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ABSTRACT

The visual pathways are essential for human vision. Injury to the structures will lead to visual
impairment — from small deficits to blindness. Diffusion tensor imaging (DTI) can be used to assess
nervous pathways in the brain, non-invasively and in vivo. Diffusion properties, measured by DTI,
have been shown to correspond to pathology in nervous tissue and, furthermore, can be used for
visualization of white matter tracts through tractography.

Temporal lobe resection (TLR) may be indicated for medically refractory temporal lobe epilepsy or
tumors. At TLR the optic radiation (OR) may be surgically injured, which may lead to significant
visual field defects (VFD). The aim of study I and II, was to assess the anatomical accuracy of
tractography of the OR and, ultimately, the use of tractography for surgical guidance in order to reduce
postoperative VFDs. Two different tractography algorithms were assessed: deterministic (DTG) and
probabilistic tractography (PTG).

In Study I, PTG and DTG of the OR were performed in 23 DTI scans (46 ORs). The anterior
extents of the OR tractographies were measured. Results by PTG placed the OR more anteriorly
and were the closest match to dissection studies and to a histological atlas. The aim of Study II was
to validate the individual anatomical accuracy of OR tractographies from eight patients who
underwent TLR. The results showed that the postoperative degree of VFD could be predicted based
on the preoperative OR tractography and the resection size.

In conclusion, PTG is a strong candidate for surgical guidance of TLR that aims to minimize injury
to the OR.

Pituitary adenomas may cause visual impairment by compression of the anterior visual pathways.
Early detection of injury is crucial in order to initiate treatment while it is reversible. DTI may be
used as a diagnostic tool of early injury, however, the anterior visual pathways, including the optic
tracts, represent challenging structures for DTI analysis.

The aim of Study III was to assess different DTI-data extraction methods of the optic tracts and to
find a reliable method, defined as a method with low method-dependent variability and high
anatomical accuracy. Four region-of-interest (ROI) methods were compared, out of which three
could be found in previous literature and one was new, based on the FA-skeleton algorithm of tract-
based spatial statistics (TBSS). DTI parameters by the four methods were significantly different and
the semi-automatic method based on the FA-skeleton proved to perform best.

The aim of Study IV was to assess the value of DTI as an objective diagnostic tool for injury of the
anterior visual pathways in patients with pituitary adenomas. The FA-skeleton ROI method was
applied on DTI scans of 23 patients who underwent surgery for pituitary adenomas. DTI parameters
proved to correlate with the degree of VFD and to differ significantly between patients and controls,
which may correspond to levels of demyelination and axonal atrophy in the patient group.

In conclusion, DTI could detect pathology and degree of injury in the anterior visual pathways and

may be useful as an objective diagnostic tool for patients with pituitary adenomas. Choice of ROI
method was found to be highly influential on DTI parameters when the optic tracts were analyzed.
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