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Background/Aims: This study aimed to evaluate the correlation between clinical 
risk factors of post-extubation dysphagia (PED) and the severity of impaired pha-
ryngeal swallowing function assessed via videofluoroscopic swallowing studies 
(VFSSs).
Methods: This study was a retrospective review of medical records. Of 116 patients 
who were admitted to the intensive care unit and underwent VFSS, 32 who had 
non-neurologic disorders and experienced prolonged intubation (for more than 
48 hours) were diagnosed with PED. The severity of PED was evaluated by using a 
functional dysphagia scale (FDS) and a penetration aspiration scale (PAS), on the 
basis of VFSS.
Results: The Simplified Acute Physiology Score 3 and total FDS score were posi-
tively correlated (r = 0.40, p = 0.02). Intubation duration was positively correlated 
with total PAS and FDS scores (r = 0.62, p < 0.001; r = 0.65, p < 0.001, respectively). 
The amounts of residue in the valleculae (RV) and pyriform sinuses (RP) were as-
sociated with intubation duration (r = 0.58, p < 0.001; r = 0.57, p < 0.001, respective-
ly). Multivariate regression analysis revealed that intubation duration was signifi-
cantly associated with the total FDS score, RV and RP subscales of the FDS, and 
total PAS score.
Conclusions: The severity of impaired swallowing function, particularly the 
amount of residue in the pharyngeal recesses assessed via VFSS, was strongly as-
sociated with both severity of medical illness and intubation duration. Intubation 
duration could be a prognostic factor for assessing impaired swallowing function 
on the basis of VFSS.

Keywords: Post-extubation dysphagia; Videofluoroscopic swallowing study; Intu-
bation, intratracheal; Deglutition disorders; Extubation 

Association between clinical risk factors and  
severity of dysphagia after extubation based on a 
videofluoroscopic swallowing study
Won-Jong Yang1,2, Eunhee Park1, Yu-Sun Min1,2, Jae-Won Huh3, Ae Ryoung Kim2,3, Hyun-Min Oh3,  
Tae-Woo Nam1, and Tae-Du Jung1,2

INTRODUCTION

Post-extubation dysphagia (PED) is defined as the in-
ability or difficulty to safely and effectively swallow food 
and liquid after extubation of endotracheal tubes; it has 

been reported in 3% to 62% of individuals who under-
went intubation [1,2] and can lead to severe complica-
tions such as malnutrition, dehydration, aspiration, and 
pneumonia [3]. The maintenance of endotracheal tubes 
for mechanical ventilation could lead to focal mucosal 
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ulcerations or the inflammation of pharyngeal or laryn-
geal structures [4]. In addition, prolonged oral endotra-
cheal intubation, defined as intubation time longer than 
48 hours [2,5], could influence neuromuscular weakness 
of the oropharyngeal structures [6,7].

Previous studies regarding PED examined patients 
who were admitted to the intensive care unit (ICU) 
and examined with a flexible laryngoscope [8-10]. This 
fiberoptic endoscopic evaluation could facilitate the 
visualization of pharyngeal, laryngeal, and vocal cord 
structures, as well as the detection of aspiration; how-
ever, it could not demonstrate critical events of pharyn-
geal swallowing, including contraction of the pharynx 
during aspiration. A commonly used assessment tool 
for dysphagia is the videofluoroscopic swallowing study 
(VFSS), which is highly sensitive for aspiration and fa-
cilitates the precise assessment of complex abnormali-
ties throughout the swallowing process [11-13]. However, 
thus far, few studies have assessed the associations be-
tween clinical characteristics of PED and the severity of 
impaired swallowing function by using VFSS in patients 
with PED. Therefore, the aim of this study was to evalu-
ate the associations between clinical risk factors for PED 
and the severity of impaired pharyngeal swallowing dys-
function, as determined by VFSS, in patients with PED.

METHODS

Participants
This study involved a retrospective review of the medi-
cal records of patients who were admitted to the ICU of 
Kyungpook National University Hospital and referred 
for VFSS from January 2013 to October 2017. By using 
bedside screening tests, a physician checked eligibil-
ity for inclusion on the basis of patient mental status 
by using the Glasgow Coma Scale (GCS), neurological 
examination, and assessment of cranial nerve function 
and symptoms of aspiration during swallowing. We in-
cluded patients who experienced dysphagia after extu-
bation, had a GCS score greater than 14, had a history of 
prolonged intubation (longer than 48 hours), and who 
were older than 18 years. The exclusion criteria were as 
follows: any preexisting underlying brain disease that 
may cause dysphagia, such as stroke, brain tumor, or 
Parkinson disease; preexisting cognition impairment; 

new-onset neurology symptoms, such as severe weak-
ness or sensory changes; poor cooperation; tracheosto-
my state; or preexisting dysphagia.

This study was approved by the Institutional Review 
Board (IRB) of Kyungpook National University Hospital 
(IRB number 2018-01-031). Written informed consent by 
the patients was waived due to a retrospective nature of 
our study.

Outcome measurements
The primary endpoints of the study were the severity 
of dysphagia after prolonged intubation and the iden-
tification of clinical factors related to the severity of 
dysphagia. We reviewed the following data: diagnosis at 
the time of ICU admission, length of stay in the ICU, 
duration of intubation, size of the endotracheal tube, 
and timing of swallowing function assessment after ex-
tubation. In addition, the severity of clinical illness at 
the time of admission to the ICU was evaluated via the 
Simplified Acute Physiology Score 3 (SAPS 3) [14,15].

To analyze the clinical characteristics of patients with 
PED, on the basis of the medical condition for which 
endotracheal intubation was initiated, patients were cat-
egorized into three groups. Group 1 included patients 
who had infections or septic conditions; group 2 in-
cluded patients who had a history of heart failure due 
to ischemic heart disease or valvular disease; group 3 in-
cluded patients who were intubated after cardiothoracic 
surgery.

Videofluoroscopic swallowing study
A physician performed the videofluoroscopic swallow-
ing examinations with an assistant, and the examination 
findings were reviewed by an expert in physical medi-
cine and rehabilitation. We prepared diluted liquid bar-
ium according to the standard VFSS protocol guideline 
[16]. Thin liquid, thick liquid, soft food, and solid food 
were mixed with diluted barium. A syringe was used to 
feed thin and thick liquid. We selected porridge as the 
soft food and rice as the solid food; we used a spoon to 
feed soft and solid foods. To check for aspiration, a chest 
radiograph was acquired after the VFSS.

We evaluated the severity of dysphagia with the func-
tional dysphagia scale (FDS) [16] and penetration aspira-
tion scale (PAS) [17] on the basis of VFSS findings. The 
FDS, with a total score of 100 points, consists of 11 sub-
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scales and quantitatively evaluates swallowing function 
by using information from the VFSS (Supplementary 
Table 1). The PAS is an 8-point indicator for the assess-
ment of airway invasion. The presence of airway pene-
tration (entry of contrast material into the laryngeal ves-
tibule) and aspiration (entry of contrast material below 
the level of the true vocal folds) were recorded for each 
swallow by using the PAS score (Supplementary Table 2).

Statistical analyses
Statistical analyses were performed using SPSS for Win-
dows, version 13.0 (SPSS Inc., Chicago, IL, USA); p values 
less than 0.05 were considered significant. Three groups, 
which were divided on the basis of diagnosis of critical 
illness, were compared by using the Kruskal-Wallis test. 
Multivariate regression was used to determine associa-
tions between individual clinical risk factors and sever-
ity of dysphagia. These variables were selected because 
their univariate analysis p values were < 0.20. To analyze 
the correlation of clinical risk factors with the severity of 
swallowing function impairment, a Pearson correlation 
analysis was performed. 

RESULTS

Of 116 patients who were admitted to the ICU and re-
ferred for a VFSS, 32 had a non-neurologic critical ill-
ness for which they were intubated for a prolonged time 
(longer than 48 hours), and were subsequently diag-
nosed with PED; these patients were considered eligi-
ble for this study (Fig. 1). Table 1 shows the demograph-
ics and clinical features of the participants. The mean 
SAPS 3 score was 55.91; the mean duration of intubation 
was 189.82 ± 109.82 hours. All patients showed normal 
findings with regard to lip closure, bolus formation, 
residue in the oral cavity, oral transit time, triggering of 
pharyngeal swallow, nasal penetration, and pharyngeal 
transit time. However, residue in the valleculae (RV) was 
observed in all patients and residue in the pyriform si-
nus (RP) was observed in 31 patients (96.8%). Coating of 
the pharyngeal wall after swallowing was observed in 26 
patients (81.2%). There were no statistically significant 
differences among the three groups. Fig. 2 shows the 
features of VFSS, on the basis of severity of PED. 

Multivariate regression analysis revealed that the dura-

tion of intubation was significantly associated with PAS 
and FDS; moreover, the SAPS 3 score was significantly 
associated with the RV subset of FDS (Tables 2 and 3). 
The Pearson correlation test was performed to identify 
correlations among the indicators used in the present 
study (Table 4). There was a strong correlation between 
intubation duration and PAS score (r = 0.62, p < 0.001). In 
addition, there was a strong correlation between intuba-
tion duration and FDS score (r = 0.65, p ≤ 0.001); the RV 
and RP subscales of the FDS were correlated with intu-
bation duration (r = 0.58, p < 0.001; r = 0.57, p < 0.001, re-
spectively). Among the ICU-related clinical factors, the 
SAPS 3 and FDS scores were correlated (r = 0.40, p = 0.02). 
The SAPS 3 score was strongly correlated with the RV 
subset of the FDS (r = 0.50, p ≤ 0.001). There were no sig-
nificant correlations among the following factors: age, 
ICU admission duration, endotracheal tube size, timing 
of swallowing function assessment after extubation, and 
severity of swallowing function impairment. 

DISCUSSION

This study aimed to evaluate the correlation between 
clinical risk factors of PED and the severity of impaired 
pharyngeal swallowing function through assessment 
by VFSS. The results of this study suggested that intu-
bation duration was the most important clinical factor 

116 Patients with VFSS
       who admission in ICU

89 Patients with 
     proloned intubation

32 Patients with dysphagia due to 
     proloned intubation

57 (66%) Excluded
 28 (49%) Tracheostomy 
 11 (19%) Preexisting brain lesion
   9 (16%) Poor cooperation or GCS < 14
   4 (7%) Underlying disease occuring dysphagia
   4 (7%) Hypoxic or metabolic brain encephalopathy
   1 (2%) Major trauma

23 (23%) Excluded not prolonged 
     intubation (< 48 hours)

Figure 1. Flow diagram showing the subject selection pro-
cess with the applied inclusion and exclusion criteria. VFSS, 
videof luoroscopic swallowing study; ICU, intensive care 
unit; GCS, Glasgow Coma Scale. 
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associated with the severity of PED, followed by the 
SAPS 3 score. Our study demonstrated the clinical char-
acteristics of PED on the basis of the medical condition 

for which endotracheal intubation was initiated, and 
showed quantification of dysfunction in the oral and la-
ryngeal swallowing phases by using VFSS.

Table 1. Demographics and presenting clinical features of the participants

Variable Total (n = 32)
Categorized groups

p value
Group 1 (n = 9) Group 2 (n = 12) Group 3 (n = 11)

Age 71.41 ± 8.34 69.01 ± 10.00 72.5 ± 8.94 77.0 ± 8.34 0.117

Sex 0.362

Female 15 (46.9) 3 (33.3) 5 (41.7) 7 (63.6)

Male 17 (53.1) 6 (66.7) 7 (58.3) 4 (36.4)

Length of stay in ICU, hr 457.03 ± 362.19 364.6 ± 314.5 462.2 ± 381.9 527.1 ± 392.4 0.329

SAPS 3 55.91 ± 12.28 58.1 ± 10.8 55.7 ± 16.1 54.4 ± 9.1 0.510

Duration of intubation, hr 189.82 ± 109.82 199.3 ± 108.7 178.5 ± 112.2 194.4 ± 117.6 0.792

Size of endotracheal tube, Fr 7.47 ± 0.25 7.5 ± 0 7.5 ± 0.3 7.41 ± 0.3 0.293

TAE, day 13.19 ± 9.59 10.0 ± 6.1 12.7 ± 11.7 16.4 ± 9.2 0.139

PAS 5.06 ± 2.41 5.56 ± 2.19 5.33 ± 2.64 4.36 ± 2.38 0.426

FDS 38.25 ± 8.93 42.67 ± 4.24 38.00 ± 9.46 34.91 ±10.21 0.425

RV 9.88 ± 3.21 11.56 ± 1.33 9.33 ± 3.55 9.09 ± 3.62 0.466

RP 8.62 ± 3.23 8.89 ± 3.33 8.33 ± 3.89 4.67 ± 4.67 0.256

CP 8.12 ± 3.97 10.67 ± 2.00 8.33 ± 3.17 7.27 ± 3.50 0.637

Values are presented as mean ± SD or number (%).
ICU, intensive care unit; SAPS 3, Simplified Acute Physiology Score 3; TAE, timing of swallowing function assessment after 
extubation; PAS, penetration aspiration scale; FDS, functional dysphagia scale; RV, residue in the valleculae; RP, residue in the 
pyriform sinus; CP, coating of the pharyngeal wall.

Figure 2. Features of videofluoroscopic swallowing studies according to the severity of post-extubation dysphagia (PED). (A) In 
a PED patient with functional dysphagia scale (FDS) 20 and penetration aspiration scale (PAS) 2, there is less than 10% residue 
in valleculae and pyriform sinus without coating of the pharyngeal wall. (B) In a PED patient with FDS 38 and PAS 4, there is 
coating of the pharyngeal wall, with 50% residue in valleculae and pyriform sinus. (C) In a PED patient with FDS 46 and PAS 7, 
there is aspiration and coating of the pharyngeal wall and valleculae and pyriform sinus have more than 50% residue. 

A B C
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Previous studies have identified many clinical fac-
tors associated with PED, although the results of those 
studies were controversial [2]; the use of fiberoptic en-
doscopic evaluations in patients with PED revealed 
that intubation duration was related to the incidence 
and severity of PED [1,2,18,19]. In our study, we noted a 
correlation between the severity of PED, especially the 
amount of RV, and the severity of clinical illness, similar 

to the findings of another study [20]. Post-swallowing 
vallecular residue is significantly associated with pen-
etration and aspiration in dysphagia [21]. These results 
supported those of previous studies, which concluded 
that scoring systems of critically ill states, such as the 
Acute Physiology and Chronic Health Evaluation and 
the Sequential Organ Failure Assessment, can serve as 
predictors of ventilator-associated pneumonia [22,23]. 

Table 2. Results of univariate regression analysis of PAS, FDS, and the subgroups of FDS

Variable
PAS

FDS

Total RV RP

β p value β p value β p value β p value

Age 0.03 0.574 –0.05 0.79 0.01 0.898 –0.07 0.305

Length of stay in ICU, hr 0.00 0.08 0.01 0.14 0.00 0.313 0.00 0.329

SAPS 3 0.02 0.528 0.29 0.023 0.13 0.003 0.04 0.43

Duration of intubation, hr 0.01 < 0.001 0.05 < 0.001 0.02 < 0.001 0.02 0.001

Size of endotracheal tube, Fr 1.05 0.55 7.24 0.262 1.97 0.398 0.32 0.893

TAE, day –0.04 0.395 –0.11 0.512 –0.06 0.314 –0.04 0.482

PAS, penetration aspiration scale; FDS, functional dysphagia scale; RV, residue in the valleculae; RP, residue in the pyriform 
sinus; ICU, intensive care unit; SAPS 3, Simplified Acute Physiology Score 3; TAE, timing of swallowing function assessment 
after extubation.

Table 3. Results of multivariate regression analysis of PAS, FDS, and the subgroups of FDS

Variable Estimate Standardized SE t value Pr (>|t|)

PAS

Intercept 2.497 0.000 0.679 3.679 0.001

Length of stay in ICU, hr –0.002 –0.254 0.001 –1.266 0.216

Duration of intubation, hr 0.018 0.802 0.004 3.996 < 0.001

Total FDS

Intercept 17.893 0.000 5.588 3.202 0.003

Length of stay in ICU, hr –0.007 –0.277 0.005 –1.492 0.147

SAPS 3 0.195 0.268 0.096 2.031 0.052

Duration of intubation, hr 0.066 0.816 0.015 4.411 < 0.001

RV of FDS

Intercept 0.509 0.000 1.962 0.259 0.797

SAPS 3 0.115 0.439 0.033 3.427 0.002

Duration of intubation, hr 0.016 0.532 0.004 4.157 < 0.001

RP of FDS

Intercept 5.426 0.000 0.962 5.643 < 0.001

Duration of intubation, hr 0.017 0.573 0.004 3.828 0.001

PAS, penetration aspiration scale; FDS, functional dysphagia scale; SE, standard error; ICU, intensive care unit; SAPS 3, Sim-
plified Acute Physiology Score 3; RV, residue in the valleculae; RP, residue in the pyriform sinus.
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Our study and other previous studies have shown that 
endotracheal tube size is not associated with PED [1,5]. 
These results are not consistent with the hypothesis of 
another study, which stated that endotracheal tube size 
could affect the severity of PED [24]. However, in our 
study, the results of endotracheal tube size could not 
be generalized because the endotracheal tubes used in 
most patients were similar in size.

Previous studies have suggested that age may signifi-
cantly affect PED [9,25]. Barquist et al. [26] reported that 
PED was more severe in patients older than 55 years. In 
our study, patient age did not correlate with the severity 
of PED. However, this observation may be because of the 
inclusion of elderly patients. Prolonged intubation has 
been shown to reduce tongue strength and endurance 
[27]. However, in the present study, the patients demon-
strated normal findings with respect to bolus formation, 
presence of residue in the oral cavity, and oral transit 
time. Most patients with PED exhibited residue in the 
pharyngeal recesses, such as the valleculae and pyriform 
sinus, which indicated that prolonged intubation could 
cause weakness of the laryngeal muscles.

The findings of our study suggest that compared with 
dysphagia caused by other diseases, PED involves differ-
ent features and mechanisms. Dysfunction of lip closure 
and bolus formation, residue formation in the oral cav-
ity, prolonged oral transit time and pharyngeal transit 
time, and triggering of pharyngeal swallow were not ob-
served in PED cases. Clinical findings of PED differed 
from those of dysphagia due to neurological causes, 
such as stroke, or anatomical causes, such as laryngeal 

cancer [28,29]. Our study also showed no correlation be-
tween the duration of endotracheal intubation and coat-
ing of the pharyngeal wall. This result is similar to the 
finding of a study by Stauffer et al. [30], which showed no 
correlation between the duration of endotracheal intu-
bation in intubated patients and the severity of laryngeal 
lesions. These results support a mechanism in which la-
ryngeal lesions are caused by direct mucosal injury and 
inflammation during intubation [7]. 

The presence of moderate or severe dysphagia was 
significantly associated with the composite outcome of 
pneumonia, reintubation, and death [1]. Further, patients 
with PED also exhibit a high prevalence of pneumonia, 
high mortality, and poor outcomes [1,31]. Thus, a reha-
bilitation team that administers special interventions to 
patients with PED is necessary. However, little is known 
regarding specific interventions for PED. According to 
a randomized control study, preemptive swallowing 
electrical stimulation during intubation can lead to re-
covery of swallowing function after prolonged intuba-
tion [32]. Because RV and RP both influence aspiration 
in patients with PED, pharyngeal weakness should be 
focused more specifically on PED rehabilitation. Several 
studies have shown that Shaker exercise, effortful swal-
lowing, and tongue-to-palate resistance training can re-
duce the amount of residue in the pharynx and improve 
pharyngeal muscle contraction in patients with dyspha-
gia [33-36]. These exercises for dysphagia may reduce the 
occurrence of aspiration by reducing post-swallowing 
residue in the pharyngeal recesses of patients with PED. 
However, further research is warranted to identify spe-

Table 4. Results of the Pearson correlation test: correlations among age, ICU-related parameters, and measurement of dysphagia

Variable
PAS

FDS

Total RV RP

r p value r p value r p value r p value

Age 0.10 0.57 –0.05 0.79 0.02 0.90 –0.19 0.31

Length of stay in ICU, hr 0.31 0.08 0.27 0.14 0.18 0.31 0.18 0.33

SAPS 3 0.12 0.53 0.40 0.02 0.50 < 0.001 0.14 0.43

Duration of intubation, hr 0.62 < 0.001 0.65 < 0.001 0.58 < 0.001 0.57 < 0.001

Size of endotracheal tube, Fr 0.11 0.55 0.20 0.26 0.15 0.40 0.02 0.89         

TAE, day –0.16 0.40 –0.12 0.51 –0.18 0.31 –0.13 0.48

ICU, intensive care unit; PAS, penetration aspiration scale; FDS, functional dysphagia scale; RV, residue in the valleculae; RP, 
residue in the pyriform sinus; SAPS 3, Simplified Acute Physiology Score 3; TAE, timing of swallowing function assessment 
after extubation.
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cific rehabilitative interventions for PED.
Our study has a few limitations. First, this study in-

cluded a heterogeneous patient population with various 
underlying diseases, because we included patients ad-
mitted to all ICUs in the hospital. To compare the char-
acteristics of PED due to various underlying diseases, 
the patients were divided into three groups on the basis 
of underlying disease; however, there were no signifi-
cant differences among the three groups. Second, the 
small sample size of our study limits the overall reliabil-
ity of our analysis and may reduce the clinical impact of 
the results. Third, because of the cross-sectional design 
of this study, the prognosis and mortality of the partici-
pants could not be confirmed. Thus, an additional lon-
gitudinal study is warranted. Finally, we could not ex-
clude patients with critical illness polyneuropathy and 
myopathy, which might influence swallowing function 
because the patients enrolled in this study were not eval-
uated for critical illness polyneuropathy and myopathy. 
However, there have been no studies of the prevalence 
of dysphagia in patients with critical illness polyneurop-
athy [37], and it is difficult to distinguish the cause of 
dysphagia in these patients because most critical illness 
polyneuropathy patients have a history of intubation. 
Critical illness polyneuropathy is suspected to occur 
when mechanical ventilation has been performed for 
more than 7 days and is diagnosed through electromy-
ography (EMG) and physical examination [38]. In a pro-
spective cohort study about EMG assessment of ICU pa-
tients without neuromuscular disease, the incidence of 
critical illness polyneuropathy and myopathy was 25.3% 
in patients who underwent mechanical ventilation for 
more than 7 days [39]. Future prospective studies on pa-
tients with PED should exclude the possibility of critical 
illness polyneuropathy and myopathy using EMG.

In conclusion, this study shows that the severity of 
dysphagia is most strongly correlated with the duration 
of oral endotracheal intubation and that the SAPS 3 score 
is positively correlated with dysphagia severity. Patients 
who have undergone longer intubation duration or have 
higher SAPS 3 scores should be evaluated for dysphagia 
after extubation to ensure more appropriate interven-
tions for dysphagia. 
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Supplementary Table 1. Functional dysphagia scale using videofluoroscopic swallowing study in stroke patients

Factor Coded value Score

Lip closure Intact 0

Inadequate 5

None 10

Bolus formation Intact 0

Inadequate 3

None 6

Residue in oral cavity None 0

≤ 10% 2

10%–50% 4

≥ 50% 6

Oral transit time ≤ 1.5 sec 0

≥ 1.5 sec 6

Triggering of pharyngeal swallow Normal  0

Delayed 10

Larynegal elevation and epiglottic closure Normal 0

Reduced 12

Nasal penetration None 0

≤ 10% 4

10%–50% 8

≥ 50% 12

Residue in valleculae None 0

≤ 10% 4

10%–50% 8

≥ 50% 12

Residue in pyriform sinuses None 0

≤ 10% 4

10%–50% 8

≥ 50% 12

Coating of pharyngeal wall after swallow No 0

Yes 10

Pharyngeal transit time ≤ 1.0 sec 0

≥ 1.0 sec 4

Total 100
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Supplementary Table 2. Penetration aspiration scale

Category Score Descriptions

No penetration or aspiration 1 Contrast does not enter the airway

2 Contrast enters the airway, remains above vocal folds; no residue

Penetration 3 Contrast remains above vocal folds; visible residue remains

4 Contrast contacts vocal folds; no residue

5 Contrast contacts vocal folds; visible residue remains

6 Contrast passes glottis; no subglottic residue visible

Aspiration 7 Contrast passes glottis; visible subglottic residue despite patient's response

8 Contrast passes glottis ; visible subglottic residue ; absent patient response
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