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Abstract: Visual field defects (VFD) due to Meyer’s loop injury may occur after temporal lobe resection
surgery. Diffusion tensor tractography (DTT) of the Meyer’s loop may reduce the risk of postoperative
VFD. Currently, there is no standardized method to perform tractography for this structure. We
performed DTT of the Meyer’s loop in 10 healthy subjects and demonstrated the complex arrangement
of the various projection fibers that compose the Meyer’s loop and the complex relations with the
neighbouring fiber systems. Evaluation of the Meyer’s loop through the use of tractography may be a
useful method to predict VFD after temporal resection surgery and this anatomical knowledge may be
used to build surgical strategies and tactics to avoid the risk of intraoperative damage to this structure.

Rezumat: Defectele de camp vizual (DCV) datorate leziunilor ansei Meyer pot sa apara dupa rezeciile
chirurgicale ale lobului temporal. Tractografia (DTT, Diffuson Tensor Tractography) anse Meyer ar
putea reduce riscul de aparisie al DCV postoperatorii. Th prezent, nu existd 0 metods standardizata pentru
realizarea tractografiel aceastei structuri. Am realizat DTT pentru ansa Meyer la 10 subiecsi umani
sanatosi si am demonstrat aranjamentul complex al variatelor fibre de proiectie care compun ansa Meyer
si relajiile complexe cu sistemele de fibre adiacente. Evaluarea ansel Meyer prin tractografie ar putea
reprezenta 0 metoda utila pentru a prezice DCV dupa rezeciile chirurgicale ale lobului temporal si aceste
cunostinge anatomice ar putea fi utilizate pentru a dezvolta strategii chirurgicale si tactici, care permit

evitarea riscului de a leza intraoperator aceasta structura importantd.

INTRODUCTION

Selective amygdal ohippocampectomy and temporal
lobe resections as surgical treatments for mesial temporal lobe
epilepsy are well established methods. A common finding after
all types of tempora resections is postoperative VFD caused by
intraoperative damage to the Meyer's loop. Although, Meyer's
loop is commonly known as the temporal loop of the anterior
fibers of the optic radiation, recent studies have shown that
various others projection fibers for the temporal and occipital
regions participate in the formation of this loop, including the
optic radiation.(1-4) DTT has important clinical applications in
neurosurgery including preoperative planning and intraoperative
identification of individual white matter fiber systems.
Tractography of the Meyer's loop may predict the probability of
the VFDs after tempora |obe resections and reduce the risk of
intraoperative injury.

Tractography, or DTT is the advanced magnetic
resonance imaging (MRI) technique that alows for a 3-
dimensional reconstruction and analysis of important individual
white matter fiber systems. DTT images are generated starting
from the information offered by diffusion tensor imaging (DTI).
DTI is a MRI technique that can be used to evauate the
directiondlity of the diffusion of water molecules as they move
between the white matter fibers.(5-7) From this information, the
main direction and the extent of water diffuson can be
determined, and the orientation of white matter fibers indirectly
evaluated. This technique, developed more than a decade ago,
provides a unique noninvasive, in vivo, visualization of the
white mater architecture. DTT is generated using mathematical
algorithms that connect image voxels based on their anisotropy

and principa diffusion direction.(7-10) Because DTT offers the
only currently available method for a noninvasive investigation
of the white matter fibers, it might provide additional data
regarding the anatomy of the Meyer's loop.(11-16) Currently,
there is no standardized method to perform tractography for
Meyer’'s loop. The angulation of the fibers in the Meyer's loop
and complex relations with severa neighbouring fiber systems
represent challenges for the accurate demonstration of the
Meyer's loop, because of distortions and mathematical
algorithm errors associated with the delineation of such complex
arrangements of white matter fibers.

OBJECTIVES

Below, we provide adescription of our DTT technique
for Meyer's loop tractography, and discuss the current clinical
uses of Meyer's loop tractography and future advances in the
field.

METHODS

Ten healthy subjects, without history of neurological
disease, head injury, or psychiatric disorder (4 females and 6
males, mean age 36 years, range 16-59 years) were recruited
after obtaining ingtitutional board review approva. We
performed MRI using a 3.0-T MR unit (Philips, Ingenia,
Eindhoven, Netherlands) with an 8-channel sensitivity encoding
(SENSE) head coil. DTI was acquired using a single-shot spin
echo planar imaging (EPI; TR 3759 ms, TE 95 msec, EPI factor
47, dlice thickness 2.5 mm, gap 0 mm). Sixteen diffusion
directions at b=800 seconds/mm? were acquired in addition to
b=0 images. Sixty slices were taken for whole brain coverage
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from the vertex to the foramen magnum. The average
acquisition time was 6 minutes. The reconstructed voxel size
was 1.75X1.75X2.50 mm. Whole brain T1-weighted 3D turbo
field echo (3D T1-TFE), with the same resolution, was acquired
in the sagittal plane (TR 9.0 ms, TE 4.2msec, dlice thickness
0.9mm) and co-registered for anatomical guidance.

DTI computed fractional anisotropy (FA) maps were
individually co-registered with T1-weighted images using the
MRI system’s workstation (Achieva, Philips, Extended MR
Workspace 2.6.3.3). FA maps were displayed as colour-
orientation maps. The colour-coding of the white matter fiber
tracts in the FA maps was as follows: red for left-right oriented
fibers, blue for superior-inferior oriented fibers and green for
anterior-posterior oriented fibers.

The fiber tracking software was used to generate DTT.
The 3-dimensional fiber systems reconstruction was performed
using the FACT (Fiber Assignment by Continuous Tracking)
method, which is a deterministic method that initiates fiber
trajectories from user-defined voxels or seeds.(7,10) Anisotropy
threshold values for FA and deflection parameters were set
between 0.27-0.35 and 700-915 (where O refers to full deflection
and 1000 to no deflection) respectively to obtain the maximum
tract conspicuity. A knowledge-based multiple-ROI technique
was used.(8,17,18) To delineate the relevant white matter fibers,
multiple ROIs were placed in the white matter of the occipital
region, and the regions of the lateral geniculate body and the
optic tract according to previously described anatomica
reference methods to identify the lateral geniculate body and
optic tracts in T1l-weighted images and color-coded FA
images.(19-21) The colors of the reconstructed tracts on DTT
were selected to permit optimal visualization. The 3D
reconstructed fibers were visualized by superimposition on 3-
planar T1-weighted 3D turbo field echo (3D T1-TFE) images to
enhance their precise anatomical localization and relationship
with other anatomical structures.

Six white matter tracts relevant to the Meyer’s loop
were reconstructed: the posterior thalamic peduncle that
includes the optic radiation, the occipitopontine/ parietopontine
fibers, the anterior commissure, the occipitofrontal fasciculus,
the uncinate fasciculus and the inferior longitudina fasciculus.
To ensure a comprehensive reconstruction off al possible
Meyer'sloop fibers, alarge ROI in the occipital lobe, defined on
a corona image, and a large ROI in the region of lateral
geniculate body, including the pulvinar and crus cerebri of the
midbrain, and defined on a sagittal image were used. Then, an
exhaustive search was performed to identify al the fibers that
penetrate both ROIs and participate in the formation of Meyer's
loop, and then parcelate these fibers according to their different
connections. After Meyer's loop was identified, a ROI in the
frontal lobe, using a coronal image, was placed, in addition to
the occipital ROI, to reconstruct the occipitofrontal fasciculus.
For reconstructing the fibers of the anterior commissure two
ROIs were placed 10 mm apart on the left and right side of the
midsagittal plane. The uncinate fasciculus was reconstructed by
placing one ROI in the anterior temporal lobe and a second ROI
in the white matter of the basal portion of the frontal lobe in the
corona plane.

RESULTS

Meyer's loop was reconstructed in all subjects (figure
no. 1). Fibers originating in the region of the lateral geniculate
body, including pulvinar and the lateral aspect of crus cerebri of
the midbrain, extended in an anterolatera direction into the
anterior temporal region, before these fibers looped posteriorly
and reached the occipital cortica region. This temporal loop is
commonly known as the Meyer’s loop. All the fibers composing

the Meyer's loop continued their course in the roof of the
temporal horn, atrium and occipital horn of the lateral ventricle.
In the occipital region, these fibers turned medialy, posterior to
the occipital horn of the lateral ventricle and reached their
cortical terminations. Several projection fibers participated in
the formation of the Meyer's loop. Optic radiation fibers
originating in the lateral geniculate body and in continuation
with the optic tract passed in the Meyer's loop and continued
their course towards the occipital visual cortex. The posterior
thalamic peduncle includes thalamocortical projection fibers that
originate in the pulvinar and connect the pulvinar of the
thalamus with occipital cortical regions. The optic radiation is
one of the various projection fibers in the posterior thalamic
peduncle.

The accurate differentiation between these various
posterior thalamic peduncle fibers was extremely difficult,
because al these fibers originating either in the lateral
geniculate body or in the pulvinar merged and intermingled
before forming the Meyer’ s loop, and could not be distinguished
or separated at this level. The occipitopontine fibers, projection
fibers originating in the occipital cortex and terminating in the
pontine nuclei, coursed in the Meyer's loop together with the
optic radiation fibers and thalamocortical projection fibers of the
posterior thalamic peduncle. These occipitopontine fibers
intermingled with the optic radiation and with the posterior
thalamic peduncle fibers, at the level of the Meyer's loop, and
then, continued their course in the lateral portion of the crus
cerebri of the midbrain to reach the pontine nuclei. All the fibers
composing the Meyer’s loop continued their course, as part of
the sagittal stratum, in the roof of the temporal horn, atrium and
occipital horn of the lateral ventricle. In the occipital region,
these fibers turned medially, posterior to the occipita horn of
the lateral ventricle and reached their cortical terminations.

Figure no. 1. DTT reconstruction of Meyer’s loop (pink) in
axial, coronal and left sagittal views

The reconstructed fibers have been superimposed on T1-weighted 3D turbo field
echo (3D T1-TFE) images to enhance their precise anatomical localization and
relationship with other anatomical structures. Fibers originating in the region of the
lateral geniculate body, including pulvinar and the lateral aspect of crus cerebri of
the midbrain, extended in an anterolateral direction into the anterior temporal
region, before these fibers looped posteriorly and reached the occipital cortical
region. All the fibers composing the Meyer's loop continued their course in the
roof of the temporal horn, atrium and occipital horn of the lateral ventricle, and
then these fibers turned medially, posterior to the occipital horn of the lateral
ventricle, to reach the occipital cortex

An intricate relationship of the Meyer's loop with the
uncinate fasciculus, occipitofrontal fasciculus, the anterior
commissure and the inferior longitudinal fasciculus was

demonstrated (figure no. 2).

DISCUSSIONS

By using our DTT technique, we were able to
demongtrate that several projection fibers system, including
optic radiation, posterior thalamic peduncle and occipitopontine
fibers participate in the formation of the Meyer's loop. With
superimposition of the 3-dimensionally reconstructed fibers on
3-planar T1-weighted 3D turbo field echo (3D T1-TFE) images,
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the composition, course and relations of the Meyer's loop with
neighboring fibers could be revealed and evaluated, which could
be useful for neurosurgical planning and intraoperative
guidance.

Figure no. 2. DTT reconstruction of the complex white
matter fiber systemsrelated to Meyer’sloop

The reconstructed fibers have been superimposed on T1-weighted 3D turbo field
echo (3D T1-TFE) images. Upper: Axial view of the reconstructed white matter
fibers that intermingle in the region of the Meyer’s loop: occipitopontine fibers and
posterior thalamic peduncle (pink) that includes optic radiation (green); uncinate
fasciculus (light blue); anterior commissure (red); occipitofrontal fasciculus
(yellow); inferior longitudinal fasciculus (blue). The optic radiation fibers (green)
are in continuation of the optic tract (green). Middle: The complex fiber systems
related to the Meyer's loop that terminate in the occipital cortex, on a coronal
view: occipitopontine fibers and posterior thalamic peduncle (pink); optic radiation
(green); anterior commissure (red); occipitofrontal fasciculus (yellow); inferior
longitudinal fasciculus (blue). Lower: Sagittal view demonstrating the white matter
fibers related to Meyer’'s loop in the anterior temporal region: occipitopontine
fibers and posterior thalamic peduncle (pink) that includes optic radiation (green);
uncinate fasciculus (light blue); occipitofrontal fasciculus (yellow); anterior
commissure (red); inferior longitudinal fasciculus (blue). Occipitofrontal fasciculus
together with the lateral extension of the anterior commissure intermingle with the
projection fibers in the Meyer’s loop to form the sagittal stratum, and reach the
occipital cortex. The inferior longitudinal fasciculus joins the inferior border of the
sagittal stratum.

Although several studies, using either the extent of
temporal resections or fiber dissection technique, investigated
the anatomy of the Meyer's loop, there is still considerable
disagreement on the precise location, course and anatomic
details of the Meyer's loop.(22-35) The anterior limit of the
Meyer's loop has not been well established as it has been
estimated as anywhere from 20 to 60 mm posterior to the
temporal pole, with a tendency to lower the estimates in the
more recent studies.(19,36) As a result, presently, the
occurrence and extent of a postoperative VFD, owing to injury
of the Meyer's loop during surgery for temporal epilepsy, cannot
be accurately predicted by conventiona MRI methods or by
mesasuring the extent of resection. Only afew DTT studies with
very small cohorts have demonstrated that DTT can reconstruct
and analyze the Meyer's loop anatomical details.(11,19,37-40)
These studies used either deterministic or probabilistic methods
to evaluate the anatomical details of the Meyer's loop, by using
2 ROIs, a ROl in the lateral geniculate body and a second ROI
in the occipital calcarine cortex, and showed variable results of
the locations and course of the Meyer's loop. To the authors
knowledge, this is the first study that applied a comprehensive
method for reconstruction of al projection fibers that participate
in the formation of the Meyer'sloop, by using large ROI's, afirst
ROI in the white matter of the occipital lobe and a second onein
the region of the lateral geniculate body, that includes the
pulvinar and the latera portion of the crus cerebri of the
mesencephalus. The fact that severa projection fibers for the

temporal and occipital regions, including the optic radiation,
participate in the formation of the temporal loop might explain
the variable and contradictory result of surgical resection
studies, that evaluate the location of the Meyer's loop indirectly
by establishing the extent of the temporal lobe resections and
therefore of the Meyer's loop. The presence of other projection
fibers involved in the Meyer's loop might explain why larger
resection sizesis not consistently accompanied by a VFD, asthe
resected fibers in the Meyer's loop where not the optic radiation
fibers, but the various other projection fibers, with an unknown
functional impact.

DTT of the Meyer's loop, prior to tempora lobe
resection or selective amygdal ohippocampectomy, may reduce
the risk of postoperative VFD. Taoka and coworkers used a
preoperative DTT of the Meyer's loop and found a significant
correlation of the postoperative VFDs with the extension of
surgical resection beyond the anterior limit of the Meyer's loop,
where there was no correlation with the extent of resection of
the temporal lobe.(16) Similarly, Chen and coworkers found that
postoperative VFD could be predicted from the grade of injury
of the Meyer’s loop measured by pre and intra-operative DTT in
patience having temporal lobe resections.(37) Both these DTT
studies demonstrated an important variability of the anterior
extension of Meyer’'s loop, but the exact location of the anterior
fibers of the Meyer's loop and their relationship to the temporal
pole remains controversial. However, with DTT it might be able
to estimate the location of the optic radiation fibers at the level
of the Meyer’s loop, based on the correlation of the VFD with
the extent of resection of the Meyer’s loop that is not possible
with dissection studies or older studies based on intraoperative
estimates. Dissection studies cannot differentiate individual
optic radiation fibers, while older studies using intraoperative
estimates of resection size that assume the occurrence of VFDs
correlates with the resection size that is questioned by this recent
DTT studies.

The ultimate anatomy of Meyer’s loop requires future
studies by using a combination of cadaveric white matter fiber
dissection, histological-tracing studies that are applicable in
humans and DTT. Our observations from DTT, are based on a
population of 10 healthy subjects, and future work, on larger
populations, and by comparing different deterministic and
probabilistic algorithms are required to validate our results.
Patients with pathological conditions are different from healthy
subjects. Future work, by using DTT to study the anatomical
details of the Meyer's loop in different kinds of pathologies
involving the tempora lobe and to compare the differences
between healthy subjects and patients may have potentia
important practical applications in preoperative planning for
neurosurgical procedures and intraoperative guidance.

CONCLUSIONS

Our study presents a technique for demonstrating the
Meyer’s loop that showed a complex arrangement of the various
projection fibers that compose the Meyer’ s loop and the intricate
relations with the neighbouring fibers. These complex relations
contribute to the challenges for an accurate demonstration of the
Meyer's loop by DTT. An accurate appreciation of the Meyer's
loop anatomical details by DTT may predict the postoperative
VFD and may allow for surgica strategies and tactics to prevent
injury to this structure during temporal resections for epilepsy.
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