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ABSTRACT 

An interactive image matching program has been developed to help ophthalmologists in perceiving subtle differences 
between sequential images obtained during fluorescein angiography. In a pilot experiment, it appeared that the image 
matching program could effectively correct camera alignment errors. By offering simple tools like image overlay, 
blinking and image subtraction, differences between angiograms can be greatly enhanced and interpreted. It appeared 
that newly formed, leaking blood vessels could be detected at an earlier stage of the disease process using these tools. 
Treatment can be initiated right away, thereby preventing the patient from having additional visual loss. 

The matching program seems to improve the quality of fundus diagnostics but needs to be validated in future 
studies.  
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1. INTRODUCTION 

Several diseases may affect the central area of the retina, the macula, by formation of abnormal, leaking blood vessels. 
In wet age-related macular degeneration (AMD)1, myopia gravior, presumed histoplasmosis syndrome (PHOS) and 
pseudoxanthoma elasticum (PXE), for example, subretinal neovasular membranes may destroy the macular area. The 
macular function deteriorates over time (Fig. 1). 
 
 

 
Fig. 1 Illustration of a neovascular membrane in wet macular degeneration. 
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Formerly, these blood vessels were treated by coagulation with Argon laser pulses but since the introduction of 
angiogenesis inhibitors like LucentisTM, AvastinTM, and MacugenTM, injections directly into the vitreous of the eye have 
become the main treatment procedure2,3,4. Because the disease process is suppressed but not stopped by those agents, life 
long injections at short intervals is probably needed in most patients to prevent vision loss. Research is directed now to 
stop the outgrowth of new vessels by combining the injection of the angiogenesis inhibitors with photodynamic therapy 
(PDT). It seems that in most patients this therapy can be discontinued after one or two combined treatments. The effect 
of treatment is assessed with fluorescein angiography. Continued leakage indicates that another combined session is 
needed. If no leakage can be detected, the patients should be followed over time because the disease may reactivate at a 
later date in some patients. 
 Fluorescein angiography has been a standard procedure for diagnosis of macular diseases for many years. A sodium 
fluorescein solution is injected into an antecubital vene. The passage of the dye bolus is recorded by taking pictures with 
a funduscamera at several intervals during a period of around five minutes. A blood-retina barrier prevents dye leakage 
in the normal macula. In the case of subretinal neovascularisation the blood-retina barrier is broken. The fluorescein 
starts to extravasate after about 30 seconds and continues to do so during the rest of the angiogram. Dye leakage can be 
observed best by comparing the images taken at about 2 and 5 minutes after injection (Fig. 2). 
 
  

  
 

  
Fig. 2 Problem of assessing changes during fluorescein angiography. What are the clinical relevant changes of 

fluorescence intensities? a Color image as reference. b Fluorescein angiogram after 1 minute, c after 2 minutes, d 
after 5 minutes. 
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In clinical practice, these fluorescein images (FAGs) are compared side to side to see whether any leakage is taking 
place. In most cases leakage is clearly visible but in some cases the leakage is minimal and hard to detect, especially in 
the later stages of the disease when widespread damage has occurred. Other disturbing factors are eye motions causing 
camera disalignment and, thus, variations in illumination and changes in fluorescence intensities over time. These 
artefacts can compromise clinical decision making. Apart from comparing the images from one angiogram, differences 
in angiograms made before and after treatment may be relevant to evaluate the effectiveness of the treatment (Fig. 3). In 
addition, a comparison of color images from the ocular fundus may be required to investigate the progression of a 
disease. 

To make the comparison of fundus images and FAGs easier and better, we developed special image matching 
software by which the user is constantly in full control and can interfere when the match goes in the wrong direction. 
The software offers a few simple display methods, like image subtraction and blinking (fast switching between two 
images). Moreover, it is very fast, so that the evaluation of the angiogram can take place in presence of the patient. 

In this paper, we describe how the software works and report its value in patient care. The angiograms from 10 
patients which were diagnosed to show no leakage with conventional side-to-side comparison but had recurrent leakage 
in the follow up. These angiograms were diagnosed again using the new software tools described to see whether the 
leakage could already have been detected in the earlier angiograms. 

 
 

  
 

  
Fig. 3 Same patient as in Fig. 2 but now after treatment. Did the treatment help? a Color image as reference. b 

Fluorescein angiogram after 1 minute, c after 2 minutes, d after 5 minutes. Note the differences in light 
distribution and contrast between Fig. 2 and Fig. 3 which makes the image comparison difficult. 
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2. MATERIAL AND METHODS 

The main goal in the match software is to facilitate the comparison of fundus images by image overlay. As the human 
mind is highly capable to see edges and motion, constant switching between two images already appears to be very 
effective in discrimating subtle differences. The main problem with images of the human retina is that the eyes move 
and rotate during image acquisition. The resulting variations between the images are hard to correct by the human mind. 
The match software offers a simple and intuitive set of steps to realign images5,6. The steps are the following (Fig. 4): 
 

1. Load two fundus or FAG images: A reference image that remains constant and will not be moved and a 
floating image that will be deformed to make its geometry match that of the reference image. The images are 
overlaid (50 % transparent image addition) so they can be seen at the same time. 

 
2. The user interactively moves the floating image over the reference image as a first guess. Sometimes the 

floating image needs to be rotated before an automatic match can have success. The feedback is produced in 
full resolution and instantly, making this step fast and highly intuitive. 

 
3. In the next step, called the affine step, the user starts a function to match the floating image automatically to the 

reference image using an affine transformation matrix. In this function the floating image is translated, rotated, 
zoomed, slanted and in perspective deformed to make it look like the reference image. The affine 
transformation maximally has 7 parameters which are optimized after each other. The amount of correlation is 
determined by taking the squared sum of differences between the corresponding edge images of the reference 
and the floating image. These edge images are calculated using image gradients based on Gaussian derivatives. 
To avoid matching on the edges of the imaging region, a mask of the visible area is calculated using a threshold 
operation and morphological image filters. All drawing and re-sampling operations take place on the processor 
of the graphic card (GPU), which makes this matching step very fast, on the average 5-10 seconds. The match 
progress is continuously being visualized so the user can quickly react in the rare case the algorithm tends to go 
in the wrong direction. In this way, valuable time can be saved. A slightly altered starting position, size or 
orientation of the floating image is sufficient to make the affine step succeed. 

 
4. After this affine step, the reference and floating image are much better aligned making the comparison far 

easier. By quickly alternating between the reference and floating image, it is easier for the ophthalmologist to 
decide which differences are illumination variants and which differences are clinical relevant. The floating 
image can also be inverted to create a subtraction image. This enhances the differences additionally. 

 
Often the match procedure ends after step 4, but sometimes small motion differences persist which need to be corrected 
before any quantitative measurements can be made. For this purpose, the match procedure continues with an elastic 
step. In this step, the floating image is subdivided into multiple smaller squares which are individually matched to the 
reference image. The four control points at the corners of each square serve as parameters and each control point 
influences the shape of four squares. In the elastic match process the position of each control point is shifted a little and 
it is determined how much the match with the floating image has been improved. After optimizing all control points, a 
match value is being calculated for the entire floating image. As each control points influences four squares and a square 
is determined by four control points, the optimization is repeated until the global match value does not get higher 
anymore. A major improvement in speed is obtained by skipping the optimization of control points which were not 
changed during the previous iteration. After about 50 seconds the elastic match has finished (for an image of size 
1280x1024). During the elastic matching progress the deformed image is continuously shown to the user enabling the 
user to quickly interfere when the match tends to go wrong. When that is the case, the user can correct the match and 
move a control point with the mouse. After these corrections, the elastic match can be continued. After the elastic match 
the images can be compared in the same manner as after the affine step, number 3. 
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Fig. 4 Interactive image matching in action. a Color and fluorescein image drawn on top each other after manual 

initialization. Note the large displacement in the circle. b Result after automatic match with affine matrix 
transformation. c Effect of elastic deformation of one control point, exaggeration for demonstration. d Result 
after automatic elastic match. Note that for clinical use affine matching is often sufficient. Elastic image 
matching is only needed for highly accurate scientific studies.  

3. RESULTS 

To test the impact of the match software on clinical decision making, 10 patients were selected with FAGs that showed 
no leakage in side-by-side comparison, but had increasing visual complaints and a second angiogram with active 
subretinal neovascularisation on follow up. The first angiogram of the patients was re-evaluated with the match software 
to find out if leakage could be detected that was missed with the side-by-side method. To check if false-positive 
decisions were introduced by the match software, the angiograms from 9 patients with no recurrent problems on a 
follow up angiogram were added. The 19 angiograms where presented independently and in at random order at three 
observers who were masked for the follow-up information. The results are shown in Table 1. We see that in almost all 
FAGs from patients with persistent disease leakage was detected by using the match software. However, some false-
positive results were obtained also. 
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Table 1 Detection of leakage in fluorescence angiograms using match software. 
Angiogram Diagnosis Observer 1 Observer 2 Observer 3 Clinical

1 phos x x x x
2 amd
3 amd x x
4 amd x
5 myopia
6 myopia
7 amd x
8 amd x x x x
9 amd x x x x

10 amd
11 amd x x x x
12 pxe x x x x
13 myopia
14 amd x x x x
15 myopia x x x
16 amd x
17 myopia x x x x
18 pxe x x x x
19 amd x x x

Correspondence [%] 95% 79% 89%  
 
 

When taking a closer look at the individual FAGs, we experienced that image matching is much stronger than side-by-
side viewing in showing subtle leakages inside the lesion. Leakage on the outer edge of the lesion can often be seen as a 
change in shape of the lesion, but leakage inside the lesion reveals itself by subtle increase of intensity on the inner 
border of the lesion. A clear example of the advantage of image matching in such a case is shown in Error! Reference 
source not found.. The ring shaped lesion seems to remain the same, but after image matching and subtraction a clear 
increase in fluorescence is visible. Note that alternating between the two images is more effective than image 
subtracting, but alternating presentation is not feasible in print. 

To see the advantages of image matching to follow a disease over time, a FAG was matched to a FAG acquired a 
couple of months before (Fig. 6). After dividing the reference image by the matched floating image, subtle changes as a 
sign of progressive disease can be observed in the lesion. 

4. DISCUSSION AND CONCLUSIONS 

Concluding, image matching appears to be very fast and effective in correcting motion errors in retinal images. In this 
way subtle differences can be made visible in clinical routine without having to revert to a computer specialist or special 
hardware. From a pilot study with 19 patients it appears that the leakage of blood vessels can be detected at an earlier 
stage. Readily initiated therapy can prevent further visual loss. A disadvantage may be, however, that differences are 
being detected which have no clinical consequence. Further study and experience will be needed to understand which 
differences are really relevant. 
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Fig. 5 Detection of leakage inside lesion using image matching of patient 12. ab Original fluorescent angiograms 2 and 

5 minutes after contrast injection. c Motion differences visible after image subtraction. d higher intensity ring 
shape visible after image matching and image subtraction.  
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Fig. 6 Advantage of accurate image matching to track progress of disease. ab Fluorescence angiograms at two minutes 

after injection. b is taken three months after a. c Normal ratio image, showing motion artifacts. d Ratio image 
after elastic image matching showing pathological changes with microscopic detail.  
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