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LAY ABSTRACT
Dysfunctional swallowing and coughing are common af-
ter stroke. These functions are closely related as they 
both use the same expiration-related muscles. Velopha-
ryngeal incompetence (VPI) is one of the symptoms of 
swallowing and coughing dysfunction. However, there 
have been few studies regarding treatment of VPI. This 
study investigated the therapeutic effects of mechanical 
inspiration and expiration (MIE) exercise, using mecha-
nical cough assist, on VPI in subacute stroke patients 
with dysphagia. The degree of nasal penetration and 
peak cough flow were improved to a greater extent in 
patients in the MIE exercise group. MIE exercise was ef-
fective on both swallowing and coughing function. This 
therapy is easy to apply in the clinical setting. Thus, MIE 
exercise may be a useful therapeutic strategy for VPI 
with dysphagia in patients with stroke.

Objective: To investigate the therapeutic effects of 
mechanical inspiration and expiration exercise using 
mechanical cough assist on velopharyngeal incom-
petence in patients with subacute stroke.
Design: Pilot, randomized controlled study.
Setting: University-based rehabilitation centre.
Subjects: Thirty-six patients with subacute stroke 
diagnosed with velopharyngeal incompetence by vi-
deofluoroscopic swallowing study. 
Methods: Subjects were randomly assigned to 
2 groups. The study group received conventio-
nal dysphagia therapy and additional mechanical 
inspiration and expiration exercise. The control  
group received conventional dysphagia therapy only. 
Swallowing function was evaluated according to the 
American Speech-Language-Hearing association 
scale, functional dysphagia score, and the penetra-
tion aspiration scale, based on the videofluoroscopic 
swallowing study. Coughing function was measured 
using peak cough flow. 
Results: Eighteen patients in each group completed 
the protocol and were analysed. After treatment, 
the study group showed significant improvement 
in functional dysphagia score with regard to nasal 
penetration degree. Comparing the treatment effect 
between the 2 groups, nasal penetration degree and 
peak cough flow showed greater improvement in the 
study group.
Conclusion: Mechanical inspiration and expiration 
exercise had a therapeutic effect on velopharyng-
eal incompetence in subacute stroke patients with 
dysphagia. This therapy is easy to provide clinically 
and could be a useful therapeutic strategy for velo-
pharyngeal incompetence with dysphagia in patients 
with stroke. 
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swallowing study; deglutition disorders.
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After a stroke, many patients experience swal-
lowing and coughing dysfunction. The reported 

incidence of post-stroke dysphagia ranges from 37% 
to 64%, and it is one of the most common and seri-
ous clinical symptoms during the acute stage (1, 2). 
Complications of dysphagia include dehydration, 
malnutrition, aspiration pneumonia, and asphyxia, all 
of which may be fatal (3, 4). Coughing is an important 
protective mechanism for maintaining a clear airway. 
Several studies have revealed that stroke patients can 
experience a decrease in coughing function (5–7) and 
decreased coughing may be a predictive factor for as-
piration pneumonia after stroke (7–9). Cough function 
is closely related to swallowing function and plays an 
important role in airway protection after stroke, since 
afferent and efferent pathways of the cough reflex are 
shared with that of the swallowing reflex (9, 10).

Previous studies of post-stroke swallowing or 
coughing dysfunction have focused exclusively on 
food aspiration or aspiration pneumonia (3, 6, 7, 11). 
However, there are various clinical manifestations of 
dysphagia after stroke apart from aspiration, including 
oral, pharyngeal, and oesophageal phase disorders. 
Therefore, early detection of dysphagia and appropriate 
management according to the dysphagia symptoms are 
important for post-stroke rehabilitation (3, 4). 

Velopharyngeal incompetence (VPI), which could 
be shown as nasal penetration, is one of the symptoms 
of cough and swallowing dysfunction after stroke. VPI 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2506&domain=pdf
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indicates symptoms caused by inappropriate velopha-
ryngeal closure, and is associated with neurological 
issues, including stroke. VPI is one of 3 categories of 
velopharyngeal dysfunction; velopharyngeal mislear-
ning, velopharyngeal insufficiency and VPI (12, 13).

Few studies have investigated effective treatment 
methods of nasal penetration or VPI after stroke. One 
study showed that treatment with continuous positive 
airway pressure (CPAP) was effective in patients with 
VPI (14). CPAP therapy increased the air pressure 
in the nasal cavities during velopharyngeal closure, 
leading to strengthening the oropharyngeal muscles, 
which might be involved in velopharyngeal closure 
(15, 16). 

Mechanical inspiration and expiration (MIE) exer-
cise is a method for improving coughing ability in pa-
tients with respiratory muscle weakness. Chatwin et al. 
reported that MIE exercise improved coughing ability 
by increasing peak cough flow (PCF) in patients with 
neuromuscular weakness (17). Like the CPAP therapy, 
MIE exercise also might strengthen the oropharyngeal 
muscles, which are involved in velopharyngeal closure. 
As swallowing and coughing functions are closely 
related by sharing the same expiration-related muscles 
(5–9), we hypothesized that MIE exercise may affect 
both swallowing, especially nasal penetration and 
coughing functions, in patients after stroke. The aim 
of this study was to investigate the therapeutic effects 
of MIE exercise using mechanical cough assist on VPI 
in patients with subacute stroke.

MATERIALS AND METHODS 

Subjects 

This study was designed as a pilot randomized controlled study 
and was performed in the rehabilitation centre of a university 
hospital, specifically a regional cerebrovascular centre from 
May 2015 to July 2017. No formal sample size calculation was 
performed. Patients with subacute stroke who had swallowing 
difficulty were evaluated by a video fluoroscopic swallowing 
study (VFSS). Among these the patients who showed VPI on 
VFSS were enrolled in this study. VPI could be shown as nasal 
penetration on VFSS (Fig. 1) due to inappropriate velopharyng-
eal closure. Of these patients, those susceptible to barotrauma 
(atmospheric pressure injury) due to pulmonary diseases, such 
as emphysema, those with a previous stroke, those with pha-
ryngeal structural abnormalities, those unable to cooperate for 
MIE exercise due to deteriorated cognitive function or mentality, 
and those with medical conditions that could affect their swal-
lowing ability were excluded from this study.

Intervention protocol 

All of the enrolled patients were randomly assigned to 2 
groups using a table of random numbers. The study group was 
administered additional MIE exercise therapy as well as con-
ventional swallowing rehabilitation therapy, while the control 

group was administered conventional swallowing rehabilitation 
therapy only.

The study group was administered MIE exercise once daily 
using the CNS-100 Cough Assist® (SungdoMC, Seoul, Korea) 
and conventional swallowing rehabilitation therapy twice a 
day. The treatment procedures for inspiration were as follows: 
starting positive pressure was 15–20 cm H2O, increased to 40 
cm H2O according to the patients’ condition. Inspiration lasted 
2 s, or longer if required, and was titrated for patient comfort. 
The treatment procedures for expiration were as follows: starting 
with the expiration (negative) pressure was similar to the inspi-
ration pressure, and then the negative pressure was increased 
to 10–20 cm H2O above the positive pressure. Negative pres-
sure was then held for 3–6 s, simulating the airflows that occur 
naturally during the cough. The patient was then instructed to 
coordinate their respiratory rhythms according to those of the 
cough assist machine (Fig. 2). 

Conventional dysphagia rehabilitation consisted of oral motor 
and sensory stimulation, neuromuscular electrical stimulation 
of the suprahyoid muscle, and oral and lingual exercises to 

Fig. 1. Nasal penetration on video fluoroscopic swallowing study (red 
circle).

Fig. 2. Study group received mechanical inspiration and expiration 
exercise using mechanical cough assist machine.

www.medicaljournals.se/jrm
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99Exercise for velopharyngeal incompetence in subacute stroke 

focus on strength and endurance for the efficacy and safety of 
the swallowing process (11). Twenty sessions of conventional 
swallowing rehabilitation therapy were conducted for both the 
study and the control groups, twice a day, 5 days a week, for 2 
weeks, with each session lasing 30 min. Ten sessions of MIE 
exercise were conducted for the study group once a day, 5 days 
a week, for 2 weeks, with each session lasting 30 min. 

Evaluations

Swallowing function was evaluated using the American 
Speech-Language-Hearing Association’s National Outcome 
Measurement System (ASHA-NOMS), Functional Dysphagia 
Score (FDS) and, Penetration Aspiration Scale (PAS) based on 
the results of VFSS.

VFSS was performed with the patients in a sitting position 
to allow a lateral view. A modified version of the protocol 
from a study performed by Logemann was used (18). First, 3 
ml of barium-containing thick liquid was administered to the 
subject. Then, pureed, semisolid, solid, and thin liquid were 
administered in this sequence. All of the food samples contained 
barium and were administered 2 or 3 times. All patients received 
individualized feeding therapy and dysphagia treatment based 
on the results of VFSS. 

The ASHA-NOMS criteria were published by the American 
Speech-Language-Hearing Association. These criteria comprise 
1–8 stages, depending on the patient’s dietary pattern and the 
range of possible meals. “Stage 1” indicates the most severe 
condition of dysphagia and “Stage 8” indicates the mildest 
condition. It correlates with the severity of dysphagia (19). 

The FDS is a scale that was developed to quantify dysphagia 
severity and it consists of 11 items with weighted values represen-
ting 4 kinds of oral (lip closure, bolus formation, residues in oral 
cavity, oral transit time) and 7 kinds of pharyngeal (triggering of 
pharyngeal swallow, laryngeal elevation and epiglottic closure, 
nasal penetration, residue in valleculae, residue in pyriformis 
sinus, coating of pharyngeal wall after swallow, pharyngeal transit 
time) functions that can be observed by VFSS (Table I). The FDS 
can be used to identify various physiological measures, such as 
the aspiration status and nasal penetration of food. The maximum 
possible score is 100, achieved by applying different weight va-
lues to each item; thus, it is useful for quantifying the degree of 
swallowing difficulty in dysphagia patients and to quantitatively 
determine the effectiveness of dysphagia treatment. Among the 
11 items, “nasal penetration” is a specific item according to the 
VPI severity, the absence of residual food to the nasal cavity was 
scored as 0, < 10% of residual food to the nasal cavity as 4 points, 
10–50% of residual food as 8 points, and > 50% of residual food 
as 12 points for evaluation (20).

The PAS evaluates airway invasions and has a maximum score 
of 8 points. Scores are determined primarily based on the depth 
to which material passes into the airway and based on whether 
material passes below the vocal fold and any effort to make 
eject the material. The penetration category corresponds to level 
2–5 on the scale, and levels 6–8 correspond to aspiration (21). 

In addition, for indirect measurement of the muscle strength 
of the pharyngeal muscle involved in the expiration process, the 
PCF was measured using a Digital Peak Flow Meter® (Micro 
Medical, NY, USA). Before testing, patients were allowed to 
use the peak flow meter several times to become accustomed to 
the test; after this the patients were asked to make their maximal 
effort at least 3 times. PCF was defined as the highest point of 
the flow volume of 3 attempts was used for analysis. The PCF 
is useful to monitor expiratory muscle weakness and bulbar 
involvement in patients with neuromuscular disease (22).

All tests were performed before and after 2 weeks of re-
habilitation therapy under the same conditions by 2 blinded 
physiatrists. Basic information of the stroke patients, including 
their age, sex, type of stroke, and the time from diagnosis to 
VFSS evaluation were also investigated. The study protocol was 
approved by the Institutional Review Board, and all participants 
provided written informed consent.

Statistical analysis 
All statistical analyses were performed with the SPSS ver. 21.0 
(SPSS Inc., Chicago, IL USA). Statistical significance was 
evaluated with the Wilcoxon signed-rank test for comparing the 
results before and after treatment in each group. To investigate 
the differences in swallowing function between the 2 groups, 
the Mann–Whitney U test was performed. A p-value < 0.05 was 
considered statistically significant.

RESULTS
A total of 62 subacute stroke patients with VPI were 
initially enrolled. Among them, 21 patients with a past 
history of pulmonary disease or neurological damage, 
with medical complications that could affect VPI, or 
who were unable to cooperate were excluded. The 
remaining 41 patients were randomized and divided 
into the study group and the control group for treat-
ment. Three patients in the study group and 2 in the 
control group were lost to follow-up because of early 

Table I. Functional dysphagia scale using videofluoroscopic swallowing 
study

Factor Coded value Score

Lip closure Intact 0 10

Inadequate 5
None 10

Bolus formation Intact 0 6
Inadequate 3
None 6

Residue in oral cavity, % None 0 6
≤ 10 2
10–50 4
≥ 50 6

Oral transit time, s ≤ 1.5 0 6
> 1.5 6

Triggering of pharyngeal swallow Normal 0 10
Delayed 10

Laryngeal elevation and epiglottic closure Normal 0 12
Reduced 12

Nasal penetration, % None 0 12
≤ 10 4
10–50 8
≥ 50 12

Residue in valleculae, % None 0 12
≤ 10 4
10–50 8
≥ 50 12

Residue in pyriform sinuses, % None 0 12
≤ 10 4
10–50 8
≥ 50 12

Coating of pharyngeal wall after swallow No 0 10
Yes 10

Pharyngeal transit time ≤ 1.0s 0 4

> 1.0s 4

Total 100

J Rehabil Med 51, 2019
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discharge, recurrent stroke, or deterioration of their 
medical conditions and were thus excluded from the 
study. A final total of 36 patients (18 in the study group 
and 18 in the control group) completed the study, in-
cluding follow-up evaluations (Fig. 3). 

Baseline demographic characteristics and initial 
evaluations are presented in Table II. No significant 
differences were observed in baseline characteristics 
between the study group and the control group. Initial 
evaluation of swallowing and cough function between 
the 2 groups showed no significant difference (Table II).

After 2 weeks of rehabilitation, the study group sho-
wed significant improvements in the swallowing score 

of the ASHA-NOMS, FDS and PAS, and 
cough function for the PCF (Table III). 
In the control group, significant impro-
vements were also observed in the swal-
lowing score of the ASHA-NOMS, FDS 
and PAS. By contrast, no statistically 
significant differences were observed in 
the sub-scores of FDS for the oral phase, 
for the degree of nasal penetration, and 
the PCF in the control group (Table III).

When the therapeutic effect was 
compared between the 2 groups, the 
study group showed more significant 
improvement in the sub-scores of FDS 
for the degree of nasal penetration and 
PCF than the control group. However, no 
statistically significant differences were 
observed in the swallowing scores of the 

ASHA-NOMS and in the FDS in total, for the oral 
phase, the pharyngeal phase, and the PAS (Table IV).

DISCUSSION

This study aimed to investigate the therapeutic effects of 
MIE exercise using mechanical cough assist on VPI in 
patients with subacute stroke. The results indicated that 
patients in the study group who received additional MIE 
exercise showed greater improvements in the degree of 
VPI and PCF than did the patients in the control group. 

Fig. 3. Flow diagram of the study.

Table II. Baseline demographic characteristics

Characteristics
Study group 
(n = 18)

Control group 
(n = 18)

Sex (Male/Female), n (%) 10/8 (56/44) 9/9 (50/50)
Stroke type, n (%)
Haemorrhage 8 (44) 6 (33)
Infarction 10 (56) 12 (67)

Age, years, mean (SD) 67.28 (9.48) 71.15 (8.61)
Days from stroke onset, mean (SD) 20.48 (13.56) 18.34 (12.45)

SD: standard deviation; ASHA-NOMS: American Speech-Language-Hearing 
Association-National Outcome Measurement System Swallowing scale; FDS: 
functional dysphagia Scale; PAS: Penetration-Aspiration Scale; PCF: peak 
cough flow.

Table III. Changes of measurements before and after exercise in each group, within-group comparison

Study group (n = 18)

p-value

Control group (n = 18)

p-value
Pre
Mean (SD)

Post 
Mean (SD)

Pre 
Mean (SD)

Post 
Mean (SD)

ASHA-NOMS 2.38 (1.25) 3.64 (1.64) 0.036* 2.73 (1.54) 3.59 (1.47) 0.043*
FDS (Total) 45.68 (12.46) 37.37 (10.35) 0.022* 44.92 (13.64) 38.70 (9.48) 0.046*
FDS (Oral phase) 3.32 (3.24) 1.96 (1.77) 0.384 3.87 (3.66) 2.61 (1.81) 0.452
FDS (Pharyngeal phase) 42.36 (10.82) 35.51 (9.35) 0.015* 41.05 (9.15) 36.09 (10.24) 0.034*
FDS (Nasal penetration degree) 4.86 (1.48) 1.60 (0.82) 0.024* 4.98 (1.64) 3.64 (0.98) 0.072

PAS 7.62 (0.39) 6.76 (0.41) 0.032* 7.81 (0.70) 7.05 (0.53) 0.039*
PCF (l/min) 175.41 (56.62) 204.17 (42.24) 0.036* 165.41 (62.36) 180.04 (37.65) 0.076

*p < 0.05 by Wilcoxon signed-rank test. ASHA-NOMS: American Speech-Language-Hearing Association-National Outcome Measurement System Swallowing scale; 
FDS: Functional Dysphagia Scale; PAS: Penetration-Aspiration Scale; PCF: peak cough flow.

Table IV. Comparison of the exercise effect between 2 groups

Study group 
(n = 18) 
Mean (SD)

Control group 
(n = 18) 
Mean (SD) p-value

Δ ASHA-NOMS 1.26 (1.05) 0.86 (1.21) 0.482
Δ FDS (Total) –8.31 (5.64) –6.22 (4.25) 0.347
Δ FDS (Oral phase) –1.46 (1.73) –1.26 (1.18) 0.886
Δ FDS (Pharyngeal phase) –6.85 (4.44) –4.96 (3.83) 0.173
Δ FDS (Nasal penetration degree)* –3.23 (2.14) –1.34 (1.88)* 0.04
Δ PAS –0.86 (1.24) –0.76 (0.97) 0.778 
Δ PCF (l/min)* 28.76 (18.47) 14.63 (9.48)* 0.03

*p < 0.05 by Mann–Whitney U test.
ASHA-NOMS: American Speech-Language-Hearing Association-National 
Outcome Measurement System Swallowing scale; FDS: Functional Dysphagia 
Scale; PAS: Penetration-Aspiration Scale; PCF: peak cough flow.

www.medicaljournals.se/jrm
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101Exercise for velopharyngeal incompetence in subacute stroke 

To our knowledge, this is the first study regarding the ef-
fect of treatment on VPI in patients with subacute stroke. 

VPI, which is represented as nasal penetration, is 
caused by inappropriate velopharyngeal closure. VPI is 
one of the various symptoms of cough and swallowing 
dysfunction after a stroke and is associated with orop-
haryngeal muscle weakness. Nasal penetration can be 
considered clinically significant because it is associated 
with serious upper respiratory tract infection, recurrent 
or chronic sinus infection and cellulitis (23). Further-
more, post-stroke dysphagia is a risk factor, not only 
for malnutrition and dehydration, but also for serious 
complications that can delay functional recovery in 
stroke patients, prolong hospital stays and cause death 
(3, 4). Therefore, early detection of dysphagia and 
appropriate treatment method is important in order to 
treat each swallowing symptom (3, 4). 

In previous studies, most dysphagia and/or coughing 
dysfunction treatments have focused on prevention of 
pharyngeal aspiration; few studies have investigated 
effective treatment methods of nasal penetration or 
VPI after stroke. Kummer (24). reported that speech 
therapy was effective for reducing VPD, and another 
study also showed that therapy using CPAP was use-
ful for VPD patients (14). The results of the current 
study revealed that the study group that received ad-
ditional MIE exercise showed greater improvement 
in both swallowing, especially nasal penetration, and 
coughing function than did the control group. Using 
a mechanism similar to CPAP therapy, MIE exercise 
could increase the air pressure in the nasal cavities 
during velopharyngeal closure, leading to strengthe-
ning of the oropharyngeal muscle, which is involved 
in velopharyngeal closure in the swallowing process. 
Strengthening of the oropharyngeal muscle may im-
prove the degree of nasal penetration in swallowing. 
While swallowing and coughing, the same expiration-
related muscles are used. MIE exercise may strengthen 
the expiration-related muscles. As a result, both swal-
lowing and coughing functions may have improved.

First, in terms of swallowing functions, this study 
demonstrated that patients in the study group showed 
significantly better degrees of nasal penetration of FDS 
than did the patients in the control group. The FDS can 
be used to quantify dysphagia severity and to identify 
various physiological measures, including the aspira-
tion status and nasal penetration of food. To determine 
the effect of MIE exercise on VPI, the FDS score was 
divided into subsections and was analysed. We found 
that only the degrees of nasal penetration of FDS sho-
wed statistically significant improvement in the study 
group. There were no significant differences in the total 
scores of FDS that indicated overall swallowing fun-
ction or in the swallowing score of the ASHA-NOMS 

that indicated clinical severity. It was difficult to de-
monstrate the superiority of the MIE exercise therapy 
for all kinds of dysphagia symptoms after stroke.

Secondly, in terms of coughing function, the current 
study found that MIE exercise using cough assist was 
also effective in increasing the values of PCF, thus 
improving coughing function after a stroke. Clinically, 
cough is an important protective mechanism for main-
taining a clear airway, removal of sputum or aspirated 
food from the airways, and previous studies revealed 
that patients with stroke could experience a decrease 
in cough function (5–7). Kulnik et al. emphasized that 
a high PCF value was associated with a lower risk of 
pneumonia in acute stroke (25). Our previous study 
suggested that voluntary coughing exercises could be 
helpful for dysphagia to prevent pulmonary compli-
cations in patients with stroke (26). 

According to a literature review, cough and swallow 
pattern generators are tightly coordinated because they 
share afferent and efferent pathways (6, 8, 10, 27). The 
relationship between the coughing and swallowing 
function in stroke patients has been demonstrated in 
previous studies (5–9). Because the expiration-related 
muscles used in coughing are also used in the swal-
lowing process, strengthening effect of the expiration-
related muscles through MIE exercise improves both 
coughing and swallowing function in stroke patients.

Previous studies also found that MIE exercise could 
improve coughing or swallowing function in other 
diseases. Pitts et al. showed the impact of expiratory 
muscle strength training on voluntary coughing and 
swallowing function in Parkinson’s disease (27). 
Another study demonstrated that MIE exercise impro-
ved coughing ability by increasing peak cough flow 
(PCF) in patients with neuromuscular weakness (17). 
Sivasothy et al. reported that cough function could be 
improved by strengthening the muscles involved in 
expiration through MIE exercise (28). 

To our knowledge, this is the first study to de-
monstrate the effects of MIE exercise on VPI after a 
stroke. Based on these findings, MIE exercise using 
cough assist is expected to be applicable to patients 
with post-stroke dysphagia and VPI. In addition, this 
therapy is easy to use in the clinical setting and can also 
be used at the bedside for patients who cannot move in 
a wheelchair. Therefore, it is likely to be used widely 
in the future with other various treatment methods. 

Study limitations
This study has several limitations. First, the results 
may not be generalizable to all stroke patients because 
we enrolled patients who showed VPI in the results 
of the VFSS. Secondly, the reduction in VPI in this 

J Rehabil Med 51, 2019
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study was observed only after a short-term exercise 
period of 2 weeks, and the effect was only measured 
immediately after the treatment period ended. We could 
not distinguish this effect from spontaneous recovery 
of dysphagia after stroke. The current study could not 
reveal the effect of additional MIE exercise on all the 
phases of the swallowing process. As swallowing and 
coughing functions have different characteristics ac-
cording to the stroke lesion types (26), well-designed 
studies are needed to evaluate the effect of MIE ex-
ercise according to the stroke lesion type. Finally, the 
comparisons in this study were performed on a rela-
tively smaller number of patients, with no long-term 
follow-up records. Thus, further research on a larger 
sample size and long-term follow-up are required to 
confirm the results of this study.

Conclusion
The MIE exercise using cough assist has a therapeutic 
effect on VPI in subacute stroke patients with dyspha-
gia. Furthermore, this MIE exercise affects both swal-
lowing and coughing functions in patients after stroke. 
A combination rehabilitation therapy including addi-
tional MIE exercise was more effective for alleviating 
the symptoms of VPI than conventional rehabilitation 
therapy alone. This therapy is easy to apply in the clini-
cal setting, and can be a useful therapeutic strategy for 
VPI with dysphagia in patients with stroke. 
The authors have no conflicts of interest to declare. 

REFERENCES
1. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, 

Teasell R. Dysphagia after stroke: incidence, diagnosis, and 
pulmonary complications. Stroke 2005; 36: 2756–2763.

2. Flowers HL, Silver FL, Fang J, Rochon E, Martino R. The 
incidence, co-occurrence, and predictors of dysphagia, 
dysarthria, and aphasia after first-ever acute ischemic 
stroke. J Commun Disord 2013; 46: 238–248.

3. Smithard DG, O’Neill PA, Parks C, Morris J. Complications 
and outcome after acute stroke. Does dysphagia matter? 
Stroke 1996; 27: 1200–1204.

4. Katzan IL, Cebul RD, Husak SH, Dawson NV, Baker DW. 
The effect of pneumonia on mortality among patients hos-
pitalized for acute stroke. Neurology 2003; 60: 620–625.

5. Ward K, Seymour J, Steier J, Jolley CJ, Polkey MI, Kalra 
L, et al. Acute ischaemic hemispheric stroke is associated 
with impairment of reflex in addition to voluntary cough. 
Eur Respir J 2010; 36: 1383–1390.

6. Smith Hammond CA, Goldstein LB, Zajac DJ, Gray L, 
Davenport PW, Bolser DC. Assessment of aspiration risk 
in stroke patients with quantification of voluntary cough. 
Neurology 2001; 56: 502–506.

7. Kimura Y, Takahashi M, Wada F, Hachisuka K. Differences 
in the peak cough flow among stroke patients with and 
without dysphagia. J UOEH 2013; 35: 9–16.

8. Smith Hammond CA, Goldstein LB, Horner RD, Ying J, 
Gray L, Gonzalez-Rothi L, et al. Predicting aspiration in 
patients with ischemic stroke: comparison of clinical signs 

and aerodynamic measures of voluntary cough. Chest 
2009; 135: 769–777.

9. Bianchi C, Baiardi P, Khirani S, Cantarella G. Cough peak 
flow as a predictor of pulmonary morbidity in patients 
with dysphagia. Am J Phys Rehabil 2012; 91: 783–788.

10. Pitts T, Rose MJ, Mortensen AN, Poliacek I, Sapienza CM, 
Lindsey BG, et al. Coordination of cough and swallow: a 
meta-behavioral response to aspiration. Respir Physiol 
Neurobiol 2013; 189: 543–551.

11. Vose A, Nonnenmacher J, Singer ML, Gonzalez-Fernandez 
M. Dysphagia management in acute and sub-acute stroke. 
Curr Phys Med Rehabil Rep 2014; 2: 197–206.

12. Glade RS, Deal R. Diagnosis and management of velopha-
ryngeal dysfunction. Oral Maxillofac Surg Clin North Am 
2016; 28: 181–188.

13. Folkins JW. Velopharyngeal nomenclature: incompetence, 
inadequacy, insufficiency, and dysfunction. Cleft Palate J 
1988; 25: 413–416.

14. Cahill LM, Turner AB, Stabler PA, Addis PE, Theodoros DG, 
Murdoch BE. An evaluation of continuous positive airway 
pressure (CPAP) therapy in the treatment of hypernasality 
following traumatic brain injury: a report of 3 cases. J 
Head Trauma Rehabil 2004; 19: 241–253.

15. Kuehn DP, Moon JB, Folkins JW. Levator veli palatini muscle 
activity in relation to intranasal air pressure variation. Cleft 
Palate Craniofac J 1993; 30: 361–368.

16. Kuna ST, Sant’Ambrogio G. Pathophysiology of upper air-
way closure during sleep. JAMA 1991; 266: 1384–1389.

17. Chatwin M, Ross E, Hart N, Nickol AH, Polkey MI, Simonds 
AK. Cough augmentation with mechanical insufflation/
exsufflation in patients with neuromuscular weakness. 
Eur Respir J 2003; 21: 502–508.

18. Palmer JB, Kuhlemeier KV, Tippett DC, Lynch C. A protocol 
for the videofluorographic swallowing study. Dysphagia 
1993; 8: 209–214.

19. Sallum RA, Duarte AF, Cecconello I. Analytic review of 
dysphagia scales. Arq Bras Cir Dig 2012; 25: 279–282.

20. Han TR, Paik NJ, Park JW. Quantifying swallowing fun-
ction after stroke: a functional dysphagia scale based on 
videofluoroscopic studies. Arch Phys Med Rehabil 2001; 
82: 677–682.

21. Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL. A 
penetration-aspiration scale. Dysphagia 1996; 11: 93–98.

22. Suarez AA, Pessolano FA, Monteiro SG, Ferreyra G, Capria 
ME, Mesa L, et al. Peak flow and peak cough flow in the 
evaluation of expiratory muscle weakness and bulbar 
impairment in patients with neuromuscular disease. Am 
J Phys Med Rehabil 2002; 81: 506–511.

23. Sylvester DC, Karkos PD, Vaughan C, Johnston J, Dwivedi 
RC, Atkinson H, et al. Chronic cough, reflux, postnasal 
drip syndrome, and the otolaryngologist. Int J Otolaryngol 
2012; 2012: 564852.

24. Kummer AW. Speech therapy for errors secondary to cleft 
palate and velopharyngeal dysfunction. Semin Speech 
Lang 2011; 32: 191–198.

25. Kulnik ST, Birring SS, Hodsoll J, Moxham J, Rafferty GF, 
Kalra L. Higher cough flow is associated with lower risk of 
pneumonia in acute stroke. Thorax 2016; 71: 474–475.

26. Lee SJ, Lee KW, Kim SB, Lee JH, Park MK. Voluntary cough 
and swallowing function characteristics of acute stroke 
patients based on lesion type. Arch Phys Med Rehabil 
2015; 96: 1866–1872.

27. Pitts T, Bolser D, Rosenbek J, Troche M, Okun MS, Sapi-
enza C. Impact of expiratory muscle strength training on 
voluntary cough and swallow function in Parkinson disease. 
Chest 2009; 135: 1301–1308.

28. Sivasothy P, Brown L, Smith IE, Shneerson JM. Effect 
of manually assisted cough and mechanical insufflation 
on cough flow of normal subjects, patients with chronic 
obstructive pulmonary disease (COPD), and patients with 
respiratory muscle weakness. Thorax 2001; 56: 438–444.

www.medicaljournals.se/jrm


