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Abstract: Diffusion tensor imaging (DTI) tractography (T'G) can visualize Meyer’s loop (ML), providing

important information for the epilepsy surgery team, both for preoperative counseling and to reduce the

frequency of visual field defects after temporal lobe resection (TLR). This review highlights significant

steps in the T'G process, specifically the processing of raw data including choice of TG algorithm and the

interpretation and validation of results. A lack of standardization of TG of the optic radiation makes study

comparisons challenging. We discuss results showing differences between studies and uncertainties large

enough to be of clinical relevance and present implications of this technique for temporal lobe epilepsy

surgery. Recent studies in temporal lobe epilepsy patients, employing T'G intraoperatively, show promising

results in reduction of visual field defects, with maintained seizure reduction.
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Introduction

More than one third of patients with temporal lobe epilepsy
are resistant to drug therapy (1). Temporal lobe resection
(TLR) is a well-established treatment for this group
resulting in a high frequency of sustainable seizure freedom
with low morbidity (2,3). Fifty to 90% of patients who
undergo TLR suffer a post-operative visual field defect, due
to injury to the most anterior part of the optic radiation,
Meyer’s loop (ML) (4,5). A large enough visual field defect
due to TLR can lead to ineligibility to drive, which is
reported to afflict 4% to 50% of patients despite of being
seizure free (6-9). Evaluations have shown that the ability
to drive is one of the most important goals for patients
considering epilepsy surgery (6,10).

ML is located in the anterior part of the temporal lobe,
adjacent to other white matter pathways, including the
uncinate fasciculus, the inferior longitudinal fasciculus
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and the inferior occipito-temporal fasciculus. It cannot be
visually separated from other white matter structures by
the human (surgeon’s) eye, nor by conventional imaging
techniques. However, with recent advances in fiber
tractography (T'G) by diffusion tensor imaging (DTT),
ML can be visualized in vivo. Possible applications for TG
include delineating the optic radiation before TLR, in order
to assess the risk of developing a visual field defect as well
as for intraoperative use, to avoid injury to ML and thus
postoperative visual field defects.

This review summarizes the current status of T'G and its
possibilities for TLR from a clinical perspective. Although
a promising technique, there are important limitations
that, if not appreciated, may result in neurological injury.
We discuss results showing differences between studies and
uncertainties large enough to be of clinical relevance and
present implications of this technique for temporal lobe

epilepsy surgery.
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Figure 1 Surgical approaches-relationship between Meyer’s loop
and the temporal horn. Coronal T1-weighted MRI showing the
relationship between Meyer’s loop (in pink) and the temporal horn
of the lateral ventricle (in yellow). The angles of approach to the
temporal horn for: a SAH, TLR through the SUP, TLR through
an INF, and the SUB. SAH, selective amygdalohippocampectomy;
TLR, temporal lobe resection; SUP, superior temporal gyrus; INE,
inferior approach; SUB, subtemporal approach.

Implications for temporal lobe epilepsy surgery

The aim of surgery for medically refractory mesial temporal
lobe epilepsy is to resect the epileptogenic zone, i.e., the
hippocampus, parahippocampal gyrus and amygdala. Three
types of resections predominate in reports from epilepsy
surgery centres: classical anterior TLR, modified anterior
TLR and amygdalohippocampectomy (transsylvian or
transcortical) (11,12).

All three techniques require the identification and opening
of the temporal horn of the lateral ventricle to identify and
remove the medial temporal lobe structures (Figure 1).
Hence visual field defects are common not only after TLR,
but also after amygdalohippocampectomy, occurring in 79%
in transcortical amygdalohippocampectomy as compared
to 73% in lateral TLR in the same study (5). Selective
amygdalohippocampectomy (SAH) has similar results
with 83% of the patients developing a partial or complete
quadrantanopia (13).

How can we reduce the risk of a postoperative visual field
defect following temporal lobe epilepsy surgery? Both the
anatomical configuration of ML, as an outward slanting roof
of the lateral ventricle, and the interindividual variation in
the position of ML need to be considered. By selecting a
more inferior approach (INF) to the temporal horn of the
lateral ventricle, the risk of injury to the optic radiation can
be decreased. The most extreme application of this is the
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subtemporal approach (SUB) through the inferior temporal
sulcus to the hippocampus. No visual field defect after TLR,
using this approach in seven patients, has been reported (14).
A study comparing transsylvian, transtemporal and SUB
to tumours in the mesial temporal lobe found no visual
field defects with the SUB, but, new or worsened deficits
in 20-45% of patients with the other two approaches (15).
However, the SUB has other disadvantages such as the
risk for temporal contusions, small field of view, and
sometimes the need for resection of the zygomatic arch. By
using an anterior-INF to open the temporal horn in TLR,
rather than the superior-lateral one, which passes through
the optic radiation, a visual field defect may be avoided.
Visualization of the optic radiation using T'G implemented
in a neuronavigation system could guide the surgeon to the
angle of approach to the temporal horn and thus the extent
of resection to avoid injury to ML.

Meyer’s loop (ML)

The visual pathways start at the retina of the eyes and
extend posteriorly, first as the anterior visual pathway, which
ends in the lateral geniculate nuclei of the thalamus. From
here, the visual pathway continues as the optic radiation
(also known as the geniculocalcarine tract), which extends
posteriorly in three nerve bundles and ends in the primary
visual cortex (VC) in the respective occipital lobe.

The anterior bundle that forms ML, was first identified
as part of the optic radiation in 1906 by Archambault and
later described more in detail by Meyer in 1907 (16,17). It
extends anteriorly in the temporal lobe, spreading out in a
thin sheet of fibers and turning sharply in a bend around
the roof of the temporal horn of the lateral ventricle, before
continuing posteriorly towards the occipital lobe. The
anterior bundle, including ML, represents the superior
quadrant of the contralateral visual field, and thus a
complete injury to the structure during surgery results in a
contralateral quadrantanopia (16,18).

In more recent studies, the architecture of the optic
radiation has primarily been explored and determined
by dissection studies, using Klingler’s fiber dissection
technique (19) (Figure 2). In the Klingler dissection
process, a formalin-fixed human cadaver brain is frozen and
returned back to room temperature several times. Growing
ice crystals separate the nerve fibers slightly, allowing them
to be dissected from each other. Anatomical data from
these studies are often considered the gold standard of
white matter anatomy and are thus often used to evaluate
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Figure 2 The optic radiation exposed (virtual hospital). A brain
seen from below, prepared using Klingler’s fiber dissection

technique. Meyer’s loop is indicated by the arrows.

anatomical accuracy of other techniques, including
DTITG.

Ebeling and Reulen [1988] dissected 25 brains and
concluded a distance between the temporal pole and the
anterior limit of ML (TP-ML) of 27+3.5 mm (range,
22-37 mm) (20). Other dissection studies have found
similar results and have also confirmed the considerable
interindividual variation of the anterior extent of ML
(20-23). Furthermore, studies have shown an
interhemispheric asymmetry of the anterior extent of ML
with a more anterior location in the left temporal lobe (9,24).
It has been proposed that this is due to expanding language
areas in the left posterior temporal lobe, displacing ML
forwards on this side. Based on this variability in location of
ML, a general safety limit of resection size for TLR cannot
be specified. Instead, individualized risk calculations have to
be made in order to prevent visual field defects.

Diffusion tensor imaging (DTI) and tractography
(TG)

Conventional diffusion MRI normally applies three
gradient directions to model the diffusion in each voxel as
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a sphere and detect the amount of water diffusion. DTT
is a variety of diffusion MRI that, by applying six or more
gradient directions, models the diffusion in each voxel as
an ellipsoid, and thus can detect both the amount and the
directionality of diffusion. From this information the main
direction of water diffusion and the size of the main water
diffusion vector per voxel can be determined (25). The main
direction of water diffusion has been shown to reflect the
direction of the regional white matter tracts (26). Degree of
directionality can be calculated and is frequently expressed
as fractional anisotropy (FA), where FA =0 signifies complete
isotropy (as in CSF) and FA values closer to 1 signifies high
anisotropy (typically around 0.7 in well organized, healthy
white matter tracts).

By connecting voxels based on their anisotropy and their
principal diffusion direction, images of the major white
matter pathways can be constructed. This is referred to as
fiber tracking or T'G (25,27-29). DTI TG has important
clinical applications in neurosurgery including preoperative
planning and intraoperative delineation of major white
matter tracts (26,30-37).

The tractography (TG) process and Meyer’s loop
(ML)

The TG process includes several steps, and in each step
there are several variable factors to determine (Figure 3).
First data is collected using a D'TT protocol in the MRI
scanner. The raw data from the MRI scanner is then
processed and adjusted by one of several available software
programs. Finally, the TG algorithm with different
threshold settings is chosen, and regions of interest (ROIs)
are defined as start, and waypoints for the TG. To this date,
there is no consensus about how TG should be performed,
including all the variables mentioned above, and TG studies
thus differ in many ways, which affect the results and should
be taken into consideration when comparing results. It is
realistic to assume that the “best” way to produce TG, in
order to achieve anatomically correct visualizations, varies
depending on which tract is to be delineated, as different
tracts have different qualities, regarding thickness, shape
and surrounding tissue.

Data collection

Several variable factors in the raw data collection in the
MRI scanner can affect the final T'G result significantly.
Limitations and pitfalls in the scanning procedure have
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Figure 3 Flow chart of the tractography process. The tractography process includes several steps, each one with several variable factors. The

first part (red square) is the raw data collection, including choice of MRI scanner and protocol settings. The aim is to maximize information

while minimizing noise and artifacts. The second part (green square) is the raw data analysis, including data correction steps, choice of

tractography algorithm with specific threshold settings and definition of start, way and exclusion masks (ROIs) to guide the tracking. NEX,

number of excitations; NSA, number of signal averages; ROI, region of interest; FA, fractional anisotropy.

been discussed in detail previously and will not be covered
herein (38). However, we choose to briefly mention two
matters of controversy and significance for the end result.

Although most would agree that the doubled signal
strength at 3 T as compared to 1.5 T is desirable, it is a
complicated matter of scanner specifications, which must
be considered. An important issue to specifically consider
in the case of D'TT and the anterior part of the temporal
lobe is scan artifacts due to susceptibility. Susceptibility
artifacts are the result of microscopic gradients or variations
in the magnetic field strength that occur near the interfaces
of tissue/substance of different magnetic susceptibility
(e.g., soft tissue, bone, air filled cavities), such as close to
the sinuses. The result is geometric image distortion and
signal loss in such regions (39,40). When the magnetic
field strength increases from 1.5 to 3 T the effects of
susceptibility doubles and thus the net result at 3 T is more
troublesome artifacts in the images than at 1.5 T. Possible
remedies are increased parallel imaging acceleration,
reduced field of view and segmented k-space scanning, each
of which comes at a cost in terms of signal, scan time and
technical complexity.

The optimal number of gradient directions for T'G has
been discussed and there seems to be a general perception
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that more directions is better. However, there is little
support for this perception in the literature, apart from an
expected increase in signal-to-noise ratio purely due to the
fact that more directions necessitate more measurements to
be performed. Both simulation and iz vive studies indicate
that in practice there is little to be gained in using more
than 16 directions (41,42). Yamamoto ez 4/. [2007] compared
different numbers of gradient directions-using 6, 12, 40 and
81 directions—and found no difference in visualization of
the optic radiation (43).

The tractography (TG) algorithm

The raw data from the MRI scanner is transferred to a
computer for processing.

There are several different image softwares available;
some are freeware and some are included in MRI scanner or
neuronavigation packages. First, for all D'TT data, correction
for eddy current and motion effects during the scan
should be carried out. Next, DTT images are calculated,
including FA-map, eigen-value and vector images. Based
on the information of these images, T'G can be performed
through different algorithms. The two most common TG
algorithms for clinical ML studies and use to this date are

www.amepc.org/qims Quant Imaging Med Surg 2015;5(2):288-299



292

deterministic (D'T'G) and probabilistic TG (PTG).

Deterministic, or streamline, T'G techniques assume that
the orientation within a voxel is precisely known. A tract is
produced by defining a start point and applying an algorithm
linking voxels with similar diffusion directions (29). The
technique can be refined by applying threshold criteria,
such as minimum FA-value of a tract voxel and maximum
angle of deviation of diffusion direction between voxels.
Multiple ROIs are defined, to specify where the tract must
pass, a technique known as “virtual fiber dissection” (44).
The advantages of DTG are relatively simple calculations
and fast results with a clear delineation of fiber tracts, and
the main limitations are operator-dependency, difficulties
resolving curving, crossing or kissing tracts and that there
is no indication of the confidence that one can assign to a
reconstructed trajectory (29).

In contrast to deterministic techniques, PTG calculates
the uncertainty of diffusion orientation within each voxel.
It then traces a large number of (typically >5,000) possible
pathways from a set starting point (29). The result is a
probability distribution of connections and by selecting
an appropriate threshold, below which connections are
discarded as unlikely, tracts can be outlined. PTG is less
likely to exclude voxels with low FA due to, for example,
crossing fibers or scan artifacts. However, PTG requires
long calculation times and, furthermore, the algorithm is
not as widely supported by the MRI scanner manufacturers’
own software as is D'T'G. Thus, third party software is
required for PTG, which adds complexity to the TG
process.

New methods may improve clinical TG in the near
future. Modeling the diffusion distribution in each voxel
as a 3x3 symmetric tensor is the most common approach
in the DTI community today, and indeed in existing
clinical studies, which is the focus of the discussions of
this review. However, this modeling is not able to resolve
complex intra-voxel micro-structures (e.g., crossing fibers),
which are deemed to exist in at least one third of all white
matter (45). In order to address this problem a wide
variety of multi-fiber diffusion models have been proposed
including ‘ball and stick’ model (46), analytical q-ball
imaging (47) and non-negativity constrained spherical
deconvolution (CSD) (48). A recent review has evaluated
and compared six different analysis methods in terms of
false-positive and false-negative fiber detection rates and
reports that CSD has the best fiber detection rates (49).
CSD has also been shown to successfully visualize the optic
radiation including ML (50).
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The tractography (TG) algorithm, thresholding and
Meyer’s loop (ML)

ML is a challenging structure for TG due to anatomical
factors mentioned above: first, its location in close vicinity
to other white matter tracts and, second, its thin and
sharply bending shape. Voxels in the D'TT scan are typically
1-2 mm in each dimension and thus contain a large
amount of neurons each; the diameter of a single neuron is
approximately 0.01 mm. This means that a single voxel can
contain axons with different directions (i.e., different main
diffusion directions) if it is located across parts of different
pathways that are crossing, “kissing” (= pass adjacent to each
other) or if a single pathway is curving within the voxel.

Nevertheless, several TG studies have successfully
visualized ML (see Table 1) (24,51-59). All these studies
confirm the inter-individual difference of the anterior
extent of ML (TP-ML) in the temporal lobe, also found in
dissection studies. However, the mean and range of TP-ML
differ between studies, as well as several variables in the TG
process. The question remains as to how to validate the
anatomical accuracy of TG in the living human brain, to
find out which, or if, any of these TG methods are reliable
enough to be used in the clinical reality.

In the discussion about study results below, focus is on
the TP-ML distance (Figure 4). Although other shape and
location qualities than the anterior extent of ML may be
relevant, TP-ML is considered the most important measure
intraoperatively, since this is the part most prone to injury
during TLR. Also, the qualities of the anterior-most part
of ML makes it the most technically challenging part and
could thus be an indicator of success of the T'G method.

Several TG studies of ML have validated their results
by comparison to the gold standard, dissection studies by
Klingler’s technique. Judging from these comparisons, all
TG studies to this date seem to underestimate the anterior
extent of ML (20-23) (Table 1). However, in the majority
of the TG studies, PT'G places ML more anteriorly than
DTG, with resulting TP-ML measures closer to results
of dissection studies. The reason could be differences in
the algorithms, where PT'G may be better able to cope
with crossing and kissing fibers than deterministic models
because it allows uncertainty of diffusion orientation
and thus is less likely to exclude voxels with low FA, and
interrupt tracking at such voxels (29,56). As ML has a
curving shape and the optic radiation is adjacent to several
other white matter tracts, D'T'G may thus be suboptimal for
TG of the optic radiation.
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Table 1 The anterior extent of Meyer’s loop-results as reported from cadaver dissection and tractography studies

Author/year Study population Measurement technique TP-ML (mm): mean [range]

Peuskens et al., 2004 (22) 17 controls Cadaver dissection 27 [15-30]

Ebeling and Reulen, 1988 (20) 25 controls Cadaver dissection 27 [22-37]

Chowdhury and Khan, 2010 (21) 11 hemispheres Cadaver dissection 26 [23-31]

Rubino et al., 2005 (23) 20 controls Cadaver dissection 25 [22-30]

Yamamoto et al., 2005 (51) 5 controls DTG 37 [33-40]

Nilsson et al., 2007 (52) 7 controls, 2 patients DTG Controls: 44 [34-51]; patients: 46 [40-51]

Taoka et al., 2008 (53) 14 patients DTG 37 [30-43]

Chen et al., 2009 (54) 48 patients DTG 32 [21-51]

Dreessen de Gervai et al., 2014 (24) 20 controls DTG 43 [28-54]

Sherbondy et al., 2008 (55) 8 controls PTG 28 [25-31]

Yogarajah et al., 2009 (56) 21 controls, 20 patients PTG Controls: 35 [24-47]; patients: 34 [24-43]

Anastasopoulos et al., 2014 (57) 10 patients DTG, PTG DTG, depicted in 3/10 patients: 41 [39-43];
PTG, depicted in 9/10 patients: 34 [23-40]

Lilja et al., 2014 (58) 11 controls DTG, PTG DTG: 44 [34-51]; PTG: 33 [25-48]

Borius et al., 2014 (59)

13 controls, 18 patients DTG, PTG

DTG: 26; PTG: 30

TP-ML, distance between temporal pole and anterior delineation of Meyer’s loop; TG, tractography; DTG, deterministic TG; PTG,

probabilistic TG.

Figure 4 Measuring TP-ML. TP-ML, the distance between
the temporal pole and the anterior delineation of Meyer’s loop,

measured as demonstrated with arrow.

However, there are many variables in the TG process
that can influence the resulting tract. Also, most DTI
studies have small study populations (typically 10-20
subjects). Thus, differences found in comparisons between
studies could have many explanations. Three studies have
compared probabilistic and deterministic algorithms applied
on the same set of DTT scans (57-59). Anastasopoulos
et al. [2014] and Lilja et a/. [2014] found very similar TP-ML
results: measures by DTG placed ML close to 1 ¢cm more
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posteriorly than measures by PTG, and the latter one
approximately 1 cm more posteriorly than dissection
studies. It should be pointed out that Anastasopoulos ez al.
based their deterministic results on very few subjects (n=3),
because this algorithm failed to depict ML in most subjects
in their study. Borius er /. [2014] found the opposite
relation, with tractographies placing ML more anteriorly
using DTG than PTG. However, the maximum angle
allowed between the main diffusion directions of two voxels
was unusually small for PTG—approximately 37 degrees—
whereas most studies use an angle around 90 degrees. This
factor most likely affects the tracking in the sharply bending
region of ML extensively, why these TP-ML results should
not be compared with other probabilistic studies.

The implication of the angle threshold highlights the
importance of threshold settings and their effect on ML.
The effect of FA threshold on the anterior extent of ML
TG has also been discussed (used to determine below
which FA value tracking should be stopped). Borius ez a/.
compared three different FA thresholds—0.18, 0.20 and
0.22—and found no significant TP-ML differences. Chen
et al. explored the location of ML using DTG with an FA
threshold of 0.15; such a low FA threshold could increase
the sensitivity of finding the most anterior fibers in a
region where partial volume effects will occur (54). They
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found TP-ML values as close to dissection studies as most
studies employing PTG. Thus, it could be argued that the
deterministic technique could produce similar results as the
probabilistic one, if performed by experts in white matter
anatomy, using adequate threshold settings.

Another factor to consider is the selection of ROIs,
which define the start and end points, and in most cases also
waypoints, for T'G. In the majority of TG studies of ML,
the ROIs are manually drawn based on the operators’ prior
anatomical knowledge; there is thus a factor of subjectivity
in this step. Attempts to automate this step in patient
cohorts have been made, but have not yet proven to be as
successful as the manual method (60). This could be due to
important individual anatomical differences and possible
anatomical distortions in brains with pathology. Our group
found a lower reproducibility between and within operators
for DTG compared to PTG (58). In the deterministic
process several additional, “trimming” ROIs have to be
added to the standardized ones to exclude aberrant fibers, as
opposed to the probabilistic process. These additional ROIs
are selected by the operator, differently in each individual
scan, resulting in several operator- and scan-specific ROIs.
Subjectivity thus becomes a major issue in DTG of ML,
and could explain the lower reliability.

Validation of tractography (TG) of Meyer’s loop
(ML)

Comparisons to gold standard

Following the discussion above, although some results are
contradictory, results by PTG appear superior to DTG
in anatomical validity and reliability. However, also the
probabilistic results seem to underestimate TP-ML, in
general placing ML almost 1 cm more posteriorly than
dissection studies. However, it is possible that the error
margin is not as large as 1 c¢m, as also the gold standard,
Klingler’s fiber dissection technique, has been questioned.
A certain deformation level has been shown to occur during
dissection, possibly due to the extraction of the brain from
the cranium, shrinking of the tissue during fixation by
formalin and fissuring of the tissue due to freezing. The
deformation level has furthermore been shown to vary
between different brain structures and regions. The specific
deformation of the Meyer’s-loop region is unknown;
however, a global brain volume shrinkage of 8.1% has been
reported (61). TP-ML measures from dissection studies
may thus be artificially shorter than those of a living brain,
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which should be taken into account when evaluating the
systematic difference seen in comparison to TG.

Other methods to achieve gold standard for white
matter anatomy of the brain have been suggested, such as
MRI-detectable neuronal tracers. Dyrby er al. compared
results from manganese-enhanced imaging to PTG, and
concluded that the latter reliably detected specific pathways,
including the optic radiation (62). To ensure that most
of the sources known to degrade accuracy of in vivo DTI
TG, they performed their experiments on post mortem
porcine brains. These results are promising, however, the
accuracy of T'G in in vivo human brains still remains to be
determined.

Validation by prediction of postoperative outcome

Anatomical validation of ML TG of the living human brain
is a challenge. Group comparison to dissection studies, of
relatively small study populations as discussed above, is not
convincing.

A few groups have attempted validation by using
TG results (often TP-ML measures) to predict visual
field outcome in patients who have undergone TLR
(52-54,56,63,64). The prediction models have all been
successful, however, to different degrees. Taoka ez 4l.,
using DTG in a study of 14 TLR patients, found that pre-
operative TP-ML and resection length together could divide
their cohort into two groups: those with no or small visual
field defects and those with larger visual field defects (53).
Chen et al. could show a correlation between change in
TP-ML width and visual field defect, using DTG in a study
of 48 TLR patients (54). In a PTG study based on 20 TLR
patients, Winston ez /. found similar correlations and were
able to predict degree of post-operative visual field defect,
comparing resection length and pre-operative TP-ML (63).
Figure 5 is a case example of a patient who underwent TLR.

The studies described above prove a certain anatomical
accuracy in TG of ML. Notably, however, a variety of TG
parameters, as well as both deterministic and probabilistic
algorithms, have been employed in these studies. As there
are known differences in the ability of different T'G varieties
to depict the anterior extent of ML, one could assume these
studies validate the accuracy of TG with a certain margin of
error.

Tractography (TG) during temporal lobe resection (TLR)

An accurate validation of TG of ML is necessary for its safe
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Figure 5 Case example-tractography in a TLR patient. This patient suffered a visual field defect after TLR. Tractography by PTG showed

a significant increase of TP-ML after surgery, consistent with the visual defect, while no such change could be seen using DTG in this
case. Upper row: PTG before (left) and after (right) TLR. Middle row: DTG before (left) and after (right) TLR. Blue arrows indicate the
TP-ML. Lower row: post-operative T1 (left) and perimetry (right). TLR, temporal lobe resection; PTG, probabilistic tractography;

TP-ML, distance between temporal pole and anterior delineation of Meyer’s loop; DTG, deterministic tractography.

clinical use. All methods have their limitations: there is yet
no convincing gold standard and all cadaver studies differ
from the reality of the living human brain, in the tissue
changes and physiological changes that occur post mortem.
Also, the clinical reality includes practical factors like
possible scanning time and individual differences, which are
not replicated in lab settings. Thus, instead of testing the
accuracy of TG, the end goal of decreasing/avoiding visual
field defects for TLR cases by using TG could be tested
directly.

Three studies to this date have reported results of pre-
and intraoperative TG during TLR and the effect on
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postoperative visual outcome. Thudium ez 4/. [2010] reported
using preoperative T'G in a surgical neuronavigation
system in 12 patients, attempting to plan safe surgical
trajectories of resection to avoid injury to ML (65).
There was no control group in this study, however, 75%
of the patients had no postoperative visual field defect,
compared to 53% in a previous study from the same group.

Siu et al. [2012] reported results from the first prospective
comparative study in this area (66). They compared visual
outcome of TLR between a group of subjects where
intraoperative T'G guidance was used (n=15) and a control
group where conventional intraoperative image guidance
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was used (n=23). A total of 66% of the subjects in the
TG group had no VFD versus 30% in the control group.
However, limited information about methodology for both
TG method and data analysis was published.

Winston et a/. [2014] included 21 patients consecutively
and displayed preoperative TG intraoperatively on a
neuronavigation system and in the operation microscope (67).
None of the 21 patients had a postoperative visual field
defect that precluded driving, compared to 13% in a
previous cohort of 44 patients. They concluded that
intraoperative TG guidance for the surgeon reduces
severity of visual outcome, while preserving level of seizure
outcome. Further randomized prospective studies with
control groups, and larger cohorts, are needed to confirm
these findings.

The effect of brain shift during surgery, and thus the
reliability of preoperative T'G, has been questioned. Chen
et al. [2009] measured brain shift intraoperatively and found
a shift of up to 11 mm following craniotomy, with shift
occurring in both the vertical and horizontal planes (54).
Winston et al. [2014] explored the clinical significance
of brain shift during surgery, and the possible need for
adjustment of the preoperative T'G. In the study described
in the paragraph above, they carried out intraoperative MRI
on twelve of the patients and coregistered the preoperative
tractographies to these scans. They compared results to nine
patients where the unchanged preoperative tractographies
were used intraoperatively. No significant difference in visual
field outcome was found between the two groups and thus
they concluded that the time-consuming intraoperative scan
might not be necessary.

Conclusions and future directions

DTI TG can visualize ML, providing important
information to the epilepsy surgery team, both for
preoperative counseling, and to reduce the frequency of
visual field defects. This review highlights limitations and
pitfalls of the TG process, from acquiring the DTT scan to
the T'G algorithm chosen and interpretation of the results.
A lack of standardization of TG of the optic radiation
makes study comparisons difficult. We highlight results
showing differences between studies and uncertainties large
enough to be of clinical relevance and present implications
of this technique for temporal lobe epilepsy surgery. Recent
studies in temporal lobe epilepsy patients, employing TG
intraoperatively, show promising results in reduction of
visual field defects, with maintained seizure reduction.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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Future development will include improvements in scanners,
scan techniques and TG algorithms. Whether this will
translate into a benefit for temporal lobe epilepsy patient
remains to be seen. Further postmortem validation and
clinical optimization of T'G data as well as experimental
confirmation of the benefits of TG of the optic radiation in
temporal lobe epilepsy patients are needed.
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