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A Connectomic Atlas of the Human
Cerebrum—Chapter 16: Tractographic Description
of the Vertical Occipital Fasciculus

In this supplement, we show a comprehensive anatomic atlas of the human cerebrum
demonstrating all 180 distinct regions comprising the cerebral cortex. The location,
functional connectivity, and structural connectivity of these regions are outlined, and
where possible a discussion is included of the functional significance of these areas. In this
chapter, we specifically address regions integrating to form the vertical occipital fasciculus.
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he vertical occipital fasciculus (VOF) is
T a short white matter tract that courses

obliquely from parts of the inferior
parietal lobule and superior occipital lobe to
the inferolateral occipital cortex.!* The VOF
runs vertically behind the arcuate division of
the superior longitudinal fasciculus and lateral to
the inferior longitudinal fasciculus which courses
orthogonally to the VOF as it traverses the
cerebrum to the cuneus and lingual gyrus.l‘3 5,6
Given this anatomy, the VOF appears to be
connecting the dual streams of the visual
processing system,>>7-% suggesting important
functional roles for this tract in vision and
perception.®*

While diffusion tensor imaging (DTI) and
gross anatomic dissection studies have clarified
the structural anatomy of the VOF in some
detail,? litdle is known about its various cortical
terminations. Recently, the Human Connectome
Project (HCP) published parcellation data
redefining the human cortex.!” This provides
a unique opportunity to elucidate the macro-
connectome of the human cerebrum, in that
high-resolution DTI tractography has been
shown to accurately illustrate the anatomy of
different white matter tracts in the brain.!'"13

ABBREVIATIONS: DSI, diffusion spectrum imaging;
DTI, diffusion tensor imaging; HCP, Human
Connectome Project; IPL, inferior parietal lobe;
VOF, vertical occipital fasciculus
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In this study, we delineate the bound-
aries of the VOF uiilizing the parcellation
scheme developed under the HCP'® Through
diffusion spectrum imaging (DSI), we show the
relationship between these parcellations and the
VOE We also provide a simplified tract map
summarizing those regions with white matter
connections specific to the VOE. The purpose of
this study is to present the structural connectivity
of the VOF in an indexed, illustrated, and tracto-
graphically aided series of figures and tables for
anatomic and clinical reference.

METHODS

Identification of Relevant Cortical Regions

The parcellation data entries within the first
9 chapters of this supplement were reviewed to
determine the specific cortical regions with structural
connectivity in the distribution of the VOE These data
were tabulated, and connections between individual
parcellations within the VOF were recorded. These
results served as the basis for constructing a simplified
tractography map of the VOF and performing deter-
ministic tractography.

Deterministic Tractography

Publicly available imaging data from the HCP
was obtained for this study from the HCP database
(http://humanconnectome.org, release Q3). Diffusion
imaging with corresponding T1-weighted images
from 10 healthy, unrelated controls were analyzed
(Subjects IDs: 100307, 103414, 105115, 110411,
111312,113619,115320,117112, 118730, 118932).
A multi-shell diffusion scheme was used, and the
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CONNECTIONAL ANATOMY OF THE VOF

TABLE. Regions Integrating Within the Vertical Occipital Fasciculus
Original parcellation Terminations
PIT V2
V3
V3a PIT
%]
VMV1
VMV2
VMV3
V3b %]
VMV3
VVC
V3cd V8
V7 %]

b-values were 990, 1985, and 1980 s/mm’ . Each b-value was sampled
in 90 directions. The in-plane resolution was 1.25 mm. The diffusion
data were reconstructed using generalized q-sampling imaging with a
diffusion sampling length ratio of 1.25.14

We performed brain registration to MNI space, wherein imaging is
warped to fit a standardized brain model comparison between subjects.
Tractography was performed in DSI studio using a region of interest
approach to initiate fiber tracking from a user-defined seed region. A two-
ROI-approach was used to isolate tracts. Voxels within each ROI were
automatically traced with a maximum angular threshold of 45°. When
a voxel was approached with no tract direction or a direction change of
greater than 45°, the tract was halted. Tractography was stopped after
reaching a maximum length of 800 mm. In some instances, exclusion
ROIs were placed to exclude obvious spurious tracts that were not
involved in the white matter pathway of interest. Tractographic results
are shown only for regions of interest within the left cerebral hemisphere.

CONNECTIVITY OVERVIEW

Table summarizes the relevant cortical regions that integrate to
form the VOE Four parcellations in the superolateral occipital
cortex show structural connectivity in the distribution of this
tract, including V7, V3a, V3b, and V3cd. These parcellations
have variable connections to areas V8, VVC, VMV3, VMV2, and
VMV1, all of which are located on the inferior/basal surface of the
occipital lobe. Area PIT also demonstrates structural connections
in the distribution of the VOF to the superior aspects of early
visual areas V2 and V3.

Figure 1 illustrates a simplified tract map of the relevant struc-
tural connectivity of the cerebral parcellation data within the
confines of the VOE In addition, Figures 2—4 illustrate key DSI-
based fiber tracking examples chosen for the strength and breadth
of linked parcellation data. In short, the VOF can be seen to arise
from the basal surface of the occipital lobe as it courses obliquely
and medially to terminate in the aforementioned parcellations. It
should be noted that the figures and tables presented in this study
do not imply directionality. Instead, supposed information transit
is utilized as a simplified means for connectivity description.

OPERATIVE NEUROSURGERY

V3cd

V3
V2

4|

VMV3 vyvc

FIGURE 1. Simplified tract map showing the structural connections that
integrate within the VOE Connections between cortical areas are color-
coded based on the parcellation of origin (eg, red arrows indicate structural
connections from origin V3b to areas VMV3, VVC, and V8). Note that
arrows are not meant to imply the direction of information transmit.

DISCUSSION

In this study, we provide a detailed map of the macro-
connectivity of the VOF and its relevant cerebral parcellations.
As has been demonstrated by others, we show that the VOF
begins in parts of the inferolateral occipital lobe and courses
superiorly to terminate in the superior occipital cortex.!”? While
some report terminations in the inferior parietal lobe (IPL),
specifically the angular gyrus,">% others report that few of such
fibers from the VOF actually terminate in the IPL.? This latter
finding is consistent with the tractographic description of the
VOF presented here.

Given the VOF’s structural connections between superior
and inferolateral parts of the occipital lobe, it is likely that
this white matter pathway participates in information transfer
between the dual visual processing streams.?>*”- Briefly, the dual
stream model of visual processing was first proposed by Mishkin
and Ungerleider' in 1982 in their seminal paper discussing
their electrical stimulation work in non-human primates. These
studies revealed distinct visual processing streams for objects and
object positions.!”” They termed these processing streams the
“what” and the “where” pathways, respectively, corresponding to
the ventral and dorsal visual streams.!”” While it is likely that
the VOF is modulating or transmitting “what” and “where”
information between these distinct cortical streams based on
its structural connectivity, such functionality has not yet been
elucidated.
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FIGURE 2. VOF connections from region V8. Area V8 is located in the lateral occipital cortex and has structural connections to areas V3a, V3b, V3cd,
and V7. These connections are shown in the left cerebral hemisphere on T1-weighted MR images in the sagittal plane: A, medial view, B, lateral view
without regions of interest, C, lateral view with regions of interest. All parcellations are identified with white arrows and corresponding labels.

Despite our limited understanding of the functional role of
the VOF in the dual stream model, it is clear that the distinct
cortical areas integrated within this fiber bundle belong either
to the dorsal or ventral visual streams. For example, it is known
that area V3a demonstrates sensitivity to motion and contrast
in the central visual field while integrating spatial information
from visual inputs.'®!” Area V3b has been implicated as a relay

$458 | VOLUMEO0O | NUMBEROO | 2018

point for motion-sensitive information, and is involved in the
processing of motion and discernment of kinetic boundaries.'8
Meanwhile, area V7 is involved in the integration of spatial infor-
mation within the central visual field around the fovea.!” In
contrast to these dorsal stream parcellations, other areas such as
V8 are responsible for the perception and processing of color in
the visual field.?° Area PIT is involved in the recognition of basic

www.operativeneurosurgery-online.com

810z 4990100 L0 uo wod'jlewb@saaniybns ‘ssa0oy JaquialN SNO Aq #99/016/0/2Ado/suo/Se01L 01 /I0p/ioBIISqe-9|0Ie-90UBAPE/SUO/WOD dNoolwapede//:sdiy woly papeojumoq



CONNECTIONAL ANATOMY OF THE VOF

FIGURE 3. VOF connections from region PIT. Area PIT is located in the lateral occipital cortex and has structural
connections to areas V2, V3, and V3a. These connections are shown in the left cerebral hemisphere on T1-weighted MR
images in the A=E, sagittal and ¥, coronal planes: A, medial view of PIT, B, lateral view of PIT with the VOF readily
identified, C, VOF connections to V2 and V3, D, VOF connections to V3a, E, entire set of VOF connections from area
PIT, and ¥, posterior coronal view of the early visual processing regions connected to PIT. All parcellations are identified
with white arrows and corresponding labels.
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FIGURE 4. VOF connections from regions A and B, V3b and C and D, V3a. Area V3b exhibits structural connections to areas A, VVC and B, VMV3.
These connections are shown in the left cerebral hemisphere on T1-weighted MR images in the sagittal plane. Area V3a exhibits structural connections
to areas C, VMV3 and D, VMV and VMV2. These connections are shown in the left cerebral hemisphere on T1-weighted MR images in the sagittal
plane. All parcellations are identified with white arrows and corresponding labels.

color characteristics of objects, including hue, saturation, and
brightness.?! Finally, Area VVC is implicated in color perception,
and shows increased responsiveness to the detection of color
in monochromatic fields.'® Area VVC is also essential for the
integration of color, contrast, and textural information for the
recognition of places.??

$460 | VOLUMEOO | NUMBEROO | 2018

One critical function of the VOF is its relevance to
reading."*?> Damage to this tract has been linked to pure word
blindness, also known as pure alexia,’?? a condition in which
reading capacity is impaired while other language functionalities
are preserved, including writing. Beyond this, little else is known
regarding the function of the VOF and its clinical significance.
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CONCLUSION

The VOF is a short white matter tract contained within
the occipital lobe that connects parcellations within the dorsal
and ventral visual processing streams. While the VOF is critical
to reading capacity, its role in exchanging, modifying, or
transmitting information between the dual streams of visual
processing remains unclear. Further, sub-tract guided functional
and anatomic studies are needed to enhance our understanding
of the functional connectivity of the VOE However, our tracto-
graphic map of this white matter pathway can serve as a reference
point for these future studies.
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