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Objective To investigate the characteristics and risk factors of dysphagia using the videofluoroscopic dysphagia
scale (VDS) with a videofluoroscopic swallowing study (VFSS) in patients with acute cerebral infarctions.

Methods In this retrospective study, the baseline VFSS in 275 stroke patients was analyzed. We divided patients
into 8 groups according to lesion areas commonly observed on brain magnetic resonance imaging. Dysphagia
characteristics and severity were evaluated using the VDS. We also analyzed the relationship between clinical and
functional parameters based on medical records and VDS scores.

Results In comparison studies of lesions associated with swallowing dysfunction, several groups with significant
differences were identified. Apraxia was more closely associated with cortical middle cerebral artery territory
lesions. Vallecular and pyriform sinus residue was more common with lesions in the medulla or pons. In
addition, the results for the Korean version of the Modified Barthel Index (K-MBI), a functional assessment tool,
corresponded to those in the quantitative evaluation of swallowing dysfunctions.

Conclusion A large cohort of patients with cerebral infarction was evaluated to determine the association between
brain lesions and swallowing dysfunction. The results can be used to establish a specific treatment plan. In
addition, the characteristic factors associated with swallowing dysfunctions were also confirmed.

Keywords Deglutition disorders, Deglutition, Fluoroscopy, Cerebral infarction

INTRODUCTION cess that encompasses oral, pharyngeal, and esophageal
phases. Defects in this process cause dysphagia. Dyspha-
Normal swallowing is a complex and sequential pro- gia is particularly common when associated with brain
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lesions, and is found in approximately 50% of stroke pa-
tients [1]. If persistent, dysphagia causes nutritional de-
ficiencies and dehydration. Retained food in the mouth,
pharynx, and esophagus can lead to aspiration pneumo-
nia and sepsis [1-3]. Therefore, when dysphagia occurs
in stroke patients, oral and pharyngeal function must be
evaluated as soon as possible and restored with appropri-
ate treatment. Therefore, it is critical to have correct and
early diagnosis of dysphagia in stroke patients.

Various studies have investigated dysphagia in relation
to its incidence, patterns, and the effects of dysphagia
therapy. Some of these studies described the character-
istics of dysphagia patterns according to the location of
brain lesions [4-12]. In many cases, however, it is difficult
to clearly distinguish boundaries in brain lesions fol-
lowing a stroke. In addition, studies on the correlation
between brain lesions and dysphagia symptoms often
have different conclusions due to the presence of multi-
focal brain lesions. Most studies have categorized brain
lesions according to cortical, subcortical, and brainstem
locations, and their associated characteristic dysphagia
patterns have been investigated for each lesion location
[3,6,7,9]. Han et al. [2] conducted a study using a dys-
phagia scale, in which they examined the clinical char-
acteristics of lesions in the middle cerebral artery (MCA)
territory, basal ganglia, and thalamus. Some studies
categorized lesions into frontal, parietotemporal, brain-
stem, and cerebellar locations to identify their clinical
characteristics [5,12]. Additionally, some studies classi-
fied lesions based on their supratentorial location, and
the correlation between lesion sites and dysphagia was
investigated [4,10].

This study investigated available cases after subdividing
lesions into more specific categories. Groups with unilat-
eral lesions were used to better demonstrate the related
characteristics of the lesions. For clear identification of
the areas with damage, this study was only conducted in
patients with cerebral infarction. Unlike previous reports,
this study aimed to investigate the characteristics of basal
ganglia lesions, which are known to be a cause of dyspha-
gia symptoms.

Some previous studies examined the correlation be-
tween dysphagia and brain lesions, but the number of
patients was often insufficient for a significant statistical
assessment. Moreover, these studies generally described
dysfunction according to the anatomical location of each

lesion. However, few studies conducted an objective
evaluation to determine the component of swallowing
function that was impaired. This study aimed to subdi-
vide and compare the types of brain lesions that are com-
monly seen in patients with acute cerebral infarction, to
enable an objective evaluation based on specific features
of dysphagia, using a videofluoroscopic swallowing study
(VFESS). Also dysphagia was evaluated with the videofluo-
roscopic dysphagia scale (VDS) for more insightful pre-
dictions and prognosis [2].

MATERIALS AND METHODS

Study design and patients

This was a retrospective study based on medical re-
cords. The study was conducted in patients who under-
went VFSS from June 2013 to March 2017, after obtaining
approval from the Institutional Review Board of Dong-
Eui Medical Center in Busan (No. DEMC-2017-13).

Of 4,940 stroke patients who visited the medical center
during the study period, 275 survivors and other groups
were included in the study. The inclusion criteria were all
of the following: (1) patients had an acute stroke within
the past 1 month; (2) patients had signs suggestive of dys-
phagia such as a reduced gag reflex, reduced laryngeal
elevation, and coughing; and (3) patients had cerebral
infarction.

The exclusion criteria were as follows: (1) inability to
undergo tests and evaluation because of impaired mobil-
ity or cognitive deficits (Korean version of Mini-Mental
State Examination [K-MMSE] score is less than 5 or one
step obey not possible); (2) intracerebral hemorrhage; (3)
bilateral lesions; (4) inadequate medical records; and (5)
previous history of stroke.

For the purposes of this study, lesions were divided into
8 groups to compare VFESS results and conduct further
tests (Fig. 1). The lesions were classified according to
those frequently clinically observed and also to find out
how the pattern of a swallowing disorder varies accord-
ing to the location of the isolated lesion.

Table 1 presents the clinical information of the 275
patients and demographic characteristics of all lesion
groups. The patients’ diets were divided into three groups
(tube feeding, dysphagia diet, regular diet) and the fre-
quency and correlation with the lesions were confirmed.

There was a difference in diet between groups. The tube
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feeding was higher in the 6 and 7 groups and the regular
diet was lower in the 1 and 6 groups.

Swallowing assessment

To assess the 275 patients, VFSS was conducted accord-
ing to a uniform protocol. VFSS was performed by phys-
iatrists using a modification of the Logemann protocol
[13] in radiography rooms in the radiology department.
Tests were conducted with the patients in lateral position
to better display the anatomical structures.

The patients were directed to swallow 2 mL of diluted
barium twice, and an additional 5 or 10 mL of barium
according to the investigator’s discretion. Subsequently,
identical tests were repeated using foods such as yogurt,
puddings, rice porridge, and rice, with standardized vis-
cosity and quality. The reference diet was pudding. But
some subjects showed the lowest results in other diets
and their results were based on the results of those diets.

Outcome assessment

We evaluated clinical dysphagia characteristics and
VESS findings in each patient group. With the VDS, dys-

WWWw.e-arm.org

Fig. 1. The lesions were divided into 8 groups that can be observed clinically. The line represents the area of each
group. Group 1, middle cerebral artery (MCA) territory (cortical lesions); Group 2, MCA territory (subcortical lesions
except for basal ganglia lesions); Group 3, basal ganglia lesions; Group 4, MCA territory lesions, including basal gan-
glia lesions; Group 5, pontine lesions; Group 6, medullary lesions; Group 7, cerebellar lesions; Group 8, posterior ce-
rebral artery (PCA) territory lesions.

phagia severity can be quantitatively evaluated using a
numerical scale (from 0 to 100). Lip closure, bolus for-
mation, mastication, apraxia, tongue-to-palate contact,
premature bolus loss, oral transit time, triggering of pha-
ryngeal swallow, vallecular residue, laryngeal elevation,
pyriform sinus residue, coating of the pharyngeal wall,
pharyngeal transit time, and aspiration were evaluated
[2]. By using quantified VDS scores, the 8 lesion groups
were compared with each other to identify statistically
significant items.

Statistical methods

Data were summarized using descriptive statistics as
follows: frequency and percentage for categorical vari-
ables and meantstandard deviation or median (range)
for continuous variables.

To investigate the differences among the 8 groups, the
Kruskal-Wallis test with post-hoc Dunn’s test was used.
To check for a normal distribution, we used the Shapiro-
Wilk test.

The effects of the independent variables on the re-
sponse variables were analyzed using a multivariate lin-
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ear regression, and the statistically significant variables
were selected using a backward elimination method with
a 0.05 alpha level. To assess for multicollinearity, the
variance inflation factor (VIF) was also estimated. VIF
quantifies the severity of multicollinearity in a regression
analysis, and a VIF of <10 indicates no problematic mul-
ticollinearity among the independent variables. We also
set each VFSS finding as a dependent variable, and the
corresponding odds ratio of each independent variable
with a 95% confidence interval and equivalent p-value
was calculated with the multivariate logistic regression
analysis method. Variables were selected using a back-
ward elimination method with a 0.05 alpha level.

The p-values of <0.05 were considered statistically sig-
nificant. All statistical analyses were performed using
SPSS version 22.0 for Windows (IBM Corp, Armonk, NY,
USA) statistical software. All tests were two-tailed.

RESULTS

This study examined the correlation of each of the 8
lesion groups with the VDS scores obtained with a VESS
(Table 2). For cortical MCA territory lesions, apraxia was
worse compared with other items. Mastication decreased
more severely with subcortical MCA territory lesions than
with pontine lesions. With basal ganglia lesions, pyriform
sinus residue was greater than that in cortical MCA ter-
ritory lesions. Also tongue-to-palate contact was more
severe in basal ganglia lesions than subcortical MCA ter-
ritory lesions.

Vallecular or pyriform sinus residue was comparatively
more severe on pontine or medullary lesions than lesions
in other sites. Coating of the pharyngeal wall deteriorated
to a greater degree in posterior cerebral artery (PCA) ter-
ritory lesions than in basal ganglia, pontine, medullary,
and other lesions.

In addition, correlations with prognostic factors that
influenced VFSS scores were identified (Table 3). Risk of
dysphagia was relatively higher in males, and there was
an inversely proportional correlation between the scores
in the Korean version of the Modified Barthel Index (K-
MBI) and total VDS scores.

Evaluation of the relationships between subcategories
of the VDS and prognostic factors identified similari-
ties between VDS total scores and K-MBI scores. The
outcome was more favorable when the K-MBI score was
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higher for lip closure, mastication, apraxia, laryngeal
elevation, oral transit time, triggering of pharyngeal swal-
low, and pharyngeal transit time. In addition, males had
greater pyriform sinus residue and worse pharyngeal
transit times than females. Moreover, the pyriform sinus
residue level increased with age (Table 4).

DISCUSSION

The subjects in this study were patients with acute
cerebral infarction within the past one month who com-
plained of dysphagia symptoms. Dysphagia according to
brain lesion location was examined using more specific
subcategories. Dysphagia was also examined for relation-
ships with characteristic factors that may affect swallow-
ing function.

In the past, it was assumed that swallowing disorders
would not occur in unilateral hemisphere lesions, but
only in bilateral hemisphere or brainstem lesions. This is
because the brainstem, where cranial nerve nuclei and
central neural circuits for swallowing reflexes are located,
is controlled by both hemispheres. However, post-stroke
dysphagia was observed in stroke patients with lateral or
bilateral brainstem, and cortical and subcortical brain le-
sions [14,15].

Pontine lesions can often cause oropharyngeal dys-
function, as the nucleus solitarius and nucleus ambiguus
are located in the pons [6]. While patients with lateral
pontine lesions typically display functional or nearly nor-
mal oral control, they have disorders involving triggering
of neuromuscular control during pharyngeal phase swal-
lowing. This could be due to significant delays in the trig-
gering of pharyngeal phase swallowing, or to an increase
in laryngeal upward movement and decrease in frontal
movement, which leads to incomplete activation of the
cricopharyngeus. Food residue may also be observed in
the lateral pyriform sinuses. In this study, patient groups
with this finding also showed significant results that in-
dicated a disorder of the pharyngeal phase, such as val-
lecular residue or coating of the pharyngeal wall. Other
studies suggested that the risk of pneumonia caused by
aspiration is higher in patients with such lesions [16-18].
Despite the probability of pharyngeal dysfunction caus-
ing delayed aspiration, no significant result was observed
in relation to aspiration and penetration on the VESS.

Medullary lesions are usually accompanied by an in-
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Table 3. Characteristic factor affecting VDS (VFSS) score
(results from multivariate linear regression analysis)

Table 4. Factors affecting swallowing: multivariate pre-
diction models (logistic regression analysis)

Variable B 95% CI g P owvir Parameter OR 95% CI p-
value value
Sex (male) 7.766 2.446to0 13.086 0.217 0.004 1.107 Lip close
Age 0.127 -0.146 to 0.400 0.071 0.359 1.163 K-MBI 0.959 0.933-0.986 0.003
Laterality -2.281 -7.613t03.051 -0.063 0.400 1.098 Bolus formation
(right) Laterality (right) 0.421 0.197-0.898 0.025
Hypertension 1.267 -3.943t06.478 0.035 0.632 1.038 Hypertension (yes) 2.172 1.067-4.419 0.032
(ves) Mastication
DM (yes) -2.590 -8.482t03.301 -0.063 0.387 1.026 K-MMSE 0.950 0.905-0.998 0.040
K-MMSE -0.105 -0.529t0 0.319 -0.041 0.627 1.381 K-MBI 0.985 0.971-0.999 0.036
K-MBI -0.138 -0.258 to -0.017 -0.182 0.025 1.273 Premature bolus loss
VDS, videofluoroscopic dysphagia scale; VFESS, videofluo- K-MBI 0.987 0.975-1.000 0.051
roscopic swallowing study; B, unstandardized regression -
efficient; CI, confidence interval; 5, standardized regres- Apraxia
sion coefficient; VIF, variance inflation index; DM, dia- K-MBI 0.980  0.966-0.994  0.006
betes mellitus; K-MMSE, Korean version of Mini-Mental = Reduced laryngeal eleva-
State Examination; K-MBI, Korean version of Modified tion and epiglottic closure
Barthel Index. K-MBI 0.981 0.966-0.997 0.020
“Derived from multivariate linear regression analysis  (ra] transit time
in Table 4. Sex, laterality, hypertension, and DM were K-MBI 0987 0974-1.000 0.047
treated as dummy variables. Reference category: sex (fe- .
male=0), laterality (left=0), hypertension (no=0), and DM Residue on the valleculae
(no=0). Laterality (right) 0.476 0.227-1.000 0.050
Residue in the pyriform
sinuses

crease in swallowing muscle tension. Excessive muscle Fonltei) 4684 2.405-9.123  0.000
tens'lon leads to delayed trlggerlng of phar'yngeal swal- Age 1.037 1.003-1.072 0.034
lowing, loss of pharyngeal swallowing function, weaken- Coating of pharyngeal wall
ing or paralysis of the pharyngeal muscles, decreased i s o
laryngeal elevation, and impaired relaxation of the cri- Laterality (right) 0520 0.269-1.006 0.052
copharyngeus. Several studies have suggested that there Pharyngeal delay time
should be no significant correlation between brain le- K-MBI 0.982 0.970-0.995 0.007
sions and dysphagia. Falsetti et al. [19] reported finding Pharyngeal transit time
no correlation between brainstem lesions and dysphagia. Sex (male) 2.029 1.089-3.782 0.026
Other studies reported no significant relationship be- K-MBI 0986 0.972-0.999 0.038

tween the incidence of dysphagia and cerebellar lesions
[20-22].

In this study, pharyngeal dysfunction was found to be
prominent in subjects with medullary lesions, similar to
the findings reported by Moon et al. [12].

In strokes involving the cerebral cortex, movement
of the tongue itself is not significantly impaired, except
when affected by apraxia, because the hypoglossal nu-
cleus is located in the pons. Dysphagia symptoms can be
associated with decreased pharyngeal peristalsis and de-
layed pharyngeal transit time [23]. This study also found
that apraxia was significantly decreased in cortical MCA
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Variable are selected using backward elimination method.
OR, odds ratio; CI, confidence interval; DM, diabetes
mellitus; K-MMSE, Korean version of Mini-Mental Status
Examination; K-MBI, Korean version of Modified Barthel
Index.

“Derived from multivariate logistic regression analysis
(regardless of severity, abnormal finding is set to 1 and
normal to 0).

territory lesions.
Subcortical lesions affect not only the sensory pathways
that communicate with the cerebral cortex, but also the
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motor pathways from the cortex. In addition, damage to
the basal ganglia, including the corona radiata, frequently
causes pharyngeal dysfunction [11]. Cerebral infarctions
may display a mild delay in oral transit time and trigger-
ing of a swallowing reflex. The neuromuscular function
involved in pharyngeal swallowing shows mild to moder-
ate impairment. Some of these patients may experience
aspiration before swallowing because of a delayed reflex
or after swallowing because of impaired neuromuscular
control [13]. To identify the differences between these le-
sions in detail, this study performed VFSS by categorizing
subcortical lesions with or without basal ganglia involve-
ment, and isolated basal ganglia lesions. However, there
was no significant dysphagia pattern associated with the
basal ganglia lesions.

Previous studies showed that swallowing dysfunction
patterns differed according to lesion location in the left
or right hemisphere. When the lesion was in the right
hemisphere, the pharyngeal transit time was longer than
when the lesion was in the left hemisphere. And pharyn-
geal dysfunction was more severe because of frequent
aspiration and laryngeal infiltration. In contrast, patients
with lesions in the left hemisphere showed impaired oral
movements, including tongue movement disorders and
delayed total pharyngeal reaction time [24,25]. In con-
trast with previous studies, this study observed no sig-
nificant difference between groups with lesions in the left
and right hemispheres.

This study also investigated the characteristic factors
that may affect swallowing disorders. Dysphagia tended
to be worse in males than in females. Patients with low
K-MBI scores displayed more severe swallowing dysfunc-
tion. Moon et al. reported correlations between the K-
MMSE and the Korean version of the National Institutes
of Health Stroke Scale scores with oral function [12]. This
study demonstrated a significant relationship between
the K-MMSE score and mastication, indicating a relation-
ship between cognitive function and dysphagia. In our
study, the inclusion criteria excluded subjects with high-
level dementia. Therefore, this limitation to our study
may have affected the results.

In addition, several studies suggested that the assess-
ment of a K-MBI should be an important factor in deter-
mining the prognosis of dysphagia [19,26]. These studies
implied there were effects on prognostic factors such as
cognitive function along with lesion location and accom-

panying swallowing disorders [19,27].

We could confirm dysphagia symptoms for each brain
lesion, but there was no case for anterior cerebral artery
(ACA) territory infarction lesions. This is because among
the patients referred for swallowing by dysphagia, there
were no patients with ACA territory infarction lesions
included in this study with our inclusion criteria. The
present study had some limitations. First, this was a ret-
rospective analysis. Second, the classification of lesion
location could have been more specific. Although we
subdivided according to clinical features, lesion classifi-
cation was subjectively determined by the investigator’s
discretion. Third, the study would have been more useful
if the functional recovery and characteristics associated
with the sub-items were investigated with a follow-up
visit with patients who showed swallowing dysfunction.
The clinical factors of patients were not totally controlled
for in our study. In some groups, there was a difference
in age and for some groups, other factors did not differ
between groups. Also our study was conducted without
consideration of the lesion volume and severity.

This study was significant in that it was conducted with
a relatively large number of patients and involved patient
groups with unilateral lesions. Moreover, the VDS was
used to quantitatively evaluate the dysphagia sub-items.
The results of this study can be used to predict lesion-
specific parameters at the time of treatment for dyspha-
gia, thereby enabling more accurate treatments. Ad-
ditional studies on prognostic factors that may cause or
exacerbate the disorders should be performed, to enable
more accurate evaluation and treatment of dysphagia.
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