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Abstract Factors that can facilitate early identification of

individuals at risk of dysphagia such as stroke location are

potentially of great benefit. The aim of this study was to

examine the role of hemisphere and lesion location in

assessing dysphagia pattern and airway invasion as iden-

tified through the use of validated, standardized interpre-

tation measures for the videofluoroscopic swallowing

study. Consecutive patients (N = 80) presenting with

stroke symptoms who had a first-time acute ischemic

stroke confirmed on diffusion-weighted magnetic

resonance imaging (DW-MRI) scan participated. Three

swallowing outcome variables were assessed using

regression models: modified barium swallow impairment

profile (MBSImP) oral impairment (OI) and pharyngeal

impairment (PI) scores and penetration aspiration scale

(PAS) score. Subjects were primarily male and demon-

strated mild stroke and mild to moderate dysphagia. There

was a significantly higher likelihood of abnormal PAS

scores for infratentorial lesions compared to right hemi-

sphere location (Odds ratio: 3.1, SE: 1.8, p = 0.046) and

for Whites compared to African Americans (Odds ratio:

5.5, SE: 2.6, p =\0.001). However, OI scores were higher

(worse) in African Americans compared to Whites

(Beta = -1.2; SE: 0.56; p = 0.037). PI scores had no

significant association with race or lesion location. Using

DW-MRI to identify infratentorial stroke can help identify

individuals at risk of airway invasion; however, imaging

information concerning supratentorial infarct hemisphere

and location may not be useful to predict which individuals

with mild stroke are at risk for dysphagia and aspiration

when admitted with acute stroke symptoms. Future studies

should explore the role of race in the development of

stroke-related dysphagia.

Keywords Deglutition � Deglutition disorders � Stroke �
Lesion localization � Epidemiology

Introduction

Dysphagia is a frequent occurrence following stroke

affecting approximately 50% of stroke survivors [1]. Early

identification of dysphagia and aspiration risk can reduce

morbidity and mortality, and reduce length of hospitaliza-

tion [2–4]. Factors that can facilitate identification of
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individuals at risk of dysphagia would be of great benefit.

One such factor could be stroke location. If a specific

hemisphere or anatomic location was highly associated

with dysphagia, individuals with acute infarction involving

these specific brain regions could be targeted for expedited

referral and evaluation by speech pathology. It is well

established that a single supratentorial stroke can result in

dysphagia with research suggesting that subcortical white

matter involvement is associated with dysphagia [5–9].

Moreover, some studies have suggested that the hemi-

sphere lesioned is associated with dysphagia incidence,

severity, and/or characteristic of swallowing dysfunction

[9–12]. That is, pharyngeal stage dysfunction, more severe

dysphagia, and aspiration frequently occur following right

hemispheric stroke, whereas oral stage dysfunction and less

severe dysphagia are more frequent following left hemi-

spheric stroke [11, 12]. Other research has identified no

differences between dysphagia incidence, severity, or

characteristics and hemisphere damaged [5, 8, 13, 14].

Past studies have frequently been based on a variety of

imaging acquisition methods, magnetic resonance imaging

(MRI), and/or computed tomography (CT), which may

have influenced results. Using diffusion-weighted (DW)

MRI can ensure that hyperacute lesions are identified.

Moreover, a standard measure to define and classify dys-

phagia has not been used, with most studies focusing on

airway invasion to determine dysphagia [8, 9]. It is well

understood, however, that significant dysphagia without

aspiration can occur following stroke [5, 6, 12]. Therefore,

the primary aim of this study was to determine whether

hemisphere and lesion location were associated with dys-

phagia pattern and airway invasion as identified through

the use of validated, standardized interpretation measures

for the videofluoroscopic swallowing study (VFSS).

Methods

Subjects

Participants included 80 individuals consecutively admitted

to the Michael E. DeBakey VA Medical Center (MED-

VAMC) from October 2012 to November 2014 with first-

time acute ischemic stroke confirmed on the DW-MRI

sequence. These individuals were part of a larger cohort of

250 patients participating in a stroke swallowing screening

study for which the exclusion criteria included history of

neurological disease other than stroke, history of head and

neck structural damage or surgery, dysphagia unrelated to the

current stroke, obtunded mental status, current presence of

pneumonia or ventilator support, not competent and no leg-

ally authorized representative, and greater than five days past

MEDVAMC admission [15]. The 170 additional participants

from the original study were not included in this analysis as

they were diagnosed with transient ischemic attack, DW-

MRI was negative for acute stroke, DW-MRI was not com-

pleted, or they had a history of previous stroke. The demo-

graphic information of age, sex, and race aswell as admission

National Institutes of Health Stroke Scale (NIHSS) scores

was obtained from the participants’ medical records.

The study was approved by the Institutional ReviewBoard

at Baylor College of Medicine and the Research and Devel-

opment Committee at MEDVAMC in Houston, TX. All

individuals provided written consent prior to participation.

Procedures

VFSS Acquisition and Analysis

Swallowing was evaluated using VFSS which were com-

pleted on average within 45.8 ± 26.7 h of admission.

Lateral radiographic views of swallowing were obtained as

the participants completed two non-cued trials each of self-

administered Varibar thin liquid barium (5 ml, self-regu-

lated cup sip) and 5 ml of Varibar barium pudding. Single

trials of a masticated barium-coated cookie and sequential

swallowing of 90 ml of Varibar thin liquid barium were

also completed. The VFSS was initiated with the 5 ml thin

liquid volume and progressed accordingly unless consistent

significant aspiration was observed that could not be

eliminated with therapeutic intervention. The VFSS was

acquired using continuous fluoroscopy and recorded at 30

frames per second on the KayPentax Digital Swallow

Workstation for later analysis.

The recorded VFSS were analyzed using the modified

barium swallow impairment profile (MBSImP) [16] and the

penetration aspiration scale (PAS) [17] by two speech-

language pathologists (CBS, SKD) with over 25 years of

experience in analyzing VFSS and who were certified in

MBSImP analysis. The VFSS were judged using consensus

scoring between the two raters who were blinded to lesion

classification.

The MBSImP is a validated, standardized semi-objec-

tive measure to evaluate oral and pharyngeal swallowing

physiology. Typically, 17 components are measured (6

oral, 10 pharyngeal, 1 esophageal) using a rank-ordered

severity scale. As swallows were non-cued, oral component

2 (tongue control) was not evaluated. Additionally, as an

anterior–posterior view was not obtained, pharyngeal

component 13 (pharyngeal contraction) and esophageal

component 17 (esophageal clearance) were not obtained.

An overall impairment (OI) score based on the highest

(worst) score for each component across all swallows was

recorded. Oral OI scores and pharyngeal OI scores were

then summed to obtain the oral total (range 0–19) and

pharyngeal total (range 0–26) impairment scores.
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The PAS is a valid, ordinal scale that evaluates depth,

patient response, and clearance of airway invasion. Scores

range from 1, no penetration or aspiration, to 8, silent

aspiration. PAS scores were calculated across all trials for

each participant. Since the PAS score distribution was

unbalanced across all ordinal scale categories, we divided

the PAS score outcomes into a binary variable with scores

less than or equal to two categorized as normal and scores

greater than two categorized as abnormal.

MRI Acquisition and Analysis

MRI brain scans were obtained on each participant upon

hospital admission (44.9 ± 26.4 h). Diffusion-weighted,

T2-weighted, and FLAIR sequences were reviewed by a

board-certified/CAQ (certificate of added qualification in

Neuroradiology) attending radiologist who was blinded to

VFSS results. In acquiring the clinical MRI scans, four

different vendor platforms were used with varying field

strengths: Seimens Trio 3T [b1000, TE 76 ms, TR

4000 ms, SL 5/1.5 mm], Philips Achieva 3T [b1000, TE

64 ms, TR 4400 ms, SL 4 mm/1.0], Philips HFO 1T

[b1000, TE 75 ms, TR 5057 ms, SL 4 mm/1.0], and GE

450 W 1.5T [b1000, TE-80-90 ms, TR 8000 ms, SL

5/0.5 mm]. Lesions were localized according to hemi-

sphere (right, left, infratentorial, bilateral). Supratentorial

lesions were further classified according to location: cor-

tical, subcortical, and cortical–subcortical. Subcortical and

cortical–subcortical lesion locations were additionally sub-

classified based on involvement of gray matter, white

matter, or both types of brain tissue. Infratentorial lesions

were also sub-classified according to location: cerebellum,

midbrain, pons, and medulla. Two individuals had

infratentorial lesions with subcortical white matter exten-

sion. They were classified as infratentorial.

Statistical Analyses

Three swallowing outcome variables were assessed: OI

score, PI score, and PAS score. The primary explanatory

variable was lesion classification based on hemisphere

(right, left, infratentorial, bilateral). In order to avoid

multicollinearity, the primary hemisphere lesion classifi-

cation variable and the cortical/subcortical lesion classi-

fication variable were not included simultaneously in

the regression models due to very high association

(v2[ 40.0; p\ 0.001; Cramer’s V[ 0.5) among these

variables [18].

Age and race were used to control for any inequality in

outcomes that may arise due to genetic or biological dif-

ferences among participants [19]. Sex was excluded as a

covariate in the analyses due to a very small proportion of

female participants (n = 3). The NIHSS was excluded

during the analysis due to very low correlation between

NIHSS scores and the outcome variables (r\ 0.5). The

NIHSS score for 89% of the participants was between 0

and 5, indicating that most of our study population had a

mild stroke; the highest NIHSS score in the cohort was 12.

All explanatory variables were summarized using per-

centages and frequencies for categorical variables and

means and SDs for continuous variables. Differences in

outcome variables were examined using Student’s t tests or

analyzed using analysis of variance (ANOVA). Since

multiple PAS scores were obtained across trials for each

participant, random-effects logistic regression using a

binomial distribution, logit link, and cluster-adjusted robust

standard errors was utilized to estimate the association

between PAS scores and the explanatory variables. Anal-

yses were conducted using STATA, version 13.0 (Stata

Corp., College Station, Texas). Ordinary least-squares

(OLS) regression was employed to estimate the association

between the impairment score outcome variables and the

explanatory variables since these outcome variables fol-

lowed a normal distribution.

Results

The initial sample had 80 participants with a mean age of

64 years. Slightly more than one-half of these (54%) were

African American, and a majority were male (96%)

(Table 1). All of the White participants were non-Hispanic

except for three individuals. The population demographics

were reflective of the veteran population receiving services

at our study site. Most infratentorial infarcts involved the

pons (54.5%), while most supratentorial infarcts were

isolated subcortical strokes (47%). The overall averages for

PAS score, oral OI score, and pharyngeal OI score in our

sample were 1.5 (range: 1–8), 7.4 (range: 3–14), and 5.0

(range: 0–16), respectively (Tables 2 and 3), suggesting

relatively mild to moderate dysphagia in the majority of

our cohort. After binary categorization of PAS scores, we

had 83.4% normal (PAS B 2) and 16.6% abnormal

(PAS C 3). The two patients with bilateral lesion location

were excluded during regression analyses due to the

extremely small cell size. Thus, our final sample size had

oral and pharyngeal OI scores for 78 observations, but we

had 1024 observations (from 78 patients) for PAS scores.

The random-effects logistic regression model results

using PAS score categories (Table 4) showed that there

was a significantly higher likelihood of abnormal PAS

scores for infratentorial lesions compared to RHD lesions

(odds ratio: 3.1, SE: 1.8, p = 0.046) and for Whites (more

impairment) compared to African Americans (Odds ratio:

5.5, SE: 2.6, p\ 0.001). There was no significant associ-

ation between PAS scores and participant age.
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In the OLS regression models (Table 5), there were no

significant associations between oral OI scores and hemi-

sphere or participant age. Oral OI, however, was signifi-

cantly associated with race (p = 0.04), with Whites having

OI scores 1.2 points lower (less impairment) than African

Americans. There was no significant association between

pharyngeal OI scores and hemisphere, age, or race.

For other types of lesion classification, the ANOVA for

supratentorial location had no significance for oral OI

scores (F = 0.19, p = 0.830) or pharyngeal OI scores

(F = 0.25, p = 0.741). Moreover, ANOVA measures of

association between subcortical gray and white matter

involvement and oral OI scores (F = 1.79, p = 0.180), or

pharyngeal OI scores (F = 0.01, p = 0.987) were not

statistically significant. Similarly, the analysis of variance

for infratentorial location had no significance for oral OI

scores (F = 0.47, p = 0.706) or pharyngeal OI scores

(F = 2.2, p = 0.124).

Table 1 Descriptive summary of participants and MRI results

Variable Sub-classification Mean (N = 80) SD

Age 63.6 9.76

NIHSS score 2.56 2.38

Percentage (N = 80) Frequency

Sex

Male 96.25 77

Female 3.75 3

Race

White 46.3 37

African American 53.7 43

Lesion hemisphere

Bilateral 2.5 2

Right 35.0 28

Left 35.0 28

Infratentorial 27.5 22

Cerebellum 27.3 6

Midbrain 9.1 2

Pons 54.5 12

Medulla 9.1 2

Supratentorial location Percentage (n = 58) Frequency

Cortical 25.8 15

Subcortical 46.6 27

Gray matter 5.0 4

White matter 16.3 13

Both 12.5 10

Cortical–subcortical 27.6 16

Gray matter 3.8 3

White matter 11.3 9

Both 5.0 4

Table 2 Summary of oral and pharyngeal impairment scores by race

Outcome variable White (n = 36) African American (n = 42) Overall (n = 78) Difference (t test)

Mean SD Mean SD Mean SD p value

Oral OI scores 6.51 2.32 8.19 2.55 7.41 2.57 0.003

Pharyngeal OI scores 5.73 3.31 4.44 3.25 5.04 3.32 0.084

Two patients with bilateral hemispheric lesions were excluded from analysis
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Separate bivariate random-effects logistic regression for

measuring the association of PAS scores with supratento-

rial location (Wald Chi Square: 1.76, p = 0.415), subcor-

tical gray and white matter involvement (Wald Chi Square:

0.94, p = 0.625), or infratentorial location (Wald Chi

Square: 2.24, p = 0.135) had no significant association

between PAS scores and these lesion classification

variables.

Sensitivity Analysis

The regression models were reevaluated after excluding

extreme outlier values as shown in Fig. 1. No meaningful

differences in regression results were identified. Similarly,

we did not find any meaningful differences in regression

results after excluding the females from our data; therefore,

all data points were included in the analyses.

Table 3 Summary of penetration–aspiration scale score by race

White (n = 36,

#scores = 482)

African American (n = 42,

#scores = 560)

Overall* (n = 78,

#scores = 1024)

Difference (v2

test)

Count (%) Count (%) Count (%) p value

PAS scores \0.001

Normal (PAS B 2) 362 (75.1) 507 (90.5) 869 (83.4)

Abnormal

(PAS C 3)

120 (24.9) 53 (9.5) 173 (16.6)

Two patients with bilateral hemispheric lesions were excluded from analysis

Table 4 Random-effects regression of PAS scores

PAS scores (n = 78, #scores = 1024)

Odds ratio Standard error p value

Lesion hemisphere

Right Reference

Left 1.280 0.725 0.664

Infratentorial 3.110 1.766 0.046

Race

African American Reference

White 5.459 2.595 \0.001

Age 1.025 0.024 0.296

Constant 0.005 0.008 \0.001

Table 5 OLS regression models for oral and pharyngeal OI scores

Oral OI (n = 78) Pharyngeal OI (n = 78)

Beta coefficient Standard error p value Beta coefficient Standard error P value

Lesion hemisphere

Right Reference Reference

Left 0.345 0.639 0.591 -0.292 0.849 0.732

Infratentorial 0.991 0.696 0.159 0.864 0.925 0.353

Race

African American Reference Reference

White -1.201 0.564 0.037 1.105 0.750 0.145

Age -0.033 0.028 0.255 0.061 0.038 0.110

Constant 9.634 1.809 0.000 0.514 2.403 0.831

R2 = 0.127 R2 = 0.092

Overall p value = 0.032 Overall p value = 0.123
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Discussion

The aim of this study was to determine if hemisphere and

supratentorial and infratentorial locations predicted swal-

lowing characteristics and risk of airway invasion. There

were three major findings from the study. First, hemisphere

was an independent predictor of risk of airway invasion.

Infratentorial strokes were associated with higher PAS

scores compared to supratentorial stroke. Second, neither

hemisphere nor supratentorial location was a predictor of

oral stage or pharyngeal stage impairment. Third, race

independently predicted both PAS scores and OI scores.

Notably, African Americans showed higher oral OI scores

but lower PAS scores than Whites. Findings expand on

previous research by using DW-MRI scans to localize all

lesions in a large cohort of consecutively admitted patients

with acute first-time stroke. Further, a valid and reliable

standard measure to determine overall oral and pharyngeal

stage impairment was utilized.

Infratentorial brain regions, particularly the pons and

medulla, have long been identified as important in swal-

lowing [for review, [20] ]. The medulla contains the

swallowing central pattern generator [21] which provides

rhythmic patterns of pharyngeal swallowing activity, and

the pons is a sensory relay system providing information

from the peripheral oral, pharyngeal, and laryngeal recep-

tors to higher nervous systems [22]. Systematic review of

studies using MRI to confirm lesion location identified a

high incidence of dysphagia involving the pons and

medulla with limited to no incidence involving the mid-

brain and cerebellum [23]. It is important to note that most

of the studies that we reviewed identified dysphagia based

on clinical, not instrumental, evaluation. Without objective

instrumental measures, the occurrence of dysphagia and

airway invasion cannot be confirmed which limits the

strength of results from these studies. Findings from our

study, using VFSS analyzed with objective swallowing

measures, identified higher PAS scores to be associated

with infratentorial stroke compared to supratentorial stroke

which helps support findings from these clinical studies.

However, infratentorial stroke did not predict overall OI or

PI. It may be that PAS is a more sensitive swallowing

measure, at least in mild stroke and mild dysphagia.

Specific infratentorial brain regions (cerebellum, midbrain,

pons, medulla) could not be reliably assessed for any

swallowing outcome due to small cell sizes for most

infratentorial brain region locations in our sample. Thus,

we cannot draw any conclusion on how lesioning these

specific infratentorial brain regions affects swallowing.

Laterality of swallowing characteristics was not identi-

fied in this study. That is, there was no significant differ-

ence in airway invasion as measured by the PAS between

right and left hemispheric stroke. Moreover, oral and

pharyngeal stage dysfunction, as measured by the

MBSImP, did not differ based on hemisphere. Findings

support previous research which suggests equal incidence

of oral and pharyngeal dysphagia and risk of aspiration

regardless of hemisphere lesioned [5, 8, 13, 14]. While

current thought based on functional brain imaging and

transcranial magnetic stimulation supports a dominant

swallowing hemisphere, independent of handedness, the

hemisphere of dominance is variable with no distinction

between oral and pharyngeal dysfunction [for review, [24]

]. Moreover, we did not identify higher oral and pharyngeal

OI scores and higher PAS scores to be associated with

cortical, subcortical, or cortical–subcortical location con-

sistent with previous research [5, 14]. Further analysis

concerning the effects of subcortical white matter versus

gray matter lesions revealed no relationship between white

matter involvement and dysphagia, which has been iden-

tified in numerous studies [5–9]. Our power, however, may

have been limited due to small sample sizes.

Surprisingly, we identified race to be an independent

predictor in our swallowing measures with African

Americans having significantly higher OI scores as com-

pared to Whites and Whites having significantly higher

PAS scores compared to African Americans. These find-

ings were independent of lesion localization and age and

cannot be explained by differences in NIHSS score as the

majority of participants had a mild stroke. There is limited

understanding concerning the effects of race on swallow-

ing. Two previous studies conducted using various U.S.

medical databases demonstrated increased incidence of

stroke-related dysphagia in minority groups, particularly

0
5

10
15

Oral OI scores Pharyngeal OI scores

Fig. 1 Box-plot of oral OI scores and pharyngeal OI scores. The box-

plot (aka box-and-whiskers plot) visually displays a five-number

summary of each continuous variable. The first and third quartiles are

the horizontal ends of each box and represent the interquartile range

(IQR). The dashed line in the interior of the box is the median, and

the maximum and minimum are the ends of the whiskers. The

diamond and square points denote outlier observations that are at

least 1.5 times the IQR of their respective distributions
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Asians, as compared to Whites [25, 26]. Characteristics of

dysphagia were not identified as data were captured ret-

rospectively using ICD-9 codes. Our work partially sup-

ports and expands the findings of Gonzalez-Fernandez

et al. [25, 26] in that we found higher oral OI scores in

African Americans than Whites. Our work, however, dis-

agrees with these database studies that suggest minorities

may be at higher risk of dysphagia as we identified sig-

nificantly higher PAS scores in Whites which has also been

previously reported [6]. Given the small number of His-

panic participants, ethnicity was not analyzed. To our

knowledge, this is the first study to analyze the combined

effect of race and lesion location on swallowing. We do not

have information on comorbid history which may help

explain the results. Due to the limited literature available

on race, ethnicity, and dysphagia, the reason for such a

dichotomy between oral impairment and PAS outcomes is

not clear. The scoring methodology was different between

the two measures. Further research is required to determine

if these findings are stable, and whether our findings reflect

true risk effects related to race or differences in measure-

ment methods.

Limitations

Our stroke cohort was large for a group of consecutively

admitted first-time stroke patients who underwent DW-

MRI and VFSS compared to previous studies which ana-

lyzed both CT and MRI [5, 9, 10, 14], evaluated referrals

for dysphagia evaluation [9, 14], and/or determined dys-

phagia based on clinical assessment [7, 8, 10]. Neverthe-

less, the majority of our participants had mild stroke based

on the NIHSS score. While mild stroke can produce dys-

phagia and aspiration [6, 15], this may have contributed to

some of the reported differences between our findings and

past research. Moreover, the majority of the cohort

demonstrated relatively mild to moderate dysphagia based

on PAS, oral OI, and pharyngeal OI scores. Thus, the

generalizability of our results cannot be extended to pop-

ulations with more severe stroke or more severe dysphagia.

Although the MBSImP takes into consideration some

normative data such as not considering residual trace

coating of structures in the OI and PI, the use of the

MBSImP has not been systematically studied in healthy

young and older adults, and thus specific oral and pha-

ryngeal OI scores have not been identified that distinguish

between normal and disordered swallowing. Furthermore,

the number of swallows scored by the PAS was variable

across subjects due to either dysphagia severity which

restricted the number of trials or observed differences in

the number of swallows required to sequentially swallow a

90 ml thin liquid volume. This variability in the number of

swallows may have influenced results. Last, while imaging

with DWI is standard, slice thickness/imaging parameters

on three different vendor platforms (Siemens, GE, Philips)

with varying field strengths (1.0–3.0 T) resulted in inherent

imaging variation. In addition, protocols did not include

volumetric 3D sequences precluding volume measure-

ments. Lesion size and region of interest may provide

further information concerning the effects of ischemic

stroke on swallowing as well as how these factors paired

with race may impact the occurrence of dysphagia.

Conclusions

For individuals with mild stroke and mild to moderate

dysphagia, supratentorial hemisphere and lesion location

do not appear to predict dysphagia and aspiration risk.

While infratentorial stroke is associated with higher PAS

score, it is unclear whether specific regions are associated

with increased airway invasion. It is notable that the

majority of patients in our study had mild stroke and mild

dysphagia which limits the generalizability of our results

to individuals with more severe stroke or more severe

dysphagia. As such, based on these data, DW-MRI data

cannot be used to predict which individuals are at risk for

dysphagia and aspiration when admitted with stroke

symptoms. Therefore, we would recommend that all

individuals presenting with suspected stroke should have

swallowing screening. Race appears to be an independent

factor related to swallowing safety and stage of impair-

ment, albeit in different ways for African Americans and

Whites. Further research is required to fully understand

the effects of race on the development of stroke-related

dysphagia.
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