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Aims
This is a pilot project to explore the viability of reconstructing the fasciculus retroflexus from diffusion MR images and its potential as a predictor of disease in depression.

Objectives
1.Map the anatomical course of the FR/reconstruct the FR along its pathway from the habenula to the brainstem using advanced tractography from diffusion images in patients with depression and controls.
2. Explore the limitations of DTI in reconstructing the FR from diffusion images.
3. Develop a new protocol for measuring habenula volume.
4. Deploy protocol for measuring habenula volume in a cohort of patients and controls
 
Hypotheses to be tested include:
1. The FR can reliably be reconstructed from diffusion MR images in patients with depression and controls.
2. Differences in habenula volume exist between groups of patients and controls


Project Outcomes and Experience Gained by the Student (no more than 700 words)
Objective 1 (Mapping the FR)
There was considerable difficulty in robustly and reliability identifying and extracting the FR from the current MRI imaging. Multiple attempts resulted in varied FR reconstruction and a reliable protocol was not established. As such, the project pivoted into developing a reliable protocol for habenula volumetric analysis from MRI imaging. 
2. Objective 2(Explore the limitations of DTI in FR reconstruction)
This project was limited by the resolution of the DTI-MRI in conjunction with the relatively convoluted course of the FR. As such the course of the FR was frequently missed as it turned (retroflexed) from the epithalamus to the brainstem. Future studies with a high-resolution DTI aimed at the increasing the resolution in the brainstem may overcome these limitations. 
3. Objective 3 (Protocol for measuring habenula volume)
Following anatomical dissections and a comprehensive literature review, a new protocol for measuring habenular volume was developed. This was validated by an anatomist. Raters were trained in this protocol with an interrater correlation coefficient of 0.9 between raters suggesting that reliability and robustness of the protocol
Objective 4 (differences in psychiatric cohorts)
65 individual’s habenular volumes were measured across patients and controls, with patients exhibiting a slightly slighter volume.

Experience Gained
An understanding of the theory and practice of diffusion and structural MRI techniques
A detailed knowledge of the anatomy and function of the dorsal diencephalic conduction system
A comprehensive application of diffusion tractography to attempt to reconstruct the FR using anatomical definitions
An awareness of the limitations of diffusion tractography and MRI resolution for small tract analysis
An understanding that research often does not work out, but that this knowledge is actually very important!
The ability to pivot to a new research project if the project is unable to be competed.
A comprehensive application of structural volumetric analysis in developing and deploying the habenular volumetric protocol
Basic group comparison statistics
Data analysis and management
Microsoft excel techniques
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The habenula is a key component of the Dorsal Diencephalic Conduction system (DDCS), a pathway transducing higher brain activity into brainstem monoamine transmitter release. Activation of the DDCS often results in reduced monoamine transmission and has been termed the disappointment circuit. DDCS dysfunction has been implicated in depression, anxiety, chronic pain, and addiction. This system consists of three components, the habenula, stria medullaris and fasciculus retroflexus (FR). Standard imaging of these components is currently suboptimal, due to the small size and convoluted nature of DDCS.

Aim
This study initially aimed to isolate the FR from diffusion weighted imaging (DWI) as it traversed its course from the epithalamus to the brainstem. However, due to methodological constraints (MRI resolution issues), this part of the project had to be abandoned. Instead, a secondary aim involved developing a novel, robust and reliable protocol for measuring the volume of the habenula.

Methods
The FR course was established through a wide literature review of anatomical literature and from dissection at the anatomy lab in RCSI. A protocol was developed to attempt isolation of the FR in a sample of 65 DWI scans. Unfortunately, the FR was unable to be successfully reconstructed reliably at this time. Instead, a concurrent literature review of the habenula resulted in a reliable protocol being developed to isolate this structure from T1-weighted imaging. This was deployed by 2 raters, blind to sex, age and psychiatric status across the 65 scans (bilaterally).

Results
The habenula volume was reliably estimated with an excellent interrater coefficient (>0.9).

Discussion
Unfortunately, the FR resolution was  insufficient to develop a reliable protocol. However, the habenula protocol was consistently deployed by two raters, suggesting a robust way to isolate this structure. Future research from this group will involve attempting FR reconstruction again with scans of a higher resolution.
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Detangling Disappointment: Mapping the Fasciculus Retroflexus from Diffusion MRI in Depression
Monoamine neurons such as those that produce serotonin, noradrenaline and dopamine influence brain behaviours includine mood, stress and attention. Although many regions of the brain can modulate these neurons, one important although understudied region is the habenula. This small relay region transduces behavioural information from across the brain and transmits a signal through the fasciculus retroflexus (FR) to the brainstem where it reduces monoamine output. MRI research into the habenula and FR is difficult due to the small size and relatively convoluted course of the FR as it travels to the brainstem. This project attempted to map the FR using diffusion imaging in a cohort of patients and controls. Unfortunately, due to methodological considerations (MRI resolution, diffusion limitations), we were unable to reliably and robustly map the FR. As such we pivoted our research into developing a protocol to measure habenula volumes in these cohorts. Using anatomical principles, we developed a novel, robust and reliable protocol for measuring the habenula in T1 MRIs. This was deployed across the cohort to investigate differences in size between patients and controls. Future research will involve increased diffusion resolution of the FR region to attempt once again to map the course of the FR.


Other comments: (no more than 300 words)

The original project (mapping the FR) had to be abandoned in this cohort due to the MR resolution being insufficient. As such, the project pivoted to developing and deploying a protocol to measure the habenular volume in clinical MRIs. A new project involving rescanning at a higher resolution is being proposed and the student (RL) will be actively involved in this. His research on the course of the FR, although unfruitful in this event, will be used to develop the protocol for isolating the FR in this future research. RL and the Anatomical Society will be credited on this future research.
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