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Abstract
About 11% to 13% of patients with acute dysphagia induced by stroke remain chronic dysphagia 6months after stroke which usually
leads to many severe complications and poor quality of life.
To investigate the effect of transcranial direct current stimulation (tDCS) on swallowing function in the patients with chronic

dysphagia after stroke.
26 post-stroke patients with chronic dysphagia who received tDCS were identified by electronic medical records between July

2016 and April 2018. Of which, 13 were treated by unilateral hemispheric anodal tDCS at affected pharyngeal motor cortex. 13
eligible patients only treated by conventional therapies but without tDCS were randomly selected by matching on date of admission
(±2 weeks) of the patients receiving unilateral tDCS. The swallowing function and quality of life were evaluated before and 2 weeks
after treatment.
The patients in three groups were comparable. The swallowing function and quality of life of the patients in all the 3 groups had

been improved over time. Comparing to the group without tDCS, both the groups with unilateral or bilateral tDCS had shorter oral
transit time (1.69±0.95, 0.97±0.71seconds, respectively) and higher scores of quality of life (159.76±12.59, 179.69±11.81,
respectively) after treatment.
Both unilateral and bilateral hemispheric anodal tDCS combined with conventional therapies are helpful for recovery of swallowing

function in patients with chronic dysphagia induced by stroke, but bilateral anodal tDCS substantially improve more.

Abbreviations: STD = stage transition duration, SWAL-QOL = swallow quality of life questionnaire, tDCS = transcranial direct
current stimulation, UES= upper esophageal sphincter, UOT= upper esophageal sphincter opening time, VFSE= videofluoroscopic
swallowing examinations.
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1. Introduction

Dysphagia can be induced by a range of diseases such as
oropharyngeal diseases, esophageal diseases, central nervous
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and so on. About 50% of patients with stroke suffer dysphagia.
Of which, most post-stroke patients can recover the swallowing
function with routine therapies, however about 11% to 13% of
post-stroke patients still remain the symptoms until 6 months
after stroke.[1] The chronic dysphagia probably leads to several
complications such as dehydration, malnutrition and aspiration
pneumonia and and so on, which consequently result in poor
quality of life.[2] Peripheral motor sensory stimulation techniques
are commonly used for treating dysphagia after stroke, including
tongue muscle motor stimulation, taste stimulation, cold, and
heat stimulation, swallowing muscle group neuromuscular
electrical stimulation and compensatory methods (eg, changes
in eating position and food characteristics).[3] Recently, increas-
ing evidence has showed that the non-invasive brain electric
stimulation techniques such as repetitive transcranial magnetic
stimulation and transcranial direct current stimulation (tDCS)
are likely helpful for recovery in patients with stroke.[4–8]

Particularly, the patients with acute, subacute or chronic
dysphagia induced by stroke can achieve substantial improve-
ment of the swallowing function after receiving tDCS.[9–13]

However, the sites where the electrodes of tDCS place very in the
existing studies. The knowledge regarding whether there is
difference between the effect of tDCS over the unaffected, affected
or both hemispheres is limited. Better recovery is suggested to be
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associated with anodal tDCS to affected pharyngeal motor cortex
comparing to sham procedure.[11,13] In addition, a previous study
found that bilateral anodal tDCS could bring additional benefit
on the improvement of swallowing function in patients with post-
stroke dysphagia.[9] We hypothesized that bilateral anodal tDCS
probably had better recovery on swallowing function in patient
with post-stroke dysphagia than unilateral anodal tDCS.
Therefore, we conducted a retrospective cohort study to evaluate

whether the tDCS can improve the swallowing function of the
patients with chronic dysphagia caused by stroke, and whether
bilateral anodal tDCS has better effect than unilateral anodal tDCS.

2. Methods

2.1. Study population and design

The study participants were the patients with chronic dysphagia
induced by stroke with unilateral cortical and subcortical lesions
and received rehabilitated therapies in the Department of
Neurological Rehabilitation, Rehabilitation Center Hospital of
Gansu province between July 2016 and April 2018. The
electronic hospitalized records with all information (eg, date of
admission and discharge, diagnosis, clinical examinations and
the results, therapies (including density/dose and duration),
assessment of patient’s condition etc) were used to identify the
patients. The patients were restricted by the age from 25 to 65, the
illness course of 6 to 24 months after stroke, no symptoms of
consciousness disorders, cognitive disorders and aphasia, and
never receiving tDCS before. Stroke with unilateral cortical and
subcortical lesions was confirmed by head CT or MRI based on
the diagnostic criteria for cerebral infarction and cerebral
hemorrhage in American Guidelines for the Diagnosis and
Treatment of Acute Ischemic Stroke (2015)[14] and American
Guidelines for the Diagnosis and Treatment of Cerebral
Hemorrhage (2015).[15] Dysphagia was assessed by clinical
evaluation of swallowing function and swallowing X-ray
fluoroscopy. Additionally, the patients with one of the conditions
below would be excluded:
(1)
 patients with cardiac pacemaker and brain stimulator,

(2)
 patients with intracranial metal implants, such as arterial

clips, cranioplasty and so on,

(3)
 patients treated by ventriculoperitoneal shunt,

(4)
 patients with not well-controlled epilepsy,

(5)
 patients with local skin lesions or inflammatory reactions or

irritation area hyperalgesia.
Figure 1. tDCS stimulation site of pharyngeal motor cortex. transcranial direct
current stimulation. tDCS = transcranial direct current stimulation.
According to the patients’ conditions (eg, the infarction area,
severity of dysphagia, etc), a rehabilitation therapist introduced
and recommended the protocol of tDCS to the patients and
relatives. An extra protocol of tDCS would be performed if the
patients and relatives took the suggestion. A total of 26 eligible
patients with post-stroke dysphagia accepted unilateral or
bilateral hemispheric anodal tDCS during that period. Of which,
13 patients received unilateral hemispheric anodal tDCS at
affected pharyngeal motor cortex. In order to evaluate the effect
of tDCS on improvement of swallowing function, we further
randomly selected 13 eligible patients without tDCS who were
appropriate for tDCS as reference group (1:1) by matching on
hospitalized date (±2 weeks) of the patients receiving unilateral
hemispheric anodal tDCS.
Ethical approval for the study was obtained from the Ethics

Committee at Rehabilitation Center Hospital of Gansu province
(2018/03/19).
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2.2. Treatment

All the patients were treated with conventional swallowing
therapies (such as ice stimulation therapy, deglutition reflex
trigger training, tongue control training, muscle strength training
of levator muscle group of larynx, Mendelssohn method, direct
feeding training, low frequency electrical stimulation for
submandibular muscles). The duration and frequency of
conventional swallowing therapies were 20 minutes per time,
once per day, and 6 days per week for 2 weeks.
The duration and frequency of tDCS was similar as that of

conventional swallowing therapies. The tDCS treatment was
performed by IS300 Intelligent Electric Stimulator (Sichuan
Intelligent Electronics Industry Co., Ltd.). The stimulation site
was pharyngeal motor cortex, which the anodes were put at the
points 2cm forward and 15cm beside the Cz point in the top
center and the cathodes were put at the contralateral supraorbital
region (Fig. 1).[9] The electrode area was 5cm�7cm. A piece of
thin cotton pad with saturated saline water was put under the
electrode to make the electrode fully contact with skin. The
stimulation current density was lower than 0.04mA/cm2, and the
stimulation intensity was 1.4mA. Elastic bandage was utilized to
fix the electrode.

2.3. Measurement

During the stay in hospital, the videofluoroscopic swallowing
examinations[16] and swallow quality of life questionnaire
(SWAL-QOL) were performed for evaluating patients’ swallow-
ing function by 2 speech therapist before and 2 weeks after
treatment. The patients were asked to seat comfortably and eat
the foods mixed with barium (50ml 60% barium sulfate
suspension (made by 200 grams barium powder + 286 grams
water) + 1.5 grams Audi Shunyan Thickener (produced by
Guangzhou Audi Biotechnology Co. Ltd.)). A radiographic video
was used for observing and recording swallowing images (see
video, Supplemental Video, http://links.lww.com/MD/D944,

http://links.lww.com/MD/D944


Table 1

Characteristics of the patients in the 3 groups.

Sex (n) Age Duration of illness course Hemiplegia side (n) Nature of lesion (n)

Group Sample size Male Female (±s) (d, ±s) Left Right Cerebral hemorrhage Cerebral infarction

A 13 7 6 49±12 249±52 8 5 7 6
B 13 6 7 52±11 237±48 8 5 7 6
C 13 5 8 50±10 256±53 7 6 5 8

±s=mean ± standard deviation, Group A=patients without tDCS; group B=patients receiving unilateral hemispheric anodal tDCS; group C=patients receiving bilateral hemispheric anodal tdcs, tDCS =
transcranial direct current stimulation.
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which illustrates the procedure of swallowing). All the patients
were asked to swallow 5 mL barium food per time twice. A
swallowing therapist would assess the parameters below by
reviewing the video at a rate of 30 frames per second.
(1)
Ta
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Grou

A
B
A

B
B
A

C
B
A

HMT
closu
∗
com

† com
‡ one
Oral transit time[17]: the time from the shape of the food
group started to be changed by the tongue muscle in the
mouth until the head of the food group reached the junction
of the mandibular branch and the tongue root.
(2)
 Stage transition duration (STD): the time from the arrival of
bolus head at the junction of the lingual and mandibular
branches and the initiation of swallowing in the pharynx
which was marked as the superior-anterior hyoid movement.
But up and down hyoid movement would be ignored if a
swallow did not occur.
(3)
 Hyoid movement time: the interval that the hyoid bone
started to move forward and upward until it returned to the
resting position.
(4)
 Upper esophageal sphincter (UES) opening time (UOT): the
time from UES started to open until it fully closed after the
food group arrived at UES.
(5)
 Laryngeal closure time: the time from closure to open on the
laryngeal vestibule, precisely from touching to separation
between spoon cartilage and the lower surface of epiglottis.

There were 11 domains (totally 44 items) in SWAL-QOL. Of
which, 8 were related to swallowing, including psychological
burden, eating time, appetite, food choice, language communi-
cation, eating fear, mental health and social interaction; 2 were
general domains which were about fatigue and sleep; and 1 was
frequency of dysphagia. A 5-point Likert scale was used ranging
from 1 = “severely impaired quality of life” to 5 = “no
impairment”.
ble 2

swallowing function assessed by VFSE before and after treatme

p N OTT STD

efore 13 3.091±1.804 0.112±0.852
fter 13 1.956±1.102

∗
0.110±0.121

efore 13 3.121±1.652 0.113±0.871
fter 13 1.694±0.949

∗,† -0.149±0.105
∗,†

efore 13 3.049±1.571 0.109±0.914
fter 13 0.966±0.712

∗,† -0.349±0.152
∗,†,‡

=hyoid movement time; Group A=patients without tDCS; group B=patients receiving unilateral hem
re time; OTT= oral transit time; STD= stage transition duration; UOT=upper esophageal sphincter
parison between before and after treatment, P< .05.
pared to group A, P< .05.
-way analysis of variance, P< .05.
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2.4. Statistical analysis

Shapiro-Wilk test was used for testing normal distribution of the
data on parameters of swallowing function. Paired-samples T test
and independent-samples T test were used to test the differences
of swallowing function before and after treatment in the same
group, and of swallowing function after treatment between the 2
groups separately. One-way analysis of variance was applied to
assess the difference of swallowing function across the 3 groups.
The data analysis was performed by SPSS18.0 software.

3. Results

The average age of the patients in each group ranged from 49 to
52 years old. All the patients had almost suffered post-stroke
dysphagia for an average of 8 months. Meanwhiles, gender,
affected hemispheric and types of lesion were equal within each
group (Table 1).
There was no difference on swallowing function and quality of

life across the 3 groups before treatment. Two weeks after the
treatments were finished, the swallowing functions of all the
patients in three groups were improved except for UOT and STD
in patients without tDCS (Table 2). Compared to the patients
without tDCS, all the swallowing functions after treatment but
not UOT in the patients with unilateral and bilateral hemispheric
tDCS were substantially recovered to some extent after
treatment. However, we only found that there was difference
on STD after treatment across the groups which the patients with
bilateral hemispheric tDCS got largest reduction on STD,
followed by the patients received unilateral hemispheric tDCS
(Table 2).
Regarding to the quality of life, the SWAL-QOL score was

substantially increased in three groups over time (Table 3). The
nt in the 3 groups (±s).

HMT UOT LCT

1.497±0.050 0.618±0.085 0.751±0.186
1.401±0.125

∗
0.624±0.236 0.661±0.089

∗

1.512±0.024 0.702±0.089 0.774±0.235
1.295±0.098

∗,† 0.686±0.567 0.598±0.074
∗,†

1.501±0.048 0.684±0.125 0.748±0.114
1.087±0.077

∗,† 0.679±0.321 0.501±0.062
∗,†

ispheric anodal tDCS; group C=patients receiving bilateral hemispheric anodal tdcs, LCT= laryngeal
opening time; VFSE= videofluoroscopic swallowing examinations; x±s=mean ± standard deviation.

http://www.md-journal.com


Table 3

The swallowquality of life assessed by SWAL-QOLbefore and after
treatment in the 3 groups (±s).

Group N Before After

A 13 89.62±3.94 142.53±16.29
∗,†

B 13 89.38±5.34 159.76±12.59
∗,†

C 13 92.15±4.51 179.69±11.81
∗,†,‡

±s=mean ± standard deviation; Group A=patients without tDCS; group B=patients receiving
unilateral hemispheric anodal tDCS; group C=patients receiving bilateral hemispheric anodal Tdcs,
SWAL-QOL= swallow quality of life questionnaire.
∗
comparison between before and after treatment, P< .05.

† compared to group A, P< .05.
‡ one-way analysis of variance, P< .05.
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quality of life after treatment between groups was apparently
different, which the quality of life had been sharply improved
with largest score in the patients received bilateral hemispheric
tDCS followed by the patients with unilateral hemispheric
tDCS.
4. Discussion

The swallowing functions (not UES opening duration) and
quality of life in post-stroke patients with chronic dysphagia
were improved after 2-week treatment of conventional
therapies combining with or without tDCS. Both unilateral
and bilateral hemispheric anodal tDCS could bring extra
reduction on the STD and improvement on the swallow quality
of life, but bilateral hemispheric tDCS did more than unilateral
hemispheric tDCS.
To our knowledge, this is the first study to investigate the

difference of the effect of tDCS at differing sites on the
swallowing function in patients with chronic dysphagia induced
by stroke. Out findings corroborate the results of the previous
studies[8,9,12] evaluating the effect of tDCS for post-stroke
dysphagia which tDCS can improve the swallowing function in
patients with dysphagia induced by stroke. However, there is
only single comparison between sham procedure and unilateral
hemispheric anodal tDCS over the pharyngeal motor cortex of
the ipsilesional or affected hemisphere, or bilateral hemispheric
anodal tDCS in each single previous study. Those studies have
suggested whichever the anodal electrodes were placed at
ipsilesional, affected or both sides, higher improvement on
swallowing function was obtained in the tDCS groups
comparing to conventional therapy.[9,11,13] We found the
similar evidence in the present study. Additionally, we still
observed that the patients receiving bilateral tDCS had better
recovery on swallowing function than those who only received
anodal tDCS at the affected side. Hamdy et al found that the
unaffected hemisphere could compensate the cortical activity of
the contralesional hemisphere for swallowing function.[18] Thus,
there is higher cortical excitability for swallowing function by
stimulating both affected and unaffected sides than that by
affected side only. Because bilateral pharyngeal motor cortex
anodal tDCS not only improve the recovery of swallowing
function of the affected pharyngeal motor cortex, but also
strengthen the swallowing function of the unaffected pharyngeal
motor cortex.
There were still several limitations in our study. First, we did

have the long-term follow-up data after discharge. However, the
study participants in our study were those who had had
4

dysphagia for more than six months, which the influence of
spontaneous recovery of swallowing function is eliminated.
Second, we did not have big sample to investigated whether the
effect of tDCS on dysphagia differing by sex, age and length of
disease course. Thus, the group which may gain greater benefit
from the treatment of tDCS couldn’t be pointed out. Further
study with larger sample and longer follow-up is necessary to
confirm our findings.
5. Conclusion

Both unilateral and bilateral hemispheric anodal tDCS combined
with conventional therapies are helpful for recovery of
swallowing function in patients with chronic dysphagia induced
by stroke, but bilateral anodal tDCS substantially improve more.
If confirmed in the future studies, the findings may be informative
for the treatment of post-stroke chronic dysphagia.
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