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Introduction: Imaging of the optic nerve (ON) is technically challenging due to the small size of the structure, the presence of surrounding 
cerebrospinal fluid (CSF) and fat, nearby bony structures and the inherent motion of the nerve during MRI examinations [1]. Accurately quantifying 
the ON area can contribute to the understanding of progressive atrophy and axonal loss in diseases such as multiple sclerosis and this has attracted a 
lot of interest in recent years [2, 3]. The quantification of ON atrophy currently relies on semi-automated image analysis of high resolution 2D 
images of the ON which are acquired in conjunction with fat saturation and fluid attenuation schemes [2]. However, the achievement of such high 
resolution images can necessitate acquisition times in excess of 10 minutes which usually results in the effects of motion being evident in the images, 
especially in the anterior 10-15mm portion of the ON. The proposed MRI technique presented here uses the 3D FRFSE-XL (fast-recovery fast spin-
echo) pulse sequence which is a half-Fourier, single shot acquisition most commonly applied in the investigation of the biliary tree in abdominal 
imaging. It utilises a lower TR, and long ETL to produce heavily T2-weighted images in an acquisition time of less than 30 seconds, which allows for 
excellent imaging of the fluid filled biliary tree in one breath hold. While this technique may not be useful for imaging areas other than fluid filled 
cavities, it was hypothesised that it could potentially produce complementary volumetric imaging of the anterior portion of the ON by utilising the 
high signal from the surrounding CSF and allowing for the quantification of the mean ON area by inference.  
Method: In order to investigate the value of the technique, the 3D FRFSE-XL sequence was compared with the currently used 2D fat-saturated 
short-echo fast fluid-attenuated inversion-recovery (sTE fFLAIR) sequence. Both sequences were used to look at the same coverage of the ON in a 
coronal-oblique plane, orthogonal to the ON longitudinal axis. Because of sequence design limitations, the in-plane resolution of the 3D FRFSE-XL 
could not be matched exactly to the sTE fFLAIR but the slice thickness and hence the volume of nerve imaged was the same. The imaging 
parameters used with the 3D FRFSE-XL were: acquisition time=29s, TR=1600ms, TE=286ms, FOV=20x15cm; slice thickness/gap=3.0mm/0.0mm; 
slices=16; matrix=256x160; NEX=1 (offering a resolution of 0.78 x 0.94 x 3mm). The imaging parameters for the sTE fFLAIR were: acquisition 
time=13min, TR=2701ms, TE=12.6ms, FOV=24x18cm; slice thickness/gap=3.0mm/0.0mm; slices=16; matrix=512x384; NEX=6 (offering a 
resolution of 0.47x 0.47 x 3mm). Four healthy volunteers were scanned on separate occasions with the use of both the sTE fFLAIR and the 3D 
FRFSE-XL and all four volunteers were scanned three times each with the use of the same protocol in order to assess the reproducibility of both 
techniques. For the 3D FRFSE-XL acquisition, the volunteers were asked to focus on a light source for the 29sec duration of the scan whereas for the 
sTE fFLAIR, the scan was performed with their eyes closed. All the images were analysed with the use of an in-house developed fully automated 
program using MATLAB 6 (Mathworks, Natick, MA, USA) and which is based on the k-means image segmentation algorithm. Only the images 
from the anterior 12mm portion of the ON were analysed from all the scans (i.e. 4 slices most immediate to the globe), which is the area that is likely 
to suffer the most from the effects of motion. 
Results: The images acquired with the use of the 3D FRFSE-XL show a different form of contrast in comparison to the more conventional 
acquisition (figure 1). The CSF surrounding the ON appears as a bright ring and the ON itself as a dark void within. The results from the 
reproducibility assessment for both techniques are shown on table 1, the coefficient of variation (COV) is defined as COV=standard deviation/mean 
* 100%. The results presented on this table refer to the reproducibility assessment of both techniques from one rater for the anterior 12mm portion of 
the left ON only. The higher reproducibility of the 3D FRFSE-XL method is noted in comparison to the sTE  fFLAIR method.       
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Figure 1. The image on the left shows a coronal slice acquired 
with the T1-FLAIR and on the right, with the 3D-FRFSE. 

Table 1. Coefficient of variance results from 3 repeated scans on 4 control 
subjects

 
Discussion: The results from this investigation show that the use of the 3D FRFSE-XL pulse sequence may allow for a more  reproducible measure 
of the ON mean area in the anterior 12mm portion of the ON. While the sequence does not allow for the achievement of the desirable in-plane 
resolution, the increased reproducibility observed here can potentially outweigh the use of higher resolution in the anterior portion of the optic nerve 
since it appears to be less susceptible to the effects of motion. It is therefore suggested that the technique presented here may be used as a 
complimentary technique in the quantification of ON atrophy. Future work will also be directed at investigating the value of the technique in disease 
state with particular attention to optic neuritis.    
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