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What is already known about this topic? 
· Biometric studies of fetal orbit and lens development have been shown to correlate with gestational age
· No available data on optic nerve measurements in fetuses/neonates
What does this study add?
· Normal fetal/neonatal optic nerve diameter measurements for gestational age as measured on post-mortem MRI scans.
Fetal eye development studies have mainly focused on the correlation between gestational age and orbital/ocular development1-3 (e.g. interocular distance, lens measurements etc.) with little focus on optic nerve development. This is mainly due to inherent difficulties in obtaining fetal optic nerve measurements using ultrasonography. Existing optic nerve imaging studies in older children and adults have mainly focused on the positive correlation between increased optic nerve sheath diameter and raised intracranial pressure.4-5 These findings highlight the importance of obtaining normographic optic nerve data that can be used as comparison for early identification of fetal development abnormalities. Antenatal (fetal) MRI is an accurate imaging modality for quantifying the brain and eye development. Post-mortem fetal MRI is particularly useful as it allows acquisition of high-resolution optic nerve images with little movement artefacts.
	The aim of this study is to assess normal fetal and newborn optic nerve development based on gestational age as measured on MRI. Post-mortem MRI images obtained on 1.5 Tesla Siemens Avanto scanner previously collected as part of the MARIAS study6 was used. The ethical approval and consenting methodology for obtaining the scans have been previously published.6 Firstly, sScans with poor quality (i.e. where it was not possible to visualise the full optic nerve course from behind the optic globe to the optic foramen in a single axial brain MRI slice) were excluded. Subsequently, scans with pathological brain abnormalities Congenital brain malformations (e.g. ventriculomegaly, lissencephaly, aqueductal stenosis, migrational defects etc.) as per findings on conventional autopsy in the MARIAS study6 were also excluded. Two assessors blinded to gestational age and clinical data independently measured optic nerve diameters 3mm posterior to the optic globe. This is the standard distance frequently used for measurements of optic nerve sheath diameters in adults. The optic nerve measurements were done through OsiriX Imaging Software (OsiriX 5.9, 32bit version), a freely available DICOM (Digital Imaging and Communication in Medicine) viewer. An example of the measurement process can be seen in Figure 1. 
<<Location for insertion of Figure 1>>
Statistical analysis was carried out using GraphPad Prism 6 software, Microsoft Excel and Medcalc (Version 15.2.2). Fifteen cases were randomly selected to receive interobserver repeatability assessments using Bland-Altman tests. 
	In total, 298 T2-weighted post-mortem MRI scans were assessed. 169 scans were excluded due to poor quality of images. A further 30 scans were excluded due to congenital brain malformationspathological brain abnormalities. Optic nerve measurements were obtained for 99 scans. In scans where optic nerve measurements were obtained for left and right optic nerves, the mean of both values was used for that subject. Bland-Altman analysis of the 15 randomly selected cases showed good interobserver reproducibility with 95% limits of agreement from -0.11mm to 0.14mm between the two independent assessors. 
	The optic nerve measurements were classified into gestational age groups. The mean optic nerve diameters for each gestational age category were as follows: 16 to 20 weeks was 0.65mm (95% CI = 0.56-0.75mm), 21 to 25 weeks was 0.72mm (95% CI = 0.62-0.82mm), 26 to 30 weeks was 0.92mm (95% CI = 0.78-1.06mm), 31 to 35 weeks was 1.02mm (95% CI = 0.80-1.22mm) and for 36 weeks and above was 1.27mm (95% CI= 1.18-1.35mm). Optic nerve diameters showed a linear trend with increasing gestation with a correlation coefficient value of 0.7 (Figure 2).
<<Location for insertion of Figure 2>>
	Various statistical models including linear, quadratic and exponential models have been proposed for fetal eye development depending on the types of measurements used (e.g. interocular distance, ocular surface area, lens diameter, binocular distance etc.).7 Although the exact pattern of fetal eye growth remains uncertain, it is clear that there is rapid eye development and growth from 17 weeks gestation onwards.7 
To our knowledge, there are no previous fetal MRI studies on normal optic nerve development. Our study has shown that the post-mortem MRI is a useful imaging tool to obtain measurements of optic nerve diameters from as early as 16 weeks gestation. It also demonstrates the rapid optic nerve development during the period of 16 weeks to term.
The accuracy of the optic nerve diameter measurements may be affected by factors like the possible inaccuracy of gestational dating of fetuses, inability to completely exclude subtle central nervous system abnormalities and post-mortem nature of the subjects. However, it has been shown in animal studies that there is no difference in volumetric brain MRI measurements for in vivo versus post mortem scans.8 In fact, authors of that study concluded that post mortem scans confer superior quality due to lack of motion and pulsation artifacts and longer acquisition times, which result in higher resolution scans.8
Regardless of its limitation, this study is the first step in obtaining a normal database of optic nerve measurements and may be useful in assessing neonates with optic nerve abnormalities. Optic nerve hypoplasia (where there is reduced number of optic nerve axons unilaterally or bilaterally) can be associated with endocrine problems and central nervous system abnormalities.9 Identified risk factors include preterm birth, young maternal age, first parity and maternal smoking.9 Given the clinical significance of optic nerve hypoplasia, it is important to have further in vivo studies of normal optic nerve development particularly in preterm and term neonates. 
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