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Objective To compare dysphagia between infratentorial stroke patients and supratentorial stroke patients.
Methods Subjects of this study were patients with post-stroke dysphagia (PSD) who were admitted to our medical
institution between May 2014 and June 2017. We evaluated a total of 64 patients with PSD. A videofluoroscopic
swallowing study (VFSS) was performed to determine dysphagia severity. We measured the following parameters:
pharyngeal transit time (PTT), post-swallow pharyngeal remnant, Penetration Aspiration Scale (PAS) scores, and
Functional Dysphagia Scale (FDS). We analyzed patient’s results from VFSS performed at admission. All VFSS
images were recorded using a camcorder running at 30 frames per second. An AutoCAD 2D screen was used to
measure post-swallow pharyngeal remnant.

Results In this study, PTT and FDS were similar (p>0.05) between infratentorial stroke patients and supratentorial
stroke patients. However, there were significant differences in pharyngeal remnant and PAS scores between the
two groups (p<0.01 and p<0.05, respectively).

Conclusion Both pharyngeal remnant and PAS score registered higher levels from VFSS test for infratentorial
stroke patients than those for supratentorial stroke patients. This suggests greater chances of problems occurring
with swallowing, the major functions of pons. Thus, clinicians should pay particular attention to active dysphagia

evaluation and treatment in PSD of infratentorial stroke patients.
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INTRODUCTION

Post-stroke dysphagia (PSD) is a common complica-
tion after a stroke, with a prevalence of 19%-81% [1,2]. A
specific relationship between the anatomical structure
of the brain and the process of swallowing has not yet

been identified. However, the swallowing center which is
named the central pattern generator is generally known
to be located in the medulla [3-5]. Patients with PSD are
known to be at increased risk of pulmonary complica-
tions and mortality [6,7]. Therefore, it would be critical to
perform accurate estimation of the incidence of PSD and
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risk of pulmonary complications in patients with stroke.

Because of these complications, previous studies have
attempted to identify differences in swallowing function
according to the location of the brain lesion in patients
with PSD for establishing appropriate management [8]. A
few previous studies have investigated swallowing func-
tion in patients with brainstem lesions without differen-
tiating lesions and reported varying symptoms related to
swallowing, including pharyngeal remnant, vocal cord
paralysis, dysarthria, change in voice, vallecular fossa,
pyriform sinus residue, pharyngeal transit time (PTT),
and larynx elevation [4,9,10]. In one study, dysphagia de-
veloped more frequently in patients with a medial med-
ullary infarction than that in those with lateral medullary
infarction [5].

The objective of this study was to compare dysphagia
between infratentorial stroke patients and supratento-
rial stroke patients. The severity of dysphagia was de-
termined according to various locations associated with
PSD in patients with a brainstem lesion including the
swallowing center. In this study, patients were classified
into infratentorial stroke group and supratentorial stroke
group. All patients underwent videofluoroscopic swal-
lowing study (VFSS).

MATERIALS AND METHODS

Subjects

This study included 64 patients with stroke admitted to
the rehabilitation medicine department of Myongji Hos-
pital from May 1, 2014 to June 30, 2017. This study was
approved by the Institutional Review Board of our medi-
cal institution (No. 07-011). Inclusion criteria were (1)
patients with stroke due to cerebral hemorrhage and ce-
rebral infarction; (2) patients who underwent VFSS eval-
uation for the stroke indicated in (1); (3) patients aged
over 18 years; and (4) patients who were on tube feeding
at the time of performing VFSS test for PSD. Exclusion
criteria were (1) patients with structural abnormalities of
the oropharynx; (2) patients with structural abnormali-
ties of the cervical spine (for example, patients with bony
abnormalities like osteophytes); (3) patients with high
possibility of broad brain injury such as massive intracra-
nial hemorrhage (ICH), hypoxic brain injury, traumatic
brain injury, or multiple infarction; and (4) patients with
underlying neurologic disease (for example, Parkinson
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disease, dementia, or motor neuron disease).

Measures

VESS results and medical charts of included patients
were analyzed to assess the following parameters dur-
ing semisolid swallowing: PTT, post-swallow pharyngeal
remnant, Penetration Aspiration Scale (PAS) score, and
Functional Dysphagia Scale (FDS) score.

We used the following definitions as previously de-
scribed [11]. PTT (in ms) was defined as the period of
time that a bolus remained in the pharynx, during which
food passed from the pharyngeal fornix into the upper
esophageal sphincter (UES). The delay in PTT was mea-
sured as the time required for the food bolus to pass the
cricopharyngeal level from the lower corner of the man-
dible [12]. Post-swallow pharyngeal remnant (%) was
defined as the amount of food retained in the pharyngeal
space. Its width corresponded to the area calculated
based on the reference using 2D view in AutoCAD (Au-
todesk Inc., San Rafael, CA, USA). The reference length
was a 100-won coin (23 mm in diameter) attached to
the neck [13]. PAS score (point) was an 8-point multi-
dimensional indicator of airway invasion. The presence
of airway penetration (entry of contrast material into the
laryngeal vestibule) and aspiration (that below the level
of the true vocal folds) were recorded for each swallow
using PAS score [14]. To quantify VFSS test results, FDS
(point) devised by Han et al. [4] was used. Lip closure,
food bolus formation, and masticatory function in the
oral phase were assessed against three levels. The resi-
due inside the oral cavity after swallowing was assessed
against four levels. The transit time for what was thought
to be the main food bolus during swallowing was mea-
sured. During the pharyngeal phase, laryngeal elevation,
decrease in epiglottic closing function, delay in swallow-
ing reflex, and barium coating on the pharyngeal wall af-
ter swallowing were evaluated. Moreover, the amount of
food bolus invasion into the nasal cavity, the amount of
residue in the pyriform sinuses after swallowing, and the
amount of residue in the vallecular fossa after swallowing
were evaluated for classification to one of four levels.

Procedure

The VEFSS test was used to determine whether objective
examination indices such as aspiration, spatial, and tem-
poral movements of the pharyngeal stage, pharyngeal
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remnant presence, and clinical severity were different
depending on the location of the stroke. If so, the differ-
ence in severity was assessed. VESS was performed us-
ing a semisolid 4 mL bolus in patients. At this hospital,
two substances, including a semisolid and a liquid, were
tested during the VESS. For this study, we utilized a semi-
solid value that could be used to calculate the remnant
amount. Patients who showed decreased cognition or
difficulty in maintaining head control during the VFSS
were seated in wheelchairs and an assistant helped them
maintain a chin-tuck posture by holding the head [11].
All VESS procedures were recorded using a camcorder
at 30 frames per second. All images were saved in a per-
sonal computer and analyzed using a multimedia player
(Gomplayer; Gretech, Seoul, Korea).

Statistical analysis

Data are expressed as meantstandard deviation. Sta-
tistical analysis was done using the SPSS version 18.0 for
Windows (SPSS Inc., Chicago, IL, USA). We compared
differences between the two groups using independent
samples t-test. A p-value less than 0.05 was considered
statistically significant.

RESULTS
In this study, we included a total of 64 patients with

stroke admitted to the rehabilitation medicine depart-
ment of our hospital from May 1, 2014 to June 30, 2017.

Table 1. General characteristics of patients

These patients were assigned to the infratentorial stroke
group (n=34) or the supratentorial group (n=34). There
was no statistically significant difference in general char-
acteristics between the two groups (Table 1).

Although a significant difference was found with respect
to pharyngeal remnant (p<0.01) and PAS score (p<0.05)
between the two groups, there was no statistically sig-
nificant difference in PTT (p>0.05) or FDS score (p>0.05)
between the two groups (Fig. 1). Although the pharyngeal
remnant was measured to be 20.69%+15.23% in the su-
pratentorial group, it was 40.92%+17.12% in the pontine
stroke group, showing nearly a two-fold difference in the
thickness of remnant. The PAS score indicating the sever-
ity of dysphagia was 4.21+1.4 in the supratentorial stroke
group and 5.12+1.2 in the infratentorial stroke group,
showing a significant difference (p<0.05).

DISCUSSION

Dysphagia is a common complication that can develop
after stroke [15]. If the stroke involves the area of the
brainstem, even a small lesion can lead to a critical situ-
ation [10]. This is because the cranial nerve nuclei, nerve
tract, and the reticular interneurons within the brainstem
structures are clustered [9]. In one study, the prevalence
of aspiration pneumonia in the infratentorial stroke
group was nearly twice as high that in the supratentorial
stroke group. It can be assumed that the risk of aspira-
tion is higher in the infratentorial stroke group, although

Infratentorial stroke

Supratentorial stroke

Characteristic B e (i) p-value

Age (yr) 59.79+23.5 60.4+22.3 0.72
Sex 0.63

Male 21 17

Female 13 17
K-MMSE 15.02+8.25 11.85+11.45 0.72
Duration of disease (mo) 45.54+12.65 41.12+17.78 0.49
Stroke type

Ischemic 16 15 0.99

Hemorrhagic 18 19 0.86
NIHSS 17.23+5.21 13.75+7.94 0.82
Aspiration pneumonia history 29 14 0.11

Values are presented as meantstandard deviation.

K-MMSE, Korean Mini-Mental State Examination; NIHSS, National Institutes of Health Stroke Scale.
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Fig. 1. Comparison of dysphagia between infratentorial and supratentorial stroke patients: (A) pharyngeal transit time,
(B) pharyngeal remnant, (c) Penetration Aspiration Scale, and (D) Functional Dysphagia Scale. *p<0.05, **p<0.01.

there is no statistical significance [16].

The PSD interferes with functional recovery. It may lead
to death due to malnutrition or aspiration pneumonia
[17]. This explains the importance of treatment for PSD.
Patients with PSD may exhibit various symptoms such
as leakage of food toward the oral cavity, reduced con-
traction of pharyngeal muscles, residue in the valleculae
and the pyriform sinus, impairments in the mobility of
the hyoid bone and the larynx, abnormal UES opening,
and prolonged PTT [18]. Therefore, as shown in results of
this study, infratentorial stroke patients can have an in-
creased risk of aspiration pneumonia.

Another significant result from this study is that it sug-
gests the following reasons for post-swallow pharyngeal
remnant [4]: (1) insufficient pharyngeal propulsive force
due to weak retraction of the tongue base and (2) insuffi-
cient opening of the UES. It has been shown that infraten-
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torial stroke patients have relatively insufficient opening
of the UES [19]. However, there is a lack of a standardized
or objective evaluation tool for evaluating UES opening.
Currently, there are ongoing studies that evaluate the
function of UES using manometry [18,20]. Once objec-
tive information is accumulated and tools are developed,
evaluation of the UES opening will be possible. This in
turn will help us assess the high risk of remnant and PAS
score, similar to our current study. Furthermore, it may
be possible to identify the association with development
of cricopharyngeal dysfunction in infratentorial stroke
patients that have relatively limited UES opening.
Compared to a recent study [21], patients in the pres-
ent study had moderate to severe National Institutes of
Health Stroke Scale (NIHSS). In the previous study [21],
patients had relatively mild NIHSS. However, in the pres-
ent study, severe stroke patients were recruited. Dyspha-
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gia is more likely to cause mortality in the severe stroke
group. This can be a clinically meaningful result [22].

In this study, there were significant differences in pha-
ryngeal remnant and PAS score, but there was no statisti-
cal difference in terms of PTT or FDS between infraten-
torial stroke patients and supratentorial stroke patients.
Such findings might be attributed to several reasons.
Since the pharyngeal remnant is a simple comparison of
the amount of remnant, the probability of interference of
other factors is not high. PAS score evaluates the risk of
aspiration. It is associated with the amount of remnant
[23]. Thus, the function of UES and protection of the vo-
cal cords might be relatively decreased in the infratento-
rial group. Currently, although the evaluation of LES and
gastric emptying is actively performed with tests like a
manometry, UES evaluation is relatively neglected. If
more studies on UES evaluation are performed in the fu-
ture [18,20], additional detailed evaluation related to the
pathology of dysphagia (such as identifying whether the
issue is with the relaxation time or the swallowing phase)
and application of appropriate treatment methods will be
possible.

FDS is a complex dysphagia scale that not only assesses
the remnant amount, but also determines lip closure,
bolus formation, and oral transit time [4]. In the pres-
ent study, FDS showed no statistical significance. This is
because FDS is an evaluation tool that can also affect the
supratentorial group due to its complexity. Thus, such re-
sults are expected. Although comparison studies by FDS
category and statistics were not described, lip closure
was not adjusted in this study as it was influenced by the
presence of facial palsy and patient’s cognition. Bolus
formation and oral transit time are indices that are highly
associated with patient’s cognition. Differences may oc-
cur due to cognition or factors others than difference in
findings caused by location of the lesion. In addition,
there was no significant difference of PTT between the
two groups of this study. PTT measured in this study was
set from the point of hyoid elevation to the point where
the UES opened and the tail of the food bolus passed the
UES [12]. Mechanisms involving pharyngeal wall con-
traction, swallowing, and opening and closing of the UES
to smoothly allow passing of the food bolus are believed
to be innervated by the glossopharyngeal nerve originat-
ing in the medulla and the vagus nerve [24]. Thus, in the
infratentorial group including medullary lesions, PTT

could be expected to be delayed. However, only 6 out of
34 patients in this group had medullary lesions, which
might be a limited number compared to the control
group in order to demonstrate reduced performance due
to glossopharyngeal and vagus nerve damage. Further-
more, as reported by Perie et al. [25], cranial nerve dam-
age associated with swallowing can vary according to the
extent and severity of functional disorder. Two patients
with damage solely to the vagus nerve can show both
normal laryngeal sensation and initiation of swallowing.
They can also have differences in the closing of the larynx
or UES relaxation. Therefore, even within the infratento-
rial stroke group with medullary damage, the difference
in developmental patterns may be a reason for an insig-
nificant PTT result.

Malandraki et al. [26] have assessed the region of the
brain that is activated during swallowing in the normal
population using functional magnetic resonance imag-
ing. They found that not only the cerebrum, but also the
cerebellum and brainstem were activated. Malandraki et
al. [26] have explained that because swallowing is a series
of processes involving 55 muscles distributed across the
mouth, larynx, pharynx and esophagus, nucleus and 6
cranial nerves in the pons and medulla, and two cervical
nerve roots, dysphagia should be assessed as a declined
comprehensive coordination rather than an issue in a
specific area. However, as shown in this study, the sever-
ity of dysphagia was relatively higher in the infratentorial
stroke group. Thus, more precise evaluation and custom-
ized treatment are necessary for this group.

This study has some limitations. First, ischemic and
hemorrhagic stroke patients were analyzed together. In
case of lesion specific ischemic stroke, patterns of dys-
phagia may differ from that of hemorrhagic stroke. For
hemorrhagic stroke, the effect on other regions due to the
mass effect of ICH was not evaluated. Therefore, if future
analyses could be done on the possible midline shift or
other findings of increased intracranial pressure by re-
viewing the brain image, another important point could
be made. Second, we enrolled a small number of patients
in the current analysis. Third, we only evaluated patients
who were hospitalized at a single tertiary medical insti-
tution. Therefore, we could not completely rule out the
possibility of selection bias.

In conclusion, the severity of dysphagia in the infraten-
torial stroke group is more severe than that in the supra-
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tentorial stroke group. This may be due to larger relative
association with the swallowing center. Therefore, a dif-
ferent therapeutic approach from that of dysphagia in
the infratentorial group may be necessary. Appropriate
treatment could be subsequently applied to the stroke
segment or lesion. More precise analysis of dysphagia is
needed in the future.
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