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Usefulness of Maximal Expiratory Pressure in
Evaluating Dysphagia after Ischemic Stroke
Bo Seong Jang, M.D., Ho Joong Jeong, M.D., Ph.D., Han Eum Choi, M.D.,
Jae Hyun Lee, M.D., Young Joo Sim, M.D., Ph.D., Ghi Chan Kim, M.D., Ph.D.
Department of Physical Medicine and Rehabilitation, Kosin University Gospel Hospital, Busan, Korea
Objective: We investigated the usefulness of maximal expiratory pressure (MEP) in evaluating dysphagia subsequent
to ischemic stroke.
Methods: This study included patients with ischemic stroke who underwent MEP testing and videofluoroscopic swallowing study (VFSS), from October 2016 to February 2020. The VFSS findings were interpreted using the penetrationaspiration scale (PAS) and functional dysphagia scale (FDS). Patients were stratified into the non-aspiration (n=59)
and aspiration (n=47) groups. Partial correlation analysis among MEP, PAS, and FDS was performed after adjusting
for age. Binary logistic regression using PAS was conducted to investigate the risk factors predisposing patients to
inclusion in the aspiration group. Multiple linear regression using FDS was conducted to investigate the risk factors
according to dysphagia severity. Receiver operating characteristic (ROC) curve analysis was applied to investigate
factors which could be useful for detecting aspiration.
Results: Student’s t-test revealed a significant difference in MEP between the non-aspiration and aspiration groups.
MEP showed a positive correlation with PAS and FDS. MEP was also determined to be a risk factor for inclusion
into the aspiration group, and a risk factor according to the severity of dysphagia. In the ROC curve analysis, MEP
showed good diagnostic properties to help classify patients with aspiration.
Conclusion: Our results indicate that swallowing assessment can predict and help prevent aspiration pneumonia in
patients with ischemic stroke. In the present study, MEP showed significant association with aspiration and the severity of dysphagia. Thus, determining the MEP during swallowing assessment in patients with ischemic stroke is
potentially a useful parameter to predict dysphagia. (JKDS 2021;11:59-66)
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INTRODUCTION

As a result, aspiration is frequently observed in stroke
patients and can cause serious complications such as

Stroke is one of the most common causes of

aspiration pneumonia. Therefore, it is crucial to

swallowing difficulty and induces neurological damage

diagnose dysphagia and conduct appropriate reha-

in various structures of the brain, leading to dys-

bilitation procedures to attain a better prognosis .

2,3

1

function of the oral cavity, pharynx, and esophagus .

Respiratory muscles play a key role in protecting
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the airway. Various clinical indicators could be mea-

MATERIALS AND METHODS

sured by evaluating respiratory muscles; for example,
maximal expiratory pressure (MEP) and maximal in-

A retrospective review of the medical charts of

spiratory pressure (MIP) reflect the maximal strength

patients who were diagnosed with acute ischemic

of the respiratory muscles and are generated during

hemispheric stroke at Kosin University Gospel Hospital

expiration and inspiration, respectively. Coughing,

between October 2016 and February 2020 was per-

an airway-protective mechanism to avoid aspiration,

formed. The inclusion criteria were (1) a diagnosis of

occurs through the rapid contraction of the dia-

acute ischemic hemispheric stroke based on neuro-

4,5

phragm and external intercostal muscles . In the

logical examination and brain magnetic resonance

clinical setting, the peak cough flow (PCF) is usually

imaging; (2) available data from a videofluoroscopic

adopted to measure the maximal airflow generated

swallowing study (VFSS) performed within 3 weeks

during a cough. Pulmonary function parameters such

after the onset of acute ischemic hemispheric stroke;

as lung volume, flow rate, and capacity can be mea-

(3) measurement data of MIP, MEP, PCF, PFT, and the

sured using a pulmonary function test (PFT).

Korean version of the modified Barthel index (K-

Patients with stroke can have accompanying cen-

MBI). Because the incidence of dysphagia may vary

tral diaphragmatic dysfunction and decreased re-

depending on the stroke lesion, we selected only pa-

spiratory muscle motion, resulting in various im-

tients who experienced acute ischemic hemispheric

pairments in respiratory function. In previous studies,

stroke in the middle cerebral artery territory. The

stroke patients demonstrated reduced respiratory

exclusion criteria were (1) hemorrhagic stroke or

muscle strength parameters, including MEP and MIP,

history of previous stroke; (2) tracheostomy; (3) in-

and inhibited pulmonary function parameters, in-

ability to undergo MIP, MEP, PFT, or PCF assessment;

cluding forced vital capacity (FVC) and forced ex-

and (4) history of cardiopulmonary disease. The

piratory volume in 1 s (FEV1), relative to the healthy

sample size based on the area under receiver oper-

6

control group . Stroke patients with dysphagia have

ating characteristic (ROC) curve of PAS was estimated

also been reported to have reduced FVC and FEV1

using MedCalc (MedCalc Software, Ostend, Belgium),

7

compared with stroke patients without dysphagia .

with a power of 0.90 and a significance level of 0.01.

Other studies reported that stroke patients with

The null hypothesis value was set at 0.5.

dysphagia showed reduced coughing ability compared with stroke patients without dysphagia, and
that PCF was a useful factor for evaluating the risk
8,9

1. Maximal expiratory pressure and maximal
inspiratory pressure

of aspiration . Further, several studies have been

The patients wore a flanged silicone mouthpiece,

published on the association among pulmonary func-

and a rehabilitation physician measured the MEP and

tion, coughing ability, and stroke-induced dysphagia.

MIP using a micro respiratory pressure meter (Care-

However, few studies to date have examined the

fusion, San Diego, CA, USA). Before testing, the pa-

association between respiratory muscle strength and

tients were instructed to adapt to using the device to

stroke-induced dysphagia. Moreover, as coughing shares

ensure more accurate measurements. Tests were per-

anatomical structures with expiration, it is valuable

formed with the patients wearing a nose clip, in the

to evaluate the association between PCF and MEP.

sitting position with the legs and trunk supported .

10

Given these considerations, this study aimed to in-

Two tests with a 5-min interval were performed to

vestigate the association among respiratory muscle

evaluate the maximal respiratory strength, and the

strength, pulmonary function, coughing ability, and

higher of the two measurement values was chosen for

dysphagia after stroke.

analysis.
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2. Pulmonary function test and peak cough
flow test
PFT was performed by a respiratory technician
using a spirometer. The FVC and FEV1 were measured in this test. A PCF test was conducted by the

closer the FDS score is to 100 points, the greater the
severity of dysphagia. The functional oral intake scale
was also evaluated based on the feeding type at the
15

time of VFSS .

4. Korean version of the modified Barthel index

same technician using a Personal Best flow meter

In a previous study, the K-MBI was used to measure

(Philips Respironics Inc., Murrysville, PA, USA). PCF

the patients’ general function . In this study, we also

testing was performed two times with a 5-min interval

adopted the K-MBI to measure the patients’ activities

to evaluate the maximal airflow during coughing, and

of daily living.

the higher of the two measurement values was adopted
for further analysis. PFT and PCF testing were performed with the patient in the same position as
11

during the evaluation of MEP and MIP .

3. Videofluoroscopic swallowing study

14

5. Statistical analysis
Pearson correlation analysis was conducted to
compare the VFSS results with the MEP, MIP, PCF,
K-MBI, FVC, FEV1, and FEV1/FVC. Partial correlation
analysis was conducted to compare the VFSS results

VFSS was performed by an experienced radiation

with the factors that had a correlation in Pearson

technician and involved barium-impregnated boluses

correlation analysis, considering age as a confound-

in the order of 5 mL thin liquid, pudding, porridge,

ing factor. Student’s t-test was performed to compare

and rice. Testing was stopped if a large amount of

the MEP, MIP, PCF, K-MBI, FVC, FEV1, FEV1/FVC,

direct aspiration was observed or if delayed aspir-

and FDS values between the non-aspiration and

ation due to residual volume occurred. The testing

aspiration groups. Binary logistic regression analysis

procedure was video recorded, and two trained re-

using PAS was conducted to elucidate the risk factors

habilitation physicians interpreted the video clips. If

for inclusion into the aspiration group. The forward

the two rehabilitation physicians had different inter-

conditional method was used for binary logistic

pretations, the data from the more experienced phy-

regression analysis. Multiple linear regression analysis

sician were adopted. The VFSS results were inter-

using FDS was conducted to elucidate the risk factors

preted according to the penetration-aspiration scale

according to the severity of dysphagia. The stepwise

(PAS) and videofluoroscopic functional dysphagia scale

method was used for multiple linear regression

12,13

. A total score of up to 8 points is possible

analysis. The independent factors used in binary

on the PAS, and each score was determined according

logistic regression and multiple linear regression

to the presence or absence of aspiration, presence or

analyses were MEP, PCF, MIP, K-MBI, age, FVC, FEV1,

absence of penetration, and level of airway invasion.

and FEV1/FVC. Using ROC curve analysis, we investi-

Patients with no penetration or aspiration were

gated which factor could be adopted as a screening

awarded 1 point, those with penetration were award-

tool for detecting aspiration. The thresholds for the

ed from 2 to 5 points, and those with aspiration were

MEP and PCF values were calculated to determine the

awarded 6 to 8 points. Following a previous study

sensitivity and specificity. The SPSS version 21.0 soft-

involving the PAS, patients with scores of 1 to 5

ware program (IBM, Armonk, NY, USA) was used for

points were stratified into a non-aspiration group

statistical analysis, and the significance level was set

and those with scores of 6 to 8 points were stratified

at P＜0.05.

(FDS)

14

into an aspiration group . A total score of up to 100
points is possible on the FDS, and each score was
determined in the oral and pharyngeal phases. The
JKDS Vol. 11, No. 1, 2021
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RESULTS

calculated using MedCalc was 52 patients. In
Student’s t-test, FVC, FEV1, and FEV1/FVC did not

Out of the eligible 140 patients, 34 patients were

show a significant difference between the non-

excluded according to the exclusion criteria. Finally,

aspiration and aspiration groups. Age, MEP, MIP, PCF,

106 patients were included in this study (59 patients

K-MBI, FDS, and National Institutes of Health Stroke

in the non-aspiration group and 47 patients in the

Scale showed a significant difference between the

aspiration group). The minimum required sample size

non-aspiration and aspiration groups.(Table 1) In
partial correlation analysis, MEP, MIP, PCF, and KMBI showed negative correlations with PAS and FDS

Table 1. Demographics, clinical factors, and baseline evaluation
of stroke patients according to absence or presence of aspiration.
Non-aspiration
(n=59)
Age (years)
Sex
Male
Female
MEP (cmH2O)
MIP (cmH2O)
PCF (L/min)
FVC (L)
FEV1 (L)
FEV1/FVC
K-MBI
FDS
FOIS
Stroke laterality
Left
Right
NIHSS
Medical history
HTN
DM
Smoking

Aspiration
(n=47)

P-value

after adjusting for age.(Table 2) In binary logistic
regression, decrease in MEP and PCF were eligible
risk factors suggesting inclusion into the aspiration
group.(Table 3) In multiple linear regression analysis,

0.048*

MEP and PCF were useful factors predicting as-

70.9±9.0

71.8±12.5

39 (66%)
20 (34%)
55.1±25.4
31.6±16.6
224.9±83.0
2.44±0.94
1.87±0.75
0.77±0.10
65.8±25.4
14.9±15.8
2.59±1.22

25 (53%)
22 (47%)
23.2±9.2
16.6±5.8
107.4±36.2
2.15±0.95
1.57±0.69
0.74±0.10
50.9±30.2
43.5±17.3
2.57±1.36

0.183

In the ROC curve analysis, MEP and PCF seemed to

＜0.001***
＜0.001***
＜0.001***
0.109
0.114
0.168
0.008**
＜0.001***
0.941

be useful parameters for classifying patients at a risk

32 (54%)
27 (46%)
17.2±8.9

22 (47%)
25 (53%)
21.2±9.1

0.453
0.452
0.025*

29 (49%)
18 (31%)
17 (28%)

27 (57%)
14 (30%)
22 (46%)

piration according to the dysphagia severity.(Table 4)

0.395
0.936
0.069

Values are presented as mean±standard deviation or number (%).
MEP: maximal expiratory pressure, MIP: maximal inspiratory
pressure, PCF: peak cough flow, FVC: forced vital capacity,
FEV1: forced expiratory volume in 1 s, K-MBI: Korean version
of the modified Barthel index, FDS: functional dysphagia scale,
FOIS: functional oral intake scale, NIHSS: National Institutes of
Health Stroke Scale, HTN: hypertension, DM: diabetes mellitus.
*P＜0.05, **P＜0.01, ***P＜0.001 by Student’s t-test.

of aspiration.(Fig. 1) The MEP had an area under the

Table 2. Correlation between VFSS results and MEP, MIP, PCF,
FVC, FEV1, and K-MBI.

MEP
MIP
PCF
FVC
FEV1
K-MBI

PAS

FDS

−0.528**
−0.558**
−0.511**
−0.142
−0.185
−0.436**

−0.561**
−0.477**
−0.472**
−0.115
−0.178
−0.250*

Values are presented as correlation coefficients.
VFSS: videofluoroscopic swallowing study, PAS: penetrationaspiration scale, FDS: functional dysphagia scale, MEP: maximal
expiratory pressure, MIP: maximal inspiratory pressure, PCF:
peak cough flow, FVC: forced vital capacity, FEV1: forced expiratory volume in 1 s, K-MBI: Korean version of the modified
Barthel index.
*P＜0.05, **P＜0.01 by partial correlation analysis after adjustment for age.

Table 3. Binary logistic regression analysis of risk factors dictating inclusion into the aspiration group.
Independent variable
Decrease in MEP
Decrease in PCF

β

SE

P-value

OR

95% CI

−0.192
−0.039

0.062
0.012

0.002**
0.001**

1.212
1.040

1.007-1.370
1.015-1.064

MEP: maximal expiratory pressure, PCF: peak cough flow, β: regression coefficient, SE: standard error, OR: odds ratio, CI: confidence
interval.
**P＜0.01, ***P＜0.001.
JKDS Vol. 11, No. 1, 2021
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Table 4. Multiple linear regression analysis of risk factors according to dysphagia severity as assessed using FDS.
Independent variable
MEP
PCF

2

β

P-value

95% CI

R

VIF

−0.423
−0.218

＜0.001***
0.031*

−0.532-−0.193
−0.102-−0.005

0.336

5.676
1.677

FDS: functional dysphagia scale, MEP: maximal expiratory pressure, PCF: peak cough flow, β: regression coefficient, CI: confidence
interval, VIF: variance inflation factor.
*P＜0.05, ***P＜0.001.

Fig. 1. Receiver operating characteristic curve and area under the curve (AUC) for detecting aspiration. (A) Maximal expiratory
pressure (MEP). (B) Peak cough flow (PCF).

curve (AUC) of 0.794 (95% confidence interval [CI]:

MEP and MIP reflect respiratory muscle strength.

0.766-0.868), with a sensitivity and specificity of 78.1%

Respiratory muscle training is known to improve

and 81.8%, respectively, and a cutoff value of 33.50

respiratory muscle function and coughing, and to

cmH2O. The PCF had an AUC of 0.782 (95% CI: 0.688-

reduce the incidence of chest infection . Another

0.878), with a sensitivity and specificity of 79.6% and

study suggested that respiratory muscle training

74.4%, respectively, and a cutoff value of 145 L/min.

reduces dysphagia in stroke patients . In the present

16

17

study, the mean values of MIP and MEP showed

DISCUSSION

statistically significant differences between the nonaspiration and aspiration groups. In particular, MEP

In this study, low MEP and PCF values were found

was observed to be a risk factor suggesting inclusion

to be risk factors suggesting inclusion into the as-

into the aspiration group and a risk factor according

piration group, as well as risk factors according to the

to the dysphagia severity. MEP was correlated with

severity of dysphagia. MEP and PCF were useful clini-

PAS and FDS, and was also identified as a useful

cal factors for detecting aspiration. Though the MIP

clinical factor for detecting aspiration. Among vari-

and K-MBI showed significant correlations with PAS

ous available mechanisms to prevent dysphagia, swal-

and FDS, they failed to show increased risk for as-

low apnea occurs in the pharyngeal phase of swal-

piration. No significant differences were observed in

lowing. Swallow apnea occurs during exhalation and,

the FVC and FEV1 values between the non-aspiration

after swallowing, exhalation is maintained to increase

and aspiration groups, and these parameters showed

the subglottic pressure to prevent the aspiration of

no association with aspiration.

food. At this time, the expiratory muscles become
JKDS Vol. 11, No. 1, 2021
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involved in maintaining exhalation. Therefore, MEP is

useful indicator of the treatment effect of dysphagia

considered a risk factor for aspiration because it is

rehabilitation.

an indicator of the ability to maintain exhalation.

In the present study, a negative correlation was

Conversely, according to our present results, MIP may

found between K-MBI and PAS, consistent with a

not be considered as a risk factor for aspiration

previous study . However, no significant difference

because it plays minimal role in maintaining ex-

in K-MBI outcomes was found between the non-

halation to prevent aspiration.

aspiration and aspiration groups. Further, K-MBI was

19

MEP is a useful factor that can be relatively easily

not a risk factor suggesting inclusion into the as-

measured in the clinical setting, and its usefulness

piration group. Broadley et al. contended that a

had been confirmed in this study. However, the cutoff

modified Barthel index score of ＜20 points was a

value of MEP in our study was too low relative to that

risk factor for prolonged dysphagia . In this study,

for healthy people, and gold standard measures, such

K-MBI was measured to check the activities of daily

as PAS and FDS, are already available for swallowing

living of patients with ischemic hemispheric stroke,

18

20

assessment . Further, a previous study had shown the

and it showed a significant correlation with PAS and

effectiveness of respiratory muscle training for pre-

FDS. However, as the mean values of K-MBI in the

16

venting aspiration pneumonia . Therefore, we focus-

non-aspiration and aspiration groups were much

ed on the changes of aspiration according to the MEP

higher than 20 points, it was difficult to confirm

value from a therapeutic point of view, not only from

K-MBI as a risk factor for dysphagia. Our results,

a diagnostic perspective for aspiration detection.

however, need to be interpreted with caution since

Further studies are needed on how changes in as-

those who were too fragile and neurologically im-

piration are observed according to changes in MEP

paired to undergo VFSS with MBI values may have

through respiratory muscle strengthening. MEP can

been excluded by the study design. Though sufficient

be a useful indicator of the treatment effect of dys-

level of cognition and cooperation is warranted to

phagia rehabilitation.

measure the MEP in these patients, future studies on

In the present study, the average PCF value was
higher in the non-aspiration group than in the as-

the role of MEP values including those with low MBI
values are warranted.

piration group, and PCF had a statistically significant

In patients with stroke, the diaphragm, intercostal

correlation with PAS and FDS. Moreover, PCF was

muscles, and abdominal muscles become weakened

observed as a risk factor suggesting inclusion into the

and the contribution of thoracic movements during

aspiration group. A previous study found an apparent

breathing is lower than that in healthy people,

significant difference in PCF between stroke patients

resulting in a decreased lung volume

8

21-23

. In this

with and without dysphagia . Further, PCF demon-

study, no significant differences in FVC and FEV1

strated a degree of clinical importance in the eval-

were found between the non-aspiration and as-

uation of dysphagia in patients with ischemic stroke

piration groups. Moreover, dysphagia was not a risk

9

in a previous study . Coughing is a protective mech-

factor dictating inclusion into the aspiration group.

anism for keeping the airway clear, which may re-

One previous study found that reduced pulmonary

duce the risk of aspiration pneumonia. Coughing

function could increase the risk of aspiration in

shares anatomical structures with and is closely re-

patients with stroke . However, that study was

lated to maximal respiratory pressure. PCF was also

conducted among patients with all types of stroke,

a useful factor for swallowing assessment in the

whereas our study included homogeneous patients

present study. Therefore, further studies on the

with ischemic hemispheric stroke in the middle

changes of aspiration according to the changes of

cerebral artery territory. Therefore, it is possible that

PCF value are also needed, and PCF can also be a

the effect of pulmonary function on aspiration could

JKDS Vol. 11, No. 1, 2021
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be different depending on the lesion and type of

study, MEP was identified as a risk factor dictating

stroke involved. Further research according to the

inclusion into the aspiration group and it had an

specific type and lesion of stroke could be helpful.

association with the severity of dysphagia. Therefore,

Several studies have been published on the effect

evaluation of the MEP during the swallowing assess-

of pulmonary function and the ability of cough to

ment may be of diagnostic values in patients with

mitigate dysphagia. The previous study on the asso-

acute ischemic hemispheric stroke.

ciation between dysphagia and respiratory muscle
strength in stroke patients performed a simple com-
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