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Effects of Capping of the Tracheostomy Tube
in Stroke Patients With Dysphagia

Yong kyun Kim, MD, PhD, Sang-heon Lee, MD, Jang-won Lee, MD
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Objective To investigate the impact of tracheostomy tube capping on swallowing physiology in stroke patients
with dysphagia via videofluoroscopic swallowing study (VFSS).

Methods This study was conducted as a prospective study that involved 30 stroke patients. Then, 4 mL semisolid
swallowing was conducted with capping of the tracheostomy tube or without capping of the tracheostomy
tube. The following five parameters were measured: laryngeal elevation, pharyngeal transit time, post-swallow
pharyngeal remnant, upper esophageal sphincter width (UES), and penetration-aspiration scale (PAS) score.
Results On assessment of the differences in swallowing parameters during swallowing between ‘with capping’
and ‘without capping’ statuses, statistically significant differences were found in the post-swallow pharyngeal
remnant (without capping, 48.19%+28.70%; with capping, 25.09%+19.23%; p<0.001), normalized residue ratio
scale for the valleculae (without capping, 0.17+0.12; with capping, 0.09£0.12; p=0.013), normalized residue ratio
scale for the piriform sinus (without capping, 0.16+0.12; with capping, 0.10+£0.07; p=0.015), and UES width (without
capping, 3.32+1.61 mm; with capping, 4.61+1.95 mm; p=0.003). However, there were no statistically significant
differences in laryngeal elevation (x-axis without capping, 2.48+1.45 mm; with capping, 3.26+2.37 mm; y-axis
without capping, 11.11+5.24 mm; with capping, 12.64+6.16 mm), pharyngeal transit time (without capping, 9.19+
10.14 s; with capping, 9.09£10.21 s), and PAS score (without capping, 4.94+2.83; with capping, 4.18+2.24).
Conclusion Tracheostomy tube capping is a useful way to reduce post-swallow remnants and it can be considered
an alternative method for alleviating dysphagia in stroke patients who can tolerate tracheostomy tube capping
when post-swallow remnants are observed.
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INTRODUCTION procedure required during emergency conditions such as
acute or chronic respiratory failure involving upper air-
Tracheostomy is a critical-care patient management way obstruction and the need for mechanical ventilation,
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airway clearance, etc. It may cause various complica-
tions, ranging from acute complications like hemorrhage,
infection, and tracheal obstruction to chronic complica-
tions like tracheal stenosis, tracheocutaneous fistula, and
tracheoesophageal fistula [1,2].

Dysphagia subsequent to stroke is a common problem
[3,4] that causes aspiration pneumonia and may increase
the morbidity and mortality risk [5]. Tracheostomy is
frequently performed depending on the severity of the
stroke [6-8], but tracheostomy itself may exacerbate
dysphagia [9,10]. The presence of a tracheostomy tube
causes reduced upward and anterior movement of the
larynx [11], decreased cough effectiveness due to lowered
tracheal sensitivity, and physiologic changes such as
relative esophageal obstruction due to the tracheostomy
tube cuff itself, and the glottic closure reflex declines
due to decreased proprioception [12]. Moreover, the vo-
cal cord closure time reduces, and if vocal cord palsy is
present, which may accompany a stroke, the incidence of
aspiration may increase [13]. Alteration of the subglottic
pressure also occurs, which is associated with dysphagia.
During normal swallowing, positive subglottic pressure
is created [14], and with an open tracheostomy tube,
glottic airflow leaks and loss of subglottic pressure occur.
Therefore, many researchers have made attempts to pre-
serve the subglottic pressure, such as inserting a one-way
speaking valve, capping of the tracheostomy tube, and
decannulation [15-18].

In a previous study that applied a Passy-Muir valve
[19], the measured peak pressure during swallowing was
increased up to 10 cm H,O. During exhalation, positive
subglottic air pressure was created [19]. Improvement in
swallowing efficiency and reduction in aspiration were
also noted [19]. However in that study, only the presence
of aspiration was assessed, and the outcome measure-
ments that could be confirmed on videofluoroscopic
swallowing study (VFSS), such as the post-swallow
remnant, pharyngeal transit time, laryngeal elevation,
and upper esophageal sphincter (UES) width, were not
measured. Kim et al. [15] investigated the alleviation of
dysphagia through the reduced anchoring effect of the
tracheostomy tube and preservation of the subglottic air
pressure after decannulation. Improvement in aspiration
was not observed, but improvement in the post-swallow
remnant and UES width was reported.

Previous studies on preservation of the subglottic pres-

sure showed different outcomes. In this study, trache-
ostomy tube capping was performed in stroke patients.
The outcome measurements were confirmed via VFSS to
verify the hypothesis that preservation of the deglutitive
subglottic pressure would effectively alleviate dysphagia.

MATERIALS AND METHODS

The Ethics Committee of Myongji Hospital approved
this study. The Institutional Review Board (IRB) approval
number is MJH-15-025. In this study, a data collector
(author 1), a practitioner (author 2), and a data analyst
(author 3) were involved. For reducing potential bias, all
authors were blinded to each task.

Subjects

This study was conducted as a prospective study that
involved 30 stroke patients who were hospitalized at the
rehabilitation medicine department from May 2, 2015 to
March 28, 2016. All patients underwent otorhinolaryn-
gology consultation. Changing the tracheostomy tube
(uncuffed type) for capping and evaluating the suitability
of capping of the tracheostomy tube using laryngoscopy
(the ENF-GP portable fiberoptic rhinolaryngoscope pro-
vided by Olympus Medical Systems Corp., Tokyo, Japan)
were conducted.

Laryngoscopy was used to assess airway obstruction
and vocal cord paralysis. Patients who did not have air-
way obstruction or vocal cord paralysis were considered
appropriate for this study. The inclusion criteria were as
follows: (1) patients with stroke caused by cerebral hem-
orrhage and/or infarction who received tracheostomyj;
and (2) patients who could tolerate capping of the trache-
ostomy tube during VFSS. Capping of the tracheostomy
tube was performed by following the tracheal tube occlu-
sion protocol described in the previously published pa-
per presented by Rumbak et al. [20]. Patient’s O, satura-
tion, blood pressure, heart rate, and respiratory rate were
measured, and patients who had more than 90% O, satu-
ration and who did not show a more than 15% change in
the other parameters compared to the baseline values
were included. On the other hand, the exclusion criteria
were as follows: (1) patients with a structural abnormal-
ity in the oropharynx; and (2) patients with a structural
abnormality in the cervical spine (e.g., patients with bony
abnormalities such as an osteophyte, etc.).
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Procedure

VESS was performed with a 4-mL bolus of semisolid
paste in the chin-tuck position. Semisolid paste was pre-
pared as a 2:1 volumetric mixture of dysphagia formula
level 1 (foods should be pudding-like without lumps,
chunks, or pulp) and contrast barium solution (Solotop-
HD provided by Taejoon Pharm Co. Ltd., Yongin, Korea).
For the contrast solution, 375 g barium sulfate powder
was mixed with 90 mL water. In this study, a semisolid,
whose remnant amount could be calculated, was used.
The patients with cognitive decline or who had difficulty
maintaining head control were made to sit in a wheel-
chair, and an assistant held their head to help them
maintain the said position. The images of the patients
with a tracheostomy tube while swallowing a 4-mL bolus
of semisolid paste once before and after capping were
compared. Whether the first swallow would be performed
before corking or after corking was determined by a coin
toss. The practitioner conducted VFSS without having the
patient’s information.
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Measures

The measurement method was similar to that used in
Kim’s previous study [15]. Measurement was performed
twice based on the images of swallowing with capping
and without capping. The following five parameters were
measured: laryngeal elevation, pharyngeal transit time,
post-swallow pharyngeal remnant, UES width, and aspi-
ration or PAS scale score.

For assessing laryngeal elevation, a straight line was
drawn for the y-axis from the anterior-inferior margin of
the 4th vertebral body to the anterior-inferior margin of
the 2nd vertebral body, and the x-axis was determined
to be perpendicular to the Y axis. The difference (mm) in
the location of the hyoid bone before and after swallow-
ing was obtained (Fig. 1). For assessing the pharyngeal
transit time, the time interval(s) from the time point at
which food passes the posterior nasal spine to the time
point at which the food completely passes the pharyngo-
esophageal sphincter was measured. For assessing the
post-swallow pharyngeal remnant, two measuring meth-

Fig. 1. Laryngeal elevation: after
setting the anterior-inferior mar-
gin of the 4th cervical vertebral
body to 0, the y-axis was based
on the vertical connecting line of
the anterior-inferior margin of
the 2nd cervical vertebral body,
and the x-axis was defined as a
line perpendicular to the y-axis.
(A) Location of the hyoid bone
before swallowing and (B) during
swallowing, and the maximally
elevated point of the hyoid bone.

Fig. 2. Post-swallow pharyngeal
remnant: difference in the rem-
nant amount (%) before and after
swallowing measured with an
AutoCAD 2D screen. (A) Remnant
before swallowing. (B) Remnant
after swallowing.
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ods were used. The first method measured the difference
in the remnant amount (%) before and after swallowing
(Fig. 2). The second method measured the normalized
residue ratio scale (NRRS), proposed by Pearson. It was
used for evaluation of the piriform sinus as well as the
post-swallow remnant of the valleculae [21]. For assess-
ing the UES width, the length (mm) of the maximal open-
ing of the narrowest region of C3-6 during swallowing
was measured (Fig. 3). The degree of semisolid aspiration
was measured using the penetration-aspiration scale
(PAS).

All the VESS procedures were recorded with a camcord-
er that could run at 30 frames per second. All the images
were saved in a personal computer and were analyzed
using a multimedia player (GOMplayer, Gretech, Ko-
rea). In addition, measurements of laryngeal elevation,
post-swallow pharyngeal remnant, and UES width were
performed with a 2D screen AutoCAD (Autodesk, San
Rafael, CA, USA). As the patient’s forward and backward
movements and left and right movements during the
VESS might affect the measurements of the remnant and
width, the size of the image was readjusted based on the
maximum length of a 100-won coin (23 mm in diameter)
attached to the neck of a patient to minimize the error.

Statistical analysis

The five factors that were measured in this study were
calculated using meantstandard deviation. The Shapiro-
Wilk test was used to determine the distributions of these
five continuous variables. Each variable showed a normal
distribution (p>0.05 by the Shapiro-Wilk test), and we
used the parametric statistical analysis. In a 2x2 cross-

over design, the analysis of the carry-over effect was

based on the sum of two observations for each sequence,
and the analysis of the period effect was based on the
mean difference. Independent t-test was performed as
appropriate to analyze the carry-over and period effects.
There were no significant carry-over and period effects in
each variable (p>0.05 by the independent t-test). There-
fore, paired t-test was used to investigate the association
between capping of the tracheostomy tube and the 5
VESS variables. All statistical analyses were performed
with SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). The p-
values less than 0.05 were considered statistically signifi-
cant.

RESULTS

The mean age of the patients was 43.8+17.2 years. There
were 16 males (53.33%) and 14 females (46.66%). The
cause of the stroke was hemorrhage in 15 patients (50.00%)
and ischemia in 15 patients (50.00%). With respect to the
site of the lesion, it was cortex+subcortex in 9 patients
(30.00%), cortex in 4 patients (13.33%), subcortex in 9
patients (30.00%), and brain stem in 8 patients (26.66%).
With respect to the side of paralysis, it was left hemiple-
gia in 7 patients (23.33%), right hemiplegia in 11 patients
(36.66%), and quadriplegia in 12 patients (40%). The
mean time from onset to VFSS was 286.7+71.3 days, and
the mean duration of the tracheostomy was 270.4+£71.7
days. The mean score of the Korean-Mini Mental State Ex-
amination (K-MMSE) was 4.7+ 6.0 points. The mean score
of the functional dysphagia scale was 43.3+14.0 points.
With respect to the type of feeding, it was nasogastric tube
in 17 patients (56.66%) and percutaneous endoscopic gas-
trostomy tube in 13 patients (43.33%) (Table 1).

Fig. 3. Upper esophageal sphinc-
ter width: the maximal opening of
the narrowest region of C3-6 mea-
sured with an AutoCAD 2D screen
was measured in terms of the
anteroposterior diameter (mm).
(A) Before swallowing. (2) During
swallowing.
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In the results of assessment of differences in swallow-
ing parameters during swallowing with capping and
without capping, statistically significant differences were
found in the post-swallow pharyngeal remnant (without
capping, 48.19%+28.70%; with capping, 25.09%%19.23%;
p<0.001), normalized residue ratio scale for valleculae
(NRRSv) (without capping, 0.17+0.12; with capping, 0.09+
0.12; p=0.013), normalized residue ratio scale for piri-
form sinus (NRRSp) (without capping, 0.16+0.12; with
capping, 0.10+0.07; p=0.015), and UES width (without
capping, 3.32+1.61 mm; with capping, 4.61+1.95 mm;
p=0.003). However, there were no statistically signifi-
cant differences in laryngeal elevation (x-axis without
capping, 2.48+1.45 mm; with capping, 3.26+2.37 mm;
y-axis without capping, 11.11+5.24 mm; with capping,
12.6416.16 mm), pharyngeal transit time (without cap-
ping, 9.19£10.14 s; with capping, 9.09£10.21 s), and semi-
solid aspiration (PAS score) (without capping, 4.94+2.83;
with capping, 4.18+2.24) (Table 2).

DISCUSSION

With tracheostomy tube capping, a decrease in the
post-swallow pharyngeal remnant and an increase in
the UES width were observed in the VFSS performed in
stroke patients who received tracheostomy.

The deglutitive subglottic air pressure generated in the
pharyngeal phase of swallowing was lowered in trache-
ostomy patients because despite the adduction of the
true vocal folds, airflow escapes underneath it during
swallowing [14,19]. As it was confirmed that there was

Table 1. Baseline characteristics of the subjects

Characteristic Value

Age (yr) 43.8+17.2
Gender

Male 16 (53.33)

Female 14 (46.66)
Cause of stroke

Hemorrhage 15 (50.00)

Ischemia 15 (50.00)
Site of the lesion

Cortex+subcortex 9(30.00)

Cortex 4(13.33)

Subcortex 9(30.00)

Brain stem 8(26.66)
Types of impairment

Lt. hemiplegia 7 (23.33)

Rt. hemiplegia 11 (36.66)

Quadriplegia 12 (40.00)
Time from onset to VFSS (day) 286.7+71.3
Duration of tracheostomy (day) 270.4+71.7
K-MMSE 4.7£6.0
FDS 43.3+14.0
Type of feeding

Nasogastric tube 17 (56.66)

PEG 13 (43.33)

Values are presented as meantstandard deviation or
number (%).

VESS, videofluoroscopic swallowing study; K-MMSE,
Korean-Mini Mental State Examination; FDS, functional
dysphagia scale; PEG, percutaneous endoscopic gastros-
tomy.

Table 2. Comparison of the VFSS measurements before and after capping of the tracheostomy tube

Variable Without capping With capping p-value
Laryngeal elevation x-axis (mm) 2.48+1.45 3.26+2.37 0.524
Laryngeal elevation y-axis (mm) 11.11+5.24 12.64+6.16 0.494
Pharyngeal transit time (s) 9.19+10.14 9.09+10.21 0.335
Semisolid aspiration (PAS score) 4.94+2.83 4.18+2.24 0.214
Post-swallow pharyngeal remnant (%) 48.19+28.70 25.09£19.23 <0.001*
NRRSv 0.17+0.12 0.09+0.12 0.013*
NRRSp 0.16%0.12 0.10+0.07 0.015*
UES width (mm) 3.32+1.61 4.61+1.95 0.003*

Values are presented as a mean+tstandard deviation.

VESS, videofluoroscopic swallowing study; PAS, penetration-aspiration scale; NRRSv, normalized residue ratio scale
for the valleculae; NRRSp, normalized residue ratio scale for the piriform sinus; UES, upper esophageal sphincter.

*p<0.05 by paired t-test.
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a laryngeal subglottic mechanoreceptor [22], which is
known to be associated with swallowing motor control
[16], sufficient deglutitive subglottic air pressure acts as
an important component in the swallowing function.
Thus, drastic reduction of the pressure may hinder the
laryngeal mechanoreceptor drive. This may, in turn, re-
duce the bolus transit amount and accordingly lead to re-
duced UES width, decrease in transit time, and decrease
in laryngeal elevation [19]. Therefore, preservation of the
deglutitive subglottic air pressure can act as a key factor
in dysphagia alleviation. To date, various attempts have
been made to alleviate dysphagia by increasing the de-
glutitive subglottic air pressure. For example, a one-way
speaking valve creates subglottic pressure based on the
principle that it opens at the time of inhalation and closes
at the time of exhalation. By attaching the valve to a cuf-
fless or deflated tracheostomy tube, swallowing can be
improved and aspiration can be reduced [17,18], and the
positive subglottic air pressure can be restored through
decannulation [15].

Previous studies utilized various methods for preserv-
ing the subglottic pressure, but many outcomes are con-
troversial when it comes to deriving a clear conclusion
on the effect of tube capping in tracheostomy patients. A
study showed reduced aspiration in the environment of
tube closure [19]. On the other hand, when occlusion of
the tracheostomy tube was attempted in 11 of 20 patients
(after excluding 9 patients who failed to meet the inclu-
sion criteria; Table 1) who received tracheostomy, oc-
clusion of the tracheostomy tube showed no significant
effect on the prevalence of aspiration [23]. There are vari-
ous reasons for occurrence of aspiration in dysphagia.
Besides epiglottic dysmotility and post-swallow remnant,
aspiration has been observed in patients with vocal cord
palsy (vocal folds cannot close adequately to protect the
airway during swallowing) [24], in cases when relaxation
and contraction of the upper esophageal sphincter are
not achieved sufficiently during swallowing, and in pa-
tients with cricopharyngeal dysfunction [25]. Previous
studies did not control the factor that can affect aspira-
tion. As a result, it is considered to have shown a different
result. In addition, there was lack of consistency even
in the characteristics of patients. However in the stud-
ies mentioned above, the patients who had a history of
stroke were excluded, and the subjects had a limited abil-
ity to tolerate tracheostomy tube occlusion during VFSS.

On the contrary, this study targeted only stroke patients.
This study measured the factors, including those in previ-
ous studies compared to non-enforcement, such as aspi-
ration, laryngeal elevation, pharyngeal transit time, post-
swallow remnant and UES width. As a result, reduction in
the post-swallow pharyngeal remnant and an increase in
the UES width were observed.

Post-swallow pharyngeal remnant is caused by incom-
plete pharyngeal peristalsis. It appears as a result of an
increase in the resistance due to UES opening abnormal-
ity, cricopharyngeal dysfunction, and impaired pharyn-
geal propulsion. It may increase the risk of post-swallow
overflow aspiration depending on the residue amount
[26]. Different ways of improving the pharyngeal remnant
include balloon dilatation across the UES [27], swallow-
ing of a balloon of a Foley catheter [28], botulinum toxin
injection into the cricopharyngeal muscle [29,30], etc.
In this study, post-swallow pharyngeal remnants were
reduced, which can be explained to have occurred as a
result of an increase in the compelling force in the bolus
transport due to the increase in the subglottic pressure
that occurred during swallowing.

During safe and normal swallowing without aspiration,
it is necessary that the UES opens rapidly and in a timely
manner in the pharyngeal phase. Impaired UES relax-
ation, decreased UES compliance, weak hyoid move-
ment, and inefficient pharyngeal transition may cause
abnormality of UES opening [31]. The duration of UES
opening is dependent on the amount of swallowed bolus
[32,33]. Thus, increased UES opening, which was shown
in this study, could be associated with reduced post-
swallow remnants.

In this study, improvement in laryngeal elevation and
pharyngeal transit time before and after capping of the
tracheostomy tube was not observed. Laryngeal eleva-
tion before and after capping did not show a significant
difference, and the pharyngeal transit time is thought to
reflect the same result. With respect to its mechanism,
there was no change in laryngeal elevation because of
the anchoring of the larynx to the anterior neck through
the tracheostomy [34]. In this study, during swallowing
with capping, improvement of semisolid aspiration was
not observed, which is consistent with the findings of
previous studies [23,35]. However, this study was limited
to a single swallow, and repetitive swallows with capping
could lessen post-swallow pharyngeal remnants com-
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pared to repetitive swallows without capping. This means
that it could increase the swallowing efficiency. Multiple
swallows is also one of the factors that affect clearing of
remnant. Thus, more studies assessing the long-term
effects of swallowing with capping are required with re-
spect to the association with the presence of aspiration,
post-swallow pharyngeal remnant, and UES width. In
addition, as aspiration acts not only through the pharyn-
geal remnant but also through complex factors, if studies
targeting only a homogenous group are performed, from
which patients with vocal cord palsy and cricopharyngeal
dysfunction are excluded, more consistent outcomes may
be obtained.

The major limitations of this study are as follows: The
effects of capping of the tracheostomy tube in each
subgroup that was divided according to the dysphagia
mechanism were not analyzed. Thus, further studies
should be performed for reflecting this point. The other
limitations were the relatively small number of subjects
and the lack of long-term follow-up. Also, there was no
direct measurement of the subglottic pressure. During
swallowing, analysis of the subglottic air pressure can be
performed through percutaneous puncture of the crico-
thyroid membrane [14]. Further investigation is needed
to determine if there is a direct correlation between the
deglutitive subglottic air pressure and tracheostomy tube
occlusion.

After tracheostomy tube capping was attempted in
stroke patients who underwent tracheostomy, a reduc-
tion in post-swallow pharyngeal remnants and an in-
crease in the UES width were observed. Capping of the
tracheostomy tube is significant as it can cause dysphagia
alleviation in patients who show remnants in the VESS
among stroke patients who have received a tracheostomy
tube. Further studies need to be conducted on the direct
measurement of the deglutitive subglottic air pressure,
double and multiple swallows, and the long-term effects
of tracheostomy tube capping on swallowing.
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