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Target audience: This work is of interest for basic MR researchers, imaging scientists and clinical scientists. 

Purpose: MRI of the spatial arrangements of the eye segments is an emerging application1-3. Progress in multi-channel RF coil design tailored for ophthalmic MR 
holds the promise for targeting extra-ocular regions including the optical canal and the optic nerve1. MRI of the optic nerve bears clinical relevance for optic 
neuropathies in neuroinflammatory diseases and also for the differential diagnosis of debilitating autoimmune or orphan diseases of the central nervous system that 
run the risk of visual impairment. MRI of subtle extra-ocular and optical nerve structures requires sub-millimeter spatial resolution. Realizing this constraint as well as 
the opportunities given by the signal-to-noise ratio (SNR) gain inherent to (ultra)high field MRI it is conceptually appealing to pursue in vivo MR microscopy of the 
Nervus opticus. For all these reasons this study examines the feasibility of in vivo MR microscopy of the optic nerve at 3.0 T and 7.0 T. To meet this goal high spatial 
resolution imaging of the optic nerve is performed including T1-weighted, T2-weighted anatomical imaging along with apparent diffusion coefficient (ADC) mapping. 
Methods: In vivo MR microscopy was performed in healthy subjects and in a patient with optic nerve glioma at 3.0 T and at 7.0 T (Siemens, Erlangen, Germany). 
Informed written consent was obtained from each subject prior to the study in compliance with local IRB guidelines. At 3.0 T a 32-element head coil (Siemens, 
Erlangen, Germany) was applied for signal reception (Fig. 1a). A dedicated six-element transceiver coil array was employed at 7.0 T (Fig. 1b) 4. Transmission field 
uniformity was customized for imaging the Nervus opticus and the orbit. At 7.0 T high resolution T1-weighted 3D FLASH imaging (TR = 710.3 ms, TE = 3.6 ms, 2 
averages, spatial resolution = (0.3 x 0.3 x 1.0) mm3 and T2-weighted RARE imaging (TR = 2940 ms, TE = 54 ms, 4 averages, spatial resolution = (0.25 x 0.28 x 1.0) mm3 
were conducted for anatomical imaging of the optic nerve. For ADC mapping diffusion sensitized multi-shot RARE was used (3.0 T: TR = 4000 ms, TE = 96 ms, spatial 
resolution = (0.5 x 0.5 x 5) mm3; 7.0 T: TR = 3000 ms, TE = 133 ms, spatial resolution = (0.4 x 0.4 x 3.0) mm3). Unlike single shot DWI-EPI multi-shot RARE provides 
images free of geometric distortion. For diffusion sensitization b-values ranging from b=0 s/mm2 to b=400 s/mm2 were employed.  
Results: High spatial resolution anatomic imaging at 7.0 T revealed that the optic nerve (ON) is very well delineated for T2 weighted RARE (Fig. 2a). The ON can be 
very well distinguished from the subarachnoid space and the optic nerve sheath (ONS) (Fig. 2a/b). The B1

+ uniformity affords an assessment of the ON from the globe 
up to the orbital apex (Figure 2a). Fig. 2b shows a magnified view with the focus on the optic disc to highlight the attachment of the ON to the retina. Fig. 2c shows a 
coronal view of the orbit derived from T1-weighted 3D FLASH imaging using a spatial resolution of (0.3 x 0.3 x 1.0) mm3 and a slice position 5 mm behind the globe. 
The ON appears isointense to the extraocular muscles and is surrounded by the hyperintense subarachnoid space. The inner optic nerve sheath diameter can be 
properly evaluated. The optic nerve sheath itself is delineated as a small hypointense line. The retrobulbar fat and soft tissue exhibits modest hypointensity against 
the optic nerve. Fig. 3a shows an ADC map of the eye and ON of a healthy subject acquired at 3.0 T using a spatial resolution (0.5 x 0.5 x 5) mm3. The vitreous body 
yielded an ADC of approximately 2.9⋅10-3 mm2/s. The ON revealed an ADC of 1.5⋅10-3 mm2/s which showed ample ADC contrast versus the subarachnoid space 
(ADC=2.3⋅10-3 mm2/s). Fig. 4 depicts results derived from in vivo MR microscopy of a patient with optic nerve glioma. The ADC map of the eye and optic nerve yielded 
a delineation of the tumor which is superior to the contrast in the T2 weighted images. 

            
Figure 1: RF coil hardware: RF coil arrays used for imaging the 
eye, orbit and optic nerve. Left) 32 channel receive coil (3.0 T, 
Siemens, Erlangen, Germany). Right) Six channel transceiver RF 
coil array tailored for in vivo MR microscopy of the eye and optic 
nerve at 7.0 T. 

Figure 2: Imaging at 7.0 T: In vivo MR microscopy of the healthy eye and optic nerve (ON) at 7.0 T. a) Sagittal T2-
weighted RARE image of the eye, orbit and ON. b) Magnified view highlighting the optic nerve (ON) and the optic nerve 
sheath (ONS) for a slice 5 mm behind the globe c) High spatial resolution (0.25x0.25x1.0) mm3 coronal T1 weighted 3D 
FLASH image of the ON (center), the rectus superior muscle (1), rectus medialis muscle (2), rectus inferior muscle (3) 
and rectus lateralis muscle (4). d) Coronal T2-weighted RARE image of the orbital apex delineating the ON and the ONS. 
The inner diameter of the ONS can be properly evaluated without optical distortions. 

Figure 3: MR imaging at 3.0 T: a) ADC map of the eye and Nervus 
opticus of a healthy subject (spatial resolution 
(0.5 x 0.5 x 5) mm3). The vitreous body yielded ADC=2.9⋅10-3 
mm2/s. The Nervus opticus revealed ADC=1.5⋅10-3 mm2/s. The 
subarachnoid space showed ADC=2.3⋅10-3 mm2/s.  b) T2 weighted 
RARE image highlighting the ON anatomy. 

Figure 4: Patient study: In vivo MR microscopy of a patient with optic nerve glioma. a) High resolution axial T1 weighted 
3D FLASH image. b) T2 weighted multi-shot RARE image (b=0 s/mm2) acquired at 3.0 T. c) Diffusion sensitized 
(b=400 s/mm2) multi-shot RARE image acquired at 3.0 T. d) ADC map (spatial resolution (0.5 x 0.5 x 5) mm3) of the eye 
and optic nerve better delineates the tumor compared to the T2 weighted images. 

Discussion: Imaging the ON and other extra-ocular structures benefits from the spatial resolution enhancements at (ultra)high magnetic fields. The detail, integrity 
and image quality demonstrated for T1 weighted 3D FLASH imaging, T2 weighted RARE imaging and for ADC mapping underscore the value of dedicated RF coil 
hardware in conjunction with the signal gain at (ultra)high fields for advancing the capabilities of anatomical imaging and DWI of the eye, orbit and optic nerve. 
Conclusion: Our extra-ocular findings showed that in vivo MR microscopy at (ultra)high fields has the capability to provide high spatial resolution anatomical and 
functional images of the ON in healthy subjects and in patients. The benefits of such improvements would be in positive alignment with the needs of explorations 
that are designed to examine the potential of ultrahigh field MRI for the assessment of spatial arrangements of the eye segments and extra-ocular structures with 
the ultimate goal to provide guidance during diagnostic assessment and treatment of ophthalmological diseases. 
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