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Abstract N\
To investigate the usefulness of the videofluoroscopic swallowing study (VFSS) for subacute stroke in predicting long-term all-cause |
mortality, including not only simple parameters obtained from VFSS results, but also recommended dietary type as an integrated
parameter.

This was a retrospective study of patients with subacute (<1 month) stroke at a university hospital between February 2014
and September 2019. The independent risk factors were investigated using stepwise Cox regression analysis, which increased the
all-cause mortality of patients with stroke among VFSS parameters.

A total of 242 patients with subacute stroke were enrolled. The significant mortality-associated factors were age, history of cancer,
recommended dietary type (modified dysphagia diet; adjusted hazard ratio [HR], 6.971; P=.014; tube diet, adjusted HR: 10.169;
P=.019), and Modified Barthel Index. In the subgroup survival analysis of the modified dysphagia diet group (n=173), the
parameters for fluid penetration (adjusted HR: 1.911; 95% confidence interval, 1.086-3.363; P=.025) and fluid aspiration (adjusted
HR: 2.236; 95% confidence interval, 1.274-3.927; P=.005) were significantly associated with mortality.

The recommended dietary type determined after VESS in subacute stroke was a significant risk factor for all-cause mortality as an
integrated parameter for dysphagia. Among the VFSS parameters, fluid penetration and aspiration were important risk factors for all-
cause mortality in patients with moderate dysphagia after stroke. Therefore, it is important to classify the degree of dysphagia by
performing the VFSS test in the subacute period of stroke and to determine the appropriate diet and rehabilitation intervention for
mortality-related prognosis.

Abbreviations: Cl = confidence interval, HR = hazard ratio, MBI = Modified Barthel Index, PAS = penetration-aspiration scale,

VFSS = videofluoroscopic swallowing study.
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1. Introduction

As the older population increases, pneumonia is becoming one of
the most common causes of death.!!! Several studies have shown
that between 50% and 60% of community-acquired pneumonia
cases are aspiration pneumonia.*~* In addition, 30% to 65% of
patients with stroke suffer from dysphagia, and 14.3% suffer
from aspiration pneumonia.”>~! Poststroke dysphagia increases
the risk of aspiration pneumonia from 3 to 11 times, and is an
independent risk factor that increases all-cause mortality
regardless of the type of stroke.’®*! In one study, stroke patients
with dysphagia had 1.84 times higher all-cause mortality rate
than those with stroke without dysphagia.”! It is well known and
theoretically accepted that dysphagia increases the all-cause
mortality rate of patients with stroke.

The videofluoroscopic swallowing study (VFSS) is a gold
standard that verifies swallowing function, and it is a naturally
accepted concept that the results of VFSS may be related to long-
term mortality in patients with stroke.''%"3! Through the VFSS
test, the following simple parameters related to swallowing
function were obtained: aspiration or penetration, residuals after
swallowing, transit time through swallowing, laryngeal eleva-
tion, and other variable parameters associated with swallow-
ing.!"*! Physicians integrate all objective simple parameters and
recommend the most appropriate dietary type and rehabilitation
intervention to avoid aspiration.'®! However, some studies
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report that the aspiration or penetration found in video-
fluoroscopy performed in patients with acute stroke is not
related to the long-term mortality rate of patients and insist that
the value of detecting aspiration through the VFSS test is
questionable.[*6718]

In this study, we assumed that the recommended dietary type is
an integrated parameter of dysphagia severity concluded by
comprehensively integrating the patient’s condition, such as
physical examination and medical history, as well as objective
simple VFSS parameters. We hypothesized that the first
recommended dietary type, as an integrated parameter indicating
swallowing function, may be associated with long-term all-cause
mortality of subacute stroke patients. We also hypothesized that
the effect of simple VFSS parameters on all-cause mortality may
differ according to the degree of dysphagia of subacute stroke
patients. The purpose of this study was to investigate the
usefulness of the VFSS for subacute stroke in predicting long-term
all-cause mortality, including not only simple parameters
obtained from VFSS results, but also recommended dietary type
as an integrated parameter.

2. Participants and methods

2.1. Participants

Patients with subacute (<1 month) stroke who underwent VFSS
at a university-affiliated hospital between February 2014 and
September 2019 were studied retrospectively. The survival survey
was conducted on May 20, 2020. In our hospital setting, all acute
stroke patients with an initial National Institute of Health Stroke
Scale score of 3 or higher at admission were referred to the
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Department of Rehabilitation Medicine.!'” The referred patients
were evaluated comprehensively for motor function, cognitive
function, activities of daily living, and swallowing function. All
patients with stroke referred to the Department of Rehabilitation
Medicine were assessed via VFSS for swallowing function, except
for patients with severe severity and difficulty maintaining a
wheelchair sitting position. In this study, patients who underwent
VESS within 1month from onset were enrolled through a
retrospective review of the medical record data of stroke patients
who proceeded with the treatment process.

The inclusion criteria were as follows: patients who had first-
ever stroke, both ischemic and hemorrhagic, and patients who
had VFSS in 1month after the stroke attack. Patients who
performed the test but did not complete the examination due to
poor cooperation were excluded. From the 256 patients from 1
month of stroke onset, 14 patients with low compliance were
excluded. A total of 242 patients were enrolled in this study. The
remaining 242 patients were categorized according to their
dietary recommendations (tube diet group, modified dysphagia
diet group, and regular diet group) (Fig. 1). Ethics approval for
the conduct of the research was obtained from the Catholic
Kwandong university hospital’s Institutional Review Board
(Serial Number: IS19RISI0065) on December 10, 2019. As this
study was conducted using retrospective medical records, the
requirement for informed consent was waived by the IRB.

2.2. VFSS protocol

Prior to the VFSS, we assessed the gag-reflex, 3-step obey test, and
coughing reflex. VFSS was performed according to a modified
version of Jeffrey’s protocol.l?’! Using the International Dyspha-

Stroke patient conducted VFSS (n=631)

Not first-ever stroke (n=79)

First-ever stroke patient conducted VFSS (n=552)

VFSS conducted in more than 1 month from
stroke(n=296)

VFSS conducted in 1 month from stroke (n=256)

Excluded
Low compliance, no diet recommendation (n=14)

242 patients enrolled

Tube diet
(n=29)

Modified diet
(n=173)

Regular diet
(n=40)

Figure 1. Flowchart of subject enrolment of this study. The enrolment of subjects was performed retrospectively. A total of 631 stroke patients underwent for VFSS.
Based on the exclusion criteria, 242 patients were enrolled. Twenty-nine patients were prescribed a tube diet. A modified dysphagia diet was prescribed to 173
patients. Forty patients were prescribed a regular diet. VFSS = videofluoroscopic swallowing study.
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gia Diet Standardization Initiative framework, a spoon of level 3,
level 5, and level 7 meals were provided sequentially, after which
2mL, 6mL, and 50mL of fluid (level 0) were administered
sequentially.'*"! Barium was mixed in all meals. The studies were
performed using videofluoroscopy and recorded at 30 frames per
second. A 24 mm diameter radiopaque coin was placed posterior
to the neck for calibration during the analysis.

The recorded VFSS was analyzed by an experienced physiatrist
who had been trained for more than 5 years. The oral phase was
evaluated for lip closure, bolus formation, mastication function,
tongue-palate contact, piecemeal swallowing, premature and
bolus loss, and oral transit time. In the pharyngeal phase,
pharyngeal reflex time, laryngeal elevation, completion of
laryngeal closure, barium coating of the larynx wall after
repeated trials, and residual volume and pharyngeal transit time
were evaluated.

2.3. Simple parameters of VFSS

The penetration-aspiration scale (PAS) score was graded from 1
to 8 points.*?! Score 1 indicates “material does not enter
airway”. Score 2 points out “material enters the airway, remains
above the vocal folds, and is ejected from the airway”. Score 3
means “material enters the airway, remains above the vocal folds,
and is not ejected from the airway”. Score 4 is a sign of “material
entering the airway, contacts the vocal folds, and is ejected from
the airway”. A score of § indicates that the “material enters the
airway, contacts the vocal folds, and is not ejected from the
airway”. A score of 6 indicates that the “material enters the
airway, passes below the vocal folds, and is ejected into the larynx
or out of the airway”. Score 7 is “material enters the airway,
passes below the vocal folds, and is not ejected from the trachea
despite effort”. Lastly, score 8 means “material enters the airway,
passes below the vocal folds, and no effort is made to eject”. In
this study, penetration from PAS 2 to PAS 5 and aspiration from
PAS 6 to PAS 8 were defined as per a previous study.!*!

Remnants of the pharynx are categorized as remnants of the
vallecular space and the remnant of the piriform sinus using the
videofluoroscopic dysphagia scale scoring system.** Each space
was classified into 3 categories based on the amount of remaining
residue: mild (<10%), moderate (10%-50%), and severe
(>50%).

2.4. Recommended dietary types

Recommended dietary types were determined according to the
International Dysphagia Diet Standardization Initiative frame-
work and graded using the Functional Oral Intake Scale.!?5-*!
In our study, dietary types were classified into the following 3
types: tube feeding, modified dysphagia diet, and regular diet.

2.5. Data collection

Biometric data such as age and sex were collected. The type of
stroke, survival month, and history of previous comorbidities
such as diabetes mellitus, hypertension, cancer, and myocardial
infarction were assessed. We investigated the Mini Mental State
Examination and Modified Barthel Index (MBI) at the time of
referral to assess the severity of stroke.[*”*!

The all-cause mortality surveillance of each patient was
conducted using the National Health Insurance Service database
in Korea.?”!
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2.6. Statistical evaluation

Statistical analyses were performed using SPSS (version 22.0;
IBM Corp., Armonk, NY). All patients were sorted into 3 groups
according to the recommended dietary type: tube feeding,
modified dysphagia diet, and regular diet. The differences among
the 3 groups were assessed using one-way analysis of variance
tests for continuous variables, and a chi-square test or Fisher
exact test with the post hoc Bonferroni test for categorical
variables were used to compare the groups. Frequencies and
percentages were used to characterized categorical variables. For
normally distributed variables, the mean (standard deviation)
was used to characterized continuous variables.!”**!1 Multi-
variate Cox regression analysis (stepwise method) was performed
to investigate the risk variables for all-cause mortality while
controlling for possible confounders: myocardial infarction
history, cancer history, diabetes mellitus history, hypertension
history, recommended dietary type, initial MBI, initial Mini
Mental State Examination score, stroke location, stroke type, and
simple parameters of VFSS, such as remnant of vallecular space,
remnant of the piriform sinus, aspiration, and penetration of each
diet. The above confounders were known to be related to
mortality of stroke patients.!*”*$3273¢] Whether the VFSS
parameters are related to the mortality rate of stroke patients
is not well known; therefore, we constructed a multivariate Cox
regression model using a stepwise method in which only
significant factors are automatically selected in the final model
through a statistical method. A subgroup survival analysis was
also performed for each recommended dietary group. Statistical
significance was set at P<.035.

3. Results

3.1. General characteristics

A total of 242 patients were enrolled in this study. There were
127 (52.5%) men and 115 (47.5%) women.

The patients in the tube feeding group (n=29), modified
dysphagia diet group (n=173), and regular diet group (n=40),
had a mean age of 72.1 +£12.0years, 67.9 +13.4years, and 64.6
+13.9years, respectively, and the mean age of all patients (n=
242) was 67.8+13.4. The total number of deaths was 53
(21.9%), and the mean survival time was 848.5 + 581.1 days. The
all-cause mortality rates of each group were 31.0%, 24.3%, and
5.0%, respectively. The participants’ characteristics are pre-
sented in Table 1.

3.2. Survival analysis

All-cause mortality was assessed using Cox regression analysis
with age, sex, and other factors used to account for relevant
confounders. Table 2 presents the results of univariate regression
analysis.

Multivariate Cox regression analysis revealed that all-cause
mortality-associated factors were age (adjusted hazard ratio
[HR], 1.050; 95% confidence interval [CI], 1.021-1.080;
P=.001), history of cancer (adjusted HR: 22.238; 95% ClI,
6.623-74.666; P<.001), recommended dietary type (P=.040,
modified dysphagia diet; adjusted HR: 6.971; 95% CI, 1.472-
33.012; P=.014; tube diet; adjusted HR: 10.169; 95% CI, 1.462-
70.723; P=.019), and MBI (adjusted HR: 0.987; 95% CI, 0.974-
0.999; P=.037). However, penetration or aspiration of each diet,
residuals of vallecular space and pyriform sinus, time from onset
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General characteristics and comparison between each dietary group.
Total (n=242) Regular (n=40) Modified (n=173) Tube (n=29) P value
Age (yrs) 67.8+13.4 64.6+13.9 67.9+13.4 721+12.0 .071
Sex, n (%) 564
Female 115 (47.5%) 21 (52.5%) 79 (45.7%) 15 (51.7%)
Male 127 (52.5%) 19 (47.5%) 94 (54.3%) 14 (48.3%)
Initial MBI 35.8+29.0 48.0+28.2 35.3+27.6 22.3+32.2 001"
Initial MMSE 16.5+9.2 19.5+7.8 16.7+9.2 11.2+9.2 001"
Death, n (%) 53 (21.9%) 2 (5.0%) 42 (24.3%) 9 (31.0%) 013"
Survival time (d) 848.5+581.1 1038.8 +609.8 809.1+563.1 821.2+614.8 .076
Location, n (%) 484
Infratentorial 50 (20.6%) 7 (17.5%) 39 (22.5%) 4 (13.8%)
Supratentorial 192 (79.4%) 33 (82.5%) 134 (77.5%) 25 (86.2%)
Stroke type, n (%) .085
Hemorrhage 55 (22.7%) 14 (35.0%) 37 (21.4%) 4 (13.8%)
Infarction 187 (77.3%) 26 (65.0%) 136 (78.6%) 25 (86.2%)
MI history, n (%) 2 (0.8%) 0 (0.0%) 1 (0.6%) 1 (3.4%) 235
Cancer history, n (%) 5 (2.1%) 1 (2.5%) 4 (2.3%) 0 (0.0%) 704
DM history, n (%) 82 (33.9%) 8 (20.0%) 62 (35.8%) 12 (41.4%) 107
Hypertension history, n (%) 217 (89.7%) 37 (92.5%) 153 (88.4%) 27 (93.1%) .607
Values, mean + standard deviation.
L\_/IBI = Modified Barthel Index, MMSE = Mini Mental State Examination, Ml = myocardial infarction, DM = diabetes mellitus.
P<.05.
The relevance of mortality to each factor by using univariate regression analysis.
95% Cl
Hazard ratio Lower Upper P value
Age 1.058 1.032 1.084 <.001"
Sex 1.654 0.957 2.857 .071
MBI 0.986 0.975 0.996 007"
MMSE 0.970 0.943 0.997 031"
Hemorrhagic stroke (Ref; infarction) 0.323 0.138 0.758 009"
Supratentorial stroke (Ref; infratentorial) 0.735 0.358 1.508 401
Aspiration or penetration of thick fluid (IDDSI 3) 712
Penetration 1.265 0.631 2.538 .508
Aspiration 1.356 0.484 3.799 563
Aspiration or penetration of soft meal (IDDSI 5) 011"
Penetration 2.062 1.046 4.065 037"
Aspiration 4.462 1.343 14.823 015"
Aspiration or penetration of regular meal (IDDSI 7) 486
Penetration 1.158 0.485 2.764 741
Aspiration 3.363 0.442 25.553 241
Aspiration or penetration of fluid (IDDSI 0) 225
Penetration 1.145 0.530 2.472 .730
Aspiration 1.735 0.879 3.424 112
Recommended dietary type (Ref; regular diet) 020"
Modified dysphagia diet 6.325 1.529 26.156 o011
Tube diet 8.861 1.908 41.155 005"
Vallecular residue 442
Mild (<10%) 1.449 0.329 6.387 624
Moderate (10%-50%) 1.227 0.271 5.548 .790
Severe (>50%) 2.217 0.500 9.829 295
Pyriform sinus residue 767
Mild (<10%) 0.886 0.462 1.698 716
Moderate (10%-50%) 1.301 0.561 3.013 540
Severe (>50%) 1.503 0.454 4.981 505
Myocardial infarction history 6.820 0.916 50.776 .061
Cancer history 7.815 2.791 21.881 <.001"
Diabetes mellitus history 1.694 0.981 2.925 .058
Hypertension history 0.615 0.297 1.272 190

Cl=confidence interval, IDDS|=international dysphagia diet standardization initiative framework, MBI=Modified Barthel Index, MMSE =Mini Mental State Examination.

" p<.05.
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The independent relevance of each factor to all-cause mortality investigated by using multivariate cox regression analysis including all

subjects.
95% CI
Adjusted hazard ratio Lower Upper P value
Age 1.050 1.021 1.080 .001°
Cancer history 22.238 6.623 74.666 <.001 .
Recommended dietary type (Ref; regular diet) .040
Modified dysphagia diet 6.971 1.472 33.012 .014*
Tube diet 10.169 1.462 70.723 .019
MBI 0.987 0.974 0.999 .037

By the multivariate cox regression analysis, all confounders that were assessed are listed below, and only listed confounders were selected by stepwise selection.

Assessed confounders: Age, sex, MBI, MMSE, hemorrhagic stroke (ref. infarction), supratentorial stroke (ref. infratentorial), aspiration or penetration of thick fluid (IDDSI 3), soft meal (IDDSI 5), regular meal (IDDSI
7), and fluid (IDDSI 0), recommended dietary type, vallecular residue, pyriform sinus residue, myocardial infarction history, cancer history, diabetes mellitus history, and hypertension history.
Cl=confidence interval, IDDSI=international dysphagia diet standardization initiative framework, MBI=Modified Barthel Index, MMSE = Mini Mental State Examination.

" p<.05.

to VESS, and sex were not significantly associated with mortality
in patients with stroke (Table 3).

A Cox proportional model was constructed according to
the recommended dietary type, and it was confirmed that

the recommended dietary type in stroke despite the
statistical adjustment of confounding factors (Fig. 2). In this
study, log minus log functions did not intersect each other,
so it was appropriate to apply the Cox proportional hazard

there was a difference in the mortality rate according to  model.

Survival function by Recommended Dietary Type

1.0 Recommended Dietary
I e e o Type
--"""Regular Diet
“"Modified Dysphagia Diet
~MTube Diet
0.8
®
=
>
[
=
w
E 0.64
(&)
0.4
1 I I I 1 1
.00 500.00 1000.00 1500.00 2000.00 2500.00
SurviveTime(Day)

Figure 2. Cox proportional hazard model after VFSS in patients with stroke. The Cox proportional model showed that by the recommended dietary type, the tube
diet group and the modified dysphagia diet group had a higher all-cause mortality rate than those with regular diet. VFSS = videofluoroscopic swallowing study.
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The independent relevance of each factor to all-cause mortality investigated by using multivariate cox regression analysis including

modified dysphagia diet subjects, as subgroup analysis.

95% Cl
Adjusted hazard ratio Lower Upper P value
Aspiration or penetration of fluid (DDSI 0) (Ref; none) 020
Penetration 1.911 1.086 3.363 .025*
Aspiration 2.236 1.274 3.927 .005

By the multivariate cox regression analysis, all confounders that were assessed are listed below, and only listed confounders were selected by stepwise selection.

Assessed confounders: Age, sex, MBI, MMSE, hemorrhagic stroke (ref. infarction), supratentorial stroke (ref. infratentorial), aspiration or penetration of thick fluid (IDDSI 3), soft meal (IDDSI 5), regular meal (IDDSI
7), and fluid (IDDSI 0), vallecular residue, pyriform sinus residue, myocardial infarction history, cancer history, diabetes mellitus history, and hypertension history.

Cl=confidence interval, IDDS| =international dysphagia diet standardization initiative framework, MBI=Modified Barthel Index, MMSE =Mini Mental State Examination.

" p<.05.

3.3. Subgroup survival analysis

Subgroup analysis was additionally performed for each recom-
mended dietary group using the covariate used in the multivariate
Cox regression. There was no significant mortality associated
factor among the VFSS parameters in the survival analysis of the
tube diet group and the regular diet group.

In the subgroup survival analysis of the modified dysphagia
diet group (n=173), among the VFSS parameters, the parameters
for the fluid penetration (adjusted HR: 1.911; 95% CI, 1.086-
3.363; P=.025) and fluid aspiration (adjusted HR: 2.236; 95%
Cl, 1.274-3.927; P=.005) were significantly associated with
long-term all-cause mortality (Table 4).

According to the penetration and aspiration of the fluid, a Cox
proportional model was constructed, and it was confirmed that
there was a difference in the long-term mortality rate according to
the penetration and aspiration of the fluid despite the statistical
adjustment of confounding factors (Fig. 3). In this study, log
minus log functions do not intersect with each other, so it is
appropriate to apply the Cox proportional hazard model.

4. Discussion

Poststroke dysphagia is known to be a factor related to all-cause
mortality, and the gold standard for diagnosing dysphagia is
the VFSS. However, studies on the relationship between the
outcomes of VFSS and mortality in stroke patients have reported
inconsistent results.

In a previous study, Chen et al'*®! found no association between
penetration and aspiration and mortality of subacute to chronic
stroke patients. For this reason, there has been skepticism about the
conduction of the VESS test for subacute stroke patients. Yu
et al®” showed that aspiration of VFSS can be a significant
predictor of aspiration pneumonia for subacute and chronic stroke
patients. Nativ-Zelter et al®®! suggested that the mortality
incidence was significantly higher in patients with dysphagia
undergoing VFSS."%1¢! In this study, as the analysis of all subjects
who underwent VESS within 1 month of stroke, simple parameters
of VESS, such as penetration and aspiration, were not associated
with all-cause mortality but the recommended dietary type as an
integrated parameter for dysphagia was associated with all-cause
mortality. In the subgroup analysis, the impact of simple VFSS
parameters on all-cause mortality differed according to the severity
of dysphagia. In patients with severe dysphagia, the results of our
study showed that VFSS parameters were not associated with all-
cause mortality. We thought that this was because patients with
severe dysphagia often had a higher overall stroke severity and
higher mortality than from other causes, so the VFSS parameter

had a reduced impact on overall mortality. In patients with no or
mild dysphagia, the impact of VFSS parameters on overall
mortality was also not significant, probably because mortality after
mild stroke is rare in these patient groups. However, in our study,
VESS parameters were associated with mortality in the group with
moderate dysphagia that received a modified diet recommenda-
tion. Therefore, it is necessary to classify the risk of dysphagia into
large categories through the VFSS test in the subacute stroke period
to identify risk groups and to provide appropriate dietary
modification recommendations and therapeutic interventions.

Multivariate Cox regression analysis revealed that age, cancer
history, recommended dietary type, and initial MBI were
significantly associated with all-cause mortality in all patients
with subacute stroke. Age and cancer history are well-known
prognostic factors.>”*° Moreover, recent studies have shown
that the activity of daily living, such as MBI, is also a significant
prognostic factor for all-cause mortality of patients with stroke
by indicating the severity of stroke.*”?%41421 Agpiration and
penetration on VFSS, as simple parameters, are well-known
prognostic factors in patients with stroke."">*”! However, several
studies have presented conflicting results indicating that the
simple parameters of VFSS and mortality are not related.!'®3”! In
our study, the simple parameter of VFSS was not associated with
all-cause mortality, but the integrated parameter indicating the
severity of dysphagia was associated with all-cause mortality of
entire subacute stroke patients. The all-cause mortality rate was
6.971 times higher for those who were recommended modified
dysphagia diets and 10.169 times higher for those who were
recommended tube feeding, compared to those who were
recommended a regular diet.

These findings show that the first recommended dietary type
derived from VFSS can be used as an integrated prognostic factor
for patients with subacute stroke.

In all subjects, the recommended dietary type, as an integrated
parameter for dysphagia, had a significant relationship with
all-cause mortality, but simple VFSS parameters showed no
significant relationship with all-cause mortality. However, in
situations with the same degree of dysphagia (for the same
recommended diet group), simple VFSS parameters may be
associated with mortality.

Since the impact of the simple VFSS parameters on all-cause
mortality may differ from the severity of dysphagia, it is necessary
to perform a subgroup analysis targeting groups with similar
severity of dysphagia. Patients with severe dysphagia may have
high overall stroke severity, resulting in increased all-cause
mortality from other diseases, such as sepsis or internal organ
failure. In contrast, in patients with no or minor dysphagia, the
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Figure 3. Cox proportional hazard model for the modified dysphagia diet group. In the modified dysphagia diet group, the Cox proportional model showed an
increased mortality rate with fluid penetration and aspiration. IDDSI=international dysphagia diet standardization initiative framework.

parameters associated with dysphagia may not affect all-cause
mortality. The results of our study showed that simple VFSS
parameters had no significant relationship with all-cause
mortality in the severe and no or minor dysphagia groups.
However, in the group with moderate dysphagia (modified
dysphagia diet group), the all-cause mortality rate increased by
1.911 times with fluid penetration and 2.322 times with fluid
aspiration, compared to normal results on the VFSS performed
in the subacute period. These results support our hypothesis,
indicating the importance of VFSS testing in the subacute period
of stroke. In the subacute period of stroke, the overall severity of
dysphagia was associated with all-cause mortality, and in
patients with moderate dysphagia (modified dysphagia diet
group), fluid penetration and aspiration, which were shown in the
VESS, were significantly associated with all-cause mortality.
In our study, although aspiration and penetration were not
associated with mortality in all subacute stroke patients, there
was an association with mortality in patients with moderate
dysphagia. The silent aspiration is sometimes referred to as
aspiration without any apparent symptoms, and this can be
confirmed through a VFSS test. Aspiration and penetration are
factors that can be avoided or improved through the selection of

an appropriate diet and intervention in rehabilitation treat-
ment.!"2"3 Therefore, performing the VFSS test in the subacute
period of stroke to classify the severity of dysphagia and
determining the appropriate diet and rehabilitation intervention
for them is important for their mortality-related prognosis.
The limitations of this study are as follows. First, the study had a
retrospective design and a small sample size. Second, we were
unable to define whether the factors were cause-specific to the
disease because the causation of mortality was not investigated. In
other words, the mortality rate in this study was limited to death
due to the overall cause. In subsequent studies, it is necessary to
confirm the association among the recommended dietary type,
stroke severity, and mortality through a large-scale cohort study.
In conclusion, the recommended dietary type determined after
VESS in subacute stroke was a significant risk factor for all-cause
mortality as an integrated parameter for dysphagia. Among the
VEFSS parameters, fluid penetration and aspiration were impor-
tant risk factors for all-cause mortality in patients with moderate
dysphagia after stroke. Therefore, it is important to classify the
degree of dysphagia by performing the VFSS test in the subacute
period of stroke and to determine the appropriate diet and
rehabilitation intervention for mortality-related prognosis.


http://www.md-journal.com

Kim et al. Medicine (2022) 101:4

Author contributions

Conceptualization: Doo Young Kim.

Data curation: Daham Kim, Doo Young Kim.

Formal analysis: Daham Kim, Si-Woon Park, Hyung-Wook Han,
Hyo Jin Ju, YoonHee Choi, Doo Young Kim.

Investigation: Daham Kim, Hyung-Wook Han, Doo Young Kim.

Methodology: Sang Joon An, Yeong In Kim, Hyo Jin Ju, Doo
Young Kim.

Software: Hyo Jin Ju, YoonHee Choi, Doo Young Kim.

Supervision: Jae-Hyung Kim, Si-Woon Park, Sang Joon An,
Yeong In Kim, Hyo Jin Ju.

Visualization: Doo Young Kim.

Writing — original draft: Daham Kim, Doo Young Kim.

Writing — review & editing: Jae-Hyung Kim, Doo Young Kim.

References

[1] Chong CP, Street PR. Pneumonia in the elderly: a review of severity
assessment, prognosis, mortality, prevention, and treatment. South Med
J2008;101:1134-40. quiz 1132, 1179.

[2] Teramoto S, Fukuchi Y, Sasaki H, Sato K, Sekizawa K, Matsuse T;
Japanese Study Group on Aspiration Pulmonary Disease. High incidence
of aspiration pneumonia in community- and hospital-acquired pneumo-
nia in hospitalized patients: a multicenter, prospective study in Japan. J
Am Geriatr Soc 2008;56:577-9.

[3] Jeon I, Jung GP, Seo HG, Ryu ]S, Han TR, Oh BM. Proportion of
aspiration pneumonia cases among patients with community-acquired
pneumonia: a single-center study in Korea. Ann Rehabil Med 2019;
43:121-8.

[4] Lanspa M]J, Jones BE, Brown SM, Dean NC. Mortality, morbidity, and
disease severity of patients with aspiration pneumonia. ] Hosp Med
2013;8:83-90.

[5] Gonzélez-Fernandez M, Ottenstein L, Atanelov L, Christian AB.
Dysphagia after stroke: an overview. Curr Phys Med Rehabil Rep
2013;1:187-96.

[6] Mann G, Hankey GJ, Cameron D. Swallowing disorders following acute
stroke: prevalence and diagnostic accuracy. Cerebrovasc Dis 2000;
10:380-6.

[7] Kishore AK, Vail A, Chamorro A, et al. How is pneumonia diagnosed in
clinical stroke research? A systematic review and meta-analysis. Stroke
2015;46:1202-9.

[8] Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R.
Dysphagia after stroke: incidence, diagnosis, and pulmonary complica-
tions. Stroke 2005;36:2756-63.

[9] Feng MC, Lin YC, Chang YH, et al. The mortality and the risk of
aspiration pneumonia related with dysphagia in stroke patients. J Stroke
Cerebrovasc Dis 2019;28:1381-7.

[10] Vernino S, Brown RD Jr, Sejvar JJ, Sicks JD, Petty GW, O’Fallon WM.
Cause-specific mortality after first cerebral infarction: a population-
based study. Stroke 2003;34:1828-32.

[11] Costa MM. Videofluoroscopy: the gold standard exam for
studying swallowing and its dysfunction. Arq Gastroenterol 2010;
47:327-8.

[12] Kim SB, Lee SJ, Lee KW, Lee JH, Kim DW. Usefulness of early
videofluoroscopic swallowing study in acute stroke patients with
dysphagia. Ann Rehabil Med 2018;42:42-51.

[13] Momosaki R, Yasunaga H, Matsui H, Horiguchi H, Fushimi K, Abo M.
Effect of feeding management on aspiration pneumonia in elderly
patients with dysphagia. Chin Nurs Res 2015;2:40-4.

[14] Tomita S, Oeda T, Umemura A, et al. Video-fluoroscopic swallowing
study scale for predicting aspiration pneumonia in Parkinson’s disease.
PLoS One 2018;13:e0197608.

[15] Kang SH, Kim DK, Seo KM, Seo JH. Usefulness of videofluoroscopic
swallow study with mixed consistency food for patients with stroke or
other brain injuries. ] Korean Med Sci 2011;26:425-30.

[16] Bock JM, Varadarajan V, Brawley MC, Blumin JH. Evaluation of
the natural history of patients who aspirate. Laryngoscope 2017;127
(Suppl 8):S1-10.

[17] Smithard DG, O’Neill PA, Parks C, Morris J. Complications and
outcome after acute stroke. Does dysphagia matter? Stroke 1996;
27:1200-4.

Medicine

[18] Chen SY, Chie WC, Lin YN, Chang YC, Wang TG, Lien IN. Can the
aspiration detected by videofluoroscopic swallowing studies predict
long-term survival in stroke patients with dysphagia? Disabil Rehabil
2004;26:1347-53.

[19] Lyden P. Using the national institutes of health stroke scale: a cautionary
tale. Stroke 2017;48:513-9.

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

[21] Cichero JA, Lam P, Steele CM, et al. Development of international
terminology and definitions for texture-modified foods and thickened
fluids used in dysphagia management: the IDDSI framework. Dysphagia
2017;32:293-314.

[22] Rosenbek JC, Robbins JA, Roecker EB, Coyle JL, Wood JL. A
penetration-aspiration scale. Dysphagia 1996;11:93-8.

[23] Borders JC, Brates D. Use of the penetration-aspiration scale in
dysphagia research: a systematic review. Dysphagia 2020;35:583-97.

[24] Kim DH, Choi KH, Kim HM, et al. Inter-rater reliability of
videofluoroscopic dysphagia scale. Ann Rehabil Med 2012;36:791-6.

[25] Crary MA, Mann GDC, Groher ME. Initial psychometric assessment of
a functional oral intake scale for dysphagia in stroke patients. Arch Phys
Med Rehabil 2005;86:1516-20.

[26] SuM, Zheng G, Chen Y, et al. Clinical applications of IDDSI framework
for texture recommendation for dysphagia patients. | Texture Stud
2018;49:2-10.

[27] Huybrechts KF, Caro JJ. The Barthel Index and modified Rankin Scale as
prognostic tools for long-term outcomes after stroke: a qualitative review
of the literature. Curr Med Res Opin 2007;23:1627-36.

[28] Dong Y, Slavin M], Chan BP, et al. Cognitive screening improves the

predictive value of stroke severity scores for functional outcome 3-6

months after mild stroke and transient ischaemic attack: an observational

study. BMJ Open 2013;3:¢003105.

Bahk J, Kim YY, Kang HY, et al. Using the National Health Information

Database of the National Health Insurance Service in Korea for

monitoring mortality and life expectancy at national and local levels. J

Korean Med Sci 2017;32:1764-70.

[30] Feng MC, Lin YC, Chang YH, et al. The mortality and the risk of
aspiration pneumonia related with dysphagia in stroke patients. ] Stroke
Cerebrovasc Dis 2019;28:1381-7.

[31] Kim YK, Cha JH, Lee KY. Comparison of dysphagia between
infratentorial and supratentorial stroke patients. Ann Rehabil Med
2019;43:149-55.

[32] Palmer AJ, Bulpitt CJ, Fletcher AE, et al. Relation between blood
pressure and stroke mortality. Hypertension 1992;20:601-35.

[33] Tuomilehto J, Rastenyte D, Jousilahti P, Sarti C, Vartiainen E. Diabetes
mellitus as a risk factor for death from stroke. Prospective study of the
middle-aged Finnish population. Stroke 1996;27:210-5.

[34] Brammads A, Jakobsson S, Ulvenstam A, Mooe T. Mortality after
ischemic stroke in patients with acute myocardial infarction: predictors
and trends over time in Sweden. Stroke 2013;44:3050-5.

[35] Tu WJ, Qiu HC, Liu YK, Liu Q, Zeng X, Zhao J. Elevated levels of
adiponectin associated with major adverse cardiovascular and cerebro-
vascular events and mortality risk in ischemic stroke. Cardiovasc
Diabetol 2020;19:125.

[36] Arnold M, Liesirova K, Broeg-Morvay A, et al. Dysphagia in acute
stroke: incidence, burden and impact on clinical outcome. PLoS One
2016;11:e0148424.

[37] Yu KJ, Moon H, Park D. Different clinical predictors of aspiration
pneumonia in dysphagic stroke patients related to stroke lesion: a
STROBE-complaint retrospective study. Medicine (Baltimore) 2018;97:
e13968.

[38] Nativ-Zeltzer N, Nachalon Y, Kaufman MW, et al. Predictors of
aspiration pneumonia and mortality in patients with dysphagia.
Laryngoscope 2021. Epub ahead of print.

[39] Lau KK, Wong YK, Teo KC, et al. Stroke patients with a past history of
cancer are at increased risk of recurrent stroke and cardiovascular
mortality. PLoS One 2014;9:¢88283.

[40] Gattringer T, Posekany A, Niederkorn K, et al. Predicting early mortality
of acute ischemic stroke. Stroke 2019;50:349-56.

[41] Pettigrew LC, Thomas N, Howard V], Veltkamp R, Toole JF. Low mini-
mental status predicts mortality in asymptomatic carotid arterial
stenosis. Asymptomatic Carotid Atherosclerosis Study investigators.
Neurology 2000;55:30-4.

[42] Kong KH, Chua KS, Tow AP. Clinical characteristics and functional
outcome of stroke patients 75years old and older. Arch Phys Med
Rehabil 1998;79:1535-9.

29



	Predictive value of the videofluoroscopic swallowing study for long-term mortality in patients with subacute stroke
	1 Introduction
	2 Participants and methods
	2.1 Participants
	2.2 VFSS protocol
	2.3 Simple parameters of VFSS
	2.4 Recommended dietary types
	2.5 Data collection
	2.6 Statistical evaluation

	3 Results
	3.1 General characteristics
	3.2 Survival analysis
	3.3 Subgroup survival analysis

	4 Discussion
	Author contributions
	References


