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Recovery of injured Broca’s portion of arcuate
fasciculus in the dominant hemisphere

in a patient with traumatic brain injury
Sung Ho Jang, MD?, Ji Wan Ha, PhDP, Hyun Young Kim, MS®, You Sung Seo, MS®”

Abstract 7 BN
Rationale: Recovery of injured AF in patients with traumatic brain injury (TBI) has not been reported. In this study, we report on a |
patient with TBI who recovered from an injury to Broca’s portion of AF in the dominant hemisphere, diagnosed by diffusion tensor
tractography (DTT).

Patient concerns: A 28-year-old right-handed male patient suffered head trauma resulting from sliding while riding a motorcycle.

Diagnoses: He was diagnosed with a traumatic contusional hemorrhage in the left frontal lobe, subarachnoid hemorrhage, and
subdural hemorrhage in the left fronto-temporal lobe.

Interventions: He underwent craniectomy on the left fronto-temporal area, and hematoma removal for the subdural hemorrhage
in the neurosurgery department of a university hospital. Two weeks after the injury, he was transferred to the rehabilitation department
of another university hospital. He showed severe aphasia and brain MRI showed leukomalactic lesion in the left frontal lobe.

Outcomes: The result WAB for the patient showed severe aphasia, with an aphasia quotient of 45.3 percentile. However, his
aphasia improved rapidly by 9 months with an aphasia quotient at the 100.0 percentile. 2-week DTT detected discontinuity in the
subcortical white matter at the branch to Broca’s area of left AF. By contrast, on 9-month DTT, the discontinued portion of left AF was
elongated to the left Broca’s area.

Lessons: Recovery of injured Broca’s portion of AF in the dominant hemisphere along with excellent improvement of aphasia was
demonstrated in a patient with TBI. This study has important implications in brain rehabilitation because the mechanism of recovery
from aphasia following TBI has not been elucidated.

Abbreviations: AF = arcuate fasciculus, DTl = diffusion tensor imaging, DTT = diffusion tensor tractography, ROl = regions of

interest, TBI = traumatic brain injury, WAB = Western Aphasia Battery.
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1. Introduction

Traumatic brain injury (TBI) is a leading cause of death and
disability worldwide; incidence of TBI per 100,000 person-years
is as high as 790."" Eighty to 100% of patients with TBI had some
form of language deficit.[**! Although much is known about the
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epidemiology and symptomatology of language deficit following
TBI, little is known about the mechanism for recovery.?¢!

The arcuate fasciculus (AF), connecting Broca’s and Wernicke’s
areas, is a main neural tract for language function.!”! Injury of the
AF causes a number of language problems, including conduction
aphasia, apraxia of speech, paraphasia, and anomia.’1°
Diffusion tensor tractography (DTT), derived from diffusion
tensor imaging (DTI), enables 3-dimensional reconstruction and
estimation of the AF.'*" DTT has been used to demonstrate
injury of the AF in various brain pathologies.''®'>'3! Although a
recent study reported the recovery of an injured AF in the dominant
hemisphere in a stroke patient,!'¥ there is no report of recovery of
an injured AF in patients with TBI.

In the current study, we report on a patient with TBI who
showed the recovery of Broca’s portion of an injured AF in the
dominant hemisphere in a patient with TBI, using DTT.

2. Case report

A 28-year-old right-handed male patient suffered head trauma
resulting from a sliding fall while riding a motorcycle. He was
diagnosed with traumatic contusional hemorrhage in the left
frontal lobe, subarachnoid hemorrhage, and subdural hemor-
rhage in the left fronto-temporal lobe (Fig. 1A). He underwent
craniectomy on the left fronto-temporal area, and hematoma
removal for subdural hemorrhage at the neurosurgery depart-
ment of a university hospital. The patient lost consciousness and
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Figure 1. (A) Brain MR images at 2 weeks after injury show leukomalactic lesion in the left frontal lobe. (B) Diffusion tensor tractography for the arcuate fasciculus
(AF, right AF: red color, left AF: yellow color). On 2-week DTT, the branch to Broca’s area (sky-blue lined box) of the left AF is discontinued at the subcortical white
matter (green arrow). By contrast, on 9-month DTT, the discontinued portion of the left AF is elongated to the left Broca’s area (sky-blue lined box). AF=arcuate

fasciculus, DTT =diffusion tensor tractography, MR=magnetic resonance.

experienced post-traumatic amnesia for approximately 5 minutes
at the time of the crash. His Glasgow Coma Scale score was 15
when he arrived at the hospital. Two weeks after the injury, he
was transferred to the rehabilitation department of another
university hospital. He presented with severe aphasia and brain
MRI showed leukomalactic lesion in the left frontal lobe
(Fig. 1B).

Language function was evaluated with the Western Aphasia
Battery (WAB).I""! The result showed severeaphasia, with an
aphasia quotient of 45.3 percentile (spontaneous speech: 35.0
percentile, auditory comprehension: 83.9 percentile, repetition:
24.5 percentile, and naming: 67.2 percentile). After 1 month of
rehabilitation, including speech therapy at the university hospital,
he was discharged to his home, and received similar rehabilitative
management at the outpatient clinic until 4 months after the
crash. His aphasia improved to the 100.0 percentile on the WAB
at 9 months (spontaneous speech: 100.0 percentile, auditory
comprehension: 100.0 percentile, repetition: 100.0 percentile,
and naming: 100.0 percentile). The patient provided signed,
informed consent, and our institutional review board approved
the study protocol.

2.1. Diffusion tensor imaging

DTIs were obtained twice (2 weeks and 9 months after the initial
injury). DTI was performed 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 contiguous slices (acquisition matrix=
96 x 96; reconstruction matrix=192 x 192; field of view =240 x

240 mm?; TR=10,726 ms; TE=76ms, b=1000s/mm?, NEX=1,
and thickness=2.5mm) were acquired for each of the 32
noncollinear diffusion-sensitizing gradients. Fiber tracking was
performed using the fiber assignment continuous tracking (FACT)
algorithm implemented within the DTI task card software (Philips
Extended Magnetic Resonance Work Space 2.6.3). Each of the
DTI replications was intra-registered to the baseline “b0” images
to correct for residual eddy-current image distortions and head
motion effect, using a diffusion registration package (Philips
Medical Systems). The AF was reconstructed using fibers passing
through 2 regions of interest (ROIs) on the color map. We placed
the region of interest (ROI) for tracking of the AF (the seed ROl 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 fiber tracking was
fractional anisotropy (FA)<0.15 and angle < 60°.!"¢/

On the 2-week DTT, the branch to Broca’s area of the left AF
was discontinued at the subcortical white matter. By contrast, the
DTT at 9 months depicted the discontinued portion of the left AF
elongated to the left Broca’s area (Fig. 1B).

3. Discussion

Using follow up DTT, we demonstrated the recovery of injured
AFs in the dominant hemisphere over 8.5 months in a patient
with TBL It appears that the injury of Broca’s portion of the left
AF was caused by contusional hemorrhage.[”1772%! The patient
showed improvement of severe aphasia from 45.3%o (2 weeks) to
100.0%o (9 months) as an aphasia quotient on the WAB. Along
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with the AF, neural tracts involved in language function are the
superior longitudinal fasciculus, inferior longitudinal fasciculus,
inferior fronto-occipital fasciculus, and uncinate fasciculus.””*”~
201 These neural tracts for language are classified into 2
categories: the dorsal stream for phonation and the ventral
stream for comprehension. The AF is regarded as the major fiber
tract of the dorsal stream.'”?%! Although many neural tracts are
involved in language function, we believe that the improvement
of aphasia in this patient was at least partly attributable to the
recovery of injured Broca’s portion of the left AF.17>17-20!

Several mechanisms for recovery from aphasia in patients with
brain injury have been suggested.'*?'=* These include the
contribution of either the peri-lesional brain region in the affected
hemisphere or homologous language regions in the unaffected
hemisphere, facilitation of the AF in the nondominant hemisphere,
and recovery of an injured AF.I'*?17241 A right-handed patient
completely recovered from a discontinued left AF over 21 months,
concurrent with marked clinical recovery from aphasia following
intracerebral hemorrhage.''* However, no study on recovery of an
injured AF in patients with TBI, like this study, has been reported.

In conclusion, recovery of injured Broca’s portion of the AF in
the dominant hemisphere with excellent improvement of aphasia
was demonstrated in a patient with TBI. This study has important
implications in brain rehabilitation, because the mechanism of
recovery from aphasia following TBI has not been elucidated.
Therefore, conduct of further studies for the pathogenetic
mechanisms and recovery mechanism of language deficit
involving a large number of patients with TBI should be
encouraged. In addition, the limitation of DTI, that it may
underestimate the fiber tracts because regions of fiber complexity
and crossing can prevent full reflection of the underlying fiber
architecture by DTI, should be considered.™*
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