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Abstract \
The relationship between the left arcuate fasciculus (AF) and stroke-related aphasia is unclear. In this retrospective study, we aimed to
investigate the role of subcomponents of the left AF in predicting prognosis of aphasia after stroke. Twenty stroke patients with
aphasia were recruited and received language assessment as well as diffusion tensor tractography scanning at admission. According
toinjury of the left AF, the participants were classified into four groups: group A (4 cases), the AF preserved intactly; group B (6 cases),
the anterior segment injured; group C (4 cases), the posterior segment injured; and group D (6 cases), completely injured. After a
consecutive speech therapy, language assessment was performed again. Changes of language functions among the groups were
compared and the relation between these changes with segments injury of the AF was analyzed. After therapy, relatively high
increase score percentage changes in terms of all the subcategories of language assessment were observed both in group A and C;
by contrast, only naming in group B, and spontaneous speech in group D. Although no statistical difference was demonstrated
among the four groups. In addition, there was no significant correlation between improvement of language function with segments
injury of the AF. The predictive role of subcomponents of the left AF in prognosis of aphasia is obscure in our study. Nevertheless, it
indicates the importance of integrity of the left AF for recovery of aphasia, namely that preservation of the left AF on diffusion tensor
tractography could mean recovery potential of aphasia after stroke.

Abbreviations: ABC = Aphasia Battery of Chinese, AF = the arcuate fasciculus, BDAE = Boston Diagnostic Aphasia Examination,
DTl = diffusion tensor imaging, DTT = diffusion tensor tractography, FA = fractional anisotropy, MRI = magnetic resonance imaging,

WAB = Western Aphasia Battery.
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1. Introduction

Aphasia is one of the most common acquired language deficits in
patients with left hemisphere stroke. It has been reported about
24%~48% of patients suffered aphasia in the acute stage of
stroke and it remains 10%~18% developed chronic aphasia
inspite of a certain percentage of spontaneous recovery which
occurs mainly during the first three months after onset.!"*! The
clinical manifestations of patients with aphasia include difficulty
in spontaneous speech, auditory comprehension, repetition,
naming, reading, writing, calculation, and so on.** Due to
communication barrier, aphasia frequently causes adverse
impacts on the health-related daily life of patients.!>®! Therefore,
the prognosis of aphasia has been a remarkable clinical topic for
decades.

Traditionally, several cerebral areas such as Broca’s and
Wernicke’s areas, have been known to be responsible for
language processing.!”! Constantly emerging literature has
attempted to explore valid predictive factors of outcome of
stroke-related aphasia by using brain computed tomography
(CT), conventional brain magnetic resonance imaging (MRI),
and functional neuroimaging. Some potential biomarkers were
suggested, including lesion size and location of cerebral cortex
function areas,® 1% initial severity of aphasia,/'"!?! the type of
stroke and aphasia,!'¥ and some metabolic factors such as
normal return of cerebral blood flow and glucose metabolism of
infarcted tissue and perilesional regions, and the degree of
successful reperfusion.!'*1¢! It seems that the most important
factors are the lesion size and location, type and initial severity of
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aphasia while anagraphic factors (e.g., age, gender, handedness,
education level, and intelligence) do not show significant
influence on aphasia prognosis.'>'”! However, it remains
difficult to accurately predict the prognosis of aphasia because
the correlation between brain damage and type of language
impairment has not yet been illuminated, and the boundaries
among aphasia types are not clear-cut.!”>'®!

Advances of in vivo neuroimaging and the emergence of
diffusion tensor tractography (DTT) derived from diffusion
tensor imaging (DTI) enable three dimensional reconstruction
and accurate analysis of the neural fiber tracts at subcortical
level in vivo.["®! With advantages,'*®! DTI tractography has
been used for exploring the relationship between neural tracts
and the corresponding functions such as motor, cognition, and
language of patients with brain damage and developmental
disorder.12'-%3!

It is broadly known that language processing in normal
depends not only on cortical areas but also on the neural fiber
tracts that connect them.**! So, in recent decades, investigating
the role of white matter fibers in aphasia has gradually became a
hot study topic.!*****! Among the white matter fiber bundles
associated with language, the arcuate fasciculus (AF) which has
been considered as the main neural pathway connecting
Wernicke’s (the comprehension center) and Broca’s areas
(the motor center of speech) is relatively known more. In
addition, the AF in the dominant hemisphere (usually in the left)
is one of the most studied neural tracts in brain and it has been
regarded to support some language skills such as semantic
comprehension, speech production, repetition, naming, and
reading.?7-*8!

Growing studies have reported that the AF has a complex
anatomy structure. For example, Catani et al*”! reported a three-
segment model of the AF: one direct long segment and two short
indirect segments. Specially, the direct pathway connects
Wernicke’s and Broca’s areas, and the anterior segment links
Broca’s with Geschwind’s areas (i.e., inferior parietal lobule)
while the posterior segment links Geschwind’s with Wernicke’s
areas. Different segments could play different roles in language
processing. (Fig. 1B). In the same year, Makris et al*! proposed a
four-segment model which is generally similar to those of Catani
et al.””! And subsequently, Glasser and Rilling®*!! suggested a
two-segment model which has a relatively low detection rates of
the AF.B2 However, the three-segment model of the AF is widely
recognized and used in language research because of a relatively
higher detection rates of the AF.3%!

In 2011, Kim et al®* reported that DTI tractography could
provide useful information on evaluating the occurrence or
severity of the AF injury in stroke patients with aphasia. Indeed,
some other studies’®=”! have also used DTI tractography to
investigate the relation between aphasia with the AF, and
suggested that the left AF could play an important role in the
presence, recovery, and predicting prognosis of aphasia.
Nevertheless, no consensus has yet reached and the relationship
between AF with aphasia is still unclear. Moreover, to our
knowledge, few studies have reported the role of segments of the
left AF in predicting prognosis of aphasia secondary to stroke and
this field requires further elucidation.

Hence, in the current study, we aimed to furtherly investigate
the relation between the prognosis of aphasia with the AF in the
dominant hemisphere by using DTI tractography, and mainly
focus on the predictive value of the subcomponents of the AF in
prognosis of aphasia after stroke.

Medicine

2. Methods

2.1. Participants

Twenty participants (17 males; mean age 53.55+8.55years,
range 35~68years; mean 100.35+109.36days from stroke
onset; cerebral infarction, 15 patients; intracranial hemorrhage,
5 patients) were recruited according to the inclusive criteria: first,
right-handedness and normal conscious; second, first ever left
hemisphere stroke, either hemorrhagic, or ischemic, confirmed by
MRI; third, presence of aphasia; fourth, no history of psychiatric
disorder, head trauma, or other brain injury; and fifth, able to
tolerate language assessment and MRI scanning session. The
detailed characteristics of all patients are provided in Table 1.
This study protocol was approved by the Ethics Committee of
Jinan University First Affiliated Hospital, and the informed
consent form was signed by one relative of each patient.

2.2. DTI tractography evaluation

The DTI sequence, as well as conventional brain axial T1-
weighted images, T2-weighted images, and diffusion-weighted
images (DWI) was acquired on a 3.0 Tesla Magnetic Resonance
Imaging System (General Electric Medical Systems) by using a
standard eight-channel phased-array head coil. A single-shot
echo planar imaging sequence in 47 contiguous slices parallel to
the anterior—posterior (AC-PC) plane was collected for each of
the 25 noncollinear diffusion sensitizing gradients.*3%! The DTI
parameters were as follows: time of repetition (TR)=5000 ms,
time of echo (TE)=68.0ms, acquisition matrix=96 x 96 mm?,
reconstructed to matrix=128 x 128 matrix, field of view (FOV)
=25.6x25.6mm>%, b=1000s/mm?, number of excitations
(NEX)=1, slice thickness/slice spacing=3mm/0mm. It took
135 seconds for DTI scanning.

Other MR sequence parameters were as follows: TIWI, TR =
360ms, TE=15.0ms; T2WI, TR =2200ms, TE=22.3 ms; DWI,
TR=3000ms, TE=71.0ms; matrix=128 x 128 mm?; FOV=
25.6 x25.6mm?; NEX=1; and slice thickness=4 mm with no
inter-slice gap. In addition, a 3D brain volumes (BRAVO) T1-
weighted sequence (TR=8.2ms, TE=3.2ms, FOV=240 x 240
mm?, matrix=25.6 x 25.6 mm?, slice thickness = 1.0 mm without
gap) was scanned to acquire high resolution structural images for
anatomical determinations.

The original DTI data were transferred into and processed in a
dedicated workstation (Advantage Windows version 4.4) using
Functool 9 (GE Medical Systems, Chicago, IL).[*%*! For
reconstructing the bilateral AF, two regions of interest (ROIs)
for use of a deterministic fiber-tracking approach®***! were
selected: the seed ROI was manually placed on the posterior
parietal area of the superior longitudinal fascicle, and the target
ROI was located in the posterior temporal lobe.****! Fiber
tracking was initiated with a fractional anisotropy (FA) >0.18
and apparent diffusion coefficient (ADC) >0.01 at the center of a
seed voxel. The maximum steps were 160.

Following the fiber tracking approach above, we collected and
successfully reconstructed the bilateral AF of a normal adult male
as a control (Fig. 1).

As shown, the AF connects Wernicke’s and Broca’s areas via
Geschwind’s area. This anatomy structure drawn in our study is
consistent with the description of Catani et al.”?*! Then, according
to the left AF injury, the participants were classified into four
groups: group A (patient number, 1-4), the AF was preserved
intactly (i.e., no disconnection between Wernicke’s and Broca’s
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Figure 1. The outline of the AF. (A), Norman Geschwind’s representation of the language network in 197019 (B) the tractography reconstruction of the AF using
two ROls approach by Catani et al®®; and (C) the bilateral AF of a 34 year-old normal man demonstrated on 3D BRAVO T1 images in this study.

areas, 4 cases, 2 males); group B (patient number, 5-10), the
anterior segment injured (i.e., a disconnection between Broca’s
and Gerchwind’s areas, 6 cases, 5 males); group C (patient
number, 11-14), the posterior segment injured (i.e., a

disconnection between Wernicke’s and Gerchwind’s areas, 4
cases, 4 males); and group D (patient number, 15-20), the AF
was completely injured (i.e., the left AF couldn’t be recon-
structed, 6 cases, 6 males). Notably, disruption of the DTT
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Patient characteristics.

Age /  Edu-level Poststroke Type of Type of BDAE Therapy time
No. gender (years) (days) stroke Lesion location Hemiplegia aphasia rank (days)
1 35/M 12 15 Infarction  Basal ganglia, temporal lobe, corona radiata R Broca’s 1 81
2 58/F 16 15 Infarction  Basal ganglia, insula N Global 1 87
3 55/F 9 311 ICH Basal ganglia N Conduction 3 61
4 48/M 12 9 Infarction  Basal ganglia, corona radiata R Broca’s 1 90
5 60/M 12 46 Infarction  Frontotemporal parietal lobe N Conduction 2 95
6 42/M 16 52 Infarction  Frontotemporal lobe, insula N Anomic 3 125
7 63/M 12 310 Infarction  Temporal and parietal lobe R MTA 2 58
8 50/F 12 16 Infarction  Temporal and parietal lobe, corona radiata N Broca’s 2 113
9 60/M 12 30 Infarction  Basal ganglia, corona radiata R Broca’s 1 56
10 42/M 16 56 ICH Frontotemporal lobe, insula N Anomic 1 62
i 68/M 12 69 Infarction  Basal ganglia, temporal and parietal lobe, corona radiata N TSA 2 65
12 49/M 16 10 Infarction  Temporo-occipital junction N Wernicke's 2 89
13 63/M 16 8 Infarction  Temporal and parietal lobe, corona radiata R Global 1 82
14 48/M 12 116 ICH Temporal parietal lobe, insula N Broca’s 1 64
15 60/M 9 58 ICH Basal ganglia, frontotemporal lobe R Global 1 59
16 55/M 12 152 Infarction  Basal ganglia, frontoparietal lobe, insula R Broca’s 1 58
17 50/M 16 123 Infarction  Basal ganglia, frontotemporal parietal lobe R Broca’s 1 65
18 47/M 12 360 ICH Frontotemporal lobe, insula R Wernicke’s 1 75
19 63/M 12 75 Infarction  Frontotemporal parietal lobe R Global 1 78
20 55/M 12 176 Infarction  Basal ganglia, frontotemporal parietal lobe R Global 1 108

BDAE = Boston Diagnostic Aphasia Evaluation, score rank range 0~5, a low score rank means a high level severity of aphasia, Edu- =education, F=female, ICH=intracerebral hemorrhage, M= male, MTA=
mixed transcortical aphasia, N=without hemiplegia, R=right hemiplegia, TSA=transcortical sensory aphasia.

integrity for neural tracts commonly indicates injury of the
neural tract and the nonreconstruction of the AF could be
ascribed to severe injury of the AF.1*3! The representative cases
of four types of the left AF injury are shown in Figure 2.

2.3. Language assessment and speech therapy

The standardized Aphasia Battery of Chinese (ABC) was used
for language assessment and the Boston Diagnostic Aphasia
Examination (BDAE) for evaluating the severity of aphasial*®!
before and after a consecutive speech therapy. The standard-
ized ABC, a revised version of Western Aphasia Battery
(WAB) adapted to Chinese culture, is the most commonly
used scale in China for aphasia assessment based on well-
established reliability and validity.[*”! It’s composed of several
subcategories of spontaneous speech, auditory comprehen-
sion, repetition, naming, writing, calculation, and summary of
aphasia examination. In this study, we mainly focus on
spontaneous speech, auditory comprehension, repetition
(words and sentences repetition) and naming, as these four
subcategories are considered to be probably related with the
AF mentioned above.

After the first language assessment finished, all patients
received speech therapy (mean 78.6+20.2days) including
spontaneous speech, auditory comprehension, repetition,
naming, writing, reading, and calculation training. The
protocols of speech therapy were respectively designed based
on the results of language evaluation of each patient. The
therapy course was conducted for 1 hour per session, for twice a
day and Sdays a week. At the ending of therapy, language
assessment was performed again. Calculate and compare score
percentage of the four subcategories according to a formula: the
score percentage = (practical score/total score of each subcate-
gory) x 100%.

2.4. Statistical analyses

The Statistical Package for the Social Sciences for Windows
(SPSS, version 20.0) was used for all statistical analysis. All
categorical variables (e.g., gender, type of stroke, type, and
severity of aphasia among the four groups patients) were
analyzed with Fisher’s exact test. And all continuous variables
(e.g., age, time from stroke onset, education level, and time of
speech therapy) were analyzed with One-way ANOVA analysis.
The paired ¢ test was used for comparing the difference in the
results of the twice language assessment. We also use one-way
ANOVA analysis to determine significant differences in score
percentage of language assessment among all of the 4 groups
patients. Furthermore, the Spearman rank tests correlation
analysis was performed to assess the correlation between score
percentage changes after speech therapy and segments of the left
AF injury. The statistical significance was accepted for P-
values <.05.

3. Results

The demographic data are summarized in Table 2. No statistic
differences are found among the four groups in age (A-B,
P=.510; A-C, P=.218; A-D, P=.307; B-C, P=.475; B-D,
P=.676; C-D, P=.730), level of education (A-B, P=.482; A-C,
P=.304; A-D, P=.957; B-C, P=.664; B-D, P=.399; C-D,
P=.241), time from stroke onset (A-B, P=.973; A-C, P=.645;
A-D, P=.343;B-C, P=.638; B-D, P=.274; C-D, P=.155), and
speech therapy time (A-B, P=1.000; A-C, P=.997; A-D,
P=.994; B-C, P=.984; B-D, P=.978; C-D, P=1.000). As well,
there is no significant difference in gender (x2=4.215, P=.211),
type of stroke (x2=.901, P=1.000), type of aphasia (x2=
16.748, P=.594) and severity of aphasia (x2=8.672, P=.098).

Results of the first and follow-up ABC demonstrate significant
improvements in all of subcategories (spontaneous speech, before
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Figure 2. The representative cases in the four types of the left AF injury.

55.00% +22.18, after 75.94% +12.72, P=.002; auditory com-
prehension, before 39.53% +22.52, after 1% +24.58, P
=.001; repetition, before 31.75% +24.57, after 55.90% +25.54,
P<.001; and naming, before 16.83% +15.70, after 40.37% =+
24.67, P=.001) after speech therapy.

Concretely, before speech therapy, the score percentage of the
four subcategories of language assessment in group A and B is

higher than in group C and D. Notably, group A has the lightest
severity of aphasia in relative while group D has the heaviest.
After speech therapy, all of the four groups patients have some
extent improvement of language function.

Furtherly, the score percentage changes in terms of the four
subcategories in group A and C are higher than in group B and D.
By contrast, it has relatively high increase of score percentage
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Table 2

Demographic data of four groups patients*.

Variables A B H D P
Age (years) 49.0+10.2 52.8+95 57.0+10.0 55.0+6.0 .608
Range 35~58 42~63 48~68 47~63

Gender (F/M) 2/2 1/5 0/4 0/6 211
Education level (years) 12.3+2.9 13.3+2.1 14.0+23 122+2.2 584
Range 9~16 12~16 12~16 9~16

Time from stroke onset (days) 87.5+149.0 85.0+111.2 50.8+51.9 157.3+108.9 484
Rang 9~311 16~310 8~116 58~360

Type of stroke 1.000
Type of aphasia 594
Severity of aphasia .098
Time of therapy (days) 79.8+13.0 84.8+30.3 75.0+£125 73.8+18.6 817
Range 61~90 56~125 64~89 58~108

“Values are given in Mean =+ SD.

changes only in terms of naming for group B as well as only in
terms of spontaneous speech for group D. Although no significant
difference in the score percentage changes is observed among
groups (spontaneous speech: A-B, P=.146; A-C, P=.727; A-D,
P=.865; B-C, P=.271; B-D, P=.149; C-D, P=.831; auditory
comprehension: A-B, P=.813; A-C, P=1.000; A-D, P=.729;
B-C, P=.775; B-D, P=.942; C-D, P=.693; repetition: A-B,
P=.649; A-C, P=1.000; A-D, P=.771; B-C, P=.811; B-D,
P=.987; C-D, P=.873; and naming: A-B, P=.631; A-C,
P=.764; A-D, P=.053; B-C, P=.422; B-D, P=.093) except
significant difference in terms of naming between group C and D
(C-D, P=.028). (Tables 3 and 4; Fig. 3)

In addition, the score percentage changes is not significantly
correlated with segments of the left AF injury (spontaneous
speech, r=0.352, P=.128; auditory comprehension, r=0.136,
P=.566; repetition, r=0.331, P=.154 and naming, r=—0.078,
P=.744).

4. Discussion

In the current study, we preliminarily explored the role of different
subcomponents of the left AF in predicting prognosis of aphasia
after stroke. The results show no clear correlation between
segments injury of the left AF and the prognosis of aphasia. This
seems to run counter to our expectation that different segments of
the AF could play different roles in predicting prognosis of aphasia,
just as in physiological language processing. Nevertheless,
observing the different changes of language functions among the
groups, it still implies the importance of integrity of the AF in the
dominant hemisphere for recovery of aphasia after stroke. We
hence suggest the tendency that relatively strong recovery potential
could occur along with preserved architecture of the left AF;
conversely, when lesion location involves the AF, especially in the
case of discontinuation or non-reconstruction on DTI tractog-
raphy, it could present weak recovery potential.

The score percentage of the subcategories among the 4 groups before and after speech therapy*.

Score (%) A B H D P
Before
Spontaneous-speech 53.77+31.29 68.24+15.35 55.67 +29.61 4214+10.52 253
Auditory-comprehension 50.86+26.77 56.18+13.79 22.41+10.03 26.72+19.47 .020
Repetition 32.25+22.46 50.83+24.79 31.00+26.62 12.83+9.22 .050
Naming 21.49+18.96 29.78+14.07 10.21+11.62 518 +5.11 .022
After
Spontaneous-speech 81.13+£8.71 78.93+12.48 78.77+14.23 67.61+13.04 .303
Auditory-comprehension 82.33+11.20 68.82+9.52 56.03+29.86 36.64+20.92 .009
Repetition 64.75+21.09 66.00+22.95 69.50+28.97 30.83+9.77 .006
Naming 52.44 +20.61 55.59+16.63 44.66 +28.06 14.23+8.96

*
Values are given in Mean + SD.

The score percentage changes of the subcategories among the 4 groups before and after therapy*.

AScores (%) A B C D P

Spontaneous-speech 27.36+22.88 10.69+10.24 23.11+18.83 25.47+16.74 379
Auditory-comprehension 31.47 +£25.98 12.64 +6.46 33.62+27.13 9.91+291 .087
Repetition 32.50+18.65 156.17+9.24 38.50+32.05 18.00+4.15 142
Naming 30.95+11.11 25.81+18.42 34.45+24.99 9.04+7.53 .096

* . .
Values are given in Mean +SD.
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Figure 3. The score percentage of subcategories among the four groups before and after speech therapy. (A: the score percentage changes).

Since identified by Catani and Mesulam,** because of the
special tract that connects Wernicke’s and Broca’s areas, the AF
had been considered to play an important role in transmitting
information from Wernicke’s area to Broca’s areas, and thus, it
was mainly responsible for speech repeating for a long time.
Damage to the AF would cause a special type of aphasia:
conduction aphasia defined as a language deficit characterized by
poor repetition with a relative preservation of fluent spontaneous
speech and good comprehension.*! In fact, accumulating studies
have suggested that the AF may be more complex and transmit
information in bidirection between the two critical language
processing centers.*8! Based on this bidirectional transfer of
information, the AF could also play a role in more domain
language functions!®**! and injury of the AF could cause various
types of language dysfunction (e.g., deficits of comprehension or
speech production) more than just difficulty of speech repeti-
tion,13*30!

As for recovery of aphasia, some properties of the AF may be
important factors in predicting prognosis of aphasia. Hosomi
et all®!! recruited 13 stroke patients with aphasia to examine the
clinical value of DTI tractography in assessing aphasia, and
suggested that loss of leftward asymmetry of fiber number of the
AF on DTI tractography could predict prognosis of aphasia in
acute stage of stroke. Schlaug et al'®?! observed increases in the
number and volume of the AF fibers that were accompanied by
improvements in verbal expression. Marchina et al®®' collected
thirty chronic stroke patients and estimated the volume of the left
AF, uncinate fasciculus and extreme capsule. They found that
lesion location and size of the left AF were significant variable for
predicting language function in terms of rate, informativeness,
efficiency of speech, and naming ability. In the same year, Forkel
et al®3 found that the language function of patients with aphasia
at 6 months after stroke onset was strongly related to the degree

of lateralization of the AF. Wang et al®*! found that lesion load
(lesion site and size) of the AF could be a critical factor of
determining poor fluency and naming outcomes of aphasia
poststroke. Recently, Hillis et al'>>! reported that the lesion load
in the left AF was associated with poorer naming outcome,
indicating that recovery of naming could be negatively influenced
by lesion load of the left AF in acute poststroke aphasia.
Specially, Kim et al®®! recruited 25 patients and used DTT for
investigating whether the integrity of the AF in the left hemisphere
could be a factor in predicting of prognosis of aphasia after
stroke. They found that patients whose left AF could be
reconstructed on DTT had better outcome of aphasia than the
patients whose left AF could not be reconstructed, irrespective of
integrity of the AF. This study suggested that it could be helpful in
predicting prognosis of aphasia in the early stage of stroke by
using DTT to evaluate of the left AF. Coincidentally, Tak et al’®”!
found that patients with discontinuation of integrity or
nonconstruction of the left AF displayed on DTT had poorer
language assessment scores than the patients who didn’t show
those findings. They proposed that discontinuation or noncon-
struction of the left AF was a critical factor for language function
of the stroke patients with aphasia. Similarly, PrimaRin et al’®*”!
reported that preservation of the AF was an important predictor
for good language recovery. Even though, they also pointed out
that even patients with large lesions in the AF were able to recover
their language functions during intensive therapy. Obviously, all
of these rare reports highlight the importance of the preservation
or residual structure of the AF for recovery of aphasia after
stroke. In the current study, we observe that the level of language
function at baseline in group D which the left AF could not be
reconstructed due to severe injury is lower compared with other
groups; meanwhile poorer improvement presented after speech
therapy. These results indicate that the preservation of AF in the
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dominant hemisphere is important for aphasia recovery, and the
findings of our study are coincided with the opinions of the
previous studies described above.

Moreover, it’s also worth noting that, several literatures ever
argued that the AF might not be as important as thought, or even
not necessary for recovery of speech repetition of stroke patients
with aphasia.[>**%58! This viewpoint is obviously unsuitable for
the current study.

Since the three-segment model was proposed by Catani
et al,””! which subsequently was validated by using intracortical
stimulation, postmortem dissections and functional MRI,%¢?!
the role of subcomponents of the AF has been investigated.
Catani et al®! suggested that the functions of these different
segments would differ in language: the direct long segment could
be related with phonological functions (e.g., speech repetition)
while the anterior indirect pathway could be involved in
vocalization of semantic information and the posterior indirect
pathway could be involved in auditory comprehension.

Some other studies have also explored the relation between
segments of the AF with language function successively, and
support for the viewpoint of Catani et al’®*’!. For example, Dick
and Tremblay'®!! reported that the long segment of the AF plays a
crucial role in language function. Catani et al®*! reported that
different subcomponents of the AF have different developmental
sequences: the anterior segment matures within the first year of
life while the direct and posterior segments mature later during
development. The anterior segment was proposed to be
responsible for informative actions and the direct and posterior
segments were respectively devoted to pragmatic integration and
syntactic processing. However, Tak et all®* found that the
posterior segment of the AF tract developed firstly and the direct
long segment matured last in identical hemispheres. They also
pointed out that these sequential developmental patterns seemly
supported the opinion that acquisition of comprehensive ability
of language precedes expressive ability. Specially, they suggested
that last maturation order of the direct segment could be related
to higher cognitive functional processes of language, because of
connecting the comprehension center of Wernicke’s area with the
expression center of Broca’s area. This viewpoint indicates that a
poor outcome of language would occur along with severe injury
of the AF, and this may be one of the mechanisms that the patients
in group D did not show a good recovery of aphasia.

Several reports on stroke also pointed out the relation between
segments of the AF and prediction outcome of aphasia.
Fridriksson et al'®*! suggested that the primary structural damage
in the posterior segment of the left AF was most closely associated
with impaired speech repetition. In a later study, Fridriksson
et al'®®! furtherly found that the anterior segment of the left AF
was a strong factor of predicting impaired speech fluency in
patients with aphasia, namely that damage to the anterior
segment had a particularly negative impact on speech fluency of
aphasia. Sequently, Basilakos et al*®! found damage to the aslant
area and anterior segment of the AF was associated with speech
fluency. They hence suggested a synergistic association of these
regions with speech fluency in stroke-induced aphasia based on a
hypothesis that the AF could mediate speech fluency depending
on playing a role in auditory feedback circuit for integrating
sensorimotor information for online monitoring of complex
speech production.[®®!

However, contrary to these findings, Forkel et al**' reported
that the volume of the other segments in the right and left
hemisphere did not show correlation with recovery except that

[33]

Medicine

the volume of the long direct segment of the right AF in the acute
stage of stroke was an important factor for predicting recovery of
aphasia at 6 months after onset. And, Ivanova et al*®! conducted
a study included thirty seven stroke patients with aphasia. They
also found no significant relation between the anterior segment of
the AF with language processing while the temporal portion (i.e.,
posterior segment) of the AF was significantly associated with
both comprehension and speech production equally at the word
and sentence level. In our study, the results showed no significant
relationship between improvement of language function with
segments of the left AF injury in stroke patients with aphasia. For
example, a relatively high improvement in terms of all the four
subcategories of language function presented in group C which
the posterior segment of the left AF injured, while less increase
took place in group B which the anterior segment injured. We
think this difference could be due to the contribution of ceiling
effects that a comparatively high level of language ability at the
baseline leaves small possibilities for significant improvements at
the p[c;s7t] test, as described in a four single-case study of PrimafSin
et al.

5. Conclusions

In the current study, we found no significant relation between the
prognosis of aphasia with segments injury of the left AF.
Nevertheless, the findings of this study indicate the importance of
integrity of the left AF for recovery of aphasia, namely that
preservation of the left AF on DTT could mean recovery potential
of aphasia after stroke. This will provide useful information for
clinicians on prognostic judgment and designing rehabilitation
strategies.

In addition, several limitations of this study should be
mentioned. First, a small sample is the major limitation.
However, it’s difficult to recruit the cases with typical injury
of different segments of the AF in clinical trials. Second, the
parameter of DTI (i.e., 25 noncollinear diffusion sensitizing
gradients) and the fiber-tracking approach (i.e., a deterministic
approach). Although some studies also adopted a parameter of
25 diffusion sensitizing gradients and it’s reported that the
deterministic method could adequately detect the AF, the
probabilistic tracking algorithm as well as much more diffusion
sensitizing gradient parameter (i.e., 32 or more) seems more
popular. Third, we did not assess the impact of the lesions
involved cerebral areas and other neural tracts associated with
language function (e.g., superior longitudinal fasciculus, uncinate
fasciculus and inferior longitudinal fasciculus). We also did not
conduct a follow-up DTI tractography examination, the role of
the AF and the possible mechanisms of recovery of aphasia
remain unclear in this study. So, further studies with larger
samples and optimized parameters as well as studies combinated
functional neuroimaging techniques and DTI tractography are
warranted to explore the role of white matter fiber in aphasia.

Acknowledgments

We thank Professor Chen Zhuoming and Doctor Yan Jiajian for
their guidances on the design of speech therapy protocol.

Author contributions

Conceptualization: Hong Wang.
Funding acquisition: Hong Wang.



Yu et al. Medicine (2019) 98:23

Investigation: Qiwei Yu, Shuqing Li, Yanhong Dai.
Methodology: Qiwei Yu.

Project administration: Hong Wang.

Software: Qiwei Yu.

Supervision: Hong Wang.

Writing — original draft: Qiwei Yu.

References

[1] Aghaz A. The role of neuroplasticity types in aphasia recovery and its
influencing factors: a systematic review of literature. Adv Biosci Clin Med
2017;DOI 10.7575/aiac.abcmed.cal.42.

[2] 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.

[3] Fridriksson J, den Ouden DB, Hillis AE, et al. Anatomy of aphasia
revisited. Brain 2018;141:848-62.

[4] Mayberry C. Brain Regions Underlying Repetition and Comprehension
Deficits in Aphasia: Evidence from voxel-based lesion symptom
mapping. Professional Doctorate, 2017, School of Psychology, The
University of Queensland.

[5] Hilari K, Galante L, Huck A, et al. Cultural adaptation and psychometric
testing of The Scenario Test UK for people with aphasia. Int ] Lang
Commun Disord 2018;53:748-60.

[6] Boehme AK, Martin-Schild S, Marshall RS, et al. Effect of aphasia on
acute stroke outcomes. Neurology 2016;87:2348-54.

[7] Charidimou A, Kasselimis D, Varkanitsa M, et al. Why is it difficult to
predict language impairment and outcome in patients with aphasia after
stroke? ] Clin Neurol 2014;10:75-83.

[8] Maas MB, Lev MH, Ay H, et al. The prognosis for aphasia in stroke. J
Stroke Cerebrovasc Dis 2012;21:350-7.

[9] Henseler I, Regenbrecht F, Obrig H. Lesion correlates of patholinguistic
profiles in chronic aphasia: comparisons of syndrome-, modality- and
symptom-level assessment. Brain 2014;137:918-30.

[10] Sul B, Kim ]S, Hong BY, et al. The prognosis and recovery of aphasia
related to stroke lesion. Ann Rehabil Med 2016;40:786-93.

[11] Lazar RM, Minzer B, Antoniello D, et al. Improvement in aphasia scores
after stroke is well predicted by initial severity. Stroke 2010;41:1485-8.

[12] Plowman E, Hentz B, Ellis C. Post-stroke aphasia prognosis: a review of
patient-related and stroke-related factors. ] Eval Clin Pract
2012;18:689-94.

[13] Jung IY, Lim JY, Kang EK, et al. The factors associated with good
responses to speech therapy combined with transcranial direct current
stimulation in post-stroke aphasic patients. Ann Rehabil Med
2011;35:460-9.

[14] Fridriksson J, Richardson JD, Fillmore P, et al. Left hemisphere plasticity
and aphasia recovery. Neuroimage 2012;60:854-63.

[15] Richardson JD, Baker JM, Morgan PS, et al. Cerebral perfusion in
chronic stroke: implications for lesion-symptom mapping and functional
mri. Behav Neurol 2011;24:117-22.

[16] Hillis AE. The ‘standard’ for poststroke aphasia recovery. Stroke
2010;41:1316-7.

[17] Watila MM, Balarabe SA. Factors predicting post-stroke aphasia
recovery. ] Neurol Sci 2015;352:12-8.

[18] Swathi K. What is the nature of poststroke language recovery and
reorganization? ISRN Neurology 2012;2012:786872.

[19] Basser PJ, Pierpaoli C. Microstructural and physiological features of
tissues elucidated by quantitative-diffusion-tensor MRI. ] Magn Reson
2011;213:560-70.

[20] Jang SH. Diffusion tensor imaging studies on arcuate fasciculus in stroke
patients: a review. Front Hum Neurosci 2013;7:749.

[21] Vanderauwera ], De Vos A, Forkel SJ, et al. Neural organization of
ventral white matter tracts parallels the initial steps of reading
development: a DTI tractography study. Brain Lang 2018;183:32-40.

[22] Raffa G, Conti A, Scibilia A, et al. Functional reconstruction of motor

and language pathways based on navigated transcranial magnetic

stimulation and DTI fiber tracking for the preoperative planning of low
grade glioma surgery: a new tool for preservation and restoration of
eloquent networks. Acta Neurochir Suppl 2017;124:251-61.

Rudie JD, Brown JA, Beck-Pancer D, et al. Altered functional and

structural brain network organization in autism. Neuroimage Clin

2012;2:79-94.

23

www.md-journal.com

[24] Xing S, Lacey EH, Skipper-Kallal LM, et al. White matter correlates of
auditory comprehension outcomes in chronic post-stroke aphasia. Front
Neurol 2017;8:54.

[25] Tae WS, Ham BJ, Pyun SB, et al. Current clinical applications of
diffusion-tensor imaging in neurological disorders. ] Clin Neurol
2018;14:129-40.

[26] Ivanova MV, Isaev DY, Dragoy OV, et al. Diffusion-tensor imaging of
major white matter tracts and their role in language processing in
aphasia. Cortex 2016;85:165-81.

[27] Sierpowska J, Gabarros A, Fernandez-Coello A, et al. Words are not
enough: nonword repetition as an indicator of arcuate fasciculus integrity
during brain tumor resection. ] Neurosurg 2017;126:435-45.

[28] Gullick MM, Booth JR. The direct segment of the arcuate fasciculus is
predictive of longitudinal reading change. Dev Cogn Neurosci
2015;13:68-74.

[29] Catani M, Jones DK, ffytche DH. Perisylvian language networks of the
human brain. Anna Neurol 2005;57:8-16.

[30] Makris N, Kennedy DN, Mclnerney S, et al. Segmentation of
subcomponents within the superior longitudinal fascicle in humans: a
quantitative, in vivo, DT-MRI study. Cereb Cortex 2005;15:854-69.

[31] Glasser MF, Rilling JK. DTI tractography of the human brain’s language
pathways. Cereb Cortex 2008;18:2471-82.

[32] Chen X, Zhao Y, Zhong S, et al. The lateralized arcuate fasciculus in
developmental pitch disorders among mandarin amusics: left for speech
and right for music. Brain Struct and Funct 2018;223:2013-24.

[33] Forkel SJ, Thiebaut de Schotten M, Dell’Acqua F, et al. Anatomical
predictors of aphasia recovery: a tractography study of bilateral
perisylvian language networks. Brain 2014;137(Pt 7):2027-39.

[34] Kim SH, Lee DG, You H, et al. The clinical application of the arcuate
fasciculus for stroke patients with aphasia: a diffusion tensor
tractography study. NeuroRehabilitation 2011;29:305-10.

[35] Pani E, Zheng X, Wang J, et al. Right hemisphere structures predict
poststroke speech fluency. Neurology 2016;86:1574-81.

[36] Basilakos A, Fillmore PT, Rorden C, et al. Regional white matter damage
predicts speech fluency in chronic post-stroke aphasia. Front Hum
Neurosci 2014;8:845.

[37] Tak HJ, Jang SH. Relation between aphasia and arcuate fasciculus in
chronic stroke patients. BMC Neurol 2014;14:46.

[38] Luo C, Song W, Chen Q, et al. White matter microstructure damage in
tremor-dominant Parkinson’s disease patients. Neuroradiology
2017;59:691-8.

[39] Metoki A, Brookes RL, Zeestraten E, et al. Mnemonic function in small
vessel disease and associations with white matter tract microstructure.
Neuropsychologia 2017;104:1-7.

[40] Liu H, Wang X. Correlation of iron deposition and change of gliocyte
metabolism in the basal ganglia region evaluated using magnetic
resonance imaging techniques: an in vivo study. Arch Med Sci
2016;12:163-71.

[41] Kinoshita M, Nakada M, Okita H, et al. Predictive value of fractional
anisotropy of the arcuate fasciculus for the functional recovery of
language after brain tumor resection: a preliminary study. Clin Neurol
Neurosurg 2014;117:45-50.

[42] Ripollés P, Biel D, Pefialoza C, et al. Strength of temporal white matter
pathways predicts semantic learning. ] Neurosci 2017;37:11101-13.

[43] Nucifora PG, Verma R, Melhem ER, et al. Leftward asymmetry in
relative fiber density of the arcuate fasciculus. Neuroreport
2005;16:791-4.

[44] Vernooij MW, Smits M, Wielopolski PA, et al. Fiber density asymmetry
of the arcuate fasciculus in relation to functional hemispheric language
lateralization in both right-and left-handed healthy subjects: a combined
fMRI and DTI study. Neuroimage 2007;35:1064-76.

[45] Catani M, Mesulam M. The arcuate fasciculus and the disconnection
theme in language and aphasia: history and current state. Cortex
2008;44:953-61.

[46] Goodglass H, Kaplan E, Barresi B. Boston Diagnostic Aphasia
Examination3rd ed. Lippincott Williams & Wilkins. Philadelphia 2000.

[47] Wang J, Wu D, Song W. Identifing the nature of naming difficulty in
aphasics with psycholinguistic assessment in Chinese aphasia and
aphasia battery for Chinese. Chin J Rehabil Med 2009;2:113-7.

[48] Bernal B, Ardila A. The role of the arcuate fasciculus in conduction
aphasia. Brain 2009;132(Pt 9):2309-16.

[49] Yeatman JD, Dougherty RF, Rykhlevskaia E, et al. Anatomical
properties of the arcuate fasciculus predict phonological and reading
skills in children. ] Cogn Neurosci 2011;23:3304-17.


http://www.md-journal.com

Yu et al. Medicine (2019) 98:23

[50] Marchina S, Zhu LL, Norton A, et al. Impairment of speech production
predicted by lesion load of the left arcuate fasciculus. Stroke 2011;42:2251-6.

[51] 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.

[52] 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.

[53] Forkel SJ, Del’Acqua F, Kalra L, et al. Lateralisation of the arcuate
fasciculus predicts aphasia recovery at 6 months. Proce Soc Behav Sci
2011;23:164-6.

[54] Wang J, Marchina S, Norton AC, et al. Predicting speech fluency and
naming abilities in aphasic patients. Front Hum Neurosci 2013;7:831.

[55] Hillis AE, Beh YY, Sebastian R, et al. Predicting recovery in acute
poststroke aphasia. Ann Neurol 2018;83:612-22.

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

[57] Primafdin A, Scholtes N, Heim S, et al. Determinants of concurrent motor
and language recovery during intensive therapy in chronic stroke
patients: four single-case studies. Front Neurol 2015;6:215.

[58] Ardila A. A review of conduction aphasia. Curr Neurol Neurosci Rep
2010;10:499-503.

10

Medicine

[59] Schmithorst V], Holland SK. Sex differences in the development of
neuroanatomical functional connectivity underlying intelligence
found using Bayesian connectivity analysis. Neuroimage
2007;35:406-19.

[60] Lawes IN, Barrick TR, Murugam V, et al. Atlas-based segmentation of
white matter tracts of the human brain using diffusion tensor
tractography and comparison with classical dissection. Neuroimage
2008;39:62-79.

[61] Dick AS, Tremblay P. Beyond the arcuate fasciculus: consensus and
controversy in the connectional anatomy of language. Brain 2012;135(Pt
12):3529-50.

[62] Catani M, Bambini V. A model for social communication and language
evolution and development (SCALED). Curr Opin Neurobiol
2014;28:165-71.

[63] Tak HJ, Kim JH, Son SM. Developmental process of the arcuate
fasciculus from infancy to adolescence: a diffusion tensor imaging study.
Neural Regen Res 2016511:937-43.

[64] Fridriksson ], Kjartansson O, Morgan PS, et al. Impaired speech
repetition and left parietal lobe damage. ] Neurosci 2010;30:11057-61.

[65] Fridriksson J, Guo D, Fillmore P, et al. Damage to the anterior arcuate
fasciculus predicts non-fluent speech production in aphasia. Brain
2013;136(Pt 11):3451-60.

[66] Hickok G, Poeppel D. The cortical organization of speech processing.
Nat Rev Neurosci 2007;8:393-402.



	Predictive role of subcomponents of the left arcuate fasciculus in prognosis of aphasia after stroke
	Outline placeholder
	1 Introduction
	2 Methods
	2.2 DTI tractography evaluation
	2.4 Statistical analyses

	3 Results
	4 Discussion
	Author contributions

	References


