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CHAPTER 1:
INTRODUCTION



1.1 Background and Significance

Dysphagia is the medical term for disordered swallowing and affects approximately 15
million Americans per year with an additional 1 million diagnosed yearly (Carnaby & Harenberg,
2013) and costs over 540 billion dollars annually in government spending (Altman, Yu, Schaefer,
2010). Swallowing is a highly coordinated series of pressures generated by the 20+ muscles
(Hosseini et al., 2019) which are involved in this complex process of swallowing; a process
which exists in a reciprocal relationship with respiration. These muscles of the aerodigestive
tract synchronously transform the oropharynx from a respiratory system to a deglutitive system
where respiration ceases over the course of the approximately 1 second (Matsuo & Palmer,
2008) it takes for a bolus to traverse the pharynx. This transformation occurs so that the bolus
is not easily misdirected into the airway (e.g., aspiration) and to ensure that the life-sustaining
nutrients of the food or liquid being swallowed is adequately propelled into the upper
gastrointestinal (Gl) tract for digestion. Any impairment of bolus transit from the mouth,
pharynx, or esophagus is considered a swallowing impairment, the pathophysiologic

dysfunction of swallowing is referred to as dysphagia.

a. Dysphagia and stroke
Stroke is the fifth leading cause of mortality in the United States (Yang et al., 2017), impacting
approximately 795,000 people and costs 34 billion dollars annually (Benjamin et al., 2017).
Between 37-78% stroke survivors will experience post-stroke oropharyngeal dysphagia
(Martino et al., 2005),11-31% of which will have chronic dysphagia (Gonzalez-Fernandez et al.,
2013; Mann et al., 1999). And neurogenic diagnoses are the most common etiology for
dysphagia (ASHA, n.d.). Complications from dysphagia can include pneumonia, dehydration,
malnutrition, long-term feeding tube dependency, and a reduction in quality of life. Rates of
pneumonia, mortality, and morbidity are higher in post-stroke patients who aspirate than for
post-stroke patients without dysphagia (Cohen et al., 2016). Not surprisingly, healthcare costs
for patients with dysphagia are higher than for those without dysphagia. The average adjusted

cost of pneumonia-related hospitalizations in the post-stroke population is $27,633 (Wilson,



2012) and the one-year cost to Medicare for post-stroke patients with dysphagia is $4,510

greater than for post-stroke patients without dysphagia (Bonilha et al., 2014).

Despite the known risk for the acute onset of dysphagia in the post-stroke population, and with
it the risk for silent aspiration (Cohen et al., 2016; Daniels et al., 1998; Galovic et al., 2013;
Martino et al., 2005), respiratory phase changes (Catala-Ripoll et al., 2020, Park G.W. et al.,
2015) which may contribute to the risk for dysphagia, and the limited accuracy of clinical
“bedside” swallow evaluations (Garand et al., 2020; O’Horo et al., 2015), there is no standard
for the assessment of swallowing in this population. In fact, the Recommendations for the
Establishment of Stroke Systems of Care: A 2019 Update from the American Heart Association
(AHA) (Adoye et al., 2019) only includes limited references to rehabilitation efforts in the post-
stroke population though does acknowledge that early interventions are key to maximal post-

stroke rehabilitation.

Dysphagia in stroke is a complex phenomenon with multiple different presentations, owing to
the complex neural network of the bilateral cortex, subcortical structures, cerebellum, and
brainstem which informs swallowing. Lesions at any point within this network can result in
altered swallowing ranging from mild to profound. Our understanding of the swallowing neural
network, or connectome, continues to grow (Cola et al., 2010; Daniels et al., 2017; Flowers et
al., 2017; May et al., 2017; Moon et al., 2012; Wilmskoetter et al., 2018; Wilmskoetter et al.,

2019) and, with it our understanding of swallowing and swallowing disorders.

Although swallowing impairment primarily occurs in the acute phase of post-stroke recovery,
for many patients disordered swallowing persists. Impairment in the oral and pharyngeal
aspects of swallowing is well-identified in stroke; however, there is currently no research
dedicated solely to esophageal impairment in stroke. Though, findings from a larger cohort
(Miles et al., 2019) demonstrated that esophageal bolus transit time was 6 seconds longer in
participants with a diagnosis of stroke than compared to healthy controls and that esophageal

bolus transit time was statistically significantly associated with aspiration. The absence of



devoted research to esophageal impairment in the post-stroke population with dysphagia is
contrary to the shared neurologic, anatomic, and physiologic characteristics of the oropharynx
and esophagus. We hypothesize that these patients who do not improve with traditional
swallowing interventions, focused on the oropharynx, may have an impairment that is, at least

in part, due to esophageal dysfunction.

b. Dysphagia in Respiratory Disorders
Dysphagia is also a phenomenon known to occur in the context of respiratory disorders and/or
respiratory compromise. There is a growing knowledge base investigating respiratory
compromise and disorders/dysfunctions of the swallowing continuum. Disruptions in the
normal respiratory-swallow coordination have been identified in Chronic Obstructive
Pulmonary Disease (COPD) (Gross et al., 2009; Martin-Harris et al., 2015; Shaker et al., 1992)
Pathophysiologic changes in COPD and swallowing have been identified to include laryngeal
penetration and subglottic aspiration on instrumental assessment (Cassani et al., 2015; Cvejic et
al., 2011; Garand et al., 2018; Good-Fraturelli, Curlee & Holle, 2000; Gross et al., 2009). This can
create a cycle where the dysphagia itself can provoke a COPD exacerbation (Nagami et al.,
2017; Steidl et al., 2015). These physiologic changes which elevate dysphagia and aspiration risk
have been demonstrated in populations with respiratory compromise (Cassani et al., 2015;
Clayton et al., 2012; Cvejic et al., 2011; Garand et al., 2018; Good-Fraturelli, Curlee & Holle,
2000, Nagami et al., 2017) and respiratory-swallow pattern alterations (Gross et al., 2009;
Martin-Harris et al., 2015; Shaker et al., 1992). Esophageal function, or dysfunction, is also
present in COPD and has been well-studied regarding gastroesophageal reflux disease (GERD)
due to the acute concern for non-prandial aspiration of acidic reflux (Hamadan et al., 2016; lliaz

et al., 2016; Lin et al., 2018, Turbyville, 2009; Su et al., 2018).

Only a small body of research exists regarding oropharyngeal dysphagia in the post-lung
transplant population (Atkins et al., 2007; Atkins et al., 2010; Baumann et al., 2017; Black et al.,
2019; Miles et al., 2020). These patients are at risk of vagal injury during surgery and

additionally at risk for post-extubation dysphagia and/or laryngeal trauma (Borders et al., 2019;



Brodsky, De, Chilkuri et al., 2018; Brodsky et al, 2014; Brodsky, Levy, Jedlanek et al., 2018;
Skoretz, Flowers & Martino, 2010; Tikka & Hilmi, 2019). If high-flow nasal cannula if required
post-lung transplant, there may be further changes to respiratory-swallow coordination (Eng et
al., 2019; Jose Flores et al., 2019; Leder et al., 2016; Parke, McGuinness & Eccleston, 2009;
Ward, 2013). And the evidence for esophageal dysphagia is persuasive (Cangemi et al., 2020;
Ciriza de Los Rios et al., 2018; Davis et al., 2010; Kayawake et al., 2018; Giulini et al., 2021; Grass
et al., 2015; Griffin et al., 2013; Grass et al., 2015; Masuda et al., 2020; Masuda et al., 2019;
Tangaroonsanti et al., 2019; Tangaroonsanti et al., 2017). However, there is currently no
research which specifically identifies impairment of the swallowing continuum in a single
cohort. We hypothesize that limiting assessments and interventions, focused solely on the
oropharynx, may limit the diagnostic accuracy and treatment efficacy if the entire swallowing

continuum is not evaluated and factored into the rehabilitative process.

c. Links Between Cohorts
Though these two cohorts may appear unrelated at first, they are linked by shared neurology,
anatomy, and physiology. Despite the different etiologies, both groups are susceptible to
disorders of the swallowing continuum. Neurologically, the main drivers for respiration,
swallowing, and digestion lie in similar locations in the brainstem (pons, medulla). Anatomically,
the nose, mouth, pharynx, larynx, bronchi, lungs, diaphragm, and esophagus form the multi-
functional aerodigestive tract. Physiologically, the synchronized activity of the oral cavity,
pharynx, esophagus, stomach, lungs, and diaphragm function as a swallowing continuum, one

which exists in a reciprocal relationship with respiration.

Patients post-stroke may experience altered respiration (Catala-Ripoll, Monsalve-Naharro &
Hernandez-Fernandez, 2020, Park G.W. et al., 2015) and patients post-lung transplantation may
experience neurologic sequela (Chan et al., 2016; Gamez et al., 2017; Mateen et al., 2010;
Studer et al., 2004; Zivkovic¢ et al., 2009). And, in fact, patients’ post-stroke with comorbid COPD
have been found to have worse swallowing outcomes including a higher incidence of

pneumonia (Langmore et. al, 1998; Masiero et al., 2008).



1.2. Problem Statement

The oral cavity, pharynx, and esophagus form an aerodigestive tract from the mouth to the
stomach where a disturbance in any part of the tract can cause a disruption in any or all other
aspects of the swallowing mechanism (Triadafilopoulous et al., 1992; Gullung et al., 2012). It is
growing increasingly evident that swallowing is not phasic but indeed a continuum involving
anatomically contiguous and biomechanically interdependent elements (Gullung et al., 2012;
Jones et al., 1985; Jones et al., 1987; Lever et al., 2007; Madhavan, Carnaby & Crary, 2015;
Miles et al., 2017; Miles et al., 2019; Miles et al., 2015; O’Rourke et al., 2016; Ortiz et al., 2019;
Triadafilopoulos, 1992; Reedy et al., 2021; Watts et al., 2019; Watts et al., 2021). Though it is
understood that these interrelationships of swallowing exist the mechanisms of interplay and
the clinical implications of the co-occurrences of oral, pharyngeal, and esophageal swallowing

impairments are not well understood.

The assessments currently available for the investigation of swallowing fall into three diagnostic
categories: fluoroscopic, endoscopic, and manometric. All these assessment methods have
their own indications and contraindications and limitations to each exam, some of which are
especially pertinent to consider in the swallowing assessment of patients with dysphagia (e.g.,
post-stroke and post-lung transplant). Radiographic fluoroscopy is used to demonstrate the
anatomic and physiologic aspects of swallowing in real time and the Modified Barium Swallow
Study (MBSS) is the “gold standard” for swallowing assessment (Martin-Harris & Jones, 2008).
The Modified Barium Swallow Study Impairment Profile (MBSImP) (Martin-Harris et al., 2008)
identifies the 17 physiologic components of swallowing, including esophageal visualization and
is the only standardized, reliable, and validated protocol for the MBSS. Because of the division
amongst providers (e.g., physicians) and clinicians (e.g., SLPs), there is a prevailing practice for
the cervical esophagus to serve as the “end point” of the SLP’s assessment. Though Martin-
Harris, Michel, and Castell (2005) warn against “artificially separating the swallowing continuum

into isolate phases.”



A non-diagnostic visualization of the esophagus during the MBSS is of critical importance for all
patients who can participate in this aspect of the exam, which involves turning the patient to
view in the anterior-posterior (A-P) plane. There are many different interpretations as to what
constitutes esophageal visualization during the MBSS including positioning, protocol (order of
presentation, types of radio-opaque stimuli and under what conditions). Despite solid evidence
to support esophageal visualization during the MBSS (Allen et al., 2012; Garand et al., 2020;
Jones et al., 1987; Jones et al., 1985; Miles, 2017; Miles et al., 2019; Miles et al., 2016; Miles et
al., 2015; Ortiz et al., 2019; Reedy et al., 2021; Watts et al., 2019; Watts et al., 2021) its

inclusion remains somewhat controversial.

One unexplored aspect of esophageal visualization is the influence of deglutitive inhibition, or
the normal cessation or attenuation of esophageal peristalsis for swallows which occur in quick
succession (<20-30 seconds apart). Some current research includes the language for their
visualization protocols, (Miles et al., 2019; Miles et al., 2016; Watts et al., 2021) intended to
account for deglutitive inhibition, however, whether participants were able to follow the
directions was not reported or factored into analysis. If deglutitive inhibition is unaccounted for
in esophageal visualization practices, patients may be inaccurately judged to have abnormality

where there is none.

1.3. Study Objectives

The goal of this dissertation is to investigate esophageal impairment in the post-stroke and
post-lung transplant populations identified with oropharyngeal dysphagia. First, by identifying
the proportion of patients in both cohorts with esophageal clearance abnormalities (as
evidenced by abnormal MBSImP component 17 scores) during their MBSS. Second, for those
patients who receive esophageal visualization as part of the MBSS, to look for correlations
between the other MBSImP components, Penetration-Aspiration Scale (PAS) scores (Rosenbeck
et al., 1996), Functional Oral Intake Scale (FOIS) scores (Crary, Mann & Groher, 2005), and oral
intake recommendations in the form of the International Dysphagia Diet Standardization

Initiative (IDDSI) functional diet scale (Steele et al., 2018) consistency levels. Lastly, to explore



the impact of cued vs. un-cued swallows in interpretation of esophageal clearance (MBSImP

component 17 score).

Objective 1: Describe the population in the post-stroke and post-lung transplant populations

with abnormal scores on MBSImP Component 17 (esophageal visualization).

Objective 2: Determine if associations exist between esophageal impairment and other

measures of oropharyngeal impairment.

Obijective 3: Ascertain if associations exist between judgements of esophageal clearance in un-

cued vs. cued conditions to account for deglutitive inhibition.

1.4. Specific Aims

The goal of this dissertation is to investigate esophageal impairment in the post-stroke and
post-lung transplant populations identified with oropharyngeal dysphagia and to identify the
influence of cueing during the MBSS to account for normal physiologic factors. To achieve this
goal, we will conduct two retrospective studies, the first relating to specific aims 1 and 2, the
second correlating to specific aim 2. Study 1 (specific aims 1 and 2) is quantitative and will have
commonality in patient recruitment, measurements, and metrics, as well as in statistical
methods. A prospective experimental study has been included to explore the impact of cued vs.

un-cued swallows on ratings of esophageal bolus clearance.

The findings from this study will help inform our understanding of swallowing and swallowing
disorders, aid in planning future research and define further knowledge gaps. This research will
contribute to public health in that it will inform the knowledge of disordered swallowing and
the impact of including the esophagus in routine swallowing assessment. This will ultimately
direct patient care, influencing how swallowing disorders are understood, diagnosed, and
treated. With these findings, we will help to inform clinical best-practice, identify a need for

more collaborative care for patients with dysphagia and, as a result, improve patient outcomes.



Specific Aim 1: Identify and describe the patients diagnosed with oropharyngeal dysphagia who

have either co-occurring or primary esophageal dysphagia.

Hypothesis 1: Patients with oropharyngeal impairments will have co-occurring abnormal

component 17 scores.

Rationale: The diagnosis for dysphagia invariably defaults to oropharyngeal in these
populations, though shared neural innervation, anatomy, and physiology helps to illuminate
that disordered swallowing crosses the arbitrary divide of the upper esophagus, especially in
the context of stroke and lung transplantation. Current practice divides the assessment of
swallowing amongst medial and clinical sub-specialties and the diagnostic assessments
available follow the same arbitrary divides which separate the oropharyngeal from the
esophageal aspects of swallowing. Because of the continuous nature of swallowing, it should be
evaluated as such, and the aggregate components and contributions of each neuroanatomic
aspect (and impairment) should be considered when determining the overall physiologic nature
of post-stroke and post-lung transplant dysphagia. Without consideration of all aspects of the

swallow, the disorder fails to be accurately diagnosed and treated.

Specific Aim 2: To identify associations between esophageal impairment and markers of

oropharyngeal impairment as determined from the MBSS.

Hypothesis 2: Esophageal clearance abnormalities, evidenced during MBSS, will be positively

correlated with markers of oropharyngeal impairment, aspiration, and altered oral intake.

Rationale: Existing studies support the interrelationship between all aspects of the swallowing
continuum, but especially between the pharyngeal and esophageal aspects of the swallow. We
will utilize component 17 data to analyze esophageal findings and to assess for relationships
between known physiologic changes (represented by MBSImP and PAS scores) in post-stroke

oropharyngeal dysphagia. Additionally, the outcomes of oral intake (in the form of FIOS and
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IDDSI diet scale scores) will be used to determine if relationships between esophageal

impairment and per oral (PO) recommendations exist.

Specific Aim 3: To analyze the proportion of patients identified with esophageal clearance

abnormalities during cued vs. un-cued swallows.

Hypothesis 3: Judgements of esophageal clearance during the MBSS is more accurate when

deglutitive inhibition is accounted for through patient instruction.

Rationale: Deglutitive inhibition is the cessation or alteration of peristalsis for swallows that are
completed in quick succession. When provided with verbal cueing to swallow only once per

bolus, visualization of the esophagus is more in-line with standardized esophageal testing.



CHAPTER 2: AIM 1

Manuscript 1:
Dysphagia Across the Swallowing Continuum in a Post-Stroke Cohort

11
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TITLE: Abnormal Esophageal Clearance Identified During MBSS in a Post-Stroke Cohort
AUTHORS: Reedy, E.L., Simpson, A.N., O’'Rourke, A.K., Bonilha, H.S.

ABSTRACT:

Background: Dysphagia impacts many post-stroke survivors with wide-ranging prevalence in the
acute and chronic phases. One relatively unexplored manifestation of swallowing impairment is
that of primary or co-occurring esophageal dysphagia. The incidence of esophageal dysphagia in
this population is unknown despite the shared neuroanatomy and physiology with the
oropharynx. We aimed to determine the presence of abnormal esophageal clearance in an
acute post-stroke sample using the Modified Barium Swallow Impairment Profile (MBSImMP™©)
component 17 (esophageal clearance) as our outcome measure.

Methods: We performed a retrospective, cross-sectional, cohort study of 58 post-stroke
patients with acute, first-ever, ischemic strokes. All participants received a Modified Barium
Swallow Study (MBSS) as part of standard care during their acute hospitalization using the
MBSIMP™®© protocol and scoring metric. Swallowing impairment was determined using a
combination of MBSImP scores, Penetration-Aspiration Scale (PAS) scores, Functional Oral
Intake Scale (FOIS) scores, International Dysphagia Diet Standardization Initiative (IDDSI) scores,
and temporal variables (e.g., time from stroke to MBSS). We performed tests of association and
logistic regression analysis to characterize variables and determine if statistically significant
associations exist between MBSImMP™®© component 17 scores and other measures of
swallowing impairment.

Results: In our study of post-stroke patients who received a Modified Barium Swallow Study
(MBSS) as part of their care, abnormal esophageal clearance was identified in 57.89% of
patients in the acute phase of post-stroke recovery. Statistically significant associations were
also identified in measures of pharyngeal physiology (MBSImMP scores) and swallowing outcome
measures (IDDSI scores and alternate means of nutrition).

Conclusion: Abnormal esophageal clearance was identified in greater than half of our post-
stroke patients. Given that swallowing occurs across a continuum (e.g., oral cavity, pharynx,
esophagus) the evaluation of swallowing is incomplete if only certain aspects are visualized; and

the esophageal contribution to dysphagia should not be ignored in the post-stroke population.
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INTRODUCTION:

Stroke is the fifth leading cause of mortality in the United States (Yang et al., 2017), impacting
approximately 795,000 people and costs 34 billion dollars annually (Benjamin et al., 2017).
Between 37-78% of stroke survivors will experience post-stroke oropharyngeal swallowing
impairment or dysphagia - the range can be explained by the various types of screening and
assessment used to identify dysphagia (Martino et al., 2005). Dysphagia occurs primarily in the
acute phase of post-stroke recovery, though for some patients disordered swallowing persists.
Between 11-31 of those with post-stroke dysphagia will not have recovered 3-6 months post-
stroke (Gonzalez-Fernandez et al., 2013; Mann et al., 1999). Patients with post-stroke dysphagia
who aspirate are 3-11 times more likely to develop pneumonia and have higher rates of
mortality and morbidity than post-stroke patients without dysphagia (Cohen et al., 2016). The
average adjusted cost of pneumonia-related hospitalizations in the post-stroke population is
$27,633 (Wilson, 2012). And the one-year cost to Medicare for post-stroke patients with
dysphagia is $4,510 greater than for post-stroke patients without dysphagia (Bonilha et al.,
2014). Attributable hospital costs for all patients with dysphagia have been calculated at over
540 billion dollars annually (Altman et al., 2010).

Swallowing occurs across a continuum of the oral cavity, pharynx, and esophagus. These
structures form an aerodigestive tract from the mouth to the stomach where a disturbance in
any part of the tract can disrupt any or all aspects of swallowing (Triadafilopoulous et al., 1992;
Gullung et al., 2012). The vagus nerve, arising from the medulla, innervates much of the
pharynx, and all of the larynx and esophagus. Under normal circumstances, swallowing is a
highly coordinated series of pressures generated by the 20+ muscles (Hosseini et al., 2019)
which are involved in this complex process of moving food and drink from the mouth into the
gastric cavity. It is growing increasingly evident that swallowing is indeed a continuum (Gullung
et al,, 2012; Jones et al., 1985; Jones et al., 1987; Lever et al., 2007; Madhavan et al., 2015;
Miles et al., 2015; Miles et al., 2019; Miles et al., 2017; O’Rourke et al., 2014; Ortiz et al., 2019;
Reedy et al., 2021; Triadafilopoulos, 1992; Watts et al., 2019) involving anatomically contiguous

and biomechanically interdependent elements. Despite this shared anatomy and physiology,
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swallowing assessment remains divided at the upper esophageal sphincter (UES). Many studies
have investigated post-stroke oropharyngeal dysphagia (Cohen et al., 2016; Cola et al., 2010;
Daniels and Foundas, 1997; Daniels et al., 2017; Flowers et al., 2017; Kim et al.,2016; Leopold &
Daniels, 2010; Martino et al., 2005; May et al., 2017; Moon, Pyon & Kwon, 2012; Robbins &
Levine, 1988; Singh & Hamdy, 2006; Suntrup-Krueger, S., 2017; Wilmskoetter et al., 2018;
Wilmskoetter et al., 2019), though none have explored esophageal impairment in this
population. The shared vagal drivers for swallowing provide the critical neural link_to identify
that swallowing impairment crosses the arbitrary division of the UES and supports the

investigation of swallowing across this continuum.

Dysphagia in stroke is a complex phenomenon with multiple different presentations, owing to
the complex neural network of the bilateral cortex, subcortical structures, cerebellum, and
brainstem which informs swallowing. Lesions at any point within this network can result in
altered swallowing ranging from mild to profound. The complete neural network which informs
swallowing is not yet known, though a growing body of research is helping to establish the
swallowing connectome (Cola et al., 2010; Daniels et al., 2017; Flowers et al., 2017; May et al.,
2017; Moon et al., 2012; Wilmskoetter et al., 2018; Wilmskoetter et al., 2019) and expand our
understanding of swallowing and swallowing disorders. Despite this, the possibility for
esophageal pathophysiology post-stroke is relatively unexplored. Miles et al. (2019)
demonstrated a 6-second increase in mean esophageal bolus transit time in post-stroke
participants when compared to normal controls. This finding provides early evidence of post-
stroke changes to esophageal function and justifies further research. We hypothesize that
esophageal dysfunction may contribute to the delay or lack of recovery in those patients with
chronic dysphagia for which the complications include pneumonia, dehydration and/or

malnutrition, long-term feeding tube dependency, and a reduction in quality of life.

Exploring the shared anatomic, neural, and physiologic connections is critical in the assessment
of swallowing in stroke survivors who comprise the largest proportion of patients with

dysphagia. Despite this, esophageal function is not commonly assessed in this population which



15

disregards the clear indication that our understanding of swallowing and swallowing disorders,
as well as that patient outcomes could be improved. As a result, the proportion of post-stroke
patients who may have primary or simultaneous esophageal deficits is not known. If our
assessments of dysphagia do not include discerning the presence of an esophageal
contribution, our patients may be inaccurately or incompletely diagnosed. Our
recommendations or interventions may be ineffective or even deleterious if the primary source

of impairment is not addressed.

We aimed to identify patients who are examined for oropharyngeal dysphagia and have either
simultaneous or primary esophageal dysphagia owing to the shared neural, anatomic, and
physiologic characteristics. We propose that investigating the swallow as a continuum will have
a substantial impact on the post-stroke population. These patients are particularly susceptible
to be incompletely diagnosed and treated because the diagnosis of dysphagia invariably
defaults to oropharyngeal and the esophageal contribution to their symptoms is not routinely

assessed.

METHODS:

Study Design

This study was approved by the Institutional Review Board (IRB). The study was performed
retrospectively, sampling from a cross-sectional post-stroke cohort. Potential participants were
identified via existing databases and/or the electronic health record (EHR), EPIC, at the Medical
University of South Carolina (MUSC). A combination of ICD (9t and 10t editions: 433-34, 436
and 163.5* for stroke and 787.2* and R13.1* for dysphagia) and CPT codes (radiology-billed
code 74230) was used to identify participants. An institutional request using this combination
of ICD and CPT codes yielded a database of patients with identifiers from which the chart

reviews were performed, and data was extracted.
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Inclusion and Exclusion Criteria

Inclusion criteria were established to include adults (21+ years) who had a first-ever ischemic
stroke confirmed by MRI or CT. The brain imaging had to be conducted at MUSC during acute
stroke hospitalization. Those participants whose strokes were determined to be hemorrhagic
(e.g., subarachnoid hemorrhage, intracerebral or subdural/epidural hematoma) were excluded.
If a remote infarct or stroke was identified on CT or MR brain imaging, the participant was
excluded. Potential participants were excluded if their past medical history included diseases
known to impair swallow function (e.g., head and neck cancer, progressive neurologic

disorders, diagnosed esophageal disorders [except gastroesophageal reflux disease]).

All eligible participants had a Modified Barium Swallow Study (MBSS) using the Modified
Barium Swallow Impairment Profile (MBSImP™®©) protocol and scoring metric. Those
participants whose MBSS reports did not include any MBSImMP scores or lacked an MBSImP
component 17 (esophageal clearance) score were excluded. Penetration Aspiration Scale (PAS)
scores (Rosenbek et al., 1996) were required. Functional Oral Intake Scale (FOIS) scores (Crary
et al., 2005) and International Dysphagia Diet Standardization Initiative (IDDSI) scale (Steele et
al., 2018) scores or enough information to determine scores from compatible pre-IDDSI
consistencies were collected, but not required as some of the participants were identified from

a database that pre-dated the information available in the EHR.

Modified Barium Swallow Studies

All patients received an MBSS during their acute post-stroke hospitalization as part of the
standard of care. MBSS were performed at 30 pulses per second (pps) and were recorded at 30
frames per second (fps) according to best practices (Bonilha, Blair, Carnes, et al., 2013; Bonilha,
Humpbhries, Blair, et al., 2013). All MBSS were conducted using the Modified Barium Swallow
Impairment Profile (MBSImP) (Martin-Harris et al., 2008) which measures 17 distinct
physiologic components of swallowing. The core protocol uses 12 swallows across varying liquid
and solid consistencies, the initial 10 in the lateral view, the last 2 in the anterior-posterior

view. Component 17, our outcome measure, is determined by the esophageal bolus clearance
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patterns through the esophageal body and lower esophageal sphincter (LES) in the A-P view
with 5 ml nectar and 5 ml pudding contrast. Standardized preparations of barium sulfate

(Varibar®, Bracco Diagnostics Inc.) were used.

From these clinical MBSSs, data related to swallowing impairment and swallowing outcomes
were extracted. Physiologic swallowing assessment in the form of MBSImP scores including
component scores, and oral and pharyngeal total scores were collected as well as Penetration-
Aspiration Scale (PAS) scores (Rosenbek et al., 1996), and the absence or presence of
aspiration. Swallowing outcome measures in the form of Functional Oral Intake Scale (FOIS)
scores (Crary et al., 2005) and International Dysphagia Diet Standardization Initiative (IDDSI)
scores (Steele et al., 2018) were either collected directly from the medical record or were
determined using a crosswalk of previous, compatible, consistencies. Due to the nature of IDDSI
scores, typically reported as two scores one for liquids and one for solids, the IDDSI scores were
separated into an "IDDSI Liquid" and an "IDDSI Solid" score. In the case of a single consistency
recommendation, only one corresponding score was collected, and in the case of a
recommendation for NPO (nil per os, “nothing by mouth”) no scores were recorded. Additional
data was collecting regarding the absence or presence of alternate means of nutrition (e.g.,
feeding tube), alternate nutrition type (e.g., nasogastric vs. gastric tube), and the absence or
presence of a recommendation for NPO. Data for "time to" events was also calculated for the
time from stroke to clinical swallowing evaluation, time from stroke to MBSS, and days NPO

before the MBSS.

Reliability

All MBSImP scores were determined by the clinicians who performed the study. All MUSC
clinicians are MBSImP certified and have demonstrated 80% accuracy across all component
scores as part of their training, which requires a re-certification process every 5 years (Martin-

Harris, 2015; Martin-Harris et al., 2008).



18

Statistical Analysis

Data analysis was performed using SAS (v9.4, SAS Institute Inc., Cary, NC). Summary statistics
were calculated for all variables collected (mean, median, the standard deviation for continuous
variables and frequency, median, and mode for categorical variables). We hypothesized (Ho)
that there was no difference in proportions between esophageal clearance abnormalities in this
cohort compared to published estimates (Miles et al., 2015). This hypothesis was tested using a
one-sample test of binomial proportions based upon limited pre-existing data, selecting from
the only prospective applicable study (Miles et al., 2015) which demonstrated that 33% of
patients whose MBSS included esophageal visualization had some type of esophageal
abnormality. Fisher’s exact tests were used to test for associations between categorical
variables (e.g., MBSImP component scores) and measures of swallowing physiology and
outcome measures. Our hypothesis (Ho) was that there were no statistically significant
associations. As the data was non-parametric, Mann-Whitney U/Wilcoxon Rank Sum tests were
used to test for differences in continuous variables (e.g., age). Logistic regression models with a
binary outcome were created by dichotomizing the outcome variable MBSImP component 17
(esophageal clearance) scores into normal (C17 = 0 “complete clearance; esophageal coating”)
vs. abnormal (C17 > 1 representing scores 1-3 for esophageal retention with or without
retrograde flow, as well as a score [4] for minimal to absent clearance) groups. Logistic
regression models were fit for each primary predictor of interests and were refined into the
most parsimonious model, each of which examined associations with an outcome of abnormal
esophageal clearance (C17 21). Covariables which are known to influence stroke (e.g., age) and
stroke-specific variables (location of stroke, National Institute of Health Stroke Severity [NIHSS]
score, days from stroke to MBSS) were maintained in the model regardless of significance.
Those variables which were not significant when tested were removed from the model included
sex, race, and ethnicity. Relative risk was calculated for variables identified as statistically
significant in our logistic regression, controlling for age, NIHSS score, and days from stroke to
MBSS. Logistic regression models were checked for goodness of fit using the Hosmer and

Lemeshow Test. Findings reflect the overall statistical significance and for all statistical analyses,



two-sided tests were performed with alpha set at 0.05 with P values of < .05 indicating

statistical significance.
RESULTS:

1. Participants

A total of 57 participants met the study inclusion and exclusion criteria. The average age of

participants age was 70.12 years (range 38-97) with the cohort being 59.65% female. The

greatest proportion of participants were black (48.28%) and none identified as Hispanic. See

Table 1 for further detail.

Table 1. Demographic, Baseline, and Medical Characteristics of Post-Stroke Patients
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Total Normal Esophageal Abnormal P-value
n=57 Clearance n=24 Esophageal
Participant Characteristics Clearance n =33
70.12, £12.57 68.33,+£13.18 71.42,+12.14 P =.6237
Age (mean, +SD (95% Cl) (66.8, 73.46) (62.77, 23.90) (67.12, 75.73)
n (%) n (%) n (%)
Sex P =.7883
Fernale 34 (59.65) 15 (62.5) 19 (57.58)
Male 23 (40.35) 9(37.5) 14 (42.42)
Race P=.3729
White 26 (45.61) 11 (45.83) 15 (45.45)
Black 28 (49.12) 13 (54.17) 15 (45.45)
Other 3(5.26) 0 (0%) 3(9.09)
Ethnicity P =1.000
Non-Hispanic 56 (98.25) 24 (100) 32(96.97)
Not Specified 1(1.75) 0(0) 1(3.03)
Laterality P =1.000
Right 26 (46.43) 11 (47.83) 15 (45.45)
Loft 28 (50) 11 (47.83) 17 (51.52)
Bilateral 2 (3.57) 1(4.35) 1(3.03)
Stroke Location P=.1183
Cortical 38 (66.67) 19 (79.17) 19 (57.58)
Subcortical 10 (17.54) 1(4.17) 9(27.27)
Cerebellar 6 (10.53) 3(12.5) 3(9.09)
Brainstem 3(5.26) 1(4.17) 2 (6.06)
tPA 11 (19.3) 4(16.67) 7(21.21) P =.7449
Mechanical Thrombectomy 15 (27.27) 8 (34.78) 7(21.21) P=.3629
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mean, SD mean, £SD mean, SD
(95% Cl) (95% ClI (95% ClI
12.34, £6.95 13.58, £6.84 11.31, £6.98 P =.1942
Initial NIH Stroke Score (10.43, 14.25) (10.70, 16.47) (8.66, 13.97)
3.84, +2.846 4,58, £3.01 3.28, £2.98 P=.0701
Days from CVA to MBSS (3.08, 4.60) (3.31, 5.85) (2.33, 4.23)
2.89, £2.69 3.52,+£2.66 1.93, £2.52 P =.0484*
Days from CSE to MBSS (2.01, 3.78) (2.37, 4.67) (0.54, 3.33)
3.16,+3.4 3.65, + 3.66 2.53,+2.98 P=.3421
Days NPO Before MBSS (2.09, 4.26) (2.07, 5.24) (0.99, 4.06)

*P < .05 for Fisher’s test of association (categorical variables), Wilcoxon Rank Sum/Mann-Whitney U test of
association (continuous variables)

For participants with National Institutes of Health Stroke Scale (NIHSS) scores available, 17.31%
had a minor stroke (NIHSS <4), 50% had a moderate stroke (NIHSS 5-15), 17.31% had a
moderate-severe stroke (NIHSS 16-20), and 15.38% had a severe stroke (NIHSS > 21). Stroke
severity classifications were determined using NIHSS stroke severity rating (Brott et al., 1989;
NIHSS Training, n.d.). Only a minority of participants were candidates for stroke interventions
such as tPA or mechanical thrombectomy (19.3%, and 27.27%, respectively). The mean days
from CVA to MBSS, from clinical swallowing evaluation (CSE) to MBSS, and days spent NPO prior

to MBSS were all less than 4 days on average. See Table 1 for details.

2. MBSImP Component 17 (Esophageal Clearance) Scores
Abnormal esophageal clearance was identified in 57.89% (33/57) of this post-stroke cohort.
Abnormal clearance was determined to be any MBSImP component 17 score greater than zero
with abnormal esophageal clearance patterns ranging from esophageal retention with or
without retrograde flow to minimal to no esophageal clearance. Specifically, 54.55% (18/33)
had a score of 1 indicating “esophageal retention,” 39.39% (13/33) had a score of 2 indicating
“esophageal retention with retrograde flow below the PES [pharyngoesophageal segment]”,
and 6.06% (2/33) had a score of 3 indicating “esophageal retention with retrograde flow

through the PES”. No participants had a score of 4 for “minimal to no esophageal clearance.”

Using a test of binomial proportions, we compared our findings against our pre-specified
threshold of 33% from pre-existing data (Miles et al., 2015) which yielded a statistically

significant result (P <.0001); thus we can conclude that in our sample, the proportion of
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individuals with abnormal esophageal clearance patterns was different than 33%. The 95%
exact confidence interval, around the proportion of post-stroke individuals with abnormal
esophageal clearance patterns, would be expected to fall between 44.08% and 70.86%. In
adjusted logistic regression models, after controlling for age, NIHSS score, and stroke location,
only component 12 and component 14 were found to have a statistically significant association
with abnormal component 17. Participants with abnormal pharyngeal stripping (component 12)
(scores > 1) had 2.06-fold greater risk of having abnormal esophageal clearance identified on
their MBSS (adjusted RR=2.06, P = .0100) and participants with abnormal PES opening
(component 14) (scores >1) had a 4.26 greater relative risk for abnormal esophageal clearance

(adjusted RR=4.26, P = .0160).

3. MBSS Variables

3.1 MBSImP Component Scores
The most common abnormality in this cohort was in the initiation of the pharyngeal swallow,
where 98.25% (56/57) of participants had scores greater than zero; indicating a swallow that
was most frequently initiated past the posterior angle of the ramus of the mandible. This was
followed by the abnormality in esophageal clearance where 57.89% of patients had scores
greater than zero. There were several statistically significant associations between esophageal

clearance and pharyngeal components (see Table 2).

Table 2. Associations Between MBSImP Component Scores and MBSImP Component 17

MBSImP Component Score Compared to Measures of MBSImP Component 17 P-value
MBSImP component 1 (lip closure) to component 17 P = 8642
MBSImP component 2 (tongue control during bolus hold) to component 17 P = 7845
MBSImP component 3 (bolus prep/mastication) to component 17 P =.2994
MBSImP component 4 (bolus transport/lingual motion) to component 17 P =.2539
MBSImP component 5 (oral residue) to component 17 P=.1180
MBSImP component 6 (initiation of pharyngeal swallow) to component 17 P=_7775
MBSImP component 7 (velar elevation) to component 17 P= 5786
MBSImP component 8 (laryngeal elevation) to component 17 P=.8142
MBSImP component 9 (anterior hyoid excursion) to component 17 P = .0130*
MBSImP component 10 (epiglottic movement) to component 17 P=.4024
MBSImP component 11 (laryngeal vestibule closure) to component 17 P=.6333
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MBSImP component 12 (pharyngeal stripping wave) to component 17 P=.0126*
MBSImP component 13 (pharyngeal contraction) to component 17 P=.0726
MBSImP component 14 (pharyngoesophageal segment opening) to component 17 | p _ 5opg*
MBSImP component 15 (tongue base retraction) to component 17 = 0504
MBSImP component 16 (pharyngeal residue) to component 17 = 6210
MBSImP oral total scores to component 17 = .0905
MBSImP pharyngeal total scores to component 17 P= 5773
Penetration-Aspiration Scale score to MBSImP component 17 P= 7786
Aspiration (presence/absence) to MBSImP component 17 P =.1476

*P <.05 for Fisher’s test of association (categorical variables), Wilcoxon Rank Sum/Mann-Whitney U test of
association (continuous variables)

Of the five oral component scores, there were no statistical associations when tested against
component 17 (esophageal clearance) scores. The mean of MBSImP Oral Total (OT) scores was
11.57 (range 1-18) with a median of 13 and a mode of 14. The 95% confidence interval around
the mean was calculated at 10.47 to 12.68. Of the 11 pharyngeal component scores, two
demonstrated a statistical association when compared to component 17 (esophageal clearance)
scores. Significant associations were found between MBSImP component 17 and component 12
(pharyngeal stripping wave) (P = .0143) and component 14 (pharyngoesophageal segment
opening) (P =.0008). Component 12 (pharyngeal stripping wave) scores were abnormal (>1) in
59.65% (34/57) of participants with most (31/34) scores being a 1, or “present [but]
diminished” pharyngeal constriction. Component 14 (pharyngoesophageal segment opening)
scores were abnormal (>1) in 77.19% (44/57) of participants. Of those abnormal scores, 95.45%
(42/44) were a score of 1, or “partial distention/partial duration; partial obstruction of flow.”
When compared to component 17 scores, component 14 (pharyngoesophageal segment
opening) demonstrated the greatest statistical association of all components (P=.0008). Mean
MBSImP Pharyngeal Total (PT) was 8.07 (range 0-15) with a median score of 8.5 and a mode of
9. The 95% confidence interval around the mean was calculated at 7.0 to 9.14. See Table 4 for

MBSImP component score summaries.

3.2 Swallowing Impairment Severity
In our post-stroke cohort, 94.74% (54/57) had MBSImP oral total (OT) and pharyngeal total (PT)

scores available. Beall et al. (2020) identified ranges of MBSImP OT and PT scores that account
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for differences in swallowing impairment and provide a severity classification in their latent
class analysis. Using this classification, we found that 37.04% (20/54) of this post-stroke cohort
had a mild/functional oral impairment and 40.74% had a moderate oral impairment. Though
not specified in their class analysis, using their framework 22.22% of participants could be
classified as having a “mild to moderate” oral impairment. In our post-stroke cohort, 88.89% of
participants had a mild/functional pharyngeal impairment. Using the Beall et al. (2020) severity
framework, though again not specified in their classification, 11.11% of participants could be
classified as having a “mild to moderate” pharyngeal impairment. Esophageal total scores are
based on the single esophageal score (component 17) for which 57.89% of this post-stroke

cohort demonstrated abnormal scores.

Component 17 scores in the mild-functional PT group ranged from 0-3. Normal clearance was
seen in 41.67% (20/48) of participants with mild-functional PT scores. A score of 1 was seen in
33.33% (16/48) participants, indicating “esophageal retention.” A score of 2 was identified in
20.83% (10/48) of participants in this group indication “esophageal retention with retrograde
flow below the pharyngoesophageal segment (PES).” A score of 3, or “esophageal retention
with retrograde flow through PES” was identified in 4.17% (2/48). Component 17 scores ranged
from 0-2 for those participants in the mild-moderate PT group. A score of 0 or “complete
clearance; esophageal coating” was seen in 33.33% (2/6) participants. A score of 1 or
“esophageal retention” was seen in 16.67% (1/6) of this group. A score of 2 or “retention with
retrograde flow below the PES” was seen in 50% (3/6) of those participants with mild-moderate

PT scores.

3.3 Measures of Bolus Airway Invasion
Penetration-Aspiration Scale (PAS) scores for this post-stroke cohort ranged from 1-8 (median
score of 4, mode of 8) with 29.09% of the participants having silent aspiration (PAS score of 8)
on their initial post-stroke MBSS. PAS scores within the reported ranges of normal (PAS 1-3)
(Daggett et al., 2006; Garand et al., 2019; Robbins et al., 1999) were seen in 49.09% of

participants. Abnormal PAS (scores > 4) were identified in 50.91% of participants. Overall,
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43.64% of the participants were identified as aspirating on their initial post-stroke MBSS. And of
those 24, 50% were identified as having abnormal esophageal clearance. However, no
statistically significant association was identified between PAS and/or aspiration and MBSImP

component 17 (esophageal clearance) scores. See Table 2.

4. MBSS Outcome Measures
Outcome measures from the MBSS were collected including the FOIS (Crary et al., 2005), the
liquid and solid (as applicable) IDDSI (Steele et al., 2018) consistency recommendations, as well

as the presence or absence of alternate means of nutrition. See Table 3 for details.

Table 3. Associations Between MBSImP Component 17 scores and MBSS Outcome Measures

MBSS Outcome Measures Score Median | Percent Association with MBSImP
Compared to Measures of MBSImP and Abnormal Component 17 scores
Component 17 Mode (P-value)

FOIS Score 55 87.72% P=.2747

IDDSI Liquid Level 2,0 71.93% P =.2349

IDDSI Solid Level 54 85.96% P=.0118*
Alternate Means Nutrition B B P =.0390*

Alt. Means Type - - P =.2036

* P <.05 indicating statistical significance from Fisher’s exact test of association

4.1 FOIS Scores
FOIS scores (Crary et al., 2005) were available for 73.68% of participants whose MBSS
recommendations included P.O. intake. Scores represented the range of FOIS, except for a
score of 3 (tube supplements with consistent oral intake) which was not seen in this sample.
Most participants (59.52%) had a FOIS score of 5, or “total oral intake of multiple consistencies
requiring special preparation.” FOIS scores at the lowest (most restricted) end of the scale with
a score of 1, or “no oral intake”, were seen in 16.67% of participants. Scores at the highest end
of the scale (7), or “total oral intake without restrictions”, were identified in 16.67% of this
post-stroke cohort. Scores of 2, 4, and 6 were each seen in a single participant, with each of
these scores representing 2.38% of the sample. A statistically significant association was not

seen between FOIS scores and component 17 scores. See Table 3.
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4.2 IDDSI Scores
The outcome of oral intake was classified using IDDSI scores (Steele et al., 2018), one for solid
consistencies and one for liquid viscosities. IDDSI scores were only available for 34 participants,
or 60.34% of this sample. The most common IDDSI liquid score was a 0, or “thin” liquids in
47.06% (16/34) of participants. A score of 2 or “mildly”/nectar-thick liquid was seen in 38.24%
(13/34) of participants and a score of 3 or “moderately”/honey-thick liquid was seen in 14.71%
(5/34) of participants. The most common IDDSI solid score was a 4, or "pureed" solids in 44.12%
(15/34) participants. The second most common was a score of 7 or "regular"/unaltered solids in
23.53% (8/34) participants. A score of 6 or "soft and bite-sized" solids was represented in
17.65% (6/34) of participants and, lastly, a score of 5 or "minced and moist" solids was seen in
14.71% (5/34) of participants. Only the IDDSI solid scores demonstrated a statistically significant
association with MBSImP component 17 scores (P =.0118). See Table 3. When controlling for
age, stroke location, time from stroke to MBSS, and NIHS score, there was no statistically

significant association between abnormal component 17 and IDDSI solid scores.

4.3 Alternate Means of Nutrition
Data regarding the presence of alternate means of nutrition (e.g., small-bore feeding tube,
gastric tube) was only available for 66.67% (38/57) of this post-stroke cohort. Of those 38
participants, only 26/38 EHR data contained information regarding the type of alternate access
to nutrition. The most common alternate means of nutrition was a small-bore feeding tube
(e.g., Dobhoff or Corpak) in 73.08% (19/26) and longer-term access (e.g., gastric tube) was seen
in 11.54% of this post-stroke cohort which was not statistically significant. For those
participants with alternate means of nutrition at the time of their MBSS, 18.42% (7/38) had
abnormal component 17 scores, compared to 26.32% (10/38) without alternate means of
nutrition with abnormal component 17 scores which was statistically significant (P =.0390);

though the type of alternate means of nutrition was not. See Table 3. No statistically significant
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association between abnormal component 17 and alternate means of nutrition when

controlling for age, stroke location, time from stroke to MBSS, and NIHS score.

5. Subgroup Analysis: Abnormal Component 17 Scores
A subgroup analysis was performed on the data from those 33 participants who had abnormal
component 17 scores (any score = 1). For comparison, scores were dichotomized into "normal"
vs. "abnormal” range. For MBSImP scores, a score greater than zero was the cutoff point except
for components 1, 5, 15, and 16 for which a score of 1 is collapsed to a zero for aggregate
“total” scores (Martin-Harris, 2015; Martin-Harris et al., 2017). For the PAS, scores of 1-3 were
considered normal (Daggett et al., 2006; Garand et al., 2019; Robbins et al., 1999). FOIS scores
were categorized into 1, use of some degree of alternate means of nutrition (scores of 1-3), 2,
significantly restricted PO intake (scores of 4-5), and 3, minimal to no PO restrictions (scores of
6-7). IDDSI scores for liquids were separated at a cutoff point of O for no restrictions and 1-3 for
any degree of restriction/altered viscosity. IDDSI solids were separated at a cutoff point of 7 for
no restrictions to 4-6 for any degree of restriction/altered texture. For comparison of variables,

see Table 4.

The group with abnormal esophageal clearance (component 17) had a mean age of 71.42 years
(range 49-97, standard deviation 12.14). Sex was distributed as 57.58% female and 42.42%
male. Race was distributed as 45.45% (15/33) white, 45.45% (15/33) black, and 9.09% (3/33)
identified as “other.” Most participants were non-Hispanic (96.97%). Overall, MBSImP scores in
this group were lower (indicating less impairment) across all components except for component
7 (velar elevation), component 13 (pharyngeal contraction), component 14
(pharyngoesophageal segment opening), and component 15 (base of tongue retraction). These
four components demonstrated higher (worse) scores in this subgroup. A statistically significant
association was seen in component 14 (PES opening) (P =.0008). Component 12 (pharyngeal
stripping wave) also demonstrated statistical significance (P =.0143); however, most scores
were zero (normal). A greater proportion of PAS scores within a normal range were seen in the

abnormal component 17 group versus normal component 17 (57.58% and 41.67%,



respectively). Aspiration occurred less frequently in the abnormal component 17 group

(36.36%) compared to the normal component 17 group (50%). See Table 4 for details.

Table 4. Comparison of Swallowing Impairment and Outcome Measures in Normal vs.

Abnormal MBSImP Component 17 (Esophageal Clearance) Scores

Swallowing Impairment and Outcome Full Cohort Normal Abnormal P-value
Measures n=>57 Esophageal Esophageal
n (%) Clearance Clearance
(MBSImP C17 | (MBSImP C17
=0)n=24 21)n=33
n (%) n (%)
MBSImP component 1 (lip closure) P=.4067
Clz1 21 (36.84) 7 (29.17) 14 (42.42)
Cl>2 36 (63.16) 17 (70.83) 19 (57.58)
MBSImP component 2 (tongue control P =.2892
during bolus hold)
C2=0 9 (16.36) 2 (9.09) 7 (21.21)
C221 46 (83.84) 20(90.91) 26 (78.79)
MBSImP component 3 (bolus P=.2713
prep/mastication)
C3=0 9 (16.36) 2 (8.33) 7 (22.58)
C3z21 46 (83.64) 22 (91.67) 24 (77.42)
MBSImP component 4 (bolus P =.2001
transport/lingual motion)
C4=0 13 (22.81) 3(12.5) 10 (30.3)
Cax1 44 (77.19) 21 (87.5) 23 (69.7)
MBSImP component 5 (oral residue) to P =.4462
component 17
C5<1 8 (14.04) 2 (8.33) 6 (18.18)
C522 49 (85.96) 22 (91.67) 27 (81.82)
MBSImP component 6 (initiation of P =1.000
pharyngeal swallow)
c6=0 1(1.75) 0(0) 1(3.03)




621 56 (98.25) 24 (100) 32(96.97)
MBSImP component 7 (velar elevation) P=.5241

C7=0 44 (77.19) 20 (83.33) 24 (72.73)

C721 13 (22.81) 4 (16.67) 9(27.27)
MBSImP component 8 (laryngeal P =.4939
elevation)

c8=0 10 (17.54) 3(12.5) 7 (21.21)

821 47 (82.46) 21 (87.5) 26 (78.79)
MBSImP component 9 (anterior hyoid P =.1606
excursion)

c9=0 18 (31.58) 5(20.83) 13 (39.39)

921 39 (68.42) 19 (79.17) 20 (60.61)
MBSImP component 10 (epiglottic P =.2889
movement)

C10=0 29 (50.88) 10 (41.67) 19 (57.58)

Cl0=21 28 (49.12) 14 (58.3) 14 (42.42)
MBSImP component 11 (laryngeal P=.2614
vestibule closure)

Cli=0 20 (35.09) 6 (25) 14 (42.42)

Cl1z21 37 (64.91) 18 (75) 19 (57.58)
MBSImP component 12 (pharyngeal P=.0143*
stripping wave)

C12=0 23 (40.35) 5(20.83) 18 (54.55)

C12>1 34 (59.65) 19 (79.17) 15 (45.45)
MBSImP component 13 (pharyngeal P =.3587
contraction)

C13=0 24 (51.06) 10 (62.5) 14 (45.16)

C13>1 23 (48.94) 6 (37.5) 17 (54.84)
MBSImP component 14 P =.0008*
(pharyngoesophageal segment opening)

Cl4=0 13 (22.81) 11 (45.83) 2 (6.06)

Cl14>1 44 (77.19) 13 (54.17) 31(93.94)
MBSImP component 15 (tongue base P=.2762

retraction)

28



Ci5<1 23 (40.35) 12 (50) 11 (33.33)

C15>1 34 (59.65) 12 (50) 22 (66.67)
MBSImP component 16 (pharyngeal P =1.000
residue)

Cle<1 18 (31.58) 8(33.33) 10 (30.3)

Cl6=>1 39 (68.42) 16 (66.67) 23 (69.7)
Penetration-Aspiration Scale (PAS) score P =.2889

PAS<3 29 (50.88) 10 (41.67) 19 (57.58)

PAS>4 28 (49.12) 14 (58.33) 14 (42.42)
Presence of aspiration 24 (42.86) 12 (50) 12 (36.36) P =.2810
Functional Oral Intake Scale (FOIS) score P =.2561

FOIS 6-7 8 (19.05) 3(13.04) 5(26.32)

FOIS 5-3 26 (61.9) 14 (60.87) 12 (63.16)

FOIS 1-2 8 (19.05) 7 (26.09) 16 (48.48)
International Dysphagia Diet (IDDSI) liquid P=.7319
score

IDDSI liquids = 0 16 (47.06) 9 (52.94) 7 (41.18)

IDDSI liquids 2-3 18 (52.94) 8 (47.06) 10 (58.82)
International Dysphagia Diet (IDDSI) solid P =.4462
score

IDDSI solids =7 8 (14.04) 2 (8.33) 6 (18.18)

IDDSI solids 4-6 49 (85.96) 22 (91.67) 27 (81.82)
Presence of alternate means of nutrition 21 (56.76) 14 (66.67) 7 (43.75) P =.1964
Initial NIHSS Score P =.2669

NIHSS < 4 (mild stroke) 9(17.31) 4 (16.67) 5(17.86)

NIHSS 5-15 (moderate stroke) 26 (50) 9(37.5) 17 (60.71)

NIHSS 16-20 (moderate-severe) 9(17.31) 6 (25) 3(10.71)

NIHSS > 21 (severe stroke) 8(15.38) 5(20.83) 3(10.71)

*P <.05 for Fisher’s test of association (categorical variables), Wilcoxon Rank Sum/Mann-Whitney U test of

association (continuous variables)

We used the Beall et al. (2020) classification of oral (OT) and pharyngeal total (PT) severity
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levels for this subgroup. We identified that 50% had a functional/mild oral impairment, 15.6%

had a mild-moderate oral impairment, and 34.4% had a moderate oral impairment; 87.5% had
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a functional/mild pharyngeal impairment, 12.5% had a mild-moderate pharyngeal impairment.
In this subgroup of participants with abnormal component 17 scores, all participants had an
impairment in esophageal clearance with component 17 scores ranging from 1-3. Specifically,

54.55% had a score of 1, 39.39% had a score of 2, and 6.06% had a score of 3.

For measures of swallowing outcomes (FOIS, IDDSI, presence of alternate means nutrition), the
abnormal component 17 group had more “normal” outcomes apart from IDDSI liquid
recommendations. Participants in the abnormal component 17 group were less frequently
recommended for thin liquids (41.18%) than in the normal component 17 group (52.94%).
Though participants in the abnormal component 17 group were more likely to be
recommended for regular solids (18.18%) compared to participants in the normal component
17 score group (8.33%). The group with abnormal component 17 scores demonstrated a lower
frequency of alternate means of nutrition (43.75% compared to 66.67%). None of these

associations demonstrated statistical significance. See Table 4.

There no statistically significant difference in NIHSS scores between normal and abnormal
component 17 groups. The overall scores were less severe in the abnormal component 17
group compared to the normal component 17 group. For those participants with abnormal
component 17 scores, 17.86% had a minor stroke (NIHSS < 4), 60.71% had a moderate stroke
(NIHSS 5-15), 10.7% had a moderate-severe stroke (NIHSS 16-20), and 10.7% had a severe
stroke (NIHSS > 21). See Table 4.

6. Post-Hoc Power Analysis
A post-hoc power analysis was completed on the data. The threshold was set at a conservative
33% based upon existing data (Miles et al., 2015). At this level, we met a power threshold of
95.9% for our test of binomial proportions answering the question, “Does our sample
proportion of post-stroke patients with an abnormal component 17 score differ from what was
observed in a previous study (33%)”. However, when compared to an estimated higher

proportion, based on a more heterogeneous sample (Reedy et al., 2021) of 48.67%, we failed to
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meet adequate power, only yielding 25.3% power to find a difference between our sample
(57.89%) and that of a previous study (48.67% from Reedy et al.). Thus, we would need a

significantly larger sample to detect significance at this threshold.

DISCUSSION:

In post-stroke patients whose MBSS included esophageal visualization to determine esophageal
bolus clearance (MBSImP component 17), 57.89% had abnormal scores. Though abnormal
esophageal clearance was identified in most of this post-stroke cohort the true proportion of
patients with abnormal clearance post-stroke is likely much higher. Our findings reflect only
those patients whose swallowing was adequate to participate in the entire MBSImP protocol
(including altering position for the A-P portion of the assessment), who were stable enough to
leave the floor for an MBSS, and who were deemed safe enough for P.O. trials by their treating

SLP. These patients, therefore, likely represent those with lesser oropharyngeal impairment.

Most post-stroke patients were found to have mild to functional impairment in both oral and
pharyngeal MBSImMP total scores in the abnormal component 17 group. Interestingly, patients in
the abnormal component 17 group were less likely to receive clinical recommendations for thin
liquids than for those with normal component 17 scores despite less severe oral and pharyngeal
impairment. While the MBSImP and PAS are standardized, the outcome recommendations
(FOIS, IDDSI, alternate means nutrition) are subjective and clinician dependent. Though
statistically significant associations were seen in comparisons between component 17 and the
swallowing outcome measures of IDDSI solids and alternate means nutrition there was no
influence of component 17 on these individual outcomes. When controlling for age, NIHS,
stroke location and time from stroke to MBSS there was no influence of component 17. In this
cohort, component 17 does not appear to be driving recommendations for PO intake or
influence judgements regarding alternate means of nutrition. It is important to highlight that
swallowing is an incredibly complex act, and no one component should drive clinical
recommendations. The extent to which component 17 influenced clinical judgements for P.O.

intake is not known given the retrospective nature of our study. Future research into the
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influence of component 17 or other esophageal visualization protocols on P.O.

recommendations is needed.

Our study demonstrates a relationship between pressure driving and pressure modulating
components and esophageal clearance particularly those vagally-dominated aspects in the
pharynx. Most of the MBSImP physiologic components which demonstrated significant
associations (components 9, 12, and 14) and those trending towards significance (components
13 and 15) with component 17 scores are innervated by the vagus nerve (CN X). The pharyngeal
constrictors, represented by measures of pharyngeal stripping wave (component 12]) and
pharyngeal contraction (component 13), receive motor and sensory input from the pharyngeal
branch of the vagus nerve. Tongue base movement is modulated primarily by the hypoglossal
nerve (CN XllI) though the base of tongue is elevated by the palatoglossus which is innervated
by the vagus (CNX). The trigeminal (CN V) and glossopharyngeal (CN IX) nerves are responsible
for anterior hyoid excursion (component 9), which contributes to traction on the UES during
opening; and UES function (pharyngoesophageal segment opening [component 14]) is
regulated by the vagus nerve. All these components represent physiologic pharyngeal pressure
driving (components 12,13, and 15) or pressure modulating forces (components 9 and 14). In
fact, pharyngeal stripping (component 12) was normal (=0) in most participants with abnormal
esophageal clearance which may demonstrate an “upstream” effect whereby the pharyngeal
pressures increase in the context of esophageal abnormality. Furthermore, most participants
with abnormal esophageal clearance had abnormal PES (component 14) function which may

also demonstrate some type of compensation or reaction to altered esophageal physiology.

Unsurprisingly, the greatest association between MBSIMP components was identified between
component 14 (pharyngoesophageal segment [PES] opening) and component 17 (P=.0008).
The pharyngoesophageal segment refers to the anatomical region where the inferior
pharyngeal constrictors insert into the superior cricopharyngeal musculature posteriorly. The
anterior PES consists of the cricoid cartilage and arytenoid and interarytenoid musculature

(Sivarao & Goyal, 2000). Though primary UES structure comes from the crescent-shaped
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cricopharyngeal musculature, the PES represents a high-pressure zone of 3-4 cm (Mittal, 2011).
UES function is relative to its vagally-mediated tonic contraction at rest, with opening relative
to pharyngeal intrabolus pressures and anterior hyoid excursion providing traction to the
anterior UES. And alterations to PES maximal distention and duration of opening have been
demonstrated in volitional pharyngeal swallowing maneuvers (Doeltgen et al., 2011; Hoffman
et al., 2012; McCullough, 2012; Meyer et al., 2016; Molfenter et al., 2018). Abnormal PES
function may provide an indication of esophageal dysfunction in those patients who cannot
undergo A-P visualization or whose oropharyngeal function precludes further testing. This
finding is analogous to the Jones et al. (1985) historical opinion that cricopharyngeal

prominence should prompt a more dynamic pharyngoesophageal investigation.

The most common swallowing abnormality in this post-stroke cohort was in the initiation of the
pharyngeal swallow, where 96.25% of participants had scores greater than zero. The
pharyngeal swallow “trigger,” initially thought to occur distinctly at or just beyond the faucial
arches (Logemann, 1998), is now understood to have a much less stringent onset point and it
has been demonstrated that the bolus head may be well into the pharynx at the onset of the
pharyngeal swallow (Daggett et al., 2006; Ertkin & Aydogdu, 2003; Logemann et al., 2013;
Martin-Harris et al, 2007; Matsuo & Palmer, 2008) and that this is a variant of normal swallow
physiology. However, what is normal in healthy adults may be sufficient to result in impairment
in the context of perturbation in the system, such as in stroke. However, if we account for these
variations as normal swallowing physiology, then the most common abnormal finding in this
post-stroke cohort is abnormal esophageal clearance. There is a dearth of prior data to which
we can directly compare these esophageal findings. Only Miles et al. (2019) included those
patients' post-stroke, however, was a heterogeneous sample and focused on measures of
esophageal bolus transit time. They found that post-stroke patients, on average, had a 6 second
longer transit time than healthy controls. This is likely indicative of both sensory and motor
impairment in this population and, perhaps, a marker for disordered motility. However, the
gold standard for motility testing is High-Resolution Manometry (HRM) with diagnostic criteria
set forth by the Chicago Classification, now on its 4™ version (CC v4.0) (Yadlapati et al., 2021).
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Gullung et al. (2012) investigated the predictive value of MBSImP components to esophageal
HRM with multichannel intraluminal impedance (MIl) findings (using CC v 3.0, Kahrilas et al.,
2015). They identified that 79% of participants with abnormal component 17 scores had
abnormal HRM-MII. Overall, the sensitivity and specificity of component 17 and HRM-MII were
calculated at 80% and 48%, respectively. For component 17 compared to Mll alone, sensitivity
was demonstrated at 79% with a specificity of 45%. Comparing component 17 to HRM alone
demonstrated a sensitivity of 77% and a specificity of 40%. Gullung et al. (2012) also found a
significant relationship between component 6 (initiation of pharyngeal swallow), component 11
(laryngeal vestibular closure) which were not identified in this study. This may be explained by
the larger (n= 164), more heterogeneous sample in the Gullung et al. (2012) study. Our findings

are, however, directly applicable to the post-stroke population with dysphagia.

It is important to acknowledge the contributions of individual physiologic components and not
rely on gestalt findings, or reduce all swallowing impairments only to the absence or presence
of aspiration. If we had only looked at MBSImP OT and PT scrores, we would have missed the
associations between individual MBSImP components and measures of swallowing impairment,
some of which were determined to have statistical significance. For example, associations
between MBSIMP components 9, 12 and 14 and in swallowing outcome measures such as IDDSI
solids and the presence of alternate means of nutrition. Additionally, the absence of aspiration
does not indicate the absence of aspiration risk. Multiple clinical and physiologic findings must

be factored when determining an individual patient’s risk.

Because of the contraindications for manometry (e.g., aspiration, cognitive impairment) may be
prohibitive to its use in the post-stroke acute phase of recovery, we know little about
esophageal function in this population. Pharyngeal maneuvers, however, have been
demonstrated to impact esophageal body function. The effortful swallow maneuver has been
found to increase esophageal peristaltic vigor (Lever et al., 2007; O'Rourke et al., 2014)
demonstrating that oropharyngeal maneuvers generate increased intrabolus pressure in the

pharynx have demonstrated an increase in esophageal peristalsis. Our data demonstrate the
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inverse, where impaired pressure-driving forces in the pharynx are strongly associated with
impairments in esophageal bolus clearance. However, most participants with MBSImP
pharyngeal total scores in any PT impairment group (e.g., functional-mild, moderate, severe)
had abnormal esophageal clearance. In fact, only a slightly higher proportion of patients with
mild-moderate impairment had abnormal clearance compared to the mild-functional group

(66.67% and 58.33% respectively).

In limiting our post-stroke swallowing assessments and, therefore, research we have failed to
recognize the potential for co-occurring esophageal impairment in this population.
Oropharyngeal impairments are not isolated to oropharyngeal manifestations as measures of
physiologic pharyngeal pressure-driving (component 12) or pressure-modulating (component
14) components were demonstrated to be impaired in this study. Abnormal pharyngeal
constriction (component 12) demonstrated a 2.06-fold increased risk of abnormal esophageal
clearance. Abnormal PES function (component 14) demonstrated a 4.26-fold increased risk for
abnormal esophageal clearance, both of which were statistically significant. Additionally, we
know very little about the function of the striated musculature of the proximal (upper third)
esophagus. There are no manometric normal values and, therefore, no diagnostic criteria for
this region. It is unclear if findings related to cortical overdrive of the UES (Kahrilas et al., 1991;
Nativ-Zeltzer et al., 2019) also apply to the proximal esophageal body beyond what we know
about the effortful swallow (Lever et al., 2007; O’Rourke et al., 2014). And remains to be seen if
pharyngeal pressures impact proximal esophageal pressures as these both consist of striated

musculature, whereas the distal esophagus consists of smooth muscle.

Constraints to dedicated esophageal testing in this population relate to the acute concerns for
aspiration. Esophageal clearance, as determined by the MBSImP, is a single score given to rate
the clearance pattern of two viscous (5 ml nectar and 5 ml pudding Varibar®) boluses. Different
textures, including increased viscosity, have demonstrated alterations on esophageal bolus
transit times (Miles et al., 2016; Jou et al., 2006). However, the benefit of these specific

consistencies used for esophageal visualization during the MBSImP protocol is that patients
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who aspirate thin liquids can still have the length of the swallowing continuum visualized. All
swallowing assessments involve swallowing some type of bolus and the risks vs. benefits of
testing must always be considered with the paramount concern for patient safety. In the post-
stroke population, there are also cognitive, language, and/or mobility limitations that may
contraindicate certain testing (particularly devoted esophageal testing). While the
determination of esophageal clearance on the MBSS is non-diagnostic, it does allow for

visualization of the esophagus.

In summary, our findings indicate that in the stroke population, where the swallowing concern
invariably defaults to oropharyngeal, we cannot ignore the potential for esophageal
impairment. More specifically, we cannot disregard the potential for interactions between
aspects of swallowing as swallowing is a highly coordinated series of pressures occurring along
a continuum (oral cavity, pharynx, esophagus) and is not complete until the bolus enters the

gastric cavity.

Limitations

This study has several limitations. First, the study has a small sample size and was performed
retrospectively at a single site. The study was powered to detect a difference in proportions
compared to a constant and not for associations between measures of swallowing impairment
and outcome measures. Second, those patients who undergo the complete MBSImP protocol
are likely less impaired than patient who do not. Patients who received scores on component
17 are appropriate for PO intake or trials, stable enough to leave the floor and participate in a
MBSS and have sufficient swallow function that the clinicians are comfortable completing the
full MBSImP protocol. Third, determination of esophageal clearance is not diagnostic; however,
this work lays the foundation for future studies to explore the role of esophageal visualization
during the MBSS as well as for other dedicated esophageal assessments for those patients who

aspirate.
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Given that a patient can have 20% failed swallows on HRM and still fall into the category of
normal motility per CC v4.0 (Yadlapati et al., 2021), the two swallows administered during
esophageal visualization may have limited sensitivity to identify a true abnormality. However, it
is important to emphasize that the esophageal visualization of the MBSImP is non-diagnostic.
As with the MBSS, it is a representation of swallowing physiology at a single point in time. The
distinct 17 physiologic components scored across the administration of 12 bolus trials of various
viscosities and textures provide a representative sample of swallowing. Abnormal component
17 scores, along with clinical correlation, can be an important consideration in recommending
further diagnostic esophageal testing and/or referral to other specialties (e.g.,

gastroenterology, laryngology, etc.).

CONCLUSION:

Swallowing occurs along a continuum (oral cavity, pharynx, esophagus) and is not complete
until the bolus enters the gastric cavity. Arbitrary divisions between the oropharynx and
esophagus have limited our ability to fully diagnose and treat dysphagia in vulnerable
populations, such as post-stroke. A significant proportion of post-stroke patients demonstrate
abnormal esophageal clearance. The results of this study indicate that if we do not consider the
esophageal contribution to the overall presentation of dysphagia, we fail to fully diagnose and

treat our patients with post-stroke swallowing impairment.
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ABSTRACT:

Background: Dysphagia, or difficulty swallowing, is a possible complication in the post-lung
transplant population. Much of the literature has focused solely on the presence of atypical
laryngeal penetration and/or aspiration or on post-transplant esophageal testing. However, no
literature has explored dysphagia across the swallowing continuum (e.g., oral cavity, pharynx,
esophagus) within a single cohort. Esophageal impairment post-lung transplantation may go
overlooked during the acute phase of recovery given the immediate concern for oropharyngeal
dysphagia and its consequences (e.g., aspiration, pneumonia), and the potential for allograft
(donor) injury.

Methods: We performed a retrospective, cross-sectional, cohort study of 28 post-lung
transplant patients. All participants received a Modified Barium Swallow Study (MBSS) as part
of standard care during their acute hospitalization using the Modified Barium Swallow
Impairment Profile (MBSImMP™®©) protocol and scoring metric. Swallowing impairment was
determined using a combination of MBSImP scores, Penetration-Aspiration Scale (PAS) scores,
Functional Oral Intake Scale (FOIS) scores, International Dysphagia Diet Standardization
Initiative (IDDSI) scores, and temporal variables (e.g., time from stroke to MBSS). We performed
tests of association to determine if statistically significant associations exist between
MBSIMP™®© component 17 scores and other measures of swallowing impairment.

Results: In this post-lung transplant cohort, 85.71% had abnormal esophageal clearance
identified in their first post-transplant MBSS which was the most common form of swallowing
impairment. Further analysis revealed that all patients identified as aspirating on their post-
transplant MBSS had abnormal esophageal clearance.

Conclusion: Swallowing occurs across a continuum (e.g., oral cavity, pharynx, esophagus) and
the assessment of dysphagia in the post-lung transplant population is incomplete if limited
solely to concerns for oropharyngeal impairment. It is critical to consider the interactions

between physiologic components of swallowing across the swallowing continuum.
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INTRODUCTION:

Dysphagia, or difficulty swallowing, is a possible postoperative complication after lung
transplantation. This population may be particularly susceptible to dysphagia given the multiple
pre-morbid dysphagia risk factors in the end-stage lung disease (ESLD) population (Cassani et
al., 2015; Cvejic et al., 2011; Garand et al., 2018; Good-Fraturelli et al., 2000; Gross et al., 2009;
Martin-Harris & McFarland, 2013; Martin-Harris et al., 2015; Shaker et al., 1992) as well as
surgical risk factors for dysphagia related to post-extubation dysphagia and/or laryngeal injury
(Borders et al., 2019; Brodsky, De, Chilkuri, et al., 2018; Brodsky et al., 2014; Brodsky, Levy,
Jedlanek, et al., 2018; Krisciunas et al., 2020; Miles et al., 2018; Nguyen et al., 2016; Plowman et
al., 2021; Skoretz et al., 2010; Tikka & Hilmi, 2019) and the vulnerability of the intrathoracic
vagal nerve and its branches injury during surgery (Grote et al., 2019; Studer et al., 2004).
Prandial aspiration, or abnormal bolus passage into the trachea during swallowing, is one
concerning factor in the acute phase of recovery post-lung transplant. Avoidance of allograft
(donor tissue) injury is of paramount concern and aspiration could be one mechanism of injury.
However, there is limited literature to date regarding acute dysphagia in this population, and
no current studies that report findings across the swallowing continuum (e.g., oral, pharyngeal,
and esophageal aspects of swallowing) in a single cohort despite the evidence that swallowing
as a continuum and not a three-phase act (Gullung et al., 2012; Jones et al., 1985; Jones et al.,
1987; Lever et al., 2007; Madhavan, Carnaby & Crary, 2015; Miles et al., 2017; Miles et al.,
2019; Miles et al., 2015; O’Rourke et al., 2016; Ortiz et al., 2019; Reedy et al., 2021;
Triadafilopoulos, 1992; Watts et al., 2019). The interactions between or across aspects of the

swallowing impairment might be especially pertinent in the post-lung transplant population.

According to the United Network for Organ Sharing (UNOS), there were 2,714 lung transplants
in 2019 representing a 7.3% increase from 2018 - a trend that is expected to continue (UNOS,
n.d.). Lung transplantation, typically performed via thoracotomy or median sternotomy
(Meyers et al., 1999), may render certain branches of the vagus nerve vulnerable in the surgical
field. The nerves which innervate the larynx nerves may be particularly vulnerable from both

intubation and the surgical manipulation. The internal branch of the superior laryngeal nerves
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supplies all sensory input above the vocal folds. The external branch of the superior laryngeal
nerve provides motor input to the cricothyroid. The recurrent laryngeal nerves (RLN) provide
bilateral motor and sensory input at and below the level of the vocal folds. The left recurrent
laryngeal nerve initially courses downward and around the aortic arch before traveling upwards
to innervate the left vocal fold, whereas the right travels downward and around the subclavian
artery before coursing upwards to innervate the right vocal fold (Saran, Georgakopoulos,
Bordoni, 2020). The main anterior and posterior thoracic vagus nerve are also at-risk during
lung transplantation, as its branches, situated in the mediastinum, travel through the
esophageal hiatus of the diaphragm (Studer et al., 2004). Pulmonary denervation, without a
suggestion for reinnervation post-lung transplant (Lumb, 2017), is considered a surgical
consequence of lung transplantation as the pulmonary autonomic nerves are completely
transected at the distal trachea (Studer et al., 2004). Intubation, a necessary aspect of general
anesthesia, may result in laryngeal injury and/or dysphagia upon extubation (Borders et al.,
2019; Brodsky, De, Chilukuri, et al., 2018; Brodsky et al., 2014; Brodsky, Levy, Jedlanek, et al.,
2018; Krisciunas et al., 2020; Plowman et al., 2021; Skoretz, Flowers & Martino, 2010; Tikka &
Hilmi, 2019). Intubation involves passing a rigid endotracheal tube through the oropharynx and
laryngeal vestibule, between the vocal folds, and into the trachea. These tubes are measured in
French which reflects the inner diameter and ranges from 2.5 to 9.0 French (Gupta & Gupta,
2019). Both Krisciunas et al. (2020) and Plowman et al. (2021) identified endotracheal tube
(ETT) sizes of 8.0 or greater as an independent risk factor for laryngeal injury and dysphagia in
their cohorts of recently extubated patients (respiratory failure, and post-cardiothoracic

surgery, respectively).

The oropharynx is a multi-functional anatomic space, unique to the human body, critical for
respiration, deglutition, and phonation which have both involuntary (brainstem) and voluntary
(cortical) controls. The central pattern generators for respiration, swallowing and digestion all
reside within the medulla and are predominantly vagally mediated. Swallowing is a complex act
requiring the highly synchronized transformation of the oropharynx from a respiratory system

to a deglutitive (swallowing) system where respiration briefly ceases. Under normal
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circumstances, respiration and swallowing exist in a reciprocal relationship — one cannot occur
in the context of the other. This relationship has been studied with a typical pattern of an
exhale-swallow-exhale pattern, where swallowing is “bracketed” by expiratory airflow at mid to
low lung volumes (Brodsky et al, 2010; Hopkins-Rossabi, 2019; Martin-Harris, 2008; Martin-
Harris et al., 2003, Martin-Harris et al., 2005; McFarland et al., 2016; Wheeler-Hegland et al.,
2011). The swallow requires inhibition of breathing, or apneic period, during the glottal closure
reflex lasting from 0.5-1.5 seconds (Matsuo & Palmer, 2008). Eating, therefore, involves a high
level of coordination of mastication, respiration, and swallowing which can be especially taxing
in the respiratory compromised population (Martin-Harris & McFarland, 2013, p.26-27). There
is compelling evidence that respiratory compromise changes the normal respiratory-swallow
coordination (Gross et al., 2009; Martin-Harris et al., 2015; Shaker et al., 1992).
Pathophysiologic changes in swallowing have been identified in the Chronic Obstructive
Pulmonary Disease (COPD) population including laryngeal penetration and subglottic aspiration
(Cassani et al., 2015; Cvejic et al., 2011; Garand et al., 2018; Good-Fraturelli et al., 2000; Gross
et al., 2009) on instrumental assessment. This can create a cycle where the dysphagia itself can

provoke COPD exacerbation (Nagami et al., 2017; Steidl et al., 2015).

Bronchiolitis Obliterans Syndrome (BOS) is a significant post-lung transplant risk factor for
allograft (donor tissue) dysfunction. BOS is one of the greatest limiting factors to lung
transplant success and long-term survival rates (Boehler, 1998; Estenne et al., 2002; Tejwani et
al., 2016; Studer et al., 2004; Verleden, 2000; Verleden et al., 2004, pg 19-30).
Gastroesophageal Reflux Disease (GERD) is an indirect contributor to the development and
progression of BOS (Bobadilla et al., 2010; Burton et al., 2009; Cantu et al., 2004; Hadjiliadis et
al., 2003; King et al., 2009; Lau et al, 2002; Parada, Alba, & Sepulveda, 2010; Shah et al., 2010)
due to the risk of aspiration of acidic reflux (Effros et al., 2000; Miyagawa-Hayashino, Wain &
Mark, 2005). Though GERD is a concern and may factor into allograft injury or failure, it is not a
contraindication to surgery. The American Transplant Society (ATS) "International Guidelines
for the Selection of Lung Transplant Candidates" (Maurer et al., 1998) and the 2006 update to

these guidelines (Orens et al., 2006) outline transplant candidacy indications and
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contraindications as well as testing that should be done to determine eligibility. Orens et al.
(2006) highlight the "primary importance" of optimal candidate selection for "favorable long-
term outcomes." Both iterations of these guidelines fail to mention the possibility of pre-and/or
post-lung transplant dysphagia or reflux as factors to consider. More currently, Adegunsoye et
al. (2017) outline the comprehensive care for lung transplant patients with updated indications,
contraindications, testing, and post-transplant risk factors. However, there is no
acknowledgment of dysphagia as a potential risk factor for pre- or post-lung transplant
recipients. Girgis and Khaghani (2016), however, include "upper deglutition problems resulting
in aspiration, severe esophageal dysmotility, gastroparesis, [and] severe GERD that will not be
amenable to fundoplication" (p. 5) as relative contraindications for LTX candidacy in their
“Global Perspective of Lung Transplantation”. The article also outlines the components of pre-
lung transplant evaluation which includes an esophagram on all candidates with consideration
of 24-hour pH monitoring plus impedance, and esophageal manometry, gastric emptying study,

and Gl consultation.

Opportunistic infections are a source of post-lung transplant complications particularly from a
gram-negative bacterium. Post-lung transplant patients are pharmacologically
immunocompromised to prevent rejection (Studer et al., 2004) and are particularly at risk for
pseudomonas, non-tuberculosis mycobacterium, cytomegalovirus, pneumocystis jiroveci, and
Aspergillus (Studer et al., 2004; Tejwani et al., 2016). Given the dearth of evidence regarding
post-lung transplant dysphagia, it is unclear if there is a causal relationship between chronic
aspiration and/or aspiration pneumonia and allograft injury or transplant failure. While Posner
et al. (2018) advocate for a more comprehensive pre-transplant assessment, their
recommendations are limited to diagnostics of the esophagus. Notably absent is an assessment
of the oral and pharyngeal aspects of the swallow, or an evaluation of the swallowing as a

continuum.

The literature investigating oropharyngeal dysphagia in the post-lung transplant population is

limited. Atkins et al. (2007) identified abnormal swallowing in 70.95% of their post-lung
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transplant cohort with aspiration identified in 63.8% on instrumental assessment (Fiberoptic
Endoscopic Evaluation of Swallowing [FEES] or Modified Barium Swallow Study [MBSS]). They
also reported that approximately 25% of their participants whose assessments included FEES
(87.9% of their sample received an instrumental assessment), had vocal fold paresis/injury.
Baumann et al. (2017) reported dysphagia in 67% of their post-lung transplant cohort with 62%
having deep laryngeal penetration and/or aspiration. Other work by Black et al. (2019)
identified dysphagia in 88% of their cohort which encompassed both post-lung and post-heart
and lung transplant recipients though only 11.78% of their sample received an instrumental
assessment. More recently, Miles et al. (2020) reported that of the post-lung transplant
patients who underwent FEES (64.35% of the sample), 75% demonstrated aspiration, 63% of
which was silent aspiration. Vocal fold paralysis was diagnosed in 34% of those patients who

received an ENT referral.

Gastrointestinal dysfunction recognized in the form of gastroesophageal reflux disease (GERD)
has been well-established in the pre-and post-lung transplant population. Though other
disorders of the esophagus are less well-studied. While High-Resolution Manometry (HRM) is
considered a standard aspect of pre-transplant evaluation, post-transplant HRM is less
common. Those studies which assessed esophageal function post-lung transplant
demonstrated GERD, disorders of motility, and disorders of the gastroesophageal junction
(GEJ). Davis et al. (2010) assessed post-lung transplant participants with HRM+MII, 24-hour pH
monitoring, EGD, barium swallow, and gastric emptying studies. They found evidence of GERD
in 51% of their post-lung transplant participants, all with normal lower esophageal sphincter
(LES) findings. Ineffective Esophageal Motility (IEM) was present in 36% of participants with
GERD compared to 6% without GERD. Patients with GERD demonstrated delayed esophageal
bolus transit more frequently, as well as more prolonged episodes of reflux and slower acid
clearance. Gadel et al. (2012) found manometric evidence of esophageal pathophysiology in
55% of their post-lung transplant participants. They identified that 65% of their participants had
a hypotensive UES and 52.2% of participants had a hypotensive LES. Pathological acidic reflux

was demonstrated in 35% of participants. In their cohort of post-lung transplant patients,
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Griffin et al. (2013) found abnormal esophageal motility on HRM in 44% of participants, distal
esophageal reflux on 24-hour pH monitoring with impedance in 71% of participants. Grass et al.
(2015) reported that Gl complications post-lung transplant occurred in 62% of their sample with
GERD being the most common (22.9%). They also found that double-lung transplantation was
an independent risk factor for developing post-transplantation Gl complications. By Chicago
Classification v3.0 (CC v3.0) (Kahrilas et al., 2015) standards, Tangaroonsanti et al. (2017)
identified abnormal esophageal motility in 72% of their participants post-lung transplant,
esophagogastric junction outflow obstruction without hypercontractility (achalasia) in 8%,
hypercontractility in 24%, EGJOO with hyper-contractility in 8%, and hypocontractility in 14%.
Interestingly, when comparing the prior version of the classification (v2.0), more participants
would have been identified as having abnormal findings. Additionally, those participants with
EGJOO were more likely to develop obstructive chronic lung allograft dysfunction (o-CLAD),
although they were less likely to demonstrate the atypical frequency of reflux and had an
overall reduction in reflux exposure time when compared to those with normal manometric
findings. Ciriza de Los Rios et al. (2018) identified post-transplant esophageal motility disorders
of any type in 49.1% in their study of post-lung transplant recipients. Masuda et al. (2019)
compared pre-and post-lung transplant participants via HRM, 24-hour impedance monitoring,
EGD, and gastric emptying studies. Motility abnormalities were identified in 55.1% of pre-lung
transplant participants and in 45.8% of post-lung transplant participants. There was a change in
diagnostic category for 51.4% of those participants comparing pre-and post-transplant studies
per the Chicago Classification (CC v 3.0). Gastric emptying studies were performed in 80.37% of
the pre-lung transplant and 88.79% of the post-lung groups with delayed gastric emptying had
worsened function or were newly identified post-lung transplantation. Additionally,
gastroparesis appears to be a common neurogastroenterologic sequelae of lung transplantation
(Gamez et al., 2017, Gasper et al., 2008; Grass et al., 2015; Hirji et al., 2017; Kayawake et al.,
2018, Lidor et al., 2014). In their 2019 study, Tangaroonsanti et al. identified abnormal
esophageal motility in 72.92% of their post-lung transplant cohort. Though only investigating
for a single manometric abnormality, Cangemi et al. (2020) identified hypercontractility or,

“jackhammer” esophagus in 18.8% (CC v3.0) of their post-lung transplant participants. Gouynou
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et al. (2020) demonstrated that esophageal manometric abnormality of any type was seen in
38.1% (CC v3.0) of their post-lung transplant cohort. Masuda et al. (2020) reported HRM-
confirmed esophageal motor disorders in 65.5% of their post-lung transplant cohort and that
31% of those with a motility disorder post-transplant had findings that differed from pre-
transplant HRM testing. In their 2021 study of patients with aperistalsis pre-transplant, Giulini
et al. (2021) reported improved esophageal peristaltic function in 65.52% of their post-lung
transplant cohort. In their small sample, they identified that patients with pulmonary
hypertension or obstructive lung diseases were more likely than patients with restrictive lung

diseases to have improved peristalsis post-transplant.

To our knowledge, there are no studies that investigate dysphagia across the swallowing
continuum in a single cohort. Our primary goal was to identify those post-lung transplant
patients examined for acute oropharyngeal dysphagia who have either simultaneous or primary
esophageal dysphagia owing to the shared neural, anatomic, and physiologic characteristics.
We propose that investigating the swallow as a continuum will have a substantial impact in the

post-lung transplant population.

METHODS:

Study Design

This retrospective, cross-sectional cohort study was conducted at the Medical University of
South Carolina (MUSC). Between January 1, 2016, and January 1, 2021, a total of 78 patients
received lung transplants. Potential participants were identified using a database of lung
transplant recipients maintained by the MUSC lung transplant team, part of the Department of

Pulmonology. All electronic health records (EHR) were reviewed for eligibility.

Inclusion and Exclusion Criteria
Inclusion criteria were established as adults (21+ years) who received a single or bilateral lung

transplant for ESLD. Potential participants were excluded if their past medical history included
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diseases known to impair oropharyngeal swallow function outside of their respiratory disorder

(e.g., head and neck cancer, progressive neurologic disorders, history of stroke).

All eligible participants had a Modified Barium Swallow Study (MBSS) using the MBS
Impairment Profile (MBSImMP™®©) (Martin-Harris et al., 2008) protocol and scoring system.
Those participants whose MBSS reports did not include MBSImMP scores or did not have an
MBSImP component 17 (esophageal clearance) score were excluded. Penetration Aspiration
Scale (PAS) scores (Rosenbek et al., 1996) were required. Both Functional Oral Intake Scale
(FOIS) scores (Crary et al., 2005) and International Dysphagia Diet Standardization Initiative
(IDDSI) scale (Steele et al., 2018) scores or enough information in the EHR to determine both

were required for study inclusion.

Modified Barium Swallow Studies

As part of the standard of care, all participants received an MBSS during their acute post-lung
transplant hospitalization. All MBSSs were performed at 30 pulses per second (pps) and were
recorded at 30 frames per second (fps) according to best practices (Bonilha, Blair, Carnes, et al.,
2013; Bonilha, Humphries, Blair, et al., 2013). All MBSSs were conducted using the Modified
Barium Swallow Impairment Profile (MBSImP™®©) (Martin-Harris et al., 2008) which measures
17 distinct physiologic components of swallowing. The base protocol consists of 12 swallows of
varying liquid and solid consistencies, the initial 10 in the lateral view, the last 2 in the anterior-
posterior view. Component 17, our primary outcome measure, is determined by the
esophageal bolus clearance patterns through the esophageal body and lower esophageal
sphincter (LES) in the A-P view with 5 ml nectar and 5 ml pudding contrast. Standard barium

sulfate preparations (Varibar®, Bracco Diagnostics Inc.) were used.

From these clinical MBSSs, data related to swallowing impairment and swallowing outcomes
were extracted. Physiologic swallowing assessment in the form of MBSImP scores including
component, and oral and pharyngeal total scores were collected as well as Penetration-

Aspiration Scale (PAS) scores (Rosenbek et al., 1996), and the absence or presence of
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aspiration. Swallowing outcome measures in the form of Functional Oral Intake Scale (FOIS)
scores (Crary et al., 2005) and International Dysphagia Diet Standardization Initiative (IDDSI)
scores (Steele et al., 2018) were either collected directly from the medical record. For those
participants whose MBSS were performed prior to the transition to IDDSI standards, levels were
determined using a crosswalk of previous, compatible, consistencies (e.g., “mechanical soft” is
comparable to IDDSI level 6). Due to the nature of IDDSI scores, typically reported as two
scores, the IDDSI scores were separated into an "IDDSI Liquid" and an "IDDSI Solid" score. In the
case of a single consistency recommendation, only one corresponding score was collected, and
in the case of a recommendation for NPO (nil per os, “nothing by mouth”) no scores were
recorded. The presence of alternate means of nutrition (e.g., feeding tube), alternate nutrition
type (e.g., nasogastric vs. gastric tube), and the absence or presence of a recommendation for
NPO were also collected. Data for "time to" events was calculated for the time from lung
transplant to clinical swallowing evaluation, time from lung transplant to MBSS, and days spent

NPO before the MBSS.

Reliability

All MBSSs were performed, and MBSImMP scores were determined, by the treating clinician
(speech-language pathologist). All MUSC clinicians are MBSImP certified and have, therefore,
demonstrated 80% accuracy across all component scores as part of their training, which
requires recertification every 5 years to maintain eligibility (Martin-Harris, 2015; Martin-Harris

et al., 2008).

Statistical Analysis

Summary statistics were calculated (e.g., mean, median, mode, and standard deviation for
continuous variables; median, mode, and frequency for categorical variables). Our null
hypothesis (Ho) was that there was no difference in the proportion of esophageal abnormalities
in this cohort compared with published estimates (Miles et al., 2015). Only one applicable
prospective study (Miles et al., 2015) was available for comparison which demonstrated that

33% of patients whose MBSS included esophageal visualization had some type of esophageal
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abnormality. This hypothesis was investigated using a test of binomial proportions. Given the
small sample size, the data was separated into two component 17 groups for analysis — those
with normal component 17 (C17 =0) and with abnormal component 17 (C17 >1). MBSImP
Component 17 (esophageal clearance) was dichotomized into normal (C17 = 0 “complete
clearance; esophageal coating”) vs. abnormal (C17 > 1 representing scores 1-3 for esophageal
retention with or without retrograde flow, as well as a score of 4 for minimal to absent
clearance) scores. Fisher’s exact tests were used to describe categorical variables (e.g., MBSImP
component scores) and determine if associations exist between measures of swallowing
physiology and outcome measures. As the data was determined to be non-parametric, Mann-
Whitney U/Wilcoxon Rank Sum tests were used to test for differences in continuous variables
(e.g., age). Our hypothesis (Ho) was that there were no statistically significant associations
between these variables and component 17. A subgroup analysis of summary statistics,
associations between variables, and relative risk was performed for those patients who were
determined to be aspirating on their MBSS. Given the small, heterogeneous sample, logistic
regression could not be performed. Therefore, unadjusted relative risks were calculated for
significant variables with the outcome of abnormal (C17 >1). Findings reflect the overall
statistical significance and for all statistical analyses, two-sided tests were performed with the
alpha set at 0.05 with P values of < .05 indicating statistical significance. All analysis was

performed using SAS (v9.4, SAS Institute Inc., Cary, NC).

RESULTS:

1. Participants
Between January 1, 2016, and January 1, 2021, 78 patients underwent lung transplantation at
the Medical University of South Carolina (MUSC). Only 28 patients met specified inclusion and
exclusion criteria and were enrolled in the study. The mean age was 57.25 years (range 27-70)
with a 95% confidence limit around the mean of 53.2-61.3. Half (50%) of the participants were
female. The majority of participants were white (71.43%) and none of the participants
identified as Hispanic. All patients who undergo lung transplantation have some form of end-

stage lung disease (ESLD). Most participants in this cohort had Idiopathic Pulmonary Fibrosis
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(IPF) (32.14%), followed by COPD (25%), Interstitial Lung Disease (ILD) (21.43%), sarcoidosis
(14.29%), and Cystic Fibrosis (CF) (7.14%). Surgical data was collected with almost all
transplants being bilateral (96.43%) via clamshell thoracotomy (53.57%). Variables related to
ventilation were also collected with most participants receiving cardiopulmonary bypass
(60.71%) during transplantation. All participants whose charts included intubation data (20/28)
reported that intubation was achieved with an endotracheal tube (ETT) of 8 or larger (100%).
See Table 1.

Table 1. Demographic, Baseline, and Surgical Characteristics of Post-Lung Transplant

Recipients

n

28

Age (mean, £SD, 95% Cl)

57.25, £10.44
(53.20, 61.3)

Sex

Female 14 (50%)
Race

White 20 (71.43%)

Black 8 (28.57%)
Ethnicity

Non-Hispanic 28 (100%)
End-Stage Lung Disease Type

Cystic Fibrosis (CF) 2 (7.14%)

Chronic Obstructive Pulmonary Disease (COPD) 7 (25%)

Idiopathic Pulmonary Fibrosis (IPF) 9(32.14%)

Interstitial Lung Disease (ILD) 6 (21.43%)

Sarcoidosis 4 (14.29%)
Transplant Type

Single Lung 1(3.57%)

Bilateral Lung 27 (96.43%)
Surgical Approach

Median Sternotomy

12 (42.86%)

Clamshell Thoracotomy

15 (53.57%)

Thoracotomy 1(3.57%)
Ventilation Type
Single-lung mechanical ventilation 1(3.57%)

Cardiopulmonary bypass

17 (60.71%)

Extracorporeal Membrane Oxygenation (ECMO)

10 (35.71%)

Endotracheal Tube (ETT) Size n=20
<8.0 0 (0%)
8.0 17 (85%)
>8.0 3 (15%)

Days from transplant to MBSS (mean, standard deviation, 95% Cl)

13.14, £23.15
(4.17, 22.12)
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Most participants underwent pre-transplant esophageal testing with 26/28 (92.86%) having
High-Resolution Esophageal Manometry (HRM), 24/28 (85.71%) had ambulatory 24-hour pH
Multichannel Intraluminal Impedance (pH-MIl), and only 7/28 (25%) had a pre-transplant
barium esophagram. Abnormal HRM was identified in 22/28 (84.62%) of pre-transplant studies.
All studies were analyzed using the Chicago Classification v3.0 (Kahrilas et al., 2015). Under this
classification, 19/26 (73.08%) patients were diagnosed with ineffective esophageal motility
(IEM), 3/36 (11.54%) were diagnosed with distal esophageal spasm (DES), and 6/26 (23.08%)
were diagnosed with gastroesophageal junction (GEJ) dysfunction. However, version 4.0 has
since been published (Yadlapati et al., 2021) with changes to many diagnostic classifications.
Therefore, the individual manometric findings are reported in Table 2. Abnormal pH-MIl was
seen in 11/28 indicating the presence of reflux in 45.83% of pre-lung transplant studies.
Abnormal results were reported in 6/7 (85.71%) of our cohort’s pre-transplant barium

esophagram studies. See Table 2 for a full profile of pre-lung transplant esophageal testing.

Table 2. Pre-Lung Transplant Esophageal Testing Profile

High-Resolution Esophageal Manometry (HRM)*

n=26

Normal study

4 (15.38%)

Any study abnormality

22 (84.62%)

5-7 weak swallows

10 (38.46%)

8 or more weak swallows or 5 failed swallows

9 (34.62%)

Hypercontractility (DCI > 8000) in 20% of swallows

0 (0%)

Elevated LES IRP

3(11.54%)

Hypertensive LES

3 (11.54%)

Hypotensive LES 2(7.7%)
Hypertensive UES 5(19.23%)
Hypotensive UES 0 (0%)
Premature contractions (DL < 4.5) in 20% of swallows 3(11.54%)
Abnormal Impedance 13 (50%)

Days from HRM to lung transplant (mean, £ SD, 95% Cl)

406.38, + 400.14
(244.77, 568.0)

24-Hour pH Impedance Monitoring (MlI-pH)

n=24

Abnormal results

11 (45.83%)

Days from pH-MII to lung transplant (mean, + SD, 95%
Cl)

419.17, +461.86
(244.14, 614.19)

Barium Esophagram

n=7

Normal study

1(14.29%)

Impression of dysmotility

5 (71.43%)

Web, stricture, or ring

0 (0%)

Hiatal Hernia

3(42.86%)
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Gastroesophageal junction abnormality 1(14.29%)
Observed gastroesophageal reflux 3 (42.86%)
Days from barium esophagram to lung transplant (mean, 240, £206.47
+SD, 95% Cl) (49.05, 430.95)

2. MBSImP Component 17 (Esophageal Clearance) Scores
In this post-lung transplant cohort, abnormal esophageal clearance was seen in 85.71% of
participants. Abnormal clearance was established as any MBSImP component 17 score greater
than zero where abnormal esophageal clearance ranged from esophageal retention with or
without retrograde flow to minimal to no esophageal clearance. Abnormal scores ranged from
1-4 in this cohort with 9/28 (32.14%) having a score of 1 or “esophageal retention.” The most
common score was a 2, or “esophageal retention below [the] pharyngoesophageal segment
(PES)” in 11/28 (39.29%) participants. A score of 3 or, “esophageal retention with retrograde
flow through [the] PES” was seen in 3/28 (10.71%) participants. One participant (3.57%) had a

score of 4, or “minimal to no esophageal clearance.”

Using a test of binomial proportions, we compared our findings (85.71%) against our pre-
specified threshold of 33% from pre-existing data (Miles et al., 2015) which yielded a
statistically significant result (P <.0001); thus, we can conclude that in our sample, the
proportion of individuals with abnormal esophageal clearance patterns was different than 33%.
The 95% exact confidence interval, around the proportion of post-lung transplant individuals
with abnormal esophageal clearance patterns, would be expected to fall between 67.33% and
95.97%. We identified that participants had a 44% (unadjusted RR = 1.444) increased risk for
abnormal component 9 (anterior hyoid excursion) when component 17 was abnormal (21).
Additionally, those participants with abnormal esophageal clearance were 57% (unadjusted RR

=1.571) more likely to have a recommendation for altered solids based on IDDSI classifications.

7. MBSS Variables
3.4 MBSImP Component Scores
The most common abnormality in this post-lung transplant cohort was a lower bolus head at

the onset of the pharyngeal swallow (component 6) identified in 92.86% of participants. The
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85.71% of participants. Both laryngeal elevation (component 8) and laryngeal vestibular closure

(component 11) were abnormal in 60.71% of participants.

Table 3. Unadjusted Association Between Component 17 Scores: MBSImP Scores and Other

Measures of Swallowing Impairment

MBSImP Component Score Compared to Measures of MBSImP Component 17 P-value

MBSImP component 1 (lip closure) P =.3039
MBSImP component 2 (tongue control during bolus hold) P =.1606
MBSImP component 3 (bolus prep/mastication) P =.4053
MBSImP component 4 (bolus transport/lingual motion P =.8242
MBSImP component 5 (oral residue) P =.3494
MBSImP component 6 (initiation of pharyngeal swallow) P =1.0000
MBSImP component 7 (velar elevation) P =1.0000
MBSImP component 8 (laryngeal elevation) P =1.0000
MBSImP component 9 (anterior hyoid excursion) P =.0349*
MBSImP component 10 (epiglottic movement) P =.4719
MBSImP component 11 (laryngeal vestibule closure) P =.3690
MBSImP component 12 (pharyngeal stripping wave) P =.6659
MBSImP component 13 (pharyngeal contraction) P =.6659
MBSImP component 14 (pharyngoesophageal segment opening) P =.3723
MBSImP component 15 (tongue base retraction) =.8286
MBSImP component 16 (pharyngeal residue) =.1949
MBSImP oral total (OT) scores =.3156
MBSImP pharyngeal total (PT) scores =.5784
Penetration-Aspiration Scale score P =.3039
Aspiration (presence/absence) =.1606

*P <0.05 Fisher’s exact test of association for categorical variables, Wilcoxon Rank Sum/Mann Whitney-U test of

association for continuous variables

Of the five MBSImP oral component scores, no statistical associations were identified when
compared against component 17 scores. Of the eleven pharyngeal component scores, only

component 9 (anterior hyoid excursion) demonstrated a statistically significance association

with component 17 scores (P = .0349). See Table 3. The majority of participants (53.57%) had a

score of 1, or “partial anterior movement”. All other (46.43%) participants had a score of O

indicating “complete anterior movement.”

3.1 Swallowing Impairment Severity
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Beall et al. (2020) identified ranges of oral total (OT) and pharyngeal total (PT) scores that
account for differences in swallowing impairment in their latent class analysis of MBSImP OT
and PT scores. Using this range, our post-lung transplant cohort was overwhelmingly identified
as having either functional physiology (minimal changes not considered to be impairment) or
mild swallowing impairment for both the OT (89.29%) and PT (96.43%) scores. Esophageal total
scores are comprised of the single component 17 score, yielding a normal result in only 14.29%

of participants.

3.1 Measures of Bolus Airway Invasion
The full range of Penetration-Aspiration Scale (PAS) scores (1-8) was observed in this post-lung
transplant cohort except for a score of 5. The median PAS score was 2, or “material enters
airway, remains above the [vocal] folds, and is ejected from the airway”. PAS scores
representing variations of normal swallow physiology (scores 1-3) (Daggett et al., 2006; Garand
et al., 2019; Robbins et al., 1999) were seen in 20/28 (71.43%) of participants. Atypical laryngeal
penetration, represented by a score of 4 was seen in 1/28 (3.57%) of participants. Aspiration, as
indicated by PAS scores of 6-8, was identified in 7/28 (25%) of participants. Of those patients
who aspirated, 5/7 (71.43%) did so silently (PAS score of 8).

8. MBSS Outcome Measures
MBSS outcome measures were collected in the form of FOIS (Crary et al., 2005), the liquid and
solid (as applicable) IDDSI (Steele et al., 2018) consistency recommendations, and the use of

alternate means of nutrition. See Table 4 for details.

Table 4. Association Between MBSS Outcome Measures and Esophageal Clearance

(Component 17) Scores

P-value
Functional Oral Intake Scale (FOIS) Score P =.6813
International Dysphagia Diet (IDDSI) Solid Level P=.4764
International Dysphagia Diet (IDDSI) Liquid Level P =.2283
Recommendation for Alternate Means of Nutrition P =.6011

*P <0.05 Fisher’s exact test of association
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4.1 FOIS Scores
The full range of FOIS scores (Crary et al., 2005) except for a score of 4 (total intake of a single
consistency) was seen in this sample. Most participants (13/28, 46.43%) had a score of 7 or
"total oral intake with no restrictions,” followed by a score of 5in 4/28 (14.29%) indicating
“total oral intake of multiple consistencies requiring special preparation.” A score of 6 or “total
oral intake with no special preparation but must avoid specific food and liquid items” was seen
in 2/28 (7.14%) of participants. Mid-range scores of 2 and 3 were each seen in 3 participants
(10.71% respectively) indicating alternate means of nutrition with some degree of oral intake. A
score of 1 or no oral intake was seen in 3 participants (10.71%). No statistical significance was
seen in tests of association between FIOS scores and dichotomized component 17 (esophageal

clearance) scores. See Table 4.

4.2 IDDSI Scores
IDDSI scores were only available for those participants whose recommendations included oral
intake (25/28). Oral intake was classified using IDDSI scale scores (Steele et al., 2018) with
scores for liquid and solid consistency recommendations. The most common IDDSI liquid
consistency recommendation was for thin liquids (score of 0) in 16/25 (64%) of participants.
"Mildly thick" (nectar-thick) liquids (score of 2) were recommended in 8/25 (32%) of
participants. One participant (4%) was recommended for "moderately thick" (honey-thick)
liquids (score of 3). The most common IDDSI solid recommendation was for regular solids in
11/22 (50%) of participants. A score of 6 or "soft and bite-sized" solids was recommended in
7/22 (31.82%) of participants. "Minced and moist" solids (score of 5) were recommended for
one (4.54%) participant. Three (13.64%) participants were recommended for pureed solids
(score of 4). No statistical significance was demonstrated between either IDDSI liquid or solid

scores and the dichotomized component 17 (esophageal clearance) scores. See Table 4.

4.3 Alternate Means of Nutrition
Information for the presence of alternate means of nutrition was only available in 23 (85.19%)

of post-lung transplant participants. The majority (65.22%) of participants had an alternate
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means of nutrition, all had a small-bore feeding tube (e.g., Dobhoff or Corpak) present at the

time of MBSS. See Table 4.

9. Sub-Group Analysis for Patients with Aspiration on MBSS
A subgroup analysis was performed for those seven patients (25%) who were identified as
aspirating on their MBSS. The mean age for this group was 54.43 years (range 27-67). This
group was predominantly male 6/7 (85.71%) and all participants identified as white. ESLD types
were distributed as: 14.29% (1/7) with COPD, 28.57% (2/7) with CF, 28.57% (2/7) with IPF, and
28.57% (2/7) with ILD. Most participants (5/7, 71.43%) in this sub-group were surgically
approached with a clamshell thoracotomy and 2/7 (28.57%) underwent a median sternotomy.
Mean days from HRM was 421.5 (range 11-1881 days) compared to 548.6 days (range 11-2184)
for pH-MIIl. Mean days from esophagram to lung transplant was 97.67 days (range 4-299).
Mean days to MBSS post-transplant was 14.08 days (range 3-15) with a 95% confidence interval

around the mean of 1.88 to 9.83 days.

Scores were dichotomized for comparison into "normal” vs. "abnormal" categories. For all
MBSImP component scores, a score greater than zero was the threshold with the exceptions of
components 1, 5, 15, and 16 for which a score of 1 is collapsed to a zero for aggregate “total”
scores (Martin-Harris, 2015; Martin-Harris, 2017). PAS scores of 1-3 were considered normal
(Daggett et al., 2006; Garand et al., 2019; Robbins et al., 1999). FOIS scores were dichotomized
into severely restricted oral intake (scores of 1-5) vs. full oral intake with minimal to no
restrictions (scores of 6-7). IDDSI scores for liquids were separated at a cutoff point of 0 for no
restrictions and 1-3 for any degree of restriction/altered viscosity. IDDSI solids were separated
at a cutoff point of 7 for no restrictions to 4-6 for any degree of restriction/altered texture. See

Table 5 For a full comparison of variables.
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Table 5. Comparison of Swallowing Impairment and Outcome Measures in Patients with and

without Aspiration

Swallowing Impairment and Outcome Full Cohort No Aspiration Aspiration Association
Measures n=28 n=21 n=7 (P-value)
n (%) n (%) n (%)
MBSImP component 1 (lip closure) P=0.2883
Clz1 22 (78.57) 15 (71.43) 7 (100)
Clx2 6(21.43) 6 (28.57) 0(0)
MBSImP component 2 (tongue control P =1.000
during bolus hold)
C2=0 18(66.67) 14 (66.67) 4 (66.67)
221 9(33.33) 7 (33.33) 2(33.33)
MBSImP component 3 (bolus P =1.000
prep/mastication)
C3=0 11 (45.83) 9 (45) 2 (50)
321 13 (54.17) 11 (55) 2 (50)
MBSImP component 4 (bolus P =.6618
transport/lingual motion)
C4=0 16 (57.14) 11 (52.38) 5(71.43)
Cax1 12 (42.86) 10 (47.62) 2 (28.57)
MBSImP component 5 (oral residue) to P =1.000
component 17
C5<1 12 (42.86) 9 (42.86) 3 (42.86)
C522 16 (57.14) 12 (57.14) 4 (57.14)
MBSImP component 6 (initiation of P =1.000
pharyngeal swallow)
C6=0 2(7.14) 2(9.52) 0(0)
621 26 (92.86) 19 (90.48) 7 (100)
MBSImP component 7 (velar elevation) P =1.000
C7=0 27 (96.43) 20 (95.24) 7 (100)
721 1(3.57) 1(4.76) 0(0)
MBSImP component 8 (laryngeal P=.0233*
elevation)
c8=0 11 (39.29) 11 (52.39) 0(0)
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821 17 (60.71) 10 (47.62) 7 (100)
MBSImP component 9 (anterior hyoid P =.0836
excursion)

C9=0 13 (46.43) 12 (57.14) 1(14.29)

921 15 (53.57) 9 (42.86) 6 (85.71)
MBSImP component 10 (epiglottic P =.0627
movement)

Cl0=0 18 (64.29) 16 (76.19) 2 (28.57)

Cl0=21 10 (35.71 5(23.81) 5(71.43)
MBSImP component 11 (laryngeal P =.0233%*
vestibule closure)

Cl1=0 11 (39.29) 11 (52.38) 0(0)

Cl121 17 (60.71) 10 (47.62) 7 (100)
MBSImP component 12 (pharyngeal P =.0764
stripping wave)

C12=0 17 (60.71) 15 (71.43) 2 (28.57)

C12>1 11 (39.29) 6 (28.57) 5(71.43)
MBSImP component 13 (pharyngeal P =1.000
contraction)

C13=0 20(90.91) 15 (88.24) 5 (100)

C13>1 2 (9.09) 2 (11.76) 0(0)
MBSImP component 14 P=.6774
(pharyngoesophageal segment opening)

Cl4=0 18 (64.29) 14 (66.67) 4 (57.14)

Cla>1 10 (35.71) 7 (33.33) 3(42.86)
MBSImP component 15 (tongue base P =1.000
retraction)

Cl5<1 17 (60.71) 13 (61.9) 4 (57.14)

C15>2 11 (39.29) 8(38.1) 3 (42.86)
MBSImP component 16 (pharyngeal P =1.000
residue)

Cle<1 12 (42.86) 9 (42.86) 3 (42.86)

C16>2 16 (57.14) 12 (57.14) 4 (57.14)
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MBSImP component 17 (esophageal P =.5453
clearance)
C17=0 4 (14.29) 4(19.05) 0(0)
c1721 24 (85.71) 17 (80.95) 7 (100)
MBSImP Oral Total (OT) (mean, + SD, 95% 5.86, +3.36 6.14,+3.8 5.0,1.29 P =.5105
Cl) (4.55, 7.16) (4.41,7.87) (3.81, 619)
MBSImP Pharyngeal Total (PT) (mean, 5.25, +3.93 4.57,+3.82 7.29, +3.82 P =.0986
SD, 95% Cl) (3.73,6.77) (2.83, 6.31) (3.76, 10.82)
Penetration-Aspiration Scale (PAS ) score P <.0001
PAS 1-3 20 (71.43) 20 (95.24) 0(0)
PAS > 4 8(28.57) 1(4.76) 7 (100)
Functional Oral Intake Scale (FOIS) score P=.0101%
FOIS> 6 17 (53.57) 14 (66.67) 1(14.29)
FOIS 5-3 7 (25) 5(23.81) 2(28.57)
FOIS<2 6 (21.43) 2(9.52) 4(57.14)
International Dysphagia Diet (IDDSI) P=.1162
liquid score
IDDSI liquid score =0 16 (64) 15 (71.43) 1(25)
IDDSI liquid score 1-3 9 (36) 6 (28.57) 3(75)
International Dysphagia Diet (IDDSI) solid P=.1914
score
IDDSI solid score = 7 11 (39.29) 10 (47.62) 1(14.29)
IDDSI solid score = 4-6 17 (60.71) 11 (52.38) 6 (85.71)
Presence of alternate means of nutrition 15 (65.22) 10 (58.82) 5(83.33) P =.3690

*P < 0.05 Fisher’s exact test of association for categorical variables, Wilcoxon Rank Sum/Mann Whitney-U test of

association for continuous variables

Compared to those participants who did not aspirate, the group that aspirated had more

abnormal individual MBSImP pharyngeal component scores. Specifically, component 8

(laryngeal elevation) P =.0233, component 9 (anterior hyoid excursion) P = .0836, component

10 (epiglottic movement) P = 0.627, component 11 (laryngeal vestibule closure) P =.0233, and

component 12 (pharyngeal stripping wave) P = .0764 although all did not reach statistical

significance, as seen in Table 5. All participants in this subgroup had a lower bolus head at the

onset of the pharyngeal swallow (component 6). Reduced laryngeal elevation at the height of
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the swallow (component 8) was seen with 100% of this group having a score of 1 or, “partial
superior movement of thyroid cartilage/partial approximation of arytenoids to epiglottic
petiole.” All participants in this subgroup demonstrated reduced laryngeal vestibular closure
(component 11) with 100% having a score of 1 or, “incomplete; narrow column of air/contrast
in laryngeal vestibule.” All component 17 scores were abnormal and were distributed as 42.86%
(3/7) having a score of 1, 42.86% (3/7) having a score of 2, and 14.29% (1/7) having a score of 3.

See Table 5 for further detail.

We determined the swallowing severity of this subgroup using the Beall et al. (2020) severity
classification for MBSImP oral and pharyngeal totals. Both oral total (OT) and pharyngeal total
(PT) impairments fell into the functional-mild classification for all participants who were
identified as aspirating, compared to 85.71% of those participants who did not aspirate having a
functional-mild OT and 95.24% had a functional-mild PT. PAS scores demonstrated a statistically
significant difference between normal and abnormal component 17 groups (P < .0001) with
normal being scores of 1-3 and abnormal being scores of 4 or more (see Table 5). Because this
subgroup consists of patients who aspirated, PAS scores were all abnormal and ranged from 6-8
with 14.29% having a PAS score of 6, 14.29% having a PAS score of 7, and 71.43% having a PAS
score of 8. Meaning that for most participants who aspirated, they did so silently. All

participants who were identified as aspirating had abnormal esophageal clearance. See Table 5.

Swallowing outcome measures in the form of FOIS and IDDIS score indicated more restricted
PO consistencies in this group with a higher proportion receiving alternate means of nutrition.
FOIS scores in this subgroup were lower (more restrictive) and when compared to component
17 scores yielded statistical significance (P = .0101). See Table 5. Only one participant (14.29%)
had a FOIS of 7 or “total oral intake with no restrictions.” The most common FOIS score in this
group was a 1, or “no oral intake” in 3/7 (42.86%). Scores of 2 or 3 were each seen in one
participant, indicating a combination of alternate means of nutrition and oral intake in 28.58%.
A score of 5, or “total oral intake of multiple consistencies requiring special preparation” was

seen in one participant (14.29%). IDDSI scores were higher for liquids and lower for solids
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demonstrating more restrictive consistencies for this group. Only 4/7 (57.14%) of participants
had liquid recommendations and only 3/7 (42.86%) had solid recommendations owing to
recommendations for nothing by mouth (nil per os, NPO). Of these, only one participant (25%)
had a recommendation for thin liquids, the remaining 75% were recommended for IDDSI level 2
“mildly thick”, or nectar-thick, liquids. One participant (33.33%) was recommended for IDDSI
level 7 or “regular” solids. One participant (33.33%) had a recommendation for IDDSI level 6
“soft and bite-sized” solids. One participant (33.33%) had a recommendation for IDDSI level 4
“pureed” solids. Most (83.33%) had alternate means of nutrition at the time of the MBSS in the

form of a small-bore feeding tube (e.g., Dobhoff or Corpak). See Table 5 for details.

Regarding pre-transplant esophageal assessments, 66.67% of those participants who aspirated
had an abnormal pre-transplant HRM study. Two-thirds (66.67%) of those participants who
were identified as aspirating had an abnormal pre-transplant pH-MIl study. Only 7 participants
had a pre-transplant barium esophagram with 6 (85.71%) being abnormal. Of those with
abnormal pre-transplant barium esophagram findings, 2/6 (33%) were later identified as

aspirating on their post-lung transplant MBSS.

10. Sensitivity Analysis
We found that 85.71% of this population had abnormal esophageal clearance that was
statistically different (P < .0001) from our pre-specified value (33%) from a prior study.
However, we performed a sensitivity analysis to examine if this proportion differed at higher
thresholds of 48.67% (Reedy et al., 2021) and 63.41% (Gullung et al., 2012), our findings
remained statistically significant (P <.0001 and P =.0143, respectively). A post-hoc power
analysis was completed at the pre-specified threshold of 33% (Miles et al., 2015) which
demonstrated power of >99.9% power to find the difference. A power analysis at the higher
threshold of 48.67% (Reedy et al., 2021) yielded a power of 98.7%. However, the power at the

highest threshold of 63.41% was insufficient for our sample size, yielding a power of 0.629.
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DISCUSSION:

Abnormal esophageal clearance patterns were identified on the MBSS of 85.71% of post-lung
transplant participants. Abnormalities were identified in both pharyngeal and esophageal
aspects of swallowing, however, the most common finding amongst these post-lung transplant
patients was abnormal MBSImP component 17 (esophageal clearance) scores. This is
contradictory to our pre-study hypothesis that post-lung transplant patients would have an
acute, primarily oropharyngeal impairment given the risks for oropharyngeal dysphagia in this
population. The esophageal contribution to the overall pathophysiology and clinical

presentation of dysphagia should not be overlooked in the post-lung transplant population.

Concern for Aspiration Post-Lung Transplantation

Earlier research in the post-lung transplant population only reported laryngeal penetration and
aspiration without other measures for physiologic impairment. Atkins et al. (2007) and Miles et
al. (2020) reported aspiration occurring in 63.8% and 75% of their post-lung transplant cohorts,
respectively. Baumann et al., (2017) reported aspiration and/or deep laryngeal penetration
equivocally in 62% of their post-lung transplant cohort making interpretation challenging as
some degree of laryngeal penetration is a normal variation of swallow physiology (Daggett et
al., 2006; Garand et al., 2019; Robbins et al., 1999). And, beyond that, what may be normal
physiology in healthy individuals may represent a disadvantage in those same persons in the
context of illness. We identified a lower incidence of aspiration in our cohort (25%) compared
to previous findings. The significantly lower incidence of aspiration in our cohort may be
explained by the fact that only a subgroup of previous studies' cohorts received an instrumental
assessment. Those participants who did undergo instrumental assessment in previous studies
likely had a greater risk of aspiration and/or more overt signs and symptoms of dysphagia on a
clinical swallowing evaluation (CSE). Whereas our entire post-lung transplant cohort received
an MBSS. Given these findings, instrumental swallowing assessments should not be delayed
with the assumption of poor swallow function post-transplant. Rather, much of this cohort was

initiated on P.O. relatively soon after transplant.
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It should be noted that prandial aspiration from oropharyngeal swallowing impairment is just
one form of aspiration. Post-prandial aspiration can occur as a consequence of esophageal
pathophysiology (e.g., GEJ obstruction, reflux). In our cohort, 39.29% of participants with
abnormal clearance were identified as having retrograde flow. An additional 10.17% had
retrograde flow which exited the esophageal body through UES into the pharynx. For patients
who maintain an upright posture without spinal deformations, most pulmonary manifestations
of aspiration are in the gravity-dependent lung zones. All aspiration implies abnormal airway
invasion via the larynx and trachea. The trachea descends through the neck and into the chest
where the airway then begins its hierarchical divide, starting with the bifurcation at the carina,
dividing into the two mainstem bronchi. The separation is not symmetric, however, and the less
acute angle of the right mainstem bronchus accounts for the preference of aspirated contents
to enter the right lung (Lumb, 2017). Though the physical manifestations of aspiration (e.g.,
pneumonia) can be determined radiographically, the appearance of “aspiration pneumonia” on
a chest x-ray can be equivocal for prandial and post-prandial aspiration that occurs in the
upright patient. The same can be said for non-prandial aspiration that occurs in the upright

position, as with the aspiration of tube feeds.

Allograft injury is of paramount concern post-lung transplant though the influence of dysphagia
and the role of aspiration is just beginning to be explored. Concerns for aspiration frequently
default to prandial aspiration as related to primary oropharyngeal dysphagia. However, in this
population, we identified that all participants who aspirated had abnormal esophageal
clearance patterns. Dedicated esophageal testing in the post-lung transplant population is often
limited, due to the acute concerns for aspiration, as all swallowing assessments involve

ingesting some type of bolus.

Clinical Implications for Post-Lung Transplant Assessment of Swallowing

In this population, with pre-and post-transplant dysphagia risks, a clinical swallowing evaluation
(CSE) alone is inadequate to make recommendations for P.O. intake, assess physiology, and
plan interventions. A CSE is insufficient given the lack of standardization and inability to rule out

silent aspiration (Garand et al., 2020; O’Horo et al., 2016). Most patients (71.43%) in our study
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that were identified as aspirating did so silently. This is in line with previous findings of silent
aspiration in earlier studies ranging from 63 to 77.6% (Atkins et al., 2007; Miles et al., 2020). An
instrumental assessment (FEES vs. MBSS) is not optional in this population and a FEES may be
preferable as the first-line instrumental assessment. Ideally, a FEES would precede the MBSS in
this population given the fact that these patients are in critical care post-transplant and the
potential for laryngeal injury. An MBSS should follow shortly thereafter given the likelihood of
impairment across the swallowing continuum. Though, minimally, an MBSS should be standard
of care in this population to determine impairments across the 17 physiologic components
identifiable on fluoroscopy (Martin-Harris et al., 2008) and make the most appropriate

recommendations.

One consideration in the assessment, and potentially intervention, for dysphagia is the
unexplored role of respiratory assessment as a standard part of a post-lung transplant
evaluation. Assessing respiratory-swallow coordination post-transplant may provide additional,
critical information regarding the unique interactions between the aerodigestive systems.
Respiratory-swallow training has proven both feasible (Hopkins-Rossabi, 2020) and beneficial in
many populations (Anthukorala et al., 2014; Curtis et al., 2020; Martin-Harris, McFarland, Hill,
et al., 2015) as has respiratory muscle strength training (Arnold & Bausek, 2020; Brooks et al.,
2019; Eom et al., 2017; Hegland et al., 2016; Hutcheson et al., 2018; Plowman et al., 2018)
though both are unexplored in this population (pre-and post-lung transplant). However, these
interventions and assessments are unexplored in this population. For post-transplant patients,
treating SLPs should work closely with the pulmonary transplant team to determine RMST and
cough testing candidacy which will be unique in every patient case. To date, respiratory-
swallow coordination research outcomes have been limited to the oropharynx (Brodsky et al,
2010; Hopkins-Rossabi, 2019; Martin-Harris, 2008; Martin-Harris et al, 2003, Martin-Harris et al,
2005; Martin-Harris, Michel & Castell, 2005; McFarland et al., 2016; Wheeler-Hegland et al.,
2011), thereby limiting our understanding of the impact of respiratory-swallow coordination on
esophageal pathophysiology and the swallowing continuum. The lower esophageal sphincter

(LES) is dependent upon, and external structure is provided by, the crural aspect of the
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diaphragm. Intrathoracic pressures related to respiration impact on the esophagus: the
maintenance of the esophagus as collapsed at rest is related to negative intrathoracic
pressures, which become more negative upon inspiration (Turbyville, 2009). These pressures
provide traction on the aerodigestive continuum, specifically to the larynx, trachea, and
esophagus (McFarland et al., 2016). Another pulmonary consideration is the inclusion of
standardized cough testing in the post-lung transplant patient. The cough strength to clear
sputum has been identified at > 160 L/min (Bach & Saporito, 1996). Adequate cough strength at
this threshold has been associated with a lower re-intubation risk compared to < 59 L/min
being associated with re-intubation in recently extubated patients (Jiang et al., 2017). Handheld
cough testing has been investigated in other populations with a 90.9% sensitivity, 80%
specificity to predict dysphagia at a threshold of 42.5 L/min (Curtis & Troche, 2020). This might
be an especially important assessment for post-lung transplant patients even before initiating
any trials of oral intake. And is an important factor to assess, particularly whose instrumental

swallowing assessments may be borderline for PO intake.

Measures of Swallowing Impairment and Abnormal Esophageal Clearance

Interestingly, only the association between the dichotomized component 17 (esophageal
clearance) (normal C17 = 0, abnormal C17 > 1) and component 9 (anterior hyoid excursion)
demonstrated statistical significance. The unarticulated, crescent-shaped hyoid bone is one
structure of the hyolaryngeal complex. Anchored to the base of tongue via the suprahyoid
muscles, the stylohyoid ligament attaches to the styloid process of the temporal bone
bilaterally (AlJulaih & Menezes, 2019). Inferiorly, the thyroid ligament and thyrohyoid connect
to the superior aspects of the larynx to the hyoid. The mylohyoid, which constitutes much of
the floor or mouth elevates the hyoid and tongue via the trigeminal nerve (V). The posterior
belly of the digastric functions to elevate the hyoid superiorly. The stylohyoid, innervated by
the facial nerve (VII) lifts and retracts the hyoid bone, thereby elevating the base of tongue and
elongating the floor of the mouth. Humbert et al. (2013) identified adaptive motor learning
when electrical stimulation was used to provide resistance against the hyolaryngeal elevators in

healthy adult participants. Given that anterior hyoid excursion is one of the mechanisms for
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opening of the upper esophageal sphincter, whether these study findings are related to some
maladaptive compensation remains to be seen. The significance of only this single component
likely reflects the small sample size. Using the OT and PT MBSImP severity classification (Beall et
al., 2020), the oral and pharyngeal totals were vastly within ranges for functional swallowing to
mild impairment at 89.29% and 96.43%, respectively compared to the low proportion of

patients that had normal esophageal clearance (14.29%).

Pre-Lung Transplant Clinical Considerations:

Despite the evidence for dysphagia in this population, there is no standardized pre-transplant
workup that includes the swallowing continuum in its entirety. Partly because there is no single
test that evaluates swallowing as a whole and that, despite the evidence to support dysphagia
in the end-stage lung disease population (Cassani et al., 2015; Cvejic et al., 2011; Garand et al.,
2018; Good-Fraturelli et al., 2000; Gross et al., 2009; Martin-Harris & McFarland, 2013; Martin-
Harris et al., 2015; Shaker et al., 1992), instrumental assessment of swallowing may only occur
for these patients during acute ESLD exacerbations or during other acute hospitalizations. Given
the nature of swallowing and swallowing disorders, it may be useful to incorporate MBSS and
esophagram as standard tests in the pre-transplant workup. Despite the concern for the
development of allograft-threatening Bronchiolitis Obliterans Syndrome (BOS) in this
population, there is currently no research that directly investigates the potential link between

dysphagia-related aspiration and BOS post-lung transplant.

There can be an expected increase in pre-lung transplant barium esophagrams in this
population related to the change in diagnostic criteria in the latest version of the Chicago
Classification (v.40) (Yadlapati et al., 2021). Now, certain diagnoses will require or rely more
heavily on symptoms and secondary testing (e.g., barium esophagram) for a confirmation of
certain diagnoses. The latest version (v4.0) includes recommendations for “supportive
measures,” as with the Multiple Rapid Swallow (MRS) challenge, in addition to the standard
protocol of single 10 mL swallows. This adjunct to the base protocol may help to better identify

those patients with certain esophageal pathophysiology (Fornari et al., 2009; Leopold et al.,
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2019) which might be especially pertinent in pre-lung transplant manometry. Despite the
strength of HRM testing with a standardized protocol and periodically updated classification
criteria, the question remains as to how long HRM results remain valid in this population. In
other words, there is no threshold for when repeat testing would be indicated. This
consideration is especially pertinent in the ESLD progression would likely result in more
abnormal intrathoracic pressures. Our cohort demonstrated a vast range of times from HRM
completion to transplantation (mean 406.35 days, range 11-1,881). Given the nature of
allograft transplantation, standardizing a timing threshold for pre-transplant studies would be
difficult, if not impossible. However, establishing thresholds at which repeat testing is indicated

would be a valuable step in refining pre-transplant swallowing diagnostic guidelines.

Another important factor in pre-transplant workup may be to enhance surgical considerations
as with intubation, yielding a more tailored approach. Plowman et al. (2021) demonstrated
three-fold greater odds for developing laryngeal injury and/or dysphagia with ETT of 8.0 or
greater in their post-cardiothoracic surgery cohort. Krisciunas et al. (2020) identified that
patients with an ETT of 8.0 or greater had a statistically significantly greater incidence of
aspiration and development of granulation tissue in their cohort of patients with respiratory
failure. Both studies evaluated patients within 72 hours of extubation and used Fiberoptic
Endoscopic Evaluation of Swallowing (FEES). Interestingly, none of our cohort was found to
have been intubated with any ETT smaller than 8.0 French tube, although 8 participants had

missing values for this variable as it was absent from the electronic health record.

Without comparative, standardized, pre-and post-transplant testing we are left without critical
information on the expected post-transplant course for these patients. Work towards
standardizing swallowing assessments pre- and post-lung transplant including a protocol for
readiness, order of assessments (e.g., FEES vs. MBSS first which may depend on facility
availability), and routine cough testing would be advantageous. A larger, more heterogeneous
post-lung transplant sample would be beneficial to expand our understanding of dysphagia in

this population. With continued research in this unique population, we may be able to glean
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practical clinical considerations based on pre-lung transplant risk factors for dysphagia, risk
factors based on end-stage lung disease type, as well as surgical factors that may increase the
likelihood for laryngeal injury and dysphagia. A pre-transplant MBSS is a critical piece to pre-
transplant assessment to determine the pre-transplant presence of dysphagia and/or risk of
aspiration. Currently, the proportion of pre-lung transplant candidates with dysphagia is
unexplored. In the head and neck cancer population, SLPs routinely provide pre-surgical (e.g.,
pre-laryngectomy) counseling. Pre-lung transplant SLP consultations would facilitate the
initiation of pre-habilitative dysphagia intervention for lung transplant patients. Pre-transplant
SLP consultation would also allow for educating patients and families (familiarizing with
anatomy, the concept of dysphagia, etc.). Skill or strength-based dysphagia exercises might be
introduced for familiarity, or to practice in the case of dysphagia identified on a pre-transplant

MBSS.

Clinical Implications of Omitting Esophageal Considerations:

Dysphagia across the swallowing continuum was identified in our post-lung transplant cohort.
Although the most commonly occurring swallowing abnormality in this cohort was that of
abnormal esophageal clearance seen in 87.51% of participants. Esophageal pathophysiology
may be expected in the post-lung transplant population - especially for those patients having
abnormal esophageal testing pre-transplant. However, a worsening of esophageal function
and/or a difference in manometric classification has been demonstrated post-transplant
(Cangemi et al., 2020; Ciriza de Los Rios, 2018; Masuda et al., 2019; Masuda et al., 2020;
Tangaroonsanti et al., 2017). In fact, an acute esophageal decompensation might be expected
owing to intubation, surgical manipulation of the thoracic cavity, vulnerability of the vagus
nerve and its branches during surgery, post-operative edema, and physiologic adjustment to
the allograft. Though what type of esophageal recovery can be expected, and in which patients,
is unknown as research investigating post-lung transplant esophageal function has only come
out in recent years (Cangemi et al., 2020; Ciriza de los Rios et al., 2018; Gouynou et al., 2020;
Masuda et al. 2018; Masuda et al., 2019; Masuda et al., 2020; Miele et al., 2016; Posner et

al.,2019; Tangaroonsanti et al., 2017; Tangaroonsanti et al., 2019).
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Though swallowing occurs in a “top down” manner, we cannot ignore the possible esophageal
contribution with “bottom up” manifestations. This interrelationship has been established as
early as 1985 with historic expert opinion (Jones et al., 1985; Jones et al., 1987;
Triadafilopoulos, 1992) and, more recently the scientific evidence base continues to grow
(Gullung et al., 2012; Lever et al., 2007; Madhavan et al., 2015; Miles et al., 2015; Miles et al.,
2019; Miles et al., 2017; O’Rourke et al., 2014; Ortiz et al., 2019; Reedy et al., 2021; Watts et al.,
2019). For all appropriate patients, esophageal visualization should be performed during the
MBSS. In a systematic review, we identified abnormal esophageal clearance on MBSS in 48.67%
of participants (Reedy et al., 2021). Abnormal clearance (component 17) has been identified as
high as 63.41% (Gullung et al., 2012) in a heterogeneous sample. And, though non-diagnostic,
esophageal visualization may provide insights into the potential for esophageal
pathophysiology, especially in those patients whose swallowing may preclude dedicated
esophageal testing (e.g., HRM, barium esophagram). In their study 2012 study, Gullung et al.
demonstrated that when compared to abnormalities identified via HRM with Multichannel
Intraluminal Impedance (HRM+MIl) component 17 scores > 1 demonstrated statistical
significance (P < .001). Abnormal component 17 scores compared to HRM+MII (CC v2.0),
yielded a sensitivity of 80% and a specificity of 48%. As outlined in our earlier work (Reedy et
al., 2021), non-diagnostic esophageal visualization during the MBSS is feasible, within the scope
of the SLP, and is a critical portion of the MBSS. Clinicians (e.g., SLP, pulmonologists,
gastroenterologists, laryngologists) cannot underestimate the impact of esophageal
abnormality in this population. And, given that all patients who aspirated had abnormal
esophageal clearance, this may be an especially pertinent factor in determining candidacy for
PO intake in these patients. Additionally, the presence of oral and/or pharyngeal abnormalities

should not be presumed to be isolated to the oropharynx.

Future Considerations:
Work to standardize a more comprehensive swallowing assessment pre- and post-lung
transplant is needed. This would include a protocol for readiness, order of assessments (e.g.,

FEES vs. MBSS first which may depend on facility availability), cough testing, and more
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comprehensive consideration of the swallowing continuum when considering readiness for PO
intake. With continued research in this unique population, we may be able to glean practical
clinical considerations based on pre-lung transplant risk factors for dysphagia, risk factors based
on end-stage lung disease type, as well as surgical factors that may increase the likelihood for

laryngeal injury and dysphagia.

Appropriately trained speech pathologists are uniquely poised to bridge the gaps between
diagnostics and service delivery resulting from the divide between assessments of the
oropharynx vs. the esophagus. Speech-language pathologists (SLP) should be considered a vital
part of the pre-and post-lung transplant interdisciplinary team with a unique perspective on
respiration and swallowing. These skills are especially pertinent when considering the medical
sub-specialties these functions span (e.g., pulmonology, laryngology, gastroenterology,
neurology). However, it should be noted that this would be a sub-specialty and the benefit of
additional training for the knowledge and skills required to work in this population cannot be

undervalued.

Limitations:

This study has several limitations. First, as with all data extraction from electronic health
records, it is subject to human error and missingness. The study has a small sample size and was
performed retrospectively at a single site. The study was powered to detect a difference in
proportions compared to a constant and not for associations between measures of swallowing
impairment and outcome measures. Second, esophageal visualization to determine esophageal
clearance is not diagnostic; however, work towards dedicated esophageal assessments for

those patients who aspirate is critical, especially in this population.

Despite the benefit of a standardized MBSS protocol and assessment, in the form of the
MBSImP, there is Inherent subjectivity related to clinician decision-making for outcome

measures. FOIS, IDDSI levels, and the recommendation for alternate means of nutrition are
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clinician dependent. The clinical decision-making regarding abnormal esophageal clearance

identified on the MBSS and recommendations for P.O. intake is unexplored.

CONCLUSION:

There is a high proportion of post-lung transplant patients who will develop dysphagia in the
acute phase of their recovery. This study found that 85.71% of post-lung transplant patients
had abnormal esophageal clearance identified during their MBSS; and that all participants who
aspirated on their MBSS had some form of abnormal esophageal clearance. Though acute
dysphagia may be anticipated in this population, our understanding of the influence of
dysphagia across the swallowing continuum is limited. These post-lung transplant patients are
particularly susceptible to be incompletely diagnosed and treated because the diagnosis of
dysphagia in the acute phase of recovery invariably defaults to oropharyngeal, related to
surgical and intubation risks, and the esophageal contribution to their symptoms is not
routinely assessed post-transplant and may go overlooked as biomedical orthodoxy continues
to perpetuate swallowing as a three-phase act. The assessment of dysphagia in this population
requires instrumental assessment, and the esophageal contribution to overall swallowing

impairment in this population cannot be underestimated.
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ABSTRACT:

Background: Esophageal visualization is an important aspect of the Modified Barium Swallow
Study (MBSS). This is especially true as we learn more about the relationship between
oropharyngeal and esophageal swallow function. One consideration in esophageal visualization
is the influence of deglutitive inhibition, or the cessation or alteration of esophageal peristalsis,
in the context of multiple swallows. If multiple swallows trigger deglutitive inhibition, this may
cause the impression of impaired esophageal clearance. We aimed to determine if the
visualization of esophageal clearance is altered in cued versus un-cued conditions to ascertain
the potential impact of deglutitive inhibition.

Methods: We performed a prospective cohort study with 36 participants referred for an
outpatient MBSS as part of standard of care. All MBSS were performed using the Modified
Barium Swallow Impairment Profile (MBSImMP™®©). In the standard MBSImP condition,
participants were instructed to hold the bolus in their mouths and were only given the direction
to “swallow.” In the experimental condition, participants were instructed to hold the bolus in
their mouth and then to “swallow once and only once, focus on your breathing and don’t
swallow again.” Swallowing impairment was determined using a combination of MBSImP scores
and penetration-Aspiration Scale (PAS) scores. Swallowing outcomes were determined using
Functional Oral Intake Scale (FOIS) scores International Dysphagia Diet Standardization Initiative
(IDDSI) scores. We performed tests of association to determine if statistically significant
associations existed between measures of swallowing impairment and MBSImP component 17
scores under two conditions.

Results: Esophageal clearance scores changed in 38.89% of participants when comparing
standard MBSImP protocol versus the cued condition. Of those participants with a change in

scores, 50% had an increase in scores (decreased esophageal clearance) and 50% had a



decrease (improved esophageal clearance) in scores. There were no statistically significant
associations between cued vs. un-cued scores.

Conclusion: When participants were provided a specific cue to “swallow only once” compared
to a cue only to “swallow,” impressions of esophageal clearance changed in 39.89% of
participants. Our results illuminate the need for further study into the influence of cueing and

the effect of deglutitive inhibition on the visualization of esophageal clearance.

INTRODUCTION:

The Modified Barium Swallow (MBSS) study has long been considered the gold standard
assessment tool (Martin-Harris & Jones, 2008) by most clinicians working in the field of
dysphagia. The MBSS allows for a multi-plane view of the oral, pharyngeal, and esophageal
domains of the swallow and is performed by a speech-language pathologist (SLP) and
Radiologist or Radiology Technician (ASHA, 2004). The MBSS study traditionally involves
examination of the swallowing continuum (e.g., oral, pharyngeal, esophageal domains) with
various liquid viscosities and food textures with the patient seated or standing, unless

positioning techniques are being trialed (Martin-Harris et al., 2020).

Historic expert opinion and early work identified interrelationships between aspects of the
swallowing continuum, oropharyngeal and esophageal, as early as 1985 (Jones et al., 1987;

Jones et al., 1985; Triadafilopoulous et al., 1992). More recently, the scientific evidence that

95

supports incorporating esophageal visualization into standard MBSS practice continues to grow

(Allen et al., 2012; Miles, 2017; Miles et al., 2015; Miles et al., 2019; Reedy et al., 2020; Watts
al., 2019; Watts et al., 2021); though practices regarding fluoroscopic visualization of the
esophagus vary significantly in the literature (Belafsky et al., 2008; Bogstrom et al., 1998;
Ekberg & Feinberg, 1991; Feinberg & Ekberg, 1991; Gullung et al., 2012; Jones et al., 1987;

et

Jones et al., 1985; Madhavan et al., 2015; Miles et al., 2017; Miles et al., 2019; Ortiz et al., 2019;

Triadafilopoulous et al., 1992; Scharitzer et al., 2002; Watts et al., 2019; Watts et al., 2021).
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A non-diagnostic visualization of the esophagus falls within the scope of practice for speech-
language pathologists (SLP) according to both the American College of Radiology (ACR) (ACR,
2017) as well as the American Speech-Language Hearing Association (ASHA) (ASHA, 2003;
ASHA, 2004a; ASHA, 2004b). Miles et al. (2017) demonstrated that SLPs trained in their
esophageal screening protocol were able to identify abnormal esophageal bolus transit time
with perfect agreement (kappa = 1.0), and the presence of stasis, abnormal bolus flow, and
need for further assessment (e.g., Gl referral) with substantial (kappa = .61-.80) agreement.
Whereas Watts et al. (2021) reported almost perfect agreement (kappa = 0.86) between SLP
raters trained in their screening protocol on impressions of esophageal anatomic abnormality
and dysmotility. Research supports the routine inclusion of non-diagnostic esophageal
visualization during an MBSS to improve the gestalt impression of swallowing (Allen et al., 2012;
Gullung et al. 2012; Madhavan, Carnaby & Crary, 2015; Miles, 2017; Miles et al., 2015; Ortiz et
al., 2019; Reedy et al., 2021; Watts et al., 2019; Watts et al., 2021). Currently, the MBSImP
(Martin-Harris et al., 2008) is the only standardized, reliable, and validated protocol for the
MBSS. The MBSImP (Martin-Harris et al., 2008) identifies 17 different physiologic components
of swallowing, including the determination of esophageal clearance (component 17). For the
judgement of esophageal clearance, the MBSImP protocol includes two swallows in the
anterior-posterior plane with 5mL of nectar-thick barium sulfate (Varibar) and 5mL pudding
consistency barium sulfate. Per the standard MBSImMP protocol, the patient is instructed to
perform an oral bolus hold and then to “swallow when you’re ready” (Martin-Harris et al.,
2017). The bolus is then followed fluoroscopically through the lower esophageal sphincter (LES)
and esophageal clearance is judged. MBSImP component 17 (esophageal clearance) score has
five possible scores: 0, or “complete clearance; esophageal coating,” 1, or “esophageal
retention,” 2, or “esophageal retention without retrograde flow through the
pharyngoesophageal segment (PES)”, 3, or “esophageal retention with retrograde flow through
[the] PES,” and 4, “minimal to no esophageal clearance.” Though esophageal visualization is
non-diagnostic, scores are hierarchical meaning that a score of 4 implies less abnormality than a

score of 4. In the MBSImMP protocol, the patient receives no instruction other than to hold the
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bolus in the oral cavity until directed to “swallow when ready;” therefore, the patient could

perform multiple or single swallows while ingesting the single test bolus.

During swallowing, a bolus is propelled through the oropharynx and into the esophagus. Once a
bolus enters the esophagus, it is driven by a primary esophageal peristaltic wave where
pressure is applied to the tail of the bolus as it moves through the length of the esophageal
body into the stomach (Goyal & Chaudhury, 2008). Primary peristalsis is only initiated by
deglutition, with a bolus that passes through the upper esophageal sphincter (UES). If this first
wave is ineffective at clearing the bolus, a secondary peristaltic wave should be initiated to help
clear the bolus through the esophageal body and into the stomach. A secondary wave is
triggered by esophageal distention and mediated by intrinsic esophageal neuromuscular
reflexes. Non-propulsatile, often retrograde contractions of the esophagus are referred to as

tertiary contractions if seen radiographically.

Deglutitive inhibition is a normal phenomenon that results in the cessation or alteration of
peristalsis in the case of multiple or sequential swallows (Hightower, 1955; Shi et al., 2003;
Sifrim & Jafari 2012; Tutuian, Jalil, Katz & Castell, 2004). Meyer et al. (1985) identified 20-30
seconds as the refractory period required for the distal esophagus to “recover.” Deglutitive
inhibition functions as a mechanism to promote more efficient bolus transit in the context of
multiple swallows. Sequential esophageal peristaltic waves following every swallow originating
in the oropharynx would result in a bolus or boluses to become “trapped” or misdirected
between peristaltic waves. Not all swallows which follow less than 20-30 seconds after an initial
swallow will result in inhibition, but rather an attenuation (Meyer et al., 1985; Pandolfino et al.,
2005; Shi et al., 2003). If only two oropharyngeal swallows occur, there may be no significant
esophageal consequence (inhibition or alteration of peristalsis) in healthy adults (Hollenstein et

al., 2017).

Therefore, we sought to investigate the potential impact of deglutitive inhibition in esophageal

visualization during the MBSS. We hypothesized that specific cueing to swallow only once,



98

would decrease the incidence of deglutitive inhibition, and thus would result in a different
determination of esophageal clearance compared to an un-cued condition in which participants

may be more likely to perform multiple or sequential swallows.

METHODS:

Study Design

Between April 1, 2021, and June 4, 2021, participants were recruited from the Medical
University of South Carolina (MUSC) clinics where MBSS are performed. All participants were
referred for an MBSS by a provider for an assessment of swallowing as per the standard of care.
Informed consent procedures were completed within all ethical standards and written consent
was obtained prior to participation in study procedures. This study was approved by the

Institutional Review Board.

Inclusion and Exclusion Criteria

Inclusion criteria were established to include adults (18+ years) who were referred for an
outpatient MBSS for an assessment of swallowing function as a standard of care. Those
participants with any past medical history for altered oral, pharyngeal, and/or esophageal
anatomy (e.g., tongue resection, laryngectomy, or fundoplication) were excluded. Though
participants with a history of head and neck cancer without resection, participants post-
anterior cervical surgeries were included. Participants who were unable to follow or execute

the instructions for the experimental (cued) condition were excluded.

All eligible participants had a Modified Barium Swallow Study (MBSS) using the MBS
Impairment Profile (MBSIMP™®©) base protocol. Those participants whose MBSS reports did not
include any MBSImP scores or lacked an MBSImP component 17 (esophageal clearance) score
under both conditions were excluded. Penetration Aspiration Scale (PAS) scores (Rosenbek et
al., 1996), Functional Oral Intake Scale (FOIS) scores (Crary et al., 2005), and International

Dysphagia Diet Standardization Initiative (IDDSI) scale (Steele et al., 2018) scores were required
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where applicable (e.g., patients who are not recommended for per oral (P.0.) intake do not

have IDDSI scores).

Modified Barium Swallow Study

All participants were referred for an MBSS as part of the standard of care for patients with
complaints of, or concerns for, dysphagia. MBSS were performed at 30 pulses per second (pps)
and were recorded at 30 frames per second (fps) according to best practices (Bonilha, Blair,
Carnes, et al.,, 2013; Bonilha, Humphries, Blair, et al., 2013). All MBSS were conducted using the
Modified Barium Swallow Impairment Profile protocol (Martin-Harris et al., 2008). The core
protocol uses 12 swallows across varying liquid and solid consistencies, the initial 10 in the
lateral view, the last 2 in the anterior-posterior view. The standard MBSImP component 17, our
outcome measure, is determined by the esophageal bolus clearance patterns through the
esophageal body and lower esophageal sphincter (LES) in the A-P view with 5 ml nectar and 5
ml pudding barium sulfate contrast (Varibar®, Bracco Diagnostics Inc.). Per the standard
MBSImP protocol, the patient is instructed to “hold this in your mouth until I ask you to
swallow,” and then, to “swallow when you’re ready” (Martin-Harris et al., 2017). In the
experimental condition, the participant was prompted by the clinician saying, “for these next
two swallows | want you to swallow only one time.” For each bolus provision the participant
was instructed to hold the bolus in their mouths until directed to “swallow once and only once,
focus on your breathing and don’t swallow again.” A period of 30 seconds was provided
between the 5ml nectar and 5ml pudding boluses in the experimental condition. The
standardized score was recorded in the MBSImP database and in the electronic health record
(EHR), and the experimental score was recorded only in the MBSS EHR documentation and

separately from other MBSImP scores.

Statistical Analysis
Analysis was performed using SAS (v9.4, Cary, NC). Summary statistics were calculated for all
variables collected (mean, median, the standard deviation for continuous variables and

frequency, median, and mode for categorical variables). Our statistical hypothesis (Ho) was that
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there would be no statistically significant differences in MBSImP component 17 (esophageal
clearance) scores in un-cued (standard MBSImP) vs. cued (experimental) conditions. Fisher’s
exact tests were used to test for associations between categorical variables (e.g., MBSImP
component scores) and determine if associations exist between measures of swallowing
physiology and outcome measures. A McNemar test of association was used to perform a
paired (case-control) analysis on our two component 17 conditions with each participant
serving as their own control. Our hypothesis (Ho) was that there were no statistically significant
associations. As the data was non-parametric, Mann-Whitney U/Wilcoxon Rank Sum tests were
used to test for differences in continuous variables (e.g., age). Findings reflect the overall
statistical significance and for all statistical analyses, two-sided tests were performed with alpha

set at 0.05 with P values of < .05 indicating statistical significance.

RESULTS:

1. Participants
A total of 36 participants met study inclusion and exclusion criteria. The average age was 64.01
(range 33-94 years). The majority (55.56%) of participants were female. Most participants were
white (83.33%), and none identified as Hispanic. Most of the participants were referred by
laryngology (52.94%), followed by primary care (17.65%). While only 27.78% of participants’
medical records included a diagnosis of gastroesophageal reflux disease, 61.11% of participants
were on a proton pump inhibitor (PPI) (e.g., omeprazole) and 33.33% were on an H2-receptor
antagonist (e.g., famotidine). Of these patients, 9/25 (36%) were on both a PPl and an H2-
receptor antagonist. Only 11/36 (30.56%) participants were not on either medication. The most
common participant reported symptom was dysphagia to solids (55.56%), followed by coughing
with eating (44.44%), dysphagia to pills (36.11%), and globus sensation (27.78%). See Table 1

for further detail.

Given that some participants had a change in component 17 scores in our two conditions,
demographics, participant characteristics, and baseline data, including presenting symptoms

and medications were tested for statistical associations between the groups. Participants were



101

dichotomized, for the purpose of analysis, into a “no change in esophageal clearance” group

and a “change in esophageal clearance” group. There were no statistical differences found

between groups (Table 1).

Table 1: Patient Demographics, Characteristics, and Baseline Data by Influence of Cueing on

MBSImP Component 17 (esophageal clearance) Score

Total No Change in Change in P-value
n=36 Esophageal Esophageal
n (%) Clearance Clearance
n=22 n=14
n (%) n (%)
Age mean, SD (95% Cl) 64.01 + 14.07 64.59 + 15.15 65.14+£12.73 P=.8718
(60.05, 69.57) (57.88, 71.31) (57.79, 72.49)
Sex P =1.000
Female 20 (55.56) 12 (54.55) 8(57.14)
Male 16 (44.44) 10 (45.45) 6 (42.86)
Race P=.7722
White 30(83.33) 17 (77.27) 13 (92.86)
Black 5(13.89) 4(18.18) 1(7.14)
Other 1(2.78) 1 (4.55) 0(0)
Ethnicity
Non-Hispanic 37 (100) 22 (100) 14 (100) -
PAST MEDICAL HISTORY:
Pulmonary Disease 9(25) 6(27.27) 3(21.43) P =1.000
Diabetes 8(21.62) 6 (27.27) 3(21.43) P =1.000
Thyroid Disease 9(25) 4 (18.18) 5(35.71) P =.2667
Gastroesophageal Reflux Disease 10 (27.78) 9(40.91) 1(7.14) P =.0536
Other GI Disorder, Not Esophageal 11 (30.56) 9(40.91) 2 (14.29) P=.1419
Stroke 3(8.33) 2 (9.09) 1(7.14) P = 1.000
Neurodegenerative Disease 3(8.33) 2 (9.09) 1(7.14) P =1.000
Seizure Disorder or Seizure History 2 (5.56) 0(0) 2 (14.29) P=.1444
Migraine 5(14.29) 3(13.64) 2 (15.38) P = 1.000
Psychiatric Disorder 6 (16.67) 4 (18.18) 2 (14.29) P =1.000
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Autoimmune Disorder 5(13.89) 2 (9.09) 3(21.43) P =.3566
MEDICATIONS:
Proton Pump Inhibitor (PPI) 22 (61.11) 15 (68.18) 7 (50) P=.3142
H2-Receptor Antagonist 12 (33.33) 7 (31.82) 5(35.71) P =1.000
H1-Receptor Antagonist 6 (16.67) 3(13.64) 3(21.43) P =.6582
Gabapentin (Neurontin) 11 (30.56) 7 (31.82) 4 (28.57) P =1.000
Opioid 8(22.22) 5(22.73) 3(21.43) P = 1.000
Vitamin D 16 (44.44) 12 (54.44) 4 (28.57) P=.1760
REFERRAL SOURCE: P=.0921
Primary Care 6 (17.65) 5(35) 1(7.14)
Laryngology 18 (52.94) 10 (50) 8(57.14)
General ENT 5(4.71) 1(5) 4 (28.57)
Gastroenterology 1(2.94) 1(5) 0(0)
Neurology 1(2.94) 0(0) 1(7.14)
REPORT OF SYMPTOMS:
Dysphagia to Liquids 15 (41.67) 12 (54.55) 3(21.43) P =.0833
Dysphagia to Solids 20 (55.56) 15 (68.18) 5(35.71) P =.0874
Dysphagia to Pills 13 (36.11) 9 (40.91) 4 (28.57) P=.5013
Coughing with Eating/Drinking 16 (44.44) 9(40.91) 7 (50) P =.7343
Globus Sensation 10 (27.78) 6(27.27) 4 (28.57) P = 1.000
Odynophagia 5(13.89) 4(18.18) 1(7.14) P =.6283
Eructation 2 (5.41) 1(4.55) 1(7.14) P =1.000
Gagging 2 (5.56) 1(4.55) 1(7.14) P =1.000
Regurgitation/Vomiting 2 (5.56) 2 (9.09) 0(0) P=.5111
EAT-10 scores mean, SD (95% Cl) 15.47,+11.18 14.69, +9.49 17.17,+15.13 P =.8965
(10.08, 20.86) (8.96, 20.43) (1.29, 33.05)

2. Impressions of Esophageal Clearance Under Two Conditions

Component 17 (esophageal clearance) scores under the standard MBSImP protocol (un-cued)

ranged from 0 to 4. Component 17 (esophageal clearance) scores changed between the

standard and experimental conditions in 38.89% (14/36) of participants. For those with a

change in component 17 scores, half (7/14) had a decrease and half (7/14) had an increase in

scores. A statistically significant association was not identified for component 17 scores in the




103

standard vs. experimental condition (P = .6547). In fact, a kappa coefficient was calculated and

determined fair agreement (Kappa = .4643) between the two scores. See Table 2.

Table 2. Component 17 (Esophageal Clearance) Scores Under Two Conditions

Component 17 Score Standard Condition Experimental Condition
n (%) n (%)

0 - Complete clearance, esophageal 6 (16.67) 5(13.89)

coating

1 - Esophageal retention 16 (44.44) 20 (55.56)

2 — Esophageal retention with 10 (27.78) 6 (16.67)

retrograde flow below the PES

3 - Esophageal retention with 0(0) 0(0)

retrograde flow through the PES

4 — Minimal to no esophageal 4(11.11) 5(13.89)

clearance

11. MBSS Variables
Given that some participants experienced a change in component 17 scores in the standard
condition vs. the experimental condition, we sought to investigate if there were statistically

significant associations between other measures of swallowing physiology and/or impairment.

3.5 MBSImP Component Scores
The most common physiologic abnormality for this cohort was a lower bolus head at the onset
of the pharyngeal swallow (component 6) which was abnormal in 88.89%. The second most
common finding was abnormal esophageal clearance (component 17) in the experimental
condition identified in 86.11% of participants. Abnormal esophageal clearance (component 17)
in the standard condition was the third most common abnormality seen in 83.33% of
participants (See Table 3). Only one participant had a score of zero (normal) for both
component 6 and the standard component 17. Three participants (8.33%) had a score of zero

for component 17 under both conditions (cued vs. un-cued). There were no statistically
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significant associations between component 17 conditions and other measures of swallowing

physiology or swallowing outcome measures. See Table 3 for details.

TABLE 3. Comparison of Swallowing Impairment and Outcome Measures in Unchanged vs.

Changed Component 17 (Esophageal Clearance) Scores Given Cueing

Swallowing Impairment and Outcome Measures Total No Change Change in P-value
n=36 in Component
(%) Component 17 scores
17 scores n=14
n=22 n (%)
n (%)
MBSImP component 1 (lip closure) P =1.000
Ccls<1 32(88.89) | 19(86.36) 13 (92.86)
C1>2 4(10.81) 3 (13.64) 1(7.14)

MBSImP component 2 (tongue control during bolus

hold) P=.7272
C2=0 24 (66.67) | 14 (63.64) 10 (71.43)
221 12(33.33) | 8(36.36) 4 (28.57)
MBSImP component 3 (bolus prep/mastication) P =.4267
C3=0 25(73.53) | 14(66.67) 11 (84.62)
C321 9 (26.47) 7 (33.33) 2 (15.38)
MBSImP component 4 (bolus transport/lingual P =1.000
motion)
Cc4=0 28(77.78) | 17(77.27) 11 (78.57)
c4x1 8(22.22) 5(22.73) 3(21.43)

MBSImP component 5 (oral residue) to component

17
Cc5<1 17 (47.22) | 12 (54.55) 5(35.71) P=.3217
C52>2 19 (52.78) 10 (45.45) 9 (64.29)
MBSImP component 6 (initiation of pharyngeal P =.6340
swallow)
C6=0 4(11.11) 2(9.09) 2(14.29)

c6>1 32(88.89) | 20(90.91) 12 (85.71)
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MBSImP component 7 (velar elevation)

C7=0 35 (100) 21 (100) 14 (100)
721 0(0) 0(0) 0(0)
MBSImP component 8 (laryngeal elevation) P =1.000
c8=0 24 (68.57) 14 (66.67) 10 (71.43)
821 11 (31.43) 7 (33.33) 4(28.57)
MBSImP component 9 (anterior hyoid excursion) P =.2100
c9=0 27 (79.41) 15 (71.43) 12 (92.31)
921 7 (20.59) 6 (28.57) 1(7.69)
MBSImP component 10 (epiglottic movement) P=.4619
C10=0 26 (72.22) 17 (77.27) 9 (64.29)
Cl021 10 (27.78) 5(22.73) 5(35.71)
MBSImP component 11 (laryngeal vestibule closure) P =.4307
Cl1=0 27 (77.14) 15 (71.43) 12 (85.71)
Cl1>1 8(22.86) 6 (28.57) 2 (14.29)
MBSImP component 12 (pharyngeal stripping wave) P =.2925
C12=0 23 (65.71) 16 (72.73) 7 (53.85)
Cl221 12 (34.29) 6 (27.27) 6 (46.15)
MBSImP component 13 (pharyngeal contraction) P =.2074
C13=0 26 (72.22) 17 (77.27) 9 (64.29)
C13>1 10 (27.78) 5(22.73) 5(35.71)
MBSImP component 14 (pharyngoesophageal P =.4813
segment opening)
Cl4=0 17 (50) 12 (57.14) 5(38.46)
Cla>1 17 (50) 9 (42.86) 8 (61.54)
MBSImP component 15 (tongue base retraction) P =.0967
Ci5<1 17 (47.22) 13 (59.09) 4(28.57)
C15>1 19 (52.78) 9 (40.91) 10 (71.43)
MBSImP component 16 (pharyngeal residue) P =.4847
Cle<1 14 (38.89) 10 (45.45) 4(28.57)
Cle=>1 22 (61.11) 12 (54.55) 10 (71.43)
Penetration-Aspiration Scale (PAS) score P =1.000
PAS<3 32 (88.89) 19 (86.36) 13 (92.86)
PAS>4 4(11.11) 3 (13.64) 1(7.14)
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Presence of aspiration 4(11.11) 3 (13.64) 1(7.14) P =1.000
Functional Oral Intake Scale (FOIS) score P =1.000
FOIS 6-7 35(97.22) 21 (95.45) 14 (100)
FOIS 5-3 1(2.78) 1(4.55) 0(0)
FOIS 1-2 0(0) 0(0) 0(0)
International Dysphagia Diet (IDDSI) liquid score -
IDDSI liquids =0 34 (100) 21 (100) 13 (100)
IDDSI liquids 2-3 0(0) 0(0) 0(0)
International Dysphagia Diet (IDDSI) solid score
IDDSI solids = 7 33(91.67) | 21(95.45) 12 (85.71) P=.5471
IDDSI solids 4-6 3(8.33) 1(4.55) 2(14.29)

*P value < .05

Of the five oral component scores, there were no statistical associations when tested against
component 17 (esophageal clearance) scores. The mean of MBSImP Oral Total (OT) scores was
5.36 (range 0-18, standard deviation + 3.59). The 95% confidence interval around the mean was
4.15 to 6.57. There were no statistically significant associations between the 11 pharyngeal
component scores and component 17 scores. Mean MBSImP Pharyngeal Total (PT) scores was
4.78 (range 0-13, standard deviation + 3.61). The 95% confidence interval around the mean was

3.56 to 6.0.

3.6 Swallowing Impairment Severity
Beall et al. (2020) identified ranges of OT and PT scores that account for differences in
swallowing impairment and provided a classification framework. Using this classification, we
found that 34/36 (94.44%) of participants had an oral classification of “mild/functional”. Using
the Beall et al. (2020) framework, though not directly specified in the classification, one (2.78%)
participant could be classified as having a “mild-moderate” oral impairment and one (2.87%)
participant was classified as having a “moderate” oral impairment. All participants were

III

classified in the “mild/functional” pharyngeal impairment category.

3.7 Measures of Bolus Airway Invasion
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Penetration-Aspiration Scale (PAS) (Rosenbek et al., 1996) scores for this cohort ranged from 1-
8, though no scores of 5 were seen. The majority (61.11%) of participants had PAS of 1 or,
contrast “material does not enter the airway” and remains entirely out of the laryngeal
vestibule. Ten (27.78%) participants had a PAS of 2, or “material enters the airway, remains
above the vocal folds, and is ejected from the airway.” A score of 4 or, “material enters the
airway, contacts the vocal folds, and is ejected from the airway” was seen in one (2.87%)
participant. Scores representing aspiration were seen in 3/36 (8.33%) of participants. A score of
6 or, “material enters the airway, passes below the vocal folds and is ejected into the larynx or
out of the airway” was seen in one participant. A score of 7 or, “material enters the airway,
passes below the vocal folds, and is not ejected from the trachea despite effort” was seen in
one participant. A score of 8 or, “material enters the airway, passes below the vocal folds, and
no effort is made to eject,” or silent aspiration, was seen in one participant. PAS scores of 1-2
have been identified as a range of normal for healthy participants (Daggett et al., 2006; Garand

et al., 2019; Robbins et al., 1999) which was seen in 88.89% of our cohort.

3.8 MIBSS Outcome Measures
Swallowing outcome measures were collected from MBSS recommendations including the FOIS
(Crary et al., 2005), and the liquid and solid (as applicable) IDDSI (Steele et al., 2018)

consistency recommendations. See Table 4 for details.

Table 4. Associations Between Component 17 (Esophageal Clearance) scores and MBSS

Outcome Measures

MBSS Outcome Measures Score Median Percent Association with Association with

Compared to Measures of MBSImP and Abnormal | Standard Component Experimental

Component 17 Mode 17 scores Component 17 scores
(P-value) (P-value)

FOIS Score 7,7 2.78% P =.8095 P =1.000

IDDSI Liquid Level 0,0 0% - -

IDDSI Solid Level 7,7 5.71% P=.5714 P =1.000

4.1 Measures of Oral Intake
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Functional Oral Intake Scale (FOIS) (Crary et al., 2005) scores ranged from 4-7 in our sample.
Specifically, 33 (91.67%) of participants had a score of 7 indicating “total oral intake with no
restrictions.” One (2.78%) participant had a score of 6 or, “total oral intake with no special
preparation, but must avoid specific food and liquid items.” And one (2.78%) participant had a
score of 4 or, “total intake of a single consistency.” International Dysphagia Diet
Standardization Initiative (IDDSI) (Steele et al., 2018) scores for solids ranged from 6-7. There
were 33/36 (94.29%) of participants recommended for regular solids (IDDSI score 7) and 2/36
(5.41) recommended for “soft and bite sized” (IDDSI score 7) solids. Of the participants
recommended to consume liquids (35/36) all had an IDDSI score of 0 or thin liquids. See Table

4.

5. Sub-Group Analysis of Participants with a Change in Component 17 (Esophageal
Clearance) Scores Given Cueing
Fourteen participants were identified as having a change in component 17 scores in the cued
(experimental) vs. un-cued (standard) condition. The mean age for participants with a change in
scores was 65.14 years (range 36-84, standard deviation + 12.73). The majority of participants

with a score change were female (57.14%) and almost all (92.86%) were white. See Table 5.

No statistically significant differences were seen between any of the other MBSImP
components or swallowing outcome measures. However, results from comparisons with
components 12 (pharyngeal stripping wave) and 14 (pharyngoesophageal segment opening)

might indicate a trend toward significance. See Table 5.

Table 5. Subgroup Analysis for Participants with a Change in Component 17 (Esophageal
Clearance) Given Cueing

Decrease in Increase in
Total Component 17 | Component 17
Swallowing Impairment and Outcome score score
P-value
Measures
n=14 n=7 n=7
(%) n (%) n (%)
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MBSImP component 1 (lip closure) P =1.000
Cl<1 13 (92.86) 7 (100) 6 (85.71)
Clx2 1(7.14) 0(0) 1(14.29)
MBSImP component 2 (tongue control P =1.000
during bolus hold)
C2=0 10 (71.43) 5(71.43) 5(71.43)
221 4(28.57 2(28.57) 2 (28.57)
ooy 3
C3=0 11 (84.62) 5(71.43) 6 (100)
321 2 (15.38) 2(28.57) 0(0)
ansporingual motion) P =1.000
C4=0 11 (78.57) 5(71.43) 6 (85.71)
cax1 3(21.43) 2 (28.57) 1(14.29)
Z)Iif;:)::ecnin;sonent 5 (oral residue) to P = 1.000
C5<1 5(35.71) 2(28.57) 3(42.86)
C522 9 (64.29) 5(71.43) 4 (57.14)
oo 2
C6=0 2 (14.29) 1(14.29) 1(14.29)
c6x1 12 (85.71) 6 (85.71) 6 (85.71)
MBSImP component 7 (velar elevation) N/A
C7=0 14 (100) 7 (100) 7 (100)
721 0 (0) 0(0) 0 (0)
MBSImP component 8 (laryngeal elevation) P =.5594
c8=0 10 (71.43) 6 (85.71) 4 (57.14)
cgx1 4 (28.57) 1(14.29) 3(42.86)
2/)I(I:3Irrsniznc)omponent 9 (anterior hyoid P = 4615
c9=0 12 (92.31) 7 (100) 5 (83.33)
921 1(7.69) 0(0) 1(16.67)
mssénr:]zr:;mponent 10 (epiglottic P =1.000
C10=0 9 (64.29) 4 (57.14) 5(71.43)
C1021 5(35.71) 3(42.86) 2 (28.57)
ZI:SSUI:;I)D component 11 (laryngeal vestibule P = 4615
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C11=0 12 (85.71) 7 (100) 5(71.43)
Cc1121 2 (14.29) 0(0) 2(28.57)
MBSImP component 12 (pharyngeal
stripping wave) P =.1026
C12=0 7 (53.85) 2 (28.57) 5(83.33)
Cl221 6 (46.15) 5(71.43) 1(16.67)
MBSImP component 13 (pharyngeal P = 1.000
contraction) T
C13=0 9 (64.29) 4(57.14) 5(71.43)
Cl13>1 5(35.71) 3 (42.86) 2 (28.57)
MBSImP component 14 P 1026
(pharyngoesophageal segment opening) o
C14=0 5 (38.46) 1(14.29) 4 (66.67)
C14>1 8 (61.54) 6 (85.71) 2(33.33)
MBSImP component 15 (tongue base _
retraction) P=.5594
C15<1 4 (28.57) 1(14.29) 3(42.86)
C15>1 10 (71.43) 6 (85.71) 4 (57.14)
MBSImP component 16 (pharyngeal p= 5504
residue) o
C16<1 4(28.57) 1(14.29) 3 (42.86)
Cl6>1 10 (71.43) 6 (85.71) 4 (57.14)
MBSImP component 17 (esophageal _
clearance) ** P=.1923
C17=0 3(21.43) 0(0) 3 (42.86)
C17>1 11 (78.57) 7 (100) 4 (57.14)
Penetration-Aspiration Scale (PAS) score P =1.000
PAS<3 13 (92.86) 7 (100) 6 (85.71)
PAS>14 1(7.14) 0(0) 1(14.29)
Presence of aspiration 1(7.14) 0(0) 1(14.29) P =1.000
Functional Oral Intake Scale (FOIS) score
FOIS 6-7 14 (100) 7 (100) 7 (100) N/A
FOIS 5-3 0 (0) 0(0) 0 (0)
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FOIS 1-2 0(0) 0(0) 0(0)

International Dysphagia Diet (IDDSI) liquid
score

IDDSI liquids = 0 13 (100) 6 (100) 7 (100) N/A
IDDSI liquids 2-3 0 (0) 0(0) 0 (0)

Lr::toer:enational Dysphagia Diet (IDDSI) solid P = 1.000
IDDSI solids = 7 12 (85.71) 6 (85.71) 6 (85.71)
IDDSI solids 4-6 2 (14.29) 1(14.29) 1(14.29)

*P <.05 for Fisher’s test of association
**Standard MBSImP condition

5.1 Decrease in Component 17 Scores
Seven participants were found to have a decrease in component 17 scores in our two study
conditions. The mean age for participants who were found to have a decrease in component 17
scores was 67.57 years (range 53-84, standard deviation + 11.31). Most, 5/7, (71.43%)

participants in this subgroup of decreased scores were female and all were white. See Table 5.

The most common score change was from a score of 2 to a score of 1 seen in 4 (28.57%)
participants. This was also the most common change of any of the score change types overall
(increase or decrease). Two (14.29%) participants went from a score of 1 to a score of 0. And
one (7.14%) participant went from a score of 4 to a score of 1. This last change type
representing the most “dramatic” of score changes (e.g., widest score change range) of this

subgroup, and the largest change (3 “points”) overall.

5.2 Increase in Component 17 Scores
Seven participants were found to have an increase in component 17 scores between the
standard and experimental conditions. The mean age for participants with an increase in
component 17 scores was 62.71 years (range 36-76, standard deviation + 14.47). Slightly less
participants (3/7, 42.86%), in this subgroup of participants with an increase in scores, were

female and almost all (6/7, 85.71%) were white. See Table 5.
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A change from 0 to one was seen in 3 (21.43%) participants. This was the second most common
score change of any of the score change types overall (increase or decrease). Two participants
(14.29%) demonstrated a change from a score of 1 to a score of 2. And two participants
(14.29%) changed from a score of 2 to a score of 4. This last change type representing the most

“dramatic” of score changes (e.g., widest score change range) of this subgroup. See Table 5.

DISCUSSION:

To account for deglutitive inhibition, when participants were provided a specific cue to swallow
only once, impressions of esophageal clearance (component 17) changed in 39.89% of
participants. Half (7/14) participants had an increase in scores and half (7/14) had a decrease in
scores which contradicted our pre-study hypothesis that cueing would result in an overall
reduction (improvement) in impression of esophageal clearance (component 17). Our results,
therefore, highlight the need for further study into the influence of cueing and the effect of
deglutitive inhibition on impressions of esophageal clearance. As well as pose an important

guestion as to the best, most effective practices for esophageal visualization during the MBSS.

Our cohort had very mild oral or pharyngeal swallowing impairments which may have
influenced our findings of esophageal clearance. Most participants were classified with MBSImP
oral total scores that indicated a mild/functional impairment and all participants had
pharyngeal scores that were classified as mild/functional. PAS, FOIS, and IDDSI scores were
overwhelmingly normal for participants in this study. As swallowing is a continuum of highly
coordinated series of pressures driven by biomechanically interdependent events, our cohort of
participants with relatively “normal” oropharyngeal swallow function may not demonstrate
meaningful relationships between oropharyngeal measures and component 17 scores in our
two conditions. More significant findings may be identified in a more heterogeneous sample

representing a wider range of swallowing impairments.

There evidence for co-occurring esophageal abnormalities identified during MBSSs is mounting.
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Reported esophageal abnormalities range from 26% (Watts et al., 2019) to 100% (Belafsky et
al., 2008) in the literature. In our systematic review (Reedy et al., 2021), which included many
of the studies referenced here (Gullung et al., 2012; Madhavan et al., 2015; Miles et al., 2015;
Ortiz et al., 2019; Watts et al., 2019), we identified that when esophageal visualization was
completed during the MBSS, 48.67% of participants had some type of esophageal abnormality.
In the current study, abnormal esophageal clearance was identified in both the standard and
experimental conditions (83.33% and 86.11%, respectively). The high proportion of esophageal
findings may reflect that many patients referred for an MBSS, particularly outpatients, may
have a primary esophageal etiology for their complaints of dysphagia. It should be
acknowledged that the participant-reported symptoms in our cohort could be primarily
esophageal in nature. The majority of participants reported dysphagia to solids (55.56%),
followed by coughing with eating (44.44%), dysphagia to pills (36.11%), and globus sensation
(27.78%). Studies attempting to study patient localization of dysphagia symptoms, specifically
globus and a “sticking” sensation, have found poor correlation. Madhavan et al. (2015)
identified esophageal abnormality in 69.5% of their participants presenting with globus
sensation. Ortiz et al. (2019) found that in 90% of participants with globus sensation had
retained contrast in the esophageal body. When patient symptoms were grouped into “above
the thyroid notch” to “below the thyroid notch”, however, there was poor symptom location
correlation to fluoroscopic findings. They also found that participants who localized above the
thyroid notch had more evidence for distal esophageal abnormalities, whereas participants
who localized symptoms substernally had more oropharyngeal abnormalities. Ashraf et al.
(2017) reported that the nature of anatomic abnormality or physiologic impairment also
influences localization. For example, participants with an obstructive pathology in the proximal
esophagus were the most accurate (81.7%) at identifying the level of their dysphagia. Overall,
participants were determined to have an accuracy of 48.2% in identifying the level of their

dysphagia.

The esophageal visualization portion of the MBSS is non-diagnostic, though may provide

relevant information to be correlated clinically to help determine those patients who would
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benefit from dedicated esophageal testing. There are multiple physiologic oral and pharyngeal
components that constitute the composite oral impairment total and pharyngeal impairment
total scores of the MBSImP, whereas the only determination for esophageal body function is in
the categorization of esophageal clearance (e.g., retention, retrograde flow, absence of
clearance) (Martin-Harris, 2015; Martin-Harris et al., 2008; Martin-Harris et al., 2017). It is also
important to acknowledge that an abnormal component 17 score may not be indicative of a
disorder. Only Gullung et al. (2012) has compared MBSImP findings against a gold-standard for
esophageal assessment by comparing MBSImP scores to high resolution esophageal
manometry. It should be acknowledged that the study did not focus on this finding alone and
did not further investigate findings by score, rather, by a dichotomized normal vs. abnormal
component 17 score. And the Gullung et al. (2012) study pre-dates the current Chicago
Classification (v4.0) (Yadlapati et al., 2021) which has more stringent classification requirements

for some diagnoses.

There is limited research that compares esophageal visualization to the standards of dedicated
esophageal testing (e.g., barium esophagram, high-resolution esophageal manometry). In their
study comparing an esophageal screening protocol to a barium esophagram, Allen et al. (2012)
reported a 62.8% specificity, 100% sensitivity, though both reported 95% confidence intervals
had a range greater than 20%. They also report a positive predictive value of 100%. Gullung et
al. (2012) identified abnormal component 17 (esophageal clearance) scores (Martin-Harris et
al., 2008) in 63.4% of their participants which correlated to a 78% sensitivity for detecting
abnormality when compared to the standard of high-resolution esophageal manometry with
impedance (HRM-MII). No confidence intervals were reported. Watts et al. (2019) reported a
100% agreement of abnormality identified during esophageal visualization when compared to
dedicated esophageal testing (HRM, timed barium esophagram, esophagogastroduodenoscopy
[EGD]), though only for a subset (52.5%) of their sample. More recently, Watts et al. (2021)
reported a sensitivity of 83.7% and specificity of 73.7% when their Robust Esophageal Screening
Test (REST) was compared against HRM or a timed barium esophagram. Though the 95%

confidence intervals reported were greater than 20% sensitivity and greater than 30% for
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specificity. They reported a positive predictive value of 82% and a negative predictive value of

76%.

There are many different factors that may influence esophageal visualization during the MBSS
including positioning, protocol (e.g., order of presentation, types of barium stimuli used, and
under what conditions). Despite evidence to support esophageal visualization during the MBSS
(Allen et al., 2012; Jones et al., 1987; Jones et al., 1985; Miles et al., 2015; Ortiz et al., 2019;
Reedy et al., 2021; Watts et al., 2019; Watts et al., 2021) there is little agreement on protocol.
Deglutitive inhibition is relatively unexplored in visualization protocols. Both of Miles et al.’s
(2016 and 2019) studies on esophageal bolus transit time report a patient directive to swallow
a 20 ml bolus “all in one go” to address deglutitive inhibition. The Miles et al. (2019) protocol
specified a cue of “try hard not to swallow a second time,” and Watts et al. (2021) protocol
included a cue to “only swallow one time.” Though cueing was included, the patient’s ability to
follow-through was not recorded. To our knowledge, our study is the first of its kind

investigating the influence of multiple swallows on impressions of esophageal clearance.

Limitations

This study has several limitations. First, as a pilot study no threshold was set for participant
recruitment, and we only achieved a small sample size for this cohort. We did not address
cognition as a potential influence on the participants’ ability to follow directions. The number of
swallows in the standard (un-cued) condition was not counted and, therefore, we were unable
to compare if multiple swallows occurred in the un-cued condition. And, if more than one

swallow did occur, the time between swallows was not measured.

Future Considerations:

Future research into the influence of cueing on impressions of esophageal clearance should
consider patient factors and refine the assessment of swallowing under both conditions.
Standardized cognitive screening tests such as the Mini Mental Status Exam (MMSE) (Folstein et

al., 1975) should be considered in protocols where cognition may influence outcome. The
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process by which data regarding swallowing and the number of swallows collected should be
refined, such as by including sSEMG which would register submental and laryngeal activity
related to oropharyngeal swallowing. Lastly, the scoring of component 17 under both
conditions should be rated by a second, blinded, rater to account for bias as the clinicians
performing the MBSS provided the standard and experimental component 17 scores in the
current study. Ultimately, our findings compel further research into the influence of cueingin a

more rigorous manner.

CONCLUSION:

This study contributes to our knowledge about esophageal visualization and determinations of
clearance during the MBSS. This study found that 38.89% of participants had a change in scores
when provided a verbal cue to swallow only one time to account for deglutitive inhibition.
However, half of those with a change in scores demonstrated an increase and half had a
decrease in component 17 scores in our experimental condition. Our findings highlight the
importance of future work investigating the influence of cueing to account for the effect of

deglutitive inhibition on impressions of esophageal clearance.
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Our research identified that esophageal clearance abnormalities identified during the MBSS
was not a rare event — even in populations where the suspected risk for oropharyngeal
manifestations of dysphagia were higher (e.g., post-stroke and post-lung transplant). In fact, we
found that any degree of pharyngeal impairment, but specifically reduced pharyngeal
constriction, was significantly associated with abnormal esophageal clearance in post-stroke
patients. Whereas this was not seen in the post-lung transplant cohort, most patients had
abnormal esophageal clearance regardless of oropharyngeal impairment, though findings might
owe to a smaller sample size. In a small cohort of outpatients referred for an MBSS the vast
majority were identified with having abnormal esophageal clearance patterns with and without
cueing to alter the impact of deglutitive inhibition. It is becoming increasingly clear that
arbitrary divisions between assessments of the oropharynx and esophagus is contradictory to
the physiologic interrelationships of the swallowing continuum. Swallowing is not phasic,
rather, a highly synchronous coordination of pressures generated by biomechanically

interdependent events.

Future Considerations:

Assessment practices should follow the growing body of evidence which supports not only
swallowing as a continuum (Gullung et al., 2012; Jones et al., 1987; Jones et al., 1985; Lever et
al., 2007; Madhavan, Carnaby & Crary, 2015; Miles et al., 2015; Miles et al., 2019; Miles et al.,
2017; O’Rourke et al., 2016; Ortiz et al., 2019; Reedy et al., 2021; Triadafilopoulos, 1992; Watts
et al., 2019; Watts et al., 2021), but also that swallowing and respiration are inextricably linked
(Brodsky et al, 2010; Hopkins-Rossabi, 2019; Martin-Harris, 2008; Martin-Harris et al, 2003,
Martin-Harris et al, 2005; Mastuo & Palmer, 2009; Martin-Harris & McFarland, 2013; McFarland
et al., 2016; McFarland & Lund, 1995; Wheeler-Hegland et al., 2011). Treatment should target
these shared neurophysiologic components to utilize the entire aerodigestive system to recruit
the maximum amount of musculature and activate or aim to stimulate the most nerves. Since
the systems are linked, so too should the interventions (when the patients are appropriate and
able to engage in such dynamic therapies). Therapy which targets the respiratory system, such

as respiratory muscle strength training (RMST), demonstrates improved swallowing function for
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the post-stroke population (Eom et al., 2017; Gomes-Neto et al., 2016; Hegland et al., 2016).
Utilizing this therapeutic technique in the pre-lung transplant population has demonstrated
promise (Pehlivan et al., 2018) and could be an encouraging intervention to explore in the post-
lung transplant population as well. RMST has the benefit of addressing more than dysphagia
with potential to target the breathing, coughing, and speech functions of the aerodigestive
tract (Arnold & Bausek, 2020; Brooks et al., 2019; Eom et al., 2017; Hegland et al., 2016;
Hutcheson et al., 2018; Plowman et al., 2018; Sapienza & Wheeler, 2006). And the influence of
respiratory training and/or respiratory-swallow training on those patients with primary

disorders of the esophagus is relatively unexplored.
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