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Welcome to Passy-Muir, Inc.’s
Aerodigestive Health:
Considerations for Complex Diagnoses

Welcome to this issue of Aerodigestive Health. The focus of this publication
is to provide education and clinically relevant information for patients
with tracheostomies and the safe and efficacious use of the Passy Muir®
Tracheostomy & Ventilator Swallowing and Speaking Valve (PMV®). Each edition
of Aerodigestive Health provides articles and other resources on the care of
adult and pediatric patients, focusing on those who are tracheostomized, with or
without mechanical ventilation. The editor’s objective is for Aerodigestive Health
to provide readers with clinical perspectives and cutting-edge research that
address specific questions raised by practitioners relating to the care of patients.

In this edition, you will find these key elements:

e Editor's commentary — An overview of the publication topic.

e Healthcare practitioners’ perspectives — Articles by healthcare professionals
on clinical issues and interventions.

¢ (linical take-home boxes — Relevant clinical information for healthcare
practitioners, including protocols and research summaries.

e Bibliography — a list of relevant research on pediatric and special
patient populations with complex medical diagnoses.

Forthisissue, the primary focus is Considerations for Complex Diagnoses. This
issue provides a unique overview of assessment and treatment considerations
for the pediatric patient population with complex medical diagnoses. The number
of neonatal, pediatric, and adult patients with tracheostomies is growing each
year secondary to advancements in medical care and interventions to sustain
life. It is imperative that clinical professionals maintain awareness of evidence-
based practices and current standards of care.
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When considering information for addressing assessment and treatment considerations for patients with tracheostomies,
the typical standard procedures may not apply when the patient is more medically complex; they may require some
modification or special considerations. Determining the appropriateness and type of interventions to be provided can be
a daunting task, especially when considering dysphagia. Questions often arise regarding treatment interventions and how
to determine best practices. When considering special patient populations with complex diagnoses, it is often difficult to
find information.

This issue of Aerodigestive Health brings together perspectives that present considerations for pediatric patients with
cardiac issues and those undergoing ECMO. One of the primary evidence-based considerations for all patient populations
is to have a team approach with staff who are trained in the management of patients with tracheostomies. In this issue,
Cabacungan and Davis present relevant information on how to address both team development and the education of staff.
They share a mobile training unit that their facility has implemented to best meet training needs.

Brooks et al. provide an overview of ECMO and its impact on the pediatric patient, illustrating special considerations
through a case study. They also review factors related to the pediatric patient with a tracheostomy who is receiving ECMO,
including best practices for PassyMuir Valve use. In her article, Waters addresses feeding considerations in the pediatric
patient population following cardiac surgery. When considering the increased associated risks with airway compromise in
patients with congenital heart disease and the series of surgeries for heart issues, the potential for airway or respiratory
compromise leading to a tracheostomy is significant. In a companion piece, Waters presents case studies for consideration.
The supplementary article by King reviews the prevalence of tracheostomy occurrence in the pediatric population with
cardiac issues and considerations for addressing this special subgroup.

This issue is rounded out by Brooks who presents considerations for the use of transtracheal pressure (T TP) measurements
to ensure a patent airway when addressing speaking valve use in pediatrics. In this article, she presents the information
through four case studies, each with a unique perspective on how TTP provides a more objective measure of airway
patency and lends itself to improved clinical practice. She also shares a protocol for best practice.

These articles and the interventions presented touch on what therapies to consider and best practices for Valve use
when the patient has a tracheostomy. When considering therapies, if the patient has a Passy Muir Valve and more normal
physiologic function has been restored by closing the system, then the therapeutic options are what we would do with
a patient who does not have a tracheostomy. Pullens and Streppel (2021) discussed the importance of restoring normal
airway physiology to assist with feeding and swallowing, which would include restoring pressure. Considering the feeding
issues that Waters presented for the pediatric cardiac patient if the patient has a tracheostomy and the system is restored
to a more normal pressurized system, then the therapy considerations revert to standard practices for the identified issues.
What this means is that once the system is closed, if the patient has poor feeding and swallowing skills, then initiating
therapies that address feeding and swallowing would be appropriate, following traditional, evidence-based practice
guidelines with considerations for the tracheostomy. In this issue, the authors share either therapeutic interventions
regardless of tracheostomy presence or specifically address modifications that may be necessary with a tracheostomy.

The primary takeaways from this issue are that having a team and appropriate staff training improves overall care for
the patient with a tracheostomy; treatment interventions with these medically complex patient populations are the same
regardless of tracheostomy; and appropriate assessment of airway patency is key to successful interventions. The sooner
the many benefits begin, the better for both the patient and their recovery.
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About the Editor

Kristin King, PhD, CCC-SLP has been a speech-language pathologist in a variety of settings since 1995. She
earned her PhD in Communication Sciences and Disorders from East Carolina University in 2008. Her expertise
is in cognitive-communication and swallowing disorders with medically complex patients of all ages, particular-
ly those with needs secondary to traumatic brain injury (TBI), tracheostomy and ventilator, and pre-term birth.
Dr. King has published several peer-reviewed articles regarding evaluation and treatment of TBI, and she speaks
to both domestic and international audiences regularly on the use of speaking valves, evaluation and treatment
following TBI, and swallowing disorders. She is the co-editor of the 2023 book, Tracheostomy and Ventilator
Dependence in Adults and Children.
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Avoid Stagnation through Interprofessional Collaboration and Team
Building: Transforming Care for Patients with Tracheostomy Tubes

JoAnn Beck Cabacungan, MS, CCC-SLP, CBIS | Colby Davis, RRT, MHA

Introduction

Consistently achieving “good” patient outcomes
should not impede the evaluation of current practices
or hinder the initiation of quality improvement
processes. It is during moments of self-reflection and
implementation of change that advancements in best
practices can be made. In 2021, Cleveland Clinic
Rehabilitation Hospital, Edwin Shaw (CCRH ES),
evaluated its processes and standards of care for
patients with tracheostomy tubes. This assessment
led to the implementation of new initiatives aimed at
improving interdisciplinary teamwork and continuity
of care, benefiting not only individual patients but
also the broader patient population. This article aims
to elucidate how enhanced communication between
respiratory therapy (RT), speech-language pathology
(SLP), and the medical team improved continuity
of care and decision-making in the tracheostomy
decannulation process.

Several studies indicate that multidisciplinary
care is beneficial in the treatment of patients with
tracheostomy tubes (Bedwell et al., 2019; Bonvento
et al., 2017; Carton et al., 2021; de Mestral et al.,
2011; Speed & Harding, 2013). Acknowledging the
fact that teamwork is not inherently effective and that
initiating or improving a team can be a challenging
endeavor, it becomes evident that ongoing process
improvement is essential. Building a successful
team requires dedicated effort and a commitment
to continuous enhancement. Mayo and Woolley
(2016) state that “those with relevant knowledge
must speak up if their expertise is to be used
effectively by the team.” It was this driving principle
that led to speaking up and further explaining how
the SLP’s knowledge of the aerodigestive system
and its impacts on tracheostomy decannulation
decisions could benefit decision-making and patient
outcomes which resulted in the development of an
interdisciplinary tracheostomy team.

Who should be on the team?

Prior to 2021, decannulation decision-making at our
facility primarily occurred with input from respiratory
therapy, internal medicine, physical medicine, and
rehabilitation physicians (PM&R). The initial phase of
the interdisciplinary team (IDT) approach added an
SLP to the team. During the COVID-19 pandemic,
there was an influx of medically complex patients
who required higher respiratory care. To combat
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these complexities, pulmonary medicine services
were added to the IDT approach, further expanding
the expertise of the primary decision-making. The
addition of pulmonary medicine to the inpatient
rehabilitation team marked a unique approach to the
decannulation process. Comprised of a specialized
physician and clinical nurse practitioner, the pulmo-
nary medicine team is available five days a week and
actively participates as part of the tracheostomy
team within the inpatient rehabilitation setting.

Pulmonology presence provides valuable expertise
and insight into the complex respiratory needs
of patients, further enhancing the decision-
making process. This integration of pulmonary
medicine within the team structure demonstrates a
commitment to comprehensive care and highlights
the dedication to providing exceptional care to highly
complex patients without sacrificing positive results.
This core team communicates daily in-person or
electronically to discuss each individual patient’s
progress. In addition, IDT weekly rounding was
created to discuss the plan of care (POC) specifically
relating to the tracheostomy including tolerance of
Passy Muir® Valve use, capping trials, barriers to
decannulation, secretion management, swallowing,
chest x-ray, sputum culture, and referrals to other

medical professionals.
continued next page
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The IDT also expanded to include dieticians,
occupational therapists, physical therapists, nursing,
wound care, and administration to evaluate other
opportunities to improve patient outcomes, increase
efficiency of protocols and scheduling, and educate
staff. The addition of these disciplines also increased
the overall communication within the clinical teams.
Through the increased communication within the
interdisciplinary team, efficiency in timely communi-
cation was achieved, ensuring that relevant information
was promptly shared among team members. By
utilizing EMR SmartPhrases [pre-generated phrases
utilized for each session which requires clinicians
to input specified information], the team centralized
pertinent information into one documentation
note, streamlining the process and eliminating
unnecessary data, resulting in a clear and concise
timeline of events for each patient’s tracheostomy
care. This improved approach to documentation was
later applied to patients without tracheostomy tubes
who required high levels of oxygen, thereby positively
impacting the care of other patient populations.

Evidence-Based Practice Improvements

Peak Flow

The implementation of evidence-based practices
focused on enhancing the use of objective measures
and establishing shared reference points among the
interdisciplinary team. By incorporating objective
measures, the team achieved a more standardized
and consistent approach to patient care. One
notable improvement involved the utilization of peak
expiratory flow rate (PEFR) as an objective respiratory
measurement. The tracheostomy team expanded
the use of the PEFR, including the SLPs utilizing
the PEFR, as a standard measure during dysphagia
evaluations. It was used to assess airway protection
and the risk of pulmonary complications in various
patient populations such as the elderly, those with
Parkinson’s disease, amyotrophic lateral sclerosis
(ALS), stroke, and generalized dysphagia (Bianchi
et al., 2012; Kulnik et al.,, 2016; Pitts et al., 2010;
Plowman et al.,, 2016; Watts et al., 2016). Drawing
upon the literature, the team established PEFR
measurements as a routine practice for all patients
with tracheostomy tubes. This objective measure
became an essential component in the decision-
making process for decannulation, with a threshold
of >160 L/min, either independently or with assisted
cough, as a predictive value for decannulation
outcomes (Bach & Saporito, 1996; Chan et al., 2010;
Jiang et al., 2017; Tzeng & Bach, 2000).

PEFR was also utilized to standardize discussions
involving cough strength and efficacy. The shift
from a subjective assessment to an objective
measurement of cough function was supported by
research indicating suboptimal inter- and intra-rater
reliability during subjective cough assessments and
the inability to accurately assess airway protective
mechanisms, dysphagia severity, and the risk of
pulmonary compromise (Miles & Huckabee, 2013;
Miles et al., 2014; Watts et al., 2016). These objective
measurements also influenced the direction of
care in helping to determine a patient’s need for a
cough assist device and respiratory muscle strength
training.

Secretion Management and

Swallowing Evaluations

In the realm of secretion management, on-site
capabilities for modified barium swallow studies
(MBSS) were already in place. However, the addition
of flexible endoscopic evaluation of swallowing
(FEES) to the SLP practice allowed visualization
of the pharynx and larynx, providing objective
information for secretion assessment utilizing the
New Zealand Secretion Scale (Miles et al., 2018)
and evaluating swallowing residue with the Yale
Pharyngeal Residue Severity Rating Scale (Neubauer
et al., 2015). Furthermore, FEES enabled screening
for laryngeal injuries, leading to appropriate referrals
to laryngology as necessary. Collaborating with
laryngologists, the SLP team established a referral
system which included pertinent information from
instrumental swallowing assessments, laryngoscopic
screen/exam results, and dysphagia concerns. This
collaborative approach improved continuity of care
and facilitated appropriate follow-up with laryngology,
both during the inpatient rehabilitation stay and post-
discharge.

By implementing these evidence-based improvements,
the IDT ensured a shared vocabulary and
standardized approach to assessing cough strength,
secretion management, and swallowing severity.
This enhanced teamwork was further supported by
frequent presentations of FEES and MBSS results by
SLPs to physicians and RTs during IDT discussions.
These collaborative interactions fostered informed
decision-making and the sharing of discipline-
specific expertise, ultimately delivering the best
possible care for patients.

continued next page
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Moving forward, the comprehensive documentation
of these evidence-based objective measures ensures
that the next level of care providers have a clear
understanding of the accomplishments achieved and
the necessary steps for continued patient progress.
This ensures continuity of care and sets the stage for
ongoing improvement in patient outcomes beyond
our facility.

Needs Assessment and Education

An assessment survey of staff needs was completed
in early 2022 to receive staff input on needed
educational opportunities for working with patients
withtracheostomies. By leveraging the insights gained
fromthe needs assessment survey, discipline-specific
caregiver education was successfully developed. This
tailored approach addressed the specific educational
needs identified through the questionnaire by each
discipline, resulting in a greater comfort level among
staff. Moreover, the survey findings led to innovative
solutions to enhance education accessibility. Notably,
oxygen and air 50psi interface ports were mounted
on a portable cart creating a “rolling classroom.” This
classroom was taken to new employee orientations
as well as to patient floors so staff members could
practice without being required to leave the clinical
floors. This portable solution eliminated the barrier of
designated education rooms and set times, enabling
timely and efficient education regarding oxygenation,
medical air, and suctioning capabilities to be held at
workstations in as little as five-minute intervals (see
Figures 1 and 2).

Armed with an improved understanding of the
room equipment, staff benefited from newly created
signage specifically for patients with tracheostomy
tubes. These signs provided a quick reference for
specific tracheostomy tube information, the expected
decannulation plan, and respiratory therapy contact
information. The signs were given a specific
background color for easy recognition and were
consistently placed at the head of a patient’s bed.

Educational efforts were not limited to just staff.
An increased emphasis and concerted effort were
placed on improving patient and family education.
The team purchased and utilized the Passy-Muir
Pocket T.O.M. (Tracheostomy Observation Model) to
provide hands-on learning regarding the impact of
the tracheostomy tube on the aerodigestive system
and the decannulation process. Both patients and
families have expressed appreciation for more in-
depth and personalized explanations regarding
breathing, speaking, and swallowing.

Recognizing the need for continuous improvement, a
follow-up survey was completed laterin 2022 to further
assess needs. New and ongoing collaborations
included RT and occupational therapy working jointly
to improve safety in showering by collaborating on
the assessment of the patient at admission and then
developing specific pulmonary safety criteria. These
criteria include any changes in oxygen needs during
therapy sessions.

Figure 1: Rolling classroom used for providing education to staff.

Figure 2: Closeup of the oxygen and air 50 psi interface ports.

continued next page
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Conclusion

Thejourney of the IDT at Cleveland Clinic Rehabilitation Hospital, Edwin Shaw has paved the way for transformative
care for our patients with tracheostomy tubes. Furthermore, the culture of interdisciplinary collaboration has
fostered knowledge exchange that benefits other patient populations with medically complex upper airway
challenges including chronic obstructive pulmonary disease (COPD), paradoxical vocal cord disorder (PVCD),
obstructive sleep apnea (OSA), and patients with high flow oxygen needs. The team continues to share the
valuable lessons learned through our IDT approach with inpatient rehabilitation hospitals within our division.
Together, the CCRH ES team continues to raise the bar for transformative patient care, bringing the benefits of

true interdisciplinary teamwork to all our patients.
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Are There Predictors for Success?
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was on the ventilator or off.

Passy Muir Valve Tolerance in Medically Complex Infants and Children:

Brooks, L., Figueroa, J., Edwards, T., Reeder, W., McBrayer, S., & Landry, A. (2019). Passy Muir Valve tolerance in
medically complex infants and children: Are there predictors for success? The Laryngoscope, 130(11), E632-E639.

This study investigated if there are predictors for success with using a Passy Muir Valve (PMV) with
medically complex pediatric patients. In this investigation, the authors considered parameters that may
influence the ability to use a speaking Valve. They found that transtracheal pressure measurements
(TTP), presence of voicing, age (> 2 years), weight, and ventilator rate were all predictors of use. Since
TTP is an indication of airway patency — the lower the pressure, then the more patent the airway, and
the more successful the use of the Valve was. These findings were not dependent on whether the child
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What is ECMO?

Extracorporeal Membrane Oxygenation (ECMO)
is a treatment for patients with severe respiratory
failure or circulatory failure, who have failed maximal
medical management. Many unique aspects to using
ECMO in children exist, including indications, circuit
configuration, and cannulation sites (Erdil et al.,
2019). Common indications for ECMO in infants and
children include patients with respiratory diagnoses
(respiratory distress syndrome, pneumonia, congenital
diaphragmatic hernia, meconium aspiration); cardiac
diagnoses (congenital heart disease, myocarditis);
or transplantation candidacy (heart, lung). ECMO
utilizes a circuit that consists of a blood pump, either
a centrifugal or roller head, and an artificial lung
(oxygenator) to support the heart and lung function.
Circuit configuration varies between ECMO programs
(see Figure 1).

ECMO provides support to the patient with the
oxygenator and blood pump. The oxygenator is where
gas exchange occurs, removing carbon dioxide (CO,)
and diffusing oxygen (O,). Gas exchange occurs
via sweep rate (liters per minute) delivered via a
blender, with a percentage of oxygen. Sweep rate
is determined by the level of CO, the practitioner
desires to maintain in the patient’s arterial blood
gas. The higher the sweep rate, the more CO, is
removed. Additionally, the level of oxygen delivered
to the oxygenator via sweep allows a paO, to be
achieved as desired. The blood pump flow rate
(liters per minute) allows this oxygenated blood to
be returned to the patient via the venous or arterial
system, therefore augmenting the heart and lung
function. The higher the blood flow rate, the more
oxygenated blood is delivered to the patient.

What are the differences between VV ECMO
and VA ECMO?

The two main configurations of ECMO are based on
cannulation sites: Veno-venous (VV) and Veno-arterial
(VA). Simply stated, VV ECMO drains blood from
the venous system and returns oxygenated blood
from the ECMO circuit to the venous system. Veno-
venous ECMO is primarily employed for respiratory
failure, where hypoxia and/or hypercarbia are causing
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Figure 1: 1. Venous drain (Deoxygenated blood) 2. Membrane Oxygenator 3. Arterial Filter 4. Arterial return (Oxygenated blood)
5. Continuous Kidney Replacement Therapy (CKRT) 6. Blood pump

Image used with permission by © Kazandjian and Dikeman (2022) Communication and Swallowing Management of Tracheostomized and Ventilator
Dependent Individuals, 3rd Edition, Eat Speak Breathe Publishing, NY. Chapter 9, Brooks, Pediatrics.

significant morbidity and may contribute to the
patient’s death. Veno-venous ECMO allows the
oxygenated blood to be circulated through the
heart to the lungs, allowing for normal physiological
circulation (see Figure 2).

Veno-arterial ECMO drains blood from the venous
system but returns the ECMO circuit blood to the
arterial system and is often used to support primary
or secondary cardiac failure in patients who are
unable to maintain adequate circulation. Returning
the oxygenated blood to the arterial system
essentially bypasses the heart, with the blood
delivered to the left side of the heart. In this way, the
heart function is augmented with the ECMO blood
flow. Finally, in pediatrics, patients can be too small
for cannulation technigues to use VV ECMO and
may require VA cannulation due to vessel size or lack
of an appropriately sized dual-lumen catheter.

What are the different cannulation sites?

Cannulation sites for ECMO in pediatric patients vary
based on the configuration of ECMO used and the
size of the patient. Veno-venous ECMO may employ
a single site by using a double-lumen cannula
placed in the right internal jugular. Infants and
toddlers use the Crescent RA Jugular Dual Lumen
Catheter (Medtronic, Minneapolis, MN) or the Avalon
Elite Dual Lumen Catheter (Getinge, Gothenburg,
Sweden) which are placed into the right atrium, and
larger patients may use the Crescent Jugular Dual
Lumen Catheter or the Avalon Elite Catheter which
terminate in the inferior vena cava. These single-
site cannulas are usually placed percutaneously
and allow simultaneous drainage of deoxygenated
blood and return of oxygenated blood. The dual-
lumen catheters are excellent for facilitating early
mobility. Veno-venous access may also include the
femoral veins, the saphenous veins, or the internal
jugular vein with a single lumen catheter, or any
combination of these sites to allow drainage of blood
and return of oxygenated blood from the ECMO
circuit (see Table 7).
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Figure 2
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Figure 2: Image used with permission by © Kazandjian and Dikeman (2022) Communication and Swallowing Management of Tracheostomized and
Ventilator Dependent Individuals, 3rd Edition, Eat Speak Breathe Publishing, NY. Chapter 9, Brooks, Pediatrics.

Table 1
Vein / Artery Location Purpose
Femoral Thigh Moves blood from tissues of the lower leg to the heart
Saphenous Superficial in leg Sends blood from legs and feet to the heart
; Collects blood from the brain and superficial regions of
Internal Jugular Each side of the neck the face and neck to the right atrium of the heart

Carotid Each side of neck Provides the brain's blood supply

Provides blood to lower extremities and anterior

Femoral Top of thigh abdominal wall

Supplies bilateral upper extremities and some

Subclavian Below clavicle contribution to head and neck

continued next page
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Veno-arterial ECMO uses single catheters placed
in veins as described above and then catheters are
placed in an artery such as the right common carotid
artery, femoral artery, or subclavian artery (see Table 7).

Additionally, central or transthoracic cannulation may
be used in cardiac failure patients. Central cannulation
is more invasive, requiring opening of the chest for
access to the right atrium and aorta, and often in
pediatric patients is used for patients who have
previously undergone cardiopulmonary bypass for
repair of congenital cardiac defects.

Passy Muir® Valve Benefits

The Passy Muir Tracheostomy & Ventilator Swallowing
and Speaking Valve (PMV) is the only bias-closed,
no-leak speaking valve due to the design of the
membrane diaphragm. Exhaled air moves exclusively
through the patient’s upper airway. This maximizes
the opportunity for voicing, sensation, managing
secretions (by coughing or swallowing), improvement
in swallowing function (particularly hyolaryngeal
excursion), and weight shifting (Brooks, 2022; Hull
et al., 2005; Sutt et al.,, 2015; Torres & Sirbegovic,
2004; Hoffman et al., 2008; Suiter et al., 2003; Hess
& Altobelli, 2014; Watters, 2017; Massery, 2014;
Massery et al., 2013; Brooks et al., 2020). Patients who
are on ECMO and awake often experience anxiety
that comes with feeling “air hunger” and reporting
the sensation of “not (being) able to breathe.” The
PMV restores verbal communication for patients with
a tracheostomy on mechanical ventilation, which is
beneficial when navigating the complexities of ECMO
and mobilization, particularly air hunger.

The PMYV also assists with motor tasks
during and outside of early mobility sessions.

When a tracheostomy tube is placed in the trachea,
the respiratory system and intrathoracic (ITP) and
intra-abdominal (IAP) pressures are diminished by
having an open system (Massery, 2014; Massery
et al, 2013). Airflow is redirected through the
tracheostomy tube and the patient is no longer using
the upper respiratory airway — airflow does not go
through the upper airway and vocal cords. With an
open tracheostomy tube and therefore, an open
system, thoracic pressures cannot be increased,
compromising sitting, pushing, and standing. For
individuals without a tracheostomy, the glottis is

engaged (vocal cords close) to restrict the expiratory
lung volume to stabilize the chest and upper body
(Massery, 2014; Massery et al., 2013). Placing a
Passy Muir Valve on the tracheostomy hub or in-line
with the ventilator circuit closes the system and
restores a patient’s ability to use the glottis to control
expiratory flow and improve ITP and IAP. Additionally,
patients on ECMO, who are candidates for lung
transplant, often need to demonstrate the ability to
walk a certain goal distance before they undergo a
lung transplant. This underscores the importance of
early mobility for the patients on ECMO, particularly
those on mechanical ventilation.

Early Mobility for the Pediatric Patient on ECMO
Research in pediatric ECMO mobility is limited, but
data in adult-focused studies show that early mobility
with patients cannulated for VA or VV ECMO is safe
and feasible with the appropriate members of an
experienced, multidisciplinary team (Shkurka et al.,
2022). Recommended personnel during ECMO
mobility sessions include, but are not limited to, the
ECMO physician (at a minimum, they are available
on the unit), bedside nurse, ECMO Specialist, ECMO
Primer (perfusionist), physical therapist, occupational
therapist, and respiratory therapist (if an invasive
airway is present). For patients with a tracheostomy,
the speech-language pathologist can assist with
PMV placement prior to mobilization and nonverbal
communication for patients who are intubated.
The child life specialist also has an important role
in providing coping strategies to ease anxiety for
patients who are moving while attached to many
large, complex machines.

Progression of positions outside of supine may include
ring sitting, short sitting, sitting edge of bed, standing,
walking, and more (Shkurka et al., 2022). Upright
positioning has many benefits including increased
postural strength, improved pulmonary toileting,
improved respiratory coordination, and increased
engagement with the environment. As mentioned
above, control of airflow by glottal structures is
a primary determinant of thoracic pressure and
may have a role in the control of postural stability
(Massery, 2014; Massery et al., 2013). For patients
with a tracheostomy, the use of a Passy Muir Valve
during those tasks restores the ability to engage the
glottis to control airflow and assist with early mobility.
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There are important considerations for rehabilitation
clinicians when working with patients on VV and VA
ECMO. A patient on VV ECMO should have arterial
pressures that trend toward the normal range for the
patient’s age. However, they will also have arterial
oxygen saturations of 80-95% because of mixing
deoxygenated blood secondary to the disease state
and status on ECMO. A patient on VA ECMO may
have lower arterial blood pressures and normal
saturations. Clinicians treating ECMO patients should
be aware of arterial saturation and pressure goals as
set by the medical team.

Prior to initiating an ECMO mobility session, safety
and screening tools should be utilized. First, a
physician order should be placed, outlining goals for
the patient. These goals should be discussed with
the team and a documented plan made. Second,
an assessment of the cannulation sites should
be undertaken to ensure the integrity of sutures,
connections of circuitry tubing, and the ability to
move the limb or neck. The session should begin
with a baseline assessment of the vital signs, circuit
readings, patient cognition, and patient willingness to
participate. Monitoring these values while mobilizing
will help to assess patient tolerance. The ECMO
Specialist will provide immediate interventions
on the ECMO system to increase support as
needed. Collection of data from daily sessions,
including mobility level achieved, how well it was
tolerated, and any required interventions, will assist
the team in future endeavors (see Appendix A).

Passy Muir Valve Candidacy

Despite the evidence supporting the benefits of
speaking valve application, many patients are
underserved due to a lack of clinician and physician
consensus as to candidacy. Members of the medical
team may consider the following questions: Is
the patient too young? Is the patient too small? Is
the patient too sick? Can the patient tolerate the
speaking valve with any degree of airway obstruction
or narrowing? Is the patient a candidate for PMV while
on ECMQO? (Brooks, 2012; Brooks et al., 2020). While
further research is required to help answer many of
these questions, the current literature does support
speaking valve trials with medically complex pediatric
patients under certain conditions (Brooks et al., 2020).
However, it is critical to have a multidisciplinary team
involved in determining candidacy by ensuring that no
contraindications for speaking valve application exist
and that the patient meets the criteria established by
the facility. The multidisciplinary team for the patient

requiring ECMO may include an otolaryngologist,
pulmonologist, cardiologist, hospitalist, cardiologist,
speech-language pathologist, and respiratory care
practitioner.

With non-ECMO patients who require a tracheostomy
due to lung compromise, physicians may be
concerned that the application of a speaking valve
will decrease the support provided by the ventilator
due to the leak that occurs with cuff deflation. The
concern is that the “leak” between the trach tube
and the trachea will release too much pressure
or volume support through the upper airway and
not allow enough of the ventilator support into the
lungs. When a patient is on ECMO and mechanical
ventilation via a tracheostomy, the lungs are
not responsible for oxygenation and ventilation.
Therefore, the leak created with cuff deflation for
PMV use is not a concern for the medical team. If the
patient is not on ECMO but a Valve is to be used in-
line with mechanical ventilation, the multidisciplinary
team determines what ventilator adjustments may
be needed to compensate for the leak and maintain
good ventilation.

Case Study

We present a 17-year-old female with a recent
history of orthotopic heart transplant (OHT) who was
admitted to the Cardiac Intensive Care Unit (CICU)
withviral symptomsin the setting of arecent COVID-19
diagnosis. She was well-known by the CICU staff due
to her OHT, and it was felt that she would be best
served in the CICU even with her primary diagnosis
of respiratory failure. Despite maximal medical
management, including progression from high flow
nasal cannula (HFNC) during the day and continuous
positive airway pressure (CPAP) via mask interface
during sleep to BiPAP (bilevel positive airway pressure
support), she ultimately required intubation and
mechanical ventilation. She was febrile with chest
pain, and the CT scan of her lungs was consistent
with COVID-19 pneumonia. Her level of hypoxia and
hypercarbia warranted ECMO cannulation with a
32fr (32 French) Avalon Dual Lumen Catheter placed
in the right internal jugular.

Reason for tracheostomy. After a short period of
stabilization on ECMO, she was re-awakened and
extubated. She began early mobility with an HFNC,
but she reported anxiety about her respiratory
status on ECMO with the sensation and perception
that she is not "breathing." Her anxiety and feeling
of air hunger resulted in oxygen desaturations and
increased work of breathing impacting her ECMO
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flow, and she was re-intubated. After endotracheal
intubation, it was felt that she would benefit from a
tracheotomy. A 6.0 cuffed adult Shiley tracheostomy
tube was placed (Medtronic, Minneapolis, MN), and
she remained on mechanical ventilation. Her first
trach change was five days later, and she was ready
to resume early mobility with physical therapy and
occupational therapy.

Use of the Passy Muir Valve.

She also could have her first Passy Muir Valve trial
in-line with mechanical ventilation with the speech-
language pathologist (SLP) and respiratory therapist
(RT). She remained on pressure control ventilation
with the following settings: peak inspiratory pressure
(PIP) 20 cmH,0 and positive end-expiratory pressure
(PEEP) 10 cmH,0. For her initial PMV trial, the RT
deflated her cuff, and the SLP placed the PMV in-
line in her ventilator circuit using various adapters.
An analog manometer was placed between the
patient’s trach and the PMV to measure trans-
tracheal pressure (TTP) to determine airway patency.
TTP was 10 cmH,0, which was consistent with the
delivered PEEP of 10 cmH,O indicating a patent airway.

When TTP is measured with a patient on
mechanical ventilation, the manometer will
not go to zero at end-expiration, instead,

it will reflect the PEEP being delivered
by the ventilator.

The patient was dysphonic (breathy vocal quality) but
could verbally communicate. She presented with
multiple cough events throughout the session after
the PMV was placed which was expected as she
was exhaling out her upper airway and sensing
secretions that had been pooling. As she coughed
up her secretions, she required less suctioning of her
tracheostomy. She asked for small tastes of water
and a popsicle and was cleared by the medical team,
consuming without signs of dysphagia. She wore the
PMV for 30 minutes with stable vital signs throughout
the session. Physical therapy and occupational
therapy arrived after the session, and the patient kept
the PMV on during early mobility treatment given the
strict 1:1 supervision. She started to take small PO
trials of thin liquids via controlled single sips outside
of her therapy sessions. Her vocal quality continued
to improve over time with only mild breathiness and
roughness. The SLP demonstrated to Mom and the
nurse (RN) how to remove and re-insert the PMV in-

line in the ventilator circuit. The mother independently
demonstrated the placement and removal of the
PMV. The patient transitioned to wearing the PMV
during all awake hours as tolerated.

Conclusion

Patients with severe respiratory or circulatory failure
who are tracheostomy and ventilator-supported and
require ECMO may be a candidates for Passy Muir
Valve use. PMV use in this population restores the use
of the glottis (vocal cords) to assist in communication,
swallowing, and early mobility (Ongkasuwan et al., 2014).

The optimal success of early mobility in pediatric
patients requires a collaborative approach with a
multidisciplinary team to ensure safety, provide
effective patient care, and accomplish both patient
and family goals.
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Appendix A
CHILDREN’S HEALTHCARE OF ATLANTA
ECMO EARLY MOBILITY (EM) ACTION PLAN
Today’s Date / Time of rounds: Pt Name:
Diagnosis:

ECMO cann. date + type (VV/VA) + site:

ECMO team today (MD, Primter, RN, RT):

Rehab rep at round and Rehab team today:

Anxiety support (fan, meds, breathing, etc.):

Pre EM: Post EM:
e)
S & Cco2: co2: co2: Cco2:
o> - - -

pH: — pH:




Feeding Therapy Considerations for Rehabilitation in Infants

Following Cardiac Surgery
Stephanie Waters, MS, CCC-SLP, CLC, TSSLD

Overview of Risk Factors

Children requiring cardiac intervention due to
congenital heart defects often require feeding
therapy services throughout their pre-operative
and post-operative course. Approximately 1.35
million newborns are born internationally with
congenital heart disease (CHD) requiring medical
support (van der Linde et al., 2011), making it the
most common birth defect. Due to reduced blood
flow, infants with CHD may experience changes in
oxygenation and nutrition potentially resulting in
delayed neurodevelopment. This population is at a
heightened risk for white matter injury, stroke, and
microcephaly (Desai & Lim, 2019). Additionally, it
has been reported that up to 35% of infants with
CHD also have an underlying genetic diagnosis that
may influence development as well (Simmons &
Brueckner, 2017). The most commonly associated
genetic syndromes include Down syndrome, Turner
syndrome, 22qg11 deletion syndrome, Wiliams
syndrome, and Noonan syndrome (Ko, 2015).

According to Akamagquna and Badaly (2019),
infants who require surgery during infancy secondary
to cardiac anomalies are at risk for additional
developmental delays and cognitive impairments.
Along with CHD, these infants may have additional
pre-surgical and post-surgical pulmonary complications
that may result in reduced cardiopulmonary stability
creating delays in motor development and an
exercise intolerance (Akamagguna & Badaly, 2019).
Following surgery, infants are at risk for cardiac
arrest, delayed sternal closure, pleural effusion,
seizures, and prolonged post-surgical management,
all of which may result in extended hospital stays
(Desai & Lim, 2019). With improved viability of this
patient population, infants with CHD require support
to improve neurodevelopmental outcomes following
their extensive medical interventions. The need for
these infants to be provided with services through
pediatric rehabilitation programs is vital to ensure
optimal developmental outcomes.

Frequently, cardiac intervention needed
to support infants with CHD is required
within the first month of age.
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General Impact on Infant Feeding Development
In a review by Norman et al. (2022), feeding and
swallowing disorders in infants and children with
CHD were found to have over a 50% prevalence.
Due to extensive surgical history, cardiac physiology,
and reduced endurance, infants with cardiac defects
often exhibit poor oral feeding that can progress
into long-term feeding challenges (Medoff-Cooper &
Ravishankar, 2013). Coordinated, efficacious sucking
requires coordination of the oromotor system as
well as the central nervous system and respiratory
system to generate consistent, rhythmic suck bursts
(McKean et al., 2017). According to Desai and Lim
(2019), “the etiology of feeding dysfunction in infants
with CHD is complex and multifactorial and includes
a combination of hemodynamic status, prenatal
neurological sequelae, and surgical consequences.”

The development of adequate feeding skills occurs
within critical developmental windows when neural
plasticity is optimal for the development of certain
skills. Frequently, cardiac intervention needed to
support infants with CHD is required within the first
month of age. During this time, infants learn the
foundational skills for successful breast and bottle
feeding. By missing these developmental windows,
children with CHD are at heightened risk for delayed
feeding acquisition without post-operative variables
that may also complicate their clinical picture. If there
is difficulty in the coordination of these functions
due to endurance, oromotor discoordination, or
pharyngeal structural deficits resulting in aspiration,
oral feeding may be negatively impacted. Additionally,
care of this population is made more complicated
because successful pre-operative feeding skills do
not predict successful post-operative feeding skills
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(Medoff-Cooper & Ravishankar, 2013). Surgical
intervention often results in post-extubation laryngeal
injury, post-operative vocal fold injury, and overall
reduced acceptance of oral stimulation. Developing
a negative association and adverse reaction to oral
stimulation and natural protective mechanisms are
risks potentially affecting feeding that are associated
with this patient population.

Impact of Post-Operative Vocal Fold Immobility

A common result of cardiac surgery that impacts
feeding participation is vocal fold immobility (VFI). It
is recognized as a clinically important complication
to determine because it may place the patient at risk
for airway protection deficits, specifically aspiration
(Sachdeva et al., 2007) and additionally, may result in
protective responses including bottle refusal. Rodney
et al. (2019) reported that vocal fold immobility occurs
in 23% of infants following isolated patent ductus
arteriosus (PDA) ligation [corrective surgery for when
joining of the pulmonary artery and aorta does not
close] and in 22% of infants following complicated
aortic arch reconstruction. The incidence has been
reported as up to 59% of infants following cardiac
surgery with a rate of recovery ranging between
14%-84% (Barr et al.,, 2021). Barr et al. (2021) also
found that the left recurrent laryngeal nerve and
subsequently, the left vocal fold, were likely to be
impacted during pediatric cardiac surgery. Their
research also indicated the importance of routine
follow-up following cardiac surgery as a reported
10% of the patients within their cohort did not have
symptoms of VFI (Barr et al., 2021).

In terms of pharyngeal dysphagia, Leder et al.
(2012) found that individuals with VFI were 2.5 times
more likely to aspirate. This is suspected due to
limited airway protection with impaired vocal fold
adduction, decreased laryngopharyngeal sensation,
and neuromuscular discoordination resulting in
aspiration (Irace et al., 2019). Irace et al. (2019) also
found that silent aspiration was more likely than overt
aspiration in pediatric patients with unilateral vocal
fold paralysis. Given the current body of research,
vocal fold immobility is a significant comorbidity
following pediatric cardiovascular surgery that
must be considered. According to lrace et al.
(2019), detection of vocal fold immobility is vital to
prevent future morbidity associated with chronic
aspiration, ensure proper nutrition and hydration
through alternative means for adequate growth, and
determine the need for compensatory techniques to
improve swallow safety.

Considerations for Feeding Therapy

in Rehabilitation Settings

The American Heart Association (2017) identified that
infants with CHD are at risk for delays in cognitive
skills, feeding development, speech and language
skills, executive functioning, visuospatial deficits, and
behavioral dysregulation. Additional complications
often include frequent, extended hospital stays and
limited participation in typical life experiences for
their age due to medical complexity. The literature
supports that those infants with CHD benefit from
habilitation and rehabilitation services while medical
management is being given between required
surgeries. In the rehabilitation setting, infants are often
admitted with the goals of medical management,
rehabilitation, feeding optimization, and family
education between necessary cardiac procedures.
These infants participate in developmental speech
and feeding interventions, occupational and physical
therapy services, and recreation/child life services
to allow for controlled developmental experiences
with the support of medical professionals. The goals
of rehabilitation in sub-acute and pediatric skilled
nursing facilities align with the guidelines outlined by
the American Heart Association of Cardiovascular
Rehabilitation in which they recommend services
that will manage physical health and promote
socioemotional functioning (Akamagqguna & Badaly,
2019).

Feeding therapy provided at this time requires
close monitoring of the patient’s physiological
stability during therapeutic handling and monitoring
of endurance. The ultimate goal is to progress to
non-nutritive and nutritive stimulation. Often these
sessions are diagnostic-based therapy sessions as
post-operative changes may be present and require
close monitoring during therapeutic intervention.
Collaboration with physical and occupational therapy
for appropriate handling dependent on cardiac
physiology during post-surgical periods of recovery
is key to improving tolerance to handling. Desai and
Lim (2019) reported that improved stability during
therapeutic handling can result in decreased oral
aversions, strengthened positive social interactions,
and increased motor learning for feeding. Tolerance
to therapeutic handling is a key pre-feeding goal that,
once achieved, can result in improved participation
in non-nutritive stimulation via a pacifier.
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As the infant progresses to nutritive trials, the main
goal continues to be physiological stability with
nutritive presentations that are safe and infant driven.
Desai and Lim (2019) noted that the use of infant-
driven feeding methodology in medically complex
infants was key in building positive associations during
nutritive trials. This includes monitoring infant cues to
initiate feeding opportunities, as well as modifying or
discontinuing the presentation of nutritive trials when
signs of stress occur. Signs of stress may include
infant eye-widening, eyebrow furrowing, gaze aversion,
cessation of sucking, increased heart rate, finger
splaying, or gagging. Medoff-Cooper (2012) reported
that holding, swaddling, and reducing stressful
environmental stimulation during feeding could be
used to improve participation during nutritive trials.
Initial nutrition trials may include tastes of formula
or breastmilk via swabs or pacifier dips to allow for
controlled sensory experiences. Pacifier dips are a
controlled way to provide taste and stimulation when
infants require increased respiratory support during
recovery (see figure 1).

Infants may require a slow, systematic introduction
to bottle or breastfeeding given their medical
complexity and specifically the impact of CHD on
cardiopulmonary stability. According to Desai et
al. (2023), the use of a slow-flow nipple paired with
swaddling and a side-lying position can slow the
flow of formula or breastmilk and allow for improved
suck-swallow-breath coordination and pacing during
feeding. The elevated side-lying position has also been
noted in the literature to reduce variation in oxygen
saturations during feeding, increase saturation in
the middle of feeding, and allow for respiratory rates
that are more consistent with baseline (Desai et al.,
2023). Pacing during bottle feeding is additional
support for the suck-swallow-breath coordination for
improved efficiency and safety during bottle-feeding
opportunities. For infants with CHD, using extended
rest breaks with pacing can also be beneficial as it
can complement the need for rest as feeding is a
form of ‘exercise’ for infants.

Desai et al. (2023) also discussed that thickening is
often another intervention for infants with dysphagia;
however, one must proceed with careful consideration
for infants who have CHD. This population, specifically,
is at heightened risk for reduced swallow integrity
resulting in aspiration due to fatigue as feeding
progresses. Thickening to a viscosity that requires
increased effort to extract may, in turn, increase
fatigue and the likelihood of aspiration and energy

expenditure (Desai et al.,, 2023). The use of tube
feeding may be required throughout various points of
medical intervention for infants with CHD. Maurer et
al. (2011) reported that 22% of infants who required
neonatal heart surgery required tube feeds and
demonstrated developmentally inappropriate feeding
behavior at two years of age. Due to their medical
complexity, this population requires an individualized
plan that balances safe oral feeding opportunities
with adequate weight gain to allow for optimal
neurodevelopment and recovery.

Summary

Successful feeding therapy in rehabilitation settings
for infants with CHD requires a thorough evaluation,
detailed chart review, and multidisciplinary
communication between both the acute-care team
and the receiving rehabilitation team. This population
requires skilled intervention specifically as it relates
to feeding due to the need for continued medical
management during the critical periods of feeding skill
development. Multidisciplinary partnership is crucial
to facilitate optimal neurodevelopment for support of
pre-feeding and subsequent oral feeding success.
Additionally, assessment for post-operative changes
and close monitoring for signs of decompensation
during 