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Using diffusion tensor tractography (DTT), we demonstrated injury of the arcuate fasciculus (AF) in the nondominant hemisphere in two patients
who showed subfalcine herniation after intracerebral hemorrhage (ICH) in the dominant hemisphere. Two patients (patient 1 and patient 2) with ICH
and six age-matched control patients who have ICH on the left corona radiata and basal ganglia without subfalcine herniation were recruited for this
study. DTT was performed at one month after onset in patient 1 and patient 2. AFs of both hemispheres in both patients were disrupted between
Wernicke’s and Broca’s areas. The fractional anisotropy value and tract numbers of the right AFs in both patients were found to be more than two
standard deviations lower than those of control patients. In contrast, the apparent diffusion coefficient value was more than two standard deviations
higher than those of control patients. Using the configuration and parameters of DTT, we confirmed injury of the AF in the nondominant hemisphere
in two patients with subfalcine herniation following ICH in the dominant hemisphere. Therefore, DTT would be a useful tool for detection of underly-
ing injury of the AF in the nondominant hemisphere in patients with subfalcine herniation.
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INTRODUCTION

Subfalcine herniation, the most common form of brain her-
niation, is characterized by lateral displacement of the brain be-
neath the falx cerebri due to increased intracranial pressure re-
sulting from cerebral hemorrhage, traumatic brain injury, or
brain tumor”. It can cause injury to neural tracts directly by
compressing the contralesional white matter or by compressing
branches of the cerebral artery and secondarily inducing isch-
emic infarct”. Injury to the neural tract caused by subfalcine
herniation can accompany various neurological sequelaeg).
Therefore, thorough evaluation of the state of the neural tracts
in patients with subfalcine herniation is necessary for determi-
nation of the causes of neurological deficits and for establishment
of specific rehabilitation strategies. However, injury of neural
tracts by subfalcine herniation has not been clearly elucidated”.

The arcuate fasciculus (AF) is the neural tract that plays an im-

portant role in conduction of language processing between the
two major speech centers of Brocas and Wernicke’s areas”. There-
fore, injury to the AF can result in several language dysfunctions,
including conduction aphasia, Brocas aphasia, apraxia of speech,
and anomia™. Intra-operative mapping techniques, conventional
computed tomography (CT), and magnetic resonance imaging
(MRI) have been used in examination of the state of the AF in
patients with language dysfunction®'*"¥. However, these evalu-
ation methods have significant limitation in that they do not
have the capacity for visualization of the AF. By contrast, diffu-
sion tensor tractography (DTT), which is derived from diffusion
tensor imaging (DTI), can visualize the architecture and integri-
ty of the AF in three dimensions'*"”. Therefore, use of DTT for
detection of injury of the AF in stroke patients with language
dysfunction is increasing'®'*"”. However, little is known about
injury of the AF caused by subfalcine herniation.

In this study, using DT'T, we report in injury of the AF in the
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nondominant hemisphere by subfalcine herniation in patients
following intracerebral hemorrhage (ICH) in the dominant
hemisphere.

CASE REPORT

Case presentation

Two ICH patients with subfalcine herniation (patient 1 and pa-
tient 2) and six right-handed age-matched control patients who
have ICH on the left corona radiata and basal ganglia without
subfalcine herniation (three men; mean age, 44.0 years; range,
41-49 years) were recruited for this study. All subjects received
speech therapy (5 days per week, Monday through Friday : 30
minutes/day) consecutively after transfer to the department of
rehabilitation (around 2 weeks after onset) until 3 months after
onset. All subjects provided informed consent for participation
in the study. The study was approved by the Institutional Re-
view Board of a university hospital.

Patient 1 was a 41-year-old right handed male who underwent
craniotomy and hematoma removal for an ICH in the left coro-
na radiata and basal ganglia in the neurosurgery department of

Patient 1

Onset
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a university hospital. Brain CT performed at onset revealed an
ICH in the left corona radiata and basal ganglia, and a subfalcine
herniation (7.0 mm left-to-right midline shift) (Fig. 1A). Brain
MRI performed at one month after onset revealed a leukoma-
latic lesion in the same region (Fig. 1A). The Korean-Western
Aphasia Battery (K-WAB)"” was used for assessment of the pa-
tient’s language function. At one month after onset, he showed
global aphasia (aphasia quotient : 4, fluency : 1, comprehension :
38, repetition : 0, naming : 0). However, at three months after
onset, his K-WAB scores had improved, and the aphasia type was
compatible with Broca’s aphasia (aphasia quotient : 39, fluency :
6.3, comprehension : 137, repetition : 35, naming : 42).

Patient 2 was a 49-year-old right-handed female with an ICH
in the left corona radiata and basal ganglia, who underwent
conservative treatment at the neurosurgery department of a
university hospital. Brain CT performed at one week after onset
showed an ICH in the left corona radiata and basal ganglia, and
a left-to-right midline shift of 6.5 mm (Fig. 1A). Brain MRI per-
formed at one month after onset showed a leukomalatic lesion
in the same regions (Fig. 1A). On K-WAB performed at one and
three months after onset, the patient presented with Brocas apha-

Patient 2

Fig. 1. A : Brain computed tomography images show an intracranial hemorrhage in the left corona radiata and basal ganglia and a left-to-right mid-
line shift. T-2 weighted brain images show a leukomalatic lesion in the left corona radiata and basal ganglia. B : Diffusion tensor tractography (DTT)
for the patient 1 and patient 2 shows disruptions of the arcuate fasciculus (AF) in both hemispheres. The right arcuate fasciculus in patient 1 and pa-
tient 2 are disrupted around the middle and posterior portions of the horizontal portion, respectively (arrow). The left arcuate fasciculus in both pa-
tients is disrupted at the junction between the ascending and horizontal portions. C : DTT for the control patients showed the preservation of the right
AFs and the discontinuation of the left AFs after originating from Wernicke area.

307



J Korean Neurosurg Soc 59 | May 2016

sia. The aphasia showed improvement at three months after on-
set, compared with that at one month after onset (one month-
aphasia quotient : 15, fluency : 5.8, comprehension : 72, repetition :
0, naming : 13; three months - aphasia quotient : 28, fluency : 6,
comprehension : 137, repetition : 14.5, naming : 26.3).

Diffusion tensor tractography

DTTI was performed at one month after onset in both patients
using a sensitivity-encoding head coil on a 1.5-T Philips Gyroscan
Intera (Hoffman-LaRoche Ltd., Best, The Netherlands) with
single-shot echo-planar imaging and navigator echo. Sixty contig-
uous slices (acquisition matrix=96x96; reconstruction ma-
trix=192x192 matrix; field of view=240x240 mm? TR=10726
ms; TE=76 ms, b=1,000 s/mm’, NEX=1, thickness=2.5 mm)
were acquired for each of the 32 noncollinear diffusion-sensi-
tizing gradients. Fiber tracking was performed using the fiber
assignment continuous tracking (FACT) algorithm implement-
ed within the DTI task card software (Philips Extended MR
WorkSpace 2.6.3). Removal of eddy current-induced image dis-
tortions using affine multi-scale two-dimensional registration
was performed at the Oxford Centre for Functional Magnetic
Resonance Imaging of Brain (FMRIB) Software Library (ESL;
www.fmrib.ox.ac.uk/fsl). DTI-Studio software (CMRM, Johns
Hopkins Medical Institute, Baltimore, MD, USA) was used for
evaluation of the AE. Based on the method of Nucifora et al.””, we
placed the region of interest (ROI) for tracking of the AF (the seed
ROI in the posterior parietal area of the superior longitudinal
fascicle and the target ROI in the posterior temporal lobe). The
seed ROI was shown in green and the target ROI was blue on
DTI-based color-coded maps. Termination criteria used for fi-
ber tracking was fractional anisotropy (FA) <0.2 and angle <60°.
We also measured the fractional anisotropy (FA) and apparent
diffusion coefficient (ADC) values and the tract number of the
AE Also, we evaluated corticospinal tract (CST), spinothalamic
tract (ST'T), fornix, and cingulum. For placing ROIs, we applied
the methods which were used in our previous study'”.

The right AFs of patient 1 and patient 2 were disrupted between
Wernicke’s and Broca’s areas. The ascending portions from
Wernicke's area were spared, however, the remaining portions
(i.e., horizontal portion) of the right AFs were disrupted around
the middle (patient 1) (Fig. 1B) and posterior portions (patient 2)
(Fig. 1B), respectively. In addition, the left AFs of patient 1 and
patient 2 were disrupted at the junction between the ascending
and horizontal portions (around the brain lesions) (Fig. 1B), and
horizontal portions of the left AFs were not reconstructed. In
contrast, in all control patients, whereas disruptions of the left
AFs were found between Wernicke's and Brocas areas, the right
AFs originating from Wernicke’s area passed through the known
AF pathway and then terminated in Broca’s area (Fig. 1C). The
FA value and tract numbers of the right AFs in patient 1 and
patient 2 were more than two standard deviations lower than
those of control patients (Table 1). In contrast, the ADC value
was more than two standard deviations higher than that of con-

Table 1. Diffusion tensor tractography parameters for the arcuate fas-
ciculus in ICH patients with subfacine herniation and control patients
without subfacine herniation

Right Left

Patient 1

FA 0.406* 0.337

ADC 0.878' 1.066

Tract number 187* 49
Patient 2

FA 0.385* 0.378

ADC 0.875' 0.890

Tract number 126* 111
Control patients

FA 0.482(0.019) 0.342 (0.033)

ADC 0.765 (0.031) 0.982 (0.047)

Tract number 1243 (87) 101 (30)

Control data are presented as mean (xstandard deviation). *More than two stan-
dard deviations lower than that of normal control values, "More than two standard
deviations higher than that of normal control values. ICH : intracerebral hemorrhage,
FA : fractional anisotropy, ADC : apparent diffusion coefficient

trol patients (Table 1).

As for other neural tracts (CST, STT, fornix, and cingulum),
all the evaluated neural tracts on the left hemisphere were dis-
rupted by the brain lesions in patient 1 and patient 2. On the
other hands, the integrities of CST and ST'T on the right hemi-
sphere were preserved in patient 1 and patient 2, and fornix on
the right hemisphere was also preserved in patient 1. However,
the anterior portion of the right cingulum was disrupted in pa-
tient 1 and patient 2, and the right crus of fornix was disrupted
in patient 2.

In the comparison of the severity of aphasia between ICH pa-
tients with subfacine herniation and control patients, the apha-
sia quotient at three months after onset in patient 1 (39) and pa-
tient 2 (28) were more than two standard deviations lower than
those of control patients (aphasia quotient at three months :
57.348.3, meantstandard deviation).

DISCUSSION

In the current study, using the configuration and parameters
of DTT, we investigated injury of the AF in the nondominant
(right) hemisphere as well as that in the dominant (left) hemi-
sphere in two patients with subfalcine herniation following the
ICH in the dominant hemisphere. On DTT, the right AFs of both
patients showed disruption between Wernicke's and Brocas ar-
eas, although conventional CT and MRI did not show any re-
markable lesions in the right hemisphere. The integrity of the
ascending portions of the right AF was preserved, however, the
other portion of the AF did not reach Brocas area. The left AFs
in both patients were disrupted after originating from Wernikes
area. These DTT findings for the AFs in the dominant hemi-
sphere appear to show correlation with Broca’s aphasia, which
was presented in both patients. In addition, the FA values and
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tract numbers for the right AFs showed a significant decrease in
both patients, compared with normal subjects, whereas the
ADC values of the right AFs showed a significant increase. The
decrease in FA value resulted from deterioration of directional
microstructures, such as axon, myelin, and microtubules™”. In
contrast, the increase in ADC value may indicate some pathol-
ogy, such as vasogenic edema or accumulation of cellular debris
from axonal damage™'”. Deterioration of neuronal microstruc-
ture in a neural tract can result in reduction of tract numbers.
These results for DTT parameters (decrease of FA value and tract
number and increase of ADC value) in our patients indicate dam-
age of the AFs in the right hemispheres.

It is believed that the left AF in both patients injured by the left
ICH because the left AF was disrupted around the hematoma.
Regarding injury to the right AE the most plausible cause of that
injury seems to be the subfalcine herniation. We think that the
left-to-right subfalcine herniation induced the rightward com-
pressing force to the right cerebral hemisphere, which conse-
quently resulted in compression or injury of the right AE. Fur-
ther, we can also suppose that increased intracranial pressure
induced by subfalcine herniation leads to decreased cerebral
perfusion of the right hemisphere'”, which might cause isch-
emic injury to the right AE

The current study is the first study to demonstrate injury of
the AF in the nondominant hemisphere by subfalcine hernia-
tion after ICH, using DTT. Many previous studies have demon-
strated that the nondominant hemisphere areas homologous to
the dominant hemisphere language areas (Broca’s and Wernicke's
areas) and the AF connecting those areas have a significant role
in recovery of language dysfunction.”” It is assumed that the prog-
nosis for aphasia in patients with damage to both AFs would be
worse than that in patients with AF damage in only the domi-
nant hemisphere. The worse language function of the patients
in this study appears to be related with injury of the AF in the
nondominant hemisphere. Accordingly, evaluation of the AF in
the nondominant hemisphere using DTT would be necessary
in patients with subfalcine herniation due to left brain lesions.
Additionally, although AFs on both hemispheres were disrupt-
ed in patient 1 and patient 2, aphasia at three months after onset
was improved, compared with that at one month after onset. We
can assume the recovery of aphasia in these patients occurred via
other neural tracts such as the superior longitudinal fasciculus'”.

CONCLUSION

Using the configuration and parameters of DT'T, we confirmed
injury of the AF in the nondominant hemisphere in two pa-
tients with subfalcine herniation following ICH in the domi-
nant hemisphere, although no lesion was observed in the non-
dominant hemisphere on conventional CT and MRI. Therefore,
DTT would be a useful tool for detection of underlying injury
of the AF in patients with subfalcine herniation. However, this
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study is limited in that it is a case report. Conduct of additional
studies involving larger case numbers of patients with subfal-
cine herniation is warranted.
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