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Abstract

We investigated the predictive value of the corticobulbar tract (CBT) for dysphagia using diffusion tensor tractography in
the early stage of intracerebral hemorrhage (ICH) for dysphagia. Forty-two patients with spontaneous ICH + intraventricular
hemorrhage (IVH) and 22 control subjects were recruited. The patients were classified into three groups: group A—could
remove nasogastric tube (NGT) in the acute stage of ICH, group B—could remove NGT within 6 months after onset, and
group C—could not remove NGT until 6 months after onset. The CBT were reconstructed, and fractional anisotropy (FA)
and tract volume (TV) values were determined. The FA of the CBT in the affected hemisphere in group A was lower than
in the control group (p <0.05). The FA and TV of the CBT in the affected hemisphere in group B were lower than those in
the control group (p <0.05). In group C, the FA and TV in the affected hemisphere and unaffected hemispheres were lower
than in the control group (p <0.05). The TV of the CBT in the affected hemisphere in group B showed a moderate negative
correlation with the length of time until NGT removal (r=0.430, p < 0.05). We found that patients with CBT injuries in both
hemispheres were not able to remove the NGT until 6 months after onset, whereas patients who were injured only in the
affected hemisphere were able to remove NGT within 6 months of onset. The severity of injury to the CBT in the affected
hemisphere appeared to be related to the length of time until NGT removal.
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Dysphagia has a significant negative impact on stroke out-
come because it is related to aspiration pneumonia, malnutri-
tion, increased mortality, and prolonged hospital stay [4-8].
Furthermore, dysphasia is common in diseases which are
common in general population such as hypertension, gastro-
esophageal reflux disease, anxiety and depression [2, 9-11].
As aresult, accurate prognosis prediction as well as rehabili-
tative management of dysphagia in the early stage of stroke
is important because it could provide useful information for
planning specific rehabilitation strategies and for estimating
the duration of rehabilitation.

Prognostic prediction of dysphasia has been conducted
using demographic factors, clinical characteristics, radio-
logic findings, videofluoroscopic findings, swallowing
endoscopy findings, and water swallowing test: negative
predictors- older age, cognitive impairment, impaired con-
sciousness, lower functional state, stroke severity, lesion
location (bilateral lesions, infratentorial lesion, and internal
capsule, frontal or insular cortices), delayed oral transit and
contrast penetration of laryngeal cavity [7, 10-23]. However,
these techniques are focused on the clinical characteristics
and swallowing function, therefore, they were limited in esti-
mating injury to the corticobulbar tract (CBT), which is the
main neural tract for swallowing [24].

The CBT innervates the nuclei for cranial nerves V, VII,
XI, and XII, and also contributes to the cranial nerves IX and
X. The muscles of the face, head, and neck are controlled
by the CBT and injury of the CBT can accompany bulbar
symptoms including dysphagia [25]. Therefore, elucidation
of the state of the CBT would be useful for prognostic pre-
diction of dysphagia (especially, removal of the NGT) in
stroke patients. Advances in diffusion tensor tractography
(DTT), derived from diffusion tensor imaging (DTI), have
enabled three-dimensional reconstruction and estimation of
the CBT [26-31]. Several studies using DTT have demon-
strated injury of the CBT in several brain pathologies includ-
ing stroke [24, 25, 27-29, 32-36]. However, no study on the
prognostic prediction of dysphagia using DTT of the CBT
has been reported so far.

In this study, we hypothesized that the state of the CBT
in the early stage of intracerebral hemorrhage (ICH) would
have predictive value for removal of the NGT. We therefore
investigated the predictive value of the CBT state on DTT in
the early stage of ICH for removal of the NGT.

Methods
Subjects
Forty-two consecutive patients (22 men, mean age;

58 + 11 years, range 28—80 years) were recruited according
to the following inclusion criteria: (1) first ever stroke, (2)
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a spontaneous supratentorial ICH + intraventricular hemor-
rhage (IVH) that was confirmed by a neuroradiologist, (3)
age at onset of ICH: 20-80 years, (4) DTI was performed
at an early stage (less than 6 weeks after onset), (5) patients
who had alert mentality and could obey one step commands,
and (6) dysphagia at the onset of stroke requiring NGT inser-
tion. The exclusion criteria were as follows: (1) previous
history of psychiatric or neurological disease, (2) previous
history of dysphagia or vocal palsy, (3) inability to obey
a verbal command due to cognitive impairment. Twenty-
two age- and sex-matched healthy control subjects without
previous history of psychiatric or neurological disease (11
men, 11 women; mean age 51+ 11, range 3377 years) were
recruited for this study.

Bedside screening test for dysphagia was performed for
all patients who had been admitted or transferred to the
rehabilitation department using the Gugging Swallowing
Screen (GUSS) [37]. When the GUSS score was more than
16 points, the confirmatory videofluoroscopic swallowing
study (VFSS) was performed. Penetration-aspiration scale
and the vallecular and pyriform sinus residue scale after
swallowing on the VFSS image (grade 0, no residue; grade
1,<10% of all width of vallecular or pyriform sinuses; grade
2, 10-50% of width; grade 3,>50% of width) were used to
determine whether NGT could be removed and the patients
could start oral feeding [38, 39]. NGT was removed when
(1) the penetration-aspiration scale is less than score 2 and
(2) vallecular and pyriform sinus residue scale result is grade
1 or2.

All patients who had failed to start oral feeding based on
the initial evaluation of GUSS or VFSS, dysphagia reha-
bilitation therapy was performed by occupational therapists
(60 min/day, five times/week). Dysphagia rehabilitation ther-
apy includes direct and indirect methods to facilitate the sen-
sory and motor function of orofacial and laryngopharyngeal
muscles. The compensatory strategies of swallowing were
also provided; these methods include Mendelsohn’s maneu-
ver, head and neck positioning, supraglottic swallowing.
Neuromuscular electrical stimulation (NMES) was applied
to the extrinsic laryngeal muscles, especially suprahyoid
muscles, for 30 min per session (5 five times/week). When
patients showed clinical improvement during the dysphagia
rehabilitation therapy, the GUSS and VFSS were performed
again. When VFSS findings meet the aforementioned crite-
ria, NGT was removed and oral feeding was started.

The patients were classified into three groups: (1)
patient group A—patients who could remove the NGT
in the acute stage of ICH (within 2 days after onset); (2)
patient group B—patients who could not remove the NGT
in the acute stage of ICH (within 2 days after onset) but
were able to remove it within 6 months; (3) patient group
C—-patients for whom the NGT could not be removed until
6 months after onset. Ten patients [6 males; 4 female; mean
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age 51 + 15 years; range 28—80 years; 5 with concurrent
IVH (50.0%)] belonged to patient group A, 27 patients
belonged to patient group B [13 males; 14 females; mean
age 60+ 8.9 years; range 47-79 years; 13 with concurrent
IVH (48.1%)] and 5 patients belonged to patient group
C [3 males; 2 females; mean age 59 + 10 years; range
47-79 years; 3 with concurrent IVH (60.0%)]. The patients
in group B were able to remove the NGT at an average of
36.44+16.21 days after onset.

The volume of hematoma and total lesion on T2-weighted
brain magnetic resonance images (21.39+9.38 days) were
calculated by using the following formula: [A (cm)X B
(cm) X C (cm)]/2 (A the length, B the width of the largest
cross-sectional area, C the total height from the bottom to the
top slice of the hematoma) [40]. The peri-hematomal edema
volume which the region of high signal on T2-weighted
images around the hematoma, was calculated by subtract-
ing the hematoma volume from the total lesion volume [41,
42]. The volume of the IVH was estimated using the modi-
fied Graeb Scale (mGS), which show separate ventricular
compartments to [IVH volume and regional accumulation
[43]. The mGS consists of the eight parts of the ventricle
which are the fourth, third, right and left lateral ventricles
(maximum score 4 for each), right and left occipital horns
(maximum score 2 for each), and the right and left temporal
horns (maximum score 2 for each). The volumes were cal-
culated by a single blinded expert. This study was conducted
retrospectively, and the Institutional Review Board of a uni-
versity hospital approved the study protocol.

Diffusion Tensor Imaging and Tractography

DTI scanning was performed once at an average of
21.39+9.38 days after onset using a 6-channel head coil
on a 1.5 T Philips Gyroscan Intera (Philips Healthcare,
Best, The Netherlands) with single-shot, spin echo-planar
imaging. Imaging parameters were as follows: acquisition
matrix =96 X 96; reconstructed to matrix =192 x 192; field
of view =240 x 240 mm?; TR = 10,398 ms; TE=72 ms;
parallel imaging reduction factor (SENSE factor) =2;
EPI factor=59; = 1000 s/mm?; and a slice thickness of
2.5 mm. The Oxford Centre for Functional Magnetic Reso-
nance Imaging of the Brain (FMRIB) Software Library
was used to analyze DTI data. Eddy current correction was
applied to correct the head motion effect and image distor-
tion [44]. FMRIB Diffusion Software with routines option
(0.5 mm step lengths, 5000 streamline samples, curvature
thresholds =0.2) was used for fiber tracking [44—46]. For
analysis of the CBT, the seed region of interest (ROI) was
placed on the lower pons (anterior blue portion on the
color map), and the target ROI was placed on the lower
portion of the precentral gyrus which was in the section of
the top of the lateral ventricles [24-26, 30, 31]. The frac-
tional anisotropy (FA) and tract volume (TV) of the CBT
in both hemispheres were measured. DTT of all patients
was analyzed by a single blinded expert (3 year’s experi-
ence of DTT analysis) (Fig. 1).

Fig. 1 T2-weighted brain magnetic resonance images (a) and results
of diffusion tensor tractography for the corticobulbar tract (CBT) (b).
Control group: a representative subject (42-year-old female), group
A: arepresentative patient (62-year-old female), group B: a represent-
ative patient (64-year-old male) shows narrowing (yellow arrow) of

the CBT in the affected (left) hemisphere, and group C: a representa-
tive patient (77-year-old female) shows narrowing (yellow arrow) of
the CBT in the unaffected (right) hemisphere and non-reconstruction
(red arrow) of the CBT in the affected (left) hemisphere
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Statistical Analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows (IBM Corp.
Released 2014, IBM SPSS Statistics for Windows, Version
23.0., Armonk, NY: IBM Corp.) Differences in baseline val-
ues between the four groups for independent variables were
tested with the Kruskal-Wallis (one-way ANOVA) test and
the Mann—Whitney test. Using Spearman correlation, the
values of FA and TV of the CBT were used in determination
of correlation with the length of time to NGT removal. A
correlation coefficient of more than 0.60 indicated a strong
correlation, between 0.40 and 0.59 indicated a moderate cor-
relation, between 0.20 and 0.39 indicated a weak correlation,
and less than 0.20 indicated a very weak correlation [47].
The significance level of the p value was set at 0.05.

Results

The baseline demographic and clinical data of the patient
and control groups are summarized in Table 1. No signifi-
cant differences were observed in terms of age, sex, Mini-
Mental State Examination, mean duration to DTI scanning
between the three patient and control groups (p > 0.05).
However, in the lesion location, the thalamic lesion was
significantly higher in the patient groups A and C than the
patient group B (p <0.05).

The comparison of the volumes of hematoma, peri-hema-
tomal, total lesion and IVH between the patient groups are
summarized in Table 2. The hematoma volume was signifi-
cantly higher in the patient group C than the patient group
B (»<0.05). The volumes of the peri-hematomal edema and
total lesion were significantly higher in the patient group C

than the patient groups A and B (p <0.05). The comparison
of IVH scale did not show significant difference between the
patient groups (p > 0.05).

The comparison of DTT parameters of the CBT between
the patient and control groups is summarized in Table 3. The
CBT in the affected hemisphere was not reconstructed in
any of the five patients in patient group C. The FA value of
the CBT in the affected hemisphere in patient group A was
significantly lower than that of the control group (p <0.05).
However, the TV value of the CBT in the affected hemi-
sphere and the values of FA and TV of the CBT in the unaf-
fected hemisphere in patient group A were not significantly
different from those of the control group (p > 0.05). The
values of FA and TV of the CBT in the affected hemisphere
and the FA value in the unaffected hemisphere in patient
group B were significantly lower than those of the control
group (p <0.05) without significant differences in the TV
value in the unaffected hemisphere. By contrast, in patient
group C, the values of FA and TV in the affected and unaf-
fected hemispheres were significantly lower than those of
the control group (p <0.05).

Table 4 shows a summary of correlations between the
length of time to NGT removal in patient group B and DTT
parameters of the CBT in both hemispheres. The TV value
of the CBT in the affected hemisphere showed a moder-
ate negative correlation with the time to NGT removal
(r=0.430, p<0.05) [47].

Discussion
In the current study, by using DTT, we investigated the pre-

dictive value of the CBT state on DTT for dysphagia in the
early stage of ICH and found the following results: (1) in

Table 1 Demographic and clinical characteristics of the patient groups A—C and control group

Characteristic Patient group Control group (n=22) p value
Group A (n=10) Group B (n=27) Group C (n=95)

Age (years) 51.0+15.0 60.0+8.90 59.0+10.0 51.0+11.0 0.16

Sex (male:female) 6:4 13:14 3:2 11:11 0.76

MMSE 18.5+6.0 18.8+5.1 17.0+1.0 0.65

Mean duration to DTT (days) 19.1+4.90 23.3+8.32 26.6+3.97 0.07

Lesion location (right:left) 1:4 11:16 2:8 0.39
Frontal lobe [1 (%)] 1[9.1] 5[15.7] 1[9.1] 0.33
Parietal lobe [ (%)] 1[9.1] 7121.9] 0 0.73
Temporal lobe [ (%)] 0 319.3] 3[18.2] 0.39
Putamen [n (%)] 6 [54.5] 14 [43.8] 51[45.5] 0.13
Thalamus [n (%)] 31[27.3] 319.3] 3[27.2] 0.03

Values are presented as number or mean + standard deviation

Patient group A—nasogastric tube (NGT) removed within 2 days after onset, patient group B—NGT removed within 6 months, patient group
C—NGT inserted over 6 months after onset, DTT diffusion tensor tractography, MMSE Mini-Mental State Examination
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Table 2 Hematoma, peri-
hematomal edema and total
volume, and intraventricular
hemorrhage scale of the patient
groups A—C

Table 3 Comparison of
diffusion tensor tractography
parameters of the corticobulbar
tract in the patient and control
groups

Patient group Volume of hematoma on brain MRI (ml) Scale of IVH

Hematoma volume  Peri-hematomal Total lesion volume  Modified Graeb Scale
edema volume

Group A (n=10) 22.1+8.69 32.1+10.1 541177 1.7£2.6
Group B (n=27) 18.24x11.1 38.3+21.1 56.6£28.5 3.0+£3.0
Group C (n=5) 34.01+12.1 61.71+19.8 95.75+29.1 47+3.8
p value

T 0.231 0.945 0.538 0.29

T 0.111 <0.05%* <0.05%%* 0.366

1T <0.05%%* <0.05%%* <0.05%* 0.838

Values are presented as number or mean + standard deviation

Patient group A—nasogastric tube (NGT) removed within 2 days after onset, patient group B—NGT
removed within 6 months, patient group C—NGT inserted over 6 months after onset, /VH intraventricular
hemorrhage

"Between the patient groups A and B, "Tbetween the patient groups A and C, ""Tbetween the patient groups

B and C; Kruskal-Wallis test and Mann—Whitney U test were used for comparisons of hematomal volume,
Kk
‘p<0.05

Affected hemisphere Unaffected hemisphere

DTT parameters FA TV FA TV
Patient group A 0.38 (£0.06) 862.8 (+667.78) 0.44 (£0.03) 879.60 (+547.46)
Patient group B 0.22 (£0.17) 349.2 (+544.40) 0.40 (£0.10) 836.22 (+646.95)
Patient group C 0 (0) 0 (0) 0.40 (+0.03) 656.2 (+847.32)
Control group 0.44 (£0.07) 862.18 (+£276.06) 0.44 (£0.07) 862.18 (+276.06)
p value

T <0.05%* 0.46 0.33 0.64

Tt <0.05%* <0.05%* <0.05%* 0.11

i <0.05%* <0.05%* <0.05%* <0.05%*

i <0.05%* 0.06 0.292 0.856

it <0.05%* <0.05%* 0.105 0.184

i <0.05%* <0.05%* 0.981 0.229

T <0.05%* 0.954 - -

i <0.05%* <0.05%* - -

Tt <0.05%* 0.115 - -

Values represent mean (+ standard deviation)

DTT diftusion tensor tractography, FA fractional anisotropy, TV tract volume; Patient group A—nasogastric
tube (NGT) removed within 2 days after onset, patient group B—NGT removed within 6 months, patient
group C—NGT inserted over 6 months after onset

"Between the patient group A and control group in the affected and unaffected hemisphere, "Tbetween
the patient group B and control group in the affected and unaffected hemisphere, " 'between the patient
group C and control group in the affected and unaffected hemisphere, *between the patient groups A and
B in the affected and unaffected hemisphere, **between the patient groups A and C in the affected and
ur}affected hemisphere, ¥*between the patient groups B and C in the affected and unaffected hemisphere,
unaffected hemisphere in the patient group B, " "between the affected and unaffected hemisphere in the
patient group C; Kruskal-Wallis test and Mann—Whitney U test were used for comparisons of diffusion
tensor tractography parameters, **p <0.05

patient group A, the FA value of the CBT in the affected  group; (3) in patient group C, the values of FA and TV in the
hemisphere was lower than that of the control group; (2) in  affected and unaffected hemispheres were lower than those
patient group B, the values of FA and TV of the CBT inthe  of the control group; (4) the TV value of the CBT in the
affected hemisphere were lower than those of the control  affected hemisphere showed a moderate negative correlation
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Table 4 Correlations between the length of time to nasogastric tube
removal and diffusion tensor tractography parameters of the affected
corticobulbar tract in patient group B

FA TV

Affected hemisphere -0.269 (p=0.175)

0.272 (p=0.170)

—0.430 (p=0.025)**

Unaffected hemisphere 0.082 (p=0.686)

Values are mean correlation coefficient (p value). Pearson correlation
test was used for comparisons of diffusion tensor tractography param-
eters. The correlation coefficient (r) represents the strength of the lin-
ear relationship (0.1-0.3: weak; 0.3—-0.5: moderate**)

CBT corticobulbar tract, FA fractional anisotropy, 7V tract volume

with the time to NGT removal; and (5) the volumes of the
peri-hematomal edema and total lesion were larger in the
patient group C than the patient groups A and B.

Among the DTT parameters, the FA and TV have most
commonly been used in evaluating the state of neural tracts
in patients with brain injury [48-51]. The FA value repre-
sents white matter organization by indicating the degree of
directionality and the integrity of white matter microstruc-
tures such as axons, myelin, and microtubules, and a low
FA value suggests a loss of white matter integrity [52]. The
TV is determined by the number of voxels within a neu-
ral tract, thereby reflecting the total number of fibers in the
tract [53]. Therefore, lower values of FA or TV of the CBT
indicate an injury to the CBT [52, 53]. In detail, the CBT of
the affected hemispheres in patient groups A and B and the
CBTs in both hemispheres in patient group C appeared to
be injured. However, the CBT of the affected hemispheres
in patient group A showed relatively milder injury because
only the FA value was decreased, whereas the CBT of the
affected hemispheres in patient group C presented with more
severe injury because none of the CBTs were reconstructed
compared with the other patient groups. CBT injury in the
unaffected hemisphere in patient group C might be ascribed
to periventricular white matter injury by IVH or a neural
tract injury in the unaffected hemisphere by large hematoma
in patients with ICH, which were demonstrated in previous
studies [54, 55]. As a result, our results can be summarized
as follows: among patients who were obliged to feed using a
NGT after the acute stage of ICH, patients who were injured
the CBT only in the affected hemisphere were able to remove
the NGT within 6 months after onset. However, patients with
CBT injuries in both hemispheres were not able to remove
the NGT until 6 months after onset. On the other hand, the
total lesion volume was larger in the patient group C than
the patient group A and B appears to be coincided with the
results of the previous studies which dysphasia was related
with lesion volume in stroke patients [13, 14].

Regarding the correlation between the time to NGT
removal and DTT parameters of the CBT in patient group
B, a moderate negative correlation was observed between
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the time to NGT removal and the TV value of the CBT in
the affected hemisphere. Because the TV value indicates
the total number of fibers in the CBT, the remaining fiber
numbers in the CBT in the affected hemisphere appeared
to be negatively related to the length of time until NGT
removal. In other words, the severity of injury to the CBT
in the affected hemisphere appeared to be related to the time
to NGT removal in patients who could not remove the NGT
due to dysphagia in the acute stage of ICH.

The fact that a patient could remove the NGT means the
recovery of dysphasia in that patient. Regarding the recov-
ery mechanisms of dysphasia, a few studies have reported
[32, 56]. In 1998, Hamdy et al. reported that the pharyngeal
motor cortex reorganizes after acute unilateral stroke, and an
increase in cortical excitability in the unaffected hemisphere
was associated the recovery of swallowing function using
transcranial magnetic stimulation study [56]. In 2016, Jang
et al. reported a patient who showed reorganization of a CBT
at the subcortical white matter following cerebral infarct
[32]. Therefore, further studies on the recovery mechanisms
of dysphasia centered on the CBT should be warranted.

Since the introduction of DTI, a few studies have dem-
onstrated dysphagia due to the CBT injury in stroke and
traumatic brain injury [32, 35, 57]. However, to the best
of our knowledge, this is the first study to demonstrate the
predictive value of the CBT state on DTT in the early stage
of ICH for dysphagia. However, the limitations of this study
should be considered. First, the DTT analysis is operator-
dependent, and regions of fiber complexity and crossing can
prevent full reflection of the underlying fiber architecture
by DTI [58]. Second, the presence of IVH in patients with
supratentorial ICH is associated with a lack of homogene-
ity. Third, this study recruited a relatively small number of
subjects. In addition, inequality of the number of patients
for each patient group was another limitation of this study.
Although it was inevitable because this study recruited the
patients consecutively, further prospective studies including
larger number of subjects should be encouraged to overcome
the above limitations.

Conclusion

In conclusion, we found that patients with CBT injuries in
both hemispheres could not remove the NGT until 6 months
after onset, whereas patients who were injured only in the
affected hemisphere were able to remove the NGT within
6 months after onset. Furthermore, the injury severity of the
CBT in the affected hemisphere appeared to be related with
the length of time to NGT removal. Our results suggest that
the evaluation of the CBT state using DTT would be helpful
for prognosis prediction of the removal of the NGT in the
early stage of ICH.
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