlusion

MFI CFP

O1 O2 O1 O2

Hemorrhages 24 (72.7%) 24 (72.7%) 25 (75.8%) 26 (78.8%)

Venous sheathing 4 (12.1%) 4 (12.1%) 2 (6.1%) 4 (12.1%)

Venous engorgement 12 (36.4%) 11 (33.3%) 10 (30.3%) 11 (33.3%)

Optociliary shunts 7 (21.2%) 4 (12.1%) 8 (24.2%) 8 (24.2%)

Retinal neovascularization 3 (9.1%) 3 (9.1%) 3 (9.1%) 3 (9.1%)

Table 5 Agreement of Lesion Detection Between Color Fundus Photography and Multicolor Fundus Imaging for Retinal Vein 
Occlusion

Retinal Vein Occlusion

O1 O2

Cohen’s Kappa Degree of 
Agreement

Cohen’s Kappa Degree of 
Agreement

Hemorrhages κ=0.92, 95% CI [0.77–1.07], 

p<0.001

Almost perfect κ=0.84, 95% CI [0.62–1.05], 

p<0.001

Almost perfect

Venous sheathing κ=0.64, 95% CI [0.18–1.09], 

p<0.001

Substantial κ=1.00, p>0.001 Almost perfect

Venous engorgement κ=0.86, 95% CI [0.68–1.04], 

p<0.001

Almost perfect κ=1.00, p>0.001 Almost perfect

Optociliary shunts κ=0.91, 95% CI [0.75–1.08], 

p<0.001

Almost perfect κ=0.60, 95% CI [0.27–0.94], 

p<0.001

Moderate

Retinal neovascularization κ=1.00, p>0.001 Almost perfect κ=1.00, p>0.001 Almost perfect
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Regarding cases with substantial or moderate agreement by at least one of the observers, venous sheathing was detected more 
frequently on MFI by O1 (12.1% vs 6.1%) and optociliary shunts on CFP by both observers (O1: 24.4% vs 21.2%; O2: 24.2% vs 
12.1%). Figure 2 shows the corresponding MFI and CFP of an inferior branch RVO. The agreement between observers was 
almost perfect for all lesions in both exams (κ>0.85), except for venous sheathing on CFP (κ=0.64 [0.18–1.09], p<0.001, 
substantial) and optociliary shunts on MFI (κ=0.60 [0.27–0.94], p<0.001, moderate).

When considering lesions that were present in both exams, O1 considered that in 71.4% of cases optociliary shunts 
were easier to identify on CFP and that in 60.0% of cases venous engorgement was easier to identify on MFI. O2 
considered that all cases of optociliary shunts were easier to identify on CFP, that in 36.4% of cases venous engorgement 
was easier to detect on MFI and in 75.0% of cases, venous sheathing was easier to identify on MFI. Detailed paired data 
is represented in Table 6.

Discussion
Both CFP and MFI can be used in daily clinical practice for diagnosis and follow-up of retinal diseases.

The agreement between both exams was substantial to almost perfect for most lesions of both DR and RVO, except 
for optociliary shunts, in which the agreement was only moderate for O2. Considering lesions with only substantial or 
moderate agreement by at least one of the observers, cotton wool spots, photocoagulation scars, and hard exudates were 
detected more frequently on MFI and optociliary shunts on CFP by both observers. Additionally, venous sheathing was 
detected more frequently on MFI by O1.

Figure 2 MFI and CFP of a patient with an inferior branch retinal vein occlusion. 
Note: A central light artifact is present in the MFI. 
Abbreviations: MFI, Multicolor fundus imaging; CPF, Color fundus photography.

Table 6 Paired Comparison of Lesions Detected in Both Exams of the Same Eye of Patients with Retinal Vein 
Occlusion

Retinal Vein Occlusion

O1 O2

Easier on CFP Easier on MFI Total Easier on CFP Easier on MFI Total

Hemorrhages 2 (8.3%) 1 (4.2%) 24 6 (25.0%) 0 (0.0%) 24

Venous sheathing 0 (0.0%) 1 (50.0%) 2 0 (0.0%) 3 (75.0%) 4

Venous engorgement 0 (0.0%) 6 (60.0%) 10 0 (0.0%) 4 (36.4%) 11

Optociliary shunts 5 (71.4%) 0 (0.0%) 7 4 (100%) 0 (0.0%) 4

Retinal Neovascularization 0 (0.0%) 1 (33.3%) 3 0 (0.0%) 1 (33.3%) 3
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In the subjective paired comparison both observers found that, in DR, microaneurysms and retinal hemorrhages were 
easier to detect on CFP and, on the opposite side, retinal neovascularization, cotton wool spots, and photocoagulation scars 
were easier to identify on MFI. Microaneurysms and hemorrhages appear as red lesions on both exams, but on MFI they have 
a darker red color and the observers found that the contrast against the orange-red fundus was lower compared to CFP, which, 
in some cases, made them harder to identify and more time consuming. Cotton wool spots, on turn, appear as white-yellowish 
pale lesions with poorly defined borders on CFP and as yellow-greenish lesions with well-defined borders on MFI, making the 
identification on MFI more straightforward. Photocoagulation scars either appear as pale-white or dark pigmented lesions on 
CFP and are either bright-white or brown/black on MFI. Pale-white lesions are often very subtle on CFP and can easily go 
unnoticed, while the bright-white aspect on MFI makes them easier to identify (Figure 3). Regarding retinal neovasculariza-
tion, some vascular branches were very subtle on CFP but clearly visible on MFI (Figure 3). In RVO, optociliary shunts were 
considered easier to identify on CFP. Both observers found that, on MFI, branches within the optic disc were either not visible 
or had less defined boundaries, while on CFP they were perfectly defined (Figure 3). Venous engorgement, on turn, was more 
evident on MFI. O1 detected venous sheathing more frequently on MFI and O2 also considered it easier to identify on MFI. 
Once again, venous sheathing appears as a pale-white contour on the vessel wall on CFP and as a bright green contour on MFI, 
making the identification straightforward in this last exam (Figure 3). Globally, both observers found that vascular changes 
(except for microaneurysms and optociliary shunts) were easier to detect with MFI.

Roy et al16 also compared the two image modalities in patients with DR. Hard exudates were visible in 71.2% of eyes, both 
on CFP and MFI, cotton wool spots in 27.9% of eyes on MFI and in 26.0% on CFP, and retinal hemorrhages in 79.8% on MFI 
and in 72.8% on CFP. In our study, hard exudates and cotton-wool spots were detected more frequently on MFI and retinal 
hemorrhages were similarly detected in the two exams by both observers. Roy et al16 also analyzed in which exam the lesions 
were better seen, concluding that hard exudates, cotton wool spots, and retinal hemorrhages were better seen on MFI. In 
contrast, in our subjective analysis, retinal hemorrhages were considered harder to detect on MFI. In a study by Graham et al,17 

that compared both types of fundus image in patients with age-related macular degeneration, the authors also concluded that 
hemorrhages were better seen on CFP than on MFI.

Li et al,18 who also performed a comparison between MFI and CFP in DR, found that microaneurysms, intraretinal 
hemorrhages, hard exudates, retinal neovascularization, photocoagulation scars, and fibrous proliferation were detected 
more frequently on MFI and cotton wool spots on CFP. Despite this, the difference was only statistically significant for 
microaneurysms. They considered that microaneurysms were better demarcated on MFI, as well as the size and the 
precise boundaries of fibrovascular proliferative membranes.

Figure 3 Differences between MFI and CFP. In image (1a and 1b) it is possible to see venous sheathing (black arrow) that is more evident in the MFI (1b); In (2a) (CFP) 
there is an optociliary shunt (white arrow) that in not clearly visible in (2b) (MFI); In (3) there is retinal neovascularization (blue arrows) and photocoagulation scars (yellow 
arrows) that are more clearly visible in the MFI (3b) than in the CFP (3a). 
Abbreviations: MFI, Multicolor fundus imaging; CPF, Color fundus photography.
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Regarding RVO, Unno et al19 compared the detection of vessel whitening between the two image modalities, 
concluding that MFI had a superior vessel whitening visibility score than CFP.

In current clinical practice many physicians prefer to use MFI, as it is usually integrated in a multimodal imaging 
device, encompassing not only the MFI, but also the spectral domain optical coherence tomography, fundus angiography, 
and autofluorescence. In addition, besides the composite image, it also offers the possibility to analyze distinct 
monochromatic laser images (like infrared, green reflectance, and blue reflectance) allowing for a pseudo- 
segmentation effect.8 Despite this, it is important to understand how the findings on MFI correlate to CFP, which offers 
an image closer to the real fundus exam, and to understand the advantages of each technique.

Few studies compare CFP and MFI to detect retinal lesions. Graham et al17 compared both exams in age-related 
macular degeneration. For early-stage features, MFI detected all type of drusen more frequently, as well as non- 
geographic atrophy hypopigmentation, but CFP detected pigment clumping more often. Regarding late features, hemor-
rhages were detected more frequently on CFP, but fibrosis and atrophy were observed more often on MFI. De Rosa et al20 

evaluated the presence of fibrotic scars in exudative age-related macular degeneration, concluding that fibrosis was fully 
visible, and the margins more sharply defined in more cases with MFI, comparing to CFP and ultra-widefield CFP. MFI 
also provided superior distinction between fibrosis and atrophy and, so, the authors concluded that MFI was superior 
regarding visualization and analysis of subretinal fibrosis when compared to CFP. Tan et al21 compared the two image 
modalities in patients with polypoidal choroidal vasculopathy, concluding that, despite differences in the appearance, 
they are comparable in the detection of multiple features of the disease. Saurabh et al22 compared the ability of MFI to 
detect a typical lesion of central serous chorioretinopathy against CFP, concluding that MFI had higher sensitivity and 
lower specificity for retinal pigment epithelium atrophy, that serous pigment epithelium detachment was more easily 
detected on MFI, and that both image modalities were similar in their ability to detect subretinal fluid. Regarding the 
presence of fibrin, it was seen more distinctly on CFP. Song et al23 compared MFI and CFI in the evaluation of epiretinal 
membranes, finding that it was more clearly detectable and widely demarcated on MFI.

Our study has some limitations, in particular the small number or participants. We also did not include images in 
which the optic disc, macula, and vascular arcades were not clearly visualized. Additionally, due to the different field of 
view between the two image methods, images were cropped using the retinal vasculature. Therefore, there was some 
subjectivity in the selection and preparation of the images that were then analyzed. We did not correlate our findings with 
other image modalities, such as fluorescein angiography and the optical coherence tomography, that could help to 
understand with greater detail the differences between CFP and MFI. We only compared CFP obtained with the Topcon® 

and MFI obtained with the Spectralis®. Different devices generate images with different characteristics, and our results 
may not be generalizable to other devices. Another limitation is that only two observers were included in this study. 
However, both observers were experienced, which is important for the reliability of the results. Finally, in some cases 
MFI generates a central acquisition artifact that precludes perfect visualization of the underneath retina. However, when 
present, this artifact still allows identification of underneath lesions. We believe excluding images with this artifact would 
represent a selection bias and would not represent the real-life conditions in which these exams are usually requested. 
Despite these limitations, this is one of the few studies comparing both exams in DR and RVO, and, to our best 
knowledge, the only one that evaluates more than one type of lesion in RVO. Another positive point of our study is 
performing a subjective paired analysis. Despite being detected in both exams, some lesions appear to be more easily 
seen in one of them. This can have a significant impact in daily life practice, as the use of both exams in combination 
may increase the rate of detection of lesions that otherwise could be missed, as well as, depending on the expected retinal 
changes, the more suitable exam can be performed to improve diagnostic accuracy. Furthermore, choosing the most 
appropriate exam or combining both can provide better documentation of fundus changes, which is important for 
patient’s follow-up. Concerning MFI, the advantage of performing different image modalities with the same device 
should also be highlighted, as well as the pseudo-segmentation effect.

In conclusion, the agreement of MFI and CFP to detect lesions in DR and RVO was substantial to almost perfect for 
most lesions, making them both appropriate exams for screening, diagnosis, or monitoring of retinal changes. Despite 
this, MFI seems more appropriate to detect cotton wool spots, hard exudates, and photocoagulation scars in eyes with DR 
and venous sheathing in eyes with RVO. On turn, optociliary shunts seem easier to detect on CFP. Regarding DR, as the 
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earlier changes of the disease (microaneurysms and hemorrhages) seem easier to identify in CFP, we believe it to be 
a good screening exam, and that it should keep on being used as the screening tool for the general population, as is 
recommended in current clinical practice.9,11 In turn, MFI may be a better option, in a hospital setting, to evaluate more 
advanced stages of the disease. Hence, we believe that, in DR and RVO, in the hospital setting, both CFP and MFI should 
be performed, to increase diagnostic accuracy and provide more reliable follow-up images. If this is not possible, then the 
exam of choice should be based on the lesions detected in the fundus observation.
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