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Abstract N\
Dysphagia can occur among patients receiving medical care despite having no history of neurologic disease. The current study aimed \
to investigate factors contributing to airway invasion among non-neurologically ill patients with dysphagia.

This retrospective study included 52 non-neurologically ill patients who complained of swallowing difficulty and consulted the
Department of Rehabilitation Medicine for videofluoroscopic swallowing studies between January 2018 and June 2019. Patients
were then divided into 2 groups according to the presence of airway invasion (penetration or aspiration) based on videofluoroscopic
swallowing study findings, with group 1 (n=26) consisting of patients with airway invasion and group 2 (n=26) consisting of those
without airway invasion. Demographic information, functional ambulation ability within the past 3 months, presence of community
acquired pneumonia (CAP), nutritional status, degree of dehydration, history of intensive care unit stay, history of endotracheal
intubation, and videofluoroscopic dysphagia scale were reviewed.

Patients with airway invasion exhibited decreased functional ambulation ability, greater incidence of CAP, and lower serum albumin
concentration than patients without airway invasion (P < .05). Airway invasion among non-neurologically ill patients was significantly
associated with functional ambulation ability [odds ratio (OR), 3.57; 95% confidence interval (Cl), 1.14-11.19; P=.03], serum albumin
concentration under 3.5g/dL (OR, 4.90; 95% Cl, 1.39-17.32; P=.01), and presence of CAP (OR, 5.06; 95% CI, 1.56-16.44;
P=.01). Groups 1 and 2 had a videofluoroscopic dysphagia scale score of 37.18 and 16.17, respectively (P < .05). Moreover, bolus
formation, tongue-to-palate contact, premature bolus loss, vallecular residue, coating of pharyngeal wall, and aspiration score
differed significantly between both groups (P <.05).

Airway invasion among non-neurologically ill patients was related to decreased functional ambulation ability, lower serum alboumin
concentration, and presence of CAP. The results presented herein can help guide clinical management aimed at preventing airway
invasion among non-neurologically ill patients.

Abbreviations: BMI = body mass index, BUN = blood urea nitrogen, CAP = community acquired pneumonia, ICU = intensive
care unit, OR = odds ratio, VDS = videofluoroscopic dysphagia scale, VFSS = videofluoroscopic swallowing study.

Keywords: airway invasion, non-neurogenically, risk factor, videofluoroscopic dysphagia scale, videofluoroscopic swallowing

study

Editor: Eric Bush.
The authors have no funding and conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

@ Department of Physical Medicine and Rehabilitation, ® Department of Medical
Statistics, Catholic University of Daegu School of Medicine, Republic of Korea.

) Correspondence: Hee Kyung Cho, Department of Physical Medicine and
Rehabilitation, Catholic University of Daegu School of Medicine, 33
Duryugongwon-ro 17-gil, Nam-Gu, Daegu 42472, Republic of Korea
(e-mail: hkcho@cu.ac.kr).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Kim KL, Park G-Y, Kwon DR, Kwon DY, Kwak SG, Cho
HK. Airway invasion in non-neurologically ill patients with dysphagia: contributing
factors and associated problems during swallowing process. A retrospective
observational study. Medicine 2020,99:45(e22977).

Received: 22 June 2020 / Received in final form: 21 September 2020 /
Accepted: 25 September 2020

http://dx.doi.org/10.1097/MD.0000000000022977

1. Introduction

Dysphagia, which is characterized by difficulty in swallowing
resulting from oropharyngeal or esophageal conditions, has been
a frequent problem following neuromuscular diseases, such as
stroke, myasthenia gravis, and Parkinson disease. Structural
abnormalities of the oropharynx and esophagus, such as head and
neck tumors, Zenker diverticulum, esophageal web, and esoph-
ageal ring, have also been shown to cause causes dysphagia.!!!
However, some patients who have no neuromuscular diseases can
also develop dysphagia. Reports have shown that dysphagia can be
caused by decreased physical condition, aging, and neuromuscular
diseases. Furthermore, sarcopenia, defined as a decreased in muscle
mass and function, has been reported as a risk factor for dysphagia
among elderly patients.”! Nowadays, population aging has been
considered a major factor for chronic diseases, leading to increased
medical care visits. As such, some of the patients receiving medical
care at the hospital might suffer from dysphagia.®’

Given that dysphagia is a considerable clinical condition
that can cause life-threatening diseases, accurate evaluation of
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swallowing function is imperative. Diverse examinations have
been developed to assess the degree of swallowing disorders.
Though certain clinical bedside tests are accepted,* video-
fluoroscopic swallowing study (VFSS) has been commonly used
as the standard test for assessing swallowing dysfunction.!>*! VFSS
can assess the presence of penetration and aspiration (airway
invasion) in addition to various problems during the swallowing
process, including the oropharyngeal and esophageal phases.
Determining the presence of airway invasion via VFSS is important
for establishing treatment direction among patients with dyspha-
gia. VFSS results can be converted into objective scores using the
videofluoroscopic dysphagia scale (VDS), a 100-point scale
initially developed to measure the severity of dysphagia among
patients who suffered a stroke.” The VDS has been widely used as
a quantifiable and reliable indicator of persistent dysphagia after
stroke, with studies reporting a specificity and sensitivity of 0.92
and 0.91, respectively.®! Moreover, the VDS can be used to
quantify dysphagia severity in diseases other than stroke.!”’
Among the various signs of dysphagia, airway invasion (i.e.,
the entry of material into the airway) is a significant clinical
problem given its potential to cause life-threatening conditions,
such as aspiration pneumonia, and subsequently long-term
hospitalization.!® As such, the presence of airway invasion is an
important parameter in determining the need for oral feeding (or
continuation of tube feeding) among patients with dysphagia.
Previous studies have reported that a bedridden state and
dehydration,'®! as well as other iatrogenic conditions (hypnotic
medications, enteral nutrition, and tracheotomy), were risk
factors for aspiration. History of intensive care unit (ICU) stay
can also cause swallowing dysfunction and aspiration events.!”’
Kim et al reported that the duration of endotracheal intubation
was related to aspiration pneumonia and dysphagia after
extubation among non-neurologic critically ill patients.['"’
Although several studies have reported on risk factors of airway
invasion in non-neurologic conditions, few have investigated
accompanying problems throughout the swallowing process
among patients with dysphagia who have airway invasion.
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The current study aimed to determine factors associated with
airway invasion according to VFSS findings and identify
accompanying problems throughout the swallowing process
among non-neurologically ill patients with dysphagia.

2. Patients and methods

2.1. Patients’ characteristics

A retrospective medical chart review was conducted in 435
patients referred to the Department of Physical Medicine and
Rehabilitation of the University Medical Center, Daegu, Republic
of Korea for evaluation of dysphagia from January 2018 to June
2019. The inclusion criteria were patients aged 18 years and older
who underwent VFSS and complied with instructions for
performing the same. The exclusion criteria were as follows: a
previous history of neuromuscular diseases (e.g., stroke,
myasthenia gravis, and Parkinson disease), structural abnormal-
ities of the oropharynx and esophagus (e.g., head and neck
tumor, Zenker diverticulum, esophageal web, and esophageal
ring), history of neck surgery, inability or difficulty related to
VESS participation, or those at high risk for radiation exposure
(e.g., pregnancy). A total of 52 subjects (34 males and 18 females;
mean age, 74.4+10.3 years) who satisfied the inclusion and
exclusion criteria were included. The study protocol was
approved by the Institutional Review Board of Daegu Catholic
University Medical Center, in accordance with the Declaration of
Helsinki. Given the retrospective nature of the study, informed
consent was not required. Patients were then divided into 2
groups according to the presence of penetration and aspiration
(airway invasion) based on VFSS findings. (Fig. 1)1

2.2. VFSS analysis

All patients underwent routine VESS for clinical evaluation by an
experienced rehabilitation medicine specialist and a radiologist.
VFSS was conducted in the lateral view with continuous
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Figure 1. Flow diagram of the study. VFSS =Videofluoroscopic swallowing study.
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fluoroscopy (1 pulse per 90 ms) and recorded at 15 frames per
second using SONIALVISION G4. Each patient performed a
total of 7 swallows consisting of 3, 6, and 9 mL for both thin and
thick liquids via a syringe (10mL) and a spoon of solid food.
Tomato juice (My Love Tomato; WoongJin, Seoul, Korea) and
curd-type yogurt (BIO plain sweet; Maeil, Seoul, Korea) were
used for the thin and thick liquids, respectively. To make the
thin and thick liquid radiopaque, 30cm?® of liquid was mixed
with 140% barium sulfate liquid (Solotop Suspension 140;
Taejoon Pharm, Seoul, Korea). A spoon of boiled potatoes
(approximately 25g) coated with a thin layer of 140% barium
sulfate liquid was provided as solid food. The thick liquid was
provided initially, followed by the thin liquid and solid food.!**!
Aspiration was defined as passage of materials below the vocal
folds, while penetration was defined as passage of materials into
the larynx but not below the vocal folds. For safety purposes,
the study was immediately ended if massive aspiration
developed.!'?!

VFSS findings were assessed by 2 rehabilitation specialists
using a 100-point VDS. The VDS consists of oral and pharyngeal
items, each having 7 items, for a total of 14 items. The 14 items
are weighted values with a total of 100 points, with a higher score
representing worse function.!>”! The highest VDS score in each
case was selected and evaluated.

2.3. Data collection

Data regarding the following measures of interest were reviewed
from medical charts. Demographic information reviewed
included age, sex, body mass index (BMI), history of diabetes
mellitus, smoking history, and history of medications (anticho-
linergics and hypnotics). Functional ambulation ability within the
past 3 months was assessed. Before performing VFSS, history
taking and physical examination were usually performed and
recorded on the chart for patients. Recent functional ambulation
ability was identified through the patients’ medical records and
nursing records including the VFSS charts. Subjects who cannot
ambulate or required a parallel bar or assistance from more than
1 person for ambulation were categorized under nonfunctional
ambulation. On the other hand, those who could perform
functional ambulation with or without assistance were catego-
rized under functional ambulation.

Diagnosis leading to hospitalization was classified according
to the following etiologies: respiratory disease, cancer, cardiac
disease, renal disease, sepsis, status post operation, gastrointes-
tinal disease, endocrine disease, and miscellaneous etiologies.
We also investigated whether patients were diagnosed with
community acquired pneumonia (CAP) upon referral according
to the following criteria: suspected symptom of pneumonia
acquired before hospitalization, elevated body temperature,
abnormal laboratory findings (white blood cell count and
inflammation-related protein levels) and abnormal chest
radiography findings.

Blood sample results obtained within a week before perform-
ing VFSS were reviewed, subsequently selecting the latest values.
Serum albumin concentrations, an indicator of nutritional status,
were reviewed, with concentrations <3.5g/dL indicating low
serum albumin. The blood urea nitrogen (BUN) to serum
creatinine ratio, an indicator of dehydration,’®! was also
determined.

History of ICU stay and history of endotracheal intubation
during the hospital stay were reviewed upon referral.
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2.4. Statistical analysis

Statistical analyses were performed using SPSS ver. 19.0 (IBM
Corp., Armonk, NY), with P <.05 being considered significant.
The Mann—Whitney U test was used for comparison of
demographic information, functional ambulation ability, pres-
ence of accompanying CAP, serum albumin concentration, and
BUN to serum creatinine ratio, history of ICU stay, history of
endotracheal intubation, and VDS scores among groups 1 and 2.
Patient diagnoses were reported as frequencies and proportions
during descriptive analysis. The effects of independent variables,
including functional ambulation ability, serum albumin concen-
tration <3.5g/dL, and presence of accompanying CAP were
evaluated using multivariate logistic regression analysis, with
associations being presented as odds ratios (ORs).

3. Results

3.1. General patient characteristics

Table 1 shows the demographic and clinical characteristics of the
52 patients included herein. Group 1 (patients with airway
invasion on VESS) and Group 2 (patients without airway
invasion on VFSS) each had 26 patients. No significant
differences in age, sex, BMI, history of diabetes mellitus, smoking
history, and history of medications (anticholinergics and
hypnotics) were observed between both groups (P>.05).
Moreover, 11 (42.31%) patients in group 1 and 19 (73.08%)
in group 2 were assessed to have functional ambulation, the
difference being significant (P=.03). Presence of accompanied
CAP was significantly greater in group 1 than in group 2
(P<.01). Laboratory results showed that group 1 had a lower
mean serum albumin concentration than group 2 (P=.02). No
significant difference in the BUN to serum creatinine ratio
(P=.07), as well as history of ICU stay and history of
endotracheal intubation during the hospital stay (P >.05), were
observed between both groups (Table 1).

3.2. Factors contributing to airway invasion

Table 2 summarizes the ORs between both groups. Multivariate
logistic regression analysis revealed that functional ambulation
ability was significantly associated with airway invasion (OR:
3.57,95% CI1.14-11.19; P=.03), suggesting that patients with
nonfunctional ambulation had significantly higher risk for
airway invasion. Presence of accompanying CAP (OR: 5.06,
95% CI 1.56-16.44; P=.01) was significantly associated with
airway invasion. Similarly, serum albumin concentration was
significantly associated with airway invasion, suggesting that
patients with albumin concentration <3.5g/dL (OR: 4.90, 95%
CI 1.39-17.32; P=.01) were at higher risk for airway invasion
(Table 2).

3.3. Comparison of associated swallowing process
according to VDS

Differences in problems associated with the swallowing process
according to VDS scores were compared between both groups
with results being presented as mean score +standard deviation.
Among the oral items, group 1 had significantly higher scores for
bolus formation (P=.01), tongue-to-palate contact (P=.02), and
premature bolus loss (P <.01) compared to group 2. None of the
patients showed apraxia. Among the pharyngeal items, group 1
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Demographics and clinical characteristics of non-neurologically ill patients with dysphagia.

Group 1 (n=26) Group 2 (n=26) P value
Age, yr, mean+SD 75.27+8.93 73.58+11.59 .56
Sex, male/female, n (%) 18 (69.23)/8 (30.77) 16 (61.54)/10 (38.40) .56
BMI, mean +SD 20.2+5.54 21.78 £2.81 24
Diabetes mellitus, n (%) 5(19.23) 7 (26.92) 51
Current smoking, n (%) 2 (7.69) 13.89) .55
Current medication, n (%)

Anticholinergics 3 (11.54) 3 (11.54) 1.00

Hypnotics 7 (26.92) 2 (7.69) .07
Functional ambulation Categories, n (%) 03"

Functional ambulation 7 (26.92) 15 (57.69)

Nonfunctional ambulation 19 (73.08) 11 (42.31)

Diagnosis, n (%)

Respiratory disease 3(0.12) 3(0.12

Cancer 5(0.19) 5(0.19)

Cardiac disease 2 (0.08) 4 (0.15)

Renal disease 2 (0.08) 1(0.04)

Sepsis 1(0.04) 2 (0.08)

Status post operation 3(0.12 0 (0.00)

Gastrointestinal disease 0 (0.00) 1(0.04)

Endocrine disease 1(0.04) 0 (0.00)

Miscellaneous etiologies 5(0.19 5(0.19)

CAP, n (%) 16 (61.54) 4 (15.38) <.01”
Laboratory studies

Albumin, g/dL, mean +SD 2.78+0.44 3.38+0.72 <.01”

Albumin, n (%) <01”

Albumin >3.5g/dL 1 (4.35) 9 (40.91)
Albumin<3.5g/dL 22 (95.65) 13 (59.09)

BUN/Cr, mean+SD 30.45+19.91 21.17+12.27 .07
ICU stay, n (%) 8 (30.77) 4 (15.38) 19
LOS-ICU, d, mean+SD 22.75+18.01 13.00+5.72 .33
Intubation, n (%) 7 (26.92) 4 (15.38) 31

Values are presented as mean + standard deviation or number (%), Group 1, patients with airway invasion on videofluoroscopic swallowing study; Group 2, patients without airway invasion on videofluoroscopic
swallowing study; CAP =community-acquired pneumonia, ICU stay=intensive care unit stay, LOS-ICU=Ilength of stay at the ICU, VFSS = videofluoroscopic swallowing study.

" p<.05.

had significantly higher scores for vallecular residue (P=.03) and
coating of pharyngeal wall (P=.01) compared to group 2
(Table 3).

4. Discussion

The current study identified factors associated airway invasion
and determined accompanying problems according to VFSS
findings among non-neurologically ill patients with dysphagia.
Accordingly, our results found that nutritional status and
functional ambulation ability were significantly associated with
airway invasion, suggesting that patients with airway invasion
were significantly more likely to have CAP.

Multivariate logistic regression analysis for airway invasion among
non-neurologically ill patients with dysphagia.

OR 95% Cl for OR P value
Functional ambulation No 3.57 1.14,11.19 03"
Yes 1
CAP Yes 5.06 1.56, 16.44 01"
No 1
Albumin <3.5g/dL 4.90 1.39, 17.32 01"
>3.5¢/dL 1

gAP =community-acquired pneumonia, Cl=confidence interval, OR=odds ratio.
P<.05.

Comparison of videofluoroscopic dysphagia scale scored among
non-neurologically ill patients with dysphagia.

Group 1 Group 2
Item (n=26) (n=26) P value
Oral item
Lip closure 0.23+0.65 0.00+0.00 .08
Bolus formation 1.38+1.53 0.35+1.29 01"
Mastication 1.23+1.88 0.77+£1.97 .39
Apraxia 0.00+0.00 0.00+0.00
Tongue to palate contact 1.92+2.48 0.38+1.96 02"
Premature bolus loss 2.42+1.59 1.04+1.18 <01"
Oral transit time 0.81+1.36 0.58+1.21 .52
Pharyngeal item
Triggering of pharyngeal swallow 0.69+1.66 0.69+1.66 1.00
Vallecular residue 3.85+1.59 2.85+1.62 03"
Laryngeal elevation 1.04+£293 0.35+1.77 31
Piriformis sinus residue 6.40+3.41 5.02+294 12
Coating of pharyngeal wall 6584407  346+4.47 01"
Pharyngeal transit time 0.46+1.63 0.69+1.95 .65
Aspiration 10.15+2.82 0.00+0.00

Values are presented as mean+SD, Group 1, patients with airway invasion on videofluoroscopic
swallowing study; Group 2, patients without airway invasion on videofluoroscopic swallowing study;
VFSS =videofluoroscopic swallowing study.

“P<.05.
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Dysphagia, otherwise known as swallowing difficulty, has
been a common clinical problem that increases morbidity and
hospital care costs. Although dysphagia can be mainly caused by
neuromuscular diseases or structural abnormalities of the
oropharynx and esophagus, it has also been observed among
patients without such conditions. Studies have reported that
dysphagia has a prevalence of 22.6% among non-neurologically
ill patients with dysphagia in primary care,.'* 11.4% to 38%
among community-dwelling individuals,!'>'®! 40% to 60%
among nursing home residents,!'”'8 and 26.2% among acute-
care older patients."”! Given that airway invasion, 1 of the
significant causes of dysphagia, is a critical condition that can
cause life-threatening diseases,””! accurate evaluation and
identification of airway invasion, as well as factors associated
therewith, is imperative. Recently, while several studies have
reported on factors influencing dysphagia symptoms,!**~**! few
have utilized imaging evaluation to investigate airway invasion
among patients with dysphagia. The current study conducted
VESS to evaluate the presence of airway invasion among non-
neurologically ill patients who complained of dysphagia.

VESS has been the most commonly used method for assessing
swallowing dysfunction given that it is the most definitive method
for determining the presence and severity of dysphagia by
allowing the visualization of the swallowing process.?"**! VFSS
can also detect the presence and timing of airway invasion and
helps identify the mechanism through which dysphagia occurs,
which can help establish treatment direction.”>'3! We identified
clinical characteristics that differed depending on the presence of
airway invasion though VFSS findings among patients who
complained of dysphagia. Accordingly, our results identified
functional ambulation inability, low serum albumin concentra-
tion, and presence of accompanied CAP as risk factors for airway
invasion among non-neurologically ill patients.

Patients with airway invasion included herein exhibited lower
physical function (i.e., functional ambulation inability) compared
to those without airway invasion (OR, 3.57; 95% CI, 1.14-
11.19; P=.03). This result seems to suggest that reduced
functional activity affects the risk for airway invasion, which
may be associated with sarcopenia. Sarcopenia refers to the
degenerative loss of muscle mass and decrease in body strength
that can be caused by internal (aging) and external factors
(nutritional deficiency and immobilization).!?! Sarcopenia has
been reported to be an important risk factor for dysphagia among
hospitalized elderly patients.!** In addition, the results presented
herein suggest that sarcopenia further contributes to the
development of airway invasion among patients with dysphagia.
Moreover, secondary sarcopenia of the entire skeletal muscles,
including those related to swallowing process, can considered as a
mechanism for the higher risk of airway invasion among
individuals with reduced functional activity.

Our results showed that low serum albumin concentration
(<3.5g/dL) (i.e., hypoalbuminemia) was also independently
associated with airway invasion (OR, 4.90; 95% CI, 1.39-17.32;
P=.01) among non-neurologically ill patients with dysphagia.
Serum albumin concentration has been one of the most
commonly used indicators of nutritional status among older
populations.'**! The decreased in food consumption can lead to
malnutrition and reduced body weight, subsequently resulting in
physical fragility and vulnerability to acute diseases.”*®*”! Thus,
hypoalbuminemia can also be related to sarcopenia. However,
the current study found no significant difference in BMI between
the 2 groups. Although BMI is also commonly used as an
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indicator of nutritional status, it may not accurately reflect
sarcopenia. One of the major changes in body composition with
aging is an increase in body fat and a decrease in skeletal muscle
mass, which may not produce a change in BML?®!
Additionally, after analyzing the cause of airway invasion among
non-neurologically ill patients with dysphagia, we found that the
proportion of participants diagnosed with CAP was higher among
those with airway invasion group (53.9%) than among those
without airway invasion (15.4%). Previous studies have reported
that aspiration increases the risk for subsequent pneumonia.'**!
Moreover, the results presented herein suggest that accompanying
CAP can also be a risk factor for aspiration. The muscles
responsible for swallowing are closely connected with the
respiratory system. Muscles related to swallowing can be
histologically classified as striated muscles but have embryologi-
cally different properties from limb skeletal muscles. The muscles
that influence the swallowing process include those of the larynx
and pharynx, which are commonly formed from the fourth
branchial arch. These muscles are controlled by the respiratory
center in the brainstem and show synchronized action with
exhalation.®® We suggest that pneumonia interferes with this
sequence of processes and may increase the risk for airway invasion.
The results of the current study suggest that the relationship
between all 3 factors, including decreased functional ambulation
ability, low serum albumin concentration, and presence of
accompanying CAP, and airway invasion among non-neurologi-
cally ill patients with dysphagia resemble a cogwheel. Accord-
ingly, decreased functional level can lead to eating disorders,
which deteriorate nutritional status and lead to malnutrition and
reduced albumin concentration. Subsequently, malnutrition
leads to more physical fragility and sarcopenia, which affect
vulnerability to pneumonia. Sofia et al reported that sarcopenia
increased the risk of CAP by 3.88 times.!*!! Sarcopenia interferes
with the immune system, subsequently inducing immunosup-
pression by reducing muscle IL-15 formation and causing
changes in neutrophil migration and phagocytosis. Furthermore,
sarcopenia by itself causes generalized muscle weakness, which
affects respiratory muscles. Therefore, monitoring unnecessary
bed rest, preventing reduced physical function, and facilitating
nutrition management among hospitalized patients is important.
Given the ability of VESS to evaluate various problems in the
oropharyngeal and esophageal phases, as well as penetration and
aspiration, it has some advantages in determining which among the
swallowing phases is problematic and what type of swallowing
therapy should be performed. Recently, the VDS has been used to
quantify the severity of swallowing dysfunction in many etiological
conditions.'>”! The current study showed that patients with airway
invasion had higher scores associated with bolus formation,
tongue-to-palate contact, premature bolus loss, vallecular residue,
and coating of pharyngeal wall compared to those without airway
invasion. Our results suggested that airway invasion due to
dysphagia was associated with an overall reduction in swallowing
phases. Previous studies have reported the relationship between
whole-body sarcopenia and problems in the oral phase of
swallowing.***! Moreover, Machida et al found that sarcopenia
affected tongue pressure and jaw opening,®! while Sakai et al.
reported that tongue strength was independently associated with
muscle function and nutritional status, both of which may be
related to secondary sarcopenia among elderly patients.!>*!
Additionally, in relation to the pharyngeal phase of swallowing,
reduced muscle mass and decreased strength of the swallowing
muscles might cause pharyngeal residue resulting from decreased
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pharyngeal constriction and opening dysfunction of the upper
esophageal sphincter.?!

Some limitations of the current study need to be considered.
First, though patients aged 18 years and older were included
herein, the final groups of subjects analyzed were elderly patients
with a mean age 74.4 years old. Thus, our results may not be
generalized to all non-neurologically ill patients with dysphagia.
Further studies should therefore include patients across a wider
age range. Second, the number of cases included in this study was
relatively small. Though 52 patients were ultimately included in
the analysis, which showed statistical significance, a larger study
will be needed to validate these results. Third, given the
retrospective nature of the study, there were some difficulties
during the collection of comprehensive information from the
medical chart. Functional ambulation ability was neither
quantified nor further subdivided. Other features of the subjects’
physical examination, history, or imaging findings that affected
treatment decisions may not have been recorded in the medical
chart and could have caused selection bias.

5. Conclusions

In conclusion, the current study identified factors contributing to
airway invasion determined through VFSS among non-neuro-
logically ill patients with dysphagia. Although several clinical
signs and radiologic findings can help with the diagnosis of
dysphagia, airway invasion has been the most important factor.
However, few studies have investigated differences in contribut-
ing factors and accompanying problems during the swallowing
process utilizing VFSS findings among non-neurologically ill
patients with dysphagia. Our results showed that airway invasion
was 3.6, 4.9, and 5.1 times more likely to occur among non-
neurologically ill patients who cannot functionally ambulate, had
serum albumin concentrations <3.5 g/dL, and had accompanying
CAP, respectively. Our findings suggest improving low activity
status and malnutrition as possible methods for preventing
airway invasion among older inpatients. Moreover, we recom-
mend that the presence of airway invasion be assessed through
VESS among patients who have lower physical function, low
serum albumin concentration, and CAP.

Author contributions

Conceptualization: Hee Kyung Cho.

Data curation: Kang Lip Kim, Do Yun Kwon.

Formal analysis: Sang Gyu Kwak.

Investigation: Kang Lip Kim, Hee Kyung Cho, Do Yun Kwon.
Supervision: Gi-Young Park, Dong Rak Kwon.

Writing — original draft: Kang Lip Kim, Hee Kyung Cho.
Writing — review & editing: Hee Kyung Cho.

References

[1] Khan A, Carmona R, Traube M. Dysphagia in the elderly. Clin Geriatr
Med 2014;30:43-53.

[2] Fujishima I, Fujiu-Kurachi M, Arai H, et al. Sarcopenia and dysphagia:
position paper by four professional organizations. Geriatr Gerontol Int
2019;19:91-7.

[3] Machida N, Tohara H, Hara K, et al. Effects of aging and sarcopenia
on tongue pressure and jaw-opening force. Geriatr Gerontol Int
2017;17:295-301.

[4] Trapl M, Enderle P, Nowotny M, et al. Dysphagia bedside screening for
acute-stroke patients: the Gugging swallowing screen. Stroke 2007;38:
2948-52.

Medicine

[5] Han TR, Paik NJ, Park JW, et al. The prediction of persistent dysphagia
beyond six months after stroke. Dysphagia 2008;23:59-64.

[6] Eyal H.Evaluation and treatment of swallowing disorders (dysphagia)-the
American model as an opportunity for improving patient care and cost
containment in Israel’s healthcare system. Harefuah 1997;132:775-8.

[7] Kim J, Oh BM, Kim JY, et al. Validation of the videofluoroscopic
dysphagia scale in various etiologies. Dysphagia 2014;29:438-43.

[8] Manabe T, Teramoto S, Tamiya N, et al. Risk factors for aspiration
pneumonia in older adults. Plos One 2015;10:¢0140060.

[9] Macht M, Wimbish T, Bodine C, et al. ICU-acquired swallowing
disorders. Crit Care Med 2013;41:2396-405.

[10] Kim M]J, Park YH, Park YS, et al. Associations between prolonged
intubation and developing post-extubation dysphagia and aspiration
pneumonia in non-neurologic critically Ill patients. Ann Rehabil Med
2015;39:763-71.

[11] Curtis JA, Molfenter S, Troche MS. Predictors of residue and airway
invasion in parkinson’s disease. Dysphagia 2020;35:220-30.

[12] Palmer JB, Kuhlemeier KV, Tippett DC, et al. A protocol for the
videofluorographic swallowing study. Dysphagia 1993;8:209-14.

[13] Rosenbek JC, Robbins JA, Roecker EB, et al. A penetration-aspiration
scale. Dysphagia 1996;11:93-8.

[14] Wilkins T, Gillies RA, Thomas AM, et al. The prevalence of dysphagia in
primary care patients: a HamesNet research network study. ] Am Board
Fam Med 2007;20:144-50.

[15] Serra-Prat M, Hinojosa G, Lopez D, et al. Prevalence of oropharyngeal
dysphagia and impaired safety and efficacy of swallow in independently
living older persons. ] Am Geriatr Soc 2011;59:186-7.

[16] Holland G, Jayasekeran V, Pendleton N, et al. Prevalence and symptom
profiling of oropharyngeal dysphagia in a community dwelling of an
elderly population: a self-reporting questionnaire survey. Dis Esophagus
2011;24:476-80.

[17] Park YH, Han HR, Oh BM, et al. Prevalence and associated
factors of dysphagia in nursing home residents. Geriatr Nurs 2013;34:
212-7.

[18] Nogueira D, Reis E. Swallowing disorders in nursing home residents:
how can the problem be explained? Clin Interv Aging 2013;8:221-7.

[19] Matsuo H, Yoshimura Y, Ishizaki N, et al. Dysphagia is associated with
functional decline during acute-care hospitalization of older patients.
Geriatr Gerontol Int 2017;17:1610-6.

[20] McHorney CA, Robbins J, Lomax K, et al. The SWAL-QOL and SWAL-
CARE outcomes tool for oropharyngeal dysphagia in adults: IIL
Documentation of reliability and validity. Dysphagia 2002;17:97-114.

[21] Marik PE, Kaplan D. Aspiration pneumonia and dysphagia in the
elderly. Chest 2003;124:328-36.

[22] Martin-Harris B, Jones B. The videofluorographic swallowing study.
Phys Med Rehabil Clin N Am 2008;19:769-85.

[23] Robbins J, Coyle J, Rosenbek J, et al. Differentiation of normal and
abnormal airway protection during swallowing using the penetration-
aspiration scale. Dysphagia 1999;14:228-32.

[24] Maeda K, Akagi J. Sarcopenia is an independent risk factor of
dysphagia in hospitalized older people. Geriatr Gerontol Int 2016;16:
515-21.

[25] Sullivan DH. Guest editorial: what do the serum proteins tell us about
our elderly patients? J Gerontol 2001;56:M71-4.

[26] Carrion S, Cabre M, Monteis R, et al. Oropharyngeal dysphagia is a
prevalent risk factor for malnutrition in a cohort of older patients
admitted with an acute disease to a general hospital. Clin Nutr 2015;34:
436-42.

[27] Lin LC, Wu SC, Chen HS, et al. Prevalence of impaired swallowing in
institutionalized older people in Taiwan. ] Am Geriatr Soc 2002;50:
1118-23.

[28] Choi KM. Sarcopenia and sarcopenic obesity. Korean ] Intern Med
2016;31:1054-60.

[29] Pikus L, Levine MS, Yang YX, et al. Videofluoroscopic studies of
swallowing dysfunction and the relative risk of pneumonia. AJR Am J
Roentgenol 2003;180:1613-6.

[30] GrelotL, Barillot JC, Bianchi AL. Pharyngeal motoneurones: respiratory-
related activity and responses to laryngeal afferents in the decerebrate cat.
Exp Brain Res 1989;78:336-44.

[31] Altuna-Venegas S, Aliaga-Vega R, Maguifia JL, et al. Risk of community-
acquired pneumonia in older adults with sarcopenia of a hospital from
Callao, Peru 2010-2015. Arch Gerontol Geriatr 2019;82:100-5.

[32] Sakai K, Nakayama E, Tohara H, et al. Tongue strength is associated
with grip strength and nutritional status in older adult inpatients of a
rehabilitation hospital. Dysphagia 2017;32:241-9.



	Airway invasion in non-neurologically ill patients with dysphagia
	1 Introduction
	2 Patients and methods
	2.1 Patients' characteristics
	2.2 VFSS analysis
	2.3 Data collection
	2.4 Statistical analysis

	3 Results
	3.1 General patient characteristics
	3.2 Factors contributing to airway invasion
	3.3 Comparison of associated swallowing process according to VDS

	4 Discussion
	5 Conclusions
	Author contributions
	References


