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Editorial on the Research Topic
New approaches to evaluation and management of dysphagia in
neurological disease

Neurological diseases frequently cause dysphagia and consequent aspiration
pneumonia, significantly impacting patient mortality, morbidity, and healthcare costs.
It is therefore essential to implement better strategies for evaluating, addressing, and
rehabilitating dysphagia. Several protocols and tools have been developed for dysphagia
assessment, with videofluoroscopy and videoendoscopy being considered the gold
standards (1). Moreover, recent advancements offer promising non-invasive and simple
procedures and instruments for dysphagia assessment (2, 3). Effective rehabilitation
protocols have also been established for clinical practice (4). Novel techniques, such as
transcutaneous electrical stimulation of the neck, are being introduced and are expected to
improve neuromuscular function (5, 6).

The utility of novel dysphagia assessment tools has recently been reported (7, 8).
Nakamori, Ishikawa et al. investigated the use of electronic stethoscopes and artificial
intelligence (AI) analysis for swallowing sound evaluation in patients with amyotrophic
lateral sclerosis, suggesting potential applications in telemedicine and home care. Among
these advancements, tongue pressure has gained significant attention due to its practical
value. Fukuoka et al.’s minireview summarized the detailed relationship and limitations
of tongue pressure and dysphagia in patients with Parkinson’s disease (PD). Physiological
functional imaging also offers new possibilities for evaluating dysphagia. Gu et al. focused
on cortical compensation mechanisms in dysphagia following medullary infarction. Using
blood-oxygen-level dependent functional magnetic resonance imaging, they observed
increased activation in specific brain regions, including the bilateral precentral gyrus,
postcentral gyrus, insula, thalamus, and supplementary motor areas, after rehabilitation.
Notably, their study showed that effortful swallowing activated more brain regions than
regular saliva swallowing, suggesting its effectiveness as an approach for rehabilitation.
As previously mentioned, gold-standard evaluations are crucial, especially with a serious
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condition such as dysphagia. Cui et al. emphasized the importance
of videofluoroscopic swallowing studies (VESS) in dysphagia
assessment, demonstrating significant differences in swallowing
parameters between patients with PD and those with post-
cerebral hemorrhage or infarction. They assert that standardizing
quantitative VFSS parameters can improve the accuracy and
consistency of dysphagia evaluation. Beyond evaluating for
dysphagia, determining patients at risk of dysphagia is equally
important in clinical practice. Karunaratne et al. reported that
older individuals and patients with neurological disorders are more
susceptible to developing or experiencing worsened complications,
underscoring the need for proactive identification. Furthermore,
a retrospective study by Choi et al. identified clinical predictors
of dysphagia in patients with traumatic and non-traumatic
cervical spinal cord injuries, focusing on forced vital capacity and
tracheostomy as key predictors.

Several novel interventions on rehabilitation have emerged.
Nakamori, Toko et al. investigated the effects of cervical
percutaneous interferential current stimulation on dysphagia in
patients with PD, reporting a significant improvement in oral cavity
residue. Another study by Yeo et al. reported that therapeutic
singing exercises may help maintain swallowing function and
potentially improve swallowing-related quality of life in patients
with advanced PD. The utility of acupuncture for dysphagia
treatment has also been widely reported. Wu Y. et al. explored
the combined use of postural control and electroacupuncture
compared to conventional rehabilitation in 138 patients with post-
stroke dysphagia. This integrative approach significantly improved
swallowing function and reduced aspiration-related complications
in the observation group than in the control group. This is
further evidenced by the results of their standardized swallowing
assessment and water swallowing test. Similarly, a systematic meta-
analysis by Li et al. demonstrated the effectiveness and safety of
acupuncture in treating aspiration among 1,284 patients with post-
stroke dysphagia. Their findings revealed that acupuncture, used
alone or combined with other therapies, significantly improved
the Penetration Aspiration Scale scores, VESS results, and hyoid
bone displacement in these patients. Additionally, acupuncture
showed a higher overall efficacy rate and fewer adverse events
compared to conventional rehabilitation. In another study by Wu
M. et al., data mining techniques were employed to analyze optimal
acupuncture parameters for post-stroke dysphagia in 39 studies,
which included needle size, retention time, treatment frequency,
and core acupoints.

Comprehensive reviews on dysphagia and its guidelines have
also been conducted. Bibliometric studies by Ye et al. and Guo
et al. highlighted the evolving research trends in the study
of dysphagia and stroke, such as aspiration, gastroesophageal
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Likewise, He et al. utilized bibliometrics to identify research
hotspots and cutting-edge trends in the field of post-stroke
dysphagia rehabilitation. In their study, the keywords “validity” and
“non-invasive brain stimulation” emerged as the most significant
words in post-stroke dysphagia rehabilitation research. Regarding
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The evaluation and management of dysphagia in neurological
diseases have progressed significantly due to innovative therapeutic
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enhance patient outcomes, reduce complications, and improve
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Swallowing sound evaluation
using an electronic stethoscope
and artificial intelligence analysis
for patients with amyotrophic
lateral sclerosis

Masahiro Nakamori'*, Ruoyi Ishikawa®, Tomoaki Watanabe?,
Megumi Toko?!, Hiroyuki Naito!, Tamayo Takahashi?,
Yoshitaka Simizu?, Yu Yamazaki! and Hirofumi Maruyama'*

tDepartment of Clinical Neuroscience and Therapeutics, Hiroshima University Graduate School of
Biomedical and Health Sciences, Hiroshima, Japan, ?Department of Dental Anesthesiology, Hiroshima
University Graduate School of Biomedical and Health Sciences, Hiroshima, Japan

Background and purpose: Non-invasive, simple, and repetitive swallowing
evaluation is required to prevent aspiration pneumonia in neurological care.
We investigated the usefulness of swallowing sound evaluation in patients with
amyotrophic lateral sclerosis (ALS) using our new electronic stethoscope artificial
intelligence (Al) analysis tool.

Methods: We studied patients with ALS who provided written informed consent.
We used an electronic stethoscope, placed a Bluetooth-enabled electronic
stethoscope on the upper end of the sternum, performed a 3-mL water swallow
three times, and remotely identified the intermittent sound components of the
water flow caused at that time by Al, with the maximum value as the swallowing
sound index. We examined the correlation between the swallowing sound index
and patient background, including swallowing-related parameters.

Results: We evaluated 24 patients with ALS (age 64.0 + 11.8 years, 13 women,
median duration of illness 17.5 months). The median ALS Functional Rating
Scale-Revised (ALSFRS-R) score was 41 (minimum 18, maximum 47). In all cases,
the mean swallowing sound index was 0.209 £+ 0.088. A multivariate analysis
showed that a decrease in the swallowing sound index was significantly associated
with a low ALSFRS-R score, an ALSFRS-R bulbar symptom score, % vital capacity,
tongue pressure, a Mann Assessment of Swallowing Ability (MASA) score, and a
MASA pharyngeal phase-related score.

Conclusion: Swallowing sound evaluation using an electronic stethoscope Al
analysis showed a correlation with existing indicators in swallowing evaluation in
ALS and suggested its usefulness as a new method. This is expected to be a useful
examination method in home and remote medical care.

KEYWORDS

electronic stethoscope, artificial intelligence, swallowing sound index, dysphagia,
amyotrophic lateral sclerosis

Introduction

(ALS)
causes

Amyotrophic lateral sclerosis is a neurodegenerative disease mainly

affecting motor neurons. It progressive weakness, muscular atrophy,

dysarthria, dysphagia, and dyspnea. Currently, there is no disease-modifying

therapy available; therefore, it is important to manage nutrition, respiration,

and communication. Swallowing dysfunction caused by bulbar dysfunction
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is a major factor in determining patient prognosis (1, 2).
Aspiration pneumonia, caused by swallowing dysfunction, is a
critical problem. Aspiration pneumonia is associated with high
mortality rates in patients with ALS (3). The evaluation of
swallowing function is important for assessing the risk of aspiration
and monitoring the progression of neurological impairment.
Videofluoroscopic or endoscopic examination is the gold-standard
method for evaluating swallowing function. There is not much
burden on the patient during the examination; however, limited
facilities use these types of equipment. Therefore, a non-invasive
screening method for evaluating swallowing dysfunction should

be developed.
Simple and non-invasive instruments have  been
developed to evaluate the swallowing function. Tongue

(4-7). In addition, the
ultrasonography  for

pressure measurement prevails

usefulness of  tongue measuring
tongue thickness and motion has been reported (7, 8).
However, these methods primarily reflect only the oral phase
of swallowing.

With the exception of videofluoroscopic or endoscopic
for the

evaluation of the pharyngeal phase (9). Recently, the evaluation

examinations, there are few established methods
of swallowing sounds, including deep learning analysis, has
become the focus, and several types of instruments have been
developed (10,
aspects of swallowing sounds and their actual swallowing and

11). Especially, considering the anatomical

reproducibility, commercialized and implementable tools have
been introduced in the medical field. These methods

been used to predict the risk of aspiration and to assist in

have

the selection of special diets provided to patients (11). We
have combined electronic stethoscope techniques and artificial
intelligence (AI) to assemble a system that incorporates sound
recognition and swallowing sound quantification. In particular,
the quantification of swallowing sounds using deep learning
techniques provides objectivity and is a differentiating feature
Additionally, these
do not necessarily require direct auscultation by medical

from traditional stethoscopes. systems
staff as patients or caregivers themselves touch their own
bodies, which makes remote medical checks possible. During
a pandemic, these types of assessments are extremely useful
and important.

This study aimed to investigate the usefulness of an electronic
stethoscope for evaluating swallowing dysfunction in patients with
ALS by comparing several disease parameters and Indicators of

swallowing function.

Materials and methods

Standard protocol approvals, registrations,
and patient consents

The study protocol was approved by the ethics committee of
Hiroshima University Hospital (E-1599-1) and was in accordance
with the guidelines of the 1964 Declaration of Helsinki.
Written informed consent was obtained from all the patients
or their relatives. All the data analyses were performed in a
blinded manner.
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Participants

Consecutive patients with ALS who were diagnosed with
definite, probable laboratory-supported ALS according to the
revised El Escorial criteria (12) and admitted to Hiroshima
University Hospital between 1 November 2021 and 31 December
2022 were enrolled in this prospective study. We excluded patients
who could not tolerate full oral intake because of the risk of
aspiration. Additionally, the swallowing sound index was evaluated
using an electronic stethoscope and AI analysis of 57 healthy
young volunteers.

Swallowing test protocol

The swallowing sounds were recorded using an electronic
stethoscope in a silent room. To exclude the effect of noise during
the test, patients were given non-verbal instructions. The gestures
were shown alone, and the patients were instructed to drink water.
Each participant was seated on a chair with the back vertically fixed
at 90°. Participants were instructed to drink water while sitting. The
patients drank 3 mL of water. This was adopted based on the revised
water swallowing test, one of the most commonly used screening
methods for swallowing evaluation, which uses 3 mL of water. The
water was at room temperature and measured with a 5-mL syringe
(ss-20ESzp, Terumo, Tokyo, Japan), which was injected into the
patient’s mouth, after which a gesture was made for the patient to
start swallowing.

Swallowing sounds were recorded in the 2Hz to 20kHz
wavelength band using an electronic stethoscope (MSS-U10C;
Pioneer, Tokyo, Japan) placed at the top of the sternum below
the sternal notch. After exploring various sites for attaching the
stethoscope such as the neck and chest, it was determined that
the top of the sternum below the sternal notch, where motion
artifacts are least likely to occur, is the most appropriate choice. The
sound data were transferred to a waveform audio file format via
Bluetooth, and the collected data were analyzed using a dedicated
AT application.

Swallowing sound evaluation using Al

In this study, a fine crackle sound discrimination Al algorithm
for alveolar sound analysis was used to evaluate swallowing sounds,
as previously reported (13). We have created algorithms not only
for fine crackles but also for coarse crackles, wheeze, and rhonchi.
Upon comparing and analyzing these sounds, we determined that
the algorithm for fine crackles is the optimal choice. The Al analysis
algorithm for calculating fine crackle sounds included 50 labeled
sounds comprising characteristic frequency bands/continuations as
teacher data for machine learning. Specifically, feature parameters
(x) were extracted from the fine crackle sound caused by the inflow
of water into the esophagus during swallowing using frequency,
local variance, cepstrum analysis, the liftering process, and other
methods. Next, the coefficients (a) of the feature parameters (x)
were derived using AdaBoost as a machine-learning algorithm, and
50 pieces of labeled teacher data were added. The feature (y) was
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calculated using the following equation, consisting of the feature
parameters (x) in the interval to be auscultated, and the coeflicients
(a) were determined using machine learning:

148

Y= E aiXis
i=1

a: Feature parameter coefficients calculated using
machine learning

x : Feature parameter (normalized to —1 < x < 1).

The features (y) calculated for each frame at 12-ms intervals
were converted to water inflow sound presence/absence data for
each frame by comparison with a threshold determined using
machine learning. The quantitative value of the fine crackle
component (FCQV) was calculated for each second, based on the
total number of frames and the number of frames in which the fine

crackle sound was present.

No. of target sound frames

INDEX= 100

Total frames in auscultation section

In the present study, we used FCQV to perform acoustic
analysis of water inflow sounds. When evaluating the analysis
algorithm, a discriminator was created that discerned whether
the target sound existed if the FCQV exceeded a certain value
(Figure 1).

The electronic stethoscope had a contact-type pressure sensor
in the diaphragm to switch it on and off at the start and
end of the auscultation, respectively. Our system excluded 0.2s
immediately before and after the auscultation from the target
auscultation section.

Sample size

We calculated the required sample size based on a previous
investigation of interstitial lung disease using an electronic
stethoscope and Al analysis published by our research group
(14). The minimum difference and standard deviation that we
considered were 0.08 and 0.06, respectively. Based on an alpha level
of 0.05 and a power of 0.80, we estimated that we would require a
total of 20 participants.

Data acquisition

The participants were functionally rated by neurologists using
the ALS Functional Rating Scale-Revised (ALSFRS-R) (15). The
ALSFRS-R is a validated questionnaire-based scale that measures
physical function and performance of activities of daily living. The
total possible score is 48, and lower scores correlate with increased
disability. The ALSFRS-R is divided into five domains: bulbar-
related (speech, salivation, and swallowing), upper limb-related
(dressing and hygiene, turning in bed, and adjusting bed clothes),
lower limb-related (walking and climbing stairs), and respiration-
related (dyspnea, orthopnea, and respiratory insufficiency).
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Tongue pressure was measured using a tongue pressure
manometer equipped with a balloon probe (TPM-01; JMS Co. Ltd.,
Hiroshima, Japan). To measure the tongue pressure, the patients
were asked to hold the cylinder so that the balloon could be
placed between the tongue and the anterior part of the palate
with the lips closed. Each subject was then asked to compress
the balloon onto the palate for 7s, three times at 1 min intervals.
Measurements were performed as previously described (4, 16).
The reliability of intraindividual measurements has been previously
reported (17). The maximum value among the three measurements
was considered as the tongue pressure for each patient.

We also performed a comprehensive swallowing evaluation
using the Mann Assessment of Swallowing Ability (MASA) score.
The MASA score is an established, concise, and comprehensive
assessment tool that indicates the risk of swallowing dysfunction
in patients with stroke (18). The MASA consists of 24 items
with a total potential score of 200. It has also proven useful
for various other diseases and types of patients with dysphagia
(19). Furthermore, among the 24 items, pharyngeal phase-related
eight items (gag, palate, cough reflex, voluntary cough, voice,
tracheostomy, pharyngeal phase, and pharyngeal response), which
account for 70 points, were evaluated.

These measurements were performed at the same time as
electronic stethoscope recording.

Statistical analysis

The data are expressed as mean =+ standard deviation or median
(minimum, maximum) for continuous variables and frequencies
and percentages for discrete variables. Statistical analysis was
performed using JMP 16 statistical software (SAS Institute Inc.,
Cary, NC, USA). The statistical significance of the intergroup
differences was assessed using t-tests or x2 tests, as appropriate.
Baseline data of patients with ALS were analyzed, and two-step
strategies were employed to assess the relative importance of the
variables in their association with the swallowing sound index
using multiple logistic analysis. First, a univariate analysis was
performed. Subsequently, a multi-factorial analysis was performed
with selected factors that had a p-value of < 0.05 in the univariate
analysis and age. A p-value of < 0.05 was considered to be
statistically significant.

Results

During the study period, a total of 24 consecutive patients
with ALS were investigated. Table 1 displays the background and
physical characteristics of patients with ALS. The swallowing sound
index measured and calculated using the same method as this study
for 57 healthy young individuals (mean age 24.4 £ 1.9 years, 21
women, 36 men) was 0.369 £ 0.111, which was significantly higher
than that of the patients with ALS (p < 0.001). The characteristics of
the healthy young individuals are shown in Supplementary Table 1.
Among the healthy young individuals, the mean swallowing sound
index of men tended to be higher than that of women (p = 0.06);
however, tongue pressure and body mass index were not correlated
with the swallowing sound index (p = 0.84 and 0.58, respectively).
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Labeled fine crackles sound

}

Extraction of feature values
1) Quantification of frequency response (frequency analysis)
2) Quantification of intermittency (Local variance analysis)
3) Quantifying Continuity (Cepstrum analysis, Liftering process)

!

Machine learning (AdaBoost )
Calculate the relationship between feature combinations and fine crackles from 50 pieces of teaching data

!

Fine crackles sound discrimination model

FIGURE 1

between feature combinations and fine crackles.

Algorithm for calculating swallowing sound index. The procedure for the swallowing sound analysis starts with the identification of fine crackle
sounds, which are then subjected to feature value extraction through various techniques including frequency, local variance, and cepstrum analyses.
These extracted features are fed into an AdaBoost machine-learning model, which is trained on 50 pieces of teaching data to discern the relationship

TABLE 1 Patients’ background.

Factors N =24

Age, year 64.0 +11.8
Sex (female), n (%) 13 (54.2)
Body mass index, kg/m? 219433
Duration from onset, month, median (minimum, 17.5 (4, 114)
maximum)

ALSFRS-R score, median (minimum, maximum) 41 (18, 47)
ALSFRS-R bulbar symptom score, median (minimum, 11.5(4,12)
maximum)

Onset type

Limb, n (%) 19 (79.2)
Bulbar palsy, n (%) 5(20.8)
Serum albumin, g/dL 41404
% vital capacity 80.5 +20.4
Tongue pressure, kPa 27.6 £ 16.2
MASA score 195 (151, 200)
MASA pharyngeal phase-related score 70 (57, 70)
Swallowing sound index 0.209 £ 0.088

ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised; MASA, Mann
Assessment of Swallowing Ability.

The number of patients who complained of dysphagia was 11.
Comparing the groups of the ALSFRS-R bulbar symptom score
with a full score (n = 12) and <12 (n = 12), the swallowing sound
index of the group with a bulbar sub-score <12 was significantly
lower (Figure 2A). Scatter plots of the ALSFRS-R bulbar symptom
score and the swallowing sound index are shown in Figure 2B. A
positive correlation was observed between the ALSFRS-R bulbar
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symptom score and the swallowing sound index, indicating a
decrease in swallowing sounds with the progression of ALS.

To explore the factors related to the swallowing sound index, a
univariate analysis was performed on the factors listed in Table 1,
revealing significant correlations with the ALSFRS-R score, the
bulbar symptom score of ALSFRS-R, percentage of vital capacity
(%VC), tongue pressure, and MASA (p < 0.05). Multivariate
analyses were performed using individual factors and age. The
results also revealed that the ALSFRS-R score, the bulbar symptom
score of the ALSFRS-R, %VC, tongue pressure, the MASA score,
and the MASA pharyngeal phase-related score were independently
associated with the swallowing sound index (Table 2).

Receiver operating characteristic (ROC) analysis was used
to determine the cutoff value of the swallowing sound index
that defined ALSFRS-R <12, and a result of 0.228 was obtained
(area under the curve =0.792, sensitivity 66.7%, specificity 83.3%,
and p = 0.005).

Discussion

In this study, we investigated the utility of a novel non-invasive
and easily repeatable swallowing evaluation method, utilizing AI
analysis of swallowing sounds via an electronic stethoscope, for
patients with ALS.

Videofluoroscopic or endoscopic examinations are considered
the gold standard for evaluating swallowing disorders; however,
they carry high risks and can be challenging to perform in
patients with advanced ALS who have respiratory dysfunction
and other conditions. Therefore, non-invasive and easy-to-observe
assessment methods have been explored. Tongue pressure and
tongue ultrasonography are representative methods; however, they
are limited in their ability to adequately evaluate the pharyngeal
phase, such as pharyngeal residue, while reflecting the oral phase,
such as oral passage and oral residue, of swallowing (7, 20).
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FIGURE 2

Swallowing sound index and ALSFRS-R bulbar symptom score. (A)
Swallowing sound index between the ALSFRS-R bulbar symptom
score <12 group and full score group. The swallowing sound index
is significantly lower in the bulbar sub-score <12 group (p = 0.010).
(B) Scatter plots of swallowing sound index and the ALSFRS-R bulbar
symptom score. A positive correlation can be observed between the
two, indicating a decrease in swallowing sound index with the
bulbar symptoms. When the ALSFRS-R bulbar symptom score is less
than 12 (full score), the swallowing sound index rapidly decreases.
ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating
Scale-Revised.

Although the origin and clinical significance of swallowing
sounds are not yet clearly understood, they gradually disappear as
swallowing disorders progress due to the decrease in swallowing
pressure. Decreased swallowing sounds are suggestive of
swallowing disorders. It has been suggested that the origin of
swallowing sounds is the sound of the bolus passing through the
open esophageal entrance; as such, they are a measure reflecting
the pharyngeal phase, which is not contradictory (21, 22). The
swallowing sound index calculated only the bolus inflow sounds
among the various noises produced during the pharyngeal phase
and was independently associated with the MASA pharyngeal
phase score in this study. The MASA pharyngeal phase score
reflects swallowing reflex, pharyngeal elevation, and pharyngeal
clearance (18). Thus, the swallowing sound index may be an
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TABLE 2 Factors associated with the swallowing sound index.

Univariate Multivariate analysis
ETREIWAS

Factors p-value coefficient 95% Cl  p-value

Age 0.065

Sex 0.388

Body mass 0.492

index

Disease 0.052

duration

ALSFRS-R 0.009* 0.006 0.003 - 0.002*

score 0.010

ALSFRS-R 0.007* 0.019 0.003 - 0.022*

bulbar 0.035

symptom

score

Onset type 0.169

Serum 0.18

albumin

% Vital 0.002* 0.002 0.001 - 0.003*

capacity 0.004

Tongue 0.004* 0.003 0.001 - 0.009*

pressure 0.005

MASA score <0.001* 0.003 0.001 - 0.001*
0.005

MASA <0.001* 0.011 0.005 - <0.001*

pharyngeal 0.017

phase-related

score

CI, confidence interval; ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating Scale-
Revised; MASA, Mann Assessment of Swallowing Ability. Multivariate analyses were
performed using the individual factors, which showed a p-value of <0.05, in univariate
analyses and age. *p-value of <0.05.

indicator of pharyngeal phase dysfunction. In this study, Al
analysis revealed that a decreased swallowing sound index in
patients with ALS was associated with a low bulbar symptom
sub-score. Previously, it was reported that a low bulbar symptom
sub-score in ALS patients reflected the delay of oral transit time
and pharyngeal transit time using videofluoroscopic examination
(20). These results further supported the notion that the swallowing
sound index reflects the presence of dysphagia in ALS patients. In
addition, the swallowing sound index had a correlation with tongue
pressure, an existing evaluation method. Tongue pressure has
been also reported as a sensitive marker for the early detection of
swallowing disorders in spinal and bulbar muscular atrophy, which
is also a motor neuron disease (23). ALS, a representative motor
neuron disease, is characterized by a widespread loss of motor
neurons throughout the body (12). Therefore, it is anticipated
that swallowing difficulties are widely affected in both the oral
and pharyngeal stages (20). Given this, it is important to develop
an instrument to detect a disorder of the pharyngeal phase, such
as by measuring the swallowing sound index using an electronic
stethoscope. Moreover, it was also shown that the swallowing
sound index tended to decrease along with %VC. The respiratory
function primarily relies on the diaphragm and intercostal muscles,
and it is reasonable to interpret that the correlation between the
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swallowing sound index and respiratory function is due to the
widespread loss of motor neurons throughout the body, leading to
a parallel decrease in both measures. However, in basic research,
many of the swallowing-related muscles are derived from the
branchial arches, and studies suggest that respiratory neurons are
activated during swallowing (24). Therefore, it is possible that the
decrease in the swallowing sound index could lead to a decrease
in %VC. Based on these results, the AI analysis of swallowing
sounds using an electronic stethoscope can be a simple method for
assessing swallowing function, including the pharyngeal phase.

The usefulness of electronic stethoscopes and AI analyses
during the COVID-19 pandemic is highly regarded. Using a
stethoscope, patients can record their own body sounds and
remotely evaluate them, thus AI analysis is extremely meaningful
in terms of infection prevention measures. Furthermore, home care
and monitoring are crucial for patients with debilitating diseases,
such as ALS. Therefore, the evaluation method introduced in this
study is considered very useful and significant.

This study had several limitations. First, it was conducted
at a single facility. ALS is a rare disease, making it difficult to
conduct studies with a large number of cases; therefore, further
studies involving multiple facilities and more cases are needed
in future. Second, there has been no comparative study yet
that includes the gold-standard videofluoroscopic examination.
In patients with ALS, the videofluoroscopic or endoscopic
examination itself carries the risk of aspiration; therefore, a careful
selection of cases is required for its implementation. However,
it is necessary to establish the usefulness of these new testing
methods. It is important to optimize the interval of analysis
using videofluoroscopic examination to improve the accuracy of
swallowing sound evaluation.

Swallowing sound evaluation using an electronic stethoscope
AT analysis showed a correlation with existing indicators in
swallowing evaluation in patients with ALS and suggested its
usefulness as a new method. It is expected to be useful for patients
with neurological disorders and the elderly who are at risk of
aspiration. Furthermore, it is expected to be a useful examination
method for home and remote medical care.
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Objective: Swallowing examination is crucial in patients with dysphagia. We aimed
to compare qualitative and quantitative videofluoroscopic swallowing study
(VESS) results to provide reference for standardizing quantitative parameters.

Materials and methods: In total, 117 patients with dysphagia were included, 38
with Parkinson’s disease and 39 and 40 in convalescence following cerebral
hemorrhage and infarction. VFSS was both qualitatively and quantitatively
analyzed.

Results: A significant difference of Oral transit time was found between the oral
motor function grades (p < 0.001), also was swallowing reaction times found
between swallowing reaction duration grades (p < 0.001), and soft palate lift duration
between the soft palate lift grades (p < 0.001). Superior hyoid bone movement (p <
0.001), anterior hyoid bone movement (p < 0.001), hyoid pause time (p < 0.001), and
hyoid movement duration (p = 0.032) had significant differences between the hyoid
laryngeal complex movement grades, as did the pharyngeal cavity transit time among
the cricopharyngeal muscle opening duration grades (p < 0.001). The laryngeal
vestibule closure duration differed among the glottic closure grades (p < 0.001). No
statistically significant difference in upper esophageal sphincter opening diameter
(p = 0.682) or duration (p = 0.682) among the cyclopharyngeal muscle opening
duration grades. The pharyngeal area at rest did not significantly differ among the
different vallecular residue (p = 0.202) and pyriform sinus residue (p = 0.116) grades.

Conclusion: Several quantitative parameters can reflect the swallowing
assessment process well. Further optimization of quantitative parameters is
recommended.

dysphagia, videofluoroscopic swallowing study, qualitative analysis, quantitative
analysis, parameters

1. Introduction

Dysphagia is a term that describes abnormal swallowing function caused by various factors
in different parts of the body, with a prevalence ranging from 19% ~ 81% (1). The incidence of
dysphagia caused by stroke in the acute phase was shown to be approximately 46.3%; during the
period of convalescence, however, the incidence increased to 56.9 ~ 81.0% (2). The incidence
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rate of dysphagia varies in those with progressive neurological
conditions. In patients with Parkinson’s disease (PD), the incidence
rate is approximately 50 ~ 87.1%; however, the risk of dysphagia in
elderly patients with PD is about twice that in young patients, and the
risk of dysphagia in patients with PD with a higher Hoehn and Yahr
stage is about three times that in patients with a lower stage (3, 4). The
main clinical manifestations of dysphagia include weakening of
muscles involved in chewing, leading to food remaining in the mouth
or leaking out of the mouth after swallowing, cough, reflux, and
aspiration after swallowing (5). Related complications also include the
consequences of aspiration (such as pneumonia, repeated cough, and
asphyxia) and changes in diet and fluid intake (such as malnutrition,
dehydration, decreased quality of life, and social isolation) (1). A
literature review and analysis revealed that a series of complications
caused by dysphagia irreversibly affected the physical and mental
health of patients and their families to a certain extent (6). Ensuring
that patients with dysphagia receive timely and correct examination
and undergo appropriate and effective treatment and rehabilitation
can promote functional recovery and reduce the occurrence of
complications (7).

A videofluoroscopic swallowing study (VESS) is a special type of
examination involving X-ray fluoroscopy that is used to assess the
movement of components involved in swallowing, including the
mouth, pharynx, larynx, and esophagus. Analysis of VFSS data can
lead to the discovery of swallowing function abnormalities from spot
film and video, including further frame-by-frame and slow playback
analysis. This examination is a widely used and relatively mature
technique for assessing the swallowing function of patients in clinical
practice, as it can directly reflect dynamic changes in the functions of
the participating organs. VFSS is mainly used to assist in the diagnosis
of swallowing disorders and is considered to be the “ideal method” for
swallowing disorders examination, and it remains the “gold standard”
for diagnosis (8).

The qualitative analysis of VFSS data mainly involves the
assessment of the presence of aspiration and the evaluation of tongue
movement, cricopharyngeal muscle function, swallowing reflex,
laryngeal lift, epiglottic vallecula, and/or pyriform fossa retention via
angiography to determine the swallowing function of patients (9, 10).
Currently, qualitative analysis is the most widely used method for
clinical evaluation, owing to its simplicity and high efficiency.
However, there are certain shortcomings related to qualitative
analyses. For example, the comprehensiveness and accuracy of the
evaluation content are dependent on the patient’s cooperation during
and the methodology of the imaging examination, the quality of the
recorded video, the technical expertise of the imaging personnel, and
the analytical aptitude and experience of the rehabilitation physician
or therapist evaluating the findings. Therefore, qualitative assessments
fail to satisfy the criteria required for objective clinical evaluations and
scientific research.

With the progressive advancements in imaging technology, a
dynamic swallowing method has been developed to analyze the VFSS
in recent 30 years (11, 12). The scholars have attempted to conduct
quantitative VFSS analyses by recording the imaging data using a
digital acquisition system at a speed of 30 frames/s, browsing it frame-
by-frame, and quantifying the temporal and kinematic parameters
involved in the swallowing process (13, 14). Further standardization
and validation is required before such methods can be widely used in
quantitative clinical evaluations and scientific research involving
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patients with dysphagia. Therefore, this study aimed to conduct a
comparative analysis of quantitative and qualitative VFSS findings
among patients with clinical dysphagia to obtain more valuable
information and then use analysis software to quantify and
automatically analyze the swallowing function of patients and apply it
to clinical practice.

2. Materials and methods
2.1. Study design and participants

The participants were selected from patients with dysphagia who
were treated in the Speech Rehabilitation Department of Beijing
Rehabilitation Hospital affiliated with Capital Medical University from
June 2022 to December 2022. The inclusion criteria were as follows:
(1) patients who experienced cerebral hemorrhage and cerebral
infarction who met the relevant diagnostic criteria formulated by the
Fourth National Conference on Cerebrovascular Diseases (1995) and
received a definitive diagnosis of stroke based on head magnetic
resonance imaging (MRI); (2) patients with PD who met the MDS
clinical diagnostic criteria for Parkinson’s disease (15); (3) patients
with varying degrees of comorbid dysphagia based on Expert
consensus on evaluation and treatment of swallowing disorders in
China (2017); (4) those with stable vital signs who were able to pay
good attention to their surroundings, exhibited no serious cognitive
impairment, and were able to cooperate to complete the required
angiography. The exclusion criteria were as follows: (1) patients with
complete or severe dysphagia; (2) those with an allergy to the contrast
agent; (3) those with dysfunction of the heart, kidney and other
organs; (4) patients with organic lesions of the esophagus, pharynx,
and mouth; (5) those with a recent history of treatment with muscle
relaxants and sedatives that could affect swallowing function; (6)
individuals with cognitive impairment and mental illness; and (7)
those with thyroid disease, local infection, other local diseases of the
throat, or chronic respiratory diseases.

2.2. Sample size

We calculated the required sample size based on previous research
of the incidence of stroke in the acute phase, stroke in convalescence
and Parkinson’s disease. Based on an alpha level of 0.05 and a power
of 0.90, we estimated that we would require a total of 60 subjects,
divided among three groups.

2.3. Videofluoroscopic swallowing study
methodology

All patients underwent VFSS examination with an OPERA digital
multifunctional gastrointestinal imaging device (GMM Group).
Images were jointly collected by an radiologist with many years of
diagnostic experience and an experienced rehabilitation physician
with experience treating dysphagia. Each patient swallowed a 5 mL
volume and medium consistency of food paste, containing a thickener
and an iodohydrin contrast agent. We believe that this choice is
appropriate in terms of safety, with a moderate degree of risk of
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aspiration, meanwhile it can also cause a series of swallowing
movements, the quantitative data can be collected well, which basically
meets the needs of this study. The state of the food was recorded as it
passed through the mouth, pharynx, and esophagus in the
anteroposterior and lateral orientations through video fluoroscopy. In
VESS, the swallow was performed once.

2.4. Qualitative analysis methods

According to the VESS, abnormal swallowing function was
assessed and the related physiological and pathological components
were analyzed, including the oral motor function, swallowing reaction
function, soft palate lift function, hyoid-laryngeal complex movement,
cricopharyngeal muscle opening duration, glottic closure, and the
presence of vallecular and pyriform sinus residues. A double-blind
evaluation of the VFSS findings was conducted by a PhD candidate
studying speech rehabilitation and a professional physician with many
years of experience in diagnosing dysphagia. The two doctors
independently completed the evaluation. Any discrepancies between
the two researchers were reconciled by discussion between these two
individuals before determining the final results. Eight qualitative
components related to swallowing function were graded (16) and
scored as listed in Table 1.

TABLE 1 Grades and scoring of the qualitative items.

Oral motor Normal 3
Impaired 2
Severe impaired 1
Swallowing reaction Normal 2
Delayed 1
Soft palate lift function Normal 3
Impaired 2
Severe impaired 1
Hyoid laryngeal complex movement | Intact 3
Inadequate 2
None 1
Cricopharyngeal muscle opening Normal 3
duration Delayed P
Severe delayed 1
Glottic closure Intact 3
Inadequate 2
None 1
Unable to cooperate 0
Vallecular residue None 3
<50% 2
>50% 1
Pyriform sinus residue None 3
<50% 2
>50% 1
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2.5. Quantitative analysis methods

The temporal and kinematic parameters of the VFSS were
collected and recorded in a double-blind manner by a speech
rehabilitation physician in the field of dysphagia and a speech
rehabilitation therapist with extensive experience in the treatment
of dysphagia. The average of each value determined by the two
evaluators was used as the final result. If the two values differed, they
were discussed, and the final result was determined
through negotiation.

An 8 mm reference ball was set up as calibration index for
calculating distances in the analysis of kinematic parameters.
Quantitative VFSS analysis contains four kinematic parameters and
eight temporal parameters. The specific kinematic parameters were
assessed including the following: (1) hyoid bone superior movement
(HSM), the vertical distance between the lowest and highest
positions of the hyoid bone during the swallowing process, from the
movement of the hyoid bone to its return to its original position
and (2) hyoid bone anterior movement (HAM), the horizontal
distance between the lowest and highest positions of the hyoid bone
(17, 18). The interception method is shown in Figures 1A,B. The
line between the lower anterior corners of C2 and C4 represented
the vertical axis, which was made neutral by rotation and lied
perpendicular to the horizontal axis of the image, C2 and C4
vertebrae shown in Figures 1A B, then sent their coordinates (x1,
yl), (x2, y2), (C4x1, C4yl), (C4x2, C4y2) to the analysis software,
and the hyoid bone movement was calculated using the built-in
Equations (1) and (2).

HAM = (X2—X1)—(C4x2—C4X1), (1)

HSM = (y2—yl)—(C4y2—C4yl), 2)

The kinematic parameters also included: (3) the upper esophageal
sphincter (UES) opening diameter, as shown in Figure 2, the width of
the narrowest part of the pharyngoesophageal sphincter in the lateral
image at the maximum degree of expansion induced by the mass in a
single swallow, with the measurement line perpendicular to the edge
of the spine (19); and (4) the pharyngeal area at rest, the minimum
lateral area of the swallowed mass and pharyngeal cavity upon
contraction in one mouthful (20).

The eight time parameters assessed have been included as
follows: (1) the oral transit time, defined as the time interval
between the food completely entering the mouth and being pushed
by the tongue muscle resulting in a change in shape until the time
at which the head of the food ball reached the intersection between
the mandibular branch and the base of the tongue (21); (2) the soft
palate elevation time, the interval between the time when initial soft
palate contact and the time at which the posterior pharyngeal wall
moves down to its original position (22); (3) the hyoid at rest
duration, the length of time when the hyoid bone is completely at
rest position during swallowing (22); (4) the hyoid movement
duration, defined as the time interval between the initiation of the
forward and downward movement of the hyoid bone and the return
of the hyoid bone to its resting position (18); (5) the UES opening
duration, representing the time interval between the beginning of
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Hyoid bone superior and anterior movement based on videofluroscopy. (A) screenshot showing the initial state of the hyoid bone after rotation;

(B) screenshot of the time point at which the hyoid bone has been lifted to the highest and farthest position after rotation. x1 is the horizontal
coordinate of the hyoid resting position, and y1 is the vertical coordinate of the hyoid resting position; x2 is the abscissa of the farthest point of hyoid
motion, and y2 is the ordinate of the farthest point of hyoid motion; C4xl is the abscissa of the lower anterior corner of C4 in the hyoid resting position,
and C4yl is the ordinate of the lower anterior corner of C4 in the hyoid resting position; C4x2 is the abscissa of the lower anterior corner of C4, the
farthest point of hyoid motion, and C4y?2 is the ordinate of the lower anterior corner of C4, the farthest point of hyoid motion

The lower anterior co

The opening diameter of UES

FIGURE 2
The upper esophageal sphincter (UES) based on videofluroscopy.

the opening and the complete closing after the mass reaches the
UES (14); (6) the swallow reaction time, which is the time interval
between the head of the mass reaching the intersection of the
lingual and mandibular branches and the start of the swallowing
phase, marked by the initiation of hyoid bone movement (14); (7)
the pharyngeal transit time, defined as the time interval between
the head of the food mass passing the intersection of the lingual and
mandibular branches and the tail of the food mass passing the UES
(23); and (8) the laryngeal vestibule closure (LVC) duration,
representing the time interval between the closing and reopening
of the laryngeal vestibule (23).
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2.6. Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 22.0
software was used for statistical analysis. One-way ANOVA and
Bonferroni post-hoc tests were used to assess the differences in the
mean age or the mean score of the clinical groups. Kruskal-Wallis test
was used for comparison among multiple groups. p < 0.05 is
statistically significant. The measurement data conforming to a
normal distribution is expressed as mean + standard deviation, and
the measurement data not conforming to a normal distribution is
expressed as median (25th percentile-75th percentile).

To evaluate different dimensions of the qualitative values,
principal component analysis (PCA) was performed. PCA is
concerned with establishing which linear components exist within the
data and how a particular variable might contribute to that
component. The PCA was conducted with all 12 items into analysis to
maximize the loadings of the variables onto one factor (the factor that
intersects the cluster) and minimize them on the remaining factor(s).
The assumptions were fulfilled (Bartlett’s test was highly significant
and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy
> 0.6). The analysis of the association between the qualitative results
and quantitative results

was performed using Pearsons

correlation coefficients.

3. Results
3.1. Overview

A total of 151 patients with dysphagia were considered for
inclusion, 123 of whom agreed to participate. Of these 123 patients,

three did not meet the inclusion criteria (one case had a respiratory
infection and two cases experienced a recurrence of sudden cerebral
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TABLE 2 The demographic characteristics of the patients with dysphagia.

Variables Patients

Sample size 117

Sex (male/female) 61/56

Mean age (years) 61.31 +12.38 (27-83)

Type

Parkinson’s disease 38
Cerebral hemorrhage 39
Cerebral infarction 40

infarction) and three temporarily refused to undergo VESS. Ultimately,
117 patients with dysphagia completed the study and were included
in the analysis. Table 2 summarizes the detailed demographic data of
the participants and the cause of dysphagia.

3.2. Qualitative grading and quantitative
value matching of VFSS

The mean and standard deviation values of the quantitative items
according to the different grades of the qualitative items of the VFSS
are listed in Table 3. Among these items, the oral transit time
significant differed among the different grades of qualitative oral
motor function; with poorer oral motor function resulting in
significant prolongation of the oral transit time. The quantitative
swallowing reaction time significantly differed among the qualitative
swallowing reaction grades; that is, the worse the swallowing reaction
grade, the longer the swallowing reaction time. Similarly, as the grade
of the soft palate lift decreased, the soft palate lift duration was
significantly prolonged. Weakening of the hyoid-laryngeal complex
movement resulted in significant shortening of the HSM and HAM
and prolongation of the hyoid pause time and hyoid movement
duration. Poorer cricopharyngeal muscle opening durations resulted
in significant prolongation of the pharyngeal cavity transit time,
poorer glottis closure grades resulted in significant prolongation of the
LVC duration.

The UES opening diameter and duration both decreased as the
grade of the cricopharyngeal muscle opening duration increased,
although neither parameter significantly differed between the different
qualitative grades of cricopharyngeal muscle opening. There was no
statistically significant difference in the pharyngeal cavity contraction
rate among the different qualitative grades of the presence of vallecular
and pyriform sinus residues. Almost all patients with dysphagia
exhibited vallecular residues (96.58%); of them, 53.10% had a small
amount, whereas 46.90% had a large amount. No vallecular residue
was observed in 4.27% of participants. Approximately 4/5 patients
with dysphagia exhibited pyriform sinus residues (83.76%); of them,
48.98% had a small amount and 51.02% had a large amount.

3.3. The qualitative total value of VFSS
corresponds to the quantitative value

The mean and standard deviation values of the quantitative
kinematic parameters for the different qualitative total value categories

Frontiers in Neurology

19

10.3389/fneur.2023.1213491

are listed in Table 4. Among them, the HSM, HAM, and pharyngeal
area at rest significantly differed according to the different qualitative
total value classifications. However, the opening diameter of the UES
did not significantly differ between the qualitative total value
classifications, although the range decreased as the qualitative total
value classification worsened.

For the time parameters, the mean and standard deviation values
of the quantitative measures for each qualitative total value range are
listed in Table 5. Every quantitative measure of the time parameters
significantly differed according to the qualitative total value
classification. As the qualitative total grading worsened, the oral
transit time, soft palate lift duration, hyoid pause time, hyoid
movement duration, swallowing reaction time, pharyngeal cavity
transit time, and LVC duration were significantly prolonged. The
opening duration of the UES was not significantly different between
the groups with good and poor qualitative values; however, it was
significantly longer than that in the group with poor results.

3.4. The correlation between the
quantitative total value and qualitative total
value

Bartlett’s test of sphericity was highly significant (p < 0.001),
indicating that correlations between the items were sufficiently high
for PCA analysis. The KMO measure verified the sampling adequacy
for the analysis, and KMO resulted in a value of 0.604, which is in
agreement with the recommended assumptions. An initial analysis
was run to obtain eigenvalues for each component in the data. Five
components had eigenvalues over Kaiser’s criterion of 1 and this
combined explains 69% of the variance. Then the factor expression of
quantitative total value is obtained, and the quantitative total value is
calculated. The correlation between the qualitative total value and the
quantitative total value was statistically significant (p = 0.036 < 0.05),
the correlation coefficient was 0.194, which shows that there is no
relevance between them.

4. Discussion

The swallowing process involves a series of complex, highly
coordinated, and fixed muscle movement behaviors. Applying
instrument to evaluate swallowing can more directly and accurately
evaluate the swallowing situation in oral, pharyngeal and esophageal
stages, and understand the integrity of the protection function of the
swallowing airway. It is significance for the diagnosis, selection of
intervention methods, and management of Dysphagia in the
swallowing stage. VFSS and flexible endoscopic examination of
swallowing (FEES) are the gold standard to determine Dysphagia. In
addition, pharyngeal cavity pressure measurement is widely carried
out in recent years, which can measure the pressure in the pharyngeal
cavity and quantify the swallowing function, such as high-resolution
pharyngeal cavity pressure measurement (HRM), upper esophageal
Sphincter pressure measurement, and automatic pharyngeal
impedance pressure measurement.

Compared to VESS, the above evaluation methods have their
unique advantages and unavoidable drawbacks. FEES can observe the
transport of food pellets to the throat during swallowing under direct
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TABLE 3 Qualitative grading and quantitative value matching of
videofluoroscopic swallowing study (VFSS).

Qualitative Quantitative
items items
Oral transit time (s)
Oral motor Normal 59 | 2.75+1.95 52.103 | <0.001
Impaired 34 | 5.40+3.41
Severe 24 | 11.46+594
impaired
Swallowing reaction
time (s)
Swallow reaction | Normal 44 | 1.00 £0.99 4.207 | <0.001
Delayed 72 | 0.55+0.54
Soft palate elevation
time (s)
Soft palate lift Normal 81 | 1.99+1.17 34.508 | <0.001
Impaired 20 217+1.43
Severe 16 | 8.24+6.99
impaired
HSM (mm)
Hyoid laryngeal | Intact 24 | 10.55+7.60 9.058 | <0.001
complex Inadequate | 51 | 7.97 +6.52
movement None 42 4.41+£345
HAM (mm)
Intact 24 9.28+5.59 9.801 <0.001
Inadequate = 51 @ 14.45+7.10
None 42 | 16.07 +£4.88
Hyoid at rest time
()
Intact 24 0.11+0.07 7.479 | 0.001
Inadequate = 51 | 0.08 +0.06
None 42 0.06£0.03
Hyoid movement
duration (s)
Intact 24 | 1.72+0.50 3.551 0.032
Inadequate = 51 @ 2.14+1.11
None 42 | 2.59+1.76
UES opening
diameter (mm)
Cricopharyngeal | Normal 58 | 6.93+2.34 0.384 0.682
muscle opening  pejayed 35 6.67+1.56
duration Severe 24 | 6.56+1.85
delayed
UES opening
duration (s)
Normal 58 | 0.90+0.25 1.823 0.166
Delayed 35 | 0.90+0.34
Severe 24 0.78+0.27
delayed
(Continued)
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TABLE 3 (Continued)

Qualitative = Grade Quantitative
items items
Pharyngeal cavity
transit time (s)
Normal 58 | 1.54+0.67 15.540 | <0.001
Delayed 35  1.64+0.86
Severe 24 | 2.89+1.68
delayed
LVC duration (s)
Glottic closure Intact 68 | 0.71+0.38 8.343 | <0.001
Inadequate = 22 = 1.07 £0.89
None 12| 1.44+1.05
Unable to 15/
cooperate
Pharyngeal area at
rest (%)
Vallecular None 5 | 36.60 +17.39 1.619 0.202
residue <50% 60 = 44.13+30.16
>50% 53 | 36.38 £12.19
Pharyngeal area at
rest (%)
Pyriform sinus None 19  41.75+15.39 0.116 0.890
residue <50% 48 | 41.44+27.14
> 50% 50 | 38.90 £18.97

VESS: video fluoroscopic swallowing study; HSM: hyoid bone superior movement; HAM:
hyoid bone anterior movement; UES: upper esophageal sphincter; LVC: laryngeal vestibule
closure.

view of the monitor, and observe the deformation and displacement of
food pellets in the throat. Therefore, FEES can better reflect the
anatomical structure of the throat and the accumulation of food masses
compared to VESS, and is more suitable for swallowing dysfunction
caused by cranial neuropathy, postoperative or traumatic injuries, and
anatomical structural abnormalities. It is also suitable for research on
aspiration (24, 25). Another advantage of FEES is that it has no X-ray
radiation and can be repeatedly checked. The device is easy to carry
and can be checked by the bedside. However, FEES cannot directly
observe the entire process of food mass transportation, and can only
judge the swallowing effect through indirect information on the
distribution of food mass in the pharynx after swallowing. Without
hunger, the opening of the cricopharyngeal muscle can be directly
observed. Therefore, it cannot directly evaluate the coordination
between swallowing organs. When the swallowing amount reaches its
maximum or the food covers the laryngoscope lens, it will not
be imaged. HRM can dynamically and continuously reflect the changes
in pharyngeal pressure throughout the swallowing process, with a
focus on reflecting pharyngeal coordination. The disadvantage is that
it is not possible to directly see the anatomical structure and food
passage status, nor can it determine whether there is aspiration (26).
Meanwhile, VESS still has certain drawbacks. If it wants to receive
X-ray radiation, it needs to be transferred to the radiology department,
which cannot reflect the sensory function of the pharynx. The most
important thing is that it cannot quantitatively analyze the pharyngeal
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TABLE 4 Comparison to quantitative values of motion parameters (mm) by qualitative total value.

Qualitative total n HSM HAM UES opening Pharyngeal area at
value diameter rest (%)

Good (24/-20') 29 4.83+3.98 10.17 £ 6.33 7.20+1.38 41.80 + 18.51
Passable (19'-13") 68 8.50 +7.74 14.83 + 6.59 6.70 = 1.90 41.35+24.74

Poor (12'-8') 20 8.87 + 3.65 1631 + 4.52 620+ 1.04 55.00 + 9.54

F 3.745 7.438 1.225 3304

p 0.027 <0.001 0.230 0.040

HSM: hyoid bone superior movement; HAM: hyoid bone anterior movement; UES: upper esophageal sphincter.

muscle contraction force and the pressure inside the food mass, and
much of the information recorded during VFSS cannot be fully
utilized. However, the location can be determined and symptoms of
dysphagia can be observed by angiography during swallowing.
Previous studies have confirmed that dynamic contrast quantitative
analysis technology can effectively clarify the relationship between the
movements of the organs involved in swallowing as a food bolus passes
(27-29). Applying VESS to the analysis of muscle relaxation and
contraction of the upper sphincter of the esophagus and pharynx can
provide more detailed information than can be determined by
assessments based on contrast alone. Determining the relationship
between quantitative and descriptive findings could be useful in clinical
practice, although it was previously unknown whether such outcomes
would consistently match up. Therefore, the VFSS qualitative and
quantitative results were compared and analyzed in this study.

The quantitative values of the kinematic parameters differed based
on the qualitative grades of the VESS. First, weakening of the
movement of the hyoid-laryngeal complex resulted in lower HSM and
HAM values, confirming the weaker the movement of the hyoid
laryngeal bone complex, the greater the degree of swallowing
dysfunction. This finding is consistent with the results of other studies
that have investigated swallowing physiology and pathology (17, 30).
Movement of the hyoid-laryngeal complex is a crucial component of
swallowing function, as it helps ensure the closure of the throat, the
return of the epiglottis, the opening of the cricopharyngeal muscle,
and the smooth and safe completion of swallowing activities.
Measuring the displacement of the hyoid bone is often used to
quantify the movement ability of the hyoid-laryngeal complex.
During swallowing, the vertical movement of the hyoid bone drives
the closure of the epiglottis, which is beneficial for the protection of
the airway, whereas the forward movement of the hyoid is beneficial
for the opening of the UES (31). Theoretically, upward and forward
displacement of the hyoid bone plays a positive role in swallowing.
The results of this study also confirmed that the measuring the
displacement of the hyoid bone can help to objectively evaluate the
motion amplitude of the hyoid-laryngeal complex and can compensate
for the lack of information provided in clinical evaluations based
solely on observation of tongue extension or swallowing angiography
to describe the motion of the hyoid-laryngeal complex.

An increase in the cricopharyngeal muscle opening duration,
however, did not significantly alter the opening diameter of the
UES. Similarly, the opening duration of the UES did not change
significantly with the different qualitative total value categories.
Physiologically, the coordination of activities involved in swallowing
mainly the coordination of UES relaxation and pharyngeal muscle
contraction, as well as the sequential movement of upper and lower
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pharyngeal muscle contractions. The evaluation of swallowing
coordination via VESS is mainly based on the observation and
description of the opening of the cricopharyngeal muscle; however, such
observations may be subjective, and no unified diagnostic criteria have
been established. In contrast, quantitative analysis allows for the
assessment of the opening range of the UES, which is an important
quantitative index that reflects the coordination of the swallowing
process (32). The quantitative analysis of the VFSS data facilitated the
measurement of the opening range of the UES, although no obvious
difference with qualitative total value; one possible explanation for this
could be related to the primary disease associated with the dysphagia
among the patients included in this study. Previous studies have
reported that coordination of movements involved in swallowing is
regulated by the swallowing pattern generator within the brainstem (33,
34). The development of a brainstem lesion usually manifests as
weakening of the pharynx’s ability to push and/or an abnormal UES
relaxation function, which can easily lead to serious consequences that
include leakage or aspiration. However, the present study did not
include patients with such brainstem diseases; therefore, the value of the
UES opening diameter does not reliably reflect the relaxation of the
cricopharyngeal muscle.

There was no significant difference in the pharyngeal area at rest
between the different qualitative grades of vallecular and pyriform
fossa residues. The pharyngeal area at rest can be used as another
objective index for evaluating the coordination of the pharyngeal
phase of swallowing. The pharyngeal cavity contraction rate reflects
the degree of contraction during swallowing in the pharyngeal phase
(35, 36). In this stage, the hyoid bone on the larynx moves upward, the
arytenoepiglottis and thyrohyoid muscles contract, and the base of the
tongue inclines backward to ensure the epiglottis forms a proper
cover; while the epiglottis valley on both sides is oriented close to the
midline, the muscle group in the larynx contracts, the vocal cord and
the ventricular band retracts, the glottis closes, and the pharyngeal
constrictor retracts. During this time, the laryngopharynx and
pyriform fossa are open, and the food mass is squeezed across the
epiglottis, reaching the esophageal entrance; the opening of the upper
esophageal sphincter is coordinated to ensure smooth passage of food
through the pharyngeal cavity for entry into the esophagus. Thus, the
main function of the pharyngeal cavity and the related muscle
contraction is to clear the pharyngeal mass and squeeze the food bolus
downward into the esophagus during swallowing. When swallowing
disorders are caused by various organic and neuromuscular
abnormalities, the ability of the pharyngeal cavity to clear food
decreases, the corresponding size of the food mass remaining in the
pharyngeal cavity increases, and the corresponding pharyngeal cavity
contraction rate decreases. Aspiration can easily occur when the
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TABLE 5 Comparison of quantitative values of time parameters by qualitative total value.

10.3389/fneur.2023.1213491

Qualitative Oral Soft Hyoid at Hyoid UES Swallow  Pharyngeal LvC
total value transit = palate lift rest movement opening reaction cavity duration
time (s) duration duration  duration duration time (s) @ transit time (s)
(s) (s) (s) (s) (s)

Good (24/-20) 29 | 320+314  172+142 0.08 +0.06 1.72+0.55 0.91 +0.31 0.52 +0.43 144 +0.51 0.59 +0.11
Passable (19'_13') 68 | 393334  252+220 0.08 +0.06 214+ 111 0.92+0.29 0.65 + 0.57 2.01 +1.00 0.92+0.78
Poor 20 | 113100 = 8.98+8.60 0.05 +0.02 320+2.16 0.70 +0.17 2.24+2.06 2754222 1.02+0.36
(12'-8)

F 18.956 24.181 3.696 8.493 5.230 23272 6.880 3.645

P <0.001 <0.001 0.028 <0.001 0.007 <0.001 0.002 0.029

UES: upper esophageal sphincter; LVC: laryngeal vestibule closure.
No., number.

glottis reopens. Previous studies have shown that in the treatment of
dysphagia, improving pharyngeal contraction can effectively reduce
the residue remaining after swallowing (37). However, the pharyngeal
cavity contraction rate in this study did not significantly correlate with
the grading of epiglottic valley and pyriform fossa residues.
Considering the limited inclusion of primary diseases in this study,
measurements of the pharyngeal cavity area and contraction rate may
have had little correlation with the presence of such residues. In
addition, the results of this study revealed that 96.58% of the patients
had vallecular residues, 83.76% had pyriform fossa residues, and the
average contraction rate of the pharyngeal cavity was 40-55%.
Therefore, it is also possible that the 5 mL volume of food paste
administered in this study was too small, which could have resulted
in weak sensory and motor stimulation of the pharynx, thereby
affecting the contraction of the pharyngeal constrictor muscle and
resulting in insufficient peristalsis.

In this study, most of the quantitative and time parameter values
showed statistically significant differences according to the different
qualitative grades assigned during the VESS, including the oral transit
time, swallowing reaction time in the pharyngeal phase, soft palate lift
duration, hyoid movement duration, pharyngeal cavity transit time,
and LVC duration. However, the UES opening duration poorly
reflected the degree of cricopharyngeal muscle opening, which is
consistent with the UES opening diameter results.

All quantitative values were measured or calculated built-in
software tools and formulas, reflecting a portion of the time sequence
and interval during the swallowing process. A factor analysis for
dimensionality reduction of the 12 quantitative variables was
conducted, and the results suggested that the quantitative items were
relatively independent. The five principal components selected barely
represented all of the quantitative values; that is, the measurements of
the 12 quantitative variables could still adequately describe the entire
swallowing process. The results of this study also show that there is a
low correlation between the quantitative total value and the qualitative
total value, which means quantitative results can not reveal that the
correlation and sensitivity with qualitative results. However, since the
types and definitions of the parameters used by various institutions
are not yet unified, this study suggests that in the future selection of
quantitative parameters of VFSS, studies should continue to optimize
the existing parameters and attempt to screen out and standardize
effective and comprehensive parameters to fully describe the
swallowing process. This could help promote their use in clinical
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settings to better evaluate the effects on patients before and after
treatment or the differences between patients.

The quantitative of VFSS based on pathological samples collected
from a wide range of individuals with multiple diseases, the extraction
of the most effective and valuable information from dysphagia
angiography and the objective comparison of the levels of functionality
within-patients before and after treatment, as well as between patients,
can fully meet the comprehensive needs of scientific research,
stimulate more innovative research, and generate ideas and references
for the evaluation and follow-up treatment of dysphagia. For now, the
quantitative analysis of VFSS is mainly used to describe the
physiological state of swallowing (14, 38), explore the pathological and
physiological characteristics of swallowing in different diseases (23,
39), analyze the effects of age, gender, texture of food balls and other
factors on swallowing (40, 41), and evaluate treatment efficacy (42,
43). In the future, the quantitative results should be used for
evaluation, and future studies should assess other valuable parameters
and improve those with poor reliability, validity, and matching. With
progress in science and technology and further deepening of research
in this field, fully automated quantitative analysis of VFSS data could
become possible, improving the effectiveness of swallowing
assessments and reducing the burden on clinical workers.

5. Strengths and limitations

This study has the following limitations: (1) the types of patients
with dysphagia selected in the study was relatively limited, the patients
with PD were in phase 1-2, and the existing dysphagia was relatively
mild, and the representativeness of the sample was relatively weak, so
further research must be conducted in the future with an improved
design; (2) the type of food balls selected was relatively fixed, which
could have had a certain impact on the results; (3) the sample size
needs to be further expanded; (4) during video acquisition, due to the
patients’ conditions, the body position, head control, and degree of
cooperation could have been impacted, among other factors, which
could have affected the clarity of imaging of various anatomical
components, resulting in difficulties and errors in the qualitative
analysis; (5) when obtaining various quantitative results, semi-
automatic methodologies may lead to some measurement errors due
to deviations of the measurer’s understanding of the measurement
technique, and the workload of the data acquisition process is large
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with many steps, so fatigue could have led to some measurement
errors; and (6) considering the imaging factors, the radiation
amplification effect could give the impression that the distance
between two points on the image is larger than the actual value, and
the radial distortion of the ray could stretch the length of the structure
around the image. Radiation amplification and radial distortion of the
rays may have affected the accuracy of the analysis.

6. Conclusion

In conclusion, there was a good match between the qualitative and
quantitative VFSS time parameter values. However, the kinematic
parameters did not accurately reflect the quantitative results.
Determining quantitative values can still sufficiently describe the
entire swallowing process, and these measures positively correlated
with results of the qualitative evaluations. It is reccommended that the
quantitative evaluation parameters be optimized in future studies to
facilitate assessments

of swallowing function in patients

with dysphagia.
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Introduction: Parkinson’s disease (PD) leads to various types of swallowing
disorders. We investigated the effect of cervical percutaneous interferential
current stimulation on dysphagia. By conducting detailed qualitative and
quantitative analysis of videofluoroscopic examination, we aimed to understand
dysphagia in patients with PD and investigate its effects on swallowing function.

Methods: Patients received cervical percutaneous interferential current
stimulation for 20min twice a week for 8 weeks. In this exploratory study,
we evaluated aspiration/laryngeal penetration, oral cavity residue, vallecular
residue, and pharyngeal residue. In addition, we performed temporal analysis.

Results: Twenty-five patients were completely evaluated. At baseline, the
proportions of laryngeal penetration/aspiration, oral cavity residue, epiglottic
vallecula residue, and pharyngeal residue were 40.0, 88.0, 72.0, 60.0, and 16.0%,
respectively. Conversely, pharyngeal transit time, laryngeal elevation delay time,
pharyngeal delay time, and swallowing reflex delay were nearly within the normal
ranges. Cervical percutaneous interferential current sensory stimulation improved
only oral cavity residue at the end of the intervention, from 88.0 to 56.0%.

Discussion: Patients with PD demonstrated remarkably high frequencies of
residues in the oraland pharyngeal regions. The usefulness of cervical interferential
current stimulation was partially demonstrated for oral cavity residue. Considering
that PD exhibits diverse symptoms, further accumulation of cases and knowledge
is warranted.

Trial registration: JRCTs062220013.

KEYWORDS

Parkinson’s disease, dysphagia, interferential current

videofluoroscopic examination, temporal analysis

sensory stimulation,
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1. Introduction

Neurological disorders often accompany dysphagia, and
dysphagia in patients with Parkinson’s disease (PD) holds
significant importance. Aspiration pneumonia, arising from
dysphagia, represents a major cause of mortality among patients
with PD, highlighting the unmet medical need in managing
swallowing difficulties in this population. PD leads to the following
types of swallowing disorders: abnormal transport from the oral
cavity and pharynx (1), delayed swallowing reflex (2), pharynx
residue (3), and others. In addition, silent aspiration, which is
caused by decreased sensation in the pharynx and larynx, is also
serious and characteristic in patients with PD (3).

We planned an intervention trial that primarily focused on
silent aspiration, aiming to activate the sensory nerves through
cervical percutaneous interferential current stimulation. Recent
innovations in neurological stimulation methods include cervical
percutaneous electrical stimulation to enhance neuromuscular
function. Pulsed current approaches show promise in inducing
muscle contractions to treat dysphagia but are associated with
discomfort (4). An alternative method, interferential current
sensory stimulation, activates peripheral nerves in the pharynx and
larynx to heighten sensitivity and protect the airway (5). Reports
suggest that electrical stimulation devices can enhance swallowing
without muscle contraction (6, 7). Interferential currents penetrate
deeper tissues comfortably compared to pulsed currents, holding
potential for alleviating dysphagia (8). Studies have highlighted
enhanced saliva production (9), reduced pharyngeal latency,
increased swallowing frequency, and improved airway sensitivity
(8). Cervical percutaneous interferential current stimulation might
benefit patients with dysphagia by enhancing airway defense
and nutrition (10). Moreover, cervical percutaneous interferential
current can stimulate the central pattern generator (CPG) and
improve the swallowing reflex (11). Previously, we investigated
the relationship between videofluoroscopic examination (VF) and
brain lesion sites in patients with stroke and reported a correlation
between delayed swallowing reflex initiation and basal ganglia
lesions (12). PD also involves abnormalities in the cerebral
basal ganglia network. Therefore, the effectiveness of cervical
percutaneous interferential current stimulation for the swallowing
reflex might be considered.

In this study, the main objective was to assess the improvement
of cough reflex in patients with PD. However, the complexity
of dysphagia in PD arises from various factors, necessitating
a comprehensive grasp of swallowing dynamics. We focused
on exploring how cervical percutaneous interferential current
stimulation impacts swallowing function in patients with PD.
Through qualitative and quantitative analysis of VE which is the
gold standard method for evaluation, this study aimed to enhance
the understanding of PD-related dysphagia and thoroughly
examine the effects of cervical percutaneous interferential
current stimulation.

Abbreviations: CPG, central pattern generator; LEDD, levodopa equivalent
daily dose; LEDT, laryngeal elevation delay time; PD, Parkinson's disease; PDT,
pharyngeal delay time; PTT, pharyngeal transit time; VF, videofluoroscopic

examination.
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2. Material and methods

2.1. Ethics approval, registration, and
patient consent

This research received authorization from the Certified Review
Board at Hiroshima University (<city>Hiroshima</city>, Japan)
(approval ID: CRB6180006) and adhered to the directives of the
federal administration in line with the principles outlined in the
1964 Declaration of Helsinki. It has been duly recorded in the jRCT
database (jJRCTs062220013). Comprehensive written consent was
acquired from all participants involved in the study.

2.2. Study design and protocol

The study’s design and protocol were previously published (13).
The methodology consisted of a single-arm, open-label study that
adhered to the reporting guidelines outlined in SPIRIT (14). Our
investigation centered on assessing the effectiveness and safety of
percutaneous neck interferential current stimulation in patients
diagnosed with PD, as per the criteria set by the Movement
Disorder Society, falling within Hoehn-Yahr stages 2-4 (15). The
study was conducted at Hiroshima University Hospital.

We enrolled individuals who met the criteria of clinically
probable or established PD as defined by the Movement Disorder
Society criteria, with Hoehn-Yahr stages 2-4 at the time of
registration. Additionally, participants needed to be capable of
visiting the hospital twice weekly and provide informed written
consent. Eligibility was restricted to patients aged between 19
and 86 years whose levodopa dosage had remained constant for
over a month. Those with implanted pacemakers or defibrillators,
undergoing deep brain stimulation, pregnant or attempting to
conceive, diagnosed with or having a history of head or neck cancer,
currently experiencing active pneumonia, or possessing a history of
swallowing rehabilitation, were excluded from the study.

Participants underwent cervical interferential current
stimulation for 20 min, twice a week, over an 8-week period.
The stimulation was administered using a Gentle Stim® device
from FoodCare Co., Ltd., Kanagawa, Japan. Electrode pads were
applied to the front of the neck to stimulate the swallowing-related
(glossopharyngeal nerve and superior laryngeal) nerves. A 50 Hz
swallowing reflex interferential current stimulation was utilized
because of its lower threshold in comparison to pulse stimulation,
resulting in minimal sensation for patients. Stimulation adhered to
a standardized protocol, with the maximum stimulation current
set below the threshold at which the patient could perceive
electrical sensations, ranging from 2.0 to 2.5mA. Stimulation
was administered consistently and repeatedly. Figure 1 shows the
landscape of the stimuli.

Evaluations, except for VE were conducted every 4 weeks
from the start of the intervention to 16 weeks post-intervention
initiation. VF assessments were conducted every 8 weeks within the
same timeframe to minimize the radiation exposure.

The primary and secondary endpoints were outlined in a
prior publication (13). As part of this study, we conducted a
thorough and detailed evaluation using VE a recognized gold
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FIGURE 1
Picture of cervical percutaneous interferential current stimulation.

standard method for evaluating swallowing function. Our study
concentrated specifically on VF findings.

2.3. Videofluoroscopic examination

An X-ray imaging system (Ultimax-i, CANON MEDICAL
SYSTEM CORPORATION, Tochigi, Japan) was used and the tests
were performed with patients in a seated position. The test material
was 3 mL of water with 30%/w barium contrast medium (Barytester
A240 Powder®, FUSHIMI Pharmaceutical Co. Ltd, Kagawa,
Japan), which the patients were instructed to swallow after it was
delivered via a syringe to the floor of the mouth. The evaluation
using 3 mL of water is relatively widely accepted and implemented
for assessing swallowing function (16). In addition, 3 mL should
always be used in evaluations to prioritize safety in individuals with
swallowing disorders (17). Another evaluation method, the simple
water drinking test known as the Modified Water Swallow Test
(18), also uses this volume of water. Therefore, the present study
also used 3 mL of water. The imaging with the X-ray system was
performed forward toward the lips, back to the pharyngeal wall,
up to the nasal cavity, and downward to the upper esophageal
sphincter, obtaining a side VF recording of 30 frames per second.
The data were recorded on a DVD. Three blinded dentists (A
Hiraoka, A Haruta, and MY) with specialized experience in
evaluating videofluorographic recordings and established protocols
following training on VF assessment determined the presence
or absence of laryngeal penetration/aspiration, and clearance or
prevalence of oral cavity residue, vallecular residue, or pharyngeal
residue after one swallow. We also performed a semi-quantitative
evaluation of oral cavity, vallecular, and pharyngeal residues,
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TABLE 1 Patient backgrounds and indicators related to swallowing
function.

Age, years 72.0+5.9
Sex (female), n (%) 9(36.0)
Duration, years 6(1,20)
Body mass index, kg/m? 2124238
Alcohol consumption, 7 (%) 2(8.0)
Current smoking, 1 (%) 3(12.0)
Hoehn & Yahr stage 3(2,4)
UPDRS score (total) 37 (19, 76)
UPDRS score (part 3) 23 (10, 50)
Dopa, mg 360 £ 203
LEDD, mg 583 £ 395
Maximum handgrip strength, kg 248+ 5.6
Calf circumference, cm 33.8+33
FOIS 7(6,7)
Tongue pressure, kPa 30.6 + 8.5
VF findings

Laryngeal penetration or Aspiration, 7 (%) 10 (40.0)
Oral cavity residue, 1 (%) 22 (88.0)
Epiglottic vallecula residue, 1 (%) 18 (72.0)
Pharyngeal residue, 7 (%) 15 (60.0)
Swallowing reflex delay, n (%) 4(16.0)
Pharyngeal transit time, second 0.719 £ 0.122
Laryngeal elevation delay time, second 0.217 £+ 0.146
Pharyngeal delay time, second 0.002 £ 0.134

UPDRS, Unified Parkinson’s Disease Rating Scale; LEDD, Levodopa equivalent daily dose;
FOIS, Functional Oral Intake Scale; VE videofluoroscopic examination.

Data are expressed as mean =+ standard deviation or median (minimum, maximum) for
continuous variables and as frequencies and percentages for discrete variables.

which were scored as grade 0 (no residue), grade 1 (thin coating
of residue), or grade 2 (obvious residue). Aspiration/laryngeal
penetration was categorized as grade 0 (none), grade 1 (laryngeal
penetration), or grade 2 (aspiration beyond the vocal cords).
In addition, the passage time of each anatomical landmark was
measured and temporal analysis was performed. We calculated
pharyngeal transit time (PTT), laryngeal elevation delay time
(LEDT), and pharyngeal delay time (PDT). PTT is defined as the
time from when the bolus tip reaches the lower border of the
mandible to the complete passage of the bolus tail through the
esophageal inlet (normal range 0.43-1.11s) (19). LEDT is defined
as the time from when the bolus tip reaches the vallecula to the peak
of laryngeal elevation, in which the favorable cut-off value is 0.32 s
(20). PDT is defined as the time from when the bolus tip reaches the
intersection of the lower border of the mandible and the base of the
tongue to the initiation of laryngeal elevation, in which the duration
among healthy adults is 0-0.2 s (21). Furthermore, we evaluated the
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TABLE 2 Transition of indicators at baseline, 8, and 16 weeks from the start of the intervention.

0 weeks (pre- 8 weeks (post- p-value 16 weeks
intervention) intervention)

Body mass index, kg/m? 21.2+28 21.3£28 0.899 21.0£25 0.782
UPDRS (total) 37 (19, 76) 42 (14, 78) 0.853 44 (15, 80) 0.554
UPDRS (part 3) 23 (10, 50) 25(10,51) 0.930 28 (11,51) 0.669
Dopa, mg 360 + 203 360 + 203 1.000 360 + 203 1.000
LEDD, mg 583 + 395 583 4+ 395 1.000 589 + 392 0.957
Maximum handgrip strength, kg 248+5.6 255+54 0.665 267 £6.4 0.276
Calf circumference, cm 33.8+3.3 33.8+£35 1.000 34.0+32 0.830
FOIS 7(6,7) 7(6,7) 1.000 7(6,7) 1.000
Tongue pressure, kPa 30.6 8.5 33.6 8.0 0.199 346+ 8.4 0.101
VF findings

Laryngeal penetration or 10 (40.0) 9 (36.0) 0.771 11 (44.0) 0.775
aspiration, n (%)

Oral cavity residue, 7 (%) 22 (88.0) 14 (56.0) 0.012* 19 (76.0) 0.270
Epiglottic vallecula residue, n (%) 18 (72.0) 17 (68.0) 0.758 15 (60.0) 0.371
Pharyngeal residue, 1 (%) 15 (60.0) 11 (44.0) 0.258 14 (56.0) 0.775
Swallowing reflex delay, 1 (%) 4(16.0) 3(12.0) 0.684 5(20.0) 0.713
Pharyngeal transit time, s 0.719 £ 0.122 0.750 £ 0.167 0.461 0.755£0.183 0.411
Laryngeal elevation delay time, s 0.217 £ 0.146 0.215 4 0.189 0.967 0.256 £+ 0.117 0.301
Pharyngeal delay time, s 0.002 £ 0.134 —0.020 4+ 0.193 0.645 0.049 £ 0.142 0.238

UPDRS, Unified Parkinson’s Disease Rating Scale; LEDD, Levodopa equivalent daily dose; FOIS, Functional Oral Intake Scale; EAT-10, Eating Assessment Tool-10; VE

videofluoroscopic examination.

Data are expressed as mean = standard deviation or median (minimum, maximum) for continuous variables, and frequencies and percentages for discrete variables. Univariate analyses were

performed compared to the baseline (0 weeks). *p < 0.05.

presence or absence of swallowing reflex delay, defined as liquid
remaining in the pyriform sinuses for >0.1s (3 frames) before
swallowing (12). Three observers discussed their observations and
reached a consensus for each observation or measurement.

2.4. Data acquisition

Clinical evaluation and diagnosis were conducted by two
neurologists (MN and HY). The recorded data included body mass
index, grip power, calf circumference, disease duration, alcohol
drinking and smoking habits, Unified Parkinson’s Disease Rating
Scale score (22), medication, and Functional Oral Intake Scale
score (23). Tongue pressure was assessed as previously described
(24, 25). The levodopa equivalent daily dose (LEDD) was calculated
based on a recent study (26). All evaluations were conducted in the
ON state.

2.5. Sample size
We determined the necessary sample size based on initial

assessments of coughing in individuals with neurodegenerative
conditions. In these assessments, 28.6% of individuals exhibited
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a normal cough reflex following a 1% citric acid challenge.
Assuming that 50% of individuals would demonstrate a normal
cough reflex after 8 weeks of treatment, the estimated sample size
was 27 participants. This calculation was made using an alpha
level of 0.10, a power of 0.80, and accounting for a dropout rate
of 10%.

2.6. Statistical analysis

The data are expressed as means + standard deviation or
medians (minimum, maximum) for continuous variables and
as frequencies and percentages for discrete variables. Statistical
analysis was performed using JMP statistical software, version
16 (SAS Institute Inc., Cary, NC, USA). To assess the efficacy
of cervical percutaneous interferential current stimulation, we
compared the VF results for each patient before the initial
intervention with those obtained 8 weeks after the start
or 8 weeks after the conclusion of the intervention (16
weeks from initiation). Additionally, we conducted a statistical
comparison between the group that exhibited improvement
and the group that did not. For the assessment of intergroup
variances, appropriate statistical tests such as the y2 test,
Mann-Whitney U-test, or unpaired t-test were employed.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1279161
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Nakamori et al.

10.3389/fneur.2023.1279161

FIGURE 2

Representative images of videofluoroscopic examination. Images of videofluoroscopic examination from Case 5. (A) Pre-intervention (0 weeks). (B)
Eight weeks post-intervention showing marked improvement in oral cavity residue.

The baseline data of patients were analyzed, and two-step
strategies were applied to evaluate the relative importance of
variables that exhibited improvement of VF findings using
multiple logistic analysis. First, univariate analysis was performed.
Subsequently, a multi-factorial analysis was performed with
selected factors with a p-value <0.05 in univariate analysis.
The correlation between factors was calculated using Pearson’s
correlation coefficients. We used basic factors (age, UPDRS
total score tongue pressure). Statistical significance was set at
p < 0.05.

3. Results

In this study, 27 participants were enrolled, and within 4 weeks
after the start, two individuals withdrew their consent because of
personal reasons. As a result, intervention and evaluation were
conducted with 25 participants. The intervention was conducted
without any deviations.

The patient demographics and swallowing-related indicator
data at baseline (pre-intervention) are shown in Table 1. The
laryngeal penetration/aspiration, oral cavity residue, epiglottic
vallecula residue, and pharyngeal residue were found in remarkable
frequency. Conversely, PTT, LEDT, and PDT were almost within
the normal range. The number of patients who exhibited deviations
from the standard values of LEDT and PDT delays was three
and one, respectively. The number of swallowing reflex delays was
4(16.0%).

The transitions of indicators at baseline, at the end of
the intervention (8 weeks from the initiation of intervention),
and at 8 weeks after the last intervention (16 weeks from
the initiation of intervention) are shown in Table 2. At the
intervention endpoint (8 weeks), oral cavity residue showed a
significant improvement compared to that before the intervention
(Figure 2). However, at 8 weeks after the intervention ended

Frontiersin Neurology

(16 weeks), no significant sustained improvement was observed.
Additionally, no significant changes were observed in laryngeal
penetration/aspiration, vallecular residue, and pharyngeal residue
throughout the entire course when compared to the baseline.
Moreover, no significant changes were found in PTT, LEDT, and
PDT during the temporal analysis. Similarly, no significant change
was observed in swallowing reflex delay. A semi-quantitative
evaluation of aspiration/laryngeal penetration and oral cavity,
vallecular, and pharyngeal residues was also performed, which
demonstrated a significant improvement in the oral cavity residue
at the intervention endpoint (8 weeks). However, no significant
changes were observed in aspiration/laryngeal penetration or
vallecular and pharyngeal residues (Supplementary Table 1).

At the baseline stage, there were 22 participants with oral
cavity residue, and at the end of the 8-week intervention, nine
patients showed improvement. Therefore, using the baseline data, a
univariate analysis was conducted to examine the factors associated
with improvement between these nine individuals and 13 who
did not exhibit improvement. As a result, a higher body mass
index and higher calf circumference were significantly associated
with improved oral cavity residue (p < 0.05) (Table 3). These
factors showed a strong correlation in Pearson correlation analysis,
with a correlation coefficient of 0.782 (p < 0.001). Therefore,
we conducted multivariate analysis by including age (Model 1),
UPDRS total score (Model 2), and tongue pressure (Model 3),
respectively, for each of body mass index and calf circumference
to determine their validity as factors related to improving oral
cavity residue. The results showed that body mass index and calf
circumference were both significant correlating factors (Table 4).
Conversely, three patients had no oral cavity residue at baseline,
although one individual did at the end of the 8-week intervention.
The disease duration, body mass index, calf circumference, and
LEDD of the patient was 10 years, 17.5 kg/mz, 32cm, and
1,300 mg, respectively.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1279161
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Nakamori et al.

4. Discussion

In this study, we extensively investigated the swallowing
disorders in patients with PD using the gold standard VF. We
have previously conducted detailed examinations of swallowing

TABLE 3 Comparison between patients with and without improvement
and non-improvement in oral cavity residue.

10.3389/fneur.2023.1279161

disorders in patients with amyotrophic lateral sclerosis and
stroke using similar methods (24, 27, 28). These diseases are
generally neurologic disorders characterized by paralysis and
muscle weakness. Additionally, a decrease in tongue pressure and
oral phase impairments are the central aspects of swallowing
disorders, with exceptions such as Wallenberg’s syndrome (29).
PD, on the other hand, primarily manifests as bradykinesia,
without typical paralysis. Extrapolating knowledge from other
neurological disorders to evaluate swallowing disorders in PD
is impractical. Furthermore, our study results suggested that

Improved _ Not diverse factors contribute to swallowing disorders in patients
(n=29) improved with PD
(n=13) ' . - N i

Laryngeal penetration/aspiration, oral cavity residue, epiglottic
Age, years 711E43 73LETA 0481 vallecula residue, and pharyngeal residue were observed at
Sex (female), n 3(33.3) 4(30.8) 0.899 a significant frequency. Tongue pressure was well-maintained.
(%) Therefore, muscle weakness was probably not the cause. The
Duration, years 6 (3,20) 10(1,13) 0.788 lack of efficient motion is due to bradykinesia and muscle
Body mass index, 239422 196418 . rigidity. Conversely, the temporal analysis of the swallowing
kg/m? reflex showed that it was mostly within the normal range.
Alcohol 0 L 77) 0394 When compa.rlng VF an.d brain lesion sites in patlénts with
consumption, 7 stroke, there is a correlation between delayed swallowing reflex
(%) initiation and basal ganglia lesions (12, 20). Considering that
Current smoking, LaL) 2(15.4) 0.774 PD also involves abnormalities in the cerebral basal ganglia
n (%) network, we anticipated the possibility of delayed swallowing
Hoehn & Yahr 32,4) 32.3) 0.616 reflex initiation. However, the results contradicted the expectations.
stage Neurodegenerative diseases such as PD, in contrast to stroke,
UPDRS score 36 (24,76) 35.(19,76) 0738 19V91ve sy.st.ematlc d.1srupt.10ns in the nervous system, leadmg. to
(total) distinct clinical manifestations. Moreover, the CPG for swallowing
is located in the medulla near the nucleus ambiguous and solitary

UPDRS score 23 (10, 50) 22 (14, 48) 0.920 i . .
(part 3) tract nucleus (30, 31). The onset of PD is associated with the
b 156 116 127521 i dorsal motor nucleus of the vagus nerve, which is in a different
ops me i location. This suggests that CPG impairment might be bypassed

LEDD, mg 587 £ 393 533 £373 0.745 in PD.

Maximum 273457 237455 0.148 In this study, cervical percutaneous interferential current
handgrip stimulation significantly improved oral cavity residue. We speculate
strength, kg that sensory stimulation through Gentle Stim®-which assumes
Calf 36.3+25 321431 0.003* the stimulation of the glossopharyngeal and superior laryngeal
circumference, nerves—may have activated the sensation and facilitated oral-phase
" initiation, as the posterior one-third of the tongue is controlled
FOIS 7(7.7) 7(6.7) 0.460 by the glossopharyngeal nerve. Furthermore, high body mass
Tongue pressure, 327495 285+ 6.7 0.237 index and calf circumference were associated with improvement
kPa in oral cavity residue. Previous studies in healthy older individuals

UPDRS, Unified Parkinson’s Disease Rating Scale; LEDD, Levodopa equivalent daily
dose; FOIS, Functional Oral Intake Scale; EAT-10, Eating Assessment Tool-10; VE
videofluoroscopic examination.

Data are expressed as mean =+ standard deviation or median (minimum, maximum) for
continuous variables, and frequencies and percentages for discrete variables. *p < 0.05.

TABLE 4 Multivariate analysis of oral cavity residue improvement.

reported the positive correlation of body mass index and calf
circumference with tongue pressure and tongue thickness (32). A
thicker tongue reduces oral cavity volume and makes it more likely
for tongue pressure to increase. A decrease in tongue pressure and

Model 1 p-value Model 2 p-value Model 3
Odds ratio Odds ratio Odds ratio
(95% CI) (95% CI) (95% CI)
Body mass index 3.97 (1.16-13.54) 0.028* 3.83 (1.14-12.85) 0.030* 3.97 (1.16-13.58) 0.028*
Calf circumference 1.75 (1.12-2.74) 0.014* 1.73 (1.09-2.75) 0.020* 1.71 (1.17-3.05) 0.022*

CI, confidence interval.
Body mass index and calf circumference were identified as factors with p < 0.05 in univariate analyses for improvement in oral cavity residue. Multivariate analyses were performed using each
factor and the basic factors; age (Model 1), Unified Parkinson’s Disease Rating Scale total score (Model 2), and tongue pressure (Model 3), respectively.
X
p < 0.05.
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tongue thickness has been associated with a decline in oral phase,
namely, the passage of bolus from the oral cavity to the pharynx
(24, 27). Based on these previous reports, it is consistent that body
mass index and calf circumference are also involved in oral residue
in patients with PD. Therefore, patients with maintained physical
stature and muscle mass may potentially benefit more from cervical
interferential current stimulation. However, further replication and
investigation are essential to elucidate these factors conclusively in
the context.

In addition to the cervical percutaneous interferential current
stimulation used in this study, low-frequency neuromuscular
electrical stimulation has also been reported to be a useful
treatment for dysphagia (33). Low-frequency neuromuscular
electrical stimulation primarily aims to induce muscle contractions,
which can potentially contribute to the improvement of the
muscle strength of swallowing-related muscles. In contrast, the
interferential current stimulation used in the present study provides
stimulation at levels that do not induce muscle contractions.
Rather, this stimulation is characterized by interference waves
reaching deep tissues and activating sensory nerves, resulting
in less pain or discomfort caused by muscle contractions. As
muscle strength, including tongue pressure, is relatively preserved
in PD, it is important to select stimulation methods based on
the pathophysiology of swallowing disorders. Future studies are
needed to investigate how low-frequency neuromuscular electrical
stimulation contributes to swallowing disorders in PD.

This study has several limitations. First, this study is a single-
site single-group intervention trial. A randomized controlled
trial including a non-intervention/sham stimulation group for
intergroup comparison should be considered in future research.
This study is the first investigation into the effectiveness of
cervical interferential current stimulation among patients with
PD. One of the objectives of this exploratory study was to
explore factors that show improvement through the intervention
of percutaneous interferential current stimulation. In the future,
despite ethical challenges, intergroup comparison trials should
be conducted. Second, one of the challenges of this exploratory
study was the limited number of patients under investigation.
This study focused on cervical interferential current stimulation as
the primary endpoint to improve cough reflex testing. Therefore,
the sample size was determined based on previous studies and
existing literature. However, to comprehensively examine and
analyze swallowing disorders in patients with PD and diverse
symptoms, a substantial number of patients must be included
for investigation. Therefore, further recruitment of patients is
necessary for future research.

This
swallowing disorders in patients with PD. Additionally, the

exploratory study provided new insights into

usefulness of cervical interferential current stimulation was
partially demonstrated. Considering that PD causes diverse
symptoms, further recruitment of patients and knowledge

is warranted.
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Objectives: Dysphagia is a common complication in stroke patients, widely
affecting recovery and quality of life after stroke. The objective of this systematic
review is to identify the gaps that between evidence and practice by critically
assessing the quality of clinical practice guidelines (CPGs) for management of
dysphagia in stroke.

Methods: We systematically searched academic databases and guideline
repositories between January 1, 2014, and August 1, 2023. The Appraisal of
Guidelines for Research and Evaluation (AGREE II) instrument was used by two
authors to independently assess CPG quality.

Results: In a total of 14 CPGs included, we identified that three CPGs obtained a
final evaluation of "high quality,” nine CPGs achieved “moderate quality” and two
CPGs received “low quality.” The domain of “scope and purpose” achieved the
highest mean score (91.1%) and the highest median (IQR) of 91.7% (86.1, 94.4%),
while the domain of "applicability” received the lowest mean score (55.8%) and
the lowest median (IQR) of 55.4% (43.2, 75.5%).

Conclusion: The CPG development group should pay more attention to improving
the methodological quality according to the AGREE Il instrument, especially in
the domain of “applicability” and “stakeholder involvement;” and each item should
be refined as much as possible.

KEYWORDS

stroke, dysphagia, clinical practice guidelines, AGREE Il, quality appraisal

1 Introduction

Globally, stroke remained the second-leading cause of death and the third-leading cause of
death and disability combined in 2019 (1, 2). Dysphagia is a common complication in stroke
patients, widely affecting recovery and quality of life after stroke and increasing mortality risk
through increased risk of dehydration, malnutrition and pneumonia (3). The incidence of
dysphagia varies widely depending on the method of assessment, compared with clinical
assessment (30-55%) and video rheology (64-78%), a lower incidence was detected using initial
screening tools (37-43%) (4). However, managing dysphagia correctly and effectively can
shorten hospital stays, reduce the risk of death, and decrease healthcare costs (5, 6).
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Clinical practice guidelines (CPGs) are a type of declaration that
include evidence-informed recommendations aimed at optimizing
patient care that are informed by a systematic review of evidence and an
assessment of the benefits and harms of alternative care options (4). To
date, a number of CPGs have been developed and updated with the aim
of ensuring optimal dysphagia management of stroke patients. CPGs
would contribute to improving the quality of health care, for example,
providing evidence for clinicians to make decisions about patient care
and determining appropriate medical criteria, thereby identifying gaps
between evidence and practice (7). Nevertheless, hospital personnel
adherence to evidence-based stroke care is limited (8), translating
evidence into clinical practice is challenging, and implementation of
these CPGs in clinical practice remains suboptimal (9, 10).

The quality of the CPGs has a direct impact on utilization (11, 12),
and the purpose of this study was to assess the quality of guidelines
for managing poststroke dysphagia. Therefore, we used the Appraisal
of Guidelines for Research and Evaluation II (AGREE II) instrument
(13) to evaluate the quality of CPGs for dysphagia management after
stroke, which may be helpful in identifying the potential factors that
impact the quality of CPGs. The findings would illustrate the gaps
between evidence-based guidelines and clinical practice and attempt
to explore potential measures of improvement.

2 Materials and methods
2.1 Search strategy

A comprehensive literature search was conducted by two authors
to identify CPGs for the prevention, diagnosis, and treatment of
dysphagia after acute stroke between January 1, 2014, and August 1,
2023. The following databases were searched: PubMed, Web of Science
and EMBASE, Clinical Practice Guidelines, the National Institute for
Health and Care Excellence, National Guideline Clearinghouse, World
Health Organization, Scottish Intercollegiate Guideline Network,
New Zealand Guidelines Group and BM]J Best Practice. Search
strategies were tailored according to each database (The specific search
strategy is displayed in Supplementary File 1). All results were
imported into EndNote (Version.X9.2), where duplicates were
removed. A third author resolved any disagreements.

2.2 Eligibility criteria

The inclusion criteria were as follows: (1) International and
national CPGs published on the management of dysphagia after acute
stroke; (2) Published or updated from January 1, 2014 to August 1,
2023; (3) Published in English; and (4) Guidelines focused on adult
patients. The excluded criteria were as follows: (1) Guideline-related
interpretation, application evaluation or brief versions, etc.; (2) Full
text not available; and (3) Guidelines under development
or withdrawal.

2.3 Data screening and extraction

The titles and abstracts of all search results were screened by two
authors before checking the full text. In addition, two authors scanned
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the reference lists of the confirmed papers to identify more relevant
CGPs. Then, they extracted the characteristics of the CPGs including
year, developer, grading system, country/region, target population,
and multidisciplinary team using a predesigned standardized data
extraction form.

2.4 Quality assessment

The quality of the 14 CPGs was appraised by two authors trained
using the AGREE II instrument, which is a reliable tool that is widely
used to assess the quality of CPGs (13). AGREE II consists of 23 items
organized into six domains and two overall assessment portions. Each
item was scored from 1 to 7 (1 =strongly disagree, 7 =strongly agree).
Prior to the formal assessment, we discussed the assessment criteria
based on the AGREE II manual and training tools to maintain a
consistent understanding of each item. After scoring, we organized the
CPGs and randomly cross-checked 10% (14) to ensure consistency
between authors, especially for items with wide variations in scoring.

The standardized scores for each domain were computed based
on the achievement scores (13), as follows: The maximum possible
score of domain="7 (strongly agree) x number of items x number of
evaluators; a minimum possible score of domain=1 (strongly
disagree) x the number of items x the number of evaluators. The
standardized scores = (obtained score — minimum possible score)/
(maximum possible score — minimum possible score) x 100%.

The AGREE II manual does not offer any advice on how to explain
the scores. In accordance with previous studies (15, 16), if a CPG
scored above 70% on six domains, it was classified as ‘high quality’; if
a CPG scored above 70% on three to five domains, it was classified as
‘moderate quality’; and if a CPG scored less than 70% on > two
domains, it was classified as low quality’

2.5 Statistical analysis

All data were analyzed using IBM SPSS Statistics Version 26.0
software and Microsoft Excel 2021. Mean, median and interquartile
range (IQR) were computed for the domain scores. The intraclass
correlation coefficient (ICC) was computed to measure the interrater
agreement when performing a quality appraisal of the CPGs among
the two appraisers to ensure the reliability of our conclusions. The
level of ICC was classified according to commonly cited cutoffs: poor
(< 0.50), fair (0.50-0.75), good (0.75-0.90) or excellent (0.90-
1.00) (17).

3 Results

A total of 1,208 titles and abstracts were generated through
database and manual searches. After deleting duplicates, 730 articles
were filtered by title and abstract. A total of 36 full-text CPGs were
screened for eligibility, and 14 CPGs were included in our systematic
review. Figure 1 provides the PRISMA flow chart (18). Table 1 shows
the general characteristics of the CPGs included in the analysis.
Regarding geographical distribution, six of them are from Europe, the
US and Canada all have two CPGs each, while Brazil, China, Turkey,
Australia and New Zealand have only one.
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PRISMA flow chart of searching and selecting guidelines.

3.1 Quality of CPGs according to the
AGREE Il domains

Table 2 reports the ICC score, overall quality and
recommendation comments of all CPGs. In total, 14 CPGs were
included, only three CPGs were found to be of high quality with all
domains reaching a score higher than 70%, nine CPGs were graded
as moderate quality and the remaining two were classified as low
quality. The evaluation results of the two appraisers were reliably
consistent, with ICCs (95% CI) ranging from 0.75 (0.48, 0.88) to
0.90 (0.82, 0.99).

The quality of CPGs evaluated by AGREE II varied widely, not
only between guidelines, but also between domains within guidelines.
Figure 2 shows the score distribution of the 6 domains among the 14
CPGs. Figure 3 shows the mean score of each domain for all CPGs
sorted by quality classification.

3.1.1 Scope and purpose

The domain of “scope and purpose” obtained the highest
mean (91.1%) and the highest median (IQR) score of 91.7% (86.1,
94.4%). Moreover, all guidelines achieved over 70% in this
domain, but only two of them had a maximum score of 100%
(22, 29).
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3.1.2 Stakeholder involvement

The standardized scores in this domain ranged from 38.9 to
91.7%, with nine of 14 CPGs scoring above 70%. Most of the poor
scores are due to the views and preferences of the target population
(patients, public, etc.) have not been sought (22, 32).

3.1.3 Rigor of development

Regarding the standardized scores in this domain, the mean was
70.5%, and the median (IQR) was 75.0% (62.2, 81.3%). GSN2021 (32)
obtained the lowest scores (43.8%). Most CPGs lacked clarity in
describing all stages of the methodological development or did not
provide a procedure for updating the guidelines.

3.1.4 Clarity of presentation

In this domain, the mean score was 87.3%, and the median (IQR)
was 90.3% (79.5, 97.2%). Six CPGs received above 90%. In contrast,
GSN2021 (32) obtained the lowest score of 63.9%, which means that
the  guideline  development

group did not present

recommendations clearly.

3.1.5 Applicability

This domain yielded the lowest mean score of 56.8% and the
lowest median (IQR) score of 55.4% (43.2, 75.5%). Five CPGs
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TABLE 1 General characteristics of the CPGs included in the analysis.

Year Developer Country/Region Grading system Evidence based Intended population Multidisciplinary team
1 2022 BAN (19) Brazilian Evidence: A, B,C Clinical trials, meta-analyses, and Health professionals Not reported
Recomm: Class I-IIT systematic reviews
2 2020 IMSWT (20) China Evidence: 1-4 Existing guidelines and systematic =~ Medical practitioners, including Chinese herbal Traditional Chinese medicine, integrative
Recomm: GRADE reviews medicine specialists, acupuncturists, integrative medicine, neurology, neurovascular
medicine practitioners, physicians, physical intervention, neurosurgery, emergency
therapists, and clinical pharmacists neurology, rehabilitation, acupuncture,
nursing, pharmacy, evidence-based medicine,
and standardization of Chinese medicine and
health economics.
3 2022 PMR (21) Turkey Evidence: 0-10 A 3-round Delphi questionnaire/ Not reported 4 physical medicine and rehabilitation medical
Recomm: OC, AC, OD survey, expert consensus doctors, consultant experts
4 2016 NICE (22) UK Not reported Not reported Healthcare professionals, Commissioners and Not reported
providers of services, People who have had a
stroke, their families and carers
5 2021 ESO (23) Europe Evidence: high, moderate, low, | Systematic reviews, meta-analysis, = Physicians, speech-and-language therapists as a phoniatrician, a surgeon, two neurologists, a
very low RCTs well as stroke-nurses, and all the members of the | geriatrician, a gastroenterologist, a stroke
Recomm: Strong/Weak multidisciplinary team physician, a pharmacist and a rehabilitation
physician
6 2021 ESPEN (24) Europe Evidence: 1-4 Not reported Hospitals, rehabilitation centers, and nursing Six physicians and five dietitians
Recomm: A, B,0,GPP homes
7 2018 ESPEN (25) Europe Evidence: 1-4 Systematic reviews and meta- Patients with dysphagia and malnutrition Clinical nutrition, Neurology, Geriatrics,
Recomm: A, B,0,GPP analysis Dietetics and Intensive Care
8 2017 NSF (26) AN Recomm: Weak, Strong Systematic reviews and RCTs Healthcare professionals Clinical expert, people with relevant lived
experience
9 2016 RCP (27) UK Not reported All high-quality evidence available | Clinicians, patients and their families and carers, | Clinicians, people with stroke and their
and those with responsibility for commissioning | families
stroke services
10 2016 AHA/ASA (28) | USA Evidence: A, B, C Not reported The members of the multidisciplinary team Stroke patient, caregivers, physicians, nurses,
Recomm: Class I-IIT occupational therapists, recreation therapists,
nutritionists, social workers,
11 2019 AHA/ASA (29) | USA Evidence: A, B, C Existing systematic reviews, meta- | Prehospital care providers, physicians, allied Not reported
Recomm: Class I-ITI analysis and RCTs health professionals, and hospital administrators
12 2020 CSA (30) Canada Evidence: A, B, C Systematic reviews, meta-analyses, | People who have already had a moderately or Stroke neurologists, a geriatric psychiatrist, a
Recomm: Not reported RCTs, and observational studies severely disabling stroke clinical pharmacologist, neuropsychologists,
physiotherapists, occupational therapists, a
speech-language pathologist, nurses,
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TABLE 1 (Continued)

Year Developer Country/Region Grading system Evidence based Intended population Multidisciplinary team
13 2022 CSA (31) Canada Evidence: high, moderate, low, | Systematic reviews, meta-analyses, | All healthcare providers, health system leaders Seven people with stroke and one caregiver
Recomm: Strong/ Weak RCTs, and observational studies and planners, and people living with stroke
14 2021 GSN (32) German Not reported RCTs, cohort studies, systematic Not reported Dysphagia experts from 27 medical societies

meta-analysis, and guideline

publications

BAN, Brazilian Academy of Neurology; IMSWT, Integrative Medicine for Stroke working team; GPP, good practice points; GRADE, The Grading of Recommendations Assessment, Development and Evaluation; PMR, Turkish Society of Physical Medicine and
Rehabilitation; WGO, World Gastroenterology Organization; CPGs, clinical practice guidelines; NICE, National Institute for Health and Care Excellence; ESO, European Stroke Organization; ESPEN, The European Society for Clinical Nutrition and Metabolism; NSE,
National Stroke Foundation; RCP, Royal College of Physicians; AHA/ASA, American Heart Association/American Stroke Association; CSA, Canadian Stroke Association; AN, Australian and New Zealand; GSN, German Society of Neurology.

TABLE 2 Appraisal of Guidelines for Research and Evaluation (AGREE) Il version result for clinical practice guidelines.

Domainl Domain2 Domain3 Domain4 Domain5 Domain6é ICC (95% Cl) Over_all Recomm
quality Comment

BAN2022 (19) 91.7 66.7 80.2 91.7 75.0 83.3 0.86(0.74-0.95) Moderate YES*
NICE2022 (22) 100 38.9 52.1 80.0 64.7 62.5 0.82(0.62-0.92) Low NO
IMSWT2020 (20) 94.4 91.7 85.4 88.9 480 91.7 0.77(0.58-0.85) Moderate YES*
ES02021 (23) 91.7 86.1 75.0 972 229 100 0.80(0.58-0.91) Moderate YES*
ESPEN2018 (25) 91.7 624 65.6 91.7 458 95.8 0.75(0.48-0.88) Moderate YES*
ESPEN2021 (24) 86.1 722 67.7 77.8 542 87.5 0.90(0.82-0.99) Moderate YES*
NSF2017 (26) 86.1 88.9 67.7 91.7 56.5 100 0.79(0.57-0.91) Moderate YES*
PMR2022 (21) 80.6 86.1 50.0 833 52.1 833 0.87(0.64-0.96) Moderate YES*
RCP2016 (27) 91.7 88.9 84.4 97.2 77.0 100 0.75(0.49-0.89) High YES
AHA/ASA2016 (28) 94.4 87.4 85.4 100 79.2 87.5 0.78(0.54-0.90) High YES
AHA/ASA2019 (29) 100 61.1 78.1 77.8 32.9 833 0.85(0.53-0.94) Moderate YES*
CSA2020 (30) 88.9 66.7 75.0 833 70.8 87.5 0.84(0.68-0.95) Moderate YES*
CSA2022 (31) 91.7 86.1 76.0 972 81.3 100 0.78(0.54-0.90) High YES
GSN2021 (32) 86.1 56.8 438 639 354 100 0.80(0.55-0.91) Low NO
Mean 91.1 74.3 70.5 87.3 56.8 90.2

Median (IQR) 91.7(86.1-94.4) 79.2(62.1-87.8) 75.0(62.2-81.3) 90.3(79.5-97.2) 55.4(43.2-75.5) 89.6(83.3-100)

YES*, recommended with modifications.
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Score distribution of the six domains among the 14 CPGs.
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FIGURE 3
Mean score of each domain for all CPGs sorted by quality classification.

scored more than 70% (19, 27-29, 31), but only
CSA2022 (31) scored above 80%, whereas the other
guidelines described certain items in the domain
unsatisfactorily.

3.1.6 Editorial independence

In this domain, the mean was 90.2%, and the median (IQR)
was 89.6% (83.3, 100%). Five CPGs (23, 26, 27, 31, 32) received
full marks in this domain, with the exception of NICE2022 (22),
which did not explicitly provide information on editorial
independence and the competing interests of members of the
CPG development group have not been recorded and
addressed.

Frontiers in Neurology

4 Discussion

The present study proposes a critical review that evaluates the
quality of 14 CPGs developed to manage dysphagia in acute stroke
using the AGREE II tool (13). Depending on our results, the quality
of CPGs evaluated by AGREE II varied significantly, not only between
guidelines, but also between domains within guidelines. RCP2016
(27), AHA/ASA2016 (28) and CSA2022 (31) were classified as high
quality and thus were recommended based on the AGREE II tool.
Among the domains, “scope and purpose” obtained the highest mean
score of 91.1% and the highest median (IQR) score of 91.7% (86.1,
94.4%), while “applicability” yielded the lowest mean score of 56.8%
and the lowest median (IQR) score of 55.4% (43.2, 75.5%).
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Based on the AGREE II reported items, the domain of
“applicability” performed the worst, which is consistent with other
quality assessment results of CPGs in different healthcare topics (33,
34). Many CPGs failed to identify and describe the potential
facilitators, barriers and advice or tools on how the recommendations
can be put into practice. This may be one of the reasons why clinical
implementation is not as effective as it could be (9, 35). To address this
issue, we find that implementation science approaches are feasible,
and a quality improvement intervention that includes online
educational videos, mobile health technology, simplified versions of
the guidelines manual, audits and feedback, is recommended to
improve the CPG adherence of medical staff and patients, user
awareness and CPG uptake (36-39).

Regarding the domain of “stakeholder involvement;” some CPGs
did not clearly describe the guideline development group or the views
and preferences of the target population (patients, public, etc.) were
not been sought. During the development of CPGs, patients and a
variety of stakeholders, such as clinicians of all types, insurance payers
and funders, health policy decision makers, and experts should
be involved in the development of CPGs to set priorities, ensure
feasibility, and promote distribution and compliance (6, 40, 41).

Most of the CPGs lacked clarity in describing the crucial stages of
the methodological development, especially in external review and
procedure for updating, which is important for transparency and
applicability (42). In addition, guidelines would benefit from a more
prescriptive and standardized evidence-based approach to developing
recommendations and avoiding the use of ambiguous recommendations.
Two of the included CPGs [IMSWT2020 (20), CSA2022 (31)] used the
AGREE I tool during the external review and development phase.
Although IMSWT2020 (20) used the AGREE II instrument, high
quality is still not achieved in the domain of applicability. Therefore, the
AGREE II instrument should be considered in the process of planning,
developing and publishing CPGs for guideline development groups
(13). Our results were largely similar to the results of CPG quality
appraisal in different clinical topics (43-45), indicating that the
problems in CPG development have some commonality. The CPG
development group should pay more attention to improving the
methodological quality according to the AGREE II instrument, and
each item should be refined as much as possible (16, 42).

In addition to focusing on improving the transparency and
methodological rigor of the guideline development process, the
quality of guidelines is more dependent on high-quality evidence.
However, most of the recommendations in the above guidelines are
based on low to moderate quality evidence, and even some of them
are not based on evidence. More high-quality evidence is needed for
the management of post-stroke dysphagia, such as how to select
instruments to evaluate swallowing with sensory tests (29), rational
dietary programs (24), and effective therapies (31), which are
extremely important for improving the quality of care for patients with
post-stroke dysphagia.

Our study has several strengths. First, before the formal
assessment, two assessors discussed the appraisal criteria according to
the AGREE II manual and training tools to maintain the
understanding of each item in line with each other. After scoring, the
CPGs were collated with a randomized 10% cross-check (14) to ensure
consistency between authors, especially for the items with significantly
different scores. Furthermore, to the best of our knowledge, this is the
first study that compares and evaluates the quality of CPGs in the
nutritional management of stroke patients.
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Due to language or publication restrictions, our review is limited
to CPGs written in English, and excluding CPGs written in other
languages may introduce bias. Furthermore, AGREE II does not
provide an explicit cutoff to distinguish between high quality,
moderate quality, and low quality CPGs. We defined them based on
previous studies, but we are not exempt from misinterpretation that
may derive from heterogeneity in the formulation and wording of
recommendations. In addition, it is worth noting that in this study,
only the critical appraisal of the quality development of the guidelines
was performed, without any assessment of the quality of the guidelines’
content.
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Background: Post-stroke dysphagia (PSD) is one of the most prevalent stroke
sequelae, affecting stroke patients’ prognosis, rehabilitation results, and quality of
life while posing a significant cost burden. Although studies have been undertaken
to characterize the pathophysiology, epidemiology, and risk factors of post-
stroke dysphagia, there is still a paucity of research trends and hotspots on this
subject. The purpose of this study was to create a visual knowledge map based on
bibliometric analysis that identifies research hotspots and predicts future research
trends.

Methods: We searched the Web of Science Core Collection for material on PSD
rehabilitation research from its inception until July 27, 2023. We used CiteSpace,
VOSviewer, and Bibliometrix R software packages to evaluate the annual number
of publications, nations, institutions, journals, authors, references, and keywords
to describe present research hotspots and prospective research orientations.

Results: This analysis comprised 1,097 articles from 3,706 institutions, 374 journals,
and 239 countries or regions. The United States had the most publications
(215 articles), and it is the most influential country on the subject. "“Dysphagia”
was the most published journal (100 articles) and the most referenced journal
(4,606 citations). Highly cited references focused on the pathophysiology and
neuroplasticity mechanisms of PSD, therapeutic modalities, rehabilitation tactics,
and complications prevention. There was a strong correlation between the terms
“validity” and “noninvasive,” which were the strongest terms in PSD rehabilitation
research. The most significant words in PSD rehabilitation research were “validity”
and "noninvasive brain stimulation,” which are considered two of the most
relevant hotspots in the field.

Conclusion: We reviewed the research in the field of PSD rehabilitation using
bibliometrics to identify research hotspots and cutting-edge trends in the field,
primarily including the pathogenesis and neurological plasticity mechanisms
of PSD, complications, swallowing screening and assessment methods, and
swallowing rehabilitation modalities, and this paper can provide in the follow-up
research in the field of PSD rehabilitation. The results of this study can provide
insightful data for subsequent studies in the field of PSD rehabilitation.

KEYWORDS

stroke, deglutition disorders, bibliometrics, rehabilitation, CiteSpace, VOSviewer
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1 Introduction

According to a 2019 Global Burden of Disease Study research,
stroke is still the second largest cause of mortality (11.6% of total
deaths) and the third major cause of disability (1). Post-stroke
dysphagia (PSD) is the most prevalent post-stroke complication,
occurring between 37 and 78% of the time, and is difficult to recover
from during a stroke (2). In accordance with studies, patients with
dysphagia have a higher risk of aspiration and pneumonia than
non-dysphagic patients (3, 4), resulting in lengthier hospitalization
and an increased risk of death (5). Furthermore, qualitative research
revealed that dysphagia has a negative impact on patients’ mental
health, social communication, and family roles, in addition to
modifying their physical functioning and eating habits (6). Early
discovery, evaluation, and rehabilitation can lower the risk of
hypoxia, lung infection, malnutrition, and other complications (7),
Early screening is thus the first step in dysphagia rehabilitation;
however, many clinical swallowing screens have high sensitivity but
low specificity, and the accuracy of bedside swallowing screening
tools to identify dysphagia in the acute phase of stroke remains
unknown (8).

Neurostimulation of the pharyngeal motor cortex is the focus
of neurological rehabilitation of swallowing function, with
techniques separated into peripheral sensory and central
stimulation (9). The use of drugs such as transient receptor potential
(TRP) channel agonists and retropharyngeal or transcutaneous
electrical stimulation (TES) methods to boost sensory input to
improve oropharyngeal swallowing responses is referred to as
peripheral stimulation. Transcranial direct current stimulation
(tDCS) and repetitive transcranial magnetic stimulation (rTMS) are
among the more frequently utilized modalities of central
stimulation for the treatment of PSD (10, 11). Notably, speech and
language pathology have significance in the rehabilitation of
individuals with dysphagia (12).

Bibliometric analysis is useful in defining the current state of
many research fields, as well as the scientific accomplishments of
researchers, institutions, and countries, as well as potential research
hotspots (13). Bibliometric analyses of global healthy eating,
ophthalmology, and the application of artificial intelligence in
diabetic retina by a number of researchers have offered strong
insights into study topics of interest (14-16). The rehabilitation of
PSD has garnered extensive attention in recent years, however, the
research hotspots and upcoming research paths have yet to
be clarified. As a result, we conducted a bibliometric analysis of
publications on PSD rehabilitation from the Web of Science Core
Collection (WoSCC) database during the last 25 years. Bibliometric
analysis software is used to explore countries, institutions, journals,
authors, references, and keywords, to learn about countries, journals,
institutions, and authors with top influence in the research field; to
acquire about burning references and hot keywords, to form a
clustering theme of research in the field of PSD rehabilitation, to
create understandable visual models and analyze current research
trends and hotspots to reveal the evolution and development of the
research area and anticipate future research directions. This study not
only provides authors and researchers with an overall visual
knowledge map and significant insights into the topic of PSD
rehabilitation, but it additionally provides meaningful references for
future research.
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2 Materials and methods
2.1 Search strategy and data collection
Web of Science Core Collection (WoSCC) is a globally influential,

database  that
comprehensive citation data covering multiple disciplines and has a

authoritative, and comprehensive provides
unique advantage in conducting multidisciplinary and international
bibliometric analyses (17); thus, we chose WoSCC as the source
database for data retrieval in this research. The data retrieval strategy
is as follows: TS = (stroke OR apoplexy OR “cerebrovascular accident”
OR “brain vascular accident” OR ‘“cerebral hemorrhage” OR
encephalorrhagia OR “cerebral ischemia”) AND TS=(“Deglutition
Disorder” OR “Swallowing Disorder*” OR Dysphagia OR
“Oropharyngeal Dysphagia” OR “Esophageal Dysphagia”) AND
TS = (rehabilitation OR recovery), The search period was set to July
27,2023, and the genre of material was limited to articles and reviews.
Irrelevant material was eliminated by skimming the titles and
abstracts, which included Proceeding Papers, Meeting Abstracts,
Letters, and so on. Finally, 1,097 articles were found to satisfy the
inclusion criteria. The flow chart of the literature screening is shown
in Figure 1.

2.2 Data analysis

We selected articles published within the last 25years so that
we could not only analyze the literature’s development cycle and gain
insight into how the impact of the literature has changed over time,
which would be useful for researchers interested in the field of PSD
rehabilitation to understand the history of the field and its evolutionary
trends but also identify the literature that has had a key impact on the
field of study at each stage of its development and authors. We also
uncover research hotspots and trends in the field of PSD rehabilitation
by using bibliometric analysis algorithms to find references with the
highest citation bursts, keywords, and keyword clustering.

The steps for bibliometric analysis are as follows: We used
VOSviewer 1.6.19 (Leiden University, Netherlands), CiteSpace 6.1.R6
(Drexel University, PA, United States), and the Bibliometrix R package
(4.1.3) to analyze the included literature. The main contents of the
analysis include countries, institutions, journals, authors, references,
and keywords. Data was processed using Excel.

3 Results
3.1 Analysis of publication outputs

The analysis contains 1,097 papers published between 1998 and
2023, containing 885 articles and 212 reviews. The total h-index is 69,
the total number of citations is 24,141, and the total number of
frequently referenced articles is 21.99. Figure 2 depicts the annual
publication and citation counts for PSD rehabilitation, which shows a
generally consistent but unstable growth trend, with a slow increase
in the number of publications between 1998 and 2013, ranging from
about 10 to 40 articles per year, and then an accelerated growth
beginning after 2014, except a slight decline in the number of
publications in 2015 and 2021. The overall trend is upward and will

frontiersin.org


https://doi.org/10.3389/fneur.2023.1279452
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Heetal. 10.3389/fneur.2023.1279452
Web of Science Core
Collection
Topic search #1 AND #2 AND #3
All Languages
N All document types
Timespan: inception-2023.07.27
Total publications
(m=1194) Excluded publication:
Proceeding Paper(n =40 )
Meeting Abstract(n =27 )
< Early Access(n=19)
y Editorial Material(n =8 )
Retained publications Letter(n =2)
Article(n =885 ) Book Chapters(n =1)
Review (n =212)
Total unique
Publications
(n=1097)
\4
Bibliometrics
analysis
FIGURE 1

Flow chart of literature selection.

180

160

140

120

100

80

40

20

0

FIGURE 2

5000

4500

4000

3500

3000

2500
2000
1500
1000
500
0

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Annual publication trend of PSD rehabilitation.

——Citations

Frontiers in

Neurology

44

frontiersin.org



https://doi.org/10.3389/fneur.2023.1279452
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Heetal.

peak in 2022, indicating that researchers are focusing more on
PSD rehabilitation.

3.2 Country/region and institution
contributions

PSD rehabilitation research is being conducted in 239 countries/
regions by 3,706 institutions. The top 10 countries and institutions are
given in Table 1 determined by the number of publications. The
United States has the most publications and citations (193 articles,
7,994 citations), followed by China (186 articles, 1,555 citations), and
Japan (131 articles, 2,034 citations), which account for nearly one-half
the total number of publications in the field. Figure 3 depicts how a
country cooperation network is used with VOSviewer and Scimago
Graphica. The thickness and hue of the collaboration network
connecting lines can show the degree of cooperation between
countries or areas, with the closer the node color to red suggesting the
intensity of the research collaboration. The analysis results indicate
that the UK has the strongest international collaboration strength
(with 68 total connection strengths), forming an extensive research
collaboration network between the UK, the US, China, and Canada.
The h-index is an estimate of a scholar’s or country’s scientific impact
(18), and it balances the relationship between the number of published
papers and their quality (the impact of the papers or the number of
times they are cited) to provide a more complete picture of the impact
of a scholar’s research results. An examination of the PSD science
field’s h-index (Table 1) reveals that the United States has the greatest
h-index (40) and total scientific research impact. The analysis of the

10.3389/fneur.2023.1279452

PSD science field’s h-index (Table 1) reveals that the United States has
the greatest h-index (40) and total scientific research impact. However,
it is worth mentioning that, despite accounting for a small number of
publications, the United Kingdom and Canada rank second only to
the United States in terms of article citations and h-index, and their
significance should not be overlooked. Additionally, while China
ranked second in terms of publications, it ranked in the middle of the
pack in terms of h-index (23) and article citations (1555), indicating
that the academic impact of the field is limited and that high-quality
research needs to be conducted to increase the academic impact of
the field.

3.3 Institutional analysis

The analyzed search results in WoSCC show that N8 Research
Partnership is the institution with the highest number of publications
and citations (46 articles, 2,322 citations), followed by the University
of Manchester (36 articles, 1,913 citations), The State University
System of Florida (32 articles, 2,160 citations), and the University of
Florida (26 articles, 2098 citations), most of these institutions
originated from Europe and the United States, showing a wide range
of research interests and a strong influence in the field. VOSviewer has
been utilized to create a network of institutional collaborations
(Figure 4), with 114 institutions identified as having published at least
five articles, and seven color clusters formed based on the intensity of
collaboration between institutions, indicating a broader research
collaboration between the clusters, with the purple and green sections
each containing 23 institutions.

TABLE 1 Ranking of top 10 countries and institutions involved in the PSD rehabilitation field.

Country/ Count (%) Citations H-index Institution Count (%) Citations
region
N8 Research
1 USA 193 (17.78%) 7,994 40 46 (4.014%) 2,322
Partnership
University of
2 CHINA 186 (16.94%) 1,555 23 36 (3.141%) 1913
Manchester
The State University
3 JAPAN 131 (11.93%) 2034 24 32 (2.79%) 2,160
System of Florida
4 SOUTH KOREA 97 (8.83%) 1,378 19 University of Florida 26 (2.27%) 2098
UNITED
5 92 (8.38%) 4,336 32 University of London 26 (2.27%) 1926
KINGDOM
Kumamoto
6 GERMANY 58 (5.28%) 1,444 21 Rehabillitation 23 (2.01%) 528
Hospital
Seoul National
7 ITALY 56 (5.10%) 1,039 18 21 (1.83%) 522
University
University College
8 AUSTRALIA 49 (4.46%) 826 17 20 (1.75%) 1,276
London
9 CANADA 43 (3.92%) 3,545 25 University of Toronto 20 (1.75%) 2,727
Autonomouw
10 SPAIN 39 (3.55%) 1,008 16 University of 19 (1.66%) 1,276
Barcelona
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FIGURE 3
Network of international cooperation of PSD rehabilitation in geographic visualization.
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Institutional cooperation network diagram of PSD rehabilitation.
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TABLE 2 Top 10 journals and co-cited journals of PSD rehabilitation.

Journal Count(%) IF (2022)

JCR

10.3389/fneur.2023.1279452

Co-cited Citations IF (2022) JCR

journal

1 Dysphagia 100 (8.73%) 2.6 Q2 Dysphagia 4,606 2.6 Q2
Archives of Physical
2 Medicine and 62 (5.41%) 4.3 Q1 Stroke 3,179 8.3 Q1
Rehabilitation
Journal of Stroke and Archives of Physical
3 Cerebrovascular 42 (3.67%) 2.5 Q3 Medicine and 1790 43 Q1
Diseases Rehabilitation
Journal of Stroke and
4 Frontiers in Neurology 22 (1.92%) 34 Q3 Cerebrovascular 721 2.5 Q3
Diseases
American Journal of
5 Physical Medicine and 20 (1.75%) 3.0 Q1 Neuron 660 16.2 Q1
Rehabilitation
Journal of Oral
6 20 (1.75%) 2.9 Q2 Gastroenterology 492 29.4 Q1
Rehabilitation
Journal of Neurologic
7 Neurorehabilitation 19 (1.66%) 2.0 Q3 479 3.8 Q2
Physical Therapy
8 Medicine 18 (1.57%) 1.6 Q4 Lancet 474 168.1 Q1
European Journal of
Clinical
9 Physical and 17 (1.48%) 4.5 Q2 441 4.7 Q2
Neurophysiology
Rehabilitation Medicine
Cochrane Database
10 Stroke 17 (1.48%) 8.3 Q1 985 8.4 Q1
of Systematic Reviews

3.4 Journal and co-cited journal
distribution

Papers on PSD rehabilitation have been published in 374 scholarly
publications since 1998. We used VOSviewer to perform a visual
analysis of co-occurrence relationships between journals (Figure 5A)
and co-citation relationships between co-cited journals (Figure 5B),
and based on the results of the analysis, we plotted the top 10 journals
and co-cited journals related to PSD rehabilitation (Table 2).
Dysphagia took the top spot with 100 publications (8.73%), followed
by the Archives of Physical Medicine and Rehabilitation (62
publications, 5.41%, 1,790 citations). Stroke (17 publications, 1.48%,
3,179 citations) was one of the top 10 journals with the highest impact.
Stroke (17 articles, 1.1%, 3,179 citations) has the highest impact factor
among the top 10 journals, as well as the most citations, demonstrating
its strong academic importance in the subject of PSD rehabilitation.
After analyzing the top 10 journals and co-cited journals,
we discovered that six journals originated in the United States and
four in the United Kingdom, which corresponds with the country/
region and institutional contributions examined earlier and is
sufficient to demonstrate the influence of these two countries in this
research field.

Following this, we used CiteSpace to analyze the included
literature with a dual map overlay (Figure 6), which links the cited
journals on the left to the cited journals on the right to provide a clear,
visual interpretation of citations for various combinations of
publications, allowing for the identification of citation relationships,
subject distributions, and patterns of movement across multiple

Frontiers in Neurology

disciplines (19). The ellipses on the map depict the number of
publications relating to journals and the ratio of authors to the number
of publications. The length of the ellipse represents the number of
authors, the width of the ellipse represents the number of publications,
and the curves between the left and right sides of the map are citation
links, the trajectories of which provide an interpretation of the field’s
interdisciplinary relationships. The Z score thicker the links, the
greater the score of the score function. Finally, we identified 5 major
citation trajectories (pink and green), with publications in the fields of
Neurology, Sports, and Ophthalmology (pink trajectory) influenced
by publications in the domains of Molecular, Biology, and Genetics
(Z=3.46, f=2,192), Health, Nursing, and Medicine (Z=4.13,
f=2,560), and Psychology, Education, and Social (Z=4.18, f=2,586).
Furthermore, past publications in the Health, Nursing, Medicine
(2=2.79, f=2,822) and Psychology, Education, and Social (Z=2.11,
f=1,442) domains influenced publications in the Medicine, Medical,
and Clinical (green track). Overall, this implies that the topic of PSD
rehabilitation is strongly tied to basic scientific, clinical, nursing, and
social subjects and that there is scope for multidisciplinary,
collaborative study.

3.5 Authors and co-cited authors

To ensure the precision of data analysis, we initially leveraged the
ResearcherID and ORCID functionalities of Web of Science to discern
each author. Both systems bestow a distinct identifier upon every
author, effectively addressing issues stemming from name ambiguities.
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Analysis journals of PSD rehabilitation. (A) Journals co-occurrence analysis. (B) Co cited journals analysis.
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TABLE 3 Top 10 authors and co-cited authors of PSD rehabilitation.

Hamdy S 35(3.00%)
2 Wakabayashi H 26 (2.37%)
3 Yoshimura Y 23 (2.09%)
4 Nagano F 17 (1.55%)
5 Shiraishi A 16 (1.46%)
6 Bise T 15 (1.37%)
7 Shimazu S 15 (1.37%)
8 Michou E 14 (1.27%)
9 Momosaki R 13 (1.18%)
10 Park JS 13 (1.18%)

Subsequently, before inputting data into the bibliometric analysis
software, we inspected the raw data using Excel. Variations of names
that unmistakably belonged to the same author were manually
consolidated. Through our analysis, it was determined that the PSD
rehabilitation domain encompassed contributions from a total of
4,991 authors. For our analysis, we used the Bibliometrix R package
(4.1.3) in conjunction with R version 4.3.1, which allowed us to access
representative scholars in the field to understand core research trends
(20). The top 10 authors and co-citing authors of PSD rehabilitation
research are shown in Table 3. The author with the most publications
is Hamdy S from the University of Manchester (35 papers, 3.00%,
h-index=20), followed by Wakabayashi H (26 articles, 2.37%,
h-index=12) and Yoshimura Y (23 articles, 2.09%, h-index=11).
Hamdy S is also the most cited author (545 citations), with Martino R
(461 citations) and Smithard DG (374 citations) coming in second and
third, respectively. Figure 7A depicts a timeline of prominent authors
in the field of PSD rehabilitation research, with the larger red circle
representing the scholar’s contribution to the discipline’s research area.
Hamdy S is a key pioneer in the subject, and his study “Recovery of
swallowing after dysphagia stroke relates to functional reorganization

Frontiers in Neurology

Hamdy S
12 Martino R 461
11 Smithard DG 374
8 Crary MA 348
10 Logemann JA 342
8 Daniels SK 332
8 Mann G 285
11 Rosenbek JC 260
8 Robbins J 255
9 Langmore SE 199

in the intact motor cortex” is an example of his work (21). This paper
investigates the mechanisms of swallowing recovery in PSD, implying
arole for intact hemisphere reconfiguration in recovery and laying the
groundwork for future research areas in PSD rehabilitation. The
author cooperation network diagram (Figure 7B) depicts collaboration
and relationships between authors and co-citing authors in the field.
The author collaboration network formed by combining Figures 7A,B
demonstrates that Martino R from the University of Toronto plays an
important role in bridging the gap between research in the field, as
demonstrated by his work “Dysphagia after stroke: incidence,
diagnosis, and pulmonary complications, “which determined the
prevalence of dysphagia and associated lung function impairment in
stroke patients (2). The study has raised concerns among PTSD
researchers about the link between dysphagia and pneumonia. Bath
PM is a co-author of a new study in this field, “Swallowing therapy for
dysphagia in acute and subacute stroke,” which suggests that
swallowing therapy may minimize hospitalization, dysphagia, and
chest infections while also improving swallowing capacity. Chest
infections, and may improve swallowing ability and provide new ideas

for future swallowing therapy (22), providing new ideas for future
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swallowing therapy. Figure 7C shows that the thicker and larger the
author’s name near the red colored block, the more influential that
author is in the discipline, showing that Martino R is the most
influential academic in this field of study.

3.6 Analysis of research hotspots

3.6.1 Publications with the highest number of
citations

Table 4 shows the top 10 most referenced references in the PSD
rehabilitation study domain. Among these, “Dysphagia after stroke:
incidence, diagnosis, and pulmonary complications” had the most
citations (326), and it was written by Martino R, which correlates to
the previous study’s findings. This matches the results of the preceding
author’s contribution analysis. In addition to being the most cited
document, “Interventions for dysphagia and nutritional support in
had the highest centrality
(Centrality=0.08). This article focuses on analyzing the impact of

acute and subacute stroke”
swallowing therapy, feeding, nutrition, and fluid supplementation on
functional outcomes and death in patients with acute or subacute
stroke with dysphagia (23), and it informs future research on
nutritional support for stroke patients. After reviewing the 10 cited
references, we discovered that this research focused on PSD etiology

and neuroplasticity processes, intervention approaches, rehabilitation
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tactics, and complication prevention. CiteSpace was used to cluster
the co-cited references (Figure 8A), CiteSpace provides two
indicators, the module value (Q value) and the average profile value
(S value), which can be used to judge the effectiveness of the mapping,
the Q value is generally in the interval of [0, 1], the Q> 0.3 represents
the division of the structure of the significant, the S>0.7, that is, the
clustering reaches a high efficiency, that is, the results are credible.
The grouping coefficients are Q=0.8052, and S=0.9207. The color
change from purple to yellow represents the time dimension,
signifying a shift in study focus and trend. As seen in the picture, the
field has progressed from a focus on pneumonia to investigating
transcranial magnetic stimulation for the rehabilitation of PSD and
is now concentrating on the prognosis of PSD, intervention dose, and
dysphagia treatment.

3.6.2 Analysis of reference citation bursts

Using CiteSpace to identify the references with the strongest
citation bursts can be used to anticipate future research frontiers.
Figure 8B depicts the top 25 references that elicited the most
powerful bursts, with the duration of the burst shown in red.
“Post-stroke dysphagia: A review and design considerations for
future trials” was the literature with the highest burst citation
strength (strength =16.33), and it focused on PSD pathogenesis,
diagnosis, dysphagia management, pharmacologic treatment, and
post-stroke pneumonia prevention from 2017 to 2021. Moreover,
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TABLE 4 Top 10 co-cited references of PSD rehabilitation.

Rank References Cited Centrality Document title  Source IF (2022) JCR
frequency
Dysphagia after stroke:
incidence, diagnosis,
1 Martino et al. (2) 326 0.02 Stroke 8.3 Q1
and pulmonary

complications.

Initial psychometric

assessment of a Archives of Physical
2 Crary et al. (24) 189 0.03 functional oral intake Medicine and 4.3 Q1
scale for dysphagia in Rehabilitation

stroke patients.

Recovery of swallowing
after dysphagic stroke

3 Hamdy etal. (21) 107 0.01 relates to functional Gastroenterology 29.4 Q1
reorganization in the

intact motor cortex.

Post-stroke dysphagia:
A review and design International Journal
4 Cohen et al. (25) 84 0.06 6.7 Q1
considerations for of Stroke

future trials.

The effects of lingual Archives of Physical
5 Robbins et al. (26) 70 0.06 exercise in stroke Medicine and 4.3 Q1
patients with dysphagia. | Rehabilitation

Driving plasticity in
human adult motor
cortex is associated with
6 Fraser et al. (27) 66 0.02 Neuron 16.2 Q1
improved motor
function after brain

injury.

Treatment of post-
stroke dysphagia with Acta Neurologica
7 Khedr et al. (28) 65 0.04 3.5 Q2
repetitive transcranial Scandinavica

magnetic stimulation.

Interventions for

dysphagia and
Cochrane Database of
8 Geeganage et al. (23) 57 0.08 nutritional support in 8.4 Q1
Systematic Reviews
acute and subacute

stroke.

Oropharyngeal

dysphagia after stroke:
incidence, diagnosis, Journal of Stroke and
9 Falsetti et al. (29) 55 0 and clinical predictors Cerebrovascular 2.5 Q3
in patients admitted toa | Diseases
neurorehabilitation

unit.

Swallowing therapy for
Cochrane Database of
10 Bath et al. (22) 54 0.01 dysphagia in acute and 8.4 Q1
Systematic Reviews
subacute stroke.

we discovered 5 co-cited references in the recent outbreak phase ~ 3.6.3 Clustering analysis and keyword occurrence
(22, 30-33). These 5 co-cited references in the recent outbreak are ~ frequency

primarily concerned with the topics of pathogenesis and The term cluster analysis can summarize research topics and
neuroplasticity mechanisms of PSD, swallowing treatment, and  aid in understanding research hotspots in the subject. VOSviewer
rehabilitation effects. estimated 3,250 keywords, and the terms with a frequency of
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FIGURE 8

References analysis of PSD rehabilitation. (A) Co-citation references clustering. (B) Top 25 references with the strongest citation bursts.
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occurrence higher than 5 times or more were removed and
incorporated in the co-occurrence analysis, resulting in 5 color
clusters (Figure 9A), which indicate 5 study directions. In addition
to “dysphagia” and “rehabilitation,” the main keywords in the

«

yellow clusters also included “malnutrition  “reliability,”

“validity;” and “care”; the main keywords in the green cluster are

» <«

“quality of life,

» «

recovery,

» <«

stimulation,” “transcranial magnetic
stimulation” and “noninvasive brain-stimulation”; in the red
cluster, the main keywords were “deglutition disorders,”

» « » <«

“aspiration,” “deglutition,” “scale,” “therapy”; the main keywords

» <«

in the blue cluster are “management,;

» <«

pneumonia,” “predictors,”

“risk”; the main keywords in the purple cluster are “diagnosis

» «

“validation,” “tool,” “brain-stem stroke” Except for “dysphagia,”
“rehabilitation,” and “deglutition disorders,” the terms “diagnosis,”
“pneumonia,” “risk,” and “aspiration” had the most weight,
according to the keyword density map (Figure 9B). We also
created a temporal overlap representation of the keywords
(Figure 9C), in which the gradient from purple to yellow
represents the period of the keywords, with yellow signifying
current occurrences of the keywords, which represent recent

periods of study in the subject.
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3.6.4 Keyword citation burst analysis and trend
topics

Burst keywords are high-frequency keywords that erupt at a
specific moment, showing the emergence of hotspots in the study area
and anticipating research trends. Figure 10A depicts the top 25 terms
with the highest number of citations, with “natural history,
“percutaneous endoscopic gastrostomy;” and “predictor” being the top
three keywords with the most citation numbers. Furthermore, the
terms that received the most attention were “consequence” (2000
2012), “brain stem stroke” (2000-2014), “acute stroke” (2002-2015),
and “complication” (2001-2011). Excluding words related to the
search term, “validity; “noninvasive brain-stimulation,” “home

»

discharge,

» <«

muscle mass,” “guideline;” and “sarcopenia,” “rTMS” are
the keywords of citation explosion during 2020-2023, which are
regarded as the hotspots that researchers pay high attention to shortly,
among which “validity” and “noninvasive brain-stimulation” are the
keywords. Among these, “validity” and “non-invasive brain
stimulation” are the most powerful. We also used Bibliometrix R to
look for trending themes in the field of PSD rehabilitation

»

(Figure 10B). Keywords like “health care professionals,” “transcranial

direct current stimulation (tDCS),” and “acupuncture” are suggestive
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A Top 25 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 1998 - 2023
natural history 2000 14.16 2000 2013
consequence 2000 5.44 2000 2012
aspiration following stroke 2000 5.24 2000 2011
brain stem stroke 2000 4.74 2000 2014
bolus volume 2000 4.18 2000 2008
percutaneous endoscopic gastrostomy 2001 6.77 2001 2012
complication 2001 4.58 2001 2011
cerebrovascular accident 2001 3.82 2001 2006
acute stroke 2000 5.73 2002 2015
predictor 2007 6.76 2007 2015
reorganization 2007 4.46 2007 2009
swallowing disorder 2008 5.03 2008 2014
pharyngeal dysphagia 2009 5.59 2009 2018
brain stimulation 2012 4.58 2012 2015
lingual exercise 2013 4.05 2013 2017
motor 2017 3.68 2017 2020
prevalence 2010 4.83 2019 2021
poststroke dysphagia 2017 7.68 2020 2023
validity 2001 5.74 2020 2023
home discharge 2020 4.87 2020 2023
noninvasive brain stimulation 2017 5.34 2021 2023
muscle ma 2021 5.23 2021 2023
guideline 2014 4.49 2021 2023
sarcopenia 2021 4.35 2021 2023
tm 2017 4.27 2021 2023

Trend Topics
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Keywords analysis of PSD rehabilitation. (A) Top 25 keywords with the strongest citation bursts. (B) Trend topics of keywords.
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of future research trends. Overall, research hotspots in the field of PSD
rehabilitation focus on PSD-related guidelines, the accuracy, and
validity of screening tools, noninvasive brain stimulation, transcranial
magnetic stimulation (rTMS), tDCS, and acupuncture for
PSD rehabilitation.

4 Discussion
4.1 General information

In this study, we used CreateSpace, VOSviewer, and Bibliometrix
R to assess the literature on PSD rehabilitation. The results of the
analysis show that the trend of growth in the number of annual
publications over the last 25 years has been divided into two phases,
with slow growth in the number of publications between 1998 and
2013, a period that may be related to the increased focus of research
in the field on the incidence of stroke and the treatment of the disease.
The number of publications begins to increase between 2014 and
2023, with the most pronounced trend of growth in 2022, which is
likely to be explained by Guidelines issued by the European Stroke
Organization and the European Swallowing Society on the diagnosis
and treatment of post-stroke dysphagia (34). The guideline proposes
the impact of PSD on stroke outcomes, nutritional screening for
dysphagia, dysphagia assessment, and PSD treatment, and it provides
evidence-based recommendations for the management of PSD by a
multidisciplinary team aimed at preventing, diagnosing, and treating
PSD, as well as bringing PSD rehabilitation to the attention of a
broader range of researchers and providing ideas for future studies.

The examination of national and institutional collaboration
networks reveals that research in the field of PSD rehabilitation
dominates in industrialized nations. On the one hand, this may
be attributable to the significance that industrialized nations have on
PSD rehabilitation, and on the other, it may be connected to the level
of the national economy, policy, and financial assistance. The
United States has not just the most publications, but also the most
citations. The United Kingdom does not have the most publications,
but it is second only to the United States in terms of citations and the
h-index, and it is one of the top countries in terms of total institutional
effect and worldwide influence. China has the most common stroke
cases in the world (35), and as a result, it places a high priority on
stroke-related research, which explains why China comes second in
terms of the number of publications. However, while China has a high
number of publications, its citation, and h-index rankings are
moderate, indicating that the academic impact has not been matched
and that, in the future, it should focus on innovation and high-quality
research in the subject area to improve the quality of articles.

According to the findings of this investigation, Dysphagia is the
journal with the most articles and citations. Except for three journals
that are Q1, the majority of the top 10 are Q2 or Q3, with an average
IF of 3.51, showing that the field’s academic influence still needs to
be enhanced. According to the findings of the study, Hamdy S was not
only the author with the most publications, but also the author with
the highest co-citation rating. The primary emphasis of this author’s
study was on the mechanics of swallowing recovery in PSD (21),
which provided a solid foundation for further research on PSD
rehabilitation. The second most prominent author in the area is
Martino R., whose work first revealed the association between PSD
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and the prevalence of pneumonia (2), promoting researchers in the
field to re-examine PSD and perform in-depth research on PSD
and pneumonia.

The studied search results in WoSCC revealed that papers on PSD
rehabilitation include a wide range of topic areas, with the top three
being Rehabilitation (259 articles), Clinical Neurology (225 articles),
and Neurosciences (206 articles). Despite the limited number of
papers (78), Peripheral Vascular Disease has the largest amount of
(58.95).
Otorhinolaryngology, General Internal Medicine, Peripheral Vascular

single citations In addition, the papers include
Disease, Sports Sciences, Nutrition Dietetics, and Audiology Speech
Language Pathology. Furthermore, a biplot overlay analysis of
published journals reveals that PSD rehabilitation is influenced by
basic scientific, clinical, nursing, and social subjects, implying that
PSD rehabilitation is a complex area of research requiring

multidisciplinary collaboration and intervention implementation.

4.2 Research hotspots and trends

First, reference co-citations and keyword co-occurrences are
investigated in this study to discover research topics and trends in the
field of PSD rehabilitation. Second, the findings of temporal overlap
visualization and keyword burst detection were utilized to highlight
research hotspots and frontiers in the field. Finally, the field’s hotspots
and cutting-edge developments were highlighted, covering the
pathophysiology and neuroplasticity processes of PSD, comorbidities,
swallowing screening and evaluation approaches, and swallowing
rehabilitation modalities. We will examine the aforementioned
hotspots and cutting-edge developments to give references and lessons
for researchers in the field of PSD rehabilitation.

4.2.1 Pathogenesis of PSD and mechanisms of
neuroplasticity

According to data, the incidence of dysphagia in hemorrhagic
stroke is between 58.6 and 67% (36, 37). The cortex is important in
swallowing control, and subcortical lesion sites are usually associated
with swallowing dysfunction. Even a small volume of hemorrhage can
disrupt the neural network of swallowing, leading to swallowing
difficulties, which is why hemorrhagic stroke patients have a high
incidence of dysphagia (38). Dysphagia occurs in 32.3% of ischemic
stroke patients, with subcortical infarction being more likely to
develop moderate to severe dysphagia, and individuals with dysphagia
generally have bilateral vertebral tract injury (39-41). According to
research, bilateral subcortical lesions are major determinants
impacting patient prognosis (42), and physicians must pay attention
to this prognostic indicator to assess the patient’s prognosis.
Furthermore, several studies have shown that patients with PSD have
a poor neurophysiological response in the right hemisphere, dysphagia
caused by infratentorial stroke is more severe than dysphagia caused
by supratentorial stroke, and the right lenticular nucleus is associated
with the development and severity of dysphagia (43-45).

According to multicenter retrospective cohort research, the
majority of stroke patients have sarcopenia, and there is an
independent negative link between sarcopenia and the recovery of
swallowing function (46). Another research validated the link between
temporal muscle thickness and dysphagia in stroke patients,
demonstrating that temporal muscle thickness is an independent risk
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factor for dysphagia in patients with acute stroke (47). It is essential to
note that significant muscular weakness and muscle volume loss can
cause delayed dysphagia longer than 7 days after a stroke, therefore it
is critical to recognize and diagnose early and execute early
management (48). The foregoing findings open up new avenues for
future study, and it is critical to assess if stroke patients have dysphagia
caused by muscle loss to give early and personalized preventative and
therapeutic approaches.

The brain is capable of neuroplasticity, and the cerebral cortex has
an evident hemisphere response to swallowing. It has been discovered
that individuals with recurrent cerebral infarction and central
dysphagia exhibit compensatory remodeling of neurological function
(49). Functional magnetic resonance imaging (fMRI) is a useful tool
for studying the neurophysiology of swallowing in vivo, and it has
been used to study the manifestations of the neural control of
swallowing in normal subjects and patients with dysphagia, as well as
the effects of swallowing therapy on neuroplasticity (50). Stroke is
classified into four phases: hyperacute, acute, subacute, and chronic,
with the window of greatest neural plasticity in the subacute phase
also being a sensitive period for stroke recovery, and the potential for
inducing recovery in the chronic phase becoming limited over time
(51). Even though the chronic phase of stroke often lacks neuro
independent recovery (52, 53), recovery is still achievable with intense
neurorehabilitation, but at a significantly lower pace than in the
subacute period (54). Functional connectivity between the cortex and
the medulla was found to be enhanced in patients with episodic
stroke, and functional connectivity between the cortex and the
medulla could serve as a biomarker of swallowing-related changes in
the neural network of the brain, implying that the brain’s precentral
gyrus plays an important role in the regulation of neuroplasticity in
pharyngeal swallowing (55). Increased excitability of the swallowing
cortical bulb is primarily located in the undamaged cerebral
hemisphere, and the sensory-driven human motor cortex is largely
dependent on the frequency, intensity, and duration applied to
promote neuroplasticity after brain injury (23), suggesting that there
may be individual differences in the rehabilitation effects of PSD
patients after using the same swallowing function rehabilitation
intervention method. As a result, it is critical to analyze the patients’
degree of swallowing impairment and select the optimal intervention
method to accomplish the therapeutic impact in the future
rehabilitation process.

4.2.2 Complications of PSD

Patients with PSD have a 4.35 times higher prevalence of
pneumonia and are up to 4.07 times more likely to die than non-PSD
patients, and the risk of PSD is strongly associated with hemorrhagic
strokes, a history of previous strokes, severe strokes, gender (women
are more likely to have a stroke than men), and diabetes mellitus (56).
The severity of PSD modifies the patient’s food patterns, and
alterations in eating pathways increase the likelihood of respiratory
infections (57). According to studies, more than a quarter of patients
with subarachnoid hemorrhage are not evaluated for dysphagia, and
one-fifth of these patients acquire pneumonia (58) and delays in
dysphagia screening and evaluation increase the risk of pneumonia
infection. As a consequence, detecting and treating dysphagia in
stroke patients at an early stage can help minimize the risk of
pneumonia and death (2, 59). Training the respiratory muscles after a
stroke can prevent infiltration or aspiration when swallowing fluid
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push, lowering the risk of respiratory problems and improving
dysphagia (60). Malnutrition and insufficient fluid intake are common
in PSD patients (61, 62), and malnutrition hurts stroke patients’
recovery of physical and swallowing function, prolonging
hospitalization, increasing the burden of care, and increasing
mortality. Nutritional screening and evaluation can help predict
swallowing and physical function results in patients. As a result, there
is a need for early nutritional evaluation and the adoption of early
nutritional therapies that promote swallowing function recovery and
enhance patient prognosis (63, 64). There is a risk of dehydration for
patients after an acute stroke, particularly those with PSD, and optimal
fluid replacement appears to be extremely important in reducing the
risk of neurological deterioration and other complications; however,
there is a lack of a clear method of hydration status assessment, a
shortage of time for healthcare staff, unclear work patterns, and a low
emphasis on hydration status management (65). Healthcare
collaboration is critical in the treatment of hydration status after
stroke, and there is a need to better define the stages and techniques
of hydration status evaluation, as well as to raise healthcare personnel’s
awareness of hydration status management to satisfy patients’
rehydration needs.

4.2.3 Swallowing screening methods

Swallowing screening is one of the hottest subjects in the world of
PSD rehabilitation research. Guidelines recommend that stroke
patients be screened for swallowing before oral intake (such as
medications, food, and liquids) and that abnormalities on initial
screening be referred to a clinician trained in Speech-Language
Pathology, Occupational Therapy, Dietitian, or Trained Dysphagia
Clinician for a more detailed bedside para pharyngeal swallowing
assessment and management of swallowing, feeding, nutrition, and
hydration status (66). Among the swallowing screening evaluation
procedures, the Water Swallowing Test (WST) and the Gugging
Swallowing Screen (GUSS) are the most widely used and actionable.
The Water Swallowing Test can determine whether a patient has
significant malabsorption and whether instrumentation is required to
further assess dysphagia to reduce unnecessary instrumentation;
however, it is difficult to identify patients with silent malabsorption
and carries the risk of false negatives (67). The GUSS is primarily
indicated for acute stroke patients; the assessment method takes into
account the case physiology of voluntary swallowing, and allows for
the use of foods of varying consistencies in the swallow test to reduce
the risk of aspiration in acute stroke patients due to difficulty
swallowing liquids, has a high sensitivity (close to 100%), and is a
reliable tool for the detection of dysphagia and the screening of
patients at high risk of aspiration (68, 69). The Volume-viscosity
swallow test (V-VST) is used to examine dysphagia using fluids and
thickeners in conjunction with pulse oximetry. It may be used not only
for screening but also to offer reliable indications of ideal fluid push
volume and viscosity as well as therapy suggestions. V-VST, on the
other hand, is reliant on the prevalence of the context or clinical
situation in which it is used, with a positive predictive value of 68.3%
(false positives as high as 31.7%) when the prevalence does not reach
30, and 95.2% in populations with a prevalence of 80% (70).
Videofluoroscopy (VES) and fiberoptic endoscopic evaluation (FFE)
of swallowing are more accurate instrumental evaluations for assessing
swallowing function and providing information on swallowing
physiology, anatomy, and function. However, they have significant
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limitations in their use, as they are susceptible to patient posture,
somatic status, cognition, and acceptance, secondly, the operation of
VEFS and FFE requires specialized equipment and training, and it is
currently not possible to identify a swallowing screening tool that has
high accuracy, sensitivity, specificity, and is perfect (8, 71), and a
combination of approaches may be required.

4.2.4 Rehabilitation for PSD

The emphasis of the keyword analysis study is neurorehabilitation.
The most explored rehabilitative methods with the highest research
enthusiasm are repeated transcranial magnetic stimulation (rTMS),
transcranial direct current stimulation (tDCS), and acupuncture.
r'TMS is a non-invasive brain stimulation technique that reverses the
pharyngeal motor cortex, modulates brain activity and swallowing
motor behavior, and also modulates neurotransmitters, activates/
polarizes immune cells (astrocytes and microglia), and inflammatory
cytokines in the brain, thereby affecting brain function and improving
post-stroke dysfunction (72, 73). A meta-analysis has shown that
r'TMS not only enhances swallowing function and daily life activities
for PSD patients and reduces the incidence of aspiration but also
proves to be a safe and feasible rehabilitation method (74), however,
to accomplish excellent recovery, attention should be required to
determine the proper stimulation intensity during the intervention.
tDCS can improve dysphagia recovery after stroke by promoting
reconfiguration of the swallowing neural network, so expediting
dysphagia recovery after acute stroke, and the earlier therapy is
started, the better the outcome of dysphagia recovery (75). A meta-
analysis, however, found that tDCS was helpful for dysphagia after
unilateral hemisphere stroke, medullary palsy, and brainstem stroke,
but not for ataxia and dysphagia after basal ganglia stroke (76).
Furthermore, because tDCS may be susceptible to the baseline level
of the study population, such as age, affected cerebral hemispheres,
comorbidities, and complications after acute stroke, attention should
be paid to the program design of tDCS in rehabilitation. As a result,
in the case of tDCS interventions, it is common to combine tDCS with
motor-specific or peripheral sensory-motor stimulation and to
combine cerebral stimulation with sensory feedback to entrainment
(77). Furthermore, in terms of neurostimulation therapies such as
neuromuscular electrical stimulation (NMES), pharyngeal electrical
stimulation (PES), and transcranial direct current stimulation (tDCS),
a combined approach would be more effective than single
neurostimulation therapies or traditional dysphagia therapies in
improving PSD (78). Acupuncture affects the bilateral cerebral
hemispheres via feature brain areas of interest (ROIs), reduces
aberrant functional connectivity, and enhances motor cortex recovery
after stroke. By combining intervention with swallowing training,
acupuncture can significantly boost the rehabilitative result (79, 80).
Although evidence for the potential therapeutic alternatives and
efficacy of acupuncture continues to emerge, international standards
to assist clinical practice and treatment have yet to be produced (81).

In addition to these three hot rehabilitation modalities,
intermittent theta burst stimulation (iTBS) is a non-invasive brain
stimulation technique. By bidirectionally enhancing the excitability of
the motor cortex associated with the genioglossus muscle and
promoting neural remodeling, it effectively augments the swallowing
function in patients with post-stroke dysphagia (82). It's worth noting
that, compared to rTMS, the combination of iTBS with swallowing
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exercises demonstrates a more pronounced improvement in the
excitability of the swallowing motor cortex and swallowing function
following a stroke. When combined with swallowing exercises that
stimulate both cerebellar hemispheres, iTBS significantly reduces
scores on the Fiberoptic Endoscopic Dysphagia Severity Scale
(FEDSS), the Penetration-Aspiration Scale (PAS), and the Standard
Swallowing Assessment (SSA). Concurrently, it notably elevates scores
on the Functional Oral Intake Scale (FOIS), effectively improving
swallowing function (83). Transcutaneous auricular electrical vagus
nerve stimulation (ta-VNS) modulates swallowing function via
bilateral extra-auricular stimulation of the vagus nerve, with few
serious adverse events occurring during the intervention, which is safe
and can be used as a novel non-invasive treatment strategy (84).
Furthermore, the involvement of speech-language pathologists (SLPs)
and nurses in the management of PSD rehabilitation is critical, and
this co-management model can assist the rehabilitation team in
consistently obtaining safety information about dysphagia and
facilitating the implementation of the rehabilitation program;
however, implementable options are needed to be explored
further (85).

5 Strengths and limitations

The bibliometric analysis demonstrates significant differences and
advantages over other online tools in the realm of academic research.
Firstly, bibliometric analysis is specifically tailored to peer-reviewed
scholarly articles, ensuring depth, breadth, and high quality of data.
This level of specificity allows researchers to gain a comprehensive
understanding of a research field, a depth that many online tools often
fall short of. Additionally, it offers analyses spanning extended
timeframes, making it possible to reveal evolving research trends, a
feature not easily found in other tools. Using tools such as CiteSpace
and VOSviewer for bibliometric studies enables an in-depth
exploration of relationships among research topics and provides a
structured overview. Concurrently, it relies on standardized academic
databases, ensuring the data’s scientific integrity, accuracy, and
consistency. This mode of analysis also offers a quantitative approach
for researchers to evaluate the impact and significance of their work
and aids in unveiling patterns and trends in research collaborations.
While some online tools may boast advantages in real-time updates,
visualization, or user interface, bibliometric analysis indisputably
excels in depth, scope, and scientific rigor. Therefore, to provide a
more comprehensive and systematic insight, we employed the
bibliometric analysis approach to study literature related to post-
stroke dysphagia rehabilitation, culminating in a dedicated
research article.

Using the CiteSpace, VOSviewer, and Bibliometrix R software
packages for bibliometric analysis, this study synthesizes the strengths
of the three software packages to provide an overview of the research
progress and cutting-edge trends in the field of PSD rehabilitation
around the world, allowing researchers to quickly understand the
current state of research and hotspots in the field. However, because
this study is not a substitute for a systematic review, there are certain
limitations to this review. First, due to the limitations of the software
and research methodology, we only selected literature from the
WoSCC database, whereas most other databases, such as PubMed,
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Embase, and Scopus, do not have comprehensive information about
their full text and citation analysis, which is why we chose the WoSCC
database. As a result, this may neglect the contribution of literature
from other databases in this study field. Second, we merely screened
the retrieved literature based on the inclusion and exclusion criteria
and did not analyze the quality of the literature, which might be biased.
Third, certain high-quality publications may be ignored in the
literature analysis process due to their recent publication and low
citation counts, which may contribute to bias. However, the WoSCC
database has a huge amount of high-quality core literature from all
around the world, and we continue to feel that our study covers the
research hotspots and frontiers of PSD rehabilitation and can give
certain information for future research.

6 Conclusion

In this study, the WoSCC database was searched for the literature
on PSD rehabilitation from the previous 25 years, and the titles and
abstracts of the literature were read and screened according to the
inclusion and exclusion criteria, and those that met the criteria
requirements were included as required. The study of the number of
publications, nations, institutions, authors, co-cited references, and
keywords using the CiteSpace, VOSviewer, and Bibliometrix R
software packages explains the general picture of PSD rehabilitation
research and highlights research hotspots and cutting-edge trends.
The visualization analysis findings reveal that research on this topic is
gaining more and more attention from researchers, the number of
publications is increasing, and the research field is in the process of
continuous exploration. According to the study, future research
hotspots and frontiers will mostly cover the pathophysiology and
neuroplasticity processes of PSD, comorbidities, swallowing screening
and evaluation methodologies, and swallowing rehabilitation
modalities. These research goals and frontiers underscore the
significance of PSD management in the swallowing rehabilitation
process. Overall, this work may successfully give a research trajectory
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Background: Dysphagia is a common complication of stroke that can result in
serious consequences. In recent years, more and more papers on post-stroke
dysphagia have been published in various journals. However, there is still a lack of
bibliometric analysis of post-stroke dysphagia. This study visually analyzes the global
research situation of post-stroke dysphagia from 2013 to 2022, aiming to explore
the current research status, frontier trends, and research hotspots in this field.

Methods: Articles and reviews relevant to post-stroke dysphagia were obtained
and retrieved from the Web of Science core collection database in the last
10 years (from 2013 to 2022). CiteSpace and Microsoft Excel 2019 were used for
bibliographic analysis.

Results: A total of 1,447 articles were included in the analysis. The number of
publications showed an overall upward trend, from 72 in 2013 to 262 in 2022.
The most influential authors, institutions, journals, and countries were Hamdy S,
University of London, Dysphagia, and the People's Republic of China. An analysis
of keywords and the literature indicated that current studies in the field of post-
stroke dysphagia focused on dysphagia and aspiration, dysphagia classification,
dysphagia rehabilitation, and daily living.

Conclusion: This bibliometric analysis reveals the latest advancements and
emerging trends in the field of post-stroke dysphagia, spanning the years 2013
to 2022. It highlights the paramount importance of conducting large-scale
randomized controlled trials examining the efficacy of dysphagia screening
protocols and non-invasive intervention techniques in improving the quality of life
for these patients. Such research efforts hold significant academic implications
for the development of evidence-based treatment strategies in this field.

KEYWORDS

dysphagia, stroke, CiteSpace, visual analysis, bibliometric

Introduction

Stroke is a group of cerebrovascular diseases caused by organic brain damage, with
common clinical characteristics of sudden onset and rapid development of localized or diffuse
brain function deficits (1, 2). Stroke is the main cause of disability and death (3). Due to the
aging population, high blood pressure, and other risk factors, as well as poor management, the
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incidence rate of stroke continues to rise, which will further increase
the emotional and economic burden on families and society (4-6).
Swallowing is one of the most basic physiological activities that
humans rely on for survival (7). Depending on the part of the food
passing through, it can be generally divided into oral, pharyngeal, and
esophageal stages. Any structural or functional damage in any of these
stages can lead to the occurrence of dysphagia (8-10). Dysphagia is a
common complication of stroke, and relevant data show that 28 to
67% of stroke patients have dysphagia (11).

The diagnosis of post-stroke dysphagia is relatively easy, but
determining the location and nature of dysphagia requires detailed
clinical evaluation and instrumental examination (12). Clinical
evaluation includes dysphagia screening or a comprehensive
evaluation of the orofacial structure and function by a speech and
language pathologist. Instrumental evaluation includes the Video
Fluoroscopic Swallowing Study (VFSS) and Flexible Endoscopic
Evaluation of Swallowing (FEES). Post-stroke dysphagia can cause
an inability to eat normally and can lead to serious consequences
such as malnutrition, aspiration pneumonia, and psychological
disorders, resulting in prolonged hospitalization and increased
complications (13-15). Treatment for post-stroke dysphagia
includes dietary interventions, behavioral interventions, nutritional
interventions, interventions to improve oral health, pharmacological
treatment, and neurostimulation treatment (16). For instance,
research has shown that nutrients given through the gastrointestinal
tract are more easily absorbed and help maintain the integrity of the
intestinal mucosal structure and intestinal barrier. Therefore,
enteral nutrition such as nasogastric tubes and percutaneous
endoscopic gastrostomy (PEG) are of great significance for patients
with post-stroke dysphagia (17). Although there is increasing
consensus on the effectiveness of existing treatment methods in
promoting the rehabilitation of post-stroke dysphagia, there are still
many problems and uncertainties that need to be explored.
Therefore, research on post-stroke dysphagia is necessary and
valuable. In recent years, more and more papers on post-stroke
dysphagia have been published in various journals (18-21).
However, there is still a lack of scientific and measurement analysis
of post-stroke dysphagia.

Bibliometric analysis uses quantitative methods such as
mathematics and statistics to describe, evaluate, and monitor
research in a specific field in order to reveal the research structure
and trends in a certain discipline (22, 23). In recent years, using
CiteSpace for literature and metrological analysis has become a
research hotspot for scholars at home and abroad. CiteSpace is a
literature metrological modeling software that can be used for
basic literature analysis, such as citation analysis, international and
institutional cooperation analysis, author cooperation analysis,
dual-map overlay of journals, keywords analysis, and clustering
and mutation analysis. Through analysis, it provides insights into
the structure, social network, and topic interests of the field
(24, 25).

Hence, this study conducted a comprehensive review of
publications in the field of post-stroke dysphagia research and used
CiteSpace for bibliometric analysis. Based on the analysis results,
we could help researchers quickly understand the main progress,
research hotspots, and frontiers of post-stroke swallowing dysfunction,
addressing the lack of quantitative analysis in this field.
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Materials and methods
Data source and search strategy

The Web of Science database encompasses a diverse range of
disciplines, with its fundamental principles encompassing data
structuring, subject categorization, citation analysis, an
international perspective, and scalability. It is the preeminent
database utilized for bibliometric analysis (26). Earlier studies have
convincingly established the efficacy of bibliometric analysis
conducted on the WoSCC database (27, 28). The literature data
relevant to the topic of this bibliometric study were obtained and
retrieved from the core collection database in the Web of Science
(WoS). Searches were conducted using the following MeSH terms:
(((swallowing) OR (dysphagia)) OR (swallowing disorder)) AND
(stroke). Our literature search was limited to the time period
between 1 January 2013 and 31 December 2022, with a yearly time
slice. This approach aims to prevent potential information
obsolescence and degradation in data quality associated with long-
term datasets, ensuring the timeliness and reliability of the retrieved
information. Additionally, limiting the search duration to a decade
enhances the efficiency and feasibility of data analysis and
visualization, ultimately reducing the complexity and cost

associated with data processing.

Inclusion and exclusion criteria

After a thorough examination of the article titles and
abstracts, only those related to post-stroke dysphagia were
selected for this bibliometric analysis. Other document types,
such as meeting abstracts, letters, editorial materials, and book
chapters, were excluded. Publications written in English were the
only ones considered for this analysis. Figure 1 shows the flow
chart of the selection process. In the end, a total of 1,447 records
suitable and included in the final

were deemed

bibliometric analysis.

Software parameter settings

CiteSpace V (version 6.2.R4; Drexel University, United States) and
Microsoft Excel 2019 were used for bibliographic analysis, with the
“Time Sliding” value set to 1year and the type of node selected based
on the analysis’s purpose. In this study, we employed “country,
institution, author, reference, keyword” as node types for visual
analysis, and only one node type can be selected at a time.

Interpretation of main parameters

Node circle and the link between nodes

The size of a node circle in the countries or institutional
co-authorship network represents the number of papers published as
well as the frequency of authors in the co-occurrence network.
Meanwhile, a link between nodes shows the presence of a
co-authorship or co-occurrence relationship.
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from WoSCC Database

Retained publications
Articles(n=1694)
Review(n=279)

Total unique
publications
(n=1447)

Bibliometric
Analysis
FIGURE 1

Flowchart of literature inclusion.

[ 2367 Publications Retrieved ]

Excluded publications 394

Meeting Abstract, Letters,
Editorial Material, Book

Chapters, Non-English Papers

Betweenness centrality
The index of betweenness centrality is an indicator of the
importance of nodes in a network.

Dual-map overlaps

The dual-map overlaps of journals are a novel method of
visualizing the distribution of articles and citation trajectories across
different fields. It provides insight into interdisciplinary relationships
in the academic world. The citation line, represented by a curve,
presents the context of the citation in a comprehensive manner. The
use of the Z-score and F-score allowed for re-adjustment and
standardization of the citation data, enabling the identification of
major citation paths on the dual-map.

Burst detection
The purpose of burst detection is to identify significant increases
in citation numbers within a particular timeframe.

H-index

H-index is a metric used to evaluate academic success. It is
calculated by counting the number of publications that have been
cited more than H times.

Results
Publication analysis

In this study, a total of 1,447 articles were included in
Supplementary Figure S1 displays the annual publication and
citation distribution of literature related to post-stroke dysphagia.
We identified the overall and prominent sub-topic (clinical
neurology) trend lines, represented by orange and blue colors,
respectively. The orange line represents the general trend observed
in a broader field, whereas the blue line highlights the specific trend
in clinical neurology. As shown in Supplementary Figure S1A, it is
evident that the number of publications in this field has been
increasing, climbing from 72 (4.98%) in 2013 to 262 (18.11%) in
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2022. Linear regression analysis indicates that the time trend of the
number of publications in the past decade was significantly
correlated (R?>=0.9466). However, it should be noted that the
growth rate of clinical neurology was relatively slow.
Supplementary Figure S1B demonstrates the distribution of citation
frequency, indicating that the number of citations has been
increasing year by year, and the growth of clinical neurology aligned
with the overall growth pattern. By utilizing an exponential growth
model to evaluate the correlation between the number of citations
and the publication year, it was found that the model aligns with the
observed trend.

Supplementary Figure S2 shows that 2022 recorded the most
published papers (n=262) and open access papers (n=189). The
highest number of citations per paper was 37.16 in 2016. The largest
number of citations (n=3,456) and the H index (n=31) also occurred

in 2016.

Authoritative journals analysis

A total of 1,447 papers on post-stroke dysphagia were published
in 476 academic journals in this study. Table I summarizes the list of
the top 15 academic journals, ranked by the number of publications.
In the top 15 journals, dysphagia contributed the highest number of
published articles (n=95), and the greatest H-index value (n=23),
followed by the Journal of Stroke and Cerebrovascular Diseases
(n=75). Medicine and Stroke were tied for third place with 35 papers
each. The International Journal of Stroke presented with the highest
impact factor of 6.7 in 2022 and the largest quantity of citations per
paper. The academic journal Frontiers in Neurology had the most
open access (1 =34).

Dual-map overlaps of journals are shown in Figure 2. The map
was assigned to two parts, with the citing journals listed on the
left and the cited journals on the right. The Z-score function was
used to highlight a more fluid trajectory, with higher scores
represented by thicker lines. Five major citation trajectories were
determined (pink and green), with journals in Medicine,
Neurology, Sports, and Ophthalmology (pink trajectory) being
more frequently cited by Psychology, Education, Social (Z=4.53,
f=4,638), Health, Nursing, Medicine (Z=4.46, f=4,572), and
Molecular, Biology, and Genetics (Z=3.98, f=4,125) fields.
Additionally, journals in Medicine, Medical, and Clinical (green
track) were influenced by journals in Health, Medicine, Medical
(Z=3.83, f=3,990), and Psychology, Education, and Social
(Z=1.98, f=2,268).

Subject category analysis

The 1,447 articles included in our study were classified into a total
of 81 WoS subject categories. Supplementary Figure S3 shows the
top 15 published disciplines ranked by the number of publications.
Clinical neurology had the largest number of papers (n=338),
citations (n=6,814), open-access papers (n=195), and H-index value
(n=43). Peripheral vascular disease had the largest average number of
citations per article (n=24.26), followed by clinical neurology
(n=20.16) and nutrition dietetics (n=18.62).
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TABLE 1 Top 15 paper journals based on the number of publications.

10.3389/fneur.2024.1343469

Journal Publications  Citations  Citation = Open = WoS IF(2022) Quartile  H-index
per access categories
paper

Dysphagia 99 1950 19.7 29 Otorhinolaryngology 2.6 Q2 23

Journal of Stroke and Neurosciences;

Cerebrovascular Peripheral Vascular

Diseases 75 954 12.72 16 Disease 2.5 Q3;Q3 17
Medicine; General

Medicine 35 209 5.97 35 and Internal 1.6 Q3;Q3 8
Clinical Neurology;
Peripheral Vascular

Stroke 35 1,307 37.34 33 Disease 8.3 Q1;Q1 19
Clinical Neurology;

Frontiers in Neurology 34 245 7.21 34 Neurosciences 34 Q2;Q2 9

Archives of Physical

Medicine and Rehabilitation; Sport

Rehabilitation 21 329 15.67 4 Sciences 4.3 Q1;Q1 11

Journal of Oral Dentistry, Oral

Rehabilitation 21 553 26.33 2 Surgery & Medicine 29 Q2 13
Gastroenterology &
Hepatology; Clinical

Neurogastroenterology Neurology;

and Motility 20 461 23.05 6 Neurosciences 35 Q2;Q3;Q2 12
Clinical Neurology;

Neurorehabilitation 18 188 10.44 2 Rehabilitation 2 Q4;Q2 8

Annals of

Rehabilitation Medicine 16 100 6.25 16 Rehabilitation 13 Q3 7
Multidisciplinary

PLOS ONE 16 438 27.38 16 Sciences 3.7 Q2 10

BMC Neurology 15 154 10.27 15 Clinical Neurology 2.6 Q2 7
Clinical Neurology;

Cerebrovascular Peripheral Vascular

Diseases 15 375 25 7 Disease 2.9 Q3;Q3 10

European Journal of Clinical Neurology;

Neurology 15 337 22.47 3 Neurosciences 5.1 Q1;Q2 10
Clinical Neurology;

International Journal of Peripheral Vascular

Stroke 15 842 56.13 5 Disease 6.7 QL1 Q1 9

‘WoS, Web of Science; IE, Impact Factor; JCR, Journal Citation Reports.

Authoritative countries, institutions, and
authors analysis

A total of 84 countries contributed to the publication of research
on post-stroke dysphagia. Supplementary Figure S4A shows the top 15
countries based on the number of publications, with China having the
highest number of publications (n=182) and open access papers
(n=235). The USA had the highest H-index (n=37) and the most
citations (n=4,871). Switzerland had the highest number of citations
per paper (n=48.12), followed by Spain (#=29.28) and England
(n=24.75). Supplementary Figure S4B shows the top 11 countries
with the strongest citation bursts. Sweden had the highest burst
strength, with a score of 4.61 from 2015 to 2018, indicating a
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significant focus on post-stroke dysphagia research in Sweden during
this period.

Supplementary Figure S5A displays information on the top 15
institutions based on the number of research papers published. The
University of London ranked first with 49 publications, followed by
the University of Manchester with 44 and Harvard University with 37
publications. The University of Munster had the highest citation rate
of 39.64 per paper. When analyzing the burstness of institutions in
Supplementary Figure S5B, it was observed that the Veterans Health
Administration (VHA) and the US Department of Veterans Affairs
were tied for first place, both scoring 5 from 2013 to 2014. Dongseo
University ranked third with a burst strength score of 4.07 from 2019
to 2020.
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FIGURE 2

journals on the right

Dual-map overlaps of journals in post-stroke dysphagia. The map is assigned to two parts, with the citing journals listed on the left and the cited

FIGURE 3

authorship or co-occurrence relationships
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summarizes the top 15 most
authoritative authors. Hamdy S had the largest number of papers
(n=25), with 22 of them being open access. Dziewas R had the highest
number of citations (n=915) and also shared the highest H-index
(n=15) with Clave P and Hamdy S. Additionally, Dziewas R had the
greatest number of citations per paper, with a value of 45.75.
displays the top 15 authors with the
strongest citation bursts. Park Ji-Su had the highest burst strength,
scoring 4.12 from 2019 to 2020. Clave P had a score of 4.12 in burst
strength, followed by Yoshimura Y with a score of 3.25 from 2020 to
2022. These scores indicated that both authors had a keen interest in
the study of post-stroke dysphagia during this period.

Coauthorship analysis of countries,
institutions, and authors analysis

displays the collaboration maps of countries, institutions,
and authors. According to the total link strength, the top three

Frontiers in

countries were China (n=273), USA (n=251), and England (n=145).
The top three institutions were the University of London (n=47), the
University of Manchester (n=44), and Harvard University (n=37). As
for authors, the top three authors were Hamdy S (n=27), Dziewas R
(n=21), and Middleton S (n=16) based on their contributions.

In terms of betweenness centrality, the United States had the
highest centrality (n=0.45), and the University of London and the
University of Manchester were the top institutions with the highest
centrality (n=0.21). The top five authors were Hamdy S (n=0.01),
Dziewas R (n=0.01), Middleton S (n=0.01), Bath P (n=0.01), and
Michou E (n=0.01).

Reference analysis

presents a timeline view of the references. The reference
cocitation analysis grouped the research categories into 26 clusters
(#0-26). The largest cluster (#0) consisted of 64 members and was
classified as a controlled trial. The most relevant citation to this cluster
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Timeline view of reference co-citation analysis.
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#0 controlled trial
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#2 systematic revie...

#3 ischemic stroke

#4 post-stroke infe...

#5 swallowing rehab...

#6 daily living

#7 triage treatment
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s “European Stroke Organization and European Society for
Swallowing Disorders Guideline for the Diagnosis and Treatment of
@ (16). The second-largest cluster (#1), labeled
as non-stroke diseases, contained 49 members. The most pertinent

Post-Stroke Dysphagi

citation to this cluster was “Approaches to the Rehabilitation of
9). The third-largest
cluster was labeled as ischemic stroke, and the most relevant citation

Dysphagia in Acute Post-Stroke Patients” (2

was “Predictors of Complete Oral Feeding Resumption after Feeding
Tube Placement in Patients with Stroke and Dysphagia: A Systematic
Review” (30).

Keyword analysis

Figure 5 displays the top 25 keywords with the strongest citation
bursts. The keyword with the highest burst value was “implementation”
(n=6.55), followed by “predictors” (n=>5.63) and “systematic review”
(n=5.08). The keyword “classification” had the longest burst period,
lasting from 2014 to 2018. As of the end of 2022, the most frequently

» <«

cited keywords included “systematic review;” “validity;” “activities of

daily living,” and “swallowing disorders.”

Discussion

Global research trends of post-stroke
dysphagia

This study conducted a systematic and comprehensive
bibliometric analysis of research on post-stroke dysphagia in the past
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10years using CiteSpace software. The results showed that the global
trend of published papers on post-stroke dysphagia increased during
the 10-year period from 2013 to 2022. However, it should be noted
that the growth rate of clinical neurology was slower than the overall
trend observed in this field. In addition, the global trend in citations
increased from 44 to 5,405, with the most significant increase from
2019 to 2022. The increase in clinical neurology was consistent with
the overall growth, indicating that dysphagia has received more
attention in the field of stroke in recent years, with more and more
scholars joining the research, further promoting the development of
this field.

From the journal analysis, dysphagia was the Q2 journal with the
highest publications and the largest citations. This indicates that
publishing high-quality papers on post-stroke dysphagia is a challenge.
In addition, among the top 15 journals, Stroke (IF, 2022=38.3), the
International Journal of Stroke (IE, 2022=6.7), and the European
Journal of Neurology (IE, 2022 =5.1) were the Q1 journals with an IF
score>5. This indicates that the articles published in these three
journals have a higher academic reference value and are more
authoritative. Through analyzing the overlap of dual-maps in
published journals to discern the citation trajectories across various
fields, it becomes apparent that post-stroke dysphagia is influenced by
a range of disciplines extending from medicine, neurology, and
clinical health to psychology, education, and sociology. The disciplines
mentioned above contribute to addressing this intricate problem from
diverse angles, offering distinctive perspectives and approaches.
Medicine and neurology concentrate on physiological mechanisms
and therapeutic methods, clinical hygiene examines best practices,
psychology emphasizes psychological wellbeing, education strives to
enhance the disorder through educational means and training; and
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Keywords Year Strength Begin End 2013 - 2022
predictors 2013 5.632013 20715 e
natural history 2013 4672013 201 0 g
brain stimulation 2013 3.71 2013 2015 e
medical complications 2013 3.72013 2076 s
patterns 2013 2952013 2014 e
aspiration risk 2013 2742013 2014 e
implementation 2014 6.552014 20717 commme
plasticity 2014 5.07 2014 2017  smmmme
mortality 2013 4192014 2015 . e
classification 2014 3.862014 2018 s
cerebral cortical representation 2014 3.072014 2016 e
cohort 2015 2.832015 2016 e
randomized controlled trial 2016 4882016 2018  ommmec
hyperglycemia 2016 3912016 2018 e
movement 2016 3.81 2016 2017 e
stimulation 2013 3.412016 2017 e
survival 2016 3.27 2016 2017 R—
population 2014 3.58 2017 2018 . i —
older patients 2018 3.01 2018 2020 R
thrombolysis 2015 2982018 2019 . ———
percutaneous endoscopic gastrostomy 2019 3.25 2019 2020 -
systematic review 2020 5.08 2020 2022 —
validity 2019 4.19 2020 2022 p—
activities of daily living 2020 2.89 2020 2022 —
swallowing disorders 2019 2.74 2020 2022 P

FIGURE 5

citation burstness.

Top 25 keywords with the strongest citation bursts conducted by CiteSpace. The blue bars mean the reference has been published; the red bars mean

sociology emphasizes social engagement and support systems (16).
Interdisciplinary collaboration and communication are essential for
developing comprehensive treatment plans and enhancing patient
outcomes in terms of quality of life and prognosis. Future research
should take into account the dynamic nature of these field journals.
Among the top 15 authoritative countries ranked by publication
quantity, two-thirds were developed countries, while only one-third
were developing countries. In addition, although China had the
highest number of papers, the United States had the highest number
of citations and H-index, and Spain ranked first in citations per
paper. This indicates that there are still significant disparities
between developed and developing countries in the research on
post-stroke dysphagia. This phenomenon may be due to the
following reasons: First, some developing countries still focus their
research on reducing the mortality rate of stroke, which is the second
leading cause of death (31). Second, there are differences in the
incidence rate of post-stroke dysphagia between developed countries
and developing countries. Meta-analysis shows that the incidence
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rate in developed countries is approximately 44-61%, while that in
developing countries is approximately 37-39% (11). The high
incidence rate may prompt developed countries to pay more
attention to post-stroke dysphagia. Finally, developed countries have
more economic strength, medical investment, talent cultivation, and
scientific research environment resources, which affect the output
and quality of scientific research results in developed and developing
countries. Among the authoritative institutions and authors, the
University of London was the top-ranked institution, and Hamdy S
was the most influential author. From the perspective of the
collaboration network, the United States had the highest centrality.
The University of London and the University of Manchester were the
top institutions with the highest centrality. These results suggest that
countries and institutions with the most publications do not
necessarily have the highest degree of betweenness centrality. Future
research involving post-stroke dysphagia should strengthen
collaboration and cooperation between different countries and
institutions to improve research quality.
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Research hotspots and prospects of
post-stroke dysphagia

The evolution of a knowledge field can be reflected through
keywords. Therefore, keyword analysis can reveal research hotspots
and development trends. According to keyword-based counting
analysis, dysphagia (n=221) ranked first, followed by aspiration
(n=215). Dysphagia is one of the most common complications after
stroke (32, 33). Despite multiple advances in the treatment of
hyperacute phase and secondary prevention of stroke, the treatment
of post-stroke dysphagia remains a neglected research area (33-35).
Swallowing and breathing share the pharynx and are both regulated
by the medulla oblongata, making them two synchronized complex
biomechanical processes (36, 37). During normal swallowing, the
airway is closed, and breathing is paused to prevent food from
entering the airway (38). Patients with dysphagia may have
aspiration due to abnormal airway protection mechanisms, causing
food to fall into the respiratory tract (39). Previous studies showed
that in stroke patients, the incidence rate of dysphagia was
consistent with pneumonia (11, 32). However, conventional
diagnostic methods for dysphagia have limited accuracy in
predicting aspiration and respiratory disease (40). In addition, there
was insufficient randomized controlled trial data to determine the
impact of screening programs for dysphagia on reducing post-
stroke pneumonia (41). Therefore, more research is needed to
compare the effectiveness of different screening methods for
dysphagia in the future, and incorporating measurable objective
assessments into clinical diagnosis is necessary. This may be the key
to developing new treatment strategies. The keyword “classification”
had the longest burst period. Warnecke et al. found that based on
the flexible endoscopic evaluation of swallowing (FEES), the
neurogenic dysphagia phenotype can be divided into seven
categories (42). Stroke commonly manifests as “premature bolus

» <« » <«

spillage,” “delayed swallowing reflex,” “residual material in the
piriform sinus,” and “pharyngolaryngeal movement disorder” (12).
Parkinson’s disease often appears as “residual material in the
valleculae” and “pharyngolaryngeal movement disorder” (43).
Myasthenia gravis is commonly characterized by “fatigue-prone
muscle weakness” (44). “Complex disorder” with a heterogeneous
dysphagia pattern is more prevalent in amyotrophic lateral sclerosis
(45). Therefore, the dysphagia phenotype is beneficial for the
differential diagnosis of post-stroke dysphagia.

The subject category analysis showed that clinical neurology,
neurosciences, and rehabilitation were the main categories of
research on post-stroke dysphagia, indicating that research on
post-stroke dysphagia from the perspective of clinical neurology
focuses on rehabilitation. In the reference analysis, the most
relevant citer to the cluster “swallowing rehabilitation “was
“Transcranial non-invasive brain stimulation in swallowing
rehabilitation following stroke--a review of the literature” (46).
This study found that, based on available evidence, non-invasive
brain stimulation may provide a useful adjunctive therapy for
post-stroke dysphagia rehabilitation. In addition, according to the
timeline perspective of literature analysis, “daily living” has also
been a hot topic in recent years. Dysphagia may prevent
individuals from living independently and returning to work due
to conditions such as being unable to eat orally, using nasal feeding

Frontiers in Neurology

10.3389/fneur.2024.1343469

tubes, developing aspiration pneumonia, experiencing
malnutrition, and suffering from mental disorders, which
significantly impact the quality of life (47). Therefore, more high-
quality research on non-invasive interventions for post-stroke
swallowing dysfunction is needed in the future to improve the
quality of life of patients with post-stroke dysphagia.

Although this study reveals the trends and hotspots of post-stroke
dysphagia, there are still some topics and areas that have not been fully
studied. For example, the efficacy of swallowing exercises and
rehabilitation programs, the specific needs of elderly patients, and the
application of technology in diagnosis and management (39, 48-50).
In-depth research on these topics will help medical practitioners
better understand post-stroke dysphagia and provide more effective

treatment and management strategies.

Strengths and limitations

As far as we know, this study represents the first bibliometric and
visual analysis of post-stroke dysphagia, drawing from literature
published between 2013 and 2022. In addition, this study reviews the
progress and trends of research on post-stroke dysphagia worldwide.
However, it should be noted that there are several limitations. First,
considering the limitations of CiteSpace software and in order to
ensure the quality of the retrieved publications and the integrity of the
information, we only searched the core collection of Web of Science,
which may have omitted important literature from other databases.
Second, in the search strategy, we did not incorporate all keywords
associated with dysphagia. To achieve a more comprehensive
understanding of this field, future research can refine the search
strategy based on this foundation, leading to more robust evidence
support. Finally, our study only included publications from 2013 to
2022 and did not incorporate the most recently published high-quality
papers. This may lead to an incomplete representation of the latest
research dynamics and advancements, particularly in rapidly evolving
fields such as post-stroke dysphagia.

Conclusion

In conclusion, this study may help researchers reveal the
publication patterns and emerging trends of post-stroke dysphagia
from 2013 to 2022. The most influential authors, institutions,
journals, and countries were Hamdy S, University of London,
Dysphagia, and the People's Republic of China. The visual map
displays the hot research directions of post-stroke dysphagia studies
in recent years, including dysphagia and aspiration, dysphagia
classification, dysphagia rehabilitation, and daily living. In stroke
patients with dysphagia, accurate identification of the type of
swallowing disorder and in-depth exploration of novel rehabilitation
techniques, such as non-invasive brain stimulation, contribute to the
development of more scientific and effective treatment protocols.
Furthermore, precise assessment of the risk of aspiration and the
implementation of appropriate nursing interventions contribute to
reducing the risk of pneumonia and, ultimately, significantly
enhancing the patients’ quality of life. Therefore, it is crucial to
conduct large-sample randomized controlled trials on screening
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programs and non-invasive intervention methods for post-stroke
dysphagia in the future.
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Dysphagia is a common symptom of Parkinson'’s disease (PD) associated with
aspiration pneumonia, choking, malnutrition, and a decreased quality of life,
and is a leading cause of death among patients with PD. Tongue dysfunction in
patients with PD affects the oral phase of swallowing, including the formation
and propulsion of a bolus into the pharynx. Assessing tongue pressure, generated
between the tongue and palate, is a method that quantitatively measures
tongue function and is related to dysphagia in PD. Two assessment methods
are used to measure tongue pressure: tongue strength and tongue pressure
during swallowing. Previous studies measuring tongue pressure in PD have
reported decreased tongue strength and pressure during swallowing, as well as
a prolonged tongue pressure rise time, which are symptoms associated with PD
severity and dysphagia. In this mini-review, we present a method for measuring
tongue pressure and discuss its relationship with dysphagia in PD. We also
describe limitations and future perspectives in tongue pressure measurement
research.

KEYWORDS

Parkinson’s disease, dysphagia, tongue pressure, tongue strength, swallowing

1 Introduction

Dysphagia occurs frequently in Parkinson’s disease (PD), not only leading to a decline in
the quality of life related to meals, depression, and malnutrition, but also serving as a cause of
aspiration pneumonia, which is associated with life prognosis (1-6). In PD, bradykinesia,
hypokinesia, and tremors can also influence swallowing organ motility and cause problems in
the oral phase, in which a high prevalence of abnormal tongue movement is typically observed
(7, 8). Tongue tremors, pumping-like movements, prolonged tongue elevation, and muscle
weakness are also observed, and these motor abnormalities can cause difficulty initiating
swallowing, prolonged oral transit time, difficulty propelling a bolus from the oral cavity to
the pharynx, a decreased propulsive force, and oral residuals (9, 10). Given these considerations,
it is important to establish a clinical marker of abnormal tongue movement in the evaluation
of dysphagia in PD.
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The tongue plays an important role in propelling a food bolus
from the oral cavity to the pharynx during swallowing, and the
decreased production of tongue pressure is a risk factor for impaired
safety and efficiency during swallowing (11). Tongue pressure, a
measure of the pressure produced between the tongue and palate, is
an indicator of tongue motility. In patients with PD, abnormal tongue
pressure patterns and movements during swallowing have been
reported. Measuring tongue pressure is a less invasive assessment
method and may have diagnostic value in the evaluation of dysphagia
in patients with PD. Given this background, the present mini-review
aimed to summarize the research literature on the measurement of
tongue pressure in patients with PD. A literature search was performed
on PubMed, Web of Science, and Google Scholar using the terms
“Parkinson’s disease” AND “tongue pressure” OR “lingual pressure”
OR “tongue strength” We reviewed the title and abstract of each result
and selected articles related to tongue pressure studies in patients
with PD.

2 Types of methods for measuring
tongue pressure

There are two types of tongue pressure: maximal tongue
pressure, which occurs when the tongue is voluntarily pushed
strongly upward, and tongue pressure during swallowing, which is
produced between the tongue and palate during swallowing.
Researchers have used various terms to refer to maximal tongue
pressure, including tongue strength, lingual strength, maximal
lingual pressure, maximal tongue pressure, and tongue pressure
strength (12-15). Because both types of tongue pressure are
performed using maximal isometric movement, they are used to
indicate tongue strength. In this paper, to avoid confusion among
readers, the term tongue strength is used throughout.

Tongue pressure during swallowing is a method of measuring the
pressure, location, and timing of tongue contact with the palate by a
sensor placed in the intraoral cavity during the swallowing of saliva,
food, or drinks.

3 Measurement of tongue strength
3.1 Measurement instruments and methods

Tongue strength is measured using a tongue pressure measuring
device that consists of an instrument unit, a connecting tube, and a
tongue pressure probe. A probe with a balloon-shaped tip is placed
on the tongue in the oral cavity and pressed with maximal force
against the palate to measure the pressure produced. The subject is
instructed to “press as hard as you can with your tongue against the
plastic bulb” Measurements are taken three times and the average or
maximal value is recorded as the representative value for each
subject. A typical tongue pressure measuring device is the IOPI Pro
(Model 3.1; IOPI Medical LLC, Woodinville, WA, United States),
which is the most widely used device and has been the subject of
many research reports (16-19) (Figure 1A). The IOPI is a handheld
portable device that uses an air-filled plastic bulb (3.5cm long;
4.5cm diameter, 2.8 mL internal volume) (20). Another common
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device is the JMS Tongue Pressure Measurement Device (TPM-02;
JMS Co., Hiroshima, Japan), which is used mainly for clinical and
research purposes in Japan (21-25) (Figure 1B). The tip of the IOPI
probe has a slightly flattened shape, whereas that of the JMS device
has a nearly spherical shape. The JMS device has a rigid ring at the
base of the balloon that is secured by the incisors to control
mandibular movement and balloon positioning. Because the IOPI
probe has no fixed points on the incisors, the probe position can
be moved from the anterior to posterior portion of the tongue. Both
the IOPI and JMS instruments are expressed in kilopascals (kPa),
but because the instruments are different, the readings are not
directly comparable. A conversion formula for the relationship
between the tongue strength value of both devices has been reported
by Yoshikawa et al. (26). Real-time and tongue strength value
displays are common features of both devices.

These instruments can also assess endurance by measuring not
only tongue strength, but also the time it takes to keep the tongue
pressed with a constant force. Tongue endurance is measured by the
time that 50% of maximal tongue strength can be sustained with
feedback of the pressure ramp displayed on the tongue pressure
measuring device and the waveform displayed on the monitor using
specialized software (27, 28).

These tongue pressure measuring devices can also be used for
tongue strength training, and have been applied to rehabilitation
therapy using tongue strength values as an indicator.

3.2 Tongue strength in PD

A number of studies have shown that patients with PD have
decreased tongue strength and endurance compared with controls in
similar age groups (29-31). Solomon et al. (30) investigated muscle
strength and endurance in the tongue and hands of patients with PD
and compared them with neurologically normal controls, and
reported that the patients with PD had 8.3 kPa lower tongue strength
and 8.2s shorter endurance. Tongue strength can be measured in the
anterior and posterior portions of the tongue, but studies of PD have
reported declines in only the anterior portion or in both the anterior
and posterior portions (32, 33).

Regarding the relationship with the progression of PD, tongue
strength has been shown to decrease more in patients with advanced
than in patients with mild/moderate disease progression. Plaza et al.
(34) reported a negative correlation between Hoehn and Yahr stage
and tongue strength, which decreases with the progression of PD. They
reported finding no differences in tongue endurance or gender based
on the degree of PD progression. According to a meta-analysis by Pitts
etal. (31), decreased muscle strength and endurance in the anterior
part of the tongue is expected in approximately one-third and
one-fourth of patients with PD, respectively. They point out that the
decrease in the anterior part of the tongue appears from stage II of the
Hoehn and Yahr classification and may become more persistent as the
disease progresses.

An analysis of the relationship between tongue pressure and
swallowing function using videofluoroscopic swallowing studies
reported that higher tongue strength leads to less airway penetration
of thin liquids, and that low endurance in the anterior portion of the
tongue delays the laryngeal vestibule closure time (33, 35).
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FIGURE 1

o e /Uty

(A) IOPI Pro (Model 3.1) and measurement methods. (B) JMS Tongue Pressure Measurement Device (TPM-02) and measurement methods.

Weak tongue strength is also associated with subjective symptoms
of dysphagia. Tongue strength is decreased in patients with PD with
subjective symptoms of dysphagia compared with those without PD
(36). Pitts et al. (32) reported that patients with PD with reduced
muscle strength in the anterior part of the tongue had lower total
scores on the Swallowing Quality of Life (SWAL-QOL) questionnaire
and reported subjective symptoms such as prolonged eating time and
decreased motivation to eat.

De Letter et al. (37) examined the effect of levodopa on tongue
pressure. Ten patients with idiopathic PD were studied for isometric
motor tasks of the tongue in the on and off phases. The maximal force
of tongue movement and contraction time were not significantly
different between the two conditions, but the integral (area under the
curve) was significantly greater in the on phase. In addition, the force
decay slope was significantly lower in the on phase. These findings are
consistent with the pathophysiological effects of isometric muscle
contraction patterns in PD.

Frontiers in Neurology

4 Measurement of tongue pressure
during swallowing

4.1 Measurement instruments and methods

Tongue pressure during swallowing is a method of measuring the
contact pressure between the tongue and palate during swallowing. A
simple method is to place the balloon of a tongue-pressure measuring
device such as the IOPI on the tongue and measure the pressure of the
tongue pushing the balloon upward during swallowing (33, 35). A
detailed evaluation of tongue pressure during swallowing involves
attaching a customized sensor to the palate and measuring the contact
between the tongue and the palate. Multiple pressure sensors are
installed in the palate, including in the bulb and mouthpiece (38-40).
The tongue pressure sensor (Nitta Co., Osaka, Japan) has five pressure-
sensitive sensors arranged in an ultra-thin sheet (0.1 mm thick),
allowing it to measure tongue pressure during swallowing under

frontiersin.org


https://doi.org/10.3389/fneur.2024.1355627
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Fukuoka et al.

natural conditions with minimal discomfort (39, 40). The
measurement of tongue pressure during swallowing provides detailed
objective information on the site of tongue contact with the palate, the
order of tongue pressure onset, and the maximal tongue pressure,
duration, and integral value for each site.

4.2 Tongue pressure during swallowing
in PD

Studies using IOPI bulbs have shown that tongue pressure during
salivary swallowing is decreased in patients with PD compared with
healthy older adults (11, 35). Da Costa et al. (33) compared tongue
pressure during salivary swallowing in 23 patients with idiopathic PD
(mean age, 64.9 years) and 24 healthy controls (mean age, 64.1 years)
using the IOPI placed anteriorly and posteriorly. They reported that
compared with the control group, patients with PD had significantly
lower tongue pressure during swallowing in the posterior region.

Hadley et al. (38) measured real-time tongue-palatal pressure in
patients with PD using an oral mouthpiece with seven implanted
pressure sensors. Using this device, they could distinguish between
swallowing tasks of various samples, including saliva and water, and
non-swallowing tasks, such as singing, chewing, speech, and isometric
tongue push-up movements.

Minagi et al. (41) measured tongue pressure during swallowing in
patients with PD using an ultra-thin sensor sheet with five pressure
sensors affixed to the hard palate. The maximal tongue pressure at the
measurement point was significantly lower in patients with PD than
in healthy controls. Maximal tongue pressure was lower in patients
with PD with dysphagia than in patients with PD without dysphagia.
Loss of tongue pressure production in the anterior region of the hard
palate was strongly associated with dysphagia in the oral and
pharyngeal phases. They reported that abnormal tongue pressure
production patterns, including partial or complete loss of tongue
pressure, were observed at a higher rate in patients with PD with
dysphagia than in patients with PD without dysphagia. They
concluded that measuring tongue pressure during swallowing can
detect not only the changes associated with overt dysphagia, but also
the decreased tongue movement present in subclinical dysphagia.

Fukuoka et al. (42) used the same sensor sheet as Minagi et al.
(41) to examine the characteristics of tongue movement in patients
with PD (Figure 2). They compared tongue pressure during
swallowing (maximal magnitude, duration, time-to-peak pressure,
and pressure gradient) in dysphagia and non-dysphagia groups based
on the findings of a videofluoroscopic swallowing study. No difference
in maximal pressure was found between the two groups, but the
duration and time-to-peak pressure were prolonged and the pressure
gradient was decreased. These parameters may indicate temporal
abnormalities in tongue movement in patients with PD. They
concluded that measuring tongue pressure during swallowing using
a tongue pressure sensor sheet can detect abnormal tongue
movements in patients with PD, and is therefore useful in the
diagnosis and treatment of dysphagia.

Other devices that may be able to measure tongue pressure during
swallowing include the KayPentax 3-bulb array or the Madison Oral
Strengthening Therapeutic device, but no data were found from
studies with patients with PD (12, 43).
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FIGURE 2

(A) Tongue pressure sensor sheet on the hard palate with five
pressure-sensing parts. Ch.1 = anterior-median part; Ch.2 = mid-
median part; Ch.3 = posterior-median part; Ch.R = right
circumferential part; Ch.L = left circumferential part. (B) Tongue
pressure waveforms of all channels recorded during swallowing.
(C) Items for measuring tongue pressure during swallowing in a
single channel.

5 Discussion

Most patients with PD have disorders related to tongue pressure,
and tongue strength and endurance, as well as tongue pressure during
swallowing, are known to be related to swallowing efficiency and
safety (11, 29-32, 34, 41, 42). Tongue strength and endurance are
reduced by physiologic factors other than aging and worsen as PD
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progresses (31, 34). Decreased tongue strength and endurance in PD
may be related to the cardinal features of basal ganglia dysfunction,
such as bradykinesia and hypokinesia (32). Muscle strength, especially
in the anterior part of the tongue, is retained in the early stages of PD
(31), but declines in the more severe stages and may be a leading
indicator with respect to sensitivity to disease progression.

Tongue pressure is associated with subjective symptoms of
swallowing and eating-related quality of life. Patients with PD with
impaired tongue pressure have lower SWAL-QOL scores because of
the effects on items such as eating duration, food selection, symptom
frequency, and eating desire (32, 36). Because these subjective
symptoms can be attributed to dysphagia, tongue pressure should
be evaluated for the purpose of detecting dysphagia in patients
with PD.

Data on muscle strength in the posterior part of the tongue have
not been fully accumulated, and there is room for further study of its
diagnostic significance. In addition, there are few reports of studies on
tongue endurance compared with tongue strength. Although there
have been reports suggesting an association between decreased
anterior tongue endurance and delayed laryngeal vestibular closure,
the relationship between tongue endurance and swallowing function
remains unclear (33). Investigating the effects of reduced muscle
strength and endurance on swallowing efficiency and safety for the
anterior and posterior portions of the tongue, respectively, could
clarify whether tongue pressure is a clinical marker for the presence
or absence of dysphagia and the pathophysiology of PD. Because
tongue pressure measuring devices can provide visual feedback in the
form of numerical values and waveforms, they are expected to be used
in rehabilitation therapy, such as for strengthening the tongue muscles.
Several studies in older adults and stroke patients with dysphagia have
reported increased tongue strength, reduced pharyngeal residuals,
decreased aspiration, and improved quality of life related to swallowing
function following tongue strength training (14-16, 44-46). In the
future, it will be necessary to study the effects of improved tongue
strength and endurance through rehabilitation on improved
swallowing function, subjective symptoms, and quality of life.

Measuring tongue pressure during swallowing is a method of
assessing tongue—palate contact pressure during the swallowing of
food and drinks, and evaluates tongue dynamics differently from
measurements of tongue muscle strength and endurance. Tongue
pressure during swallowing has been measured by various devices in
patients with PD, all of which show a decrease compared with healthy
older adults of the same age. It is important to note that the bulb-type
measuring device only measures the tongue—palate contact pressure
at one location during swallowing. In addition, because the patient
swallows with the bulb in place, there is added resistance to tongue
movement, which may induce unusual swallowing dynamics. The
sensor sheet and experimental palatal plate are shaped to fit the palate,
which allows simultaneous measurement of multiple tongue—palate
contact sites.

The measurement of tongue pressure during swallowing using a
sensor sheet has revealed abnormal tongue movement in patients with
PD. Compared with healthy older adults and patients with PD without
dysphagia, patients with PD with dysphagia have partial or complete
deficits in tongue pressure during swallowing and prolonged tongue-
palate contact time and time-to-peak pressure (41, 42). Patients with
PD tend to have abnormal tongue pressure during swallowing, which
is important for propelling a food bolus from the oral cavity to the
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pharynx, as the efficiency of swallowing is reduced. These features
identified in the tongue pressure waveform are consistent with the
dysphagia findings in videofluoroscopic swallowing studies, as well as
in the poor and uncoordinated food feeding movements in the oral
phase of swallowing in patients with PD (7, 9, 10, 47).

Measuring tongue pressure during swallowing may provide an
assessment of how the normal pattern is disrupted compared with
normal subjects based on changes in the order of tongue pressure
onset, duration, and maximal magnitude. If the changes in swallowing-
related organ movements can be quantitatively assessed with high
sensitivity, it may be possible to identify and effectively respond to
dysphagia in patients with PD from the early stage.

A remaining challenge is that most devices that measure tongue
pressure during swallowing were developed for research purposes or
are not commercially available. Direct comparisons or conversions of
pressure measurements between these devices has not yet been
established. In the future, it will be necessary to develop commercial
instruments that can be shared by researchers and to integrate existing
data for further analysis.

Tongue pressure measurement is an excellent assessment of
tongue strength and tongue-palate contact during swallowing.
However, it is challenging to measure involuntary movements, such
as resting tremor and dyskinesia, which are characteristic of PD
patients. A comprehensive evaluation of swallowing function requires
a multifaceted examination that extends beyond tongue pressure
alone. Integrating tongue pressure measurement into clinical
observation and imaging evaluations may enable a more detailed
analysis of swallowing function in PD patients.
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disorders: insights from Mataro
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Matard, Spain, *Centro de Investigacion Biomédica en Red de Enfermedades Hepaticas y Digestivas
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Background: Oropharyngeal dysphagia (OD) significantly impacts older
individuals and neurologically compromised patients, hindering safe ingestion
of food and liquids. Despite its prevalence, OD remains underdiagnosed and
undertreated, leading to severe complications such as malnutrition, dehydration,
respiratory infections, and aspiration pneumonia (AP), and increases hospital
readmissions.

Objectives: This study analyzes the intricate relationship between OD and
various clinical complications in older individuals and patients with neurological
disorders.

Methods: Utilizing retrospective analysis and narrative review, our work
consolidates findings from prior studies on Hospital de Mataro's dysphagia
patient cohort. Revisiting OD's intricate association with clinical complications,
it presents data via odds ratios (OR), incidence ratios (IR), and hazard ratios (HR)
from univariate and multivariate analyses.

Results: Five studies (2001-2014) involving 3,328 patients were scrutinized. OD
exhibited independent and significant associations with various complications
among older patients. Older individuals with OD faced heightened 1-month
(ODDS 3.28) and 1-year (OR 3.42) mortality risks post-pneumonia diagnosis.
OD correlated with a 2.72-fold risk of malnutrition, 2.39-fold risk of lower
respiratory tract infections, 1.82-fold pneumonia readmissions (IR), and 5.07-
fold AP readmissions (IR). Post-stroke OD is linked to neurological impairment
(OR 3.38) and respiratory (OR 9.54) and urinary infections (OR 7.77), alongside
extended hospital stays (beta coefficient 2.11).

Conclusion: Oropharyngeal dysphagia causes and significantly exacerbates
diverse clinical complications in older and post-stroke patients, emphasizing
the urgent need for proactive identification, comprehensive assessment, and
tailored management. Acknowledging OD’'s broader implications in general
medical practice is pivotal to improving patient outcomes and healthcare quality.

KEYWORDS

oropharyngeal dysphagia, swallowing disorders, aspiration pneumonia, clinical
complications, post-stroke
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Background and aims

Dysphagia encompasses a spectrum of conditions that includes
both oropharyngeal and esophageal dysphagia. These two forms,
while falling under the same umbrella term, have distinct
characteristics and implications. However, the scope of this article is
specifically confined to oropharyngeal dysphagia and any subsequent
reference to “dysphagia” in this article should be understood as
referring exclusively to oropharyngeal dysphagia, unless explicitly
stated otherwise. Oropharyngeal dysphagia is a multifaceted medical
condition with significant health implications for various patient
groups. It emerges from complex interactions between neurology,
gastroenterology, and related fields, extending beyond mere
swallowing difficulty to present a broad challenge with wide-ranging
clinical implications. Regrettably, dysphagia is often overlooked,
misdiagnosed, or underestimated in general medical practice, leading
to a series of clinical complications that demand immediate
attention (1).

The reported prevalence of dysphagia in published literature
varies greatly due to different diagnostic methods. Studies indicate
that dysphagia affects a substantial portion of individuals aged 70 years
or older, with estimates ranging from 27 to 91% (2, 3). For patients
with neurological conditions, the prevalence can be as high as 50% (1,
3). This positions dysphagia as a key concern in geriatric care (4).
Complications of dysphagia, such as aspiration pneumonia, are
particularly worrisome. One study found that about 33% of older
patients with dysphagia developed aspiration pneumonia during
rehabilitation, while another reported a 48.2% prevalence in a cohort
of patients with dysphagia (5, 6). Although estimates vary, it is
generally recognized that individuals with dysphagia face a higher risk
of aspiration pneumonia compared to those without swallowing
difficulties. Cabre et al. (7) established a strong link between dysphagia
and pneumonia in older patients, emphasizing the prognostic
implications and increased risk of readmission due to dysphagia.
Dysphagia is also closely associated with malnutrition, with studies
indicating a significant prevalence ranging from 25 to 45% in various
patient cohorts (8, 9). Those with dysphagia often struggle to consume
food properly, leading to decreased nutrient intake and potential
deficiencies in essential nutrients. This research has advanced our
understanding of dysphagia as a precursor to malnutrition and
respiratory tract infections, adding complexity to its management in
independently-living older individuals.

Besides its impact on health and quality of life, untreated or poorly
managed dysphagia and its complications present a significant
economic burden (10-12). Research at Mataré Hospital found that
post-stroke patients with dysphagia incurred notably higher costs at
various stages than those without dysphagia during hospitalization
(€5357.67 vs. €3976.30), 3 months post-hospitalization (€8242.0 vs.
€5320.0), and 12 months’ follow up (€11,617.58 vs. €7242.78) (13).
Importantly, patients with dysphagia who were at risk of malnutrition
or malnourished and suffered respiratory infections incurred even
higher costs at 12months’ follow up (€19,817.58 vs. €7242.8) (13).
These findings highlight the substantial financial impact of dysphagia,
especially when coupled with complications, and emphasize the
potential benefits of early intervention and effective management in
reducing these costs while improving patient outcomes.

The wider significance of these findings is underscored in key
reviews, leading to a broader understanding of dysphagia as a geriatric
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syndrome. Baijens et al’s white paper, backed by the European Society
for Swallowing Disorders and the European Union Geriatric Medicine
Society, articulates this concept well (4). However, this research is just
one aspect of a larger issue that requires collective recognition and
action. Many caregivers, both informal and formal, may lack
awareness and knowledge of dysphagia, resulting in less than optimal
care practices (14-18). There is a pressing need for targeted education
and training programs to enhance dysphagia recognition, safe feeding
practices, and strategies for managing swallowing difficulties. While
this remains a significant challenge, the use of artificial intelligence
and innovative interventions like the Minimal-Massive Intervention
offer a promising shift in dysphagia diagnosis and management (19,
20). Minimal-Massive Intervention employs advanced, less invasive,
compensatory strategies, and oral health to achieve substantial
therapeutic benefits with minimal physiological disruption. By
providing caregivers with the necessary knowledge and skills,
including awareness of innovative approaches like Minimal-Massive
Intervention, we can optimize care for individuals with dysphagia and
reduce associated risks and costs.

This narrative review highlights the crucial issue of limited
awareness and understanding of dysphagia complications among
caregivers, including general practitioners. Clinical complications
resulting from delayed recognition and misdiagnosis can lead to
malnutrition, aspiration pneumonia, and compromised quality of life.
Through an in-depth review of comprehensive studies conducted at a
single center, we aim to highlight the urgent need for proactive
identification, tailored management, and increased awareness to
enhance the diagnosis and management of dysphagia.

Methods

In this review, we collected and compiled data from five separate
investigations conducted by the same research team at Mataro
Hospital between 2001 and 2014 (7, 20-23). These studies were
carefully selected due to their shared location, consistent
methodologies, and expert management. This selection aimed to
ensure a uniform and cohesive research portfolio, enhancing the
reliability of our findings for meaningful and comprehensive insights.

Study selection and rationale

Each of the five studies was chosen based on their specific focus
and shared attributes, ensuring a common purpose and execution. The
key factors guiding their selection were:

1 Location and facility: all studies took place at Mataro Hospital
conducted by the same research team, providing a standardized
clinical and research environment for practices
and methodologies.

2 Methodological consistency: a deliberate effort was made to
select studies with consistent research methods, allowing for
easier cross-referencing and comprehensive understanding.

3 Expert assessment: the studies were managed by well-
recognized and experienced professionals with deep
understanding of the subject matter, ensuring the reliability of

the results.
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Methodological uniformity

Five studies examined dysphagia prevalence, risk factors,
interventions, and complications in clinical settings like post-stroke,
pneumonia, and older hospitalized populations. They all used the
volume-viscosity swallow test, a validated tool for dysphagia diagnosis,
assessing swallowing safety and efficacy with varying substance
volumes and viscosities, and detecting silent aspirations via pulse-
oximetry. Comprehensive evaluations were conducted on factors such
as comorbidities (Charlson Comorbidity Index), functional abilities
(Barthel Index), and nutritional status (Mini-Nutritional Assessment
short-form). This uniformity allowed for a seamless approach within
each study, contributing to coherence in the findings and enabling the
research team to derive comprehensive conclusions from each
individual study.

Data extraction

Our data extraction process involved a detailed review of five
studies conducted at Mataré Hospital, chosen for their shared
location, consistent methods, and expert management. We have been
using electronic medical records (TESIS/HCE; Nexus, Sabadell,
Barcelona, Spain) since 2007, aiding in recording patient outcomes.
This system facilitated the extraction process, which examined clinical
databases and electronic notes for 3,328 patients in our dysphagia
cohort. The researchers conducting the extraction were experienced
and knowledgeable, ensuring the accuracy of the information. The
data included variables like demographic details, clinical assessments,
diagnostic tools like the volume-viscosity swallow test and
videofluoroscopy, and outcome measures such as hospital
readmissions and mortality rates. This detailed extraction process
enhances our methodology’s transparency and validates our
study’s findings.

Outcome measures

A core set of clinical outcomes, including hospital readmissions,
lower respiratory tract infections, pneumonia, and 6-month mortality
after discharge, were assessed consistently across all studies. This
uniformity in outcome measures simplified the comparison of results
and enabled the identification of overarching trends and patterns.

Qutlined below are concise summaries of the five studies, each
addressing specific aspects of the research question, collectively
contributing to a comprehensive synthesis of findings:

« Study 1, a prospective cohort in an acute geriatric unit, focused
on dysphagia in pneumonia patients aged over 70 (134 patients;
80 female; mean age 78) (21). Dysphagia prevalence, clinical
status, and prognosis were evaluated using bedside assessments,
water swallow tests, and scoring systems like the Barthel Index,
Mini Nutritional Assessment, Charlson Comorbidity Index, and
Fine’s Pneumonia Severity Index. 55% showed dysphagia signs,
correlating with older age, poorer functional status, higher
comorbidity, and severe pneumonia. Dysphagia patients had
higher 30-day (22.9 vs. 8.3%, p=0.033) and 1-year mortality rates
(55.4 vs. 26.7%, p=0.001).
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o Study 2 was a population-based cohort study, evaluating

dysphagia as a risk factor for malnutrition and respiratory
infections in 254 community-dwelling individuals aged 70 and
over (118 female; mean age 78) with a 90% follow-up rate at
1-year (23). Dysphagia was assessed using the volume-viscosity
swallow test, along with evaluations for malnutrition, hand grip,
Barthel score, and lower respiratory tract infections. No
significant difference in annual malnutrition risk was found
between groups with or without dysphagia. However, prevalent
malnutrition cases at follow-up were linked to baseline dysphagia
and impaired swallow efficacy. Patients with impaired swallow
safety had higher annual respiratory infection rates.

Study 3 was an observational prospective cohort study,
examining whether dysphagia is a determining factor for
pneumonia-related readmissions in older patients discharged
from an acute geriatric unit (7). Analyzing data from clinical
databases and electronic notes of 2,359 patients (1,461 female,
mean age 84.9 years) followed for an average of 24 months, the
study found that dysphagia was diagnosed in 47.5% of cases.
Individuals with dysphagia had a higher incidence rate of
readmissions for pneumonia—6.7 readmissions per 100 person-
years compared to 3.67 in those without dysphagia. Dysphagia
correlated with a higher risk of hospitalization for pneumonia
(hazard ratio 1.6), with significantly increased risks for both
aspiration (hazard ratio 4.48) and non-aspiration pneumonia
(hazard ratio 1.44).

Study 4 was a prospective longitudinal study focusing on stroke
patients admitted to a general hospital, investigating post-stroke
dysphagia prevalence, related risk factors, and subsequent
complications (22). Among the 395 stroke patients examined
(184 female; mean age 73.2years), a 45.06% prevalence of
dysphagia was identified upon admission, with specific
independently-associated risk factors including age, previous
stroke history, stroke severity measured by the National Institute
of Health Stroke Scale, and the volume of the lesion. Post-stroke
dysphagia was independently linked to prolonged hospital stays,
post-discharge institutionalization, diminished functional
capacity, and notably higher mortality rates 3-month post-
stroke. The study found that stroke severity and the patient’s
status before the stroke played more pivotal roles in dysphagia
development than the exact location of the lesion.

Study 5 was an open-label trial of 186 hospitalized elderly patients
with dysphagia (20). It evaluated the Minimal-Massive
Intervention for reducing nutritional and respiratory
complications in this population. 62 with dysphagia (29 female;
mean age 84.8 years) received the Minimal-Massive Intervention,
while an equivalent number formed the control group matched
by sex, age, functionality, comorbidities, and body mass index
followed standard clinical practices. Assessments included
geriatric, comorbidity, functionality, frailty, oral dysphagia,
nutritional status, and oral health measures. The Minimal-
Massive Intervention encompassed fluid and food texture
modifications, caloric and protein supplementation, and oral
health guidance during and after hospitalization. The Minimal-
Massive Intervention group showed significant improvements in
nutritional status and functionality, lower hospital readmissions
and respiratory infections, and higher 6-month survival rates
than the control group.
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Statistical analysis

This study presents a comprehensive analysis of findings from
five selected studies. Each study used univariate or multivariate
analyses, calculating measures like odds ratios, incidence ratios, or
hazard ratios to assess the associations between dysphagia and
complications. Statistical methods included chi-square tests, Fisher
exact tests, Mann-Whitney U tests, logistic regression, Cox
regression, and survival analysis, with a consistent significance
level set at p <0.05. Our study synthesized these findings into a
tabulated format, providing a consolidated overview of the
associations between dysphagia and clinical outcomes, aiming to
represent the statistical outcomes reported in the original
studies comprehensively.

Results

Five studies conducted between 2001 and 2014 were included in
data compilation, comprising a cumulative cohort of 3,328 patients
with dysphagia uniformly managed in the same institution. Our
compilation in Table | summarized and presented the findings from
these studies, revealing substantial associations between dysphagia
and a range of clinical complications among older individuals and
patients with neurological conditions.

The data synthesis from these studies highlighted significant
relationships between dysphagia and various clinical outcomes. For
instance, older individuals with dysphagia and pneumonia
exhibited a significant increase in 1-month mortality (odds ratio:
3.28, 95% CI: 1.13-9.50, p<0.05), emphasizing the impact of
pneumonia on short-term survival rates. Similarly, there was a
substantial rise in 1-year mortality among this population (odds
ratio: 3.42, 95% CI: 1.64-7.11, p < 0.05), underscoring the long-term
consequences of pneumonia.

Additionally, our compilation emphasized the association between
dysphagia and subsequent risks, such as malnutrition among older
individuals from the community (odds ratio: 2.72, 95% CI: 1.25-5.95,
p<0.05), highlighting the importance of early nutritional evaluation
and intervention.

Moreover, individuals with impaired safety of swallow, particularly
from the community, demonstrated increased susceptibility to lower
respiratory tract infections with notable odds ratios ranging from 2.39
to 2.55 (95% CI: 1.07-5.34 to 1.07-6.09, p <0.05), emphasizing the
association between swallowing difficulties and lower respiratory
tract infections.

We observed influences on readmissions among older
patients, especially from acute geriatric units, suggesting
heightened odds for readmission, particularly for causes related
to lower respiratory tract infections and other unrelated causes
(odds ratios ranging from 1.37 to 5.97, 95% CI: 1.02-1.84 to
2.73-9.43, p<0.05).

Additionally, post-stroke hospitalized patients with dysphagia
exhibited a wide array of complications, including neurological
complications, respiratory infections, urinary infections, and
prolonged hospital stays. Odds ratios ranged from 2.11 to 27.34
(95% CI: 1.58-7.25 to 3.63-205.9, p <0.001), signifying substantial
associations  between and

post-stroke  complications

adverse outcomes.
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Discussion

Dysphagia is a complex condition that significantly impacts the
health of diverse patient groups. Our review offers a comprehensive
synthesis and examination of data compiled from five previously
published studies conducted at Mataro Hospital. This meticulous
examination aimed to consolidate and synthesize findings from these
investigations, offering a robust evaluation of dysphagia and its
associated complications in older and post-stroke patients. The
examination of data from these studies highlighted significant patterns
and relationships, enriching our comprehension of the substantial
impact of dysphagia within diverse clinical contexts among these
patient phenotypes.

Our review reaffirms insights from previous studies, emphasizing
the increased risks associated with dysphagia in various patient
groups. These conclusions echo documented associations between
dysphagia and increased risks, consolidating existing knowledge
within diverse patient cohorts. The rise in mortality, consistent with
some prior studies, underscores the need for targeted interventions
for dysphagia in pneumonia cases. The heightened risks of aspiration
pneumonia, malnutrition, hospital readmissions, and mortality rates
among individuals with dysphagia highlight the urgent need for
increased awareness and targeted interventions. Our findings show a
profound correlation between dysphagia and aspiration pneumonia,
particularly among older individuals, where pneumonia onset
significantly escalates mortality rates at both 1 month and 1year.
Aspiration pneumonia arises from compromised swallowing safety,
declining immunity and frailty due to aging, and inadequate oral
hygiene, fostering bacterial colonization in the respiratory tract (24).
Older individuals with swallowing difficulty often exhibit
compromised oral health, heightened colonization of respiratory
pathogens, and an increased susceptibility to lower respiratory
infections. Recent research, notably highlighted in the Japanese
Respiratory Society Guidelines, emphasizes the need for thorough
investigation and management strategies despite the ambiguous
diagnostic criteria for aspiration pneumonia (24). Current studies
outline common clinical parameters for diagnosing aspiration
pneumonia, focusing on symptoms, inflammatory markers, and
specific chest imaging patterns associated with aspiration. However,
distinguishing aspiration pneumonia from non-aspiration pneumonia
presents challenges, prompting a shift toward a comprehensive
approach that prioritizes evaluating swallowing function prospectively,
identifying causal factors, and exploring alternative diagnoses or
dysphagia-related causes in the older population experiencing
pneumonia. Our study underscores the urgency of early recognition
and management of dysphagia to mitigate the significant risk of
aspiration pneumonia, a crucial step in enhancing survival rates
among this vulnerable demographic. A recent scoping review aimed
to identify clinical competencies for managing aspiration pneumonia
in older adults (25). Ninety-nine studies were analyzed, resulting in a
refined list of 12 competencies covering diagnosis, treatment, support,
and interdisciplinary collaboration, emphasizing a “Diagnose, Treat
and SUPPORT” approach. These competencies urge healthcare
professionals to collaborate, address unmet needs, and enhance
patient care, particularly focusing on supportive care aspects.

Our review revealed a significant association between dysphagia
and subsequent malnutrition risk in older hospitalized patients,
underscoring the need for prompt evaluation and intervention.
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TABLE 1 Summary of findings from five studies on dysphagia (2001-2014): this table compiles findings from five studies conducted at Mataro Hospital,

all focusing on dysphagia.

Complications Phenotype ODDS/IR/HR p value Analysis Reference
1-month mortality Older with pneumonia 3.28 (1.13-9.50) (OR) Significant Univariate Cabre etal. (21)
1-year mortality Older with pneumonia 3.42 (1.64-7.11) (OR) - Univariate Cabre et al. (21)
MN and risk of MN Older from the community | 2.72 (1.25-5.95) (ODDS) 0.010 Univariate Serra-Prat et al. (23)
LRTI Older from the community 2.39 (1.07-5.34) (OR) 0.030 Univariate Serra-Prat et al. (23)
(with ISS)
MN and risk of MN Older from the community 2.31(0.96-5.57) (OR) 0.062 Multivariate (adjusted) Serra-Prat et al. (23)
(with IES)
LRTI Older from the community 2.55 (1.07-6.09) (OR) 0.035 Multivariate (adjusted) Serra-Prat et al. (23)
(with ISS)
Pneumonia readmissions Older patients from AGU 1.82 (1.41-2.36) (IR) - Univariate Cabre et al. (7)
Non-aspiration pneumonia Older patients from AGU 1.37 (1.02-1.84) (IR) - Univariate Cabre et al. (7)
readmissions
Aspiration pneumonia readmissions Older patients from AGU 5.07 (2.73-9.43) (IR) - Univariate Cabre et al. (7)
Bronchoaspiration readmissions Older patients from AGU 4.36 (2.91-6.52) (IR) - Univariate Cabre et al. (7)
Pneumonia readmissions Older patients from AGU 1.60 (1.15-2.20) (HR) 0.005 Multivariate Cabre et al. (7)
Non-aspiration pneumonia Older patients from AGU 1.44 (1.02-2.03) (HR) 0.037 Multivariate Cabre et al. (7)
readmissions
Aspiration pneumonia readmissions Older patients from AGU 4.48 (2.01-10.0) (HR) <0.001 Multivariate Cabre et al. (7)
Bronchoaspiration readmissions Older patients from AGU 3.02 (1.73-5.27) (HR) <0.001 Multivariate Cabre et al. (7)
Mortality Older patients from AGU 1.82 (1.62-2.04) (HR) <0.001 Multivariate Cabre et al. (7)
Neurological complications Post-stroke hospitalized 3.38 (1.58-7.25) (OR) <0.001 Univariate Rofes et al. (22)
Respiratory infections Post-stroke hospitalized 9.54 (2.80-32.55) (OR) <0.001 Univariate Rofes et al. (22)
Urinary infections Post-stroke hospitalized 7.77 (1.72-35.2) (OR) <0.001 Univariate Rofes et al. (22)
Hospital stay Post-stroke hospitalized 2.11 (beta coefficient) 0.049 Univariate Rofes et al. (22)
Mortality Post-stroke hospitalized 27.34 (3.63-205.9) (OR) <0.001 Univariate Rofes et al. (22)
Respiratory infections 3-month post-stroke 4.87 (2.25-10.54) <0.001 Univariate Rofes et al. (22)
(OR)
Mortality 3-month post-stroke 17.46 (5.39-56.51) (OR) <0.001 Univariate Rofes et al. (22)
Respiratory infections 12-month post-stroke 2.28 (1.35-3.85) (OR) 0.003 Univariate Rofes et al. (22)
Mortality 12-month post-stroke 11.40 (5.19-25.04) (OR) <0.001 Univariate Rofes et al. (22)
Hospital stay Post-stroke hospitalized 0.938 (beta coeflicient) 0.049 Multivariate (adjusted) Rofes et al. (22)
Mortality 3-month post-stroke 6.90 (1.57-30.34) (OR) 0.011 Multivariate (adjusted) Rofes et al. (22)
General readmissions Older hospitalized 2.78 (150-5.15) (IR) 0.001 Univariate Martin et al. (20)
LRTI readmissions Older hospitalized 5.97 (1.45-24.63) (IR) 0.002 Univariate Martin et al. (20)
Readmissions for other causes (no Older hospitalized 2.79 (1.21-6.44) (IR) 0.011 Univariate Martin et al. (20)

LRTI/pneumonia)

Key variables include comorbidities (Charlson Comorbidity Index), functional abilities (Barthel Index), and nutritional status (MNA short-form). The studies used uniform statistical methods
to calculate measures such as Odds ratio (OR), Incidence ratio (IR), and Hazard ratio (HR), assessing the associations between dysphagia and its complications. All studies consistently set the
significance level at p<0.05. MN, Malnutrition; LRTT, Lower respiratory tract infection; ISS, Impaired safety of swallow; IES, Impaired efficacy of swallow; AGU, Acute geriatric unit; OR, Odds

ratio; IR, Incidence ratio; and HR, Hazard ratio.

Dysphagia can result in malnutrition, leading to deficiencies in crucial
nutrients like proteins, calories, and vitamins due to swallowing
difficulties (23, 26, 27). Additionally, reduced fluid intake can cause
dehydration, particularly hypovolemic dehydration, leading to health
complications. The triple adaptation concept offers a comprehensive
strategy to tackle these issues (28). It primarily involves adapting food
texture and fluid viscosity to ensure safer swallowing practices.
Secondly, it customizes caloric, protein, and hydration intake to target
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individual nutritional deficiencies. Lastly, it enhances sensory
attributes to encourage adherence to dietary guidelines. The practical
application of triple adaptation resulted in 296 diverse recipes across
16 weekly menus based on Mediterranean cuisine principles. These
recipes cater to various textures, viscosities, nutritional needs, and
seasonal variations, and enhance the organoleptic quality of the dishes
(28). This diet adaptation, integrating scientific insights into practical
dietary interventions, allows for the management of both dysphagia
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complexities and prevalent nutritional deficiencies, improving
compliance and clinical outcomes.

Our findings confirm a significant correlation between dysphagia
and hospital readmissions due to clinical complications, primarily
respiratory infections. Specifically, patients with poorly managed
dysphagia have a 1.82 times higher risk of pneumonia readmission
and a 5.07 times higher risk of aspiration pneumonia readmission.
While our study did not directly investigate economic implications, it
highlights the link between dysphagia and these complex clinical
complications, indicating potential healthcare cost implications.
Previous studies have stressed the financial burden of managing such
complications, highlighting the extensive impact of untreated or
poorly managed dysphagia on healthcare costs. This correlation
emphasizes the importance of early dysphagia identification and
effective management in reducing these complications. Proactive
dysphagia management could potentially prevent these challenging
clinical outcomes, thereby enhancing patient care and reducing
healthcare resource strain.

The lack of dysphagia awareness and knowledge among caregivers,
including general practitioners, is clear in our studies and wider
literature (14-18). This knowledge gap presents a significant challenge
in recognizing and managing dysphagia. To address this, we have
implemented an innovative solution that uses Al to prospectively
assess the risk of dysphagia in every patient admitted to our institution.
We developed an expert system based on machine learning, using
electronic health records of all hospitalized older patients during
admission. This expert system calculates the risk of dysphagia,
providing an accurate and systematic screening process. A recent
study involving 2,809 older patients demonstrated the expert system’s
high predictive power, with a sensitivity of 0.940 and a positive
predictive value of 0.834. The expert system efficiently screens all
admitted patients in seconds, identifying those at greater risk of
dysphagia and relaying this information directly to the clinician’s
workstation in real time. Currently in active use at our institution, this
Al-driven expert system offers a significant advancement in the early
recognition of dysphagia, enabling the implementation of tailored
diagnostic and therapeutic strategies for each patient (19). In response
to the absence of evidence-based treatment protocols for dysphagia,
we have introduced Minimal-Massive Intervention, a promising shift
in dysphagia management (20). This innovative method, designed for
hospitalized dysphagia patients and based on aspiration pneumonia’s
pathophysiology, combines fluid modification, nutritional
supplementation, and oral health recommendations (29). Our recent
study demonstrated Minimal-Massive Interventions effectiveness,
showing significant improvements in nutritional status and
functionality, reduced hospital readmissions and respiratory
infections, and increased 6-month survival rates. These findings
position Minimal-Massive Intervention as a promising, cost-effective
strategy to mitigate dysphagia complications. By providing caregivers
with the necessary knowledge and skills, including Minimal-Massive
Intervention awareness, we can optimize dysphagia care and reduce
associated risks and costs. Optimal Massive Intervention is an
evolution from Minimal-Massive Intervention, offering a more
comprehensive and personalized approach to dysphagia management.
While Minimal-Massive Intervention focuses on three basic elements
to prevent dysphagia complications in older hospitalized patients,
Optimal Massive Intervention incorporates multiple components
targeting improved swallowing function and enhanced quality of life
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across various dysphagia causes. Optimal Massive Intervention
requires a multidisciplinary team, care coordination, evidence-based
interventions, and continuous outcome monitoring, aligning with
current best practice guidelines for dysphagia management. Optimal
Massive Intervention is currently being evaluated in a clinical trial to
assess its effectiveness and cost-effectiveness compared to standard
care (30).

Our study, while insightful, has certain limitations. Its
retrospective nature restricts our ability to establish causal
relationships and control all confounding variables, despite our
thorough analysis of Matar6 Hospital’s data. The study’s focus on a
single, internationally recognized European center may limit the
applicability of our findings to wider populations. The data, sourced
from a single hospital with high standards of assessment, clinical
management, and follow-up, may not reflect the practices of other
hospitals or geographical locations. While our findings offer valuable
insights into the factors causing illness in older adults with dysphagia
at Matar6 Hospital, multi-center studies are needed to validate these
results in other settings. Lastly, our study serves as a synthesis of our
previous findings, contributing to its narrative review nature. This
approach, while providing a comprehensive overview of our work on
dysphagia complications, lacks the robustness of prospective
experimental designs or systematic reviews.

After thorough problem identification and discussion, we have
implemented a unique solution at our hospital that has shown
promising results in addressing this issue. This is depicted in an
algorithm (Figure 1) that showcases proactive universal screening,
clinical diagnosis using volume-viscosity swallow test, and tailored
management for dysphagia in older and post-stroke patients at
Mataré hospital. Neurostimulation and transient receptor potential
(TRP) stimulation are emerging as safe and effective interventions
for dysphagia. Neurostimulation has been shown to enhance
swallowing biomechanics, neurophysiology, induce cortical
plasticity, and safety in people with dysphagia (31, 32). Electrical
stimulation, including transcutaneous, neuromuscular, sensory, and
pharyngeal, improves nerve or muscle function related to swallowing
and has been shown to enhance swallowing safety, particularly in
post-stroke patients with dysphagia (33-35). These techniques can
enhance swallow response, reduce pharyngeal transit time, and
lower penetration-aspiration scores. A low-intensity current
treatment (25mA, VitalStim device, FDA approved) endorsed by
NICE guidelines (2018), is safe and prevents muscle damage and
pain. However, it carries potential risks like muscle damage,
infection, pain, and inconsistent effectiveness (36). High voltage
stimulation may cause muscle damage if improperly administered
(37). Non-invasive brain stimulation such as transcranial magnetic
stimulation (TMS) and transcranial direct current stimulation
(tDCS), can modulate the cortical activity related to swallowing by
applying magnetic fields or direct currents to the scalp and can
target specific brain regions involved in swallowing, such as the
primary motor cortex, the premotor cortex, the supplementary
motor area, and the insula (31, 38, 39). Non-invasive brain
stimulation has been shown to enhance the swallowing function,
reduce the aspiration risk, and increase the quality of life in people
with dysphagia. Another promising treatment for dysphagia is the
pharmacological stimulation of the TRP channels, which are
expressed in the sensory nerves and epithelial cells of the oropharynx
and larynx. TRP agonists, such as capsaicin, menthol, and piperine,
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Algorithm for screening, diagnosis, and management of dysphagia at Hospital de Mataro. Future management treatments under research are also
included. LRTI, Lower respiratory tract infections; AP, Aspiration pneumonia; MN, Malnutrition; AIMS-OD, Artificial intelligence massive screening for
oropharyngeal dysphagia; V-VST, Volume-viscosity swallowing test; VFS, Videofluoroscopy; and FEES, Fiberoptic endoscopic evaluation of swallow.

VFS/FEES

Sensory transcutaneous electrical
stimulation (SES)

Motor transcutaneous electrical
stimulation (NMES)

Repetitive Transcranial Magnetic
Stimulation (rTMS)

Transcranial Direct Current Stimulation
(tDCS)

can activate the TRPV1, TRPMS, and TRPV1/TRPA1 receptors,
respectively, and modulate the sensory feedback and motor output
of swallowing (31, 40). These treatments are well tolerated and do
not cause major adverse events. Effectiveness of these treatments can
vary significantly among individuals, influenced by factors like
dysphagia’s severity and cause, the patient’s overall health, and
treatment tolerance. Despite their potential demonstrated in clinical
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studies, further high-quality, large-scale randomized controlled
trials are essential to confirm their efficacy and safety.

In conclusion, our review underscores the vital need for early
recognition and intervention in dysphagia, particularly in older
hospitalized patie