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Abstract
Background and purpose—Treatment options for stroke related dysphagia are currently
limited. In this study we investigated whether non-invasive brain stimulation in combination with
swallowing maneuvers facilitates swallowing recovery in dysphagic stroke patients during early
stroke convalescence.

Methods—Fourteen patients with subacute unilateral hemispheric infarction were randomized to
anodal transcranial direct current stimulation (tDCS) versus sham stimulation to the sensorimotor
cortical representation of swallowing in the unaffected hemisphere over 5 consecutive days with
concurrent standardized swallowing maneuvers. Severity of dysphagia was measured using a
validated swallowing scale, Dysphagia Outcome and Severity Scale (DOSS), before the first and
after the last session of tDCS or sham. The effect of tDCS was analyzed in a multivariate linear
regression model using changes in DOSS as the outcome variable, after adjusting for the effects of
other potential confounding variables such as the NIH Stroke Scale (NIHSS) and DOSS scores at
baseline, acute ischemic lesion volumes, patient’s age and time from stroke onset to stimulation.

Results—Patients who received anodal tDCS gained 2.60 points improvement in DOSS scores
compared to patients in the sham stimulation group who showed an improvement of 1.25 points
(P=0.019) after controlling for the effects of other aforementioned variables. 6 out 7 (86%)
patients in tDCS stimulation group gained at least 2 points improvement compared with 3 out 7
(43%) patients in sham group (P=0.107).

Conclusion—Since brainstem swallowing centers have bilateral cortical innervations, measures
that enhance cortical input and sensorimotor control of brainstem swallowing may be beneficial
for dysphagia recovery.

Keywords
Dysphagia; stroke recovery; swallowing recovery; non-invasive brain stimulation; transcranial
direct current stimulation

Corresponding Author: Sandeep Kumar, MD, Beth Israel Deaconess Medical Center and Harvard Medical School, 330 Brookline
Ave, Palmer 127, Boston, MA 02215, Fax: 617-632-8920, Telephone: 617-632-8917, skumar@bidmc.harvard.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Statement of Conflict of Interest: The authors do not have any conflict of interests to report.

NIH Public Access
Author Manuscript
Stroke. Author manuscript; available in PMC 2012 April 1.

Published in final edited form as:
Stroke. 2011 April ; 42(4): 1035–1040. doi:10.1161/STROKEAHA.110.602128.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Dysphagia is a potentially fatal complication of stroke [1]. It afflicts numerous patients with
hemispheric strokes [1] and carries high rates of complications even after adjusting for
stroke severity [2]. Since hemispheric infarcts are the major subtype of ischemic stroke in
the population [3], it can be assumed that the magnitude of dysphagia burden attributable to
such strokes is large. Despite its frequent occurrence, treatment of stroke related dysphagia
remains limited. The usual practice is to provide nutritional support via alternative feeding
methods, till swallowing functions recover; however, such methods fail to protect against
complications of dysphagia such as aspiration pneumonia [4, 5]. Development of an
effective intervention that improves swallowing in the early course of stroke recovery will
be helpful in curtailing dysphagia related complications and improving swallowing
functions.

Swallowing functions are subserved by a distributed brain network, though involvement of
the inferior peri-rolandic sensorimotor cortex appears consistent across studies [6–8].
Disruption of projections from these cortical regions to the brainstem “swallowing centers”
produces dysphagia with hemispheric strokes [9]. Different lines of evidence suggest that
recovery of swallowing functions occurs via expansion of the pharyngeal representation in
the uninvolved hemisphere possibly ensuring greater input to the brainstem swallowing
centers [10, 11]. Cortical stimulation techniques may facilitate this process in patients with
hemispheric lesions, where the brainstem and peripheral structures are intact but the upper
echelons of the swallowing apparatus are dysfunctional. Repetitive Transcranial Magnetic
Stimulation (rTMS) over the swallowing motor cortex in healthy volunteers induces a long-
term effect on the excitability of corticobulbar projections to the pharynx [12] and may
improve swallowing functions in dysphagic stroke patients [13].

Transcranial Direct Current Stimulation (tDCS) is another non-invasive brain stimulation
technique that utilizes weak, direct current to produce shifts in neuronal excitability [14, 15]
and can be combined with swallowing maneuvers or exercises. It has generated great
interest recently for its ease of use, patient tolerability, and safety profile which is of
particular importance during the acute/subacute phases of a stroke. It has been shown to
improve motor functions in chronic stroke patients [16, 17]. Moreover, presence of a sham
mode makes it possible to examine its effects it in a blinded trial paradigm [18]. More
recently investigators have shown that application of anodal tDCS to the pharyngeal motor
cortex in healthy human subjects increases pharyngeal excitability in an intensity dependent
manner [19]. In this pilot study, we investigated the effects of anodal tDCS versus sham
stimulation of the unaffected hemisphere for improving dysphagia in the acute-subacute
stroke phase.

Materials and Methods
This was an investigator-initiated, prospective, single-center, blinded pilot trial. All
participants were recruited from our inpatient stroke service, were between 24–168 hours
after their first ischemic stroke at time of enrollment and had dysphagia secondary to a new
unilateral hemispheric infarction. They were all evaluated by speech and language
pathologists [SLP] specializing in dysphagia (C.W and C.F), who were blinded to study
allocation, and rated swallowing impairments using a validated dysphagia scale, Dysphagia
Outcome and Severity Scale (DOSS) [20]. DOSS scores range from 1 to 7, where 7
represents normal swallowing and 1 represents severe dysphagia. DOSS rates the functional
severity of dysphagia and recommends a dietary level, independence level, and type of
nutrition based on the level of impairment, thus conveying information about dysphagia
severity and related disability. To qualify, a DOSS score of ≤ 5 (mild-severe dysphagia) was
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required. Patients, with difficulty following instructions due to obtundation or cognitive
impairment, pre-existing swallowing problems or other contraindications to tDCS were
excluded.

All swallowing evaluations were conducted using hospital based protocols that used
different food consistencies representing the range of food consistencies consumed in real
life (teaspoon, cup sip and straw sip of thin liquids and nectar thick liquids; honey; pureed
solids and a cookie). Patients were monitored for bolus control, oropharyngeal delays and
retention, overt signs of aspiration including coughing, change in voice quality or oxygen
desaturation, with each consistency. In cases of ambiguity about assigning an appropriate
DOSS score, a video-swallow evaluation using the following boluses was performed the
same day: (3 ml) teaspoon of nectar-thick liquid × 1, (10 ml) cup sip of nectar-thick liquid
×1, straw sip of nectar-thick liquid x1 followed by (3 ml) a teaspoon of thin liquid ×2, (10
ml) cup sip followed by straw sips of thin liquid ×2, followed by 5 ml varibar pudding ×2,
and ½ Vanilla Wafer Cookie ×2. Overall 7 patients required a video-fluoroscopic
swallowing evaluation to record DOSS scores.

We recorded patient’s age, gender, lesion site, time in hours from stroke onset (time when
patient was last seen normal if precise time of onset was unknown) to stimulation, lesion
volume and NIH Stroke Scale (NIHSS) scores as measures of stroke severity prior to
stimulation. Acute ischemic lesion volumes were computed on diffusion-weighted imaging
sequences (DWI) on patient’s brain MRI using customized software routines. The details of
specific MRI sequence parameters, imaging processing, and volumetric analysis are
described elsewhere [21]. Two patients, unable to undergo an MRI, had their ischemic
lesion volumes computed on a subacute head CT (obtained within 48–96 hours after
symptoms onset). Patients were randomized to receive either anodal tDCS or sham
stimulation to the unaffected hemisphere employing simple randomization, and were blinded
to their stimulation allocations. Using the international 10–20 EEG electrode system for
guidance [22], a saline soaked anodal electrode was placed over the undamaged hemisphere,
mid-distance between C3 and T3 on the left or C4 and T4 on the right with a reference
electrode over the contralateral supraorbital region. This montage was expected to generate
maximal current density over the inferior sensorimotor cortex and the neighboring premotor
brain regions critical for reorganization of the swallowing motor cortex after a dysphagic
stroke [10, 11, 23]. We confirmed the location of the stimulating electrode and its proximity
to the targeted regions by co-registering it with high-resolution T1-weighted MRI scans
(figure 1). A DOSS score was obtained immediately prior to stimulation sessions (DOSS-
pre) and after the 5th session (DOSS-post).

TDCS/sham was applied in conjunction with standardized swallowing maneuvers to provide
adequate sensory and motor activation of the swallowing cortex [24]. All participants sucked
on a lemon flavored lollipop during these sessions. Patients complaining of dryness of
mouth were provided with 1–2 small ice chips intermittently. Patients were instructed to
“swallow hard” every 30 seconds, thereby generating approximately 60 effortful swallows
during each session. We used gesticulations to encourage aphasic patients to swallow at
regular intervals. Occurrence of a swallow response was assessed by observing the
movement of the thyroid cartilage or by palpating its’ excursion in patients with thicker
necks. All subjects were able to follow study swallowing instructions appropriately. Anodal
tDCS (2 mA for 30 minutes) or sham was applied daily to the non-lesional hemisphere for 5
consecutive days. TDCS was delivered through a battery-driven, constant current stimulator
[Phoresor, Iomed Inc., Salt Lake City, UT], with the following electrode dimensions: 3 × 5
cms for the anode and 5 × 6 cms for the reference electrode.
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The study was approved by our institutional review board. A written, informed consent was
obtained from the patients or their legal representative prior to enrollment.

Statistical Analysis
We analyzed the effect of stimulation (tDCS or sham, entered as a binary variable), as our
exposure of interest, on improvement in dysphagia scores, as our outcome of interest, after
adjusting for the potential confounding effects of other important variables, i.e. stroke
severity as assessed by baseline NIHSS score, ischemic lesion volume, baseline DOSS
score, patient age and time from stroke onset to stimulation. A correlation analysis and
collinearity assessment among all independent variables was checked before the final model.
A responder variable (Yes or No) was defined as at least ≥ 2 point improvement on DOSS.
A logistic regression was applied with the same covariates from the general linear regression
model as a secondary outcome analysis. All statistical analyses were performed using SAS
V9.1 (SAS Institute Inc., Cary, NC).

Results
14 patients were recruited and randomized to anodal tDCS or sham stimulation group in a
1:1 fashion. The important characteristic of our patient sample is tabulated in table 1. All
patients who were consented participated in this study and tolerated the sessions well;
stimulation was not curtailed in anyone because of discomfort or fatigue. No adverse events,
such as seizures, headaches, visual disturbances or significant skin irritation were observed.
Two patients in the sham group but none in the tDCS group underwent PEG placement after
their trial participation.

Multivariate analysis
NIHSS scores and DOSS scores at baseline, acute ischemic lesion volume, time-to-
stimulation and age were initially included for a generalized linear model; however, NIHSS
and lesion volume were highly correlated (r=0.84 and p=0.0002), and further collinearity
diagnostics revealed a significant collinearity (tolerance>0.1; VIF<10) between the 2
variables. Thus the latter was eliminated from the model. In summary, (table 2), our results
shows that patients who received anodal tDCS gained 2.60 (1.91, 3.29; 95% CI) points on
DOSS while patients in sham stimulation group improved by 1.25 (0.57, 1.95; 95 % CI), the
difference between 2 groups reached a statistical significance with p value = 0.019. DOSS at
baseline (p=0.045) and NIHSS at baseline (p=0.049) were significantly associated with
improvement on DOSS scores. Age (p=0.228) was not a good predictor for improvement
based on our model analysis. Our secondary outcome included a logistic regression analysis
which was based on at least 2 points improvement with DOSS. 6 out of 7 patients (86%) in
tDCS group had ≥ 2 points improvement on their DOSS scores versus 3 out 7 patients
(43%) in sham stimulation group (P=0.107).

Discussion
The findings of this pilot study shows that repeated application of anodal tDCS to the
unaffected swallowing cortex in combination with timed, effortful swallowing is associated
with significant swallowing improvement, over sham after adjusting for the effects of
baseline stroke and dysphagia severity, age and time-to-stimulation, in patients with acute-
subacute unilateral hemispheric infarction. Our results also attest to the feasibility and
tolerability of tDCS in this stroke sub-population during early phases of stroke recovery.

The brain-stimulation effect might be explained by an augmentation effect of the naturally
occurring changes in the unaffected swallowing cortex [10, 11]. Combining the
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sensorimotor effects of swallowing maneuvers with simultaneous brain-stimulation of the
unaffected hemisphere may have been an important component of the effect. Sensory input
from the pharynx is known to increase excitability of the swallowing sensorimotor cortex
through convergent afferent activity [12] and pharyngeal sensory stimulation in dysphagic
stroke patients produces an increase in the excitability of the swallowing motor cortex of the
unaffected hemisphere [24]. On the other hand, studies investigating induction of plasticity
in the human motor cortex employing paired associative paradigm have shown that cortical
stimulation, if paired with peripheral stimulation of the somatosensory afferents, leads to
greater increases in cortical excitability than produced by stimulation alone and induces
topographically specific plastic changes [25]. This increase in excitability was prevented by
using dextromethorphan which is known to block development of Long-term-potentiation
(LTP) [26]. In animal studies, motor skill learning has been shown to produce LTP and
Long-term-depression (LTD) leading to changes in synaptic strength in the primary motor
cortex [27]. Cortical stimulation studies in experimental stroke models have shown stronger
effects when peripheral sensorimotor activities were combined with central stimulation [28].
More recently, investigators [29] have shown that training in humans or low frequency
stimulation (LFS) in mouse M1 slices produces release of brain derived neurotrophic factor
(BDNF) which is necessary to induce long-term synaptic plasticity from direct current
stimulation. In chronic stroke patients combining peripheral nerve stimulation or peripheral
sensorimotor activities with tDCS facilitates the beneficial effects of training on motor
performance beyond levels reached by each intervention alone [30, 31]. Thus, data from
diverse sources indicate that combining repetitive peripheral sensorimotor stimulation with
non-invasive brain stimulation can potentiate relearning and consolidation of motor skills to
a level unattainable by any of these interventions alone in subacute or chronic stroke
patients, and appears to have benefitted our subjects.

Our statistical methods were designed to control for discrepancies of important predictors of
dysphagia recovery between groups that the randomization procedures may have failed to
correct in our small sample. Although there is little data published on predictors of
dysphagia recovery in stroke patients, baseline NIHSS score [32], stroke lesion volume [33],
and age [34] have been found to be important factors influencing functional recovery in
stroke patients and were included in the analysis; since swallowing functions in our patients
were expected to recover over time, time-to-stimulation was also included in our analysis.
Our model shows that baseline NIHSS, DOSS scores and anodal tDCS were associated with
improvement. Introduction of all these variables could have over-fitted our model and
exhausted degrees of freedom for estimation with a small sample size. However, the intent
of this analysis was to gain an understanding about the important covariates influencing
swallowing recovery and adjust for their effects on experimental treatment and not try to
build a predictive model.

It is possible that in a minority of patients, especially in those with more circumscribed
lesions, the ipsilesional hemisphere may have played a role in swallowing recovery and
accounted for some variability in responses to stimulation. This poses an important question
whether uniform application of anodal tDCS to the uninvolved hemisphere will benefit all
such patients. However, since brainstem swallowing centers have bilateral innervations with
little evidence for transcallosal inhibition [35], we hypothesized that stimulation of either
hemisphere would produce an increase in pharyngeal excitability. Furthermore, stimulation
of the uninvolved hemisphere was less likely to be affected by neuronal loss or tissue
damage and responses to be more uniform; stimulating the non-lesioned hemisphere was
also expected to be safer with respect to any potential seizures risk or tissue damage in the
acute stroke phase. The optimal dose for stimulating the pharyngeal motor cortex has not
been established; a recent report suggests that doses higher than that used for stimulating the
primary motor cortex are necessary to produce comparable responses from the swallowing
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cortex [19]. Our protocol predates the publication of this report and alternative doses can be
tried in future studies to assess their superiority. We chose our dose based on previous study
protocols that have shown that application of 2mA to the dorsolateral frontal lobes is
effective and well tolerated [36]. Our decision to perform 5 sessions of stimulation was
based on recent reports showing an additive effect of repeated session of tDCS [37] and
taking logistical considerations such as duration of hospitalization in mind; it is possible that
more sessions may have produced a stronger effect. Other study limitations include non-
routine use of videofluoroscopic swallowing evaluations in all subjects which were
performed based on clinical judgment of evaluating SLPs. Although DOSS enjoys excellent
inter-rater reliability [20], we may have failed to account for some random variability in
assigning DOSS scores by not checking for it in this study. In addition, use of a single
evaluation scheme for determining swallowing functions may have been unable to capture
pertinent details about changes in swallowing physiology in these subjects. In future studies,
additional dysphagia assessment scoring tools should be obtained to tests the robustness of
any treatment effect.

In conclusion, the results from this pilot study show a promising efficacy of anodal tDCS
application to the swallowing cortex of the unaffected hemisphere combined with effortful
swallowing maneuvers for improving dysphagia in stroke patients. Further studies are
warranted to refine this promising intervention by exploring effects of stimulation
parameters, frequency of stimulation, and timing of the intervention in improving
swallowing functions in dysphagic stroke patients.
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Figure 1.
Co-registration of anode mid-distance between C3/T3 using 10–20 EEG systems with a T1-
weighted brain MRI demonstrates it to be centered over the caudal end of the primary motor
cortex in a healthy volunteer.
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Table 2.

Results of anodal tDCS versus sham stimulation in multivariate analysis.

Anodal tDCS Sham P Value

Change in DOSS
scores

2.6‡ (1.91–3.29) 1.26‡ (0.57, 1.95) 0.019†

≥ 2 point
improvement in
DOSS score

6/7 (86%) 3/7 (43%) 0.107*

†
P value based on a general linear regression model with baseline DOSS, NIHSS, age, time-to-treatment, and stimulation group as covariates.

‡
Least square mean and 95% confidence interval estimated from the general linear model above.

*
P value is based on a logistic regression model with baseline DOSS, NIHSS, age, time-to-treatment and stimulation group as covariates.
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