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ORIGINAL RESEARCH
BRAIN

Geniculocalcarine Tract Disintegration after Ischemic Stroke:
A Diffusion Tensor Imaging Study

Y. Zhang, S. Wan, and X. Zhang

ABSTRACT

BACKGROUND AND PURPOSE: Our aim was to investigate the disintegration of the geniculocalcarine tract by using DTI-derived parameters
in cases of unilateral occipital or temporal-occipital ischemic stroke with geniculocalcarine tract involvement and to determine whether genicu-
localcarine tract fibers affected by infarction and unaffected ipsilateral geniculocalcarine tract fibers have different disintegration processes.

MATERIALS AND METHODS: Seventy-one patients underwent routine MR imaging and DTI of the brain. Fractional anisotropy and mean
diffusivity of the geniculocalcarine tract fibers affected by infarction, ipsilateral unaffected GCT fibers, and the contralateral geniculocal-
carine tract were measured and compared at 5 different time points (from <1week to >1year) poststroke.

RESULTS: The fractional anisotropy of geniculocalcarine tract fibers affected by infarction (0.27 + 0.06) was lower than that of contralat-
eral GCT fibers (0.49 = 0.03). The fractional anisotropy of geniculocalcarine tract fibers affected by infarction was not different in the first
3 weeks (P = .306). The mean diffusivity of geniculocalcarine tract fibers affected by infarction (0.53 £ 0.14) was lower than that of the
contralateral GCT fibers (0.79 = 0.07) in the first week but higher after the second week (0.95 = 0.20 to 0.79 % 0.06). The mean diffusivity
gradually increased until it was equal to the mean diffusivity of CSF after the eighth week (2.43 = 0.26), at which time both the fractional
anisotropy and mean diffusivity values stabilized. The fractional anisotropy (0.50 = 0.04) and mean diffusivity (0.77 = 0.06) of the ipsilateral
unaffected GCT fibers were similar to those of the contralateral GCT fibers (0.50 = 0.03 and 0.79 =+ 0.07) during the first 3 weeks. The
fractional anisotropy then gradually decreased (from 0.42 = 0.03 to 0.27 = 0.05), while the mean diffusivity increased (from 0.95 = 0.09
to 135 = 0.11), though to a lesser degree than in the corresponding geniculocalcarine tract fibers affected by infarction.

CONCLUSIONS: The geniculocalcarine tract fibers affected by infarction and the ipsilateral unaffected GCT fibers showed different
disintegration processes. The progressive disintegration of geniculocalcarine tract fibers affected by infarction was stable until the eighth
week poststroke. The ipsilateral unaffected GCT fibers began to disintegrate at the fourth week, but to a lesser degree than the
geniculocalcarine tract fibers affected by infarction.

ABBREVIATIONS: GCT = geniculocalcarine tract; CGCT = contralateral GCT fibers; FA = fractional anisotropy; MD = mean diffusivity; UGCT = ipsilateral
unaffected GCT fibers

Structural imaging studies have identified the size and loca-
tion' " of lesions due to ischemic stroke in conjunction with
DTL” DTI-derived measures are valid markers of ischemic pyra-
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midal tract damage.® The degree of functional motor deficit after
a stroke is highly dependent on the overlap of lesions with the
corticospinal tract.” DTI studies also have established the rela-
tionship between motor impairment in acute phases and damage
to the descending motor tracts.'®'> The integrity of the pyramidal
tract and all of its descending tracts accounts for recovery after
stroke.® However, research has primarily concentrated on the
pyramidal tract.'®'® Although a case describing vision recovery
after a perinatal stroke as evidenced by functional and diffusion
MR imaging has been reported,'? there are no data regarding
disintegration of the GCT after an infarction.”*>> Understanding
ischemic damage to the GCT and probable plasticity is important
in determining the prognosis of vision impairment and recovery.

We used DTI-derived parameters to measure the GCT in 71
patients with unilateral occipital or temporal-occipital ischemic



stroke with GCT involvement. We evaluated the time course of
GCT disintegration and hypothesized that GCT fibers affected by
infarction and ipsilateral unaffected GCT fibers have different dis-
integration processes.

MATERIALS AND METHODS

Subjects

The study group consisted of 71 patients (41 men and 30 women;
right-handed; age range, 39—89 years; mean age, 63.3 years). Only
1 MR imaging examination was performed in each patient. The
time of MR imaging evaluation poststroke was 1 week in 26 pa-
tients, 2—3 weeks in 7 patients, 4 —8 weeks in 7 patients, 8 weeks to
1 year in 15 patients, and >1 year in 16 patients. Inclusion criteria
were the following: 1) occurrence of the first unilateral occipital or
temporal-occipital ischemic stroke; 2) a single infarction lesion
that involved the ipsilateral GCT in TIWI, T2WI, and FLAIR
sequences; 3) no previous or subsequent cerebral ischemia or
hemorrhage; 4) standard physical and occupational therapy post-
stroke; and 5) absence of other diseases affecting the nervous
system.

The research protocol was approved by the Human Ethics
Committee for Clinical Research at Southern Medical University
(Guangzhou, China). All of the procedures involving the partici-
pants were conducted following the Declaration of Helsinki and
institutional guidelines in compliance with the stated regulations.
Oral and written informed consent was obtained from all
participants.

Data Acquisition
MRI was performed by using a 1.5T scanner (Signa Twin; GE
Healthcare, Milwaukee, Wisconsin) with an 8-channel phased ar-
ray head coil. Magnetic field gradients permit up to 40-mT/m/s
amplitude and a magnetic field gradient switching rate of up to
120 mT/m/s. The baseline scan was in the axial plane by using a
standard head coil. Before and during scanning, head movement
was limited by vacuum fixation cushions. All subjects underwent
routine brain MR imaging, which included TIWI, T2WI, and
FLAIR sequences. Consecutive sections in identical locations for
all sequences were acquired with a section thickness of 5 mm. The
parameters of TIWI FLAIR included TR/TIT/TE, 2500/750/11.9
ms; section thickness, 5 mm; intersection separation, 1.5 mm;
matrix size, 320 X 256; FOV, 240 X 180 mm; and double collec-
tions. The parameters of T2WI included TR/TE, 4900/99.3 ms;
section thickness, 5 mm; intersection separation, 1.5 mm; matrix
size, 320 X 224; FOV, 240 X 180 mm; and double collections. The
parameters of T2WI FLAIR included TR/TE, 8500/128 ms; sec-
tion thickness, 5 mm; intersection separation, 1.5 mm; matrix
size, 320 X 192; FOV, 240 X 240 mm; and single collection.
DTI was performed in the axial plane by using a spin-echo EPI
diffusion tensor sequence after routine MR imaging (TR/TE,
6000/60.1 ms; FOV, 240 X 240 mm; b=1000 s/mm?; NEX, 2;
diffusion-sensitive gradient direction, 13; matrix size, 128 X 128;
section thickness, 3.5 mm; intersection separation, 0 mm).

Data Analysis
DTI datasets were processed by using Volume One 1.72 (GE
Healthcare) and diffusion tensor Visualizer 1.72 software (Tokyo

University, Tokyo, Japan) to obtain directionally encoded color,
FA, and ADC images.

The GCT is a fiber tract from the lateral geniculate body, or the
subcortex visual center, to the calcarine fissure of the occipital
lobe. The afferent nerve fibers of the anterior visual pathway (op-
tic nerve and optic tract) terminate at the dorsal lateral geniculate
body, which is the nucleus of the lateral geniculate body ganglion
cells, and transform neurons to form the GCT. The GCT passes
through the inferior back of the internal capsule and the lenticular
nucleus, along the lateral sagittal plane adjacent to the lateral ven-
tricle and is shaped like a convex lamina.***> The GCT contains
the anterior visual pathway afferent fibers and efferent nerve fi-
bers from the occipital lobe to the lateral geniculate body, thala-
mus, and oculomotor nucleus.>®%”

ROIs were drawn on the axial directionally encoded color im-
ages. The lateral ventricle triangular-region planes (Fig 1A, yellow
triangle) in which the GCT fibers were completely displayed as
green fiber tracts adjacent to the lateral ventricles were selected.
The infarction lesions were defined in the same planes of the
T1WI and T2WI (Fig 1A, -C, -E, -G, brown masses). The ROIs on
GCT fibers affected by infarction consisted of GCT fibers over-
lapped by the infarction lesion (Fig 1B, -D, -F, -H, white arrows).
The unaffected GCT ROIs consisted of ipsilateral GCT fibers out-
side the infarction lesion (Fig 1B, -D, -F, -H, white triangles). The
contralateral GCT ROIs were defined as the entire GCT in the
contralateral unaffected hemisphere (Fig 1B, yellow circle).
The FA and MD of the ROIs were calculated in 3 continuous
planes and 3 different regions in each plane by the same observer
to obtain a mean value. Calculations were made independently by
3 different observers to obtain the mean value.

Statistical Analysis

One-way ANOVA was used to evaluate the differences between
the FA and MD of the GCT fibers affected by infarction, UGCT,
and CGCT on the basis of time points after stroke. The least-
significant-difference ¢ test was used to compare the FA and MD
between 2 different time points poststroke in GCT fibers affected
by infarction, UGCT, and CGCT. P < .05 was used to determine
statistical significance. All analyses were performed by using the
Statistical Package for the Social Sciences software, Version 11.0
(SPSS, Chicago, Illinois).

RESULTS

In the GCT fibers affected by infarction, the FA (0.27 = 0.06) was
lower than the FA in the CGCT (0.49 = 0.03) after the first week
poststroke (Table and Fig 2). The FA within the first week (0.27 *
0.06) was not different from the FA in the second-to-third weeks
(0.29 = 0.05, P = .306). The FA values stabilized at 8 weeks to 1
year (P = .643). The FA values were significantly different be-
tween the different time points poststroke (F = 62.152, P = .000).
The MD of the GCT fibers affected by infarction (0.53 * 0.14) was
lower than the MD of the CGCT (0.79 = 0.07) in the first week
poststroke but was higher after the second week (0.95 = 0.20 and
0.79 %= 0.06, respectively). The MD gradually increased (2.43 =+
0.26) until it was equal to the MD in the CSF after the eighth week
(P =.643). The MD stabilized at 8 weeks to 1 year (P = .087). The
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FIG 1. A and B, A 52-year-old man, 16 days postinfarction in the right occipital lobe. The infarcted GCT was hypointense (arrow), while the
ipsilateral unaffected GCT (triangle) remained normal. C and D, A 68-year-old man, 6 weeks after infarction in the left occipital lobe. The
infarcted GCT was hypointense (arrow), while the signal intensity of the unaffected GCT (triangle) decreased minimally. E and F, A 52-year-old
man, 8 months after infarction in the right occipital lobe. The infarcted GCT (arrow) has vanished, while the ipsilateral unaffected GCT (triangle)
is significantly hypointense. G and H, A 67-year-old woman, 5 years after infarction in the right occipital lobe. The infarcted GCT (arrow) has
vanished. The ipsilateral unaffected GCT (triangle) is remarkably hypointense but complete.

Mean FA and MD values of GCT fibers affected by infarction, UGCT, and CGCT at different times after stroke®

Time after Infarcted GCT Fibers Unaffected GCT Fibers Contralateral GCT Fibers
Stroke No. FA MD FA MD FA MD
<1Week 26 0.27 £ 0.06 0.53 +0.14 0.50 = 0.03 0.78 = 0.08 0.49 £ 0.03 0.79 = 0.07
2~3 Weeks 7 0.29 = 0.05 0.95*0.20 049 £0.05 0.76 = 0.04 0.50 = 0.02 0.79 = 0.06
4~8 Weeks 7 0.18 = 0.07 1.88 = 0.35 0.42 =0.03 0.95 = 0.09 0.51 = 0.02 0.77 = 0.03
8 Weeks~1 year 15 0.08 = 0.04 243 = 0.26 0.31*+ 0.04 107 £01 0.49 = 0.03 0.78 = 0.08
>1Year 16 0.08 £ 0.02 257 =0.24 0.27 £ 0.05 135+ 0.1 0.49 = 0.04 0.78 = 0.09
F value 62.152 293.441 134.550 101.004 115 0.2222

P value .000 .000 .000 .000 357 925
2 X107 mm?/s.
MD values were significantly different at the different time points
m 'GCT poststroke (F = 293.441, P = .000).
o7 m UGCT In UGCT, the FA (0.50 * 0.04) and MD (0.77 * 0.06) were
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FIG 2. FA values of GCT fibers affected by infarction, UGCT, and
CGCT at different times after stroke (X10~>mm?s).
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similar to the values in the CGCT (0.50 = 0.03 and 0.79 = 0.07,
respectively) during the first 3 weeks poststroke. From the fourth
week, the FA gradually decreased (from 0.42 * 0.03 to 0.27 =
0.05), while the MD gradually increased (from 0.95 * 0.09 to
1.35 = 0.11) (Table and Fig 3). However, the ranges were lower
compared with the GCT fibers affected by infarction at the corre-
sponding time points. The FA and MD of the UGCT stabilized
during the first 3 weeks (P = .781, P = .686, respectively). There
were significant differences between the values at the different
time points poststroke (F = 134.550, P = .000; F = 101.004, P =
.000).

In the CGCT, there were no differences between the FA and
MD values at the various time points poststroke (F = 1.115, P =
.357; F = 0.222, P = .925, respectively).

In the first 3 weeks poststroke, the GCT fibers affected by in-
farction were significantly hypointense, while the UGCT had a
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FIG 3. MD values of GCT fibers affected by infarction, UGCT, and
CGCT at different times after stroke (X102 mm?/s).

normal signal intensity and morphology (Fig 1A, -B). During the
fourth-to-eighth weeks poststroke, the signal intensity of the
UGCT gradually decreased, though their integrity remained in-
tact (Fig 1C, -D). From the eighth week to 1 year poststroke, the
GCT fibers affected by infarction had nearly disappeared, while
the UGCT were significantly hypointense (Fig 1E, -F). The GCT
fibers affected by infarction were absent after 1 year poststroke.
The UGCT were remarkably hypointense but maintained their
complete forms (Fig 1G, -H).

DISCUSSION
The FA of the GCT fibers affected by infarction was lower than
that of the CGCT immediately after stroke onset (Table). Cells in
the central infarcted area where blood flow is dramatically de-
creased die rapidly after ischemic occlusion. A series of delayed
pathophysiologic reactions, including the ischemic cascade, reac-
tions to inflammation, capillary dysfunction, blood-brain barrier
damage, and ischemic reperfusion injuries cause necrosis and ap-
optosis of local neurons and astrocytes.?® Degeneration initiates
at the end of the distal axon and extends toward the neuron. The
flow of information and substances terminates when the neuron
is damaged. This phenomenon is known as Wallerian degenera-
tion.?> The GCT fibers in the infarction lesion develop Wallerian
degeneration. Their axons degenerate and demyelinate at the
same time. Reduced FA values in the GCT fibers affected by in-
farction suggest alterations in axonal attenuation and arrange-
ment. The ordered axonal arrangements and the integrity of the
myelin sheath are damaged in GCT fibers affected by infarction.
With the disintegration of these barriers, the water molecules in
the fiber tracts lose their directivity parallel to the fiber tract and
present as a chaotic state.'” The FA values, which are significantly
lower than the FA values of the CGCT, did not change during the
first 3 weeks poststroke. This period may be an important phase of
fiber disintegration and a critical time for intervention. The FA
stabilized at 8 weeks to 1 year, suggesting that degeneration of the
fibers ceased approximately 2 months after infarction.

During the first week poststroke, the GCT fibers affected by
infarction had lower MD values than the CGCT. The MD reflects

changes in restrictive barriers of the fiber tracts, such as the axonal
membrane, myelin sheath, and extracellular space.”>*° In the
early stages of ischemic stroke, metabolic disorders in the cell
induce an increase in intracellular osmotic pressure. Extracellular
water enters the cell and causes edema. The volume of the cells
increases, while the extracellular spaces decrease. The diffusion
resistance increases, and the MD values are reduced. After the
second week, the GCT fibers affected by infarction had higher MD
values than the CGCT. The MD gradually increased and was equal
to the MD of the CSF after the eighth week. During that time, the
cellular structure disappeared when the swollen cells ruptured.
The extracellular space and the water content of the tissues in-
creased. The diffusion resistance decreased. The MD increased
and was eventually equal to the MD of the CSF. This outcome
suggests necrosis and tissue liquefaction.

There were no differences between the FA and MD of the
UGCT and CGCT during the first 3 weeks. After the fourth week,
the FA gradually decreased, while the MD gradually increased
(Table). However, the ranges were lower compared with those of
the GCT fibers affected by infarction. The degeneration and atro-
phy of the UGCT, including the disintegration, demyelination,
and increased water content in the tissues, are a delayed minimal
process compared with the GCT fibers affected by infarction. This
suggests several approaches regarding the intervention and treat-
ment of UGCT. First, the initial 3 weeks poststroke are a key phase
for interventions because significant damage has not yet occurred.
The degeneration of UGCT may be delayed or alleviated if effec-
tive interventions have been performed. Second, the FA and MD
of the UGCT were not stabilized until 1 year after the infarction.
Because the demyelination and degeneration of fibers in the un-
affected GCT are chronic and continuous, the interventions and
treatments for UGCT may last for a longer time. Third, additional
research should focus on studying UGCT in the long term.
Changes in the FA and MD may suggest possible modifications or
plasticity of the fibers.

Diffusion indices may be valid markers of GCT integrity after
ischemic stroke and predictors of vision prognosis.>’~>* For ex-
ample, MR tractography predicts visual field defects following
temporal lobe resection.'® Vision recovery after perinatal stroke
as evidenced by functional and diffusion MR imaging has also
been shown.>' White matter reorganization is closely related to
the status of axons, including axonal attenuation. The MR imag-
ing diffusion entropy method primarily depends on axonal atten-
uation rather than axonal orientation and is a potentially useful
measurement for detecting white matter reorganization."**
These techniques assist in investigating complex crossing fibers
and white matter plasticity, which contributes to our ultimate
goal of vision recovery after ischemic stroke.

CONCLUSIONS

In this study, we explored changes in GCT fiber integrity by in-
vestigating the mean FA and MD from 1 week until >1 year after
stroke onset. Diffusion indices provide information on the under-
lying microanatomic or pathologic changes in white matter fiber
bundles.”>?*?*** The GCT fibers affected by infarction and
UGCT undergo different processes of disintegration. The GCT
fibers affected by infarction disintegrated from stroke onset until
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the eighth week poststroke. The UGCT did not disintegrate until
the fourth week poststroke, though to a lesser degree than the

GCT fibers affected by infarction. DTI-derived measures are

valid markers of geniculocalcarine tract integrity after isch-

emic stroke.
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