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Recovery of an injured arcuate fasciculus via
transcallosal fiber in a stroke patient

A case report

Sung Ho Jang, MD?, Jeong Pyo Seo, PhD®, Young Hyeon Kwon, MS®"

Abstract

\

Rationale: \We report on a patient whose arcuate fasciculus (AF) and corticobulbar tract (CBT) recovered following an infarct in the
middle cerebral artery (MCA) territory, demonstrated on serial diffusion tensor tractography (DTT).

Patient concerns: The patient showed moderate conduction aphasia on the Western Aphasia Battery with an aphasia quotient of
46.5%o0 (spontaneous speech: 35.0%o, auditory comprehension: 36.0%., and naming: 53.1%o) at 1 month after onset. His aphasia
improved with an aphasia quotient of 49%o. (spontaneous speech: 71.0%o, auditory comprehension: 52.0%., and naming: 59.0%o) at
10 months after onset.

Diagnosis: A 44-year-old right-handed male patient presented with aphasia and quadriplegia, which occurred at the onset of an
infarct in the left MCA territory.

Intervention: Diffusion tensor imaging data were acquired twice (1 month and 10 months after onset).

Outcomes: On one-month DTT, the discontinuation of the left AF and severe narrowing of the right CBT were observed. However,
on ten-month DTT, the left AF was connected to the opposite AF by a new tract that passed through the splenium of corpus

callosum, and the right CBT had become thicker.

Lessons: We believe that our results suggest a recovery mechanism of injured AF and CBT in stroke patients.

Abbreviations: AF = arcuate fasciculus, CBT = corticobulbar tract, DTl = diffusion tensor imaging, DTT = diffusion tensor
tractography, EVD = extra-ventricular drainage catheterization, MCA = middle cerebral artery, ROl = region of interest.
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1. Introduction

The arcuate fasciculus (AF) is a neural tract connecting Broca and
Wernicke areas, and the corticobulbar tract (CBT) innervates

Editor: Maya Saranathan.

This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korean Government (MSIP) (No. 2021R1A2B5B801001386).

Written informed consent was obtained from the patient for publication of the
case details and accompanying images.

The authors have no conflicts of interests to disclose.

Data sharing not applicable to this article as no datasets were generated or
analyzed during the current study.

@ Department of Physical Medicine and Rehabilitation, College of Medicine,
Yeungnam University 317-1, Daemyungdong, Namku, Daegu, Republic of Korea,
® Department of Physical Therapy, College of Health Sciences, Dankook
University Cheonan, Korea, Republic of Korea,  Department of Physical Medicine
and Rehabilitation, College of Medicine, Yeungnam University 317-1,
Daemyungdong, Namku, Taegu, Republic of Korea.

) Correspondence: Young Hyeon Kwon, Department of Physical Medicine and
Rehabilitation, College of Medicine, Yeungnam University 317-1, Daemyungdong,
Namku, Taegu 705-717, Republic of Korea (e-mail: kyh7648764@daum.net).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Jang SH, Seo JP, Kwon YH. Recovery of an injured
arcuate fasciculus via transcallosal fiber in a stroke patient: a case report.
Mediicine 2021,100:31(€26840).

Received: 20 April 2021 / Received in final form: 28 June 2021 / Accepted: 19
July 2021

http://dx.doi.org/10.1097/MD.0000000000026840

muscles of the face, tongue, jaw, and pharynx, via the cranial
nerves.!""?! These neural tracts are involved in language function;
therefore injury of these neural tracts causes a number of
language problems.>*! However, little is known about the
mechanism for recovery of language deficit.>=8!

Aphasia, an acquired neurogenic communication disorder
defined by deficits in language comprehension and production, is
one of the most common and devastating sequelae of stroke.”!
Approximately 20% to 30% of stroke patients have suffered
from aphasia, and more than 10% of stroke patients suffer from
chronic aphasia."®"l Therefore, elucidation of the recovery
mechanism of aphasia is important in stroke patients.

Diffusion tensor tractography (DTT), derived from diffusion
tensor imaging (DTI), enables three-dimensional visualization
and estimation of the AF and CBT.”'>'3! Many DTT studies
report on injury of the AF and CBT in various brain
pathologies.””"'>~'*! However, only a few DTT studies report
on recovery of an injured AF in patients with brain injury, and no
study reported recovery of an injured CBT.!>%19!

In the current study, we report on a patient whose injured AF
and CBT recovered following an infarct in the middle cerebral
artery (MCA) territory, demonstrated on serial DTTs.

2. Case report

A 44-year-old right-handed male patient presented with aphasia,
poor awareness and quadriplegia, which occurred at the onset of
an infarct in the left MCA territory. He underwent decompressive
craniectomy and extra-ventricular drainage catheterization
(EVD) due to hemorrhagic transformation and progression of
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brain swelling at the department of neurosurgery of a university
hospital. A brain MRI taken 1 month after EVD showed
leukomalactic lesions in the left fronto-parieto-temporo-occipital
areas (Fig. 1-A). The Western Aphasia Battery was used to
evaluate the patient’s language dysfunction.® The patient
showed moderate conduction aphasia on the K-WAB with an
aphasia quotient of 46.5%. (spontaneous speech: 35.0%o,
auditory comprehension: 36.0%o, and naming: 53.1%.) at 1
month after onset. He was transferred to the department of
rehabilitation and underwent rehabilitative therapy including
speech therapy for 2 months. He was discharged to a local
rehabilitation hospital and received similar rehabilitative man-
agement until 10 months after the EVD. His aphasia improved,
with an aphasia quotient of 49%o (spontaneous speech: 71.0%o,
auditory comprehension: 52.0%., and naming: 59.0%.). The
patient provided signed, informed consent, and the study
protocol was approved by the institutional review board of
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our university hospital (ethical approval number: YUMC-2021-
03-014).

3. Diffusion tensor imaging

DTIs were obtained twice (1 month and 10 months after onset).
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-5 contiguous slices (acquisition matrix=96 x 96;
reconstruction matrix=192x 192; field of view=240x 240
mm?; TR=10,726ms; TE=76ms, b=1,000s/mm?, NEX=1,
and thickness=2.5mm) were acquired for each of the 32 non-
collinear diffusion-sensitizing gradients. For reconstruction of the
AF, fiber tracking was performed using the fiber assignment
continuous tracking (FACT) algorithm implemented within the
DTI task card software (Philips Extended MR Work Space 2.6.3).

Figure 1. (A) Brain MR images at 1 month after onset show an infarct in the left middle cerebral artery territory, hemorrhagic transformation and subfalcine
herniation. Brain MR images at 10 months after onset reveal leukomalactic lesions in the left fronto-parieto-temporo-occipital areas. (B) Results of diffusion tensor
tractography (DTT) for the arcuate fasciculus (AF) and corticobulbar tract (CBT). On one-month DTT, the discontinuation of the left AF and severe narrowing of the
right CBT are observed. By contrast, on 10-month DTT, the left AF is connected to opposite AF by a new tract that passed through the splenium of corpus callosum

(blue arrows) and the right CBT become thicker (red arrows).
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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 seed region of interest
(ROI) was placed manually in the deep white matter of the
posterior parietal portion of the superior longitudinal fascicle and
the target ROI was placed on the posterior temporal lobe.® Fiber
tracts passing through both ROIs were designated as the final
tracts of interest. The termination criteria used for fiber tracking
were FA <0.15, angle <27°."®! The CBT was analyzed with the
Oxford Centre for Functional Magnetic Resonance Imaging of
the Brain Software Library (FSL; www.fmrib.ox.ac.uk/fsl), Affine
multi-scale two-dimensional registration corrected for head
motion effect and image distortion due to eddy current. A
probabilistic tractography method, based on a multifiber model,
was used for fiber tracking, which was applied utilizing
tractography routines implemented in functional magnetic
resonance imaging of the brain diffusion (5000 streamline
samples, 0.5 mm step lengths, curvature thresholds=0.2).1'”! The
seed ROI was placed on the portion of the CBT area (between
transverse pontine fibers and the middle cerebellar peduncle) at
the level of mid pons with the axial slice. The target ROI was
placed on the lower portion of the precentral gyrus and in the
section of the top of the lateral ventricles.!'!

On one-month DTT, discontinuation of the left AF and severe
narrowing of the right CBT were observed. However, on ten-
month DTT, the left AF was connected to opposite AF by a new
tract that passed through the splenium of corpus callosum and the
right CBT became thicker (Fig. 1-B). The left CBT was not
reconstructed on either 1 or ten-month DTTs (Fig. 1-B).

4. Discussion

In the current study, we observed the recovery of AF, apparently
injured by an MCA infarct, and CBT, apparently injured by a
subfalcine herniation, with improvement of language function
during a 9 month period in a patient with cerebral infarct. The
discontinued left AF was connected to the opposite AF by a new
tract that passed through to the splenium of the corpus callosum,
and the injured right CBT became thicker. Thickening of the right
CBT appeared to indicate recovery of the injured CBT. The patient’s
language function improved, especially spontaneous speech (1
month: 35.0%0 ->10 month: 71.0%.). We hypothesize that the
improvement of spontaneous speech is related to the new language
pathway following injures of the AF and CBT in the left hemisphere:
the left AF-> transcallosal fibers - > right AF - > right CBT.

After development of DTIL, a few studies reported on recovery
mechanism of the AF.>#! In 2009, Schlaug et al found increases
of the fiber number and volume of the right AF with improvement
of speech ability in 6 chronic stroke patients with Broca
aphasia.® Jang et al [2014] recently reported that the
discontinued left AF was elongated to the left Broca area with
improvement of aphasia in a patient with an intracerebral
hemorrhage.'®! To the best of our knowledge, this is the first study
to demonstrate recovery of the AF via a transcallosal fiber and the
CBT concurrent improvement of language function. However, a
limitation of DTT is 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. Thus,
readers should exercise caution in interpretation.

In conclusion, recovery of an injured AF via transcallosal fibers
and injured CBT along with improvement of aphasia was
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demonstrated in a patient with cerebral infarct. We believe that
our results suggest a recovery mechanism of injured AF and CBT
in stroke patients. Further complementary studies involving
larger numbers of patients are warranted.

Author contributions

Conceptualization: Sung Ho Jang, Jeong Pyo Seo.

Data curation: Jeong Pyo Seo, Younghyeon Kwon.

Formal analysis: Jeong Pyo Seo.

Investigation: Jeong Pyo Seo, Younghyeon Kwon.

Methodology: Jeong Pyo Seo, Younghyeon Kwon.

Software: Younghyeon Kwon.

Supervision: Sung Ho Jang.

Writing — original draft: Sung Ho Jang, Jeong Pyo Seo,
Younghyeon Kwon.

Writing — review & editing: Sung Ho Jang, Jeong Pyo Seo,
Younghyeon Kwon.

References

[1] Geschwind N. The organization of language and the brain. Science
1970;170:940-4.

[2] Afifi AK, Bergman RA. Functional Neuroanatomy: Text and Atlas, ed
2nd. New York: Lange Medical Books/McGraw-Hill; 2005.

[3] Anderson JM, Gilmore R, Roper S, et al. Conduction aphasia and the
arcuate fasciculus: a reexamination of the Wernicke-Geschwind model.
Brain Lang 1999;70:1-12.

[4] Kim SH, Jang SH. Prediction of aphasia outcome using diffusion tensor
tractography for arcuate fasciculus in stroke. Am ] Neuroradiol
2013;34:785-90.

[5] Schlaug G, Marchina S, Norton A. Evidence for plasticity in white-
matter tracts of patients with chronic Broca’s aphasia undergoing
intense intonation-based speech therapy. Ann N'Y Acad Sci 2009;1169:
385-94.

[6] Breier JI, Juranek J, Papanicolaou AC. Changes in maps of language
function and the integrity of the arcuate fasciculus after therapy for
chronic aphasia. Neurocase 2011;17:506-17.

[7] Kwon HG, Jang SH. Excellent recovery of aphasia in a patient with
complete injury of the arcuate fasciculus in the dominant hemisphere.
NeuroRehabilitation 2011;29:401-4.

[8] Jang SH, Lee HD. Recovery of injured arcuate fasciculus in the dominant
hemisphere in a patient with an intracerebral hemorrhage. Am ] Phys
Med Rehabil 2014;93:e15-8.

[9] Hosomi A, Nagakane Y, Yamada K, et al. Assessment of arcuate
fasciculus with diffusion-tensor tractography may predict the prognosis
of aphasia in patients with left middle cerebral artery infarcts.
Neuroradiology 2009;51:549-55.

[10] Laska AC, Hellblom A, Murray V, et al. Aphasia in acute stroke and
relation to outcome. J Intern Med 2001;249:413-22.

[11] Engelter ST, Gostynski M, Papa S, et al. Epidemiology of aphasia
attributable to first ischemic stroke: incidence, severity, fluency, etiology,
and thrombolysis. Stroke 2006;37:1379-84.

[12] Pan C, Peck KK, Young RJ, et al. Somatotopic organization of motor
pathways in the internal capsule: a probabilistic diffusion tractography
study. AJNR Am ] Neuroradiol 2012;33:1274-80.

[13] Liegeois F, Tournier JD, Pigdon L, et al. Corticobulbar tract changes as
predictors of dysarthria in childhood brain injury. Neurology 2013;80:
926-32.

[14] Wang H, Li SQ, Dai YH, et al. Correlation between speech repetition
function and the arcuate fasciculus in the dominant hemisphere detected
by diffusion tensor imaging tractography in stroke patients with aphasia.
Med Sci Monitor 2020;26:€928702.

[15] Jang SH, Cho IT, Lim JW. Recovery of aphasia and change of injured
arcuate fasciculus in the dominant hemisphere in stroke patients.
NeuroRehabilitation 2017;41:759-64.

[16] Kim H, Na DL. Normative data on the korean version of the western
aphasia battery. J Clin Exp Neuropsyc 2004;26:1011-20.

[17] Smith SM, Jenkinson M, Woolrich MW, et al. Advances in functional
and structural MR image analysis and implementation as FSL.
Neuroimage 2004;23:5208-219.


http://www.fmrib.ox.ac.uk/fsl
http://www.md-journal.com

	Recovery of an injured arcuate fasciculus via transcallosal fiber in a stroke patient
	1 Introduction
	2 Case report
	3 Diffusion tensor imaging
	4 Discussion
	Author contributions
	References


