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CASE REPORT

Visual recovery demonstrated by functional MRI and diffusion tensor
tractography in bilateral occipital lobe infarction

Jeong Pyo Seo, Sung Ho Jang

Department of Physical Medicine and Rehabilitation, College of Medicine, Yeungnam University

We report on a patient who showed visual recovery following bilateral occipital lobe infarct, as evaluated
by follow up functional magnetic resonance imaging (fMRI) and diffusion tensor tractography (DTT). A
56-year-old female patient exhibited severe visual impairment since onset of the cerebral infarct in the bi-
lateral occipital lobes. The patient complained that she could not see anything, although the central part
of the visual field remained dimly at 1 week after onset. However, her visual function has shown improvement
with time. As a result, at 5 weeks after onset, she notified that her visual field and visual acuity had improved.
fMRI and DTT were acquired at 1 week and 4 weeks after onset, using a 1.5-T Philips Gyroscan Intera.
The fiber number of left optic radiation (OR) increased from 257 (1-week) to 353 (4-week), although the fiber
numbers for right OR were similar. No activation in the occipital lobe was observed on 1-week fMRI. By
contrast, activation of the visual cortex, including the bilateral primary visual cortex, was observed on 4-week
fMRI. We demonstrated visual recovery in this patient in terms of the changes observed on DTT and fMRI.
It appears that the recovery of the left OR was attributed more to resolution of local factors, such as peri-in-
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farct edema, than brain plasticity.
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INTRODUCTION

Because the occipital lobe comprises the visual cortex and
optic radiation (OR), injury of the occipital lobe often accom-
panies impairment of visual function [1-3]. Many studies have
reported on recovery of visual function in patients with
occipital lobe injury, therefore, the occipital lobe is known
to have the characteristic of high plasticity [3-8]. However,
only a few studies have demonstrated the recovery process
using brain mapping techniques [9-11].

Functional magnetic resonance imaging (fMRI) offers the
advantage of good spatial resolution, allowing for accurate
localization of the activation site at the cortex level [12]. fMRI
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has been used for evaluation of visual cortex function [10,13].
By contrast, diffusion tensor tractography (DTT), derived from
diffusion tensor imaging (DTI), can allow for 3-dimensional
identification and estimation of the OR [14-17]. The simul-
taneous use of fMRI and DTT would be useful for demon-
stration of visual recovery in patients with occipital lobe
injury. However, knowledge regarding the recovery of visual
function using these techniques is limited [10,11].

In this study, we report on a patient who showed visual
recovery following a bilateral occipital lobe infarct, as evaluated
by follow up fMRI and DTT.

CASE

A 56-year-old female patient underwent conservative
management for a cerebral infarct in bilateral occipital lobes,
which occurred 1 day after undergoing a microdiscectomy
operation for treatment of a herniated lumbar disc. Findings
on brain MRIs taken at 1 week and 4 weeks showed cerebral
infarcts in both occipital lobes (Fig. 1A). The patient showed
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severe visual impairment since onset of the cerebral infarct
and started rehabilitation 1 week after onset. The patient com-
plained that she could not see anything, although the central
part of the visual field remained dimly at 1 week after onset.
In addition, the patient showed object agnosia, prosopagnosia,
color agnosia, and alexia. As a result, she was not able to
perform activities of daily living or walk independently. How-
ever, her visual impairment has shown improvement with time.
As a result, at 5 weeks after onset, she notified that her visual
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field and visual acuity had improved, although her vision was
still cloudy. In addition, her visual agonsia also showed impro-
vement. Consequently, she could see a watch at a distance
of 3 meters and walk independently on an even floor at §
weeks after onset. Due to her poor cognitive function, ophthal-
mic examination for assessment of visual acuity and visual
field could not be performed precisely.

DTIs were acquired at 1 week and 4 weeks after onset,

using a synergy-L Sensitivity Encoding (SENSE) head coil on

Fig. 1. (A) T2-weighted brain MR images taken at 1 week and 4 weeks showed cerebral infarcts in
both occipital lobes. (B) DTT for the optic radiation. Grossly, fibers of the left optic radiation were
increased on 4-week DTT, compared with that observed on 1-week DTT (blue arrows). The fibers
of the left optic radiation were located around the infarct area and increased with the resolution of
the peri-infarct edema (green arrows). (C) Results of fMRI. No activation was observed in the occipital
lobe, except for activation in the junction between the left lingual gyrus and parahippocampal gyrus
on 1-week fMRI. By contrast, activation of the visual cortex, including the bilateral primary visual
cortex, bilateral lingual gyrus, and left fusiform gyrus was observed on 4-week fMRI. DTT, diffusion
tensor tractography; fMRI, fuctional magnetic resonance imaging.
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a 1.5-T Philips Gyroscan Intera (Hoffman-La Roche, Best,
Netherlands) with single-shot echo-planar imaging and
a navigator echo. For each of the 32 non-collinear diffu-
sion sensitizing gradients, we acquired 65 contiguous slices
parallel to the anterior commissure-posterior commissure
line. Imaging parameters were as follows: matrix=128x128
matrix, field of view=221x221 mm?’, repetition time (TR)=
10,726 ms, echo time (TE)=76 ms, SENSE factor=2, echo
planar imaging (EPI) factor=67 and b=1,000 s/mm’, number of
exdcitations NEX=1, slice gap=0mm, and slice thickness=2.3 mm.

Affine multi-scale 2-dimensional registration at the Oxford
Centre for Functional Magnetic Resonance Imaging of Brain
(FMRIB) Software Library (FSL; www.fmrib.ox.ac.uk/fsl) was
used for reduction of eddy current-induced image distortions
[18]. We reconstructed the OR using DTI-Studio software
(CMRM, Johns Hopkins Medical Institute, USA). Fiber
tracking was based on the fiber assignment continuous
tracking algorithm and the multiple regions of interest (ROIs)
approach. For reconstruction of the OR, we placed the seed
ROI on the lateral geniculate body on the color map, and
the target ROI was given on the bundle of OR at the middle
portion between the lateral geniculate nucleus and the
occipital pole [15,19]. Fiber tracking was started at the center
of a seed voxel with a fractional anisotropy (FA) of >0.15
and ended at a voxel with a fiber assignment of >0.15 and
a tract turning-angle of <70°[20]. We measured the FA, appa-
rent diffusion coefficient (ADC), and fiber number of the OR.

Blood oxygenation level dependent (BOLD) fMRI measure-
mets using the EPI technique were performed 2 times, using
a 1.5-T Philips Gyroscan Intera scanner (Hoffman-LaRoche,
Ltd.) with a standard head coil, at 1 week and 4 weeks after
onset. For the anatomical reference image, 20 axial, 5-mm
thick, T1-weighted spin echo images were obtained with a
matrix size of 128128 and a field of view of 210 mm, parallel
to the bicommissure line of the anterior commissure-posterior
commissure. For functional imaging, BOLD-weighted EPI
images (TR/TE=2 s/60 ms, field of view=210 mm, flip angle
=90°, matrix size=64X64, and slice thickness=5 mm) were
scanned over the same 20 axial sections, producing a total
of 2,400 images. The patient was examined while in a supine
position and was firmly immobilized in order to prevent
motion in the fMRI scanner. Using a block paradigm (21s
control, 21s stimulation: 3 cycles), flashing a light steadily
(4Hz) in the eye was performed for stimulation. SPM 8

Table 1. Diffusion tensor imaging parameters of optic radiation
in the patient

1 week 4 weeks
Right Left Right Left
FA 0.41 0.44 0.37 0.42
ADC 0.78 0.81 0.91 0.83
Fiber number 192 257 194 353

FA, fractional anisotropy; ADC, apparent diffusion coefficient.

software (Wellcome Department of Cognitive Neurology,
London, UK) running in the MATLAB environment (The
Mathworks, Natick, Mass., USA) was used for analysis of
fMRI data. All images were realigned, co-registered, and
normalized. Next, they were smoothed using an 8-mm
isotropic Gaussian kernel. For changes in BOLD signal, the
control condition data were subtracted from the stimulated
condition data. Statistical parametric maps were obtained,
and voxels of cluster level were considered significant at a
threshold of uncorrected p<0.001.

The values of FA and ADC of both ORs, and the fiber
number of the left OR on 1-week DTT were similar to those
observed on 4-week DTT, however, the fiber number of the
left OR increased from 257 (1-week) to 353 (4-week) (Table 1).
Grossly, fibers of the left OR also showed an increase on
1-week DTT, compared with that of 4-week DTT (Fig. 1B).

On 1-week fMRI, except for activation in the junction
between the left lingual gyrus and parahippocampal gyrus,
no activation was observed in the occipital lobe (Fig. 1C).
By contrast, activation of the visual cortex, including the
bilateral primary visual cortex, bilateral lingual gyrus, and
left fusiform gyrus, was observed on 4-week fMRIL

DISCUSSION

In the current study, we observed changes on DTT and fMRI
in a patient with a bilateral occipital lobe infarct. We believe
that this patient’s recovery of visual function was demonstrated
in terms of changes observed on DTT and fMRI. Regarding
DTT for the OR, the fiber number of the left OR showed
an increase on 4-week DTT for the OR, compared with that
observed on 1-week DTT, however, FA and ADC did not
change. The FA value represented the degree of directionality
of microstructures and the ADC value indicated the magnitude
of water diffusion [21,22]. Consequently, the increment of
fiber number on 4-week DTT for the left OR appeared to
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indicate an increase in neural fibers of the left OR [23,24].
As for fMRI findings, no activation in the occipital lobe, except
for activation in the junction between the left lingual gyrus
and parahippocampal gyrus, was observed on 1-week fMRI;
however, activation of the bilateral occipital lobe centered on
the left primary visual cortex was observed on 4-week fMRL
These changes observed on DTT and fMRI appear to coincide
with the clinical improvement of visual impairment in this
patient. It is not certain whether this recovery could be attri-
buted to the resolution of local factors, such as edema or brain
plasticity [25,26]. However, we assume that because 4-week
DTT showed an increase in fiber numbers of the left OR by
the resolution of peri-infarct edema and rapid increment of
left OR fibers during a period of 3 weeks, the recovery of the
left OR could be attributed more to resolution of local factors,
such as peri-infarct edema, than brain plasticity [25,26].
Many studies have reported on recovery of visual function
in patients with occipital lobe lesions in various brain diseases
[3-8]. By contrast, only a few studies have demonstrated the
process of recovery of vision using fMRI or DTI [9-11]. In
2008, Govindan et al. [9] measured DTI parameter changes
of the OR contralateral to occipital lobe ablation in 10 children
with intractable epilepsy who had undergone a resection of
the unilateral occipital cortex. According to their findings, the
OR contralateral to the side of resection showed significant
changes in FA value of the contralateral OR, which exhibited
a significant positive partial correlation with duration of time
between surgery and the time of DTI scanning. They concluded
that these structural changes in white matter may represent
an adaptive response after unilateral resection of the occipital
lobe. In 2010, using fMRI and DT, Chen et al. [10] evaluated
changes of visual pathway lesions after hyperbaric oxygen treat-
ment for 10 days in 16 patients with visual pathway lesions,
including 4 patients with an occipital lobe infarct. Both numbers
of activated voxels on fMRI and FA of the OR showed an
increase after hyperbaric oxygen treatment. Recently, using
fMRI and DTI, Polonara et al. [11] demonstrated recovery of
visual impairment in a patient with left hemianopsia following
a right calcarine cortex infarct in 2011. Activation of the right
visual cortex was observed on acute-phase fMRI, however,
activation of the right visual cortex was observed on 1-month
fMRL In addition, the decreased FA value of right OR on
acute-phase DTT showed resolution on 1-month DTT. Although
the above Chen’s and Polonara’s studies showed visual recovery
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by hyperbaric oxygen treatment and no intervention, respec-
tively, our study demonstrated the visual recovery during
rehabilitation.

In conclusion, using follow up fMRI and DTT, we demons-
trated visual recovery in a patient with an occipital lobe infarct.
We found that the simultaneous use of fMRI and DTT would
be helpful in demonstrating the functional and anatomical
changes of the visual system in patients with occipital lobe
injury. Conduct of further complementary studies involving

larger case numbers will be necessary.
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